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Abstract
BACKGROUND 
Anastomotic leakage is a serious complication following gastrointestinal surgery 
and is associated with increased morbidity and mortality. The incidence of 
anastomotic leakage is determined by anatomy and is reported to be between 4%-
33% for colon anastomosis and 1%-3% for small intestine anastomosis. The 
etiology of anastomotic leakage of the intestine has been divided into three main 
factors: healing disturbances, communication between intra- and extra-luminal 
compartments, and infection. All three factors interact, and one factor will 
inevitably lead to the other two factors resulting in tissue ischemia, tissue 
necrosis, and anastomotic leakage.

AIM 
To evaluate ischemic metabolites and cefuroxime concentrations in both 
anastomosis and non-anastomosis ileum and colon in a porcine model.

METHODS 
Eight healthy female pigs (Danish Landrace breed, weight 58-62 kg) were 
included in this study. Microdialysis catheters were placed for sampling of 
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ischemic metabolites (glucose, lactate, glycerol, and pyruvate) and cefuroxime 
concentrations in both anastomosis and non-anastomosis ileum and colon. 
Cefuroxime 1.5 g was administered as an intravenous infusion over 15 min. 
Subsequently, dialysates and blood samples were collected over 8 h and the 
ischemic metabolites and cefuroxime concentrations were quantified in all 
samples. The concentrations of glucose, lactate, glycerol and pyruvate were 
determined using the CMA 600 Microdialysis Analyzer with Reagent Set A (M 
Dialysis AB, Sweden), and the concentrations of cefuroxime and meropenem were 
quantified using a validated ultra-high-performance liquid chromatography 
assay.

RESULTS 
Only the colon anastomosis induced mean ischemic lactate/pyruvate ratios above 
25 (ischemic cut-off) throughout the entire sampling interval, and simultaneously 
decreased glucose concentrations. The mean time for which cefuroxime 
concentrations were maintained above the clinical breakpoint minimal inhibitory 
concentration for Escherichia coli (8 µg/mL) ranged between 116-128 min across all 
the investigated compartments, and was similar between the anastomosis and 
non-anastomosis ileum and colon. For all pigs and in all the investigated 
compartments, a cefuroxime concentration of 8 µg/mL was reached within 10 min 
after administration. When comparing the pharmacokinetic parameters between 
the anastomosis and non-anastomosis sites for both ileum and colon, only colon 
Tmax and half-life differed between anastomosis and non-anastomosis (P < 0.03). 
Incomplete tissue penetrations were found in all tissues except for the non-
anastomosis colon.

CONCLUSION 
Administering 1.5 g cefuroxime 10 min prior to intestine surgery seems sufficient, 
and effective concentrations are sustained for approximately 2 h. Only colon 
anastomosis was locally vulnerable to ischemia.

Key Words: Anastomosis; Cefuroxime; Colon; Ileum; Ischemic metabolites; Microdialysis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We found that only colon anastomosis was locally vulnerable to ischemia but 
reached similar cefuroxime concentrations to those in the remaining investigated 
intestine compartments. Our study suggests that administering 1.5 g cefuroxime 10 min 
prior to intestine surgery is sufficient, and that effective concentrations are sustained 
for approximately 2 h. This is the first study to investigate the influence of anastomoses 
on ileum and colon ischemic metabolites and cefuroxime concentrations in a 
simultaneous paired design.
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INTRODUCTION
Anastomotic leakage is a serious complication following gastrointestinal surgery and 
is associated with increased morbidity and mortality[1]. The incidence of anastomotic 
leakage is determined by anatomy and is reported to be between 4%-33% for colon 
anastomosis and 1%-3% for small intestine anastomosis[1-4]. The etiology of anastomotic 
leakage is multifactorial, and to some extent not fully understood[3]. Nonetheless, 
previous studies have suggested that the etiology is due to three main factors: healing 
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disturbances, communication between intra- and extra-luminal compartments, and 
infection[3,5,6]. With this theory, one of these three factors can often be identified as the 
primary cause of the anastomotic leakage. However, it is believed that all three factors 
interact and one factor will lead to the two other factors resulting in tissue ischemia, 
tissue necrosis, and anastomotic leakage[3,7].

Gastrointestinal surgery is predisposed to infection given its vicinity to the bacterial 
load within the intestine. Sufficient antimicrobial prophylaxis is considered an 
essential preventive measure in protecting surgical anastomoses from bacterial 
overgrowth and relies on the achievement of therapeutic antimicrobial target site 
concentration[8]. While antimicrobial concentrations have been evaluated in various 
tissues and settings[9,10], intestine antimicrobial concentrations remain poorly 
investigated. Cephalosporins, e.g., cefuroxime, is frequently used both prophylactically 
and in the treatment of infections within gastrointestinal surgery, due to its broad-
spectrum efficacy against gram-positive as well as gram-negative bacteria[11].

Microdialysis is a membrane-bearing method, which allows continuous sampling of 
ischemic metabolites and the free antimicrobial concentrations in the interstitial space 
of various tissues[12,13]. It has previously been employed in various abdominal relevant 
sites for the study of ischemic metabolites[14-18], and for sampling cefuroxime 
concentrations in various extra-abdominal tissues[19,20]. We hypothesized that 
anastomoses of the ileum and colon would present an immediate postoperative local 
increase in ischemic metabolites and lower cefuroxime concentrations in comparison 
to the non-anastomosis intestine. To test this, we conducted a porcine study applying 
microdialysis for the evaluation of ischemic metabolites and cefuroxime 
concentrations in both anastomosis and non-anastomosis ileum and colon.

MATERIALS AND METHODS
This study was conducted at the Institute of Clinical Medicine, Aarhus University 
Hospital, Denmark. The study was carried out according to existing laws and 
approved by the Danish Animal Experiments Inspectorate (license No.: 2017/15-0201-
01184). All appropriate measures were taken to minimize animal pain and discomfort. 
Chemical analyses were performed at the Department of Clinical Biochemistry, 
Aarhus University Hospital, Denmark.

Ischemic metabolites
Glucose, lactate, glycerol, and pyruvate can easily and promptly be analyzed when 
linked to an appropriate analytical assay[12,21,22]. Under anaerobic conditions, glucose 
levels decrease due to a combination of increased glucose consumption, which is 
required in order to maintain adenosine triphosphate (ATP) production, and a 
decreased organ or tissue supply due to reduced perfusion[21]. Lactate is produced 
from pyruvate under anaerobic conditions resulting in increased lactate 
concentrations, decreased pyruvate concentrations, and ultimately increased 
lactate/pyruvate ratios[21]. A lactate/pyruvate ratio above 25 is considered to signify 
ischemia[22]. Glycerol is a basic component of the cell membrane. When the cell 
membrane is damaged, glycerol is released, and is therefore used as marker of cell 
damage[21].

Study procedures
Microdialysis: Microdialysis is a catheter-based technique with a semipermeable 
membrane at the tip of the catheter, which allows for continuous and simultaneous 
sampling of interstitial fluid from multiple sites[23]. Due to continuous perfusion of the 
semipermeable membrane, equilibrium never occurs, and the dialysate concentration 
only represents a fraction of the actual concentration. This fraction is referred to as the 
relative recovery, which can be determined by various calibration methods[23]. In this 
study, meropenem was used as an internal calibrator for cefuroxime[13]. Relative 
recovery was not determined for the ischemic metabolites. Changes in the 
concentration ratios between interventions or compartments, for comparison between 
anastomosis and non-anastomosis tissue and for ratios between metabolites 
(lactate/pyruvate) are quantitative measures and independent of relative recovery[24].

Equipment from M Dialysis AB (Stockholm, Sweden) was used. The microdialysis 
catheters consisted of CMA 70 membranes (membrane length: 20 mm, 20 kDa 
molecule cut-off), and CMA 107 precision pumps produced a flow rate of 2 µL/min.

Animals, anesthetic, and surgical procedure: Eight healthy female pigs (Danish 
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Landrace breed, weighing 58-62 kg) were included in the study. The pigs received 
general anesthesia during the study with the combination of propofol (500-600 mg/h, 
continuous infusion) and fentanyl (0.60-0.75 mg/h, continuous infusion). Temperature 
and pH where monitored for each pig and were kept within the range of 36.4-38.5°C 
and 7.40-7.50, respectively.

After induction of anesthesia, surgery was initiated. The intestines were presented 
via a midline abdominal incision. A 5 cm ileum resection, approximately 50 cm orally 
from the ileocaecal valve, was performed. The ileum was anastomosed end-to-end 
with a continuous (Monocryltm 4-0) suture using the extramucosal technique ad 
modum Davos (hand-sewn end-to-end extramucosal running suture). Good blood 
supply to the intestine ends was visualized by brisk bleeding from the arcade artery 
prior to suturing. One microdialysis catheter was placed in the ileum wall parallel to 
and approximately 0.5 cm from the anastomosis. An adjacent microdialysis catheter 
was placed approximately 50 cm orally from the ileum anastomosis. Subsequently, a 5 
cm colon resection was performed approximately 10 cm anally from the ileocecal 
valve. Good blood supply to the colon ends was visualized by brisk bleeding from the 
arcade artery. The colon was similarly anastomosed end-to-end with a continuous 
(Monocryltm 4-0) suture. One microdialysis catheter was placed in the colon wall 
parallel to and approximately 0.5 cm from the anastomosis. An adjacent microdialysis 
catheter was placed approximately 30 cm anally from the colon anastomosis. All 
catheters were placed using splitable introducers. After placement of all catheters, the 
abdominal wall was carefully closed.

Following placement of the microdialysis catheters, all catheters were perfused with 
0.9% NaCl containing 5 µg/mL meropenem, allowing for continuous calibration, and 
30 min tissue equilibration was allowed for.

Sampling procedures: Cefuroxime 1.5 g was administered intravenously over 15 min, 
marking time zero. Dialysates were collected at 20 min intervals from time 0-60 min, at 
30 min intervals from time 60-180 min, and at 60 min intervals from time 180-360 min 
and from time 420-480 min, giving a total of 11 samples during 8 h. Blood samples 
were collected from a central venous catheter at the midpoint of the sampling 
intervals.

Dialysate samples were instantly stored at -80°C until analysis. The venous blood 
samples were stored at 5°C for a maximum of 6 h before being centrifuged at 3000 rpm 
for 10 min. Plasma aliquots were then stored at -80°C until analysis.

Endpoints
For the ischemic metabolites, the primary endpoint was evaluation of lactate/pyruvate 
ratios. For cefuroxime concentrations, the primary endpoint was assessment of the 
time for which the free cefuroxime was maintained above the clinical breakpoint 
minimal inhibitory concentration (T>MIC) for Escherichia coli (8 µg/mL)[25].

Quantification techniques
Cefuroxime and meropenem concentrations: The concentrations of cefuroxime and 
meropenem were quantified using a validated ultra-high-performance liquid 
chromatography assay[26]. Inter-run imprecisions (percent coefficients of variation) 
were 4.7% at 2.5 µg/mL for quantification of cefuroxime and 3.0% at 2.0 µg/mL for 
quantification of meropenem. The lower limits of quantification were 0.06 µg/mL for 
cefuroxime and 0.5 µg/mL for meropenem.

Assessment of ischemic metabolites: The concentrations of glucose, lactate, glycerol 
and pyruvate were determined using the CMA 600 Microdialysis Analyzer with 
Reagent Set A (M Dialysis AB, Sweden).

Pharmacokinetic analysis and statistics
Pharmacokinetic parameters were determined for each compartment in all animals 
using noncompartmental analysis in Stata (v. 15.1, StataCorp LLC, College Station, TX, 
United States). The area under the concentration-time curves (AUC) were calculated 
using the trapezoidal rule. The maximum of all the recorded concentrations was 
defined as peak drug concentration (Cmax), enabling calculation of the time to Cmax (Tmax)
. Half-life (T1/2) was calculated as ln(2)/λeq, where λeq is the terminal elimination rate 
constant estimated by linear regression of the log concentration on time. The AUCtissue

/AUCplasma ratio was calculated as a measure of tissue penetration. Microsoft Excel was 
used to estimate the T>MIC using linear interpolation. A general comparison of the 
pharmacokinetic parameters and T>MIC was conducted using a repeated 
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measurements analysis of variance followed by pairwise comparisons made by linear 
regression. The Kenward-Roger approximation method was used for correction of 
degrees of freedom due to the small sample size. The model assumptions were tested 
using visual diagnosis of residuals, fitted values, and estimates of random effects. A 
significance level of 5% was used. Microsoft Excel was used to calculate the mean 
concentration difference in percentage for the ischemic markers between the 
anastomosis and non-anastomosis (anastomosis/non-anastomosis) ileum and colon. 
The measured cefuroxime and ischemic marker concentrations in the dialysate were 
attributed to the midpoint of the sampling intervals.

RESULTS
All pigs completed the study. The relative recovery (SD) was 24% (5) for non-
anastomosis ileum, 18% (3) for ileum anastomosis, 28% (9) for non-anastomosis colon, 
and 27% (7) for colon anastomosis.

Ischemic metabolites
The lactate/pyruvate ratio for each compartment is depicted in Figure 1. Only the 
mean lactate/pyruvate ratio for the colon anastomosis was above the ischemic cut-off 
level of 25, and remained above 25 throughout the entire sampling interval.

The mean concentration differences (%) for glucose, lactate, glycerol, pyruvate, and 
lactate/pyruvate ratios between both anastomosis and non-anastomosis 
(anastomosis/non-anastomosis) ileum and colon are depicted in Figure 2 and Table 1. 
For the colon, the lactate/pyruvate ratio between anastomosis and non-anastomosis 
was increased in the first 75 min after placement of the microdialysis catheters, which 
was primarily driven by increased lactate concentrations. The lactate/pyruvate ratio 
then normalized. No differences were observed for the lactate/pyruvate ratio between 
anastomosis and non-anastomosis ileum. The glucose ratio between anastomosis and 
non-anastomosis colon was decreased throughout the 8 h sampling interval with a 
mean ratio range of 28%-49%. For the ileum, the glucose ratio (anastomosis/non-
anastomosis) was only decreased in the first 135 min after placement of the 
microdialysis catheters and then normalized. While glycerol concentrations were 
similar in anastomosis and non-anastomosis colon, decreased glycerol concentrations 
were found in anastomosis compared to non-anastomosis ileum. The mean 
concentration of the ischemic metabolites for both non-anastomosis and anastomosis 
ileum and colon are shown in Table 2 and 3.

T>MIC
The T>MIC (8 µg/mL) results for each compartment are shown in Table 4. The mean 
T>MIC (8 µg/mL) ranged between 116-128 min across all investigated compartments. 
A similar T>MIC (8 µg/mL) was found between both anastomosis and non-
anastomosis ileum and colon (P > 0.6). For all pigs and in all intestine compartments, a 
cefuroxime concentration of 8 µg/mL was reached within 10 min after administration.

Pharmacokinetic parameters
The resulting pharmacokinetic parameters are shown in Table 5 and individual 
concentration time profiles are depicted in Figure 3. When comparing the 
pharmacokinetic parameters between the anastomosis and non-anastomosis sites for 
both ileum and colon, only colon Tmax and half-life differed between anastomosis and 
non-anastomosis (P < 0.03). Incomplete tissue penetrations were found in all tissues 
except for the non-anastomosis colon with a mean penetration of 0.90 (95% confidence 
interval 0.73; 1.06). When comparing plasma to the intestine compartments, plasma 
AUC and Cmax were higher and Tmax was shorter (P < 0.02). Only non-anastomosis colon 
AUC was similar to plasma AUC (P = 0.10).

DISCUSSION
This is the first study to investigate the influence of anastomoses on ileum and colon 
ischemic metabolites and cefuroxime concentrations in a simultaneous paired design. 
The main findings were increased lactate/pyruvate ratios in the colon anastomosis 
and similar T>MIC (8 µg/mL) for cefuroxime in all the investigated intestine 
compartments.
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Table 1 The mean concentration difference (%) of ischemic metabolites between the anastomosis and non-anastomosis 
(anastomosis/non-anastomosis) ileum and colon

Glucose Lactate Glycerol Pyruvate Lactate/pyruvate

Time Ileum (%) Colon (%) Ileum (%) Colon (%) Ileum (%) Colon (%) Ileum (%) Colon (%) Ileum (%) Colon (%)

10 68 (47; 89) 28 (13; 44) 119 (88; 149) 186 (79; 293) 77 (65; 88) 110 (68; 151) 90 (74; 106) 78 (30; 126) 134 (99; 170) 327 (129; 526)

30 66 (46; 85) 35 (19; 51) 110 (63;157) 183 (72; 294) 75 (64; 87) 120 (67; 173) 84 (73; 95) 86 (39; 133) 135 (76; 194) 252 (148; 356)

50 69 (48; 90) 38 (21; 55) 101 (59; 143) 173 (79; 266) 71 (63; 79) 122 (80; 163) 83 (69; 97) 88 (44; 132) 133 (60; 205) 241 (133; 348)

75 69 (52; 86) 40 (24; 56) 92 (61; 123) 162 (92; 232) 70 (62; 78) 98 (56; 140) 77 (67; 87) 94 (58; 131) 123 (76; 171) 199 (120; 277)

105 67 (46; 89) 42 (19; 64) 78 (54; 101) 170 (108; 232) 80 (63; 98) 91 (62; 121) 77 (61; 93) 105 (65; 146) 108 (71; 145) 205 (90; 320)

135 72 (46; 98) 37 (12; 61) 77 (58; 96) 167 (127; 206) 73 (61; 86) 102 (67; 137) 82 (64; 100) 119 (68; 170) 98 (77; 118) 202 (71; 334)

165 72 (44; 101) 33 (12; 53) 74 (56; 92) 166 (121; 212) 78 (63; 94) 98 (65; 130) 85 (73; 98) 121 (73; 168) 89 (66; 112) 178 (78; 278)

210 66 (26; 106) 30 (11; 49) 86 (63; 108) 141 (118; 165) 74 (59; 88) 111 (71; 152) 78 (59; 96) 111 (61; 160) 114 (93; 135) 176 (86; 266)

270 89 (39; 139) 49 (23; 76) 75 (57; 94) 126 (105; 147) 78 (64; 92) 131 (73; 189) 85 (73; 96) 115 (57; 173) 96 (61; 130) 165 (75; 255)

330 98 (63; 133) 42 (22; 61) 95 (65; 126) 131 (79; 184) 81 (63; 99) 130 (75; 185) 89 (78; 100) 90 (56; 125) 107 (79; 135) 152 (112; 193)

450 65 (10; 119) 29 (17; 40) 99 (44; 155) 120 (58; 182) 87 (67; 107) 148 (87; 209) 99 (76; 122) 98 (59; 137) 100 (57; 144) 178 (89; 268)

Values are shown as means (95% confidence interval).

Microdialysis is a well-known sampling tool for the study of ischemic metabolites 
and have been applied in various abdominal relevant sites, e.g., intraperitoneal, 
mediastinal, intrahepatic, and in intestine walls[14-18]. A systemic review investigated 
whether intraperitoneal placed microdialysis could be used for early detection of colon 
and rectal anastomotic leakage[27]. The study concluded that increasing intraperitoneal 
lactate concentrations could be associated with anastomotic leakage, but with low 
predictive values[27]. No studies have previously investigated ischemic metabolites in 
anastomotic intestine tissue. The present study does not investigate the ischemic 
changes related to an anastomotic leakage, but only the ischemic conditions related to 
anastomoses of ileum and colon. Interestingly, our data suggest that colon anastomosis 
is more vulnerable to ischemia, depicted by an increased lactate/pyruvate ratio and 
decreased glucose concentrations. This may indirectly correlate with the inherent 
higher risk of colon anastomosis leakage than that of the small intestine[1-4]. Although 
these findings may not be surprising, it may lead to a better future understanding of 
anastomotic leakage.

Despite a predisposed risk of infections in gastrointestinal surgery, antimicrobial 
tissue concentrations in the intestines remain poorly investigated. For cefuroxime, it is 
generally recommended that the antimicrobial tissue concentrations exceed MIC 
values of relevant bacteria throughout surgery in order to be efficient in a prophylactic 
setting[8,11]. In gastrointestinal surgery, the most commonly encountered bacterium is 
Escherichia coli, which exhibits a clinical breakpoint MIC for cefuroxime of 8 µg/mL[25]. 
In the present study, cefuroxime concentrations of 8 µg/mL were reached within 10 
min in all the investigated compartments and were maintained above 8 µg/mL for 
approximately 2 h. Thus, cefuroxime displayed prompt penetration into the intestines 
and similar elimination rates compared to that of plasma. This indicates that 
administering 1.5 g cefuroxime 10 min prior to surgery is sufficient, and that effective 
concentrations are sustained for approximately 2 h. For gastrointestinal procedures 
lasting longer than 2 h, and in cases with a need for postoperative concentrations 
above relevant MIC or to accommodate higher MIC targets, increasing or alternative 
dosing regimens, e.g., continuous infusion, should be considered.

There is an interesting discrepancy between the ischemic metabolite findings and 
cefuroxime concentrations. We found an increased vulnerability to ischemia in the 
colon anastomosis but almost identical pharmacokinetic cefuroxime endpoints in all 
intestine compartments. This may imply that cefuroxime penetration, to some extent, 
is independent of the local ischemic conditions. However, it is unknown whether a 
threshold exists, in which cefuroxime penetration decreases with increasing intestine 
ischemia. This calls for further investigation.

Surgery and sampling were performed on healthy juvenile pigs (aged 5 mo). 
Although pigs have been shown to parallel human physiology and anatomy to a large 
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Table 2 The mean concentration of ischemic metabolites for both non-anastomosis and anastomosis ileum

Glucose Lactate Glycerol Pyruvate Lactate/pyruvate

Time Ileum Ileum 
anastomosis Ileum Ileum 

anastomosis Ileum Ileum 
anastomosis Ileum Ileum 

anastomosis Ileum Ileum 
anastomosis

10 1.63 
(1.11; 
2.15)

1.03 (0.70; 1.35) 0.86 
(0.65; 
1.06)

0.99 (0.68; 1.31) 62.29 
(52.23; 
72.34)

47.00 (38.06; 
55.94)

65.00 
(57.58; 
72.42)

57.86 (47.66; 
68.05)

13.00 
(10.90; 
15.11)

17.94 (10.50; 
25.37)

30 1.45 
(0.99; 
1.90)

0.85 (0.65; 1.05) 0.82 
(0.61; 
1.03)

0.87 (0.52; 1.22) 63.29 
(56.37; 
70.20)

47.00 (40.42; 
53.58)

62.00 
(54.03; 
69.97)

51.14 (44.50; 
57.79)

13.20 
(10.43; 
15.96)

17.05 (9.83; 
24.28)

50 1.41 
(0.85; 
1.96)

0.83 (0.64; 1.03) 0.81 
(0.61; 
1.01)

0.79 (0.50; 1.08) 63.57 
(55.13; 
72.02)

44.86 (37.85; 
51.86)

60.29 
(50.19; 
70.38)

48.43 (42.28; 
54.58)

13.52 
(11.36; 
15.69)

16.68 (9.45; 
23.93)

75 1.28 
(0.78; 
1.79)

0.80 (0.64; 0.96) 0.84 
(0.70; 
0.99)

0.77 (0.51; 1.03) 59.29 
(52.26; 
66.31)

41.14 (35.48; 
46.81)

57.14 
(49.82; 
64.45)

43.43 (37.29; 
49.57)

14.71 
(13.25; 
16.18)

17.55 (12.25; 
22.85)

105 1.01 
(0.82; 
1.21)

0.64 (0.47; 0.81) 0.97 
(0.71; 
1.23)

0.71 (0.51; 0.91) 57.71 
(49.13; 
66.30)

45.57 (34.14; 
57.00)

57.43 
(47.06; 
67.80)

43.14 (34.92; 
51.36)

16.87 
(13.03; 
20.71)

17.12 (12.20; 
22.04)

135 0.82 
(0.69; 
0.96)

0.58 (0.37; 0.79) 1.06 
(0.74; 
1.37)

0.77 (0.56; 0.98) 63.00 
(53.30; 
72.70)

46.14 (34.93; 
57.36)

58.29 
(44.04; 
72.53)

45.86 (35.97; 
55.74)

17.99 
(15.12; 
20.86)

16.98 (13.88; 
20.08)

165 0.96 
(0.62; 
1.30)

0.69 (0.38; 1.00) 1.09 
(0.82; 
1.36)

0.78 (0.57; 0.99) 64.42 
(51.05; 
77.81)

48.29 (38.94; 
57.63)

57.43 
(45.68; 
69.18)

47.86 (39.49; 
56.22)

19.31 
(15.34; 
23.28)

16.14 (12.64; 
19.64)

210 0.98 
(0.55; 
1.41)

0.55 (0.23; 0.87) 1.13 
(0.83; 
1.42)

0.93 (0.67; 1.18) 71.00 
(48.40; 
93.60)

51.86 (33.18; 
70.54)

62.57 
(51.12; 
74.02)

47.71 (36.57; 
58.86)

18.04 
(14.11; 
21.97)

19.54 (16.66; 
22.42)

270 0.88 
(0.34; 
1.43)

0.59 (0.25; 0.92) 1.41 
(0.95; 
1.88)

0.99 (0.71; 1.23) 79.29 
(51.38; 
107.19)

57.86 (42.24; 
73.47)

69.86 
(57.67; 
82.04)

58.14 (48.69; 
67.60)

20.24 
(14.07; 
26.40)

17.12 (13.21; 
21.03)

330 1.43 
(0.34; 
2.52)

0.96 (0.39; 1.53) 1.44 
(0.95; 
1.93)

1.27 (0.82; 1.72) 77.57 
(54.66; 
100.48)

58.14 (46.42; 
69.87)

74.71 
(57.03; 
92.13)

65.86 (49.75; 
81.96)

19.68 
(13.31; 
26.05)

18.58 (15.32; 
21.83)

450 0.67 
(0.41; 
0.93)

0.52 (0.22; 0.82) 1.36 
(1.02; 
1.69)

1.14 (0.73; 1.55) 67.14 
(48.62; 
85.67)

55.14 (43.26; 
67.03)

63.67 
(50.17; 
77.17)

58.86 (45.97; 
71.74)

21.83 
(16.66; 
27.01)

18.74 (15.13; 
22.35)

Values are given as means (95% confidence interval). Glucose and lactate concentrations are given as mmol/L. Glycerol and pyruvate concentrations are 
given as µmol/L.

extent[28], more data are needed to firmly evaluate the translational potential of these 
findings. Infection and inflammation have previously been correlated with decreased 
antimicrobial tissue concentrations in other settings[9,10]. However, all pigs in the 
present study had a presumed good intestinal blood supply without any influence of 
fibrotic or inflamed intestine tissue. Therefore, future studies assessing the effect of 
influenced blood flow, inflammation, fibrosis, atherosclerosis etc. on the ischemic 
metabolites and antimicrobial concentrations in larger animal studies are warranted. 
Finally, we investigated the ischemic and cefuroxime properties in relation to a 
sutured anastomosis. The use of stapled anastomoses has increased over the past years 
and results from the present study cannot directly be extrapolated to stapled 
anastomoses.

CONCLUSION
In conclusion, we found that only colon anastomosis induced increased 
lactate/pyruvate ratios and decreased glucose concentrations, suggesting that colon 
anastomoses are more vulnerable to ischemia. Moreover, we found a similar T>MIC (8 
µg/mL) in all the investigated compartments. Sufficient cefuroxime intestine 
concentrations were reached within 10 min after administration and were maintained 
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Table 3 The mean concentration of ischemic metabolites for both non-anastomosis and anastomosis colon

Glucose Lactate Glycerol Pyruvate Lactate/pyruvate

Time Colon Colon 
anastomosis Colon Colon 

anastomosis Colon Colon 
anastomosis Colon Colon 

anastomosis Colon Colon 
anastomosis

10 2.63 
(1.06; 
4.21)

0.58 (0.23; 0.93) 1.65 
(1.36; 
1.94)

3.22 (1.21; 5.23) 99.86 (72.69; 
127.02)

118.00 (55.70; 
180.30)

115.71(79.45; 
151.98)

85.83 (31.36; 
140.31)

16.02 
(11.05; 
21.00)

61.18 (11.78; 
110.57)

30 2.21 
(1.15; 
3.27)

0.62 (0.19; 1.05) 1.60 
(1.38; 
1.82)

2.85 (0.98; 4.72) 96.29 (70.78; 
121.79)

114.50 (56.00; 
173.00)

104.29 (81.34; 
126.83)

86.83 (40.02; 
133.64)

16.56 
(12.16; 
20.95)

43.94 (18.28; 
69.59)

50 2.13 
(1.12; 
3.14)

0.75 (0.07; 1.42) 1.48 
(1.21; 
1.74)

2.43 (0.95; 3.91) 91.29 (65.75; 
116.82)

110.50 (55.85; 
165.15)

91.57 (75.05; 
108.10)

78.00 (37.62; 
118.38)

17.21 
(11.91; 
22.52)

44.01 (14.62; 
73.41)

75 2.09 
(1.02; 
3.16)

0.92 (-0.01; 
1.86)

1.36 
(1.07; 
1.66)

2.07 (1.01; 3.13) 89.00 (69.11; 
108.89)

92.33 (42.55; 
142.11)

81.71 (70.21; 
93.22)

76.33 (41.95; 
110.72)

17.14 
(12.41; 
21.88)

35.87 (13.91; 
57.84)

105 1.73 
(1.14; 
2.31)

0.77 (0.08; 1.45) 1.29 
(1.06; 
1.51)

2.06 (1.23; 2.88) 93.71 (69.64; 
117.79)

91.17 (47.73; 
134.60)

75.00 (62.82; 
87.18)

76.17 (43.34; 
109.00)

17.96 
(13.26; 
22.67)

37.02 (14.28; 
59.75)

135 1.55 
(1.10; 
1.99)

0.65 (0.12; 1.18) 1.35 
(1.08; 
1.62)

2.14 (1.46; 2.81) 99.00 (68.25; 
129.75)

99.17 (54.54; 
143.80)

71.86 (57.66; 
86.06)

81.17 (41.82; 
120.50)

20.51 
(13.46; 
27.55)

40.10 (12.97; 
67.24)

165 1.54 
(1.04; 
2.05)

0.53 (0.22; 0.84) 1.52 
(1.21; 
1.84)

2.40 (1.47; 3.32) 95.00 (65.60; 
124.40)

94.67 (51.95; 
137.39)

75.14 (57.85; 
92.44)

84.33 (47.06; 
121.61)

22.10 
(14.74; 
29.46)

39.03 (15.89; 
62.17)

210 1.53 
(0.65; 
2.41)

0.43 (0.15; 0.70) 1.89 
(1.50; 
2.29)

2.46 (1.91; 3.00) 103.43 
(64.19;142.67)

103.83 (62.12; 
145.55)

88.00 (63.70; 
112.30)

87.50 (43.41; 
131.59)

23.57 
(16.49; 
30.65)

41.06 (18.57; 
63.54)

270 1.00 
(0.56; 
1.43)

0.48 (0.09; 0.88) 2.07 
(1.75; 
2.39)

2.51 (1.97; 3.06) 100.00 (66.94; 
133.06)

114.50 (69.08; 
159.92)

94.86 (60.15; 
129.57)

88.67 (45.00; 
132.34)

21.90 
(16.58; 
27.21)

41.39 (17.54; 
65.25)

330 1.51 
(0.35; 
2.68)

0.70 (-0.36; 
1.75)

2.59 
(1.92; 
3.27)

2.90 (1.85; 3.96) 94.57 (74.34; 
114.80)

109.83 (69.68; 
149.98)

104.43 (70.89; 
137.97)

82.5 (49.76; 
115.24)

22.34 
(15.05; 
29.63)

39.43 (23.56; 
55.30)

450 0.62 
(0.28; 
0.96)

0.15 (0.11; 0.20) 2.49 
(2.19; 
2.78)

2.89 (1.54; 4.23) 80.43 (59.32; 
101.53)

110.67 (63.49; 
157.84)

94.00 (52.20; 
135.80)

75.17 (43.75; 
106.59)

22.44 
(18.23; 
26.65)

40.55 (28.83; 
52.27)

Values are given as means (95% confidence interval). Glucose and lactate concentrations are given as mmol/L. Glycerol and pyruvate concentrations are 
given as µmol/L.

Table 4 The time with concentrations above the minimal inhibitory concentration (8 µg/mL) in min for plasma and for both anastomosis 
and non-anastomosis ileum and colon

Compartment Non-anastomosis Anastomosis P values

Plasma 116 (96; 135) - -

Ileum 120 (101; 140) 116 (97; 136) 0.61

Colon 126 (106; 145) 128 (108; 148) 0.77

Time shown as means (95% confidence interval).

for approximately 2 h.
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Table 5 Pharmacokinetic parameters for plasma and for both non-anastomosis and anastomosis ileum and colon

Compartment Non-anastomosis Anastomosis P value

Plasma AUC (min μg/mL) 4849 (4003; 5786)a - -

Ileum AUC (min μg/mL) 3678 (2786; 4570) 3327 (2436; 4219) 0.28

Colon AUC (min μg/mL) 4219 (3327; 5110) 3542 (2622; 4462) 0.61

Plasma Cmax (μg/mL) 147 (131; 163)b - -

Ileum Cmax (μg/mL) 51 (35; 66) 46 (30; 62) 0.65

Colon Cmax (μg/mL) 58 (42; 74) 39 (22; 56) 0.08

Plasma Tmax (min) 10 (5; 15)b - -

Ileum Tmax (min) 28 (23; 32) 28 (23; 32) 1.00

Colon Tmax (min) 25 (20; 30) 33 (27; 38) 0.03

Plasma T1/2 (min) 58 (44; 73) - -

Ileum T1/2 (min) 54 (39; 68) 52 (37; 66) 0.70

Colon T1/2 (min) 53 (38; 67) 66 (52; 81) 0.02

Ileum AUCtissue/AUCplasma 0.74 (0.57; 0.91) 0.68 (0.50; 0.85) 0.56

Colon AUCtissue/AUCplasma 0.90 (73; 1.07) 0.72 (0.53; 0.90) 0.12

AUC, Cmax, Tmax, and T1/2 are given as means (95% confidence interval).
aP = 0.01 for comparison with all compartments but not non-anastomosis colon.
bP < 0.01 for comparison with all compartments.
AUC: Area under the concentration–time curve from; Cmax: Peak drug concentration; Tmax: Time to Cmax; T1/2: Half-life; AUCtissue/AUCplasma: Area under 
the concentration-time curve ratio of tissue/plasma.

Figure 1 The mean lactate/pyruvate ratios for anastomosis and non-anastomosis ileum and colon. The ischemic cut-off of 25 is marked with a 
dotted line. Bars represent 95% confidence interval.
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Figure 2 The mean ischemic metabolite concentration differences (%) between anastomosis and non-anastomosis (anastomosis/non-
anastomosis) ileum and colon. Bars represent 95% confidence interval. MIC: Minimal inhibitory concentration.

Figure 3 Mean cefuroxime concentration-time profiles for anastomosis and non-anastomosis ileum and colon. The dotted line represents the 
cefuroxime clinical breakpoint minimal inhibitory concentration for Escherichia coli (8 µg/mL). Bars represent 95% confidence interval.
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ARTICLE HIGHLIGHTS
Research background
Anastomotic leakage is a serious complication following gastrointestinal surgery and 
is associated with increased morbidity and mortality. The etiology of anastomotic 
leakage is multifactorial, and to some extent, is not fully understood.

Research motivation
Previous studies have suggested that the etiology is due to three main factors: healing 
disturbances, communication between intra- and extra-luminal compartments, and 
infection. However, no studies have previously investigated ischemic metabolites in 
anastomotic intestine tissue and the intestine antimicrobial concentrations.

Research objectives
To evaluate ischemic metabolites and cefuroxime concentrations in both anastomosis 
and non-anastomosis ileum and colon in a porcine model.

Research methods
Eight healthy female pigs were included. Microdialysis catheters were placed for 
sampling ischemic metabolites and cefuroxime concentrations in both anastomosis and 
non-anastomosis ileum and colon. Cefuroxime 1.5 g was administered as an 
intravenous infusion over 15 min.

Research results
Only the colon anastomosis induced mean ischemic lactate/pyruvate ratios above 25 
(ischemic cut-off) throughout the entire sampling interval, and simultaneously 
decreased glucose concentrations. The mean time for which cefuroxime concentrations 
were maintained above the clinical breakpoint minimal inhibitory concentration for 
Escherichia coli (8 µg/mL) ranged between 116-128 min across all the investigated 
compartments, and was similar between the anastomosis and non-anastomosis ileum 
and colon. For all pigs and in all the investigated compartments, a cefuroxime 
concentration of 8 µg/mL was reached within 10 min after administration.

Research conclusions
Administering 1.5 g cefuroxime 10 min prior to intestine surgery seems sufficient, and 
effective concentrations are sustained for approximately 2 h. Only colon anastomosis 
was locally vulnerable to ischemia.

Research perspectives
The present study demonstrates that microdialysis can be used to investigate ischemic 
metabolites and cefuroxime concentrations in both anastomosis and non-anastomosis 
intestines. This method may therefore have the potential to result in a better future 
understanding of anastomotic leakage.
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Abstract
BACKGROUND 
Gallstones and cholecystectomy have been proposed as risk factors for non-
alcoholic fatty liver disease (NAFLD). The reason for this may be that both 
gallstones, as well as NAFLD share several risk factors with regards to their 
development. Currently, there is a lack of sufficient evidence showing an 
association between these clinical conditions.

AIM 
To determine whether there is a meaningful association between gallstones and 
cholecystectomy with NAFLD.
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METHODS 
We queried the National Inpatient Sample database from the years 2016 and 2017 
using International Classification of Diseases, 10th revision, Clinical Modification 
diagnosis codes to identify hospitalizations with a diagnosis of gallstone disease 
(GSD) (includes calculus of gallbladder without cholecystitis without obstruction 
and acquired absence of gallbladder) as well as NAFLD (includes simple fatty 
liver and non-alcoholic steatohepatitis). Odds ratios (ORs) measuring the 
association between GSD (includes gallstones and cholecystectomy) and NAFLD 
were calculated using logistic regression after adjusting for confounding 
variables.

RESULTS 
Out of 14294784 hospitalizations in 2016-2017, 159259 were found to have 
NAFLD. The prevalence of NAFLD was 3.3% in patients with GSD and 1% in 
those without. NAFLD was prevalent in 64.3% of women with GSD as compared 
to 35.7% of men with GSD. After controlling for various confounders associated 
with NAFLD and GSD, multivariate-adjusted analysis showed that there was an 
association between NAFLD with gallstones [OR = 6.32; 95% confidence interval 
(CI): 6.15-6.48] as well as cholecystectomy (OR = 1.97; 95%CI: 1.93-2.01). The 
association between NAFLD and gallstones was stronger in men (OR = 6.67; 
95%CI: 6.42-6.93) than women (OR = 6.05; 95%CI: 5.83-6.27). The association 
between NAFLD and cholecystectomy was stronger in women (OR = 2.01; 95%CI: 
1.96-2.06) than men (OR = 1.85; 95%CI: 1.79-1.92). P value was less than 0.001 for 
all comparisons.

CONCLUSION 
NAFLD is more prevalent in women with GSD than men. The association 
between NAFLD and cholecystectomy/gallstones indicates that they may be risk 
factors for NAFLD.

Key Words: Gallstones; Non-alcoholic fatty liver disease; Gastroenterology; Hepatology; 
Non-alcoholic steatohepatitis; Cholecystectomy

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We have identified a significant association between gallstone disease and 
non-alcoholic fatty liver disease. This association is stronger in women with gallstone 
disease than men. Further, this association is strongest in the Caucasian population. It 
is believed that this association is due to both physiologic changes post-
cholecystectomy as well as the presence of metabolic derangement common to the 
development of both disorders. Lifestyle modification, including weight loss, dietary 
alterations, exercise, decreasing alcohol intake, and screening for the development of 
hepatic malignancy are important in preventing the development/progression of non-
alcoholic fatty liver disease.

Citation: Kichloo A, Solanki S, Haq KF, Dahiya D, Bailey B, Solanki D, Singh J, Albosta M, 
Wani F, Aljadah M, Shah H, Khan H, Jafri SM. Association of non-alcoholic fatty liver disease 
with gallstone disease in the United States hospitalized patient population. World J Gastrointest 
Pathophysiol 2021; 12(2): 14-24
URL: https://www.wjgnet.com/2150-5330/full/v12/i2/14.htm
DOI: https://dx.doi.org/10.4291/wjgp.v12.i2.14

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is defined as the presence of hepatic 
steatosis in the absence of other etiologies responsible for secondary fatty deposition in 
the liver. NAFLD is a spectrum of disease characterized initially by hepatic steatosis 
with gradual progression to liver fibrosis and ultimately, end stage liver disease. It is 
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one of the most frequent causes of liver disease in the United States (US), with recent 
studies reporting a prevalence as high as 20%-30%. Additionally, the prevalence of 
NAFLD continues to rise globally in line with the obesity epidemic[1,2]. Although 
believed to be a slowly progressive disease, it is currently the third most common 
reason for liver transplant in the US[3].

Multiple co-morbidities closely associated with NAFLD have been identified, 
including visceral obesity, type 2 diabetes mellitus (T2DM), dyslipidemia and the 
metabolic syndrome. Other potential risk factors that may contribute to the 
development of NAFLD including gallstone disease (GSD), cholecystectomy, sleep 
deprivation, polycystic ovarian syndrome, hypertension and pituitary disorders are 
not well understood[1]. However, it has been well established that some degree of 
metabolic derangement and insulin resistance are involved in the core 
pathophysiology of the development of NAFLD. Our study evaluates GSD, which 
includes both a diagnosis of cholelithiasis as well as sequalae associated with this 
diagnosis, including cholecystectomy, and its’ association with the development of 
NAFLD. Cholesterol gallstones are the most common type of gallstones and the risk 
factors for their formation are largely similar to those associated with NAFLD[4]. 
Hepatic insulin resistance is implicated in supersaturation and excessive production of 
bile salts. It is not clear whether the presence of gallstones are merely a reflection of the 
presence of risk factors for the metabolic syndrome, which accelerate NAFLD 
progression, or whether NAFLD leads to gallstone formation[5]. On the other hand, 
cholecystectomy is believed to alter the metabolism of the enterohepatic circulation of 
bile acids leading to an increased risk for the development of NAFLD. In 2013, Ruhl 
et al[6] used the US National Health and Nutrition Examination Survey (NHANES) 
from 1988 to 1994 to report that having had a cholecystectomy may be a risk factor for 
the development of NAFLD. More recently, Kakati et al[7] found an increased 
prevalence of cholecystectomy among NAFLD patients than non-NAFLD patients at a 
tertiary care center in the US. However, the sample size of this study was small (379 
patients) and it was confined to one center. Hence, a direct correlation between 
cholecystectomy and NAFLD has yet to be proven.

There is a paucity of literature and data in terms of large-scale multicenter 
retrospective studies investigating an association between GSD and NAFLD. The 
purpose of our study is to determine whether an association between GSD and 
NAFLD exists, identify the prevalence of multiple co-morbidities associated with 
NAFLD, and discuss risk factor modification for the prevention of the development of 
NAFLD in addition to halting its progression to end stage liver disease.

MATERIALS AND METHODS
Data source
The National Inpatient Sample (NIS) is a publicly available all-payer Healthcare Cost 
and Utilization Project (HCUP) database designed to produce US regional and 
national estimates[8,9]. HCUP is a family of healthcare databases and related software 
tools and products released by the Agency for Healthcare Research and Quality. The 
NIS contains data from more than 7 million hospital stays every year and 
approximates a 20% stratified sample of discharges from US community hospitals[9]. 
HCUP databases are limited data sets. Under the Health Insurance Portability and 
Accountability Act, review by an Institutional Review Board (IRB) is not required for 
the use of limited data sets[10]. Therefore, our study was exempt from IRB review.

Study design
This is a retrospective study utilizing the NIS dataset from 2016 and 2017 using 
International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-
CM) diagnosis codes. GSD was identified using the codes K80.20 (calculus of 
gallbladder without cholecystitis without obstruction) and Z90.49 (acquired absence of 
gallbladder). The NAFLD cohort was then generated using the codes K76.0 (simple 
fatty liver) and K75.81 (non-alcoholic steatohepatitis, NASH) as depicted in 
Supplementary Table 1. Co-morbidities and known risk factors were identified using 
the ICD-10 codes depicted in Supplementary Table 1.

Statistical analysis
SAS 9.3 (SAS Institute, Cary, NC, United States) was used for data analysis. Statistical 
review was performed by a biomedical statistician. We used NIS designated weights 
to produce nationally representative estimates of disease prevalence and demographic 
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variations. A two-tailed P value of less than 0.05 was considered statistically 
significant. Age and sex standardized prevalence of NAFLD and GSD were generated. 
The unadjusted prevalence of NAFLD by GSD status was compared using the chi-
square (χ2) test. The differences in demographics and co-morbidities by GSD status 
were also compared using the χ2 test. We used multivariate logistic regression analysis 
to determine odds ratios (ORs) for NAFLD comparing GSD to those without GSD after 
adjusting for age, gender, race, alcohol abuse, diabetes mellitus, dyslipidemia, 
hypertension, metabolic syndrome, nicotine dependence, and obesity. Owing to the 
gender differences in the prevalence of NAFLD and GSD, ORs for men and women 
were also calculated separately.

RESULTS
The total sample size of the study population for the years 2016-2017 was n = 
14294784. The total number of hospitalizations with GSD as a primary diagnosis was n 
= 534015 (87769 gallstone diagnoses and 448932 cholecystectomy diagnoses). The 
sample size of the NAFLD cohort was n = 159259, with simple fatty liver accounting 
for 123549 hospitalizations and NASH accounting for 36440 hospitalizations.

The prevalence of NAFLD was 3.3% in GSD hospitalizations and 1.0% in non-GSD 
hospitalizations. Patients with GSD and NAFLD were more likely to be older, and 
more likely to be women (Table 1). In white patients, GSD hospitalizations (72.1%) 
were more common than non-GSD hospitalizations (64.9%). For other racial groups, 
the percentage of non-GSD hospitalizations was higher than GSD hospitalizations. 
Medicare was the primary payor for 58% of hospitalizations with GSD in contrast to 
39.4% of non-GSD hospitalizations. Alcohol abuse, diabetes mellitus, dyslipidemia, 
hypertension, metabolic syndrome, and nicotine dependence were seen in a higher 
proportion of GSD hospitalizations than non-GSD hospitalizations. In contrast, obesity 
was more common in non-GSD hospitalizations than GSD hospitalizations (Table 1). 
All the differences between the two groups were significant at P < 0.001.

After adjusting for age (Table 2), patients with gallstones were 6.85 times more 
likely to have NAFLD [OR = 6.85; 95% confidence interval (CI): 6.67-7.03, P < 0.001] 
whereas those with cholecystectomy were 2.14 times more likely to have NAFLD. In 
addition, after adjusting for age, men with gallstones were more likely to have NAFLD 
than women, whereas women with cholecystectomy were more likely to have NAFLD 
than men.

In multivariate-adjusted analysis (Table 2), patients with gallstones were 6.32 times 
more likely to have NALFD (OR = 6.32; 95%CI: 6.15-6.48, P < 0.001) and patients with 
cholecystectomy were 1.97 times more likely to have NAFLD (OR = 1.97; 95%CI: 1.93-
2.01, P < 0.001). Also, in the sex-adjusted analysis, the association of NAFLD with 
gallstones was found to be stronger in men (OR = 6.67; 95%CI: 6.42-6.93, P < 0.001) 
than in women (OR = 6.05; 95%CI: 5.83-6.27, P < 0.001). The association of NAFLD 
with cholecystectomy was found to be stronger in women (OR = 2.01; 95%CI: 1.96-2.06, 
P < 0.001) than in men (OR = 1.85; 95%CI: 1.79-1.92, P < 0.001).

DISCUSSION
It has previously been established that gallstones and cholecystectomy are 
independently associated with NAFLD after adjustment for metabolic risk factors, 
especially in Asian populations[11,12]. In our study we report that the prevalence of 
NAFLD is 3.3% in patients with GSD, which includes both the presence of gallstones 
and history of cholecystectomy, and 1% in those without GSD. After controlling for 
various confounders associated with NAFLD and GSD, a multivariate-adjusted 
analysis showed that there was significant association between NAFLD with 
gallstones as well as cholecystectomy. The exact pathophysiology behind the presence 
of gallstones leading to NAFLD is not well understood, however, the association 
between gallstones and NAFLD might stem from the common pathogenic factors 
shared by both gallstone formation and NAFLD, given that the risk for gallstones is 
high in patients with central obesity, type 2 diabetes and insulin resistance[13]. The 
removal of the gallbladder has a metabolic impact on NAFLD initiation and 
progression. Once the gallbladder is removed, bile is continuously secreted into the 
small intestine. This leads to quicker enterohepatic circulation of bile acids, 
consequently leading to a greater influx of bile acids into the liver[6]. Also, the 
gallbladder is the main site of fibroblast growth factor 19 (FGF19) expression in the 
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Table 1 Age- and sex-standardized characteristics of hospitalizations

No gallstone disease (n = 13760769) All gallstone disease (n = 534015) P value

NAFLD (%) 1.0 3.3 < 0.001

Age, yr (mean ± SD) 48.8 ± 27.6 63.2 ± 18.1 < 0.001

Gender (%)

Male 43.7 35.7 < 0.001

Female 56.3 64.3 < 0.001

Race (%)

White 64.9 72.1 < 0.001

Black 15.4 11.8 < 0.001

Hispanic 12.4 11.2 < 0.001

Others 7.3 4.9 < 0.001

Payment (%)

Medicare 39.4 58.0 < 0.001

Medicaid 23.5 13.6 < 0.001

Private insurance 29.9 22.8 < 0.001

Others (includes self-pay) 7.1 5.5 < 0.001

Co-morbidities (%)

Alcohol abuse 1.6 2.3 < 0.001

Diabetes mellitus 13.2 18.9 < 0.001

Dyslipidemia 22.6 33.4 < 0.001

Hypertension 29.8 43.0 < 0.001

Metabolic syndrome 0.1 0.2 < 0.001

Nicotine dependence 29.6 40.1 < 0.001

Obesity 7.5 5.4 < 0.001

NAFLD: Non-alcoholic fatty liver disease.

enterohepatobiliary system[14]. FGF19 suppresses the ability of insulin to promote 
synthesis of hepatic fatty acid[15]. Barrera et al[16] found that cholecystectomy leads to 
reduced serum FGF19 levels and increased bile acid synthesis. Animal studies have 
shown that cholecystectomy leads to increased serum triglycerides and very low-
density lipoprotein, which may contribute to increased triglyceride accumulation in 
the liver, and ultimately, NAFLD[11]. Because of this, we postulate that cholecystectomy 
may contribute to NAFLD initiation or progression.

Gender differences in NAFLD continues to be a debated topic, however, it is well 
known that NAFLD is a sexually dysmorphic condition[17]. After analysis of the 
NHANES data, most studies reported a higher prevalence of NAFLD in men than 
women[18]. However, the study by Younossi et al[19], which divides individuals into lean 
or obese-overweight subgroups, reported that the lean NAFLD cohort was more 
commonly female. Our study also focused on these gender differences. We report that 
NAFLD was prevalent in 64.3% of women with GSD as compared to 35.7% of men 
with GSD. The association between NAFLD with gallstones was found to be stronger 
in men (OR = 6.67; 95%CI: 6.42-6.93) than in women (OR = 6.05; 95%CI: 5.83-6.27) and 
the association between NAFLD with cholecystectomy was found to be stronger in 
women (OR = 2.01; 95%CI: 1.96-2.06) than in men (OR = 1.85; 95%CI: 1.79-1.92). The 
pathophysiology behind this difference is attributed to natural changes in female 
physiology, especially in the post-menopausal years, such as increased rates of insulin 
resistance, central obesity, and alterations in adipose tissue distribution as a result of 
fluctuations in estrogen levels[20]. It has also been noted that early menarche may 
predispose women to an increased risk of NAFLD in adulthood, due to the association 
between obesity and early onset of menses[17]. Animal studies in over nourished 
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Table 2 Logistic regression odds ratios for the association of non-alcoholic fatty liver disease with gallstone disease

Age-adjusted Multivariate-adjusted1

OR 95%CI P value OR 95%CI P value

All

Gallstone disease2 2.99 2.94-3.03 < 0.001 2.75 2.70-2.79 < 0.001

Gallstones 6.85 6.67-7.03 < 0.001 6.32 6.15-6.48 < 0.001

Cholecystectomy 2.14 2.10-2.18 < 0.001 1.97 1.93-2.01 < 0.001

Men

Gallstone disease 3.09 3.01-3.17 < 0.001 2.90 2.82-2.97 < 0.001

Gallstones 7.32 7.05-7.59 < 0.001 6.67 6.42-6.93 < 0.001

Cholecystectomy 1.95 1.88-2.02 < 0.001 1.85 1.79-1.92 < 0.001

Women

Gallstone disease 2.93 2.88-3.00 < 0.001 2.63 2.58-2.69 < 0.001

Gallstones 6.48 6.26-6.72 < 0.001 6.05 5.83-6.27 < 0.001

Cholecystectomy 2.25 2.20-2.30 < 0.001 2.01 1.96-2.06 < 0.001

1Adjusted for age, gender, race, alcohol abuse, diabetes mellitus, dyslipidemia, hypertension, metabolic syndrome, nicotine dependence, and obesity.
2Gallstone disease includes both gallstones and cholecystectomy. OR: Odds ratio; CI: Confidence interval.

zebrafish models have shown that ovarian senescence causing hypoestrogenemia 
facilitates the development of hepatic steatosis and the fibrotic progression of liver 
disease[21]. Understanding gender differences in NAFLD is crucial as it will allow us to 
target specific groups to improve primary prevention and health promotion, as well as 
provide treatment strategies which may help reduce morbidity and mortality 
associated with NAFLD and its associated pathologies.

Significant racial differences exist with regards to the prevalence of NAFLD. Our 
study reports that the prevalence of NAFLD with GSD was 72.1% in the Caucasian 
population, followed by 11.8% in African Americans, 11.2% in Hispanics and 4.9% in 
other races (P < 0.001). This is most likely attributed to complex interactions between 
environmental, behavioral, and genetic factors[3,18]. One explanation for the racial 
variance may be a higher average BMI and visceral adiposity in the Caucasian 
population as compared to their African American counterparts. The most recent 
literature suggests that the East Asian Indian population may be at the highest risk of 
NAFLD[22].

Our study reports a higher prevalence of NAFLD in the GSD group. Numerous co-
morbidities have been identified in the GSD disease group which could possibly be 
linked to the development of NAFLD, with most having some form of metabolic 
derangement or insulin resistance as the core pathophysiology. We analyzed some of 
the common co-morbidities associated with GSD, as follows:

T2DM or insulin resistance
NAFLD and T2DM often co-exist, leading to adverse outcomes[23]. The presence of 
NAFLD is also associated with an increased incidence of the microvascular 
complications of T2DM. We found that T2DM had a prevalence of 18.9% in the GSD 
group as compared to 13.2% in the group without GSD (P < 0.001). Therefore, patients 
with T2DM should be screened for NAFLD. Elastography, a technique used to 
measure tissue stiffness, can be used as a screening tool for NAFLD.

Metabolic syndrome
This is defined as a cluster of conditions that occur in conjunction leading to an 
increased risk of developing cardiovascular disease, diabetes, and stroke. There is a 
strong association between the metabolic syndrome and NAFLD[24]. Metabolic 
syndrome is characterized by the presence of 3 out of the following 5 criteria: (1) 
Abdominal obesity; waist circumference ≥ 102 cm in men and ≥ 88 cm in women; (2) 
Serum triglycerides ≥ 150 mg/dL or drug treatment for elevated triglycerides; (3) 
Serum high-density lipoprotein (HDL) cholesterol < 40 mg/dL in men and < 50 
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mg/dL in women or drug treatment for low HDL cholesterol; (4) Blood pressure ≥ 
130/85 mmHg or drug treatment for elevated blood pressure; and (5) Fasting plasma 
glucose ≥ 100 mg/dL or drug treatment for elevated blood glucose.

We found that there was a higher prevalence of patients having metabolic 
syndrome in the GSD group (0.2%) vs the group without GSD (0.1%) (P < 0.001). 
Therefore, Metabolic syndrome may be closely associated with NAFLD.

Dyslipidaemia
Elevated levels of free fatty acids promote insulin resistance leading to NAFLD[25]. We 
found that dyslipidaemia was more common in patients in the GSD group (33.4%) 
compared to the non-GSD group (22.6%) (P < 0.001). Hypertriglyceridemia is known 
to be an independent risk factor for NAFLD and therefore requires appropriate 
screening. The Framingham Heart study also revealed that patients with fatty liver 
had a high prevalence of hypertriglyceridemia and low HDL levels[26].

Obesity
Weight gain is a modifiable risk factor believed to be strongly associated with the 
development of NAFLD. The distribution of the adipose tissue, rather than the 
amount, is more clearly associated with NAFLD. However, our study found a higher 
prevalence of obesity (7.5%) in the group without GSD compared to the GSD group 
(5.4%) (P < 0.001). Nevertheless, it has been well established that visceral adipose 
tissue predisposes patients to the development of NAFLD even at lower body mass 
index[27].

Hypertension
Essential hypertension has been known to be associated with metabolic syndrome 
which in-turn is associated with the development of NAFLD. Other mechanisms for 
hypertension leading to NAFLD development are poorly understood[28]. Our study 
reported a 43% prevalence of hypertension in the GSD group and a 29.8% prevalence 
in the group without GSD (P < 0.001). Hence, we advocate for a more aggressive 
approach to screening and treatment for hypertension.

Nicotine dependence
Some studies on humans and animal models indicate that smoking has some 
association with NAFLD. However, the clinical correlation of these findings remains 
controversial[29]. We looked at nicotine dependence and found that the prevalence of 
NAFLD is 40.1% in nicotine dependent patients in the GSD group vs 29.6% in the 
group without GSD (P < 0.001). More studies are needed to establish a significant 
relationship between the use of nicotine and NAFLD.

Patients with NAFLD tend to have a decreased survival rate when compared to the 
general population. Cardiovascular disease is a major cause of death in these patients, 
followed by malignancies such as hepatocellular carcinoma, as well as increased 
morbidity and mortality due to the sequela of chronic liver disease itself[30]. Despite a 
thorough investigation into available clinical trials, no effective treatment therapy or 
protocol currently exists for NAFLD. Therefore, a non-pharmacological approach for 
controlling the co-morbidities leading to not only NAFLD but also cardiovascular risk 
and overall mortality becomes crucial in the management of the NAFLD population. 
Correcting the core pathophysiology (often underlying metabolic derangement or 
insulin resistance) is the basis of the management of NAFLD. It can be achieved 
through a patient-tailored approach of risk factor modification through lifestyle 
changes, which consists of:

Weight loss
Weight loss of 3%-5% in patients with steatosis and 7%-10% in patients with NASH is 
recommended, with the long-term goal of achieving a normal BMI[31]. A 5% weight loss 
is associated with about a 75% rate of remission of NAFLD[32].

Diet
Patients with dyslipidaemia benefit from a low-fat diet, whereas patients with insulin 
resistance or Diabetes Mellitus should be advised to follow a low carbohydrate diet. 
Patients with NAFLD and NASH eat a lower polyunsaturated vs saturated Fatty Acid 
ratio, a lower omega-3 vs omega-6 ratio, and a higher amount of cholesterol, as 
compared to the general population[3]. Therefore, it is recommended to modify the diet 
to include more polyunsaturated fatty acids, omega-3 fatty acids, and decrease 
cholesterol consumption to less than 200 mg a day.
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Exercise
The literature suggests that exercise alone has a beneficial effect in NAFLD. Exercise 
along with dietary modification may play a synergistic role in the management of 
NAFLD. Aerobic exercise, about 3-4 times a week with > 400 kcal per session is 
currently recommended.

Alcohol intake
The literature suggests a U-relationship between alcohol consumption, with lower 
intake associated with decreased overall mortality, decreased rates of cardiovascular 
events, lower risk of Diabetes Mellitus, and decreased incidence of the metabolic 
syndrome[3]. Studies have also shown a possible beneficial effect of mild alcohol 
consumption in NAFLD. However, we do not actively recommend alcohol 
consumption in NAFLD patients especially in those suffering from progressive 
NAFLD.

Coffee consumption
Animal and epidemiological studies reveal a possible beneficial effect of coffee 
consumption in terms of metabolic control and development of NAFLD[33]. Because of 
this, coffee consumption should not be restricted.

Cancer screening 
Patients with NAFLD are at increased risk for developing malignancies. The literature 
does report the incidence of liver cancer in patients with NAFLD without fibrosis but 
not enough evidence exists to recommend a screening protocol[3]. Patients with 
NAFLD should also be monitored in regular screening programs for breast, prostate, 
colorectal and cervical cancer.

In addition to lifestyle modification, pharmacological therapies such as orlistat may 
be considered for assistance with weight reduction. Bariatric surgery may be 
considered in moderately to severely obese patients. In fact, a systematic review by 
Bower et al[34] found that among 16 studies evaluating steatosis before and after 
bariatric surgery, the weighted mean decrease in the incidence of steatosis was 50.2%.

There are limitations to the current study, in particular with regards to the 
utilization of the Healthcare Utilization Project database, including errors in relation to 
the ICD9 and ICD10 coding system. In order to prevent this, we have utilized codes 
that have been validated in previous studies. We have performed a retrospective 
analysis and given insight into an association between these conditions and the 
studied outcomes, however the nature of observational studies does not allow for the 
determination of causation between the variables being studied. An additional 
limitation is that the ICD coding system is unable to identify when patients are 
readmitted with the same condition. Because of this, every admission is considered a 
separate case and therefore a new patient encounter. A final limitation of the study is 
that it was not performed on the general population.

CONCLUSION
We conclude that NAFLD is more prevalent in women with GSD than men. The 
association of NAFLD with cholecystectomy and GSD indicates that they may be risk 
factors for NAFLD. Lifestyle modification through physical exercise, diet, and weight 
reduction can prevent gallstone formation and the subsequent need for 
cholecystectomy. We know that gallstones are a common disease process and 
cholecystectomy is a commonly performed procedure. Their impact on NAFLD should 
be further evaluated through prospective studies and randomized clinical trials.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is one of the most frequent causes of liver 
disease in the United States. The prevalence of NAFLD is rising globally in line with 
the obesity epidemic. The pathophysiology of the development of NAFLD is rooted in 
metabolic derangement and insulin resistance. In addition, the development of 
gallstones shares several common risk factors with that of NAFLD. Cholecystectomy, a 
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sequela of gallstone disease (GSD), may alter the metabolism of the enterohepatic 
circulation of bile acids and contribute to an increased risk of NAFLD.

Research motivation
There is a paucity of literature and data in terms of large-scale multicenter 
retrospective studies that have investigated an association between GSD and NAFLD.

Research objectives
To determine whether an association between GSD and NAFLD exists, identify the 
prevalence of multiple co-morbidities associated with NAFLD, and discuss risk factor 
modification for the prevention of the development of NAFLD in addition to halting 
its progression to end stage liver disease.

Research methods
We queried the National Inpatient Sample database from the years 2016 and 2017 
using International Classification of Diseases, 10th revision, Clinical Modification 
diagnosis codes to identify hospitalizations with a diagnosis of GSD as well as 
NAFLD. Odds ratios (ORs) measuring the association between GSD and NAFLD were 
calculated using logistic regression after adjusting for confounding variables.

Research results
The prevalence of NAFLD was 3.3% in patients with GSD and 1% in those without. 
NAFLD was prevalent in 64.3% of women with GSD as compared to 35.7% of men 
with GSD. After controlling for confounders, multivariate-adjusted analysis showed 
that there was an association between NAFLD with gallstones [OR = 6.32; 95% 
confidence interval (CI): 6.15-6.48] as well as cholecystectomy (OR = 1.97; 95%CI: 1.93-
2.01). The association between NAFLD and gallstones was stronger in men (OR = 6.67; 
95%CI: 6.42-6.93) than women (OR = 6.05; 95%CI: 5.83-6.27). The association between 
NAFLD with cholecystectomy was stronger in women (OR = 2.01; 95%CI: 1.96-2.06) 
than men (OR = 1.85; 95%CI: 1.79-1.92).

Research conclusions
NAFLD is more prevalent in women with GSD than men. The association between 
NAFLD and cholecystectomy/gallstones indicates that they may be risk factors for 
NAFLD.

Research perspectives
There is a need for further prospective studies and randomized clinical trials to 
evaluate the impact of gallstones and cholecystectomy on the development of NAFLD.
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Abstract
Microbes colonize the gastrointestinal tract are considered as highest complex 
ecosystem because of having diverse bacterial species and 150 times more genes 
as compared to the human genome. Imbalance or dysbiosis in gut bacteria can 
cause dysregulation in gut homeostasis that subsequently activates the immune 
system, which leads to the development of inflammatory bowel disease (IBD). 
Neuromediators, including both neurotransmitters and neuropeptides, may 
contribute to the development of aberrant immune response. They are emerging 
as a regulator of inflammatory processes and play a key role in various auto-
immune and inflammatory diseases. Neuromediators may influence immune 
cell’s function via the receptors present on these cells. The cytokines secreted by 
the immune cells, in turn, regulate the neuronal functions by binding with their 
receptors present on sensory neurons. This bidirectional communication of the 
enteric nervous system and the enteric immune system is involved in regulating 
the magnitude of inflammatory pathways. Alterations in gut bacteria influence 
the level of neuromediators in the colon, which may affect the gastrointestinal 
inflammation in a disease condition. Changed neuromediators concentration via 
dysbiosis in gut microbiota is one of the novel approaches to understand the 
pathogenesis of IBD. In this article, we reviewed the existing knowledge on the 
role of neuromediators governing the pathogenesis of IBD, focusing on the 
reciprocal relationship among the gut microbiota, neuromediators, and host 
immunity. Understanding the neuromediators and host-microbiota interactions 
would give a better insight in to the disease pathophysiology and help in 
developing the new therapeutic approaches for the disease.
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Core Tip: Dysbiosis in gut bacteria is a well-established factor, and the abnormality in 
the enteric nervous system is an emerging aspect that influences the gut inflammation. 
Both of them contribute to inflammatory bowel disease (IBD) pathogenesis by 
modulating the host immune response. Through this review, we linked the two 
pathological mechanisms and explained how neuroimmunomodulation by gut bacteria 
play a crucial role in IBD. We elaborated all the known neuromediators produced by 
gut bacteria and the role of each neuromediator as well as the respective gut bacteria in 
inflammatory signaling pathways especially in IBD.
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INTRODUCTION
The gastrointestinal tract (GIT) is equipped with the most extensive immune system, 
and the largest network of neurons outside the central nervous system (CNS) called 
the enteric nervous system (ENS). Sometimes, ENS also referred to as “brain in gut” 
because it does not require any intermediate input from the brain for its functioning. 
The structure of ENS is organised into two Plexi, myenteric plexus and submucosal 
(Meissner’s) plexus. Myenteric plexus is located between the longitudinal and circular 
muscle of muscularis propria and regulates the intestinal motility. Submucosal plexus 
is located in the submucosa of the intestine and regulates secretion, absorption, and 
blood flow[1]. Neurons of these Plexi releases various neurotransmitters that regulate 
the secretory and motor functions of GIT. During inflammatory bowel disease (IBD), 
there are morphological, histological, and immunohistochemical abnormalities in the 
ENS which causes neuronal hyperplasia, necrosis, ganglion, and axonal degeneration, 
alteration in synthesis and release of neurotransmitters. It leads to a defect in the 
secretory and motor functions of GIT[2].

The neurotransmitters and neuropeptides released from ENS can alter various 
immune cell functions. Immune cells residing in colon express various receptors for 
neurotransmitters, and once neurotransmitter binds to these receptors, there would be 
an initiation of signal transduction pathways of cytokine production[3]. These cyto-
kines, in turn, bind to their specific receptors, expressed on sensory nerve fibers to 
trigger neuronal response, thus establishing a bidirectional communication. This 
bidirectional cross-talk between ENS and the enteric immune system is crucial to 
maintain visceral homeostasis. This cross-talk regulates the magnitude of inflam-
matory response via the production of cytokines, disruption of epithelial tight 
junctions, neutrophil recruitment, phagocytosis, modification in lymphocyte differen-
tiation, and ultimately cell death ensues[4].

During the early postnatal life, ENS undergoes extensive development in parallel to 
the colonisation of gut microbiota and maturation of mucosal immune system in GIT. 
In germ-free mice, structural and functional abnormalities of the ENS have been 
observed, which suggests the role of gut microbiota in ENS development. Microbiota 
interacts with the nervous system through modulation of neurotransmitters 
production. Indeed, bacteria have been found to have the capability to produce a 
range of significant neurotransmitters in the gut. Therefore, gut microbiota fine-tunes 
the interaction between enteric nervous and immune system by altering the level of 
neuromediators (Figure 1).

A more thorough understanding of the interactions among neuromediators, inflam-
mation, and neuromediators producing gut microbiota is required to ensure the effect-
iveness of neuromediators as a treatment option for IBD. Herein, we review the 
current knowledge of the role of neuromediators and bacteria that produce neurome-
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Figure 1 Modulation of cross-talk between the enteric nervous system and the enteric immune system via gut bacteria. Gut microbiota and 
vagus nerve stimulate mesenteric ganglion (enteric neuron) to produce neuromediators. Neuromediators act on various immune cells and influence their ability to 
release pro-inflammatory cytokines. During inflammatory bowel disease, dysbiosis in gut microbiota and abnormality in the enteric nervous system affect the level of 
neuromediators that results in overproduction of pro-inflammatory cytokines and promote inflammation. IL: Interleukin; TNF-α: Tumour necrosis factor-α; IFN-γ: 
Interferon-γ.

diators which might be a potential option in the treatment of IBD.

NEUROMEDIATORS AND IBD
A variety of neuropeptides and neurotransmitters are known to involve in the 
pathogenesis of IBD. Neuropeptides such as substance P (SP), neurotensin (NT), 
vasoactive intestinal peptide (VIP), neuropeptide Y (NPY), corticotrophin-releasing 
hormone (CRH), galanin (GAL) and calcitonin gene-related peptides (CGRP) and 
neurotransmitters like serotonin, nitric oxide (NO), acetylcholine, noradrenaline (NA) 
and γ-aminobutyric acid (GABA) regulates inflammatory processes by employing 
immunomodulatory pathways. Role of each of these neuromediators are briefly 
summarized in Table 1.

SP 
SP is released from neurons and also from inflammatory cells like lymphocytes, 
macrophages, and dendritic cells. It acts by binding to the neurokinin-1 receptor (NK-
1R). It plays a vital role in the amplification of inflammatory response by inducing the 
release of cytokines, reactive oxygen species, and stimulates leukocyte recruitment. 
Increased level of SP has been observed in the colon of IBD patients and, in the 
synovial fluid and serum of rheumatoid arthritis (RA) patients. Also, the enhanced 
expression of NK-1R was reported in the colon of IBD and synoviocytes of RA 
patients. SP has pro-inflammatory effects in epithelial and immune cells and 
contributes to many inflammatory diseases, including sarcoidosis, asthma, chronic 
bronchitis, RA, and IBD[5]. However, in murine models of colitis, SP plays a 
regulatory action[6]. In a recent study, SP was observed as an accelerator for healing 
the dextran sodium sulfate (DSS)-induced damaged intestine via inhibiting inflam-
matory responses through the modulation of cytokine expression[7].

NT 
NT is a tridecapeptide, a pro-inflammatory neuropeptide widely distributed in the 
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Table 1 List of neuromediators and their role in gut inflammation

Neuromediator Distribution Binding receptor Function

SP Neurons and inflammatory cells 
like lymphocytes, macrophages, 
and dendritic cells

NK-1R Exerts pro-inflammatory effects in epithelial and immune cells 
and contributes to inflammatory diseases. In murine model of 
colitis, it plays regulatory role

NT Nervous system and intestine NTR1 Recognized as an immunomodulator. By interacting with 
immune cells, it enhances the chemotaxis and induces the 
cytokine release to modulate the immune response. In IBD, it 
exerts its pro-inflammatory effects by promoting the 
expression of miR-210 in intestinal epithelial cells 

NPY Central and peripheral nervous 
system and immune cells

Out of five receptors of NPY, 
NPYY1 is known to play a crucial 
role in immunomodulation

Regulates various immune cell functions such as T helper cell 
differentiation, neutrophil chemotaxis, natural killer cell 
activity, and granulocyte oxidative burst and NO production. 
In the gut, NPY is known to exert pro-inflammatory effects

VIP Neuronal and lymphoid cells VIPR1 and VIPR2 Identified as an anti-inflammatory molecule. administration of 
VIP nanomedicine in the form of VIP-SSM are capable of 
alleviating the symptoms of DSS- induced mice model of 
colitis

GAL Vasculature, immune cells and 
colonic epithelial cells

GAL (1-3) receptor Exerts anti-inflammatory effects in TNBS induced colitis model 
by reducing the expression and activity of iNOS

CRH Immune cells CRH-R1 and CRH-R2 It acts as a pro-inflammatory peptide. The expression pattern 
of CRH 1 and CRH 2 varies in ulcerative colitis. Inhibition of 
CRH1 and overexpression of CRH2 may have the therapeutic 
potential in IBD

CGRP Sensory nerves projecting to the 
lymphoid organs, airways, and 
pulmonary neuroendocrine cells

CGRP receptors CGRP negatively regulates innate immune responses and thus 
has potential anti-inflammatory effects. Its expression reduced 
in the colon of an animal model of colitis 

NA Nerves innervating the 
peripheral lymphoid organs

Adrenergic α and β receptors immunomodulatory effect of NA is administered via cAMP. 
Activation of NA receptors that stimulate cAMP resulting in a 
shift toward Th2 responses which are anti-inflammatory and 
neuroprotective whereas decreased cAMP stimulates Th1 
responses resulting in cell destruction and inflammation

Acetylcholine Central and peripheral nervous 
system, immune cells, 
keratinocytes, endothelial cells, 
urothelial cells of the urinary 
bladder, airways and epithelial 
cells of the placenta

Nicotinic and muscarinic 
receptors

Muscarinic receptors mediate pro-inflammatory responses and 
nicotinic receptors enhance anti-inflammatory responses. 
Treatment of UC via nicotine suggests the role of the 
cholinergic pathway in colonic inflammation

NO Neuron synapses and immune 
cells

NO does not act via receptors. its 
specificity for target cell depends 
on its concentration, its activity 
and response, and territory of 
target cells

NO is oxidised to reactive nitrogen oxide species which 
mediate most of the immunological effects. It regulates the 
growth, functional activity, and death of immune cells. It acts 
as a biomarker for monitoring disease activity due to its 
increased serum concentration during the active phase of both 
UC and CD and reduced concentration during the inactive 
phase of the disease

Serotonin or 5-
HT

Central nervous system and EC 
cells of GIT

5-HT receptor It promotes activation of lymphocytes and secretion of pro-
inflammatory cytokines. It activates the signalling molecules of 
the NF-kB pathway during gut inflammation 

GABA Nervous system and immune 
system

GABA- AR and GABA-BR GABA has several effects on immune cells, including 
modulation of cytokine secretion, regulation of cell 
proliferation, and migration. Activation of GABA-A receptor 
aggravates DSS induced mice model of colitis

SP: Substance P; GABA: γ-aminobutyric acid; 5-HT: 5-hydroxytryptamine; EC: Enterochromaffin; NF-kB: Nuclear factor kB; NO: Nitric oxide; NA: 
Noradrenaline; CD: Crohn’s disease; UC: Ulcerative colitis; cAMP: Cyclic adenosine monophosphate; CGRP: Calcitonin gene-related peptide; IBD: 
Inflammatory bowel disease; CRH: Corticotropin-releasing hormone; iNOS: Inducible nitric oxide synthase; GAL: Galanin; TNBS: 2,4,6-
trinitrobenzenesulfonic acid; VIP: Vasoactive intestinal peptide; SSM: Sterically stabilised micelles; NPY: Neuropeptide Y; NK-1R: Neurokinin-1 receptor; 
NTR1: Neurotensi receptor 1; DSS: Dextran sodium sulfate.

nervous system and intestine. It binds to NT receptor 1 (NTR1) which is a high-affinity 
receptor and expressed in neurons, immune cells, colonic epithelial cells and colon 
cancer cell lines. It regulates various peripheral processes including gut motility, 
intestinal epithelial cell proliferation, secretion, and vascular smooth muscle activity, 
but recently it is recognized as an immunomodulator. NT interacts with leukocytes, 
dendritic cells and peritoneal mast cells, inducing the release of cytokines and 
enhancing chemotaxis in order to modulate the immune response. The elevated level 
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of NT and increased expression of NTR1 have been reported in the colonic mucosa of 
the experimental model of colitis and ulcerative colitis (UC) patients. NT is implicated 
in various acute and chronic inflammatory diseases, including lung and intestinal 
inflammation[8-11]. In IBD, NT exerts its pro-inflammatory effects by promoting the 
expression of miR-210 in intestinal epithelial cells[12].

NPY 
NPY is a peptide of 36 amino acids and produced abundantly by the central and 
peripheral nervous system and also by immune cells. Neuronal functions of NPY 
include modulation of blood pressure, nociception, anxiety, and appetite. It also has 
diverse effects on innate and adaptive immunity, including immune cell migration, 
cytokine release from macrophages and T helper cells, and antibody production. Out 
of five receptors of NPY, NPYY1 is known to play a crucial role in immunomodu-
lation. To modulate inflammation, NPY regulates various immune cell functions such 
as T helper cell differentiation, neutrophil chemotaxis, natural killer cell activity, and 
granulocyte oxidative burst and NO production. In the gut, NPY is known to exert 
pro-inflammatory effects. Several clinical studies reported the role of NPY in immune 
or inflammatory disorders such as arthritis, asthma, and IBD[4,13-15].

VIP 
VIP is a 28 amino acid neuropeptide, produced by neuronal cells and lymphoid cells. It 
controls the homeostasis of the immune system by carrying out a wide range of 
immunological functions. Recently, it has been identified as an anti-inflammatory 
molecule. It is reported to inhibit pro-inflammatory cytokines and chemokines 
production from macrophages, dendritic cells, and microglial cells. Furthermore, VIP 
reduces the expression of costimulatory molecules on antigen-presenting cells, 
resulting in the promotion of Th2 type responses and reduction in Th1 type responses. 
VIP has been considered as a promising target for the treatment of autoimmune as 
well as acute and chronic inflammatory diseases such as multiple sclerosis, RA, 
Crohn’s disease (CD), septic shock, or autoimmune diabetes[4,16-18]. Recombinant 
VIP analogue protects the intestinal mucosal barrier function effectively in rats. This 
analogue of VIP ameliorates 2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced colonic 
injury and inflammation through downregulating the expression of tumour necrosis 
factor-α and upregulating the interleukin (IL)-10 expression[15,19]. Though the 
administration of VIP shown anti-inflammatory effect but its therapeutic use is 
restricted due to its rapid degradation and continuous infusion. Recently, the adminis-
tration of VIP nanomedicine in the form of sterically stabilized micelles has been 
observed to overcome the barriers and are capable of alleviating the symptoms of DSS-
induced mice model of colitis[20].

GAL
GAL is a 30 amino acid long sensory neuropeptide known to attenuate neurogenic 
inflammation. Among the receptors (GAL1-3), GAL-3 is most abundantly expressed 
on the vasculature, and immune cells and GAL-1 is the only receptor expressed in 
colonic epithelial cells. Various studies indicate the role of GAL-3 in inflammatory 
disease conditions. GAL-1 has multiple recognition sites for nuclear factor kB (NF-kB), 
and its expression is increased in colonic tissues of IBD patients. NF-kB is a significant 
player in IBD; thus, specific antagonists of GAL-1 may be used in the treatment of IBD. 
Administration of GAL in the TNBS-induced colitis model exerts anti-inflammatory 
effects by reducing the expression and activity of inducible NO synthase (iNOS)[21]. 
GAL may act as an immunomodulatory peptide because of its ability to sensitize 
natural killer cells and polymorphonuclear neutrophils towards pro-inflammatory 
cytokines. In neutrophil-dominated autoimmune arthritis, activation of GAL-3 can be 
considered as a substantial anti-inflammatory pathway. In multiple sclerosis, GAL-2 
agonist has been reported to be a promising therapeutic target[22-26].
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CRH
CRH is 41 amino acid neuropeptide, produced by various immune cells to regulate 
immune/inflammatory responses. This locally produced CRH in the peripheral 
organs, also called peripheral CRH. Peripheral CRH is expressed in various inflamed 
sites where it acts as a pro-inflammatory peptide. It is also found in the testes, adrenal 
medulla, ovaries, GIT, cardiovascular system, spinal cord, pancreas, lung, endome-
trium, and placenta. It has also shown pro-inflammatory effects in the female 
reproductive system. CRH exerts its biological effects by CRH-Receptor R1 and CRH-
R2. CRH and CRH-Rs are known to be expressed in several components of the 
immune system and regulates various inflammatory phenomena. Due to its pro-
inflammatory properties, the antagonist of CRH has been proposed as a potential 
therapeutic target in the treatment of allergic conditions (asthma, eczema, urticaria) 
and also in the treatment of lower gastrointestinal inflammatory diseases (chronic 
inflammatory bowel syndromes, irritable bowel disease, and UC)[23,27]. The expre-
ssion pattern of CRH-1 and CRH-2 is found to be altered in UC. Based on their differ-
ential expression, their therapeutic role is advocated in IBD. Inhibition of CRH-1 and 
overexpression of CRH-2 may have the therapeutic potential[28]. Activation of CRH-1 
signaling upregulates the production of vascular endothelial growth factor-A via cyclic 
adenosine monophosphate (cAMP) response-element binding protein (CREB) 
transcriptional activity, which results in inflammatory angiogenesis in the gut. 
Therefore by targeting CREB inactivation, symptoms of colitis may be ameliora-
ted[29]. CRH is also reported to enhance gut permeability by activating mast cells that 
worsen the IBD pathogenesis. Thus blocking CRH receptors with appropriate 
antagonists can inhibit mast cell activation and may be considered as a promising 
therapeutic target for chronic gastrointestinal inflammatory diseases, including 
IBD[30,31].

CGRP 
CGRP is a 37 amino acid peptide that is expressed by sensory nerves projecting to the 
lymphoid organs, airways, and by pulmonary neuroendocrine cells. Peripheral CGRP 
is a vasodilator and responsible for acute neurogenic inflammation. It upregulates the 
expression of IL-10 and inhibits activation of NF-kB by acting on innate immune cells. 
It also inhibits the production of pro-inflammatory cytokines and presentation of 
antigens to T cells by directly acting on dendritic cells and macrophages. CGRP 
negatively regulates innate immune responses and thus has potential anti-inflam-
matory effects. Available pieces of evidence suggest CGRP contributes to limiting 
tissue damage in liver inflammation, joint inflammation, and also in chronic 
obstructive pulmonary disease. Decreased level of CGRP was observed in the colon of 
an animal model of colitis which suggests its role in intestinal inflammation[32-36].

NA 
NA is a primary neurotransmitter of the sympathetic nervous system, released from 
nerves innervating the peripheral lymphoid organs. Some evidence suggests that the 
immunomodulatory effect of NA is administered via cAMP. NA influences immune 
response directly by alteration in expression of adrenergic β receptors on macrophages 
or indirectly by alteration in level of endogenous NA. Activation of α2 adrenoceptors 
located on sympathetic nerve terminals results in decreased extracellular NA concen-
tration by a negative feedback effect. Activation of NA receptors that stimulate 
adenylate cyclase to produce cAMP resulting in a shift toward Th2 responses which 
are anti-inflammatory and neuroprotective whereas decreased cAMP stimulates Th1 
responses resulting in cell destruction and inflammation[3,37]. The use of the α2-
adrenoceptor antagonist might be a novel therapeutic approach for the management of 
colitis[38].

ACETYLCHOLINE
Previously it was thought that acetylcholine is synthesised by only neurons of the 
parasympathetic and sympathetic nervous system, but now it is established that 
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acetylcholine is also synthesized by immune cells, keratinocytes, endothelial cells, 
urothelial cells of the urinary bladder, airways and epithelial cells of the placenta. 
Acetylcholine released from these cells has been reported to modulate local inflam-
matory processes. Muscarinic and nicotinic are the two receptor subtypes of acetyl-
choline. T-cells express both subtypes and activation of each subtype exhibit differ-
ential effect. Muscarinic receptors mediate pro-inflammatory responses and nicotinic 
receptors enhance anti-inflammatory responses. Acetylcholine binds to α7 nicotinic 
receptors thus inhibits the release of pro-inflammatory cytokines from macrophages, 
and it is referred to as “cholinergic anti-inflammatory pathway”. Acetylcholinesterase 
is an enzyme that catabolizes acetylcholine; thus, inhibitors of acetylcholinesterase 
may be considered for attenuating inflammation. In the murine model of sepsis, levels 
of pro-inflammatory cytokines can be brought down by injecting acetylcholinesterase 
inhibitors intraperitoneally. Reduced level of acetylcholine has been observed in 
multiple sclerosis, which is characterized by heightened inflammation. In mice, lacking 
the α7 subunit of the nicotinic acetylcholine receptor (α7nAChR-/-), the severity of 
colitis was found to be enhanced[39]. Treatment of UC via nicotine also suggests the 
role of the cholinergic pathway in colonic inflammation. Acetylcholine is well evident 
to play an essential role in acute or chronic inflammation or autoimmune diseases, 
including RA[40,41].

NO
NO is a major non-adrenergic non-cholinergic potent neurotransmitter at the neuron 
synapses. It is involved in the regulation of apoptosis. NO is a gaseous signaling 
molecule, synthesized by many cells that are involved in immunity and inflammation. 
However, low levels of NO gives an anti-inflammatory effect and maintain 
homeostasis but overproduction of NO induces inflammation and causes tissue 
destruction. The key enzyme involved in NO synthesis is iNOS-2. At high concen-
trations, NO is oxidized to reactive nitrogen oxide species which mediate most of the 
immunological effects. NO does not act via receptors, its specificity for target cell 
depends on its concentration, its activity and response, and territory of target cells. In 
the cardiovascular system, it induces vasodilation. It also regulates the growth, 
functional activity, and death of various cells including T lymphocytes, atrial 
premature complexes, neutrophils, mast cells, NK cells, and most importantly 
macrophages, which release NO in high concentration. Available information suggests 
that it contributes to the pathogenesis of inflammatory diseases of joint, gut and 
lungs[37,42,43]. NO may act as a biomarker for monitoring disease activity due to its 
increased serum concentration during the active phase of both UC and CD and 
reduced concentration during the inactive phase of the disease[44].

SEROTONIN OR 5-HYDROXYTRYPTAMINE 
Five-hydroxytryptamine (5-HT) is a monoamine neurotransmitter and hormone which 
is traditionally recognized by its functions in the CNS where it is known to regulate 
sleep, appetite, mood, body temperature, metabolism, and sexuality. The majority of 5-
HT is localized to the intestine and tryptophan hydroxylase (TPH1) enzyme catalysis 
the synthesis of serotonin in enterochromaffin (EC) cells of GIT. EC cells produce 5-HT 
more than all neuronal and other sources combined. 5-HT is reported to promote 
activation of lymphocytes and secretion of pro-inflammatory cytokines[45]. 5-HT is 
considered a potent immunomodulator and it can affect various immune cells 
including dendritic cells, macrophages, lymphocytes, enteric epithelial cells, and 
endothelial cells through 5-HT receptors and also via a process of serotonylation. 
During intestinal inflammation, 5-HT is known to mediate activation of signaling 
molecules of the NF-kB pathway[46]. Upregulated TPH1 and downregulated 
serotonin transporter (5-HT) expression leads to increased 5-HT availability resulting 
in enhanced 5-HT signalling, which is associated with inflammation in CD[47]. The 
role of 5-HT is not only limited to intestinal inflammation, but the alteration in its 
levels has also been observed in patients with RA and allergic airway inflamma-
tion[37,48].
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GABA 
GABA is an amino acid that is synthesised by decarboxylation of the glutamate with 
the help of enzyme glutamic acid decarboxylase. It is a classical neurotransmitter and 
best studied in CNS where it acts as an inhibitory neurotransmitter. Recently it has 
been found that the immune system is capable of synthesising GABA. GABA has 
several effects on immune cells, including modulation of cytokine secretion, regulation 
of cell proliferation, and migration. It can regulate immune responses in various 
autoimmune and inflammatory diseases such as multiple sclerosis, RA, psoriasis, and 
type 1 diabetes[49]. Reduced GABAergic signaling is reported to contribute in the 
pathogenesis of IBD[50]. However, a recent study demonstrated the aggravation of 
DSS-induced colitis through activation of GABA-A receptor[51].

NEUROMEDIATORS PRODUCING GUT MICROBIOTA AND IBD
Several commensal gut bacteria have emerged as the producers of a variety of 
neuromediators. These neuromediators are the result of the metabolism of indigestible 
fibres by gut bacteria. Many bacteria genera are recognised to produce different 
neuromediators. Bacillus family is reported to contribute to the synthesis of dopamine, 
various species of Bacteroides, Parabacteroides, Lactobacillus and Bifidobacteria are known 
to produce GABA. Similarly, serotonin is produced by Enterococcus, Streptococcus, and 
Escherichia families. Some species of Lactobacilli are involved in acetylcholine synthesis. 
Some species of Bacillus and Escherichia also produce noradrenaline[52].

Bacillus
Despite the low abundance of Bacillus species in the human gut, it has many beneficial 
effects, including probiotic features in GIT. Administration of Bacillus subtilis in DSS-
induced mice model of colitis attenuated the gut inflammation and dysbiosis of gut 
microbiota[53]. It balances the pro and anti-inflammatory cytokines during disease 
conditions. It has also shown it’s protective effects in IBD patients[54]. Bacillus is 
reported to produce bioactive metabolites, including neurotransmitters, that further 
affect the host inflammatory responses[55].

Bacteroidetes
Bacteroidetes is one of the most dominant genera of gut microbiota. It is comprised of 
Bacteroides, Parabacteroides, and Alistipes. In IBD patients, a low abundance of Bacteroi-
detes has been observed. Bacteroidetes confer protection against colitis by expressing 
polysaccharide A, which can induce the growth of regulatory T cell[56]. Various 
species of Bacteroidetes including Bacteroides fragilis, Bacteroides vulgatus, Bacteroides 
ovatus, Bactero ides  thetaiotamicron, Parabacteriodes, Alis t ipes  indistinctus, Alis t ipes  
finegoldiiand, Alistipes putredinis are evident to produce GABA[57,58]. Administration 
of these species in LPS induced intestinal epithelial cells and animal model of colitis 
ameliorated colonic inflammation[59,60]. Significant reduction in the severity of gut 
inflammation in DSS induced mice model of colitis have been observed after oral 
administration of Parabacteroides distasonis[61].

Bifidobacterium
Bifidobacteria is considered the early colonisers of human GIT. The beneficial effects of 
this genus are very well established[62]. It is widely used in the preparation of pro-
biotics and reported to exert anti-inflammatory effects. Many species such as Bifidobac-
terium dentium, Bifidobacterium breve, Bifidobacterium bifidum are found to produce 
GABA[58]. These species, together with some other species like Bifidobacterium 
longum, Bifidobacterium adolescentis are known to confer beneficial effects to IBD 
patients by inhibiting the NF-kB activation, blocking pro-inflammatory cytokines 
expression and ultimately attenuating the inflammation[63,64].

Enterococcus
Enterococcus primarily resides in the small and large intestine of human GIT. The 
strains of Enterococcus represent approximately 1% of human faecal flora. Enterococcus 
faecalis and Enterococcus faecium are the two dominant species found in the human 
gut[65]. Enterococcus is comprised of both commensals as well as nosocomial patho-
gens. However, commensals have shown several beneficial effects including antimi-
crobial properties, by releasing bacteriocins and genetically they are very distinct from 
pathogenic but still, they are not considered safe due to its pathogenic strains. Entero-
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coccus is found to be actively involved in the biosynthesis of serotonin[66]. Increased 
abundance of Enterococcus faecalis has been observed in IBD patients where it 
contributes toward pathogenesis[67]. In IL-10 knockout mice, Enterococcus faecalis can 
also induce IBD[68]. Daily administration of probiotic strain of Enterococcus faecium in 
combination with Lactobacillus helveticus 416 and Bifidobacterium longum ATCC 15707 is 
known to relieve the symptoms in DSS-induced colitis in rats[69].

Escherichia
Escherichia coli is the regular inhabitant of human GIT. It is the most diverse member of 
gut microbiota which can act like commensal, probiotic, and pathogenic as well. 
Increased abundance of Escherichia is evident in several mouse models of colitis[70]. A 
newly identified pro-inflammatory strain of Escherichia coli (E. coli), adherent-invasive 
E. coli is detected in UC, CD and colorectal cancer. It is highly prevalent and associated 
with CD pathogenesis as compared to UC[71,72]. E. coli Nissle 1917 (EcN) is reported 
to produce serotonin and also enhance its bioavailability by interacting with the host. 
Clinical trials demonstrated the beneficial role of EcN in maintaining the UC in 
remission phase[73-75]. Serotonin signalling was reported to be altered in IBD 
patients[76]. Some strains of E. coli are found to exacerbate the gut inflammation, 
which suggested the strain-specific effects of E. coli[77].

Lactobacillus
Despite having a low abundance, this genus is well known for its probiotic effects[74]. 
The population of Lactobacillus is either positively or negatively associated with many 
diseases, including IBD[78]. Significant reduction in the Lactobacillus population has 
been observed in UC patients, and there are reports suggested the improvement in 
clinical symptoms of UC patients after consuming food containing Lactobacillus. It 
showed a beneficial effect in intestinal inflammation by modulating Treg cells which 
maintain intestinal homeostasis by secreting anti-inflammatory cytokines[79]. Various 
species of Lactobacillus like Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus 
brevis, Lactobacillus reuteri and Lactobacillus rhamnosus are reported to produce 
GABA[57].

Additionally, acetylcholine is also produced by various strains of Lactobacillus, 
especially Lactobacillus plantarum[80]. In a recent study, the effect of dietary probiotics 
is investigated in IBD induced murine model where Lactobacillus rhamnosus is observed 
as a significant producer of IL-10 and interferon-γ[81]. Group of animal studies, 
human trials, and in vitro studies revealed that these species of Lactobacillus are 
involved in controlling inflammation either by inhibiting the NF-κB induced release of 
pro-inflammatory cytokines or by maintaining the intestinal barrier integrity[82-88].

Streptococcus
Streptococcus is a luminal microbial genus, dominant in the distal oesophagus, duo-
denum, and jejunum. The most common species are Streptococcus salivarius, Strepto-
coccus thermophilus, and Streptococcus parasanguinis[89]. Streptococcus species, including 
Streptococcus thermophilus is reported to produce serotonin[90]. Increased abundance of 
streptococcus has been observed in IBD patients that indicated the involvement of this 
genus in the severity of IBD. Streptococcus bovis is found to be associated with colon 
cancer and IBD. Streptococcus is known to interact with immune cells and modulate 
the secretion of pro-inflammatory cytokines that could initiate the inflammatory 
response in different organs[91]. Recently, immunoglobulin enriched streptococcus is 
reported in IBD patients that implicate a prominent role of oropharyngeal bacteria in 
IBD pathogenesis by triggering host immune response[92].

SIGNIFICANCE OF NEUROIMMUNOMODULATION BY GUT BACTERIA
Gut bacteria have been known to be crucial for human health. It deliberate number of 
benefits to the host, including digestion of indigestible carbohydrates that leads to the 
production of short-chain fatty acids (SCFA) and prevent the colonisation of 
pathogenic bacteria by producing antimicrobial peptides. SCFAs are involved in 
various functions like protection from epithelial injury, synthesise vitamins (vitamin 
B12, vitamin K and folic acid) and essential amino acids, regulate fat metabolism, boost 
intestinal angiogenesis, cause intestinal motility and promote proper development of 
immune system[93-95]. Studies conducted in IBD patients and mice models have 
indicated the central role of gut bacteria in the gut inflammation[96]. The new research 
in the field opens up new avenues to understand the IBD pathogenesis. Through 
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Figure 2 Inter-relation of diverse gut microbiota and their respective neuromediators with gut inflammation. Bacteria used as probiotics in 
inflammatory bowel disease (IBD) (green box) produces anti-inflammatory neuromediators (γ-aminobutyric acid, acetylcholine), bacteria having a detrimental role in 
IBD (purple box) releases pro-inflammatory neuromediator (serotonin) and bacteria having a debatable role in IBD (blue box) secrete neuromediator (noradrenaline) 
having both pro and anti-inflammatory properties. GABA: γ-aminobutyric acid.

numerous mechanisms, bacteria execute their part in disease pathogenesis. The 
revelation of secretion of neuromediators from gut microbes introduced a new area for 
research and a unique way of looking at the pathophysiology of IBD.

Neuromediators, apart from their classical neuronal functions, are currently being 
recognised as a pillar in maintaining the gut homeostasis. There are different sources 
of neuromediators in GIT, including enteric neurons, gut microbiota, immune cells 
and gut epithelial cells. Out of all the sources, microbial content is the only factor 
which can be extrinsically varied. Altering the neuromediators via gut bacteria can 
affect the gut physiology, signalling and immune cells secretions and function in GIT. 
The available literature on the signalling pathways of a variety of neuromediators and 
their respective gut bacteria in IBD indicated that the neuromediators released by 
bacteria being used as probiotic are having anti-inflammatory properties and bacteria 
which were reported to increase disease severity produce neuromediators with pro-
inflammatory properties. For instance, GABA and acetylcholine are the anti-inflam-
matory neuromediators, produced by those bacteria which are very well established to 
attenuate gut inflammation in both DSS-induced mice model of colitis and IBD 
patients. Serotonin which is a pro-inflammatory neuromediator is produced by 
bacteria that are involved in the severity of IBD. Besides, noradrenaline, having both 
anti and pro-inflammatory properties, produced by two different types of bacteria, one 
having the beneficial role and other having the debatable role in IBD (Figure 2). This 
interrelation suggests that bacteria impart their effects in gut inflammation through 
releasing neuromediators as one of the mechanism.

CONCLUSION
Neuromediators are emerging as essential players in IBD pathogenesis. These are 
influenced by the complex interaction of gut microbiota, host immunity, and intestinal 
epithelium. During gut inflammation or IBD, dysbiosis in gut microbiota and 
alteration in neuromediators complicate the mechanism of gut homeostasis resulting 
in perturbed equilibrium (Figure 3). In-depth mechanism of neuroimmunomodulation 
due to gut bacteria needs to be explored more, to settle the gut homeostasis during 
disease. These neuromediators may prove to be a great tool to clinicians in treating 
inflammatory diseases. Through this review, we summarized various neuromediators 
produced by different gut microbiota and their significance as an immunomodulatory 
entity in the colon. Using gut bacteria that can produce neuromediators having anti-
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Figure 3 Role of neuromediators producing gut microbiota during gut inflammation. Gut microbiota produces various neuromediators that attenuate 
the gut inflammation by balancing the pro and anti-inflammatory cytokines to maintain gut homeostasis. During inflammation, dysbiosis in gut microbiota leads to 
alteration in respective neuromediators which may lead to altered the host immune response. GABA: γ-aminobutyric acid.

inflammatory properties for treating IBD patients may be a novel therapeutic app-
roach and also the fertile area for future research.
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Abstract
BACKGROUND 
Simple tools for clinicians to identify cirrhosis in patients with chronic viral 
hepatitis are medically necessary for treatment initiation, hepatocellular cancer 
screening and additional medical management.

AIM 
To determine whether platelets or other laboratory markers can be used as a 
simple method to identify the development of cirrhosis.

METHODS 
Clinical, biochemical and histologic laboratory data from treatment naive chronic 
viral hepatitis B (HBV), C (HCV), and D (HDV) patients at the NIH Clinical 
Center from 1985-2019 were collected and subjects were randomly divided into 
training and validation cohorts. Laboratory markers were tested for their ability to 
identify cirrhosis (Ishak ≥ 5) using receiver operating characteristic curves and an 
optimal cut-off was calculated within the training cohort. The final cut-off was 
tested within the validation cohort.

RESULTS 
Overall, 1027 subjects (HCV = 701, HBV = 240 and HDV = 86), 66% male, with 
mean (standard deviation) age of 45 (11) years were evaluated. Within the 
training cohort (n = 715), platelets performed the best at identifying cirrhosis 
compared to other laboratory markers [Area Under the Receiver Operating 
Characteristics curve (AUROC) = 0.86 (0.82-0.90)] and sensitivity 77%, specificity 
83%, positive predictive value 44%, and negative predictive value 95%. All other 
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tested markers had AUROCs ≤ 0.77. The optimal platelet cut-off for detecting 
cirrhosis in the training cohort was 143 × 109/L and it performed equally well in 
the validation cohort (n = 312) [AUROC = 0.85 (0.76-0.94)].

CONCLUSION 
The use of platelet counts should be considered to identify cirrhosis and ensure 
optimal care and management of patients with chronic viral hepatitis.

Key Words: Chronic hepatitis B; Chronic hepatitis C; Chronic hepatitis D; Platelets; 
Cirrhosis; Non-invasive assessment

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Platelet count is a well-recognized surrogate marker for progression of liver 
disease, however a specific cut-off for cirrhosis has not been established. In this study, 
platelet counts can accurately stratify chronic viral hepatitis patients with cirrhosis; and 
a platelet count > 143 × 109/L appears to have the most clinical utility in ruling out 
cirrhosis across all chronic viral hepatitis. This widely available laboratory value may 
be useful in decision making for the management of patients with chronic viral 
hepatitis and represents a finding which may be of particular value in a primary care 
setting.

Citation: Surana P, Hercun J, Takyar V, Kleiner DE, Heller T, Koh C. Platelet count as a 
screening tool for compensated cirrhosis in chronic viral hepatitis. World J Gastrointest 
Pathophysiol 2021; 12(3): 40-50
URL: https://www.wjgnet.com/2150-5330/full/v12/i3/40.htm
DOI: https://dx.doi.org/10.4291/wjgp.v12.i3.40

INTRODUCTION
Globally, chronic hepatitis B, C, and D virus (HBV, HCV and HDV respectively) affect 
about 325 million people[1]. Progression of these viral infections is associated with 
serious complications including cirrhosis, hepatic decompensation, hepatocellular 
carcinoma, and death. With effective treatments for hepatitis B and C, the Centers for 
Disease Control and Prevention have advocated for widespread screening for viral 
hepatitis in adults[2,3]. There has also been a paradigm shift where primary care 
physicians are increasingly tasked with managing and treating these patients[4], and 
various programs have allowed for expanded care in areas with poor access to viral 
hepatitis care[5]. In addition, numerous efforts worldwide have aimed to increase the 
number of providers with the ability to manage chronic viral hepatitis, including the 
national viral hepatitis action plan 2017-2020 by the U.S. Department of Health and 
Human Services[6] and the Mukh-Mantri Punjab Hepatitis C Relief Fund program in 
India[7].

The decision of when and whom to treat in chronic viral hepatitis infections is often 
dependent upon the stage of liver disease[8,9]. Currently, liver biopsy is the gold 
standard for staging disease severity in patients with liver disease. However, liver 
biopsies are invasive, performed by a specialist and access may be limited in resource-
poor regions. To date, no single routinely measured laboratory marker has been 
explored for the identification of cirrhosis. Although expert consensus suggests that 
thrombocytopenia, with a laboratory cutoff value of < 150 × 109/L, is a surrogate 
marker for cirrhosis, this has mostly been demonstrated in patients with chronic 
HCV[10,11]. More recently, platelet counts have been used in conjunction with other 
markers. Current hepatology guidelines state that clinically significant portal 
hypertension can be identified by “liver stiffness > 20-25 kPa, alone or combined with 
platelet count and spleen size”[12]. Unfortunately, ultrasound-based techniques [such 
as Vibration Controlled Transient Elastography (VCTE)] providing an assessment of 
liver stiffness and cirrhosis are not widely available in all regions and to all healthcare 
providers.

Common serum laboratory tests, including platelet counts, have been included in 
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non-invasive markers of liver fibrosis or cirrhosis and have demonstrated clinical 
utility in the management of hepatitis C[9,13]. However, these non-invasive markers 
have not been shown to be as useful in chronic HBV due to its complex natural 
history[14,15]. Nonetheless, these tools have provided a cost-effective method to 
identify disease progression in patients with chronic viral hepatitis. Unfortunately, 
these tests require an on-line calculator as well as interpretation of various cutoff 
values and although often used by hepatologists and gastroenterologists, they remain 
unknown to primary care providers. Additionally, while their use for diagnosis of 
advanced fibrosis is widespread, they are not as powerful in determining cirrhosis as 
ultrasound-based methods[16,17].

With the increasing role of primary care providers in the management of chronic 
viral hepatitis, the development of a widely available and versatile tool in identifying 
patients with cirrhosis is clinically necessary. In this group of patients, additional 
management and treatment considerations may be required, as well as a referral to a 
specialist. In this study, we explore whether platelets or other commonly measured 
laboratory markers, alone, can be used as a simple and effective way to characterize 
the progression of viral hepatitis and whether a threshold can be identified for the 
development of cirrhosis.

MATERIALS AND METHODS
Study population
This retrospective, cross-sectional study consisted of patients infected with HBV, HCV 
or HDV and who underwent liver biopsy at the National Institutes of Health Clinical 
Center between 1985 and June 2019. Chronic viral hepatitis infection was established if 
patients demonstrated viral positivity for at least six months and/or histology 
consistent with the respective chronic infection. Chronic hepatitis B infection was 
established with the presence of hepatitis B surface antigen (HBsAg) in serum and 
positive HBsAg or hepatitis B core antigen staining on histology. Chronic hepatitis D 
co-infection was established with the presence of anti-HDV antibodies and HDV RNA 
in serum or positive hepatitis D antigen staining on histology in patients with chronic 
HBV. In patients who underwent biopsy after 1991, chronic hepatitis C was estab-
lished using the presence of HCV RNA in serum for six months. In those who 
underwent biopsy prior to 1991, patients with presence of clinical and histologic 
features of non-A non-B hepatitis were later confirmed to have HCV infection by 
testing for HCV RNA using stored serum.

Patients with concomitant chronic non-viral liver diseases, multiple viral hepatitis 
(besides HBV/HDV co-infection), or HIV co-infection were excluded. In addition, 
patients were judged to be in adequate overall health to undergo liver biopsy and had 
no severe systemic diseases. All patients were enrolled in clinical research protocols 
approved by the National Institute of Diabetes and Digestive and Kidney Diseases 
Institutional Review Board and gave written, informed consent for participation. Pre-
treatment liver biopsies were reviewed, and concurrent laboratory values were also 
collected using the NIH Biomedical Translational Research Information System. 
Laboratory results within two months prior to the liver biopsy and initiation of any 
treatment were utilized for analysis.

Liver histopathology
All liver biopsies were scored and analyzed by a single hepatopathologist (DEK). Ishak 
fibrosis scores were used to score hepatic fibrosis, ranging from 0 (no fibrosis) to 6 
(cirrhosis)[18]. Cirrhosis was defined as a score ≥ 5. Inflammation was scored using the 
modified histologic activity index (HAI), ranging from 0-18[19]. The total HAI score 
comprised of the summation of periportal inflammation, lobular inflammation, and 
portal inflammation.

Statistical methods
Training and validation cohorts: The entire cohort was randomly divided into 
training and validation cohorts using simple random sampling and a sample rate of 
0.3. Selection was stratified by gender and virus type. Univariate comparisons of the 
two cohorts were conducted using student t-tests and chi-square tests where 
appropriate. Based on this analysis the training and validation cohorts were similar.

Biomarker selection: The training cohort was used to single out the best performing 
biomarker to identify cirrhosis status. Spearman’s correlations were calculated in the 
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training cohort to determine the association between fibrosis and selected laboratory 
markers. Of the significantly correlated laboratory parameters, those with an absolute 
value of Spearman’s R greater than 0.3 (moderate correlation) were selected for further 
analysis within the training cohort[20]. Logistic regression was used to create receiver 
operating curves and calculate the area under the curve (AUROC) of each selected 
laboratory parameter within the training cohort. Laboratory markers were log 
transformed to assure normality of the data. Sensitivity, specificity, positive predictive 
value, and negative predictive value were also used to measure performance. Delong 
Test was used to compare ROC curves for different laboratory parameters within the 
same sample group. Youden’s index, as well as sensitivity, specificity, positive 
predictive value, and negative predictive value were all used to determine the optimal 
platelet cut-off point to predict cirrhosis. Once this analysis was completed in the 
training cohort, the most significant factor in the training cohort was tested in the 
validation cohort and by virus within the validation cohort through AUROC values, 
sensitivity, specificity, positive predictive value, and negative predictive value. 
Fibrosis-4 index (Fib-4) and AST (aspartate aminotransferase) to Platelet Ratio Index 
(APRI) were calculated using the established formulas[9,13]. All analysis was conduc-
ted using SAS 9.4 (Cary, NC, United States).

RESULTS
Study demographics
A total of 1027 untreated subjects with viral hepatitis were evaluated (HCV = 701, 
HBV = 240, HDV = 86). The mean age of the cohort was 45 years (SD: 11) and 66% of 
subjects were male. Baseline demographics for the training and validations cohort are 
displayed in Table 1. In the training cohort, the mean Ishak fibrosis score was 2.4 (SD: 
1.8) and 15% of patients were cirrhotic.

Mean platelet count in the training cohort was 187 × 109/L (SD: 64). Mean alanine 
aminotransferase (ALT) and AST values were elevated within the training cohort [104 
IU/mL (SD: 88); 70 IU/mL (SD: 55) respectively]. Mean albumin, prothrombin time, 
total bilirubin, and alkaline phosphatase values were within normal limits.

Using a single laboratory marker to identify cirrhosis
Laboratory markers commonly used to characterize liver disease were tested for their 
ability to identify cirrhosis within the training cohort (Table 2). These markers 
included transaminases, platelet count, total bilirubin, prothrombin time, albumin, and 
alkaline phosphatase. On Spearman’s correlation of the training cohort, all tested 
laboratory markers appeared to be significantly correlated with Ishak fibrosis stage; 
however, only platelets, ALT, AST, alkaline phosphatase, and prothrombin time had 
Spearman correlations > 0.3 (Table 2).

Out of all of these laboratory markers, platelets performed the best at identifying 
cirrhosis compared to other laboratory markers (AUROC = 0.86, 95%CI 0.82-0.90), with 
all other markers with AUROCs ≤ 0.77 (Table 3). Prothrombin time had the next 
highest AUROC in the entire cohort (0.76, 95%CI 0.71-0.82). When comparing the ROC 
curves by the Delong test, platelets performed significantly better than all other tested 
laboratory markers in the training cohort (P < 0.002). Platelet counts compared 
favorably to both APRI [AUROC 0.84 (95%CI 0.80-0.88)] and Fib-4 [AUROC 0.88 
(95%CI 0.85-0.91)].

Calculating a platelet cut-off for cirrhosis
The optimized platelet cut-off for detecting cirrhosis in the training cohort was 143 × 
109/L (sensitivity: 77%, specificity: 83%, positive predictive value: 44%, negative 
predictive value: 95%). Figure 1 shows an overall decrease in the distribution of 
platelet count by Ishak fibrosis in the training and validation cohorts. Additionally, the 
demarcated, calculated platelet cut-off of 143 × 109/L appears to separate a majority of 
subjects with Ishak fibrosis ≥ 5 (Figure 1).

Platelet performance in validation cohort
The cutoff calculated in the training cohort was applied to the entire validation cohort 
and was also evaluated for each viral hepatitis. The performance of platelets to identify 
cirrhosis is demonstrated in Figure 2; platelets performed adequately in each virus 
(AUROC ≥ 0.81) and performed best in the HDV/HBV co-infection subset of the 
validation cohort (AUROC = 0.87). In the entire validation cohort, platelets performed 
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Table 1 Baseline demographics

Training (n = 715) Validation (n = 312) P value

Age (yr) 45.6 (10.7) 44.5 (11.1) 0.1

Male/female (%) 66/34 66/34 1.0

Platelets (× 109/L) 186.7 (64.4) 190.6 (68.2) 0.4

Alanine aminotransferase (IU/L) 103.8 (88.1) 105.1 (89.1) 0.8

Aspartate aminotransferase (IU/L) 69.9 (55.0) 68.0 (53.3) 0.6

Albumin (g/dL) 3.9 (0.46) 3.9 (0.39) 0.2

Alkaline phosphatase (IU/L) 82.3 (39.2) 79.0 (29.2) 0.1

Prothrombin time (s) 13.0 (1.3) 12.9 (1.1) 0.3

Total bilirubin (mg/dL) 0.81 (0.48) 0.77 (0.45) 0.2

Ishak fibrosis 2.4 (1.8) 2.3 (1.7) 0.3

HAI inflammation 8.0 (3.0) 7.9 (3.1) 0.5

HBV/HCV/HDV (%) 23/68/8 23/68/9 1.0

Values presented as mean (SD) unless otherwise noted.

Table 2 Spearman correlations between Ishak fibrosis and liver tests within training cohort

R P value

Platelets -0.49 < 0.0001

AST 0.51 < 0.0001

ALT 0.37 < 0.0001

Alkaline phosphatase 0.35 < 0.0001

Prothrombin time 0.33 < 0.0001

Albumin -0.30 < 0.0001

Total bilirubin 0.18 < 0.0001

Table 2 shows the calculated Spearman R and P value for the correlations between Ishak fibrosis and the indicated laboratory value. ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase.

Table 3 Area under the curve using selected liver tests within the training cohort

Platelets ALT AST Alkaline phosphatase Prothrombin time

0.86 (0.82, 0.90) 0.65 (0.59, 0.71) 0.76 (0.71, 0.81) 0.76 (0.71, 0.81) 0.77 (0.71, 0.82)

Values presented as Area Under the Receiver Operating Characteristics curve (AUROC) (95% Wald confidence interval). Table 3 displays the calculated 
AUROC and 95% Wald confidence interval for each selected laboratory marker in identifying cirrhosis (Ishak ≥ 5) in the training cohort and the entire 
cohort. Overall, when compared by Delong test, platelets have a significantly greater AUROC value than each of the other laboratory values (P > 0.002). 
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

with an AUROC of 0.85 (95%CI 0.76-0.94) and performed as well as APRI [AUROC 
0.82 (95%CI 0.74-0.90)] and Fib-4 [AUROC 0.86 (95%CI 0.80-0.93)]. In general, the 
optimal platelet cut-off had a higher negative predictive value than positive predictive 
values (Table 4).

For simplicity, it may be suggested that a platelet cut-off of 143 × 109/L be rounded 
to 140 × 109/L instead. The sensitivity, specificity, positive predicative value, and 
negative predictive values were not greatly altered in the validation cohort (73%, 86%, 
48%, 95% respectively) (Table 5).
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Table 4 Performance of optimal platelet cut-offs in validation cohort

Platelet cut-off (× 
109/L) AUROC Sensitivity (%) Specificity (%) Positive predictive 

value (%)
Negative predictive 
value (%)

Entire validation 
cohort

143 0.85 (0.76-0.93) 79 84 33 98

HBV 143 0.81 (0.53-1.00) 83 82 29 98

HCV 143 0.83 (0.72-0.94) 75 86 31 98

HDV 143 0.87 (0.74-1.00) 100 60 47 100

Table 4 displays the calculated cut-offs and sensitivity, specificity, positive predictive values, and negative predictive values for each the calculated optimal 
cut-off within the validation cohort. AUROC: Area Under the Receiver Operating Characteristics curve. HBV: Hepatitis B virus; HCV: Hepatitis C virus; 
HDV: Hepatitis D virus.

Table 5 Performance of platelet cut-offs in training cohort

Platelet counts (× 109/L) Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%)

130 67 91 57 94

140 73 86 48 95

143 74 83 44 94

150 78 78 38 95

Table 5 displays the calculated sensitivity, specificity, positive predictive values, and negative predictive values for four cut-off platelet counts within the 
training cohort.

Figure 1 Platelet count distribution by Ishak fibrosis. This figure displays the distribution of platelets in the training and validation cohorts by Ishak fibrosis. 
The dotted line indicates the calculated optimal platelet cut-off (143 × 109/L).

DISCUSSION
In the largest reported cross-sectional retrospective study of patients with chronic viral 
hepatitis evaluating routinely measured laboratory tests, platelet counts were 
identified as a surrogate marker for the development of cirrhosis. In comparison to 
other commonly performed clinical tests in a primary care setting, platelet counts 
performed the best and had the highest AUROC in identifying patients with cirrhosis. 
An optimized platelet cut-off value of 143 × 109/L across all chronic viral hepatitis 
infections suggesting cirrhosis was validated. A rounded platelet count of 140 × 109/L 
appears to show similar performance in identifying cirrhosis as well. Given that 
primary care providers are uniquely positioned in managing patients with chronic 
viral hepatitis, these results offer a simple and effective method to determine severity 
of liver disease in a primary care setting without additional testing. The ability to rule 
out cirrhosis through a simple surrogate marker may provide a simplified approach to 
connecting patients to treatment and optimal medical management.

Thrombocytopenia is often recognized as a complication of liver disease and has 
been used as a surrogate marker for varices, portal hypertension, and increased risk of 
hepatocellular carcinoma; typical complications of cirrhosis[21-23]. Mechanistically, 
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Figure 2 Receiver operating characteristic curves for platelet performance. Receiver operating characteristic curves testing the performance of 
platelets in identifying cirrhosis in chronic viral hepatitis patients. Area Under the Receiver Operating Characteristics curves (AUROC) were calculated for the entire 
validation cohort and by virus subgroups within the validation cohort. AUROC values are displayed in the figure key. HBV: Hepatitis B virus; HCV: Hepatitis C virus; 
HDV: Hepatitis D virus.

there are several possible explanations for the thrombocytopenia in chronic liver 
disease; such as, splenic sequestration of platelets, decreased platelet production, and 
decreased thrombopoietin activity[22,24]. Historically, only thrombocytopenia below 
50 × 109/L has demonstrated clinical relevance[25]. Recently, various scores incorpo-
rating platelet counts have been proposed as a surrogate screening tool for complic-
ations of portal hypertension, most notably high-risk varices, including the Baveno VI 
criteria, the expanded Baveno VI criteria, and the albumin, bilirubin and platelet 
criteria (ABP criteria)[21,26,27]. In these scores, the suggested platelet count cut-offs 
range from 110 × 109/L to 150 × 109/L. Nonetheless, these models are restricted to 
patients with an established diagnosis of cirrhosis.

Additionally, platelets have been incorporated into non-invasive biomarkers of 
fibrosis such as Fib-4 and APRI, formulas typically utilized by sub-specia-lists[9,13]. 
Non-invasive biomarkers have been gaining interest as a useful tool in risk strati-
fication in liver disease. However, transaminases, including AST are required for their 
calculation. This represents a significant drawback in the primary care setting due to 
increased evidence in certain regions of the world advocating for limiting hepatic 
screening panels to ALT and alkaline phosphatase[14,28]. Likewise, the cost-effect-
iveness of this strategy has also been described[29]. Over time, this approach has 
become an integral part of guidelines, including from the British Society of 
Gastroenterology[30]. Additionally, these indexes do not perform as well as patented 
biomarkers (FibroTest, FibroSure, Enhanced Liver Fibrosis) which are not widely 
available and are costly[31,32]. Therefore, in this context the use of a simple tool, such 
as platelet counts alone, can be a valuable tool for following patients with viral 
hepatitis prior to developing cirrhosis. In our cohort, platelet counts alone performed 
similarly to calculated non-invasive markers. This study demonstrates that thrombo-
cytopenia below 143 × 109/L on its own is of clinical importance in viral hepatitis and 
is a useful single laboratory test to rule out cirrhosis.

According to the World Health Organization, health equity has still not been 
achieved by countries of all socioeconomic levels. In order to breach this gap in care, 
an increasing number of primary care physicians are being trained to care for patients 
with chronic liver disease through programs and resources such as Project ECHO, 
HepCCaTT (offering care for HCV), and the HBV Primary Care Workgroup[5,33-35] 
(all in the United States) or the Mukh-Mantri Punjab Hepatitis C Relief Fund in 
India[7]. However, chronic liver disease is just one of many chronic illnesses that 
primary care physicians are called upon to manage in these settings. The utility of 
other non-invasive markers may be limited in resource poor-settings. Both Fib-4 and 
APRI require multiple laboratory marker measurements, calculations, and knowledge 
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of validated cut-offs for correct interpretation[9,13,32]. VCTE, while simple and useful 
technology, is expensive and may not be available at all centers of care. In addition, 
complex algorithms including a sequential use of non-invasive markers to improve 
their accuracy have also been suggested[36,37]. These non-invasive markers are useful 
in specialist care settings, but might not be optimal in resource limited settings where 
primary-care physicians are the main point of care.

While platelet count has been proven to be an important indicator of liver disease 
progression, it is important to note that the platelet counts represented in this 
retrospective single center study’s cohort may differ from those seen in a typical 
primary care setting. Given the specialized setting of the National Institutes of Health, 
this population may have a higher prevalence of cirrhosis than the typical primary 
care setting, and this may enhance the performance of platelet count as a marker of 
cirrhosis within this study. This study proposes the use of a single, commonly 
measured laboratory marker to monitor the progression of chronic viral hepatitis and 
identifies a clinically relevant cut-off for clinical decision making and to rule-out 
cirrhosis. Further studies would provide more information about the clinical outcomes 
of these patients, on what the degree of thrombocytopenia may imply for these 
patients and how platelet counts should be included in non-invasive monitoring 
algorithms. The strength of this study lies in the large cohort of chronically infected 
patients with histology and three etiologies of viral hepatitis with the inclusion of 
patients with chronic delta hepatitis.

CONCLUSION
While platelet count has been established as a surrogate marker for disease pro-
gression, a specific cut-off for cirrhosis has not been established. Platelet counts can 
accurately stratify chronic viral hepatitis patients with cirrhosis, a finding which may 
be of particular value in a primary care setting. As a potential non-invasive biomarker, 
a platelet count > 143 × 109/L or the rounded value 140 × 109/L appear to have the 
most clinical utility in ruling out cirrhosis across all chronic viral hepatitis. This routine 
and widely available laboratory value may be useful in the identification of patients 
with cirrhosis from chronic viral hepatitis which has downstream consequences 
related to their treatment and management and should be further explored for these 
purposes.

ARTICLE HIGHLIGHTS
Research background
The diagnosis of cirrhosis in patients with chronic viral hepatitis has both treatment 
and management implications. Identifying these patients is crucial in order to ensure 
proper care, prevent complications of cirrhosis and for judicious allocation of 
resources.

Research motivation
With an increasing reliance on primary care in management of chronic viral hepatitis, 
reliable simple non-invasive assessments of cirrhosis are needed in order to identify 
cirrhosis and to determine requirement of referral to specialized care.

Research objectives
To evaluate the performance of single laboratory markers, with an emphasis on 
platelet counts, to identify development of cirrhosis in patients with chronic hepatitis 
B virus, hepatitis C virus, and hepatitis D virus infection.

Research methods
Retrospective study comparing the accuracy of single laboratory markers in deter-
mining cirrhosis (defined as Ishak fibrosis score ≥ 5). Area Under the Receiver 
Operating Characteristics curve (AUROC), sensitivity, specificity, positive predictive 
value and negative predictive value were measured first in a training cohort and then 
in a validation cohort.
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Research results
In a cohort of 1027 subjects, compared to other single laboratory markers, platelet 
counts performed the best at identifying cirrhosis [AUROC 0.86 (0.82-0.90)] and 
sensitivity 77%, specificity 83%, positive predictive value 44%, and negative predictive 
value 95%. The optimal cut-off point was 143 × 109/L. This performed equally well in a 
validation cohort.

Research conclusions
Platelet counts are the most reliable single serological marker in ruling out cirrhosis in 
patients with chronic viral hepatitis. Thrombocytopenia can potentially be used in the 
primary care setting for management of patients with viral hepatitis.

Research perspectives
Future research directions include validation of this cut-off value of platelet counts in 
other cohorts of patients with liver disease and evaluation of longitudinal trends of 
thrombocytopenia.
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Abstract
BACKGROUND 
Cytomegalovirus (CMV) is the most common viral pathogen after liver trans-
plantation (LT). Although reactivation of CMV infection is generally described in 
the context of immunosuppression, it has also been described in critically ill 
immunocompetent patients including cirrhotic patients.

AIM 
To determine the incidence of reactivated CMV prior to LT.

METHODS 
This was a prospective cohort study evaluating adult patients who underwent LT 
between 2014 and 2016. A plasma sample was obtained from all patients for CMV 
quantitative real-time PCR testing right before transplantation. Patients were 
followed for at least 1 year to assess the following outcomes: Incidence of CMV 
infection, organ rejection and overall mortality.
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RESULTS 
A total of 72 patients were enrolled. Four patients died before transplantation, 
thus 68 patients were followed up for a median of 44 mo (20-50 mo). In 23/72 
patients (31.9%) CMV was reactivated before transplantation. Post-transplan-
tation, 16/68 (23.5%) patients had CMV infection and that was significantly 
associated with the recipient being CMV negative and a CMV-positive donor. Pre-
transplant CMV reactivation was not associated with overall mortality (log rank: 
0.9).

CONCLUSION 
This study shows that CMV infection is common in patients with chronic liver 
disease just before LT, but the clinical impact of this infection seems to be 
negligible.

Key Words: Liver transplantation; Cytomegalovirus infection; Quantitative real-time PCR; 
Risk factors; Liver cirrhosis; Molecular biology
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Core Tip: Cytomegalovirus (CMV) commonly reactivates before liver transplantation in 
patients with chronic liver conditions. This prospective cohort study demonstrates for 
the first time that although frequent, CMV reactivation has limited clinical impact 
when occurring just before liver transplantation.
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INTRODUCTION
Cytomegalovirus (CMV) is the most common viral pathogen after liver transplantation 
(LT). Most infections occur between the 3rd and the 12th postoperative week, reaching 
the highest incidence around the 5th post-transplant week. The overall incidence of 
CMV infection is between 50%-60% in liver transplant recipients, with 20%-30% of 
patients demonstrating symptomatic infection[1]. The incidence of post-transplant 
CMV infection depends mainly on the recipient and donor serological profile. 
Accordingly, it is more frequent in the context of positive immunoglobulin G (IgG) 
CMV serology in donors, and negative recipients (i.e., D+/R- status), with more than 
half of these patients developing visceral disease, in the absence of antiviral 
prophylaxis[2]. The lowest-risk groups include positive serology for both donors and 
recipients (D+/R+ status) and a negative status for both donors and recipients (D-/R-). 
The incidence of CMV infection in such low-risk groups ranges between 5%-40%[3]. 
Intense immunosuppression and fulminant hepatitis transplantation are also 
important risk factors for infection.

Although reactivation of CMV infection is mostly described in the context of overt 
immunosuppression, reactivation may also occur in critically ill immunocompetent 
patients[4-7] associated with increased mortality[8,9]. A subgroup of particular interest 
is patients with chronic liver diseases[10,11]. Whether CMV reactivation in these 
individuals that are listed for LT has any impact on post-transplant outcomes has not 
been determined[12]. Therefore, here we investigate the frequency and impact of CMV 
reactivation in patients with chronic liver disease on the waiting list for LT. In 
particular, we were interested to study the impact of plasma circulating CMV DNA in 
terms of organ rejection, reactivation of CMV post-transplantation and overall 
mortality.

http://creativecommons.org/Licenses/by-nc/4.0/
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MATERIALS AND METHODS
This was a prospective cohort study that evaluated adult (≥ 18 years of age) patients 
with chronic liver disease listed to undergo LT at Santa Casa de Misericórdia de Porto 
Alegre. Santa Casa is a referral hospital for organ transplantation in Latin America, 
and performs approximately 60 liver transplant procedures every year. Patients were 
non-consecutively enrolled between the years 2014 and 2016.

Clinical and demographic data obtained in this study included age, gender, 
presence of comorbidities, Model for End-Stage Liver Disease (MELD) score, donor 
and recipient IgG serostatus for CMV infection, presence of hepatitis B virus (HBV) 
infection, hepatitis C virus (HCV) infection, renal insufficiency, hepatocarcinoma, 
fulminant hepatitis and re-transplantation.

Patients were followed for a minimum of 1 year after LT. During this period, all 
episodes of CMV reactivation [detected by either quantitative real-time PCR (qRT-
PCR) and/or pp65 antigenemia] were documented, as well as events of CMV disease, 
organ rejection and overall mortality. Screening for CMV reactivation was performed 
monthly for the first three months after transplantation or whenever the patient 
presented with clinical symptoms such as fever, fatigue, organ rejection or in the case 
of diagnostic uncertainty (according to the institutional protocol of low resource 
countries). Antiviral prophylaxis was not used, instead preemptive treatment against 
CMV was applied to all patients, including sero-discordant patients.

Molecular tests
At the time the enrolled participants were called in for LT, 4 mL of plasma was 
collected in an ethylene diamine tetraacetic acid tube centrifuged at 1300 g for 15 min 
and frozen at -80ºC until nucleic acid extraction for analysis of CMV qRT-PCR.

DNA was extracted using the Qiagen DNA Mini Kit (Qiagen Inc., Valencia, United 
States) following the manufacturer’s instructions. qRT-PCR reactions were performed 
using an in-house assay calibrated with the 1st WHO International Standard for 
Human Cytomegalovirus for Nucleic Acid Amplification Techniques NIBSC code: 
09/162 that targets the genes UL 34 and UL 80.5. Primers and probes used in this 
study were described by Ho and Barry and the sequences are shown in the supple-
mentary material with some modifications in the probe design[13]. The reagents and 
concentration of the qRT-PCR reaction are shown in the supplementary material. 
Amplification was performed in an 7500 real-time PCR system (Thermo Scientific, 
United States), the thermocycling conditions for the qRT-PCR reaction were: 1 cycle of 
2 min at 50°C; 2 min at 95°C; followed by 40 cycles of 15 s at 95°C, and 1 min at 60°C. 
The results are reported in International Units (IU/mL) according to CMV World 
Health Organization standards[14]. The limit of detection and quantification of the test 
was 60.26 IU/mL, and the results were considered positive only above this cut-off 
value.

Statistical analysis
Statistical calculations were performed using SPSS 20.0 software. The Chi-square test 
or Fisher’s exact test compared categorical variables, as appropriate. For continuous 
variables, we used the Student t-test or Mann-Whitney test, as appropriate. Multi-
variate analysis with a logistic regression model was used to estimate the probability 
of an association between active CMV infection immediately before the procedure and 
post-transplant reactivation. All variables demonstrating P < 0.20 at univariate 
analysis were considered for multivariate analysis, in addition to the variables of 
known biological significance. Kaplan Meier and Cox regression tests were used to 
evaluate predictors of mortality. For all statistical tests used, a value of P < 0.05 was 
considered statistically significant.

Sample size calculation
Considering the primary endpoint of the study and based on studies showing that 
approximately 50% of cirrhotic patients have detectable plasma CMV DNA[15], 64 
patients would need to be studied, considering an alpha error of 0.05 and 80% of 
power. Thus, respecting a confidence interval of 95%, and to account for possible 
losses (10%), we estimated to include 70 patients.

Ethical aspects
This study was approved by the Research Ethics Committee at Santa Casa de Miseri-
cordia of Porto Alegre, No. 294/2010. All patients signed an informed consent form 
and agreed to participate in the study.
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RESULTS
A total of 72 patients were enrolled in the study. Four patients died before 
transplantation; thus, 68 patients were followed up for a median of 44 mo (25%-75% 
percentile: 20-50 mo). Clinical and demographic characteristics of the patients are 
shown in Table 1. The majority of patients were female (70.8%) had active chronic 
hepatitis C infection (63.9%) and hepatocellular carcinoma (58.3%). Only 5 patients 
(6.9%) were CMV sero-discordant (D+/R-).

CMV reactivation was demonstrated in 31.9% (23/72) of patients before 
transplantation. Median plasma CMV DNA concentration in these patients was 1.212 
IU/mL (25%-75% percentile: 560-4.197 IU/mL). In addition, two IgG negative patients 
had CMV reactivation but none received treatment at that time (7.486 and 7.917 
UI/mL). Following LT, CMV infection occurred in 16/67 patients (23.8%) including 
two patients with IgG negative/PCR positive. At univariate analysis, the only statist-
ically significant factor associated with post-transplant CMV infection was a CMV 
negative recipient with a positive CMV donor (Table 2). Multivariate analysis 
confirmed this as the only statistically significant factor for the prediction of post-
transplant CMV infection [Odds ratio (OR): 11.5; 95% confidence interval (CI): 1.1-120; 
P = 0.04].

The crude mortality rate was 20/68 (29.4%), median 7.7 mo (perc 25-75: 1-12), and 
7/22 (31.8%) in patients with pre-transplant CMV reactivation (P = 0.763). In Kaplan-
Meier analyses, pre-transplant CMV reactivation had no impact on mortality following 
LT (log rank: 0.92) (Figure 1). Cox regression analysis also identified no statistically 
significant factor for mortality in this cohort.

DISCUSSION
This is the first study to document the frequency of CMV infection just before LT in 
patients with chronic liver disease, using a very sensitive diagnostic tool (qPCR). We 
observed a high frequency of CMV infection in these patients (31.9%), even though it 
had no impact on clinically significant variables in the post-transplant period, 
including CMV infection/disease, organ rejection and mortality. CMV viremic 
patients usually had a low CMV viral load (median: 1212 IU/mL).

Our results were probably influenced by the profile of patients being transplanted 
in our institution, which follows the modified Milan criteria[16], together with the 
proportion of patients with hepatocellular carcinoma (58.3%), as these patients usually 
have better performance with a lower MELD, which could induce a lower CMV 
reactivation rate. Nevertheless, in a similar study, a pre-LT reactivation incidence of 
0.7% was found, much lower than that in our study[12]. Our findings were similar to 
the incidence of reactivation in intensive care patients (31%; 95%CI: 24%-39%) as 
shown in a recent meta-analysis[9].

When comparing with the findings in the literature, Lapiński et al[17] evaluated 123 
patients with chronic HCV hepatitis for the presence of CMV infection, also 
determined by qPCR. CMV DNAemia, predominantly at low levels, was detected in 
18 (14.6%) patients. Similar to our study, there was no correlation with HCV viral load, 
and detection of CMV DNA did not result in clinical and laboratory changes[17]. 
Bayram et al[15] quantitatively evaluated the presence of CMV infection in liver biopsy 
samples from 44 patients with chronic HBV and 25 patients with chronic HCV 
infection. CMV infection was demonstrated by qPCR in 52.3% of patients with HBV 
and in 36% of patients with HCV. Histological activity scores (necroinflammation and 
fibrosis) were worse in patients who were infected with CMV[15].

We observed that CMV was reactivated in 23% of patients in the post-transplant 
period, which is comparable to other studies[1-3] as most of them were low or 
moderate risk for infection (CMV receptor positive in 93%). Moreover, we did not find 
any association between reactivation before transplantation and reactivation after 
transplantation in both univariate and multivariate analyses. According to the 
literature, only a high risk for CMV infection (D+/R-) was statistically associated with 
CMV reactivation following LT (OR:11.5, 95%CI: 1.1-120, P = 0.04). We also did not 
identify pre-transplant CMV reactivation as a risk factor for organ rejection or overall 
mortality when both 30 d and 1-year mortality were considered.

This investigation has several limitations, including being a single-center study. In 
addition, patient selection occurred by convenience (sampling was not consecutive), 
which may have added some selection bias. Given that the reactivation rate was lower 
than initially expected (32% vs 50%), despite the sample calculation, we had small 
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Table 1 Patient characteristics and frequency of cytomegalovirus reactivation before liver transplantation

Total (%) Reactivation (%) RR (95%CI) P value

Number of patients (%) 72 (100) 23 (32)

Gender (male) 21 (29.2) 7 (33.3) 1.09 (0.37-3.23) 0.871

Mean age, years (SD) 56.3 (9.6) 57.3 (9.2) NA 0.900

MELD, median (IqR) 12 (14) 12 (12) NA 0.712

Lymphocyte count, median (IqR) 929 (808) 929 (770) NA 0.471

CMV receptor IgG-negative 5 (8.7) 2 (40) 0.68 (0.11-4.40) 0.652

HCV 46 (63.9) 15 (32.6) 1.09 (0.39-3.1) 0.872

HBV 5 (6.9) 1 (20) 0.51 (0.05-4.9) 1.000

Hepatocarcinoma 42 (58.3) 14 (33.3) 1.17 (0.42-3.2) 0.765

Fulminant hepatitis 2 (3) 0 NA NA

Diabetes mellitus 24 (33.3) 8 (33.3) 1.1 (0.38-3.13) 0.858

Renal failure 8 (11.1) 5 (62.5) 4.26 (0.92-19.7) 0.100

Re-transplant 2 (3) 0 NA NA

CI: Confidence interval; IqR: Interquartile range; MELD: Model for end-stage liver disease; NA: Not applicable; RR: Relative risk; SD: Standard deviation; 
CMV: Cytomegalovirus; HCV: Hepatitis C virus; HBV: Hepatitis B virus; IgG: Immunoglobulin G.

Table 2 Predictors of cytomegalovirus infection after liver transplantation

CMV (%) No CMV (%) RR (95%CI) P value

Number of patients (%) 16/68 (23.5) 52/68 (76.5%)

CMV reactivation before transplantation 7/16 (43.8) 15/52 (28.8) 1.91 (0.6-6.1) 0.265

Quantitative PCR pre-transplant (IU/mL), mean (SD) 2862 (5696) 868 (2756) NA 0.154

Gender (male) 4/16 (25) 16/52 (30.8) 0.75 (0.2-2.7) 0.762

Mean age, years (SD) 55 (10.3) 57.3 (8) NA 0.373

MELD score, median (IqR) 11 (4) 12 (11) NA 0.254

Lymphocyte count, median (IqR) 1101 (1109) 918 (754) NA 0.580

Organ rejection 3/16 (18.7) 8/52 (15.3) 1.27 (0.3-5.5) 0.716

CMV-negative receptor 3/16 (18.7) 1/52 (1.9) 11.7 (1.1-122.6) 0.038

Hepatitis C infection 9/16 (56.2) 34/52 (65.4) 0.7 (0.2-2.1) 0.508

Hepatitis B infection 1/16 (6.2) 4/52 (7.7) 0.8 (0.1-7.1) 0.100

Hepatocarcinoma 9/16 (56.2) 30/52 (57.7) 0.9 (0.3-2.9) 0.919

Fulminant hepatitis 0 1/52 (1.9) NA NA

Diabetes mellitus 6/16 (37.5) 16/52 (30.8) 1.3 (0.4-4.3) 0.615

Renal failure 2/7 (12.5) 5/52 (9.6) 1.3 (0.2-7.7) 0.664

Re-transplantation 1/16 (6.2) 1/52 (1.9) 3.4 (0.2-57.7) 0.418

CI: Confidence interval; IqR: Interquartile range; IU: International units; MELD: Model for end-stage liver disease; NA: Not applicable; RR: Relative risk; 
SD: Standard deviation; CMV: Cytomegalovirus.

numbers of some of the events, which may have mainly affected the multivariate 
analysis.
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Figure 1 In Kaplan-Meier analyses pre-transplant cytomegalovirus reactivation had no impact on mortality following liver transplantation 
(log rank: 0.92). CMV: Cytomegalovirus.

CONCLUSION
The findings of this study suggest that pre-transplant CMV reactivation has no 
influence on LT results, and has no impact on post-transplant CMV reactivation or 
overall mortality. Based on this study, screening for CMV DNAemia before LT does 
not seem justified. A larger sample size, better quality and multicenter studies are 
required to fully elucidate this issue.

ARTICLE HIGHLIGHTS
Research background
The overall incidence of cytomegalovirus (CMV) infection is between 50%-60% in liver 
transplant recipients, with 20%-30% of patients demonstrating a symptomatic 
infection[1]. The incidence of post-transplant CMV infection depends mainly on the 
recipient and donor serological profile. The lowest-risk groups include positive 
serology for both donors and recipients (D+/R+ status) and a negative status for both 
donors and recipients (D-/R-). Although reactivation of CMV infection is mostly 
described in the context of overt immunosuppression, reactivation may also occur in 
critically ill immunocompetent patients[4-7] associated with increased mortality[8,9].

Research motivation
A subgroup of particular interest is patients with chronic liver diseases[10,11]. 
Whether CMV reactivation in these individuals that are listed for liver transplantation 
has any impact on post-transplant outcomes has not been determined[12].

Research objectives
To determine the incidence of reactivated CMV prior to liver transplantation.

Research methods
This was a prospective cohort study that evaluated adult (≥ 18 years of age) patients 
with chronic liver disease listed to undergo liver transplantation at a referral hospital 
for organ transplantation in Latin America. Patients were followed for a minimum of 1 
year after liver transplantation. During this period, all episodes of CMV reactivation 
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[detected by either quantitative real-time PCR (qRT-PCR) and/or pp65 antigenemia] 
were documented, as well as events of CMV disease, organ rejection and overall 
mortality. Screening for CMV reactivation was performed monthly for the first three 
months after transplantation or whenever the patient presented with clinical 
symptoms. At the time the enrolled participants were called in for liver transplan-
tation, plasma was collected for analysis of CMV qRT-PCR.

Research results
A total of 72 patients were enrolled in the study. Four patients died before 
transplantation, thus 68 patients were followed up for a median of 44 mo (25%-75% 
percentile: 20-50 mo). CMV reactivation was demonstrated in 31.9% (23/72) of patients 
before transplantation. Median plasma CMV DNA concentration in these patients was 
1.212 IU/mL (25%-75% percentile: 560-4.197 IU/mL). Following liver transplantation, 
CMV infection occurred in 16/67 patients (23.8%).

The crude mortality rate was 20/68 (29.4%), median 7.7 mo (perc 25-75: 1-12), and 
7/22 (31.8%) in patients with pre-transplant CMV reactivation (P = 0.763). In Kaplan-
Meier analyses, pre-transplant CMV reactivation had no impact on mortality following 
liver transplantation (log rank: 0.92) (Figure 1). Cox regression analysis also identified 
no statistically significant factor for mortality in this cohort.

Research conclusions
The findings of this study suggest that pre-transplant CMV reactivation has no 
influence on liver transplantation results, and has no impact on post-transplant CMV 
reactivation or overall mortality.

Research perspectives
Based on this study, screening for CMV DNAemia before liver transplantation does 
not seem justified. A larger sample size, better quality and multicenter studies are 
required to fully elucidate this issue.
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Abstract
Despite advances in antiretroviral treatment (ART), human immunodeficiency 
virus (HIV) continues to be a major global public health issue owing to the 
increased mortality rates related to the prevalent oncogenic viruses among people 
living with HIV (PLWH). Human papillomavirus (HPV) is the most common 
sexually transmitted viral disease in both men and women worldwide. High-risk 
or oncogenic HPV types are associated with the development of HPV-related 
malignancies, including cervical, penile, and anal cancer, in addition to oral 
cancers. The incidence of anal squamous cell cancers is increasing among PLWH, 
necessitating the need for reliable screening methods in this population at risk. In 
fact, the currently used screening methods, including the Pap smear, are invasive 
and are neither sensitive nor specific. Investigators are interested in circulatory 
and tissue micro ribonucleic acids (miRNAs), as these small non-coding RNAs are 
ideal biomarkers for early detection and prognosis of cancer. Multiple miRNAs 
are deregulated during HIV and HPV infection and their deregulation contributes 
to the pathogenesis of disease. Here, we will review the molecular basis of HIV 
and HPV co-infections and focus on the pathogenesis and epidemiology of anal 
cancer in PLWH. The limitations of screening for anal cancer and the need for a 
reliable screening program that involves specific miRNAs with diagnostic and 
therapeutic values is also discussed.

https://www.f6publishing.com
https://dx.doi.org/10.4291/wjgp.v12.i4.59
http://orcid.org/0000-0002-0016-1029
http://orcid.org/0000-0002-0016-1029
http://orcid.org/0000-0003-2334-8600
http://orcid.org/0000-0003-2334-8600
http://orcid.org/0000-0002-6584-6977
http://orcid.org/0000-0002-6584-6977
http://orcid.org/0000-0001-6840-3015
http://orcid.org/0000-0001-6840-3015
http://orcid.org/0000-0002-2043-7133
http://orcid.org/0000-0002-2043-7133
mailto:nr00@aub.edu.lb


Al Bitar S et al. miRNAs and anal cancer screening

WJGP https://www.wjgnet.com 60 July 22, 2021 Volume 12 Issue 4

on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Invited 
manuscript

Specialty type: Infectious diseases

Country/Territory of origin: 
Lebanon

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 
Grade B (Very good): 0 
Grade C (Good): 0 
Grade D (Fair): D 
Grade E (Poor): 0

Received: March 17, 2021 
Peer-review started: March 17, 2021 
First decision: April 15, 2021 
Revised: April 24, 2021 
Accepted: May 19, 2021 
Article in press: May 19, 2021 
Published online: July 22, 2021

P-Reviewer: Gao F, Serban D 
S-Editor: Zhang L 
L-Editor: Filipodia 
P-Editor: Li JH

Key Words: Human papillomavirus; Human immunodeficiency virus; Anal cancer; Micro 
ribonucleic acids; Biomarkers; Cancer screening

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Human papillomavirus (HPV) is the most common sexually transmitted 
infection worldwide. People living with human immunodeficiency virus (HIV) are at 
high risk of acquiring HPV infection and developing HPV-associated malignancies, 
including anal cancer, independent of acquired immune deficiency syndrome. This 
high risk is associated with several factors including the dysregulation of cellular micro 
ribonucleic acids (miRNAs) and the direct interaction between HIV and HPV. Dysreg-
ulated miRNAs are known to play a role in HIV, HPV infections, and HPV-related 
cancers. Here, we discuss the role of HIV in HPV-associated pathogenesis and 
important implications of miRNAs on current screening for and early detection of anal 
cancer.
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DOI: https://dx.doi.org/10.4291/wjgp.v12.i4.59

INTRODUCTION
At the end of 2019, approximately 36900000 people were estimated to be living with 
human immunodeficiency virus (HIV)[1]. Despite the advances in antiretroviral 
treatment (ART) and the increase in number of patients accessing ART since 2010, 
cancer mortality in people living with HIV (PLWH) remains high[2]. Mortality from 
HIV associated illnesses decreased substantially since its peak in 2004 mainly due to a 
decrease in the incidence of opportunistic infections. With the introduction of highly 
active ART in 1996, there has been a substantial improvement of clinical outcomes in 
PLWH[3-5]. This has brought an increase in life expectancy and a change in the age 
distribution of PLWH[6,7]. The risk of developing cancer increases with age; and as 
PLWH are now aging, the burden of cancer has substantially increased in this 
population. Since the beginning of the epidemic, HIV was associated with Kaposi’s 
sarcoma, aggressive B-cell lymphomas, and invasive cervical cancer. Diagnosis of 
these cancers in PLWH confers the diagnosis of acquired immune deficiency 
syndrome (AIDS) and are thus termed as AIDS-defining cancers. Other types of 
cancers are non-AIDS defining, such as anal carcinoma, Hodgkin lymphoma, hepato-
cellular carcinoma, and lung cancer. These have been increasingly recognized to occur 
in PLWH and have become a leading cause of death[8-11]. One reason behind the 
increase in the rate of non-AIDS defining cancers in PLWH is increased prevalence of 
oncogenic viruses in this population, one of which is human papilloma virus (HPV)
[12].

HPV is the most common sexually transmitted viral disease in both men and 
women worldwide[13]. HPV targets epithelial cells and includes more than 200 types 
that exist with genomic differences. About 40 types specifically infect the anogenital 
epithelium and upper digestive tract, among which 15-20 types are considered as 
high-risk HPV (HR-HPV), including HPV16 and HPV18[14]. Oncogenic or HR-HPV 
types are associated with the development of high-grade intraepithelial lesions and 
consequently, cancers of the anogenital region and oropharynx. About 99.9% of 
cervical cancers and 80%-90% of anal squamous cell cancers (ASCC) are associated 
with infection with HR-HPV[15]. While the incidence of cervical cancer has remained 
stable over the years, the incidence of ASCC has increased, particularly in PLWH[16]. 
With these increasing trends, it is imperative to screen for anal cancer in this high-risk 
population. However, many of the currently used screening methods, including the 
Pap smear, are invasive and require specialized equipment. In addition, the Pap smear 
is neither specific (specificity is approximately 75%) nor sensitive (approximately 55%)
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[17]. Thus, identification of non-invasive and more effective methods is crucial.
Micro ribonucleic acids (miRNAs) have emerged as clinically useful molecular 

biomarkers for better management and treatment of many types of cancers. In HPV-
associated cancers, miRNAs have been shown to be deregulated and involved in the 
pathogenesis of the disease. Given that the molecular mechanisms involved in anal 
cancer development during HIV infection are still unclear, characterization of miRNA 
expression in the context of HIV infection and anal cancer and the identification of 
relevant biomarkers could help elucidate the potential role of HIV and HPV in the 
progression of ASCC, as well as help prevent and treat anal cancer.

In this review, we will focus on the mechanisms and pathogenesis underlying HIV 
and HPV infections and the epidemiology and risk factors of anal cancer. We will also 
discuss the need for anal cancer screening, especially in HIV-infected individuals and 
the potential implementation of miRNAs as screening and therapeutic tools in high-
risk populations.

HIV INFECTION
HIV-1 is the causative agent of AIDS. HIV-1 is a retrovirus whose genome is composed 
of 2 copies of single-stranded RNA molecules. HIV genome has 9 open reading frames 
and encodes for precursor proteins that give rise to 15 viral proteins. These proteins 
can be classified into structural and regulatory. The structural proteins include Gag, 
Env, and Pol. The matrix, capsid (CA), nucleocapsid, and p6 proteins are generated 
from Gag precursor and make up the core of the virus particle. The Env polyprotein is 
subsequently processed to generate the envelope proteins, gp120 and gp41. The pol 
gene encodes viral enzymes: Protease (PR), reverse transcriptase, and integrase. The 
HIV genome also encodes essential regulatory elements, Tat and Rev, and accessory 
regulatory proteins: Vif, Vpr and Nef[18].

HIV envelope glycoprotein mediates HIV cell entry by binding to its primary 
receptor, CD4 molecule, expressed on target cells, such as CD4+ T cells, monocytes, 
and macrophages. HIV entry also requires binding a chemokine coreceptor, CCR5 or 
CXCR4[19]. Viral entry is followed by reverse transcription of the viral RNA genome, 
integration of the provirus into cellular genome, synthesis of viral genome, and 
assembly and budding of the newly formed virions. When no new viral proteins are 
produced, infected cells can revert to latency[20].

HIV targets and kills CD4+ T cells, monocytes, macrophages, and microglial cells, 
however the main targets of HIV infection and subsequent destruction are the CD4+ T 
cells[21,22].

The mechanisms underlying CD4+ T cell death are still not well defined. The 
permissivity status of CD4+ T cells during HIV infection determines the pathway by 
which these cells die (Figure 1). Abortively-infected[23,24], productively infected[25-
28], and HIV-uninfected (bystander) CD4+ T cells undergo cell death through different 
mechanisms[27].

HIV INFECTION AND CD8+ T CELL RESPONSES
In addition to progressive CD4 lymphopenia, HIV infection is also associated with 
impaired HIV-specific CD8+ T cell responses. CD8+ T cells play an important role in 
eliminating viruses. Recognition of infected cells occurs through T cell receptor that 
binds processed viral antigen expressed by major histocompatibility complex (MHC) I 
molecules on the surface of infected cells. Recognition is followed by a cascade of 
activation events leading to the release of granzymes and perforin and killing of 
infected cell. Activated CD8+ T cells also release anti-viral cytokines that act to control 
viral replication[29]. Despite the over activation of the immune system during HIV 
infection, it seems that HIV-specific CD8+ T cell responses fail to clear viral infection
[30-32] and this can be attributed to several factors. HIV-infected cells sometimes 
revert to latency and are known to act as viral reservoirs. In this case, the absence of 
HIV protein expression on the surface of infected cells hinders recognition by CD8+ T 
cells[33]. Interestingly, several studies have shown that HIV proteins are capable of 
escaping CD8+ T cell recognition by modulating the expression of MHC I on surface of 
infected cells (Figure 2)[34]. Andrieu et al[35] showed that the Nef protein can down-
regulate surface MHC I expression on DC, thereby impairing CD8+ T-cell maturation. 
In addition, HIV viruses are prone to rapid mutations which enables them to escape 
immune surveillance[36,37]. Chronic immune stimulation can have adverse effects on 
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Figure 1 Mechanisms of CD4+ T cell death during human immunodeficiency virus infection. A: Unsuccessful human immunodeficiency virus (HIV) infection can lead to HIV-infected CD4+ T cell death by pyroptosis, an inflammatory 
programmed cell death that occurs via caspase-1 activation. As a result, inflammatory signals, such as Interleukin-1β are released. The accumulation of unintegrated reverse transcripts, following viral entry and reverse transcription, can indirectly activate 
caspase-1 and induce pyroptosis in resting CD4+ T cells with abortive viral infection. Pyroptosis is thought to greatly contribute to the rapid depletion of CD4+ T cells and development of chronic inflammation, as a result of proinflammatory cytokine release 
from dying CD4+ T cells, which in turn causes the recruitment of uninfected and naïve CD4+ T cells into the lymphoid tissues. These cytokines trigger pyroptosis in the recruited cells, leading to a vicious cycle of inflammation, thereby enhancing HIV 
pathogenesis by creating an overactive immune environment and further cell death; B: Cell death can occur in productively infected CD4+ T cells, following successful HIV integration and expression of HIV protease (PR). HIV PR can cleave cellular 
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procaspase-8 and generate Casp8p41. This fragment activates the transcription factor NF-kappaB inhibitor and thus, induces HIV replication by upregulating HIV long terminal repeats (LTRs). Casp8p41 expression promotes inflammatory responses by 
enhancing the production of pro-inflammatory cytokines. Besides, Casp8p41 induces apoptosis by directly co-localizing with the mitochondria and depolarizing its outer membrane. The subsequent release of cytochrome c from mitochondria leads to 
activation of caspase 9 and cell death. Another mechanism by which viral integration triggers cell death is through the activation of deoxyribonucleic acid-dependent protein kinase, resulting in phosphorylation of p53 and activation of p53-dependent cell 
death program. HIV Tat, Nef, and Vpr can have both pro- and anti- apoptotic effects. On the other hand, gp120, Vpu, and protease have pro-apoptotic effects. HIV-infected cells can be killed by cytotoxic lymphocytes, natural killer cells and CD8+ T cells, 
which become highly active during infection; C: HIV-uninfected cells, known as bystander cells, usually die by apoptosis during the course of infection, due to either: upregulation of death ligands (Fas, TRAIL, TNF), activation-induced cell death due to 
chronic inflammation and over activation of immune cells, or direct cytotoxic effects of soluble HIV proteins (Tat, gp120). DNA-PK: DNA-dependent protein kinase.

CD8+ T cell function. Several inhibitory molecules (Figure 2) are expressed by CD8+ T 
cells during chronic inflammation, and therefore impair the function of HIV-specific 
CD8+ T cell response[38]. Importantly, a small fraction of CD8+ T cells become 
infected with HIV and are susceptible to the direct cytotoxic effects of the virus[39,40]. 
It has also been shown that CD8+ T cell counts begin to decline during late stages of 
infection[41]. The pro-apoptotic properties of HIV gp120 protein may contribute to this 
decline[42,43]. Several studies showed that CD4+ T cell loss also impacts the function 
of CD8+ T cell, whereby CD4+ T cells are required to maintain cell-mediated immune 
responses against HIV[44,45]. Tregs, a subpopulation of CD4+ T cells that have a 
regulatory and suppressive role in autoimmune diseases and cancer, have been shown 
to contribute to the progression of AIDS disease by inhibiting HIV-specific CD4+ and 
CD8+ T cell responses[46].

HPV GENOME
HPV can deregulate cellular proteins, including p53 and Retinoblastoma protein 
(pRb), thus mediating epithelial transformation and malignancy. HPV genome 
consists of a circular DNA that encodes the early proteins E1, E2, E4, E5, E6, and E7, 
and the late proteins L1 and L2 (Figure 3). E1 and E2 play an important role during 
HPV replication by binding to the viral replication origin, whereas E4 proteins are 
involved in virion release. E5, E6, and E7 are viral oncoproteins whose increased 
expression and activity is associated with enhanced proliferation of HPV-infected 
epithelial cells. L1 and L2 are structural proteins that form the viral capsid[47].

HPV INFECTION AND CD8+ T CELL RESPONSES
CD8+ T cells play a key role in the immune responses against HPV. In vivo studies 
using mouse models have shown that cells expressing HPV-16 E6 and E7 antigens are 
recognized and killed by cytotoxic T lymphocyte (CTL) cells[48,49]. In fact, E7-specific 
CTLs were detected in lesions containing tumor cells[50]. CD8+ T cells recognize viral 
antigens presented by MHC I/peptide complexes expressed on the surface of infected 
cells. However, this interaction is not sufficient to induce the killing of the infected cell. 
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Figure 2 Possible mechanisms of direct and indirect interactions between human papillomavirus and human immunodeficiency virus to evade the immune system and mediate human papillomavirus 
carcinogenesis. A: Human immunodeficiency virus (HIV) and human papillomavirus (HPV) contribute to HPV-related carcinogenesis and evasion of immune cells through several mechanisms involving direct interaction between HIV and HPV proteins 
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in HPV-infected keratinocytes. HPV E5 oncoprotein downregulates major histocompatibility complex (MHC) II expression and sequesters human leukocyte antigen (HLA) class I complexes in keratinocytes, thereby blocking transport of HLA class I 
complexes to cell membrane surface. HPV E6 exerts oncogenic effects, mainly through deregulation of p53 and induction of cell cycle arrest. HPV E7 exerts oncogenic activity through deregulating pRB. It promotes downregulation of MHC class I 
expression through downregulating peptide transporter 1 associated with antigen processing (TAP1) and binding to TAP transporter, and thus inhibiting peptide loading into MHC I antigens. It also downregulates promotor of MHC I heavy chain. 
Importantly, HIV Tat upregulates the expression of HPV16 E6 and E7, enhancing their oncogenic effects. It also increases the expression of HPV L1. HIV Rev indirectly upregulates HPV L1 expression. HIV Vpr interacts with HPV E6 protein to induce cell 
cycle arrest and oncogenesis; B: HIV infection diminishes immune response to HPV infection, resulting in HPV persistence and pathogenesis. Failure of CD8+ T cells to kill HPV-infected keratinocytes is a major event in HIV and HPV co-infection and 
occurs through multiple mechanisms. In addition to loss of CD4+ T cells due to infection with HIV, downregulation of MHC I expression on dendritic cells (DC) by HIV inhibits CD8+ T cell maturation. A small fraction of CD8+ T cells become infected with 
HIV and are susceptible to the direct cytotoxic effects of the virus. Moreover, HIV gp120 interacts with CXCR4 on CD8+ T cells and affects their function. Other factors also contribute to inhibition of HIV-specific CD4+ and CD8+ T cell responses and 
include activation of Tregs and the expression of inhibitory molecules (programmed death-1 [PD-1], CD160, lymphocyte activation gene 3, cytotoxic T lymphocyte antigen-4 [CTLA-4]) by CD8+ T cells during chronic inflammation induced by HIV.

Signaling from activated dendritic cells and virus specific CD4+ T cells is highly 
important for stimulating and maintaining an efficient CTL activation[51]. It has been 
reported that peripheral blood mononuclear cell (PBMC) cultures from healthy 
individuals showed HPV16-specific CD4+ T-cell and CTL responses directed against 
HPV16 E2, E6 and/or E7[52-55]. Activated circulatory CD4+ and CD8+ T cells migrate 
from peripheral blood to infected tissues in healthy individuals[56]. Interestingly, 
these responses are mostly detected in women without cervical intraepithelial 
neoplasia (CIN)[57], and less commonly in women with CIN[54]. Nakagawa et al[55] 
also showed that the absence of CTL response to E6 proteins is associated with 
persistence of HPV16 infection in HPV-infected women without squamous intrae-
pithelial lesions. HPV deregulates MHC I expression during infection (Figure 2). 
Multiple studies have reported the down regulation of MHC I expression in cervical 
cancer cells[57] and laryngeal papilloma[58]. This may be due to the loss of the peptide 
transporter 1 associated with antigen processing (TAP1), whose promotor appears to 
be downregulated by HPV 16 and 18 E7. The latter proteins also downregulate the 
promotor of MHC class I heavy chain[59]. A study has documented that HPV 11 E7 
binds to the TAP transporter protein, thereby blocking peptide loading into MHC I 
antigens[60]. Other studies have reported that HPV 16 E5 plays a role in sequestering 
human leukocyte antigen class I complexes in the Golgi apparatus, which thus 
prevents their transport to the cell membrane surface[61]. The expression of MHC II is 
also modulated during HPV infection and carcinogenesis. MHC II are usually 
expressed by antigen presenting cells only however, it has been shown that 
keratinocytes, in cervical premalignant lesions and cancer, upregulate the expression 
of MHC II, because of the production of pro-inflammatory cytokines. On the other 
hand, HPV 16 E5 can block the expression of these molecules[62].

Nevertheless, the induction of a systemic T cell-mediated response against HPV 
proteins (E6, E7, and others) results in successful viral clearance in healthy individuals. 
In contrast, HIV infection leads to a progressive loss of CD4+ T cells[63]. Thus, even 
though antigen presenting cells express and present HPV peptides on their cell 
surface, in the absence of CD4+ T cell, CD8+ T cells fail to maintain their activity and 
thus, fail to kill HPV-infected cells.
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Figure 3 Human papillomavirus genome organization and function. Human papillomavirus (HPV) has a circular double-stranded genome, which is 
divided into three regions: early, late, and non-coding long control region. The latter regulates transcription and replication of viral deoxyribonucleic acid. The early 
and late regions encode eight proteins whose major functions are shown.

HPV and HIV have developed a wide spectrum of mechanisms to evade immune 
responses. Given the ability of both viruses to modulate cellular pathways in infected 
and uninfected cells, and thus immune surveillance and responses[64], many 
mechanisms of immune evasion may be possible (Figure 2). HIV infection may directly 
or indirectly result in protecting HPV-infected keratinocytes from CTL-mediated 
killing. Therefore, HIV may affect both keratinocytes and CD8+ T cells, and thus favor 
HPV pathogenesis. Importantly, HIV proteins have been shown to interact with HPV 
proteins directly and indirectly by enhancing their expression and/or activation, 
promoting cancer[65-68]. HIV Tat increases the expression of HPV16 E6 and E7, 
enhancing their oncogenic effects. It also increases the expression of HPV L1, which 
forms the exterior of the virion and mediates initial attachment to target cells[65,66]. 
Rev indirectly upregulates HPV L1 expression[67]. Vpr interacts with HPV E6 protein 
to induce cell cycle arrest in cervical cancer cells[68]. However, evidence of interaction 
between the two viruses remains scarce and needs further investigation.

ANAL SQUAMOUS CELL CANCER PATHOGENESIS
ASCC are cancers that arise in the transitional or squamous zone of the anal canal and 
are mostly caused by HPV16 and 18. It is believed that the basal layer cells in the 
epithelium of this transitional zone can become infected with HPV after the occurrence 
of micro-abrasions. Most individuals who acquire HPV mount the appropriate 
immune response and clear HPV infection within a year. However, HPV may persist 
in others and could lead to either low-grade or high-grad (HSIL) squamous intrae-
pithelial lesions , and can be further classified into anal intraepithelial neoplasia (AIN) 
1, 2 or 3[69,70].

ANAL SQUAMOUS CELL CANCER EPIDEMIOLOGY AND RISK FACTORS
Anal cancer is uncommon with 48541 new cases reported worldwide in 2018 as by the 
GLOBOCAN estimates[71]. However, its epidemiology has changed over the past 2 
decades. A steady increase in the incidence and prevalence rates of ASCC has been 
reported. In the United Kingdom, a 70% increase in its incidence rates has been noted 
since the early 1990s[72]. The United States has reported similar trends with a 2.9% 
increase in incident rates each year since 1975[73]. In 2021, there will be an estimated 
9090 new anal cancer cases and 1430 new anal cancer deaths[74]. The increase in 
incidence has been associated with multiple factors that include lifetime number of 
sexual partners, smoking, receptive anal intercourse, genital warts, and infection with 
HIV[75-77]. More than 90% of ASCCs have been found to be related to HPV, mainly 
HPV 16 and 18. Among men, the highest proportion of HPV is in men who have sex 
with men (MSM) and ranges between 50%-60%[76,78]. This proportion is even higher 
in HIV-infected MSM and reaches 90% in some studies[79,80]. Additionally, this 
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population is infected with multiple HR-HPV types[81,82]. Not surprisingly, the 
prevalence of HSIL and anal cancer mirrors that of anal HPV in these populations 
where the incidence of neoplasia is higher than that of the general population. 
Compared to heterosexual men, MSMs have a 20 times increased risk of developing 
ASCC. HIV-positive MSMs have an even greater risk[76].

An obvious relationship between HIV, HPV, and anal cancer was illustrated in a 
population study in the United States between 1980-2005[73]. Authors found that HIV 
infection had a strong impact on the trends of anal cancer among males where 
incidence rate increased by 3.4% annually overall and by 1.7% in those without HIV-
infection. A meta-analysis of 53 studies by Machalek et al[76] assessed the prevalence 
and incidence of HPV, AIN, and anal cancer in MSM and reported a substantial 
difference between HIV-positive and HIV-negative men for prevalence of any type of 
HPV (P = 0.005), including any HR-HPV (P = 0.01), prevalence of any anal cytological 
abnormality (P = 0.005), and low-grade anal lesions (P = 0.01). Analysis of recent 
studies reporting on histological abnormalities, high-grade AIN, and anal cancer 
revealed a significant difference between HIV-positive MSM vs HIV-negative MSM
[76]. In another study, the incident rate for anal cancer was reported to be 69 per 
100,000 person-years (PY) in HIV-positive MSMs vs 14 per 100,000 PY in HIV-negative 
MSMs[83]. Contrary to AIDS defining cancers, whose rates have decreased after the 
introduction of ART, the incidence rates of ASCC have shown an increase by 3%[8,76,
84]. This may be attributable to a longer lifespan of PLWH allowing them to live 
longer with oncogenic HPV giving time for the development of HSIL and ASCC. In 
addition, PLWH have been found to have multiple types of HPV with Müller et al[82] 
reporting PLWH having a 7 times higher risk of having multiple types of HPV as 
compared to HIV-negative individuals.

The link between a lower rate of HR-HPV clearance and development of ASCC in 
PLWH is still being investigated. Studies have shown that in HIV-positive individuals, 
HR-HPV infection is cleared at a slower rate than HIV-negative individuals. Geskus et 
al[85] observed that HPV16 had the lowest clearance for both prevalent positive and 
incident positive infection. Additionally, authors reported a decreasing clearance rate 
with increasing HIV viral load. Results from a recently updated meta-analysis showed 
that clearance rate of HPV infection among PLWH was approximately half compared 
to that of HIV-negative individuals, with similar findings reported for HR-HPV[86]. 
Whether CD4 count affects the clearance rate or not is not well established. In the same 
meta-analysis above, Looker et al[86] reported a possible, but non-significant, 
reduction in clearance of HPV with lower CD4 counts. In a nested case-control study 
from the Swiss HIV Cohort Study, lower CD4 counts in PLWH were correlated with 
the development of ASCC. Authors reported that the best predictor was a CD4 count 
6-7 years prior to ASCC diagnosis. Beyond that point, authors found that the ASCC 
risk was less sensitive to CD4 counts, highlighting the importance of starting ART 
early before the establishment of precancerous lesions[87].

ANAL CANCER AND SCREENING
There are no formal guidelines on anal cancer screening due to the lack of trials 
assessing the effectiveness of such screening practices. However, with the accumu-
lating evidence of an increasing incidence of anal cancer in PLWH, there is increased 
advocacy for screening in these high-risk populations, drawing on the proven value of 
cervical cytology in reducing cervical cancer. Additionally, cost-effective models of 
screening MSM for AIN every 2-3 years have shown possible gains in life-expectancy 
and quality of life[88,89].

Screening consists of detection and treatment of anal HSIL. Detection can be done 
through anal cytology, digital rectal examination, high resolution anoscopy (HRA), 
and/or biopsy. While some experts have advocated the use of HRA for initial 
screening because of the high prevalence of AIN in PLWH and MSM, anal cytology 
remains a preferred initial method due to limited availability of HRA especially in 
developing countries[64]. Yet, all the previously mentioned tools have several 
limitations and disadvantages. For example, HRA is invasive, and cytology is neither 
sensitive nor specific. Therefore, a non-invasive method with high sensitivity and 
specificity for detection of precancerous and cancerous anal lesions is needed.
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ROLE OF MIRNAS AS POTENTIAL BIOMARKERS FOR ANAL CANCER 
SCREENING IN PLWH
Circulatory and tissue miRNAs have become of interest to investigators, as these small 
non-coding RNAs possess distinctive properties that make them ideal biomarkers for 
detection and prognosis of cancer. They play an important role in gene regulation by 
inducing the degradation and inhibiting the translation of the corresponding mRNAs
[90,91]. They can also activate the expression of genes by targeting their promotors[92,
93]. They are well known for their pleiotropic effects in many important cellular 
processes, such as apoptosis, proliferation, and differentiation[94]. They are signi-
ficantly stable in the circulation, as well as in plasma and serum[95]. miRNAs are 
dysregulated in many cancers, including HPV-related cancers and their deregulation 
contributes to pathogenesis of disease[96-98]. Although several miRNAs were 
identified in different types of cancer, they have not been used in clinical practice, 
possibly due to the lack of standardized methods, often leading to contradicting data
[98,99]. Exosome-encapsulated miRNAs are currently investigated to overcome the 
challenges associated with free-circulating miRNAs[100,101].

Globular profiling of miRNAs in cancer and normal tissues has been established in 
different types of cancers, including breast[102], lung[103], colon, liver, and pancreatic
[104] cancers, which have allowed for the identification of a series of miRNAs that are 
deregulated in these cancers. However, an invasive method, such as surgery and 
biopsy collection, is needed to analyze the tissues. Thus, researchers are investigating 
the use of plasma and serum miRNAs as potential circulatory biomarkers for different 
purposes. This would allow for non-invasive quantification of these biomarkers and 
potentially for detection of premalignant lesions and screening of early tumorigenesis. 
In the context of HPV-associated cancer, miRNAs have been studied and documented 
as mediators or suppressors of pathogenesis[96,97,105]. Some of these miRNAs have 
been shown to be deregulated by HPV E5, E6, and E7 oncoproteins in different cells 
and tissues (Table 1). By downregulating p53, E6 alters the expression of many 
miRNAs that are transcribed by p53. On the other hand, E7 releases E2F transcription 
factor from pRB-E2F complex by degrading pRB. As a result, E2F becomes free to 
activate the transcription of many miRNAs. The mechanism by which E5 deregulates 
cellular miRNAs is still unclear[106]. The deregulation of many of these miRNAs was 
shown to affect several hallmarks of cancer, including enhanced proliferation, 
inhibition of apoptosis, invasion, and metastasis. A recent study showed that miR-129 
was significantly upregulated in the serum and cervical cancer tissues collected from 
72 patients, suggesting the possibility of using this miRNA as a biomarker for the 
detection of cervical cancer. Interestingly, HPV typing detected HPV16 in all cancer 
samples studied[107]. Another study identified a miRNA signature panel consisting of 
9 miRNAs (miR-9, miR-15b, miR-20a, miR-31, miR-93, miR-183, miR-184, miR-222, and 
let-7b) with a combined area under the curve of 0.89 for CIN3 detection in HPV-
positive self-samples of women with CIN3[108]. Recently, Shi et al[109] identified an 
optimal subset of 7 signature miRNAs, including miR144, miR147b, miR2182, miR425, 
miR451, miR483, and miR486 in cervical cancer. Functional enrichment analysis 
showed that the latter miRNAs are involved in carcinogenic pathways, such as Wnt 
signaling pathway and transforming growth factor-β signaling pathway. Importantly, 
altered miRNAs have been investigated mainly in cervical cancer cell lines[96] and 
cervical carcinoma samples[110]. However, miRNAs have been less studied in anal 
cancer and a single study showed that HPV16-E7 protein is capable of inducing miR-
15b in anal carcinoma biopsies[111].

HIV infection also dysregulates cellular miRNA biogenesis and expression profiles
[112-114]. For example, HIV Tat and Vpr affect miRNA biogenesis by binding Dicer or 
Drosha[115-117], while trans-activation response modulates TRBP, an important 
component of the miRNA generation complex. HIV infection is known to both 
upregulate and downregulate several cellular miRNAs in HIV-infected human PBMC, 
T cells, monocyte-derived macrophages (MDMs), latently infected CD4+ T cells, 
plasma samples, HUT78 cells, and CD4+ T cells from either acute or chronic HIV-
infected individuals. Few studies determined the expression of cellular miRNAs in 
HIV-infected cell lines (Table 2). Recently, Biswas et al[118] established a comparative 
global miRNA expression profile in human PBMC and MDMs infected with HIV-
1/HIV-2. Differentially expressed miRNAs were identified in these cells. Pathway 
analysis using Kyoto Encyclopedia of Genes and Genomes database showed that the 
deregulated miRNAs are likely to be involved in p53 signaling pathway, PI3K-Akt 
signaling pathways, Mitogen-activated protein kinase signaling pathways, FoxO 
signaling pathway, and NF-kappaB inhibitor signaling pathway, all of which play a 
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Table 1 Cellular micro ribonucleic acids deregulated by human papillomavirus proteins

HPV protein miRNA 
target

miRNA 
expression level Sample type Biological effect(s) Ref.

E5 miR-146a + E5-expressing HaCat cells Promoted cell proliferation [106]

miR-203 - E5-expressing HaCat cells Increased expression of p63 [106]

miR-324-5p - E5-expressing HaCat cells Contributed to cervical carcinogenesis [106]

E6 miR-20a + CaSki and SiHa (HPV16+) human 
cervical cell lines

Promoted cell growth through 
downregulating PDCD6 and activating Akt 
and p38

[156]

miR-20b + HeLa (HPV18+), SiHa and Caski human 
cervical cancer cell lines; Cervical 
carcinoma tissues

Reduced TIMP2 expression and induced 
EMT, migration, and invasion

[157]

miR-23b - SiHa and CaSki cell lines Increased expression of uPA and induction 
of migration in human cervical cancer cells

[158]

miR-30c-2* - HPV-infected NSCLC; TL1 cell line Correlated with tumor stage and lymph 
node metastasis 

[159]

miR-34a - CaSki and SiHa cell lines, HPV18-
positive cell lines HeLa and C411, 
HPV68-positive cell line ME180Cervical 
cancer tissues

Inhibited cell proliferation; Increased LDHA 
expression levels, inhibited Warburg effect 
and reprogrammed glycolysis through 
targeting LDHA

[160,161]

miR-145 - Hela, SiHa, and CaSki cell lines; Cervical 
cancer tissues

Modulated invasion and therapy resistance 
of cervical cancer cells

[162]

miR-195 - HeLa and SiHa cell line cervical cancer 
tissue samples

Promoted cell proliferation, invasion, and 
metastasis

[163]

miR-218 - HPV16 positive cervical cell lines and 
tissues; Cervical cancer tissues

Increased expression of LAMB3, SFMFBT1, 
and DCUN1D1, promoted EMT, migration, 
and invasion in cervical cancer associated 
with clinicopathological characteristics of 
patients

[164,165]

miR-375 - SiHa and CaSki cell lines; Cervical tissue 
samples

Modulated EMT in cervical cancer; 
Enhanced invasion and metastasis of 
cervical carcinoma cells through targeting 
SP1

[166,167]

miR-2861 - SiHa and CaSki cell lines; Cervical 
cancer tissues

Enhanced cell proliferation and invasion, 
and inhibited apoptosis in cervical cancer 
cells; Negatively associated with advanced 
tumor stage and lymph node metastasis

[168]

E7 miR-15b + HPV16 E7-expressing tumors from anal 
carcinoma patients; CaSki cell line

Downregulated cyclin E1; Increased 
expression of several E2F-regulated genes

[111]

miR-20a + OSCC tissues Inhibited cell proliferation, invasion, and 
migration

[169]

miR-21 + HPV16 E7-transfected Hela cells; 
Cervical cancer tissue

Enhanced cervical carcinoma cell 
proliferation, growth, and invasion; 
Involved in cervicitis and cervical cancer 
progression

[170,171]

miR-25 + HVK-derived raft tissues infected with 
either HPV16 or HPV18

Increased expression correlated with the 
progression of the cervical lesions, making it 
a potential biomarker for CINs and cervical 
cancer

[96]

miR-27b + HPV 16-positive human cervical 
carcinoma tissues; SiHa and CaSki cell 
lines

Reduced PLK2 expression; Promoted cell 
proliferation and inhibited paclitaxel-
induced cell apoptosis; Inhibited PPARγ 
expression and promoted proliferation and 
invasion 

[172,173]

miR-205 + HPV-positive keratinocytes Activated Akt pathway and upregulated 
cyclin D1 levels, resulting in increased 
proliferation

[174]

miR-323 + Cervical cancer cell lines transfected 
with HPV 16 E7 and SiHa cervical cancer 
cells

--- [175]

HFK-derived raft cultures with HPV16 E6/E7 miR-16 + --- [96]
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infection; HVK-derived raft tissues 
infected with either HPV16 or HPV18; 
CIN3 and Cervical carcinoma tissues 
with HR HPV infection

miR-22 - HVK-derived raft tissues infected with 
either HPV16 or HPV18

Suppressed tumor growth and metastasis [96,176]

miR-24 + HPV-positive keratinocytes Reduced p27 expression level and enhanced 
proliferation

[174]

miR-29a - HVK-derived raft tissues infected with 
either HPV16 or HPV18

--- [96]

miR-92a + CIN and cervical carcinoma tissues with 
HR HPV infection, and raft tissues with 
HPV16 or HPV18 infection

Increased expression correlated with the 
progression of the cervical lesions, and may 
serve as a biomarker for CINs and cervical 
cancer

[96]

miR-100 - HFK-derived raft cultures with HPV18 
infection

--- [96]

miR-125a - Cervical carcinoma tissuesSiHa and 
HeLa cell lines

Increased STAT3 expression and enhanced 
tumorigenesis and metastasis

[177]

miR-146a-5p - HPV16 E6/E7-positive keratinocytes; 
Hela, SiHa, and CaSki cell lines

Enhanced expression of KDM2B; Promoted 
proliferation and migration 

[178]

miR-203 - NHKs and NFKs expressing E6, E7, or 
combination

Increased expression of p63 and promotion 
of cell proliferation

[179,180]

miR-378 + CIN3 and cervical carcinoma tissues 
with HR HPV infection, and raft tissues 
with HPV16 or HPV18 infection

--- [96]

“+”: Upregulated; “-”: Downregulated; miRNAs: Micro ribonucleic acid; HPV: Human papillomavirus; PDCD6: Programmed cell death 6; TIMP-2: Tissue 
inhibitor of metalloproteinase 2; EMT: Epithelial to mesenchymal transition; NSCLC: Non-small cell lung cancer; LDHA: Lactate dehydrogenase A; 
LAMB3: Laminin 5 β3; SFMFBT1: Scm-like with four MBT domains 1; DCUN1D1: Defective in cullin neddylation 1; Domain containing 1; OSCC: Oral 
squamous cell carcinoma; HVK: Human vaginal keratinocytes; PLK2: Polo-like kinase2; CIN: Cervical intraepithelial neoplasia; HFK: Human foreskin 
keratinocytes; CIN3: Cervical intraepithelial neoplasia 3; HR HPV: High risk HPV.

role in carcinogenesis[118,119]. HIV Tat, Nef, and Vpr have been reported to alter the 
expression levels of many miRNAs and contribute to HIV pathogenesis (Table 3). On 
the other hand, cellular miRNAs also target HIV genome, but it is still unclear whether 
these miRNAs are effective during HIV infection[112].

Overall, molecular mechanisms that contribute to anal cancer pathogenesis and 
progression are still elusive. One of the reasons that little progress has been made in 
understanding the mechanisms of carcinogenesis in this type of cancer is the scarcity 
of in vitro and in vivo model systems for investigating anal cancer. Thus, further 
studies are required to gain insight into the mechanisms involved in anal caner. This is 
particularly important as these mechanisms may involve miRNAs, which may be 
further investigated as potential targets for cancer therapy. The use of miRNA-based 
therapeutics has been investigated in clinical trials in several countries. MicroRNA 
mimics and anti-miRNAs (antagomirs) are now under investigation as potential 
therapeutic agents for multiple cancers. miRNA mimics may be administered to 
replace downregulated miRNAs, which usually act as tumor suppressors in cancers. 
On the other hand, many miRNAs have been targeted for inhibition in the treatment of 
several cancers. These miRNAs are referred to as oncomiRs and their overexpression 
in cancer contributes to pathogenesis. In the context of cervical cancer, Lee et al[110] 
showed that treatment with anti-miR-199a suppressed cervical cell growth in vitro. 
Additionally, a study has shown a promising role for the tumor suppressor miR-34a, 
which is downregulated in HPV-positive cancers, in repressing oncogenic transform-
ations. Both miR-34a and miR-125 are downregulated in cervical cancer samples and 
correlate with cervical cancer invasiveness[120]. Interestingly, a recent phase 1 study 
of MRX34, a liposomal miR-34a mimic, was conducted with patients having advanced 
solid tumors[121]. Thereby, this miRNA may be a good candidate for treatment of 
HPV-related cancers, including anal cancer[122]. In addition, anti-miRs targeted at 
miR-122, which has been shown to be upregulated in HIV-1 infected Jurkat cells, 
reached clinical phase II trials and were investigated for treating hepatitis C infection
[123]. Other candidate miRNAs are being tested in clinical trials, paving the way for 
developing miRNA-based drugs for treating several illnesses and cancer diseases[122,
124].
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LIMITATIONS AND CONSIDERATIONS FOR THE USE OF MIRNAS AS 
BIOMARKERS FOR ANAL CANCER SCREENING
In the case of anal cancer, where HIV and HPV pathogenesis play a role in the 
development of the disease in PLWH, a major challenge is to distinguish HIV-specific 
miRNAs, HPV-specific miRNAs, and HIV and HPV co-infection-specific miRNAs. 
Major limitations include the absence of studies implementing computational models 
to identify these miRNAs, technical issues associated with conventional miRNA 
extraction and detection tools, and scarcity of anal cancer in vitro and in vivo models. 
Ongoing studies are still being conducted to study miRNA profiles during HIV[125-
127] and HPV[128-130] infections. With the appropriate application of advanced 
bioinformatic analysis tools and computational models, the identification of the most 
predictive miRNAs, even from complex datasets would be possible. These tools are 
becoming widespread and have already been used to identify potential miRNA 
biomarkers for Ebola[131] and severe acute respiratory syndrome coronavirus 2[132], 
in addition, these tools have been used to decipher potential miRNA biomarkers in a 
wide variety of cancers, including melanoma[133,134], breast[135], colon[136], and 
lung cancer[137].

In addition to the conventional miRNA detection platforms which include Northern 
blotting, in situ hybridization, next generation sequencing, reverse transcription qPCR, 
and microarrays[138], new miRNA extraction and detection platforms have emerged 
to compensate for the limitations of conventional assays[139]. These technologies are 
referred to as point-of-care (PoC) technologies and include isothermal amplification-
based assays[140], lateral flow assay-based systems[141], nanobead-based[142], 
electro-chemical-based[143], and microfluidic chip-based[144] strategies. The latter, 
which is also known as Lab-on-a-chip or microchip, is highly specific, cost-effective, 
and a quick approach for the multiplexed detection of miRNAs[139]. It has been used 
to test miRNAs in several biological samples, including blood of breast cancer patients
[145]. Importantly, this system has been also used to quantify miRNAs in plasma 
extracellular vesicles (EVs), including exosomes. EVs are secreted by body cells and 
are found in body fluids including plasma, urine, and synovial fluid[146]. They have 
been shown to carry and stabilize miRNAs in the blood[147]. A unique feature of 
exosomes is the presence of cell-specific proteins[148], which enables identification of 
exosomes released from cancer cells. Examining specific miRNAs released from 
tumors and tumor niche, instead of whole blood miRNA profiling would provide a 
more accurate way of distinguishing HIV-specific and HPV-specific miRNAs, given 
the unique viral tropism of each. Exosomal miRNAs would enable the identification of 
the cell origin and might be a better source when compared to non-exosomal, cell-free 
miRNAs. Recently, studies that profiled and analyzed miRNAs from different sources 
were reviewed[149]. Authors concluded that 71% of the studies stated that exosomes 
are the best source of miRNAs as biomarkers. Detecting EVs miRNA signature has 
already been proven to be a good prognostic tool in several cancers including 
colorectal[150] and pancreatic cancer[151].

Interestingly, organ-on-chip and organoids are being used to study infectious 
diseases and cancer. These models can be used to assess HPV virus-Langerhans cells 
interactions[152] and HPV-oral mucosa epithelia interactions[153]. Cell-to-cell 
communication can be also studied by co-culturing cancer cells with immune cells, 
and thus allows the study of cancer-immune interaction. Organoids can be used to 
model tumor-derived EVs, also known as oncosomes, in addition to EVs released by 
stromal cells in tumor microenvironment[154]. Very recently, researchers established 
organoid cultures from human ecto-and endocervix. Cells collected using Pap brush 
method were used to derive organoids from cervical tissue. The established patient-
derived model system resembled causative HPV infection[155], and thus could be 
used for modeling HPV-related pathogenesis, in addition to exploring the role of HPV 
and HIV in deregulating miRNAs. The same derivation method can be used to derive 
organoids from healthy or tumor anal tissue to assess miRNA deregulation by HIV 
and/or HPV. These model systems could be used to test the efficacy of engineered 
miRNA-loaded EVs in targeting anal cancer cells to deliver potential miRNA thera-
peutic molecules[156-180].

It is important to note that although extensive research has been conducted to 
identify candidate miRNA biomarkers for cancer screening, the development of new 
techniques, such as PoC for miRNA detection is still at the very early stage and a work 
on progress. Further progress is required to achieve the desired goal of using PoC 
testing for detecting and distinguishing miRNAs deregulated by oncogenic viral 
infections, including HPV. Therefore, the identification of miRNAs deregulated by 
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Table 2 Cellular micro ribonucleic acids deregulated during human immunodeficiency virus infection

Sample type miRNAs deregulated Ref.      

PBMCs from HIV-infected patients ↑ miR-9; ↓ miR-29c, miR-31, miR-125b, miR-146b-5p, miR-150, Let-7g [181]

T cells from HIV-infected individuals ↓ miR-16, miR-146b, miR-150, miR-223 [182]

HIV-1 infected PBMCs ↑ miR-223; ↓ miR-21, miR-26a, miR-29a, miR-29b, miR-29c, miR-155 [183]

HIV-1 infected PBMCs ↑ miR-3195, miR-3656, miR-4492, and miR-6087; ↓ miR-1273h-3p, miR-1273h-5p, miR-671-
5p, and miR-7-5p

[118]

HIV-2-infected PBMCs ↑ miR-18a-3p and hsa-miR-320b [118]

HIV-2-infected MDMs ↑ miR-542-3p, miR-375, miR-195-5p, miR-30c-2-3p, miR-4802-3p, and miR-26b-5p [118]

HIV-1- and HIV-2-infected MDMs ↓ miR-148b-5p, hsa-miR-26a-2-3p, miR-199a-1, miR-199a-2, and miR-874-5p [118]

HIV-1-transfected HeLa cells ↓ miR-16, miR-93, miR-148b, miR-221 [184]

HIV-1 infected Jurkat cells. ↑ miR-122, miR-297, miR-370, and miR-373; ↓ miR-17-5p and miR-20a [185]

latently infected CD4+ T cells ↑ miR-196b and miR-1290 [186]

PBMCs obtained from HIV-1 positive 
individuals with high viral load

↑ miR19b, miR-34a, miR-144, miR-146a, miR-155, miR-382, miR-615-3p [187]

Plasma obtained from patients with HIV 
infection 

↓ miR-3162-3p [188]

HIV-1-infected HUT78 cells and CD4+ T cells 
from chronic HIV-1 infected individuals 

↓ Let-7 miRs [189]

HIV-1 positive plasma samples in the acute 
stage infection

↑ miR-16-5p, miR-20b-5p, miR-24-3p, miR-142-5p, miR-195-5p, miR-206, miR-223-3p, miR-
885-5p, and let-7 g-3p; ↓ miR-34c-3p, miR-181c-3p, miR-202-3p, and miR-409-3p

[190]

HIV-1 infected CD4+ T cells ↓ miR-20a and miR-106b [191]

↑: Upregulation; ↓: Downregulation; miRNAs: Micro ribonucleic acid; HIV: Human Immunodeficiency virus; PBMC: Peripheral blood mononuclear cells; 
MDM: Monocyte-derived macrophages.

HIV, HPV, and HIV-HPV co-infection warrants further research. More accurate and 
standardized methods are required for implementation of miRNAs as biomarkers for 
anal cancer diagnosis[181-198]. Importantly, the widespread use of high-throughput 
sequencing, PoC technologies, and advanced computational analysis tools may 
facilitate discovering and distinguishing these miRNAs.

CONCLUSION
HPV is the most common sexually transmitted infection worldwide. PLWH are at high 
risk of acquiring HPV infection and developing HPV-associated malignancies, 
independent of AIDS. Anal cancer incidence, though rare in the general population, 
has been rising significantly in PLWH. The lack of standard screening programs 
contributes to the increased incidence of anal cancer, and thus, there is a need for anal 
dysplasia screening and treatment in PLWH. The discovery of highly sensitive and 
specific biomarkers would enable the early detection of anal cancer and the improved 
survival of HIV-infected patients. There is a need for relevant biomarkers that could be 
integrated into clinical practice and thus, aid in the detection, diagnosis, and treatment 
of high-risk patients. miRNAs have become valuable tools for detection and treatment 
of many types of cancer. Given their deregulation and potentially significant role in 
HPV-related pathogenesis and in HIV infections, miRNAs may serve as diagnostic and 
prognostic biomarkers that can enhance HIV patients’ outcomes and provide better 
management of the disease. Genome-wide profiling of miRNAs and validation of 
miRNA targets in tissue and blood samples of people infected with HIV and HR-HPV 
is important to establish miRNA expression signatures in this population and would 
help develop non-invasive miRNA therapeutic strategies for treatment of anal cancer.
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Table 3 Cellular micro ribonucleic acids deregulated by human Immunodeficiency virus proteins

HIV 
protein miRNA target Effect Sample type Biological effect Ref.      

Tat miR-21, miR-29a, miR-222, miR-1290 + Tat101-expressing Jurkat cells; Resting 
PBMCs from healthy donors were 
transiently transfected with Tat101-
expressing vector

Targeted mRNAs of genes 
involved in apoptosis, T cell 
migration, and proliferation

[192]

miR-128a, and miR-3182 - Tat101-expressing Jurkat cells ---- [192]

miR-132 + Tat-transfected astrocytes and neurons, 
astrocytes from Tat-transgenic mice, 
and HIV-infected astrocytes

Involved in the direct 
neurotoxicity of Tat

[193]

miR-129, miR-135a, miR-181a, miR-495, 
miR-523, miR-524, miR-539, let-7

- U-87MG (astrocyte cell line), HEK 
293T, and HeLa cells transfected with 
wild-type Tat

Downregulation of β-catenin 
activity

[194]

miR-101 + BMVECs exposed to Tat C Decreased the expression of VE-
cadherin

[195]

miR-34a and miR-138 + Astrocytoma cell line A172 and rat 
primary astrocytes exposed to Tat

Upregulated NF-κB and 
promoted activation of 
astrocytes

[196]

Nef miR-573 and miR-638 + Human monocytic U937 cells that 
stably expressed HIV-1 Nef

Altered several pathways 
involved in HIV pathogenesis 

[197]

miR16-1, miR-18, miR-19a, miR-20a, miR-21, 
miR-27a, miR-29b, miR-125b, miR-146a, 
miR-146b-3p, miR-181a, miR-223, miR-570, 
miR-610 and miR-624

- Human monocytic U937 cells that 
stably expressed HIV-1 Nef

Altered several pathways 
involved in HIV pathogenesis

[197]

miR-17, miR-19a, miR-19b, miR-20a, miR26a, 
miR-28, miR-29a, miR-29b, miR-29c, miR-
92a, miR-125b, miR-149, miR-150, miR-223, 
miR-324-5p, miR-378 and miR-382 

+ Nef exosomes Inhibited HIV replication [197]

Vpr miR-942-5p + PEL cells Targeted IκBα and activation of 
NF-κB signalling

[198]

miR-711 + PEL cells Directly targeted Notch1 and 
reduced levels of IκBα 
transcript

[198]

“+”: Upregulation; “-”: Downregulation; miRNA: Micro ribonucleic acid; HIV: Human Immunodeficiency virus; HEK: Human embryonic kidney cells; 
BMVEC: Human brain microvascular endothelial cells; PEL: Primary effusion lymphoma; NF-κB: NF-kappaB inhibitor.
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Abstract
Cholangiocarcinoma (CCA) is a type of cancer with increasing prevalence around 
the world that originates from cholangiocytes, the epithelial cells of the bile duct. 
The tumor begins insidiously and is distinguished by high grade neoplasm, poor 
outcome, and high risk for recurrence. Liver transplantation has become broadly 
accepted as a treatment option for CCA. Liver transplantation is expected to play 
a crucial role as palliative and curative therapy for unresectable hilar CCA and 
intrahepatic CCA. The purpose of this study was to determine which cases with 
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CCA should be subjected to liver transplantation instead of resection, although 
reported post-transplant recurrence rate averages approximately 20%. This review 
also aims to highlight the molecular current frontiers of CCA and directions of 
liver transplantation for CCA.
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Neoadjuvant chemoradiotherapy
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Core Tip: Currently, there are many controversial hypotheses concerning liver 
transplantation in cholangiocarcinoma (CCA) and risk factors and molecular 
pathogenesis of CCA, with a focus on primary sclerosing cholangitis. Here, we mainly 
review the current advances in classification and treatment of CCA.
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INTRODUCTION
Cholangiocarcinomas (CCA), also known as bile duct cancer, constitute a diverse 
group of biliary epithelial tumors affecting the intrahepatic CCA (iCCA), perihilar 
CCA (pCCA), and distal bile duct CCA (dCCA)[1]. CCA is the second leading cause of 
liver malignancy after hepatocellular carcinoma (HCC), and the overall incidence and 
mortality rates of CCA have increased progressively worldwide in the last 4 decades
[2]. Primary sclerosing cholangitis (PSC) as a chronic liver disease can increase the risk 
for CCA reaching approximately 10% or 398-fold vs with the general population[3,4]. 
CCA has remained the common cause of death at the global level among PSC patients, 
whereby 30% of all CCAs are recognized annually after diagnosing PSC[5,6]. CCA is 
generally considered to be one of the contraindications in relation to liver 
transplantation characterized by poor prognosis. CCA patients have a median survival 
of 2 years following diagnosis. The only potentially curative treatment chance is 
surgery, depending on the stages of disease[7]. It has been shown that neoadjuvant 
therapy with liver transplantation as a novel treatment exhibits better survival rates 
with fewer recurrence in comparison with conventional resection for localized, node-
negative hilar cholangiocarcinoma (hCCA)[8]. CCAs are a highly aggressive epithelial 
malignancy, and many patients represent advanced stages of disease[9]. Early 
detection of CCA still remains a challenge owing to its ‘silent’ clinical feature (most 
patients in the initial stage at the time of diagnosis are asymptomatic) and difficult to 
reach anatomical sites[10]. It seems that the use of liver transplantation for the 
treatment of CCA can influence clinical outcomes in patients around the world. This 
class of tumor driving from the bile duct epithelial cells is clinically malignant, and its 
occurrence and prognosis are mostly associated with its anatomic location within the 
biliary tree and its chance to achieve complete resection with negative margins[11]. 
This review summarizes the risk factors and molecular pathogenesis of CCA, with a 
focus on PSC and liver transplantation along with advances in classification and 
treatment.

CCA CLASSIFICATION
CCA may be originated from the different cell types of the biliary tract, including 
cholangiocytes, the epithelial cells lining of the biliary surface epithelium, the 
epithelial cells of the peribiliary glands, hepatic progenitor cells, or any other mature 
hepatocytes that have become malignant. In this regard, CCA could also be classified 
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in terms of anatomical, histological, and molecular aspects[12].

Anatomical classification of CCA 
According to anatomical location of the tumor, CCA will most commonly be classified 
into three sub-groups: (1) iCCA; (2) pCCA; and (3) dCCA (Table 1)[12,13]. Given the 
tumor location, iCCA typically arises from the intrahepatic biliary tract including 
segmental bile ducts to smaller branches of the intrahepatic biliary system. Thus, this 
subtype of CCA occurred in the periphery of the second-order bile ducts[13]. Also, 
iCCA represents approximately 20% of all CCA reported cases[14]. pCCA arises 
around the hepatic ducts and their junctions[15]. Finally, dCCA refers to the 
malignancy that occurs in the common bile duct, i.e. originated from Vater’s ampulla
[14,16].

Histological classification of CCA
From the histological point of view, characteristics of pCCA and dCCA that can be 
considered as extrahepatic CCA (eCCA) subtypes are conventionally mucin-producing 
adenocarcinomas or papillary tumors. On the other hand, iCCAs are more hetero-
geneous than two other subtypes of CCA. Histological studies showed that the 
adenocarcinoma is formed by columnar to cuboidal epithelial cells in the tubular 
structures, acini formation, and micropapillary architecture with variable morpho-
logical aspects, which are the most common types of iCCA[12].

Moreover, it has been suggested that, according to the level or size of the displayed 
bile duct, iCCA is classified into two main histological subtypes. First, the small bile 
duct iCCA that presents as small-sized tubular or acinar adenocarcinoma. These 
tumors commonly originated from small intrahepatic bile ducts, progenitor cells, and 
mature hepatocytes[17]. In contrast, large bile ducts iCCA derive from large 
intrahepatic bile ducts and/or associated peribiliary glands. Moreover, depending on 
the origin of the large bile duct iCCA, the histological aspects of this subtype of iCCAs 
are partly similar to pCCA and dCCA. However, the gross examination is not 
sufficient for accurate tumor classification, and further histological, molecular, and 
clinical investigation is required[18].

Molecular classification of CCA
First, it needs to be explained that, due to some differences in the characteristics of the 
existing studies, including different molecular detection methods and diversity in the 
selection of populations, there is still no consensus on the molecular characteristics of 
CCA classification[17]. However, it is possible to establish an acceptable relationship 
between the anatomical and molecular aspects of CCA subtypes. Integrative molecular 
analyses not only provided the functional information for CCA classification but also 
were used to understand the pathogenesis and signaling pathways underlying the 
CCA carcinogenesis and progression[14].

Mutation-based classification is the main approach of CCA molecular classification. 
For instance, the isoforms 1 and 2 of isocitrate dehydrogenase (IDH1 and IDH2) and 
NRAS mutations are the main molecular manifestation of iCCA, whereas eCCA 
typically showed TP53, KRAS, and BRAF mutations[14,19]. Also, it has been reported 
that IDH1/2 and BAP1 mutations and fibroblast growth factor receptor 2 (FGFR2) 
fusions are the main molecular characteristics of iCCA, while protein kinase CAMP-
activated catalytic subunit alpha (PRKACA) and AT-rich interactive domain-
containing protein 1B mutations are more common in eCCA. Besides, KRAS, GNAS, 
and TP53 mutations are shared between iCCA and eCCA[19]. Interestingly, FGFR2 
pairs with PRKACA in iCCA, as well as PRKACB in eCCA[20]

On the other hand, previous molecular studies also have attempted to connect the 
morphological CCA subtypes with specific molecular-based patterns. In this regard, 
the large-duct type iCCAs have a specific molecular property such as high mutation 
frequency of oncogenes and tumor suppressor genes and lack other gene mutations 
that are typically seen in small-duct iCCA. It has been reported that KRAS and TP53 
are two prominent genes with high mutation frequency in the large-duct type iCCAs 
as well as lack of IDH1/2 mutations and FGFR2-fusions, which are molecular charac-
teristics of small-duct iCCA[21].

In addition to mutation and sequence alterations, epigenetic study based on the 
methylation profiles of CCA subtypes can be used for CCA classification. For example, 
CCA has been related to hypermethylation at the promoter of tumor suppressor genes, 
such as DAPK, P14 (ARF), and ASC[22]. Moreover, despite the different patterns of 
methylation in GC-rich regions (CpG islands) in the CCA subtypes-related genes, it 
has been revealed that there is an alteration in CpG methylation that belonged to 
WNT, transforming growth factor-β, phosphatidylinositol 3 kinase, mitogen-activated 



Safarpour AR et al. Cholangiocarcinoma and liver transplantation

WJGP https://www.wjgnet.com 87 September 22, 2021 Volume 12 Issue 5

Table 1 Summary of anatomical, histomorphological, and molecular characteristics of cholangiocarcinoma subtypes

Anatomical classification Histomorphological classification Molecular specification (gene alterations)

Small intrahepatic bile ducts 
iCCA 

Mass forming tumors[17] IDH1/2, FGFR2, EPHA2, BAP1[14,19]iCCA

Large intrahepatic bile ducts 
iCCA

Mass forming, periductal, or intraductal 
mucinous tumors[17,18]

EPHA2, BAP1, KRAS, TP53, GNAS, NRAS, 
MRAS, SMAD4[12,14,21]

Perihilar CCA Intraductal mucinous tumors[12,17] KRAS, TP53, GNAS, NRAS, MRAS, SMAD4, 
ARID1B, PRKACA, BRAF[14,19,24]

eCCA

Distal CCA Periductal mucinous tumors[12,17] KRAS, TP53, GNAS, NRAS, MRAS, SMAD4, 
ARID1B, PRKACB, BRAF[14,19,24]

CCA: Cholangiocarcinomas; iCCA: Intrahepatic CCA; eCCA: Extra-hepatic CCA; EPHA2: Ephrin type-A receptor 2 precursor; FGFR2: Fibroblast growth 
factor receptor 2; BAP1: BRCA1 associated protein-1; NRAS: Neuroblastoma RAS viral [v-ras] oncogene homolog; KRAS: Kirsten rat sarcoma virus; TP53: 
Tumor protein; PRKACA: Protein kinase cAMP-activated catalytic subunit alpha.

protein kinase, and NOTCH signaling pathways[14]. Furthermore, the results of 
various studies showed that molecular characteristics of CCA subtypes consisting of 
sequence and copy number alterations, gene expression, and DNA methylation can be 
categorized into different clusters, but the details of this issue are beyond the scope of 
this article[23].

In addition to the mentioned above, another recent large cohort of CCA suggested 
that according to whole-gene expression data, chromosomal aberrations, and signaling 
pathway activation, CCA can be divided into two molecular subgroups: (1) inflam-
mation class; and (2) proliferation class, which accounts for 38% and 62% of CCA 
cases, respectively[24]. The inflammation class of CCA has been characterized by the 
activation of inflammatory response and overexpression of T helper 2)-related 
cytokines and down-regulation of Th1-related cytokines. Moreover, it has been 
reported that several oncogenic pathways were enriched in the proliferation class that 
is accompanied by activation of receptor tyrosine kinase pathways (i.e. epidermal 
growth factor, RAS, AKT, MET, angiogenesis-related vascular endothelial growth 
factor, and platelet-derived growth factor) and Kirsten rat sarcoma viral oncogene 
homolog mutations[14,24].

Despite all of the before-mentioned data about molecular CCA classification, many 
other studies provide more useful information about molecular characteristics of CCA 
subtypes, such as the information derived from the noncoding RNA alteration, 
proteomics, and radiogenomic studies, which should be discussed in a separate article 
focusing on molecular classification of CCA[24].

Molecular pathogenesis of CCA
Cholangiocarcinogenesis is linked not only with genetic and epigenetic alterations but 
also with major changes in the microenvironment of the tumor. These modifications 
contribute to the triggering of different signaling pathways that are able to drive the 
initiation and progression of tumors[25]. Chronic inflammation contributes to 
increased exposure of cholangiocytes to Wnt inflammatory mediators, interleukin-6, 
cyclo-oxygenase-2, and tumor necrosis factor-alpha, leading to progressive mutations 
in some critical cancer-related genes including tumor suppressors, proto-oncogenes, 
and DNA mismatch-repair[26]. Increased apoptosis, decreased pH, and activation of 
extracellular signal-regulated kinase 1/2, Akt, and nuclear factor-kappa B signaling 
pathways following the accumulation of bile acids from cholestasis lead to promotion 
of survival, cell proliferation, and migration. Vascular endothelial growth factor, 
transforming growth factor-β, hepatocyte growth factor, and other microRNAs 
(miRNAs) are other mediators that are upregulated in CCA. Tumor development, 
angiogenesis, and migration are triggered by increased expression of the glucose 
transporter protein type 1, the cell surface receptor c-Met, and the sodium iodide 
symporter. The composition of the extracellular matrix and macrophage/fibroblast 
recruitment result in stromal shifts that establish a microenvironment to promotes cell 
survival, invasion, and metastasis[25,27-29]. The major signaling pathways involved in 
CCA are illustrated in Figure 1.

Genetic factors in the pathogenesis of CCA
Few studies have described chromosomal abnormalities in CCA, and, due to the 
limited number of samples and large genetic variation between the population groups 
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Figure 1 Major signalling pathways involved in cholangiocarcinoma. The major signaling pathways involved in cholangiocarcinomas could be 
categorized into three main class: (1) Microenvironment and inflammation-related pathways; (2) Pathways related to proliferation/survival/death; and (3) 
Development-related pathways. TGF-β: Transforming growth factor-β; CCA: Cholangiocarcinoma; IL: Interleukin; FGFR2: Fibroblast growth factor receptor 2; PI3K: 
Phosphatidylinositol 3 kinase; ERK: Extracellular signal-regulated kinase; JAK/STAT: Janus kinase and signal transducer and activator of transcription.

examined, the findings have been difficult to interpret. Data have revealed gains at 1q, 
7p, 8q, 17q, and/or 20q and losses at 1p, 3p, 4q, 6q, 8p, 9pq, 13q, 14q, 17p, 18q, and/or 
21q[24,30]. Curiously, genetic heterogeneity may be correlated with CCA in cells other 
than cholangiocytes. Natural killer cells and T-lymphocytes, for instance, express the 
natural killer group 2D receptor that plays an important role in cytotoxicity and tumor 
surveillance regulated by cells. One study indicated that the risk of experiencing CCA 
ranged significantly in patients with PSC, according to the patient's natural killer 
group 2D alleles; some were protective and others more than doubled the risk[31]. As 
potential risk factors for CCA, host genetic factors, alone or combined with environ-
mental factors, have been investigated. For polymorphic variants that may be 
correlated with greater vulnerability to CCA, genes coding for xenobiotic detoxi-
fication, multidrug resistance, enzymes responsible for carcinogen metabolism, DNA 
repair, folate metabolism, and inflammation have been investigated. However, due to 
the inclusion of gallbladder and ampullary cancers in their evaluation in some of these 
reports and the lack of replication in separate cohorts, no conclusive conclusions can 
be taken. Multiple gene polymorphisms have been correlated with greater and 
reduced danger of experiencing CCA in many hospital-based, case-control studies. 
Due to the different populations of the sample and the lack of replication of the study 
in separate cohorts, it is hard to draw definite conclusions about these results. Table 2 
summarizes genetic mutations and polymorphisms associated with CCA.

Epigenetic alterations in CCA
By the advent of array-based and deep sequencing techniques, technological advances 
have taken epigenetics into the omics-age, emphasizing the role of the epigenome in 
the human carcinogenesis process, including DNA CpG methylation, histone modific-
ations, and non-coding RNA organisms. Only few systematic CCA epigenomic reports 
have been conducted, and data on abnormal CpG promoter methylation have mainly 
focused on individual genes in the CCA regulation[32]. In various important cancer-
associated genes in CCA, abnormal epigenetic modulation such as promoter 
hypermethylation, was reported[32,33]. Studies examining these modifications to 
existing prognostic and predictive gene signatures have not yet been investigated in 
CCA to predict the therapeutic benefits of agents targeting the cancer epigenome. In 
CCA, the well-studied epigenetic process is DNA methylation. The promoter regions 
of tumor suppressor genes are highly methylated (promoter hypermethylation) in 
CCA tumorigenesis, which contributes to gene silencing. The promoter 
hypermethylation of genes involved in the repair of DNA, cell cycle, apoptosis, 
metabolism of carcinogen/drugs, and cell adhesion has been documented in CCA[33,
34]. Some of the most frequent epigenetic events reported in CCA by methylation is 
summarized in Table 3.
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Table 2 Genetic mutations and polymorphisms associated with cholangiocarcinoma

Gene (Full name) Protein (Full name) Normal function(s) Ref.

ATP8B1 (ATPase Phospholipid 
Transporting 8B1)

FIC1 (Familial Intrahepatic Cholestasis type 1) Transmembrane phospholipid transfer Wadsworth et 
al[88], 2011

ABCB11 (ATP Binding Cassette Subfamily 
B Member 11)

BSEP (Bile Salt Exporter Pump) Transport of cholate conjugates from 
hepatocytes to bile

Wadsworth et 
al[88], 2011

ABCC2 (ATP Binding Cassette Subfamily 
C Member 2)

MRP2 (Multidrug resistance-associated protein 
2)

Transport of endogenous and xenobiotic 
compounds from hepatocytes to bile

Hoblinger et al
[89], 2009

ABCB4 (ATP Binding Cassette Subfamily 
B Member 4)

MDR3 (MHC class I polypeptide-related 
sequence A)

Transport of lipids from hepatocytes to 
bile

Khabou et al
[90], 2019

COX-2 (Cyclooxygenase 2) COX-2 (Cyclooxygenase 2) Inflammatory cytokine Kim et al[91], 
2002

CYP1A2 (Cytochrome P450 1A2) CYP1A2 (Cytochrome P450 1A2) Xenobiotic metabolism Prawan et al
[92], 2005

KLRK1 (Killer Cell Lectin Like Receptor 
K1)

NKG2D (NKG2-D type II integral membrane 
protein)

Tumor surveillance Melum et al
[93], 2008

MTHFR (Methylenetetrahydrofolate 
Reductase)

MTHFR (5,10-Methylenetetrahydrofolate 
reductase)

DNA methylation Ko et al[94], 
2006

NAT2 (N-Acetyltransferase 2) ARY2(Arylamine N-acetyltransferase 2) Drug and carcinogen metabolism Prawan et al
[92], 2005

PTGS2 (Prostaglandin-endoperoxide 
synthase 2)

PTGS2 (Prostaglandin G/H synthase 2) The key enzyme in prostaglandin 
biosynthesis, and acts both as a 
dioxygenase and as a peroxidase

Sakoda et al
[95], 2006

XRCC1 (X-ray repair cross 
complementing 1)

XRCC1 (DNA repair protein XRCC1) Involved in DNA single-strand break 
repair by mediating the assembly of 
DNA break repair protein complexes

Huang et al
[96], 2008

GSTO1(Glutathione S-transferase omega-
1)

GST01 (Glutathione S-transferase omega-1) Detoxification of endogenous and 
xenobiotic compounds

Marahatta et al
[97], 2006

MICA (MICA PERB11.1) MICA (MHC class I polypeptide-related 
sequence A)

Stress-induced self-antigen and Ligand 
for the KLRK1/NKG2D receptor

Melum et al
[93], 2008

NR1H4(Nuclear Receptor Subfamily 1 
Group H Member 4)

BAR (FXR) (Bile acid receptor (Farnesoid X 
receptor)

Negative feedback inhibitor of bile acid 
synthesis

Wadsworth et 
al[88], 2011

TYMS (Thymidylate Synthetase) TYMS (Thymidylate synthase) DNA repair Razumilava et 
al[61], 2014

XRCC1 (X-Ray Repair Complementing 
Defective Repair in Chinese Hamster Cells 
1)

XRCC1 (DNA repair protein XRCC1) DNA repair Gong et al[98], 
2015

APC (Adenomatous polyposis coli) APC (Adenomatous polyposis coli) Tumor suppressor Kang et al[99], 
1999

ARID1A (AT-Rich Interaction Domain 
1A)

ARID1a (AT-rich interactive domain-containing 
protein 1A)

Transcription factor Razumilava et 
al[61], 2014

BAP1 (BRCA1 Associated Protein 1) BAP1 (Ubiquitin carboxyl-terminal hydrolase 
BAP1)

Regulates cell growth Yoshino et al
[100], 2020

BCL-2 (B cell Lymphoma-2) Bcl-2 (B-cell lymphoma 2) Regulates apoptosis Fingas et al
[101], 2010

BRAF (B Rapidly Accelerated 
Fibrosarcoma)

B-Raf (B-Rapidly Accelerated Fibrosarcoma) Proto-oncogene Sia et al[24], 
2013

BRCA1 (Breast Cancer 1) BRCA1 (Breast cancer type 1 susceptibility 
protein)

Tumor suppressor and DNA repair

BRCA2 (Breast Cancer 2) BRCA2 (Breast cancer type 2 susceptibility 
protein)

DNA repair

Paradiso et al
[102], 2020

CCND1(Cyclin D1) CCND1 (G1/S-specific cyclin-D1) Regulates cell growth Yoshino et al
[100], 2020

CDH1(Cadherin 1) E-cadherin (Epithelial cadherin) Tumor suppressor, cell adhesion

CDK6 (Cyclin-Dependent Kinase 6) CDK6 (Cyclin-Dependent Kinase 6) Controls cell cycle and differentiation

Ross et al[103], 
2014
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CTNNB1 (Catenin Beta 1) Β-catenin Proto-oncogene

EGFR (ERBB1) (Epidermal Growth Factor 
Receptor)

EGFR (ErbB-1) (Epidermal Growth Factor 
Receptor)

Proto-oncogene

ERBB2 (HER2) (Avian Erythroblastosis 
oncogene B2)

ErbB-2 (HER2) (Receptor tyrosine-protein kinase 
erbB-2)

Proto-oncogene

O'Dell et al
[104], 2012

FBXW7 (F-Box and WD Repeat Domain 
Containing 7)

FBXW7 (F-box/WD repeat-containing protein 7) Component of proteasomal protein 
degradation pathway

FGF19 (Fibroblast Growth Factor 19) FGF19 (Fibroblast Growth Factor 19) Regulation of bile salt synthesis

FGFR2 (Fibroblast Growth Factor 
Receptor 2)

FGFR2 (Fibroblast Growth Factor Receptor 2) Cell surface receptor regulating cell 
proliferation, differentiation, migration 
and apoptosis

Ross et al[103], 
2014

IDH1 (Isocitrate dehydrogenase 1) Isocitrate de-hydrogenase 1 (Isocitrate 
dehydrogenase (cytoplasmic))

Glucose metabolism, indirectly mitigates 
oxidative stress

IDH2 (Isocitrate dehydrogenase 2) Isocitrate de-hydrogenase 2 (Isocitrate 
dehydrogenase (mitochondrial))

Glucose metabolism, indirectly mitigates 
oxidative stress

Nabeshima et 
al[105], 2020

Keap1 (Kelch-like ECH-associated protein 
1)

KEAP1 (Kelch-like ECH-associated protein 1) Prevents Nrf2-driven transcription Ma et al[106], 
2020

KRAS (Kirsten Rat Sarcoma) K-Ras (Kirsten Rat Sarcoma) Proto-oncogene Tannapfel et al
[107], 2000

MDM2 (Mouse Double Minute 2) Mdm2 (E3 ubiquitin-protein ligase Mdm2) Proto-oncogene, p53 inhibitor Ross et al[103], 
2014

MYC (Avian myelocytomatosis virus 
oncogene cellular homolog)

Myc (Myc proto-oncogene protein) Proto-oncogene Zhou et al
[108], 2019

NF1 (Neurofibromin 1) NF1 (Neurofibromin) Stimulates Ras activity Ross et al[103], 
2014

PBRM1 (Polybromo 1) PBRM1 (Protein polybromo-1) Negative regulator of cell proliferation Luchini et al
[109], 2017

PIK3CA (Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase Catalytic Subunit 
Alpha)

PIK3CA (Phosphatidylinositol 4,5-bisphosphate 
3-kinase catalytic subunit alpha isoform)

Generates PIP3 that activates signalling 
cascades for cell growth, survival and 
motility

Xu et al[110], 
2011

PTEN (Phosphatase and Tensin Homolog) PTEN (Phosphatidylinositol 3,4,5-trisphosphate 
3-phosphatase and dual-specificity protein 
phosphatase PTEN)

Tumor suppressor Zhu et al[111], 
2014

RAD51AP1 (RAD51 Associated Protein 1) RAD51AP1 (RAD51 Associated Protein 1) DNA damage repair Liu et al[112], 
2021

RASSF1A (Ras association domain family 
1 isoform A)

RASSF1A (Ras association domain-containing 
protein 1 isoform A)

Tumor suppressor Chen et al[113], 
2005

SMAD4 (Small Mothers Against 
Decapentaplegic 4)

SMAD4 (Small Mothers Against 
Decapentaplegic 4)

Tumor suppressor, transcription factor Yoshino et al
[100], 2020

SOCS3 (Suppressor of Cytokine Signaling 
3)

SOCS3 (Suppressor of Cytokine Signaling 3) Signal transduction inhibitor Andersen et al
[114], 2012

TP53 (Tumor Protein 53) p53 (Protein 53) Tumor suppressor O'Dell et al
[104], 2012

NKG2D: Natural killer group 2D.

Non-coding RNAs changes in CCA
MiRNAs are a type of small non-coding RNA that is involved in the post-transcrip-
tional regulation of gene expression. The upregulation/downregulation in multiple 
miRNAs have been reported in CCA, wherein dysregulated miRNAs led to mitosis, 
increased cell survival, and metastasis[35]. However, whether the alteration in miRNA 
expression in CCA is part of the process of carcinogenesis or the consequence of 
established CCA remains to be fully understood[36]. Long non-coding RNAs 
(lncRNAs) widely transcribed in the genome are evolving as key cancer regulators and 
play crucial roles in almost every facet of cell biology, including tumorigenesis. Via 
their association with DNA, proteins, and RNA, lncRNAs control cells' malignant 
transformation. The molecular mechanisms of lncRNA involved in CCA tumori-
genesis may therefore be promising targets for therapeutic intervention and diagnostic 
applications in the battle against cancer[37,38]. The majority of upregulated genes are 
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Table 3 DNA methylation in the genomic sequences of specific genes that are associated with the pathogenesis of cholangiocarcinoma

Gene 
(location) Function Epigenetic modification/effect Outcome Ref.

p16INK4A or 
CDKN2A (9p21)

Tumor suppressor gene Regulates 
cell proliferation and oncogenesis

Promoter region hypermethylation of the p16
INK4A results in gene inactivation. Common 
event in PSC-associated CCA 

More frequent in ECC cases. More 
commonly observed in tumors with 
vascular invasion. Poor clinical 
outcome 

Ueki et al
[115], 2004

p14ARF (9p21) Encoded by the β transcript of 
CDKN2A (p16/CDKN2A)

Methylation of p14ARF MF = 38 and 25% 
(32.35); 40.2% liver fluke CCA (37)

Increased tumorigenesis in CCA Kim et al
[116], 2007

p15INK4b or p15 
(9p21)

Effecter of TGF-β-mediated cell 
cycle arrest

Promoter hypermethylation of p15 gene Increased tumorigenesis in CCA

p73 gene (1p36.3) Tumor suppressor gene and 
related to the p53 gene

Promoter region hypermethylation increased 
tumorigenesis 

Increased tumorigenesis in CCA

Yang et al
[117], 2005

TMS1/ASC 
(16p11.2)

Tumor suppressor gene Aberrant methylation of the TMS1/ASC cause 
inactivation of gene 

Associated with CCA Liu et al
[118], 2006

FHIT (3p14.2) Tumor suppressor gene Promoter hypermethylation of the FHIT gene 
results in epigenetic silencing of the FHIT 
promoter region 

Development of intrahepatic CCAs Foja et al
[119], 2005

RASSF1A 
(3p21.3)

Tumor suppressor gene induces 
cell cycle arrest by inhibiting the 
accumulation of cyclin D1

Hypermethylation of its CpG island promoter 
region results in inactivation 

Promoter methylation is more 
common in ECC than 

Wong et al
[120], 2002

hMLH1 (3p21.3) DNA mismatch repair gene Promoter methylation/hypermethylation of 
the hMLH1 gene

Methylation frequencies vary in 
sporadic CCA, biliary papillary, 
neoplasms, and liver fluke-related 
CCA. Associated with poorly 
differentiated subtype of CCA with 
vascular invasion 

Yang et al
[117], 2005

APC (5q21–q22) Tumor suppressor gene Controls 
cell division, cell-cell interactions 
and cell migration and invasion, 
and conservation of chromosomal 
number during cell division

APC gene hypermethylation Worse clinical outcome in CCA

RAR-β (or HAP, 
RRB2 and 
NR1B2) (3p24)

Mediates cellular signaling in 
embryonic morphogenesis, cell 
growth and differentiation by 
regulating gene expression

Gene silencing by promoter region 
hypermethylation Results in increased 
tumorigenesis 

Increased tumorigenesis in CCA

Yang et al
[117], 2005

Epithelial (E) 
cadherin gene 
(16q22.1)

Tumor suppressor gene Hypermethylation of the promoter region of E 
gene Results in loss of function and contribute 
to progression of cancer by increasing 
proliferation, invasion and metastasis

Development of intrahepatic CCA Lee et al
[121], 2002

DAPK (9q34.1) Tumor suppressor gene Positive 
mediator of interferon-γ (IFN-γ)-
induced programmed cell death

DAPK gene hypermethylation Associated with poorly 
differentiated CCAs and with a 
poor prognosis 

CHFR gene 
(12q24.33)

Tumor suppressor gene Delays the 
entry into the metaphase

Gene silencing by promoter hypermethylation Increased tumorigenesis in CCA

RUNX3 gene 
(Ip36)

Tumor suppressor gene Regulate 
proliferation of the biliary tract 
epithelium

Methylation of RUNX3 results in gene 
silencing 

Associated with poorer survival 

Tozawa et 
al[122], 
2004

GSTP gene (1q43) Regulate drug and xenobiotic. 
metabolism

Promoter region hypermethylation Hypermethylation more frequent in 
ICCA than in ECC 

Lee et al
[121], 2002

MGMT gene 
(10q26)

Responsible for repairing 
alkylation. DNA damage inhibits 
estrogen receptor-mediated cell 
proliferation

Methylation of discrete regions of the MGMT 
CpG island, results in heterochromatinization 
of the MGMT transcription start site and 
silencing of the gene

Increased frequency of GC to AT 
transitions in oncogenes and tumor 
suppressor genes and a poor 
prognosis 

Koga et al
[123], 2005

BLU gene 
(3p21.3)

Tumor suppressor gene Gene methylation Increased tumorigenesis in CCA

SEMA3B 
(3p21.3)

Tumor suppressor gene by 
inducing apoptosis. Plays a critical 
role in the guidance of growth 
cones during neuronal 
development

Methylation of SEMA3B gene Increased tumorigenesis in CCA

Tischoff et 
al[124], 
2005

TIMP3 gene Plays a role in the induction of Lee et alCpG island methylation of TIMP3 gene Associated with worse survival
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(22q12.3) apoptosis [121], 2002

RIZ1 Tumor suppressor gene Methylation of RIZ1 Results in chromatin 
compaction and gene silencing MF = 38% 
liver fluke CCA (47)

Increased proliferation and 
migration of CCA cell line

Khaenam 
et al[125], 
2010

OPCML Tumor suppressor gene Hypermethylation of OPCML Increased tumorigenesis in CCA Sriraksa et 
al[126], 
2011

GSTP1 Tumor suppressor gene Methylation of GSTP1 Increased tumorigenesis in CCA Yang et al
[117], 2005

COX-2/PTGS2 
(1q25.2–q25.3)

Acts both as a dioxygenase and as 
a peroxidase

Methylation of COX-2 gene Increased tumorigenesis in CCA Lee et al
[121], 2002

THBS1 gene 
(15q15)

Mediates cell-to-cell and cell-to-
matrix interactions and play roles 
in platelet aggregation, 
angiogenesis and tumorigenesis

Hypermethylation in the promoter region of 
THBS1 gene 

Increased tumorigenesis in CCA Tischoff et 
al[124], 
2005

SOCS3 responsible for sustained IL-
6/STAT-3 signaling and enhanced 
Mcl-1 expression in 
cholangiocarcinoma

Hypermethylation in the promoter region of 
SOCS3 gene 

Increased tumorigenesis in CCA Zhang et al
[127], 2012

TGF-β: Transforming growth factor-β; CCA: Cholangiocarcinomas; IL: Interleukin; TIMP3: Tissue inhibitors of metalloproteinase 3; SOCS3: Suppressor of 
cytokine signaling 3; STAT-3: Signal transducer and activator of transcription; THBS1: Thrombospondin 1; SEMA3B: Semaphorin 3B; GSTP1: Glutathione 
S-transferase pi gene; OPCML: Opioid binding protein/cell adhesion molecule-like gene; MGMT: O6-methylguanine DNA methyltransferase; RIZ1: 
Retinoblastoma protein-interacting zinc finger gene 1.

involved in carcinogenesis, diseases of the hepatic system, and transduction of signals. 
The miRNAs and lncRNAs related to the promotion of the pathogenesis of CCA are 
indicated in Tables 4 and 5.

EPIDEMIOLOGY
Several publications have shown that PSC has an annual incidence rate of 0.77 per 
100000 persons. PSC is more prevalent in adults between 25-years-old and 45-years-
old; the median age of diagnosis of PSC is 41 years. Patients with PSC have a consid-
erably higher risk of CCA, with an estimated incidence rate ranging from approx-
imately 0.5% to 1.5% annually and lifetime incidence of 20%[4,39,40]. The estimated 
prevalence of CCA in patients with PSC ranges from 6.5% to 13.3%[4,41,42]. A recent 
cohort study on 7121 patients from 37 countries showed the prevalence of CCA in 
patients with PSC to be 8.3%[43]. In high prevalence regions, such as Scandinavian 
countries, PSC is the most common indication for liver transplantation[44]. Death 
attributed to PSC is increased nearly four-fold as compared to the general population, 
in part because of end-stage liver disease; however, more than 40% of deaths in PSC 
patients have been attributed to cancer development[4].

In Western countries, PSC is the most common known predisposing factor for CCA. 
The risk of CCA development per year among patients with PSC is 0.5% to 1.5%, with 
estimated lifetime prevalence of 5%–10%[45]. Several potential risk factors for CCA in 
PSC patients have been evaluated; smoking and alcohol consumption are increasingly 
recognized as risk factors for CCA[46].

Epidemiologic data studies regarding CCA mortality risk indicate that age-adjusted 
death rate for iCCA is increasing while trend mortality from pCCA and dCCA is 
expected to decrease worldwide[47]. Although the recorded rise in the incidence of 
CCA during the past 30 years has been observed as an increase in iCCA, it might be 
due to potential misclassification of perihilar tumors as iCCAs[48]. The age-adjusted 
incidence rate according to the United States database for iCCA enhanced from 0.59 
per 100000 population in 1990 to 0.91 in 2001. Subsequently, the age-adjusted incidence 
rate decreased to 0.6 per 100000 population by 2007. Contrarily, the incidence rate 
among pCCA plus dCCA patients remained approximately 0.8 per 100000 population 
until 2001 then steadily increased to 0.97 until 2007. Perihilar CCA was identified as 
iCCAs before 2001 and subsequently was recognized as pCCA after releasing the 3rd 
edition of Classification of Tumors. This amendment plausibly affected the aforemen-
tioned alterations in specific incidence rates of both CCA subtypes[49].
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Table 4 Unique microRNAs that were identified to promote the pathogenesis of cholangiocarcinoma

miRNAs Target gene Correlation with CCA 
tumorigenesis Upregulated/downregulated Ref.

miR-26a GSK-3b Tumor growth Upregulated Zhang et al[127], 2012

miR-24 MEN1(11q13) Tumor suppressor gene Upregulated Ehrlich et al[128], 2017

miR-29b MCL-1 Tumor suppressor gene Downregulated

let-7a NF2 Tumor suppressor gene Upregulated

Stutes et al[129], 2007

miR-148a DNMT-1 Regulate methyltransferase Downregulated Braconi et al[130], 2010

miR-124 SMYD3 Migration and invasion of CCA 
cells

Downregulated Zeng et al[131], 2012

miR-21 PTEN Tumor suppressor gene Upregulated Meng et al[132], 2006

miR-152 DNMT-1 Regulate methyltransferase Downregulated Braconi et al[130], 2010

miR-200b PTPN12 Tumor suppressor gene Upregulated Meng et al[132], 2006

miR-429 CDH-6 Tumor suppressor gene Upregulated Goeppert et al[133], 
2016

miR-122, miR-145, miR-
200c, miR-221, and miR-
222

Multiple Associated with tumorigenesis of 
ICCA

Downregulated

miR-21, miR-31, and miR-
223

Multiple No association with clinic-
pathological parameters of CCA

Upregulated

Karakatsanis et al[134], 
2013

miR-370 MAP3K8 Tumor suppressor gene Downregulated Stutes et al[129], 2007

miR-141 CLOCK Tumor suppressor gene Upregulated Meng et al[132], 2006

miR-214 Twist Oncogene Downregulated Li et al[135], 2012

CCA: Cholangiocarcinoma; CXCR4: C-X-C chemokine receptor type 4; MAP3K8: Mitogen-Activated Protein Kinase Kinase Kinase 8; PTEN: Phosphatase 
and TENsin homolog deleted on chromosome 10; GSK-3b: Glycogen synthase kinase 3 beta; SMYD3: SET and MYN-domain containing 3; MCL-1: myeloid 
cell leukemia-1; NF2: Neurofibromatosis type 2.

iCCA is a primary carcinoma of the liver with rare entity, accounting for about 3% 
of global gastrointestinal cancers[50]. iCCA comprises 8%–10% of all CCA and has a 
distinguished disease course, incidence, and prevalence of disease from hilar and 
eCCA[51]. In addition, in spite of the fact that iCCA has been historically mistaken for 
other HCC[52], previous studies have shown that ICC accounts for 10%–20% of 
primary liver malignancies[53]. iCCA is uncommon in individuals under 40 years of 
age; it occurs primarily at an old age with the peak incidence in the 5th and 7th decade 
of life[54]. In the United States it is estimated a slight male predominance in iCCA 
cases (1.5 fold) over women[54].

Despite the low frequency of iCCA vs HCC, the incidence of iCCA appears to be 
increasing worldwide[55]. This increased risk of incidence rate is independent of 
tumor size and staging, and it is implausibly secondary to earlier diagnosis[55]. In the 
United States the incidence of iCCA during the past 30-year period enhanced 165% to 
0.95 cases/100000 population[55]. A similar rise in iCCA incidence rate has also been 
reported in the United Kingdom, Japan, and Crete[56].

Globally, there is a certain disparity incidence of iCCA, with markedly lower rates 
of iCCA reported in Western nations when compared to East Asian countries[50]. This 
demographic variation is explained mainly by the prevalence of risk factors for iCCA 
in these East Asian countries[57].

In addition, Hispanic-Americans (1.22 per 100000 population) were considered to be 
significantly susceptible to high incidence of iCCA compared to other ethnic groups; 
for instance, African-Americans have a low rate of incidence (0.3 per 100000 
population). The researchers have shown that this disparity may reflect genetic 
diversity, cultural differences, and socio-economic status in iCCA susceptibility[58].

Several risk factors implicated in iCCA pathogenesis have demographical 
prevalence. A previous report indicated that approximately 40% of iCCA patients will 
have no detectable risk factor, suggesting the need to be explored for further research 
in this regard[59].
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Table 5 Upregulated long non-coding RNAs that are reported in cholangiocarcinomas

LncRNA Possible mechanism Clinical relevance Ref.

AFAP1-AS1 (1) Decreasing the expression of c-Myc, Cyclin D1, MMP-2 and MMP-
9; and (2) Decreasing the AFAP1 expression and promoting cell stress 
filament integrity

Unfavorable prognostic biomarker; 
potential therapeutic target

Lu et al[136], 2017

CCAT2 - Unfavorable prognostic biomarker; 
potential therapeutic target

Xu et al[137], 2018

HULC Activating CXCR4 by sponging to miR-372/miR-373 as ceRNA Potential therapeutic target Wang et al[138], 2016

ASAP1-IT1 Interacting with hedgehog signaling pathway Unfavorable prognostic biomarker; 
potential therapeutic target

Guo et al[139], 2018

CPS1IT1 Coexpressed with host gene CPS1 Unfavorable prognostic biomarker; 
potential therapeutic target

Lu et al[136], 2017

EPIC1 Directly interacting with Mys - Li et al[140], 2018

H19 Activating IL-6 by sponging to let-7a/let-7b as ceRNA Unfavorable prognostic biomarker; 
potential therapeutic target

Xu et al[141], 2017

CCAT1 Sponging to miR-152 as ceRNA Independent prognostic factor; 
potential therapeutic target

Jiang et al[142], 2017

LINC01296 Modulating MYCN transcription by sponge miR-5095 as ceRNA Potential therapeutic target Jiang et al[142], 2017

PCAT1 Enhancing Wnt/β-catenin signaling through miR-122 repression and 
WNT1 expression

Potential therapeutic target Zhang et al[143], 2017

SNHG1 Modulating cancer-related gene like CDKN1A by co-operating with 
chromatin-modifying enzymes as EZH2

Unfavorable prognostic biomarker; 
potential therapeutic target

Yu et al[144], 2018

MALAT1 (1) Activating PI3K/Akt pathway; and (2) miR-204-dependent CXCR4 
regulation as ceRNA

Unfavorable prognostic biomarker; 
potential therapeutic target

Tan et al[145], 2017

PVT1 Binding to epigenetic modification complexes, adjusting the 
expression of ANGPTL4

Potential therapeutic target Yang et al[146], 2018

UCA1 (1) Facilitating apoptosis via Bcl-2/caspase-3 pathway; (2) Activating 
AKT/GSK-3β/CCND1 axis; and (3) Upregulating MMP-9

Unfavorable prognostic biomarker; 
potential therapeutic target

Xu et al[147], 2017

SPRY4-IT1 Recruiting EZH2, LSD1 or DNMT1 via sponging to miR-101-3p Unfavorable prognostic biomarker; 
potential therapeutic target

Xu et al[148], 2018

T-UCRs Downstream of Wnt pathway and sponging to miR-193b Unfavorable prognostic biomarker; 
potential therapeutic target

Carotenuto et al[149], 
2017

LncRNA: Long non-coding RNAs; ceRNA: competing endogenous RNAs; MMP9: Matrix metallopeptidase 9; EZH2: Enhancer of zeste homolog 2; PI3K: 
Phosphoinositide 3-kinase; LSD1: lysine-specific demethylase 1; DNMT1: DNA (cytosine-5)-methyltransferase 1; CCND1: cell cycle proteins, cyclin D1; 
ANGPTL4: Angiopoietin-like protein 4.

It is believed that PSC is a predisposing factor for the development of iCCA. Both 
biliary inflammation and subsequent chronic proliferative activation of hepatic stem 
cells potentially predispose to iCCA formation[60]. It has been reported that PSC 
patients possess a lifetime incidence of CCA from approximately 5%–10%, while 50% 
of cases are recognized during 2 years of the course of PSC[61]. Additionally, 
researchers showed a predisposing risk of iCCA (odds ratio: 2.2; 95% confidence 
interval: 1.2–3.9) in ulcerative colitis patients[59]. The iCCA arose in PSC patients 
earlier, despite most individuals diagnosed between the ages of 30 and 50.

Recent results indicated that cancer risk is higher among patients with primary 
biliary stones and chronic biliary tract inflammation. Furthermore, incidence risk of 
iCCA has been found to be approximately 7% in hepaticolithiasis patients[61]. Another 
Asian study demonstrated that hepaticolithiasis in CCA patients followed by surgical 
resection is nearly 70% in Taiwan[60].

Furthermore, congenital anomalies of biliary tree, like Caroli’s disease and 
fibrocystic hepatic disorder, reveal approximately 15% lifetime risk factors of iCCA 
following the 2nd decade of life[60]. Caroli’s disease is a rare inherited disorder charac-
terized by cystic widening of ducts in the liver, usually in a bilobar pattern. iCCA risk 
has been shown to be rising among subjects with bile stasis, cholangitis, and chronic 
inflammation[62].

CCA represents approximately 3% of all gastrointestinal cancers. The total incidence 
rate of CCA appears to have increased dramatically over the past 30 years[49]. The 5-
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year overall survival rates after diagnosis remained at 10% during this span of time
[46].

LIVER TRANSPLANTATION
CCA is a highly fatal malignancy tumor due to late clinical presentation[57]. While it is 
generally believed that standard of care is resection, most patients who present with 
metastatic disease are deemed unresectable[63]. The liver transplantation outcomes 
alone for unresectable conditions have been disappointing[64]. A previous study 
examined the effectiveness of a novel modality combining neoadjuvant chemoradio-
therapy followed by liver transplantation. Survival outcomes from a combination of 
neoadjuvant chemoradiotherapy and liver transplantation for CCA are considerably 
excellent in comparison with resection[65]. Thus, even if transplantation may be a 
useful cure for unresectable iCCA, survival output remains poor. Orthotopic liver 
transplantation utilization is increasing within the United States and appears 
promising because it may obviate complications to achieve surgical margins into the 
liver. Unfortunately, efforts during the past decades were poor. In addition, according 
to the registry between 1968 and 1997, researchers have reported a 28% 5-year survival 
rate with a 51% risk of tumor recurrence rate after liver transplantation[64]. Further-
more, during the first 2 years, 84% of recurrences were identified and can occur in up 
to 47% of candidates of liver allograft. Other surgery centers in Europe reported a 
similar result; the 3-year survival for 36 patients was 30%[66]. Accordingly, most liver 
transplant centers historically consider CCA a contraindication for liver 
transplantation[67].

There are many benefits for liver transplantation vs conventional resection to 
acquire complete elimination of tumor. There is some difficulty in evaluating hepatic 
duct tumor involvement before resection, and this is the most frequent reason for 
failure towards the achievement of an R0 resection. This problem is considerably 
obviated by liver transplantation. Liver transplantation promotes extirpation of all 
adjacent tissue and resection of the caudate. Liver transplantation facilitates arterial 
and portal venous inflow preservation to the remaining liver. Liver transplantation 
provides wide local excision and higher patient survival than what could be achieved 
with conventional resection[8].

Researchers conclude that neoadjuvant supportive treatment therapy in 
combination with liver transplantation presently appears to have fared far better than 
resection for selected patients with regional lymph node negative hCCA. Surgical 
staging information is essential; 23% of patients had localized lymph node metastases 
and concomitant extrahepatic disorder, which increased subsequent risk for 
transplantation. In a quarter of patients with underlying PSC, pancreatoduodenectomy 
may be required to obtain complete removal of the patient’s tumor with biliary tract 
involvement at the time of transplantation. Liver transplantation in combination with 
neoadjuvant treatment should be considered as an alternative option to surgical 
resection for patients with hCCA[8].

Liver transplantation as an important therapeutic option for iCCA is still debated. It 
has been reported that iCCA recurs within 5 years of liver transplantation among 70% 
of patients[68]. Locoregional interventions, such as radiofrequency ablation and 
transarterial chemoembolization, have garnered attention as a therapeutic alternative 
for localized, unresectable iCCA patients[69]. The standard treatment for patients with 
advanced-stage iCCA is the most common combinations, which includes systemic 
chemotherapy regimen of gemcitabine and cisplatin. According to a recent clinical 
study, liver transplantation could be a treatment choice for patients with early 
detected unresectable iCCA (i.e. ≤ 2 cm), with better survival results compared with 
those of HCC[70].

iCCA remains a contraindication for liver transplantation in most clinical centers 
around the world because of very poor prognosis, with a 2-year overall survival rate of 
approximately 30%[71]. The lack of standardization due to different patients’ selection 
and the absence of neoadjuvant treatments are expected to change outcomes[72]. The 
best survival was achieved in hCCA thanks to careful patient selection for neoadjuvant 
radiotherapy. Results from cohort studies after 2014 confirmed promising results after 
liver transplantation for iCCA[70]. The significance of proper patient selection criteria 
was first evaluated in a global multicentric report among iCCA patients who 
underwent liver transplantation[70]. The only curative treatments available for pCCA 
are surgical resection and neoadjuvant chemoradiation therapy after liver 
transplantation. Owing to the existence of parenchymal liver disease, PSC patients in 
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most cases need liver transplantation as the preferred choice when compared to 
surgical resection[1]. Besides this, recent studies confirm that in PSC patients, intense 
immunosuppression ensuing liver transplantation increased risk of disease recurrence
[73]. Liver transplantation for pCCA patients following neoadjuvant chemoradiation 
treatment establishes a proper long-term survival rate in a group of selected 
candidates with unresectable early stage pCCA and patients with PSC–related pCCA. 
Commitment to appropriate selection criteria, heavy neoadjuvant intervention, 
operative staging before liver transplantation, and specified technical procedures 
throughout the transplant process are required for success[74].

The research evidence shows that neoadjuvant therapy for liver transplantation is 
an effective treatment for unresectable early stage pCCA and pCCA occurring in the 
setting of PSC[75]. Recently, programmed cell death protein 1 inhibitors are noticed as 
a promising therapeutic option for CCA. Chimeric antigen receptor T cells, oncolytic 
viruses cancer vaccines and bispecific antibodies, show a remarkable ability to achieve 
satisfactory results.

Furthermore, the combinations of immunotherapy with other immunotherapeutics 
such as conventional therapies display some efficacy, and various studies have 
provided new insights into their administration in antitumor therapy[76]. The main 
barrier to successful liver transplantation and effective treatment is the availability of 
donor organs[75]. According to data from the Mayo Clinic and several other centers, 
from the start of therapy, a promising survival rate between 5-10 years was reached
[77]. Post-transplant survival is approaching 50% at 5 years for both pCCA–related 
PSC and de novo pCCA, and these findings rationalize the use of both deceased and 
living donors.

After onset of this therapy in 1993, significant increases were observed in the time 
elapsed between the end of neoadjuvant treatment and liver transplantation. This 
interval can differ widely between patients by blood type compatibility, transplant 
center address, and availability of living donor organs. It has been shown that longer 
time elapsed between neoadjuvant therapy and liver transplantation results in 
reducing local recurrence[78]. Selection of patients with prolonged intervals and better 
oncologic biography, who are less susceptible to advancing the disease following 
neoadjuvant treatment, are less prone to develop recurrence post-transplantation. 
However, patients with radiation-induced fibrosis and longer intervals can 
significantly complicate the staging and transplant operations. Living donor liver 
transplant (LDLT) may solve these problems by removing the need to waitlist for a 
deceased donor and help physicians for optimal timing of liver transplantation. Recent 
findings based on clinical study demonstrated that LDLT and deceased donor liver 
transplant (DDLT) outcomes for pCCA-associated PSC are similar. In addition, LDLT 
for de novo pCCA shows a recurrence tendency and slightly worse patient survival 
outcomes vs DDLT. Despite these minor differences, researchers have been looking 
into possible mechanisms of disease progression following neoadjuvant treatment for 
a period to choose those patients who are at risk due to disease progression in order to 
prevent post-transplant disease recurrences[79]. A previous report indicated that liver 
transplantation is more effective and achieved better survival and less recurrence than 
surgical resection, and that the indications for liver transplantation and neoadjuvant 
treatment should advocate for resectable pCCA patients. According to these favorable 
findings, physicians have advocated for this viewpoint for patients with pCCA-
associated PSC and transplanted many such patients at many transplant centers.

The role of neoadjuvant chemoradiation therapy and liver transplantation remains a 
consideration though, especially in de novo pCCA patients. Earlier studies were 
equivocal and unable to detect whether a subset of patients with de novo pCCA may 
benefit from liver transplantation vs surgical resection[80]. In 2015, American Hepato-
Pancreato-Biliary Association recommended that surgical resection can be standard 
curative treatment for patients with resectable de novo pCCA[81]. Recent reports have 
suggested that liver transplantation vs surgical resection for hCCA patients who may 
need a liver transplant had better prognosis than those found after resection[82]. 
Analysis of results obtained from multicenter study between 2000 to 2015 showed that 
patients with pCCA not associated with PSC continued to show superiority of 
transplant compared to resection with promising post-transplant survival outcomes at 
3 and 5 years (54% vs 44%, P = 0.03; 54% vs 29%, P = 0.03)[82]. Additionally, 
researchers pointed out 5-year estimated overall survival of 41% for patients enrolled 
onto clinical trials of neoadjuvant treatment/transplant procedure vs 27% among those 
patients who underwent surgical resection[83]. This discrepancy (14%) is too minor to 
approve the use of a donor liver for resectable non-PSC related pCCA[83]. In France a 
multi-center randomized clinical trial evaluating neoadjuvant chemoradiation and 
liver transplantation in comparison with resection will further elucidate pivotal details 
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on these equivocal results.
In brief, over the past 2 decades liver transplantation has been currently considered 

the proven treatment of unresectable early stage pCCA and pCCA associated with 
PSC. Outstanding findings can be attained by stringent adherence to patient selection 
criteria and clinical management, application of high-dose neoadjuvant radiation 
therapy, and clinical staging before liver transplantation. Liver transplantation in 
combination with neoadjuvant treatment can obtain outcomes similar to surgical 
resection for unresectable early stage pCCA patients, and this is the treatment of 
choice administered for patients with pCCA arising in the setting of PSC[84]. Approx-
imately 5% of all cases affected by pCCA require liver transplantation under the Mayo 
eligibility criteria. If the liver does not work properly, without transplantation, a 
median survival time is approximately 1 year. pCCA is reported as the most common 
malignancy and aggressive type of the biliary duct and arises from biliary lining the 
liver hilum[85]. The Mayo Clinic and other international centers are recently selecting 
the optimal subgroup to treat patients with locally advanced pCCA by neoadjuvant 
chemoradiation in combination with liver transplantation[65,86]. Outcome of patients 
treated according to this guideline, a 5-year survival rate of 53%, marginally improves 
the survival rate of patients after surgery for resectable type of disease[86,87].

CONCLUSION
It is most important to understand oncological suitability, donor liver organ 
availability, as well as ability to obtain appropriate long-term results in patients with 
CCA with or without PSC. In pCCA not associated with PSC, liver transplantation 
seems to provide promising survival. In resectable types of pCCA patients, 
neoadjuvant chemoradiotherapy and liver transplantation by strict selection criteria 
may improve the survival rate of patients compared to unresectable early stage pCCA 
patients. Owing to the shortage of available organs, it still remains unknown whether 
liver transplantation and neoadjuvant chemoradiotherapy should be increasingly 
considered for other classifications of CCA. Imbalance between organ supply and 
demand further conducts a need for stringent indications and contraindications in 
recognizing liver transplantation proper status. It is also essential for doctors to stay 
up to date with the general indications for liver transplantation and to consider when 
it is suitable or unsuitable to refer patients for transplant evaluation.
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Abstract
Bacteria of the human intestinal microflora have a dual role. They promote 
digestion and are part of a defense mechanism against pathogens. These bacteria 
could become potential pathogens under certain circumstances. The term 
“bacterial translocation” describes the passage of bacteria of the gastrointestinal 
tract through the intestinal mucosa barrier to mesenteric lymph nodes and other 
organs. In some cases, the passage of bacteria and endotoxins could result in 
blood stream infections and in multiple organ failure. Open elective abdominal 
surgery more frequently results in malfunction of the intestinal barrier and 
subsequent bacterial translocation and blood stream infections than laparoscopic 
surgery. Postoperative sepsis is a common finding in patients who have 
undergone non-elective abdominal surgeries, including trauma patients treated 
with laparotomy. Postoperative sepsis is an emerging issue, as it changes the 
treatment plan in surgical patients and prolongs hospital stay. The association 
between bacterial translocation and postoperative sepsis could provide novel 
treatment options.

Key Words: Bacterial translocation; Major gastrointestinal surgery; Postoperative sepsis; 
Intestinal permeability; Microbiota
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Core Tip: Increased intestinal permeability can potentially induce intestinal flora 
dysbiosis. Bacterial translocation, attributed to intestinal barrier impairment, may lead 
to systematic infection in the postoperative period. The definitive correlation between 
translocation and postoperative sepsis is yet to be proven, but the latter is an emerging 
issue for patients undergoing major gastrointestinal surgeries.
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INTRODUCTION
The incidence of postoperative sepsis has increased in the past decades, with the 
proportion of severe sepsis cases rising to unprecedented levels. Cases of sepsis are 
noted both after elective and emergency surgeries, but in the cases of elective 
surgeries, mortality is not respectively affected[1]. Gastrointestinal perforation is the 
most common surgical condition requiring immediate surgical intervention. More 
specifically, colonic perforation may cause peritonitis through the spread of bacteria 
from the intestines, and, therefore, there is a high risk for further bacterial spread via 
blood flow[2].

Gut microbiota affects the host decisively in both states of health and illness. The 
human gut microbiota consists of numerous bacteria that coexist and play a beneficial 
role in normal functions of the intestine. In normal conditions, bacteria of the gut assist 
in the absorption of nutrients. In illness, there are vast changes that alter the balance of 
these bacteria, leading to proliferation of potentially dangerous bacteria, capable of 
causing infections[3]. Diseases like colorectal cancer, inflammatory bowel disease, and 
diseases of the liver could alter the relationship between bacteria of the gut and the 
host.

In addition to bacterial dissemination due to mechanical disruption of the continuity 
of the intestinal barrier, as in the case of perforation, another potential mechanism 
proposed is bacterial translocation. Bacterial translocation is the movement of bacteria 
or their products from the intestinal lumen through the mucosa layer to a normally 
sterile tissue[4]. The most common routes for bacterial passage from the intestine to 
the systemic circulation and eventually to distant organs are the lymphatic route and 
the vascular route[5].

Major abdominal surgeries are procedures that promote an imbalance in intestinal 
bacteria. Patients undergoing major abdominal surgery are considered at high risk of 
developing postoperative infections as a result of bacterial translocation. Those 
undergoing emergency surgery are at even higher risk[6]. An increase in morbidity 
and mortality has been shown in cases of ascertained translocation to locoregional 
mesenteric lymph nodes[7,8].

ROLE OF THE INTESTINAL BARRIER
The intestinal barrier interacts with the contents of the intestinal lumen at immuno-
logical and chemical levels, besides being a physical barrier. It is composed of a single 
layer of columnar epithelial cells, which have diverse functions, such as absorptive, 
secretory and immune functions. The majority of intestinal epithelial cells are 
absorptive enterocytes. Other types of intestinal epithelial cells are secretory goblet 
cells, Paneth cells, and enteroendocrine cells. All these cells are under constant renewal 
by intestinal epithelial stem cells located in the bases of mucosal crypts[9].

Commensal bacteria found in the intestinal lumen prevent the proliferation of 
potential pathogens through regulating intestinal pH and decreasing the nutrients 
required by those pathogens. On the surface of the lumen, a layer of water, the 
glycocalyx, and the mucus layer containing immunoglobulin A (IgA) create a first 
defensive line, preventing adhesion of pathogenic bacteria to the epithelium and 
diminishing interaction between pathogen and epithelial cells. In addition, antimi-
crobial agents secreted by epithelial cells attract monocytes and assist in the 
opsonization of macrophages. Immunoglobulins and cytokines are secreted by cells of 
the lamina propria, as those cells are part of the innate and acquired immune system 
and play a vast role in immunological regulation in the intestine[10]. Besides having a 
role as a physical barrier, the mucus layer of the intestine contains an abundance of 
secretory IgA and antimicrobial proteins. There is a substantial difference in the 
composition of the mucus layer between the small and large intestine. This layer in the 
small intestine is penetrable by bacteria, while the large intestine has both a penetrable 
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outer mucus layer and an impenetrable inner mucus layer. Intestinal epithelial cells 
create a defense barrier below the layers of mucous inside the lumen of the intestine
[11]. A barrier formed by mucins between the intestinal lumen and intestinal epithelial 
cells can regulate expression of tolerogenic and inflammatory cytokines[12].

INTESTINAL PERMEABILITY
Intestinal epithelial cells are connected to each other with tight junctions[9,10]. Tight 
junctions are an assembly of multiple proteins located on the apical part of 
neighboring epithelial cells and affect paracellular permeability, as they selectively 
regulate permeability. Tight junctions are fundamental in maintaining intestinal 
barrier function. They act as adhesive and mechanical mediators, maintaining barrier 
function, but do not seal the paracellular space. There are two functional protein 
categories, namely integral transmembrane proteins that form a network between 
adjacent cell membranes and peripheral membranes. Four integral transmembrane 
proteins are occludin, claudin, junctional adhesion molecule, and tricellulin[13,14]. In 
certain conditions of intestinal inflammation, it is shown that these tight junctions 
dysfunction, increasing permeability. The repair process of the epithelial cells affects 
intestinal motility and is considered an important factor in intestinal barrier function[9,
10,15].

Intestinal permeability is the condition during which soluble molecules and fluids 
are exchanged between the intestinal lumen and tissues. In normal conditions, 
intestinal barrier homeostasis acts to prevent this exchange, but both permeability and 
barrier function are dynamic states[16]. Dysfunction of the mucosal barrier can be 
found in both stress-associated conditions and in a diverse group of conditions in 
otherwise healthy people. It has been shown that there is increased intestinal 
permeability in patients with gastroenterological diseases correlated with intestinal 
inflammation, especially in those with inflammatory bowel disease. In addition, 
healthy relatives of these patients are at high risk of developing increased intestinal 
permeability[17,18]. Use of non-steroidal anti-inflammatory drugs may alter the 
structural normality of the intestinal lumen, thereby impairing the barrier and 
potentially increasing permeability[19]. More importantly, studies have shown that in 
a number of patients undergoing abdominal surgery, bacterial DNA was detected as 
early as a few hours postoperatively, indicating a relation between surgery and 
translocation[6].

INTESTINAL MICROBIOTA IN GASTROINTESTINAL DISEASES
The human intestinal microbiota plays a main role in intestinal metabolism and in 
immunological response of the intestines[20]. Balance of the intestinal microbiota is a 
prerequisite for a healthy intestinal environment. Imbalance of microbiota and of the 
host immune system is present in intestinal diseases. Altered concentrations of 
commensal intestinal bacteria depends on disease activity, and this can easily be noted 
when patients are compared to healthy individuals[21].

Studies in patients with colorectal cancer have shown that alterations in microbiota 
are also associated with tumorigenesis. These alterations are characterized by the 
dominance of certain bacteria species. In the spotlight are Fusobacterium nucleatum, 
Escherichia coli, and Bacteroides fragilis[22]. Analyses of intestinal microbiota are 
performed using 16S ribosomal RNA techniques. When the aforementioned bacteria 
species are increased, other bacteria are depleted. Gram-positive bacteria are vastly 
affected, and Clostridia species are also decreased in these patients[23-26]. Bacteroides 
fragilis colonizes the intestine and has a prominent place in the microbiota. Although 
Escherichia coli is considered a commensal bacteria, some of its species are potential 
pathogens, promoting intestinal inflammation and producing oncogenic toxins. This 
phenomenon, when there is an imbalance in intestinal flora, is called dysbiosis. 
Dysbiosis may characterize inflammatory gastrointestinal diseases and colorectal 
cancer but may also be explained by the changes in dietary habits that have occurred 
over the past decades. The importance of metabolites and their products to intestinal 
inflammation have led to increased concern for the impact of metabolic diseases on 
microbiota[23,27].

Bowel obstruction has both local and systemic effects. Fecal retention promotes 
bacterial overgrowth. Besides changes in bowel motility, moderate inflammation is a 
probable finding. This inflammatory response may lead to systemic responses, with 
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sepsis and septic shock being the most serious. The causative factor for these systemic 
responses is bacterial translocation[28].

BACTERIAL TRANSLOCATION, ABDOMINAL SURGERY, AND 
POSTOPERATIVE SEPSIS
Bacterial translocation, attributed to increased intestinal permeability, can be present 
as early as 2 h after abdominal surgery. The grade and the prognosis depend on the 
severity of surgical trauma and the presence of intestinal ischemia. Studies have 
proposed that the potential mechanism involves visceral vasoconstriction due to 
surgical trauma, anesthetic agents, intestinal ischemia, and blood loss. In addition, 
production of vasoactive agents and release of inflammatory cytokines promote 
visceral vasoconstriction and therefore intestinal ischemia. Postoperative bacterial 
translocation is associated with systematic infection and systematic inflammatory 
response[6] (Figure 1).

In order to assess and confirm bacterial translocation, cultures from mesenteric 
lymph nodes are taken. Furthermore, blood cultures are collected from patients in the 
postoperative period. These samples are assessed using real-time polymerase chain 
reaction techniques to identify bacteria. In the case of bacterial translocation, positive 
cultures of samples from mesenteric lymph nodes have been reported to have slightly 
higher specificity[29-31]. The most common isolated bacterium associated with 
translocation is Escherichia coli[32]. A feasible method proposed to assess and monitor 
the progress of bacterial translocation is the evaluation of levels of D-lactate. D-lactate 
is a product of bacteria normally found in the intestinal lumen and is not metabolized 
by the human body. Levels of plasma D-lactate are used as a postoperative indicator of 
dissemination of these bacteria from the intestinal tract to the mesenteric lymph nodes, 
liver, spleen, and bloodstream[33].

Infections in the postoperative period are found to be more common in patients 
with identified bacterial translocation. A positive result in cultures taken from 
mesenteric lymph nodes is a more accurate prognostic factor than cultures from 
surgical site, intra-abdominal fluid collection, or peripheral blood samples. In other 
words, mesenteric lymph nodes act as beacons for progression of the infection[34]. 
This fact raises concerns regarding prophylactic use of antibiotics in patients 
undergoing abdominal surgery. Elective surgeries are performed under better circum-
stances and with better precautions taken. Emergency surgeries and surgeries for 
trauma are considered high-risk for the development of bacterial translocation, thus 
requiring use of antibiotics in the perioperative period[35]. Patients with advanced 
colorectal and gastric cancer, potentially associated with cachexia, are also in need of 
prophylactic use of antibiotics due to immunological imbalance induced by the 
progressed disease[36,37]. Prophylaxis against bacterial translocation seems to be 
associated with better survival rates in cancer patients who undergo surgery[7]. 
However, while gastric and colon resections are correlated with augmented rates of 
translocation, the use of antibiotics does not seem to prevent the occurrence of translo-
cation[38,39].

The definite significance of bacterial translocation is yet to be determined, although 
there is evidence suggesting a causative role for sepsis. In some cases of sepsis, the 
causative factor was determined to be bacteria found in the intestine. In critically ill 
and frail patients undergoing major abdominal surgeries, those bacteria cause sepsis 
and even septic morbidity[40]. Sepsis is a diverse syndrome of varying severity. Late 
diagnosis and treatment could lead to more severe illness, even septic shock. In some 
cases, it may cause multi-organ failure. Severe sepsis is characterized by the presence 
of hypoperfusion or hypotension and by the failure of at least one organ[41]. However, 
this is hard to verify in most cases, as in cases of multi-organ failure occurring early 
postoperatively, and it is probably due to the inflammatory response causing 
endothelial cell activation. In contrast, late-onset multi-organ failure may be attributed 
to bacterial translocation, as it creates an imbalance between proinflammatory and 
anti-inflammatory cytokines[42]. When the septic condition in surgical patients is so 
severe that it causes a state of immunosuppression, multi-organ failure is responsible, 
with high mortality rates (reaching 50%-80%). This fact supports the theory of gut-
induced sepsis[43].

Postoperative sepsis was found to be most common among men and among older 
and low-income populations. Besides these characteristics, other factors regarding 
hospitalization are also crucial. Larger hospital bed size, urban hospital location, and 
non-teaching status were associated with higher postoperative sepsis rates. 
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Figure 1 Mechanism of bacterial translocation after major gastrointestinal surgery.

Comorbidities like diabetes, chronic renal disease, cardiovascular disease, and 
hypertension increase the risk for postoperative sepsis. Patients’ preoperative status 
and lifestyle choices contribute to modifying the relative risk. In addition, the type of 
surgery also has an impact, as gastric, biliary and colorectal surgeries were associated 
with relatively higher rates of postoperative sepsis, when at the same time esophageal 
surgery had the lowest risk of postoperative sepsis[44-46] (Figure 2). Although the 
incidence is rising, especially in elderly patients, mortality rates are decreasing[47].

As sepsis progresses, the release of proinflammatory cytokines triggers the 
production of toxic mediators that damage the endothelium, thus leading to increased 
capillary leakage. In addition, the release of agents that act as vasodilators, resulting in 
hypotension, indicates that evolution of sepsis to septic shock and subsequently to 
multi-organ failure requires vigilance. Early detection and therapeutic intervention 
could improve outcome and prognosis. Diagnosis is based on both clinical assessment 
and taking into consideration other factors, such as impaired consciousness and severe 
underlying diseases. Hypotension, oliguria, and acute altered mental status are 
indicative signs of severe sepsis[48]. As this condition continues to cause concern, 
efforts are being made to create a predictive score that will help physicians to assess 
probability of postoperative sepsis and mortality and to intervene sooner[49].

The cornerstone of treatment is fluid resuscitation to address hypovolemia, 
hypotension, and hypoperfusion. Hemodynamic stability could be restored using 
vasopressors when fluids alone are not adequate to maintain blood pressure. 
Furthermore, broad-spectrum intravenous antibiotics should be administered within 
the first hour. The choice of antibiotics should be guided by the suspected causative 
factors. Response of patients to treatment must be monitored closely, because in cases 
where there is no improvement, surgical intervention may be needed[50]. Novel 
treatments have been proposed for postoperative sepsis due to bacterial translocation, 
such as the use of probiotics and prebiotics. These are considered living microor-
ganisms, which can be beneficial. Lactobacillus and Bifidobacterium are the most 
commonly used. They act through competition with pathogens for binding sites and 
nutrients. Probiotics also induce immunological response and reduce inflammation. 
Prebiotics are non-digestible food ingredients that promote the growth and the 
increase in activity of certain intestinal bacteria. These treatments have been studied 
well in patients with sepsis in intensive care units, with results being promising, as 
prophylactic use of probiotics has been shown to reduce infections, sepsis, and 
mortality. Another potential treatment is fecal microbiota transplantation. This is a 
technique that attempts to restore commensal bacteria in the intestinal epithelium. It 
also acts as an immunomodulatory tool, as it assists intestinal crypts to express 
immunological pathways. This being said, this technique prevents severe inflam-
mation and dysregulation of intestinal lumen homeostasis[51].
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Figure 2 Characteristics associated with higher postoperative sepsis incidence.

LAPAROTOMY VS LAPAROSCOPIC SURGERY AND THEIR IMPACT IN 
BACTERIAL TRANSLOCATION
The effect of increased intra-abdominal pressure on bacterial translocation has been 
under investigation. Abdominal surgeries are associated with increased intra-
abdominal pressure. Studies have shown that bacterial translocation usually occurs at 
pressure levels above 14 mmHg[52]. Patients undergoing laparoscopic surgeries 
should be monitored, as pneumoperitoneum significantly increases intra-abdominal 
pressure. Randomized control trials regarding patients with colorectal cancer have 
concluded that there is an increase in intra-abdominal pressure, systemic endotoxemia, 
and bacterial translocation during both open and laparoscopic resection but without a 
statistically significant difference between the two groups[53]. The effect of 
pneumoperitoneum in translocation was also studied in animal models. It was found 
to provoke alterations in the inflammatory response, with milder inflammation and 
quicker restoration. However, there was no evidence supporting the premise that 
laparoscopic surgery is related to higher incidence of bacterial translocation[54-56].

CONCLUSION
Postoperative sepsis is an emerging issue that can be present as soon as a few hours 
postoperatively and requires immediate treatment. It may cause severe disease and 
result in high mortality rates, especially in frail and elderly surgical patients. Bacterial 
translocation is proposed as a causative factor of postoperative sepsis. This fact 
suggests that intestinal microbiota combined with altered homeostasis in the intestinal 
barrier could create a chain of events leading to sepsis, as commensal bacteria 
translocate to usually sterile tissues. Bacterial translocation has been noted both in 
laparotomy and in laparoscopic surgeries, with no significant differences regarding 
incidence. Proper management and early intervention are needed, based on the 
fundamentals of sepsis treatment. Over the past few years, data regarding novel 
treatments using probiotics, which assist classic treatments, have been developed. 
More randomized studies will be needed to clarify the role of these treatments in 
postoperative sepsis in the years to come.
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Abstract
BACKGROUND 
Acute pancreatitis (AP) is an inflammatory disease, which presents with 
epigastric pain and is clinically diagnosed by amylase and lipase three times the 
upper limit of normal. The 2012 Atlanta classification stratifies the severity of AP 
as one of three risk categories namely, mild AP (MAP), moderately severe AP 
(MSAP), and severe AP (SAP). Challenges in stratifying AP upon diagnosis 
suggest that a better understanding of the underlying complex pathophysiology 
may be beneficial.

AIM 
To identify the role of the chemokine receptor 8 (CCR8), expressed by T-helper 
type-2 Lymphocytes and peritoneal macrophages, and its possible association to 
Interleukin (IL)-6 and AP stratification.

METHODS 
This study was a prospective case-control study. A total of 40 patients were 
recruited from the Chris Hani Baragwanath Academic Hospital and the Charlotte 
Maxeke Johannesburg Academic Hospital. Bioassays were performed on 29 
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patients (14 MAP, 11 MSAP, and 4 SAP) and 6 healthy controls as part of a 
preliminary study. A total of 12 mL of blood samples were collected at Day (D) 1, 
3, 5, and 7 post epigastric pain. Using multiplex immunoassay panels, real-time 
polymerase chain reaction (qRT-PCR) arrays, and multicolour flow cytometry 
analysis, immune response-related proteins, genes, and cells were profiled 
respectively. GraphPad Prism™ software and fold change (FC) analysis was used 
to determine differences between the groups. P<0.05 was considered significant.

RESULTS 
The concentration of IL-6 was significantly different at D3 post epigastric pain in 
both the MAP group and MSAP group with P = 0.001 and P = 0.013 respectively, 
in a multiplex assay. When a FC of 2 was applied to identify differentially 
expressed genes using RT2 Profiler, CCR8 was shown to increase steadily with 
disease severity from MAP (1.33), MSAP (38.28) to SAP (1172.45) median FC. 
Further verification studies using RT-PCR showed fold change increases of CCR8 
in MSAP and SAP ranging from 1000 to 1000000 times when represented as Log10, 
compared to healthy control respectively at D3. The findings also showed 
differing lymphocyte and monocyte cell frequency between the groups. With 
monocyte population frequency as high as 70% in MSAP at D3.

CONCLUSION 
The higher levels of CCR8 and IL-6 in the severe patients and immune cell 
differences compared to MAP and controls provide an avenue for exploring AP 
stratification to improve management.

Key Words: Acute Pancreatitis; Severity; Stratification, Interleukin-6; Chemokine Receptor 
8; Lymphocytes; Monocytes

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Chemokine receptor 8 (CCR8) is a chemokine receptor that is highly 
expressed on monocytes and cells of T helper type-2 (Th2) lineage including innate 
lymphoid cells group 2 and 3 (ILC2 and 3). This study shows possible linkages 
between increasing CCR8 expression and severity in mainly moderately severe acute 
pancreatitis (MSAP) patients when compared to mild acute pancreatitis (MAP). 
Differing lymphocyte and monocyte cell frequencies suggest that in MAP, interleukin 
(IL)-6 was highly expressed in lymphocytes, and in the severe patients [MSAP and 
severe acute pancreatitis (SAP)] were highly expressed by monocytes. The findings 
open doors for future work, which could include an in-depth look at IL-6 producing 
cells such as Th2 Lymphocytes, monocytes, and innate ILC2 to determine cell-
associated cytokine as a novel approach in prognosticating AP disease severity.

Citation: Nalisa M, Nweke EE, Smith MD, Omoshoro-Jones J, Devar JW, Metzger R, 
Augustine TN, Fru PN. Chemokine receptor 8 expression may be linked to disease severity and 
elevated interleukin 6 secretion in acute pancreatitis. World J Gastrointest Pathophysiol 2021; 
12(6): 115-133
URL: https://www.wjgnet.com/2150-5330/full/v12/i6/115.htm
DOI: https://dx.doi.org/10.4291/wjgp.v12.i6.115

INTRODUCTION
Acute pancreatitis (AP) is an inflammatory disease that presents with epigastric pain 
and is clinically diagnosed by amylase and lipase levels three times the upper limit of 
normal[1]. The disease is localized to the pancreas and is triggered by the premature 
release of digestive enzymes resulting from damaged pancreatic acinar cells[2-3]. 
Through activation of the immune system, patients develop a systemic inflammatory 
response syndrome (SIRS) and subsequently, single or multiple organ failure leading 
to high mortality[4]. This disease is one of the most common cause of hospital 
admissions and has an annual incidence of 80 in 100000 people worldwide[5-7].
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The severity of acute pancreatitis is classified as mild, moderate, or severe[1]. Mild 
AP (MAP) presents with no organ failure and no local complications. Moderately 
severe acute pancreatitis (MSAP) only differs from severe AP (SAP) in that the patients 
have transient organ failure (OF) within 48 h and possibly pancreatic necrosis[1,8-9]. If 
OF persists for more than 48 h the patient is classified as severe[1]. MSAP is further 
defined by specified local complications or exacerbation of the co-morbid disease. 
Local complications include pancreatic fluid collections, pancreatic and peripancreatic 
necrosis (sterile or infected), pseudocyst, and walled-off necrosis (sterile or infected)
[1]. Due to the complications and subsequent high mortality observed with increasing 
disease severity, the need arises for early stratification of the disease through the 
understanding of the pathogenesis of the disease and its systemic inflammatory 
response[4,7,10].

It is generally accepted that the premature release or activation by trypsin of 
proenzymes (including trypsinogen) is the initial trigger of pancreatitis[11]. Under 
normal conditions, trypsin and other proteolytic enzymes are blocked from activation 
by serine protease inhibitor, Kazal type 1, which is secreted by acinar cells[11]. AP is 
characterized by the activation of trypsin and other events such as obstruction and 
passage of gallstones in the bile duct (in the case of acute biliary pancreatitis), which in 
turn blocks the transport of trypsin to the small intestine[7,12]. This leads to premature 
activation of lipase and elastase causing intracellular damage of cells and subsequently 
inflammation and thrombosis. Damaged acinar cells are unable to regulate trypsin 
activity leading to further inflammation and eventual tissue damage through excessive 
amounts of activated enzymes within the pancreas. Lipase in particular, induces 
necrosis in fat cells within the pancreas leading to local recruitment of proinflam-
matory markers including cytokines[7,13].

Identifying prognostic markers of AP would ensure early patient stratification. 
Markers such as C-reactive protein (CRP), nuclear factor kappa B (NF-κB), and IL-6 
have been identified as potential prognostic markers in AP. CRP, an acute-phase 
reactant produced by the liver and induced by IL-6, is well described as an inflam-
matory marker for the disease. It has been demonstrated as an effective prognostic 
marker of AP severity at 48 h after admission, although other studies found that its 
strength as a prognostic marker is prominent only at 72 h after admission[11,14-15]. 
NF-κB, on the other hand, is a transcription factor involved in cell proliferation[13]. 
This molecule is responsible for cellular responses to free radicals such as reactive 
oxygen species, production of inflammatory cytokines (IL-2, IL-6, TNF-α, IL-1β, and 
IL-8), and excess production of calcium within acinar cells, which results in premature 
activation of trypsinogen[13]. NF-κB is also responsible for activating the cytokine 
cascade that manifests as SIRS[13,6-17].

Considering that AP is an inflammatory disease, continuous efforts to fully 
understand its immunopathogenesis are critical to potentially improve management. 
This is due to the underlying complex pathophysiology associated with the disease
[18]. For autoimmune diseases, the excessive recruitment of inflammatory mediators 
and subsequent increase in the production of cytokines and chemokines after an insult 
is responsible for inflammation[19]. This condition is further aggravated by the 
continued recruitment and infiltration of macrophages, neutrophils, and lymphocytes 
to the site of injury[19–21]. The resulting inflammation from the tissue injury, as a result of 
damage to the pancreas due to either obstruction or passage of gallstones, in biliary 
AP, can be attributed to damage-associated molecular patterns, which may result in 
necrosis of the pancreas in more severe forms of AP[20]. These inflammatory 
molecules are then recognized by pattern recognition receptors of the innate immune 
system. This process mobilizes the recruitment of neutrophils, macrophages, dendritic 
cells, and mast cells in the peripheral blood and at the site of injury, which in turn 
produces cytokines including IL-1, IL-6, and TNF-α[20-21]. This results in inflam-
mation at the site of injury and phagocytosis by macrophages and neutrophils[21]. 
Phagocytosis activates antigen-presenting cells (APCs), which include macrophages, 
dendritic cells, and B cells[21]. Another cell type involved in innate immunity is 
natural killer (NK) cells, which help activate the adaptive immune system (AIS) by 
increasing the production of interferon-gamma (IFN-γ), a recognized initiator of the 
AIS[21-22]. This presentation process of the AIS activates T cell proliferation[22]. Naïve 
T cells will differentiate into cytotoxic T cells (CD8+) or T helper (Th) cells (CD4+ 
cells). CD8+ cells eliminate the threat of infected cells and tumorous cells[21]. Once the 
threat is eliminated, another group of T cells, T regulatory cells, suppress the immune 
response to achieve homeostasis[19].

Natural Killer cells belong to a group of cells known as innate lymphoid cells (ILCs). 
These cells are responsible for regulating immune responses and are mainly found 
within the tissues[21-22]. The ILCs have been described as mirrors of the T helper cells 
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but within the innate immunity[23]. Three groups of ILCs produce the same cytokines 
as T helper cells, i.e., ILC group 1 (ILC1) produces Th1 cytokines; ILC2 produces Th2 
cytokines  and ILC3 produces  Th17  cytokines[21-22]. As  deta i led  in  
Supplementary Table 1, the group 1 ILCs produce IFN-γ and require T-box 
transcription factor for their proliferation; group 2 ILCs require transcription factor 
GATA-3 and ROR-α to develop and will produce Th2 cytokines, such as IL-4, IL-5, and 
IL-13[24]. Group 3, ILCs depend on the transcription factor, ROR-γt, for their 
development and produce IL-17 and IL-22 and granulocyte-macrophage colony-
stimulating factor (GM-CSF)[22]. ILCs have also been reported to act as antagonists of 
both innate and adaptive immune cells[25], by mimicking the activity of T regulatory 
cells in achieving immune homeostasis[22].

CCR8, a chemokine receptor, is highly expressed on monocytes and cells of Th2 
Lineage including ILC2 and ILC3[26]. This chemokine is also expressed on peritoneal 
macrophages in tissue and lymphocytes of Th2 Lineage[27]. Studies demonstrate that 
NF-кB is suppressed in CCR8 deficient mice and that macrophage chemotaxis in the 
peritoneal cavity, which includes the pancreas, is Chemokine (C-C motif) ligand 1 
(CCL1), which is the ligand of CCR8 is dependent[27]. CCR8 and its ligand, CCL1, are 
known to recruit and activate macrophages in type 1 diabetes[28-29]. This study is the 
first to describe CCR8 in AP and its possible linkages to lymphocyte and monocyte cell 
frequencies.

This study utilized patients’ samples at different severities (MAP, MSAP, and SAP) 
to profile inflammatory genes, and proteins (including CCR8 and IL-6) and identified 
those that were distinctly upregulated or downregulated. White blood cell populations 
were characterised and assessed and linkages to gene and protein expression are 
proposed as potential prognostic markers for AP. The findings also provide insights 
that are more recent and contribute to the scarce literature on the prevalence, 
demographics, and etiology of AP in an African setting.

MATERIALS AND METHODS
Patient recruitment and sample collection
Ethics approval for this study was obtained from the Human Research Ethics 
Committee Medical of the University of the Witwatersrand (Ethics No. M180133). All 
patients included in the study were duly informed and written consent was received 
before blood samples were taken. Using the Revised Atlanta Classification (RAC) for 
AP[1], patients were recruited from the Hepatopancreatobiliary Unit of the Chris Hani 
Baragwanath Academic Hospital (CHBAH) and the Charlotte Maxeke Johannesburg 
Academic Hospital (CMJAH) in Johannesburg, South Africa, from August 2018 to 
September 2019. The total number of patients recruited was 40 (21 MAP, 14 MSAP, 
and 5 SAP) and 6 healthy volunteers were recruited as controls after being age and 
sex-matched to recruited patients. Blood samples were collected on Day 1, 3, 5, and 7 
post epigastric pain using three BD vacutainer® purple blood collection tubes (BD 
Biosciences, New Jersey, United States) with 4 mL of blood each. Patients on average 
presented at the hospital approximately after 72 h of pain (day 3 of post epigastric 
pain). Clinicians within the Gastrointestinal Unit of the respective hospitals diagnosed 
patients and classified them into the three groups (MAP, MSAP, and SAP). The strati-
fication of severity was determined using the RAC guidelines.

Sampling and processing: Overview
The different aspects of the study included different numbers of patients as illustrated 
(Figure 1). From the 40 patients, plasma and cell samples were processed in the 
laboratory within 4 h of phlebotomy. Plasma from a total of 31 out of 40 patients was 
analysed using the Th1/Th2/Th17 cytometric bead array (CBA) kit in an initial 
exploratory study. Based on this analysis, plasma samples from 23 patients were 
randomly selected for analysis of selected Th17 related cytokines including IL-6 using 
the MILLIPLEX® MAP Human Th17 Magnetic Bead Panel kit (Millipore™, 
Massachusetts, United States).

RNA was extracted from peripheral blood mononuclear cells (PBMCs) using the 
TriReagent® (Sigma Aldrich, Missouri, United States) method from 13 patients for 
screening of genes with the human innate and adaptive RT2 Profiler 96-well PCR array 
plates (QIAGEN, Hilden, Germany). Findings showed dose-dependent expression of 
the CCR8 gene with disease severity, prompting further analysis in 29 patients using 
quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR) to 
verify its roles. To characterize cell types into monocytes, lymphocytes, and 

https://f6publishing.blob.core.windows.net/4cb74c7a-601b-49e6-bbc9-00d5bfd5a75c/WJGP-12-115-supplementary-material.pdf
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Figure 1 Flow diagram of patient recruitment. From the 40 patients and 6 healthy controls recruited over the study period, peripheral 
blood mononuclear cells, whole blood and plasma were used for the various study assays as shown. Peripheral blood mononuclear cells 
(PBMCs) from 13 patients with Day 3 data were used to do a screening study of innate and adaptive immune cell genes using RT2 Profiler Array (Qiagen, Hilden, 
Germany). CCR8 was selected as a target gene and further verification studies done in 29 patients as depicted. For immunophenotyping, 12 antibodies were selected 
to discriminate monocytes, lymphocytes, and granulocytes and their subpopulations from blood samples of seven patients. An exploratory study of seven 
Th1/Th2/Th17 cytokines was done on 31 patient samples and 23 of these randomly selected for further analysis using the MILLIPLEX® assay. PBMCs: Peripheral 
blood mononuclear cells; RT2: Reverse transcriptase square; D: Day; MAP: Mild acute pancreatitis; MSAP: Moderately severe acute pancreatitis; SAP: Severe acute 
pancreatitis; CCR8: Chemokine receptor 8; Th1/Th2/Th17: T helper type 1/2/17.

granulocytes, seven patients were included in an antibody specific multicolour 
immunophenotyping flow cytometry experiment.

Blood processing
From the blood samples, plasma was isolated by gravity separation for 45 min at room 
temperature followed by centrifugation at 1500 r/min for 30 min. Plasma samples 
were aliquoted (200 µL) in single use vials and stored at -80 °C until needed.

Using Ficoll-Paque™ (GE Healthcare, Illinois, United States) separation method, as 
per the manufacturer’s instructions, PBMCs were separated and stored in single use 
aliquots in liquid nitrogen in a freezing medium (10% dimethyl sulphoxide in fetal 
bovine serum, Sigma Aldrich, Missouri, United States) until required. Samples were 
only thawed once to preserve integrity.

Cytokine expression analysis 
Protein expression analysis was performed using two methods as depicted in Figure 1. 
The first was a BD BioSciences cytometric bead array Th1/Th2/Th17 kit that served as 
an exploratory step to determine the concentration of interleukin (IL-2), IL-4, IL-6, IL-
10, TNF, IFN-γ, and IL-17A cytokines. The assay was done on 31 AP patients (15 MAP, 
11 MSAP, and 5 SAP) and 6 healthy control donor samples on days 1, 3, 5, and 7 post 
epigastric pain (see the supplementary section for detailed protocol). The second 
analysis was done using a MILLIPLEX® MAP Human Th17 Magnetic Bead Panel kit 
(Millipore™, Massachusetts, United States).

Using the MILLIPLEX® MAP Human Th17 Magnetic Bead Panel kit
In the MILLIPLEX® assay, preselected cytokines, based on the performance of the CBA 
analysis and based on literature and previous work from the research group were used
[30-32]. These cytokines were; IL-17A, IL-21, and IL-6, IFN-γ, IL-23, IL-28λ, and TNF-β 
measured from 23 randomly selected AP patient samples (10 MAP, 8 MSAP, and 5 
SAP) from the pool of 31 patient samples tested in the CBA assay on days 3 and 7 post 
epigastric pain. Six healthy controls were included.

A solid 96 well plate was prepared using the manufacturer’s instructions. Plates 
were run on BioPlex® 2200 system (BioRAD, California, United States) and data were 
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collected and analysed using BioPlex® Manager 5.0 software (BioRad, California, 
United States). All samples and controls were measured in duplicate to minimize 
errors. Controls included quality control (QC) 1 samples (low level) and QC2 samples 
(high level) as well as standards with the lowest dilution at 4:1. The observed concen-
tration of cytokines was determined by excluding outliers and values extrapolated 
beyond the standard range. Values designated by an asterisk as per the BioPlex® 

Manager 5.0 software, were inputted as zero while values labeled as Out of Range 
were not considered in the analysis.

Total RNA extraction 
Total RNA was extracted using the TriReagent® (Sigma Aldrich, Missouri, United 
States) protocol, according to the manufacturer’s instructions, from the isolated 
PBMCs on Day 3, 5, and 7 samples. However, initial screening was performed on 13 
(MAP, n = 7; MSAP, n = 4; SAP, n = 2) Day 3 samples only. The quality of RNA was 
measured using a NanoDrop ND-1000 Spectrophotometer (Thermo Fischer Scientific, 
Massachusetts, United States), and samples with an A260/280 ratio > 1.8 were 
observed across all samples[33-34].

Complementary DNA synthesis and PCR array analysis
Complementary DNA synthesis (cDNA) was performed from 250 ng/µL of total RNA 
using the RT2 First Strand Kit (QIAGEN, Hilden, Germany), according to the manufac-
turers’ instructions. A genomic DNA elimination mix was first prepared and 
incubated for 5 min at 42 °C in a SimpliAmp™ thermocycler (ThermoFischer Scientific, 
Massachusetts, United States), which was subsequently placed on ice for 1 min. 
Following this, a 20 µL cDNA synthesis reaction was prepared and run at 42°C for 15 
min followed by incubation at 95 °C for 5 min. From the cDNA, 102 µL was added to 
the PCR mixture and loaded onto the human innate and adaptive RT2 Profiler 96-well 
PCR array plates (QIAGEN, Hilden, Germany). The mixture was amplified on Quant 
Studio 1 Real-Time System (Thermo Fischer Scientific, Massachusetts, United States) 
the PCR reaction was run for 40 cycles including a 10 min hot start at 95 ºC for 1 cycle; 
95 ºC for 15 s and 60 ºC for 1 min. The human innate and adaptive RT2 Profiler array 
includes 96 genes, 5 of which are reference genes and 3 reverse-transcription controls, 
3 positive PCR controls, and 1 human genomic DNA control. Using the QIAGEN 
GeneGlobe online tool (https://geneglobe.qiagen.com/za/analyze/), a fold-change of 
2 was applied as the cut-off for differential analysis comparing the expression level of 
genes in the 3 severity groups to healthy control.

Verification of selected gene targets using Real-time PCR
After screening of Day 3 samples for early immune markers with the RT2 Profiler PCR 
Array Human Innate and Adaptive Immune Responses (QIAGEN, Hilden, Germany) 
the CCR8 gene was selected for further analysis. Twenty-nine patients (MAP = 14, 
MSAP = 11, SAP = 4) were included in this assay as stated in Figure 1 and Table 1. The 
TaqMan® Fast Advanced Master Mix (Thermo Fischer, Massachusetts, United States) 
was used to perform duplex qRT-PCR. The PCR reaction was run for 40 cycles 
including a 2 min hold at 95ºC for 1 cycle; 95ºC for 1 s and 60 ºC for 20 s. Normal-
isation was done using RPL13A on VIC (assay ID Hs04194366_g1, Thermo Fischer 
Scientific, Massachusetts, United States) as the reference gene. This gene is well 
established in AP disease models as a reference gene[35]. The target gene was CCR8 on 
FAM (assay ID: Hs00174764_m1, Thermo Fischer Scientific, Massachusetts, United 
States). The Quant Studio™ 1 Real-Time System (Thermo Fischer Scientific, 
Massachusetts, United States) was used to run the RT-qPCR reactions. The 2-ΔΔCT 

method was used to calculate relative changes in gene expression[36].

Immunophenotyping using multicolor flow cytometry analysis
Selected blood samples from days 3, 5, and 7 of onset of AP symptoms were analysed 
using multicolour flow cytometry to determine immune cell frequency levels to make 
a correlation to protein production or expression. The sampled patients included 4 in 
the MAP group, 2 patients from the MSAP group; 1 patient from the SAP group. Six 
healthy participant samples were used as controls. While the numbers here are small, 
given the well characterized levels of monocytes, lymphocytes, and granulocytes in 
AP patients from the literature[18,20,37-38], inferences from this preliminary data will 
be discussed with reference to the literature.

A 12-colour panel was established to characterize heterogeneous cell populations in 
the three risk categories of AP. Using the lyse/wash method, whole blood was used to 
isolate white blood cells from 100 µL of blood from an EDTA blood tube within 6 h of 

https://geneglobe.qiagen.com/za/analyze/
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Table 1 Demographic characteristics of the acute pancreatitis patients included in the gene expression analysis study

Parameter Value [n, %]

AP patient demographics n = 29

MAP 14 (48)

MSAP 11 (38)

SAP 4 (14)

Age (yr), [median (IQR)] 41 (23, 76)

Male (n, %) 17 (49)

Female (n, %) 12 (51)

AP etiology/risk factor

Biliary (n, %) 13 (45)

Alcohol (n, %) 13 (45)

ERCP (n, %) 1 (3)

Antiretroviral (n, %) 2 (7)

Healthy control Demographics

Age (yr), [median (IQR)] 36.5 (23, 55)

Male (n, %) 3 (50)

Female (n, %) 3 (50)

AP: Acute pancreatitis; MAP: Mild acute pancreatitis; MSAP: Moderately severe acute pancreatitis; IQR: Interquartile range; ERCP: Endoscopic retrograde 
cholangiopancreatography.

phlebotomy. Antibodies were optimized by titration to optimally stain lymphocytes 
populations and subpopulations using CD3 BD Horizon Brilliant™ Ultraviolet (BUV); 
CD4 Alexa flour; CD8 Brilliant Violet™ 605; CD56 PE Phycoerythrin Cyanine 7 
(PECy7), CD16 PECy5) and monocyte populations using CD16PECy5 and CD14 
Peridinin-Chlorophyll-protein cyanine 5.5 (PerCPCy5.5), and CD14PerCP Cy5.5 and 
human leukocyte D related (HLA-DR BV650). Other antibodies that were included in 
the 12 colour panel but not reported in the study are listed in Supplementary Table 2. 
All antibodies were from BD Biosciences, (New Jersey, United States).

Cells were prepared both as fully stained samples and as unstained samples. Fully 
stained samples were suspended in BD Horizon brilliant buffer (BD Biosciences, New 
Jersey, United States) and stained with selected antibodies (see Supplementary Table 2
). The cells were then incubated in the dark for 20 min and thereafter fixed with 2 mL 
of diluted BD FACS Lyse (BD Biosciences, New Jersey, United States) and incubated 
for 12 min with intermittent mixing with a pipette. The cells were then washed with 
diluted Dulbecco's Phosphate Buffered Saline (Sigma Aldrich, Missouri, United States) 
at 150 x g for 5 min. Approximately 100000 cells were acquired on BD LSRFortessa™ II 
flow cytometer (BD Biosciences, New Jersey, United States) for each sample at a 
threshold of 5,000 after the necessary quality controls using FACSDiva™ software 
version 5 (BD, Biosciences, New Jersey, United States). The controls included voltages 
optimization using single stains, compensation for spillover was done using 
CompBeads (Anti-Mouse Ig, κ/Negative Control Compensation Particles Set; BD 
Biosciences, New Jersey, United States) and 8 peak beads (BD Biosciences, New Jersey, 
United States) were used to determine linearity in fluorescence detection channels on 
every sample run.

Data was further analysed using FlowJo LLC version 10 (BD, Biosciences, New 
Jersey, United States) with previously linked compensation controls from FACSDiva™ 
software. Cells were gated as singlets, then further as granulocytes, lymphocytes, and 
monocytes using forward scatter and side scatter properties as well as fluorescent 
antibody stains for specific subsets. Doublets were excluded using Forward scatter 
height (FSC-H) and FSC area (FSC-A), then FSC and side scatter (SSC) were used to 
discriminate white blood cells namely lymphocytes, granulocytes, and monocytes. All 
populations were represented as percentages of parent populations. Of the 12 
antibodies used for cell differentiation, analysis was done for CCR8 associated cell 

https://f6publishing.blob.core.windows.net/4cb74c7a-601b-49e6-bbc9-00d5bfd5a75c/WJGP-12-115-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4cb74c7a-601b-49e6-bbc9-00d5bfd5a75c/WJGP-12-115-supplementary-material.pdf
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populations. These include lymphocytes and monocytes[39]. These populations were 
lymphocyte subpopulations (CD3-CD16+ CD56+/-, CD3-CD16+CD57+/-) and monocyte 
populations and subpopulations (CD14+/- CD16+/- and CD14+HLA-DR+/-).

Statistical and Data analysis
The cytokine data and qRT-PCR data were analysed using GraphPad Prism™ 
software version 8 (GraphPad Software Inc, California, United States). A Shapiro-Wilk 
test was used to test for normality. Once data was determined to be non-parametric, a 
Kruskal Wallis test was used to determine significant differences between the healthy 
control groups and between the MAP, MSAP, and SAP groups. The P values were 
considered significant at P < 0.05. A Dunn’s Multiple Comparison Test was used to 
perform a post hoc analysis to eliminate type 1 errors. Immunophenotyping data 
focused on lymphocytes and monocytes as they relate to CCR8 expression[39] and 
were presented as percentages and ratios. The statistical methods of this study were 
reviewed by Mr. Glory Chidumwa from the Division of Epidemiology and Biostat-
istics, School of Public Health, Faculty of Health Sciences, University of the 
Witwatersrand.

RESULTS
Patient demographics
A total of 40 patients were included in the overall study using prescribed inclusion 
criteria from 1 August 2018 to 22 August 2019 from CHBAH and CMJAH in 
Johannesburg, South Africa. Of these 40 patients, 29 were reported in the gene 
expression studies (Figure 1). The gender distribution of the 29 patients was 41% 
females and 59% males. The most common etiologies of AP were alcohol and biliary-
related with each category consisting of 45% of the recruited patients (Table 1). The 
median age of the patients was 36.5 years. The MSAP group age range was between 26 
to 76 years and that of the SAP group was between 40 and 69 years old.

Secreted IL-6 expression differentiates severity groups in early acute pancreatitis 
In the exploratory CBA assay, data were expressed as Mean Fluorescent Intensity 
(MFI) as shown in Supplementary Figure 1. In the analysis of the data, only the MFI of 
IL-6 revealed changes between patient plasma samples at Day 3. On Day 1, the MAP 
group had a high expression of IL-6 at above 5000 MFI, which was significantly 
different from healthy controls (P = 0.015). At Day 3 in the MAP a significant 
difference was reported with P = 0.004 when compared to the healthy control. In the 
MSAP group, there was a significant difference on Day 3 (P = 0.004) and 7 (P = 0.029). 
IL-6 MFI was in the region of 5000 for the SAP patient.

The results from the MILLIPLEX® data showed visible trends between severities 
over time as well as between groups. The mean concentration of IL-6 in the MAP 
group was 20 ± 4.9pg/mL on Day 3 and dropped to 2.9 ± 1.7pg/mL on Day 7. A 
similar trend was seen in the MSAP group with a drop in mean concentration from 13 
± 4 pg/mL on Day 3 to 10 ± 7.7pg/mL on Day 7. The IL-6 concentration was 
significantly different at D3 for MAP (n = 7) and MSAP (n = 4) compared to healthy 
controls with P = 0.001 and P = 0.013 respectively (Figure 2). The concentration of the 
SAP group was not significantly different at both Days 3 (n = 2) and 7 (n = 5) 
compared to healthy controls with P = 0.094 and P = 0.186 respectively. However, the 
mean concentration of IL-6 in the SAP group was higher compared to the MAP and 
MSAP groups. The concentration at Day 3 was 50 pg/mL (this included two patients 
with individual IL-6 concentrations of 0.13 pg/mL and 100 pg/mL). The mean concen-
tration at Day 7 was 65 ± 62pg/mL as shown in Figure 2.

Differential gene expression in the different acute pancreatitis severity groups
A fold change (FC) of 2 was applied to identify differentially expressed genes in the 
patient groups (7 MAP, 4 MSAP, and 2 SAP) at Day 3 compared to healthy controls 
from the RT2 First Strand Kit (QIAGEN, Hilden, Germany) assay as summarized in 
Table 2. Of the 96 genes analysed (represented by the heat map in Figure 3), a total of 
31 genes were downregulated while 9 genes were upregulated in the MAP group with 
CXCL8 (fold change = -45.26) and CD14 (FC = -21.58) being the most downregulated 
compared to the healthy control samples. The chemokine receptor CCR6 was also 
downregulated in the MAP group (FC = -21.05). In the MSAP patients, 68 genes were 
upregulated and 4 were downregulated. The downregulated genes included CCL5 (FC 

https://f6publishing.blob.core.windows.net/4cb74c7a-601b-49e6-bbc9-00d5bfd5a75c/WJGP-12-115-supplementary-material.pdf
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Table 2 List of selected genes and their fold changes in mild, mild acute pancreatitis, moderate, moderately severe acute pancreatitis, 
and severe acute pancreatitis patients when compared to healthy controls

Gene symbol MAP (n = 7) MSAP (n = 4) SAP (n = 2)
CCL5 -2.97 -3.76 -15.22

CCR8 1.33 38.28 1172.45

IL10 -1.30 58.62 -1.47

FOXP3 3.90 137.02 96.27

IL13 -1.92 83.66 19.53

IL17A 1.72 116.93 2.56

IL23A -5.60 18.07 6.57

IL4 -1.13 108.64 36.83

IL5 1.33 192.59 1.21

NOD1 -8.93 -14.62 64.21

MPO 1.33 91.77 11.8

MAP: Mild acute pancreatitis; MSAP: Moderately severe acute pancreatitis; SAP: Severe acute pancreatitis; CCL5: Chemokine (C-C Motif) Ligand 5; CCR8: 
Chemokine receptor 8; IL: Interleukin-(4; 5; 10; 13; 17A; 23A); FOXP3: Forkhead box P3; NOD1: Nucleotide-binding oligomerization domain-containing 
protein 1; MPO: Myeloperoxidase.

Figure 2 IL-6 secretion levels acquired using the MILLIPLEX® MAP Human Th17 Magnetic Bead Panel kit. Analysis was done on 23 patients 
sampled on Day 3 and Day 7 and 6 healthy controls were included. The concentration of interleukin (IL)-6 was highest in the SAP group 50 ± 50 pg/mL and 65 ± 61 
pg/ml on D3 (n = 2) and D7 (n = 5) respectively. The MAP group IL-6 levels were 13 ± 8 pg/mL (n = 7) and MSAP 20 ± 13 pg/mL groups (n = 4) on D3. Significant 
differences were observed between the healthy controls (n = 6) and MSAP at D3 (n = 4) with P = 0.014 and P = 0.013 respectively. A Dunn’s multiple comparison test 
was used as a post hoc to adjust P values. D: Day of the specific severity group; n: number; MAP: Mild acute pancreatitis; MSAP: Moderately severe acute 
pancreatitis; SAP: Severe acute pancreatitis; IL-6: Interleukin-6.

= -3.76) and the upregulated genes included FOXP3 (FC = 137.02) and APCS (FC = 
262.91) being the most downregulated and overexpressed, respectively. Importantly, 
moderately severe patients had the highest number of upregulated genes, specifically 
those involved in inflammation such as IL4 (FC = 108.64), IL5 (FC = 192.59), IL23A (FC 
= 18.07), GATA-3 (FC = 11.58), and CRP (FC = 177.42), as shown in the heat map in 
Figure 3. A total of 34 genes were upregulated in the SAP patients while 25 were 
downregulated. CCR8 (FC = 1172.45) and CD8A (FC = -74.26) were the top 
upregulated and downregulated genes, respectively in the SAP group. Notably, CCR8 
increased steadily with disease severity producing the highest fold change across all 
groups. Other genes that increased with severity were GAPDH, NOD1, TRL 1 and 
TICAM 1, TBX21, and CASP1, which are all genes closely associated with CCR8 
(Figure 3).
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Figure 3 A heat map showing gene dysregulation in mild moderate and severe acute pancreatitis patients compared to healthy controls. 
Hierarchical cluster of all the genes across patient severities are shown. Red colour represents upregulated genes, green is downregulated and black is unchanged. 
Chemokine receptor 8 (CCR8) was shown to increase with severity and so were GAPDH, NOD1, TRL 1, TICAM 1, TBX21, and CASP1, which are associated with 
CCR8 expression. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; NOD1: Nucleotide-binding oligomerization domain-containing protein 1; TRL 1: Toll like 
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receptor 1; TICAM 1: Toll Like Receptor Adaptor Molecule 1; TBX21: T-Box Transcription Factor 21; CASP1: Caspase 1; apoptosis-related cysteine peptidase; 
CCR8: Chemokine receptor 8; MAP: Mild acute pancreatitis; MSAP: Moderately severe acute pancreatitis; SAP: Severe acute pancreatitis.

CCR8 expression and the severity of AP by Real-time PCR
The real-time PCR verification findings were plotted as Log10 of fold change (2-ΔΔCT), 
shown in Figure 4. The results show that at Day 3 post epigastric pain the fold change 
of CCR8 for the MAP group compared with the healthy control group was almost 1 to 
1 (Figure 4A). Whereas the MSAP is 1000 times more than the healthy control for the 
same day (Figure 4B). The SAP group was 10000000 times that of the healthy control at 
Day 3 (Figure 4C). This was due to an individual sample that can be considered as an 
outlier. This group had an FC of a 1090632 ± 1090631 (Figure 4C). On Day 5 and Day 7 
the fold change dropped to almost 1:1 ratio with the healthy control in the MAP and 
SAP group. In the MSAP group, the FC on Day 5 was consistent with Day 3 Levels and 
dropped slightly to 800 ± 846 on Day 7 as observed in the comparisons of the FC of 
CCR8 within groups on different days (Table 3).

NK subsets in an MSAP patient and immune suppression
In one of the sampled patients from the MSAP group, NK cell frequencies of CD3-

CD16+CD56- doubled from 12% to 27%, and those from the CD3-CD16+CD56– subsets 
increased in percentage from 19.8% to 49.6% from Day 3 to Day 5. NK cell subsets, 
which were CD57+ increased by over 30% for MSAP patients from Day 3 to Day 5 
(Supplementary Figure 2).

Monocyte cell populations and severity
In the immunophenotyping analysis by flow cytometry, 7 patients were recruited, 4 
MAP, 2 MSAP, and 1 SAP as shown in Figure 1. Cells known to express CCR8, namely 
lymphocytes (including NK cells belonging to ILC1) and monocytes were assessed as 
part of a multicolour panel using flow cytometry[39]. Classical monocyte subpopu-
lations (CD14+CD16-) were higher in more severe patients with the MSAP patient 
having as much as 71.6% of the parent population on day 3, dropping to undetectable 
levels on day 5 (Figure 5A and B). In the SAP patients, the classical monocyte 
population consistently increased by more than 7% from Day 3 to 5 (Figure 6A and B). 
In the MSAP patient, the percentage of HLA-DR+ monocyte increased by 43% from 
Day 3 to Day 5 (Figure 5C and D). Whereas the percentage of HLA-DR+ monocytes 
increased from 4.2% on Day 3 to 13.5% on Day 5 in the SAP patient (Figure 6C and D).

DISCUSSION
In this preliminary study, the demographics of 29 AP patients, the role of CCR8, IL-6, 
and the frequency of cells expressing these biomolecules were explored. Patient 
demographics were as expected with older patients falling into more severe groups[1,
40]. The study demonstrated that the increase in IL-6 Levels maintained an upward 
trend in the SAP group up to Day 7, compared to the healthy control group, the MAP, 
and MSAP group (Figure 2). The consistency in the concentration of IL-6 protein levels 
in the SAP group in the peripheral blood is likely as a result of the observed activated 
monocytes and hence CCR8 expression on these cells. CRP is a well-defined severity 
marker in acute pancreatitis and is initiated by elevation of IL-6[14,38]. Elevated levels 
of CRP, an acute phase reactant, in the pooled sample of the MSAP and SAP group 
(Table 2, Supplementary Table 3) may be due to increased monocyte cell populations
[37]. Although, IL-6 was not shown as a useful independent marker to distinguish 
different risk categories of AP in this study, cells producing IL-6 such as monocytes 
(Figure 5A and B, Figure 6A and B) and NK cells (Supplementary Figure 2), which are 
part of group 1 ILCs, increased in frequency at Day 3 and 5 in the MSAP and SAP 
group[24,39]. A possibility exists in exploring the potential prognostic value of a 
lymphocyte to monocyte ratio based on the resulting difference in frequency in MAP 
compared to MSAP and SAP.

Our findings further show the presence of HLA-DR dim to negative monocyte 
subsets in an SAP patient suggesting downregulation (Figure 6C and D). This supports 
findings from a study that found that the presence of monocytes that do not express 
HLA-DR correlates with organ dysfunction in AP[37]. An important observation was 
that in the MSAP patient at Day 3 (Figure 5C), HLA-DR was downregulated but 
upregulated by Day 5 (Figure 5D) showing resolve in organ failure, supportive of the 

https://f6publishing.blob.core.windows.net/4cb74c7a-601b-49e6-bbc9-00d5bfd5a75c/WJGP-12-115-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4cb74c7a-601b-49e6-bbc9-00d5bfd5a75c/WJGP-12-115-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4cb74c7a-601b-49e6-bbc9-00d5bfd5a75c/WJGP-12-115-supplementary-material.pdf
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Table 3 Gene expression levels (fold change 2^-ΔΔCT) for chemokine receptor 8 gene in acute pancreatitis patients.

Severity Mean fold change (2^-ΔΔCT ) 

MAP D3 0.8 ± 0.22

MAP D5 0.9 ± 0.25

MAP D7 1.0 ± 0.26

MSAP D3 1386 ± 1372

MSAP D5 68.0 ± 67

MSAP D7 848 ± 846

SAP D3 1090632 ± 1090631

SAP D5 1.1, NA

SAP D7 1.3 ± 0.46

MAP: Mild acute pancreatitis; MSAP: Moderately severe acute pancreatitis; SAP: Severe acute pancreatitis. D: Day; D3: Day 3 post epigastric pain; CCR8: 
Chemokine receptor 8; 2^-ΔΔCT: Fold change, is used to measure change in the expression level of a gene[32]; NA: Not available due to single data points.

Figure 4 Gene expression analysis for chemokine receptor 8 in different severities at Day 3, 5 and 7 post epigastric pain due to acute 
pancreatitis for mild acute pancreatitis, moderately severe acute pancreatitis, and severe acute pancreatitis. The data is shown on a Log10 
transformed scale of the fold change (2-ΔΔCT) normalized using RPL13A gene on VIC fluorescent dye (Hs04194366_g1, Thermo Fischer Scientific) as reference gene. 
A: The FC of CCR8 was less than 1 at D3 and D5, then increased slightly to 1 at D7 for MAP group compared to healthy controls. B: At D3 and D7 the FC for the 
MSAP group was 1000 times more than in the healthy controls. C: In the SAP group the FC at D3 was 1000000 times more than in the healthy controls and the D5 
and D7 was 1 time more. FC: fold change. D: D3 of the specific severity group; MAP: Mild acute pancreatitis: MSAP: Moderately severe acute pancreatitis; SAP: 
Severe acute pancreatitis; CCR8: Chemokine receptor 8.

MSAP classification[1]. The presence of immunosuppressive NK cell subsets, which 
are CD57+ (Supplementary Figure 2) may also play an important role in this[41]. CD3-

CD16-CD57+ cell subsets have a protective function in autoimmune disease[41]. This 
further supports the hypothesis of a possible linkage between monocyte and 
lymphocyte frequencies to severity based on the observed decrease of classical 
monocytes from Day 3 to 5 in the MSAP patient who experienced transient organ 
failure. These preliminary results may indicate possible links between monocytes and 
NK cells in the stratification of the MSAP group of patients.

https://f6publishing.blob.core.windows.net/4cb74c7a-601b-49e6-bbc9-00d5bfd5a75c/WJGP-12-115-supplementary-material.pdf
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Figure 5 Representative moderately severe acute pancreatitis profile of the monocyte subpopulation. Cells were gated into intermediate 
(CD14+CD16+), classical (CD14+CD16-), non-classical monocytes (CD16+CD14-) and HLA-DR+/- monocytes. A and B: They showed CD14 PerCP Cy5.5 and CD16 
PECy5 plot for Day 3 and Day 5 respectively. Classical monocyte subpopulations (CD14+CD16-) were higher in more severe patients with the MSAP patient having 
as much as 70% of the parent population on Day 3, which subsequently dropped to undetectable levels on Day 5. C and D: They showed a plot of CD14 PerCP 
Cy5.5 and HLA-DR BV650 for Day 3 and 5 respectively. The percentage of HLA-DR+ monocytes increased from 4% on Day 3 to 47% on Day 5. BUV: BD Horizon 
Brilliant™ Ultraviolet; Cy: Cyanine; BV: Brilliant Violet™; HLA DR: Human leukocyte D related; PE: Phycoerythrin; PerCP: Peridinin-Chlorophyll-protein; CD: Cluster 
of differentiation.

This study investigated expression patterns of several inflammatory and immune 
response-related molecules at the early stages of AP. We further describe a 
hypothetical model, which is deduced from this preliminary study and literature 
(Figure 7).

CCR8, a chemokine receptor, is known to be highly expressed on monocytes and 
cells of Th2 lineage including innate lymphoid cells group 2 (ILC2) and ILC3 cells[26,
42]. Cells of the ILC1 population that are CD56- are found abundantly in peripheral 
blood in the disease state[17,18]. These cells are known to suppress autoimmune 
diseases[41]. This may explain the reason why organ failure is resolved in the MSAP 
patient compared to the NK cell-deficient SAP patient[1,36]. Acinar cell injury and 
elevation of trypsin in pancreatic tissue are followed by excessive recruitment of 
monocytes, neutrophils, and ILCs, to the local site of injury[42-44]. These ILCs include 
NK cells (ILC1), ILC2, and ILC3 cells. Once the pancreatic tissue is damaged due to 
AP, monocytes, and macrophages are responsible for the maintenance of inflammation
[37,45]. Thus, the upregulation of CCR8 observed in this study may be due to 
increased levels of activated monocytes in peripheral blood. The main agonist of CCR8 
is its own ligand CCL1[46]. CCL1 in the peripheral blood is highly expressed on 
classical, non-classical, and intermediate monocytes[39]. In other autoimmune diseases 
such as cancers of the renal system, CCR8 positive cells, namely monocytes and 
granulocytes were the most abundant in the bloodstream and contributed to 
prolonged inflammation within patients[47]. CCR8 is also expressed on peritoneal 
macrophages in tissue and lymphocytes of Th2 Lineage[27]. Oshio et al[27] 
demonstrated that NF-кB is suppressed in CCR8 deficient mice and that macrophage 
chemotaxis in the peritoneal cavity, which includes the pancreas, is CCL1 dependent. 
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Figure 6 A plot generated from FlowJo™ version 10 (Oregon, United States) of an severe acute pancreatitis patient for the monocyte 
subpopulations. Cells were gated into intermediate (CD16+CD14+), classical (CD16-CD14+) and non-classical monocytes (CD16+CD14-). A and B: They showed 
CD14CD16 plot for Day 3 and Day 5 respectively. C and D: They showed a plot of CD14HLA-DR for Day 3 and 5 respectively. The percentage of HLA-DR+ 

monocytes increased from 4% on Day 3 to 13% on Day 5. BUV: BD Horizon Brilliant™ Ultraviolet; CD: Cluster of differentiation; Cy: Cyanine; BV: Brilliant Violet™; 
HLA DR: Human leukocyte D related; PE: Phycoerythrin; PerCP: Peridinin-Chlorophyll-protein; CD: Cluster of differentiation.

This provides a possible link between monocyte expression and upregulation of CCR8 
in more severe patients observed in this study.

CCR8 gene was concomitantly upregulated with TLR1, NOD1, CASP1, and GAPDH 
(Table 2, Supplementary Table 3). These genes are all expressed on activated 
monocytes[39] and were observed in the analysis of the pooled samples (Table 2 and 
Supplementary Figure 3). Studies looking at inflammation in pancreatic injury have 
shown that continued release of proinflammatory cytokines by macrophages, 
increased number of neutrophils, and excess levels of nitric oxide impaired tissue 
regeneration and contributed to organ tissue damage[48]. This suggests that the 
observed increase of CCR8 levels in MSAP patients, and to an extent the SAP patients, 
could be associated with macrophages and monocytes levels. The 1090631 fold 
upregulation of CCR8 in the SAP group was due to one sample and was observed in 
the results of the pooled sample in the RT2 profiler analysis (Figure 4C). This means 
that the CCR8 expression levels in the SAP group may not necessarily be repres-
entative due to the limited number in this group suggesting the need for further 
research.

Several genes associated with Th2 Lymphoid cells were upregulated in the MSAP 
group. The upregulation of the transcription factor, GATA-3, and the IL4, IL5, and IL13 
genes in Supplementary Table 3 may indicate a stronger type-2 response in MSAP 
patients compared to the SAP group, which is a result of excessive recruitment of 
macrophages and monocytes in pancreatic tissues and the bloodstream respectively
[22,49]. On the other hand, upregulation of proinflammatory genes such as IL6, CRP, 
and FOXP3 (Supplementary Table 3) associated with CCR8/CCL1 in the MSAP group 
may be attributed to ILC3 and or Th17 cells. Overexpression of FOXP3 via the STAT3 
pathway was directly proportional to the observed increase in fold changes for IL-17A 

https://f6publishing.blob.core.windows.net/4cb74c7a-601b-49e6-bbc9-00d5bfd5a75c/WJGP-12-115-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4cb74c7a-601b-49e6-bbc9-00d5bfd5a75c/WJGP-12-115-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4cb74c7a-601b-49e6-bbc9-00d5bfd5a75c/WJGP-12-115-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4cb74c7a-601b-49e6-bbc9-00d5bfd5a75c/WJGP-12-115-supplementary-material.pdf
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Figure 7 The schematic shows the possible mechanism by which chemokine receptor 8 is upregulated in peripheral blood. A: Upon 
elevation of trypsin in the pancreas due to acinar cell injury in patients with acute pancreatitis, monocytes, lymphoid cell groups (ILCs), neutrophils and eosinophils 
migrate to the site of injury. Once in the pancreatic tissue, the monocytes become activated to macrophages (φ) which then express the chemokine (C-C motif) ligand 
1 (CCL1) gene. The CCL1 binds in turn binds to the chemokine receptor 8 (CCR8) receptor on the surface of macrophages, ILC2 cells, and neutrophils. In patients 
with MSAP, ILC2 related cytokines, interleukin-4 (IL-4), IL-5, and IL-13 are upregulated while downregulation of these cytokines was observed in SAP patients 
(Supplementary Table 3). The observed increases in CCR8 in the SAP patients may be due to excessive activation of macrophages and monocytes. The activated 
cells (ILCs, neutrophils, monocytes) may be releasing IL-1-β, tumor necrosis factor alpha (TNF-α), IL-6 at local sites, which send signals that activate and recruit 
inflammatory cells which include macrophages, neutrophils, ILC2, and ILC3; B-D: These cells migrate into the bloodstream and will express Toll-like receptor 1, 
Nucleotide-binding oligomerization domain, caspase 1 genes. These genes are mainly expressed on monocytes that will release proinflammatory cytokines such as 
IL-6, IL-8, and TNF-α and, depending on their levels in the peripheral blood, will cause dysregulation that leads to a systemic inflammatory response and 
consequently single or multiple organ failure. IL: Interleukin; CASP1: Caspase 1, apoptosis-related cysteine peptidase; CCR8: Chemokine receptor 8; TRL1: Toll-like 
receptor-1; NOD1: Nucleotide-binding oligomerization domain-containing protein 1; CCL1: Chemokine ligand 1; TNF-α: Tumor necrosis factor alpha.

and IL 23A genes[19]. This is expected since STAT3 is responsible for differentiation in 
Th17 Lineage and has been implicated in autoimmune diseases[46]. Therefore, it is 
likely that an elevation of these Th17 cytokines may be due to the ILC3 group[22].

This preliminary study has its limitations. Like many clinical studies, obtaining the 
ideal sample size, which is adequate (not too small or too big) for the interpretation of 
the results is important in how the results are extrapolated. Here, we sampled 40 
patients overall with MAP, MSAP, and SAP at three different time points (D3, 5, and 7) 
and tested samples from 29 as shown in Figure 1. Due to this being a time study, we 
noted a trend where patients dropped out after consenting or were too weak or too 
sick to participate, especially from the SAP group. Presentation at the hospital was also 
usually delayed and this could be attributed to the socio-economic state of the patients 
who tend to delay seeking treatment. To circumvent this challenge, where applicable 
(especially for the SAP group), the results presented here have been discussed with 
inferences to supporting literature and further work with expanded numbers is 
planned.

Possible concerns about treatment affecting the expression of CCR8 and IL-6 are 
valid. However, the general treatment guideline for AP in the hospital unit is based on 
supportive care where all patients are treated according to the same protocol, none of 
which can influence immune responses. In mild AP, only analgesia and fluids are 
prescribed and nutrition is maintained with a combination of enteral and/or 
parenteral feeding. In the Moderate and severe group, organ support is implemented 
depending on the organ dysfunction. Antibiotics nor steroids are used routinely in the 
first phase of the inflammatory response in any of the patients and as such, we do not 
think that the treatment will influence the expression of IL-6 or CCR8 up to and 
including day 7.

https://f6publishing.blob.core.windows.net/4cb74c7a-601b-49e6-bbc9-00d5bfd5a75c/WJGP-12-115-supplementary-material.pdf
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CONCLUSION
This study proposes possible linkages between the upregulation of CCR8 and IL6 
elevation with AP disease severity. Simultaneously, monocytes, ILCs, and Th2 
Lymphocyte frequencies, found to differentiate MAP, may differentiate MSAP and 
SAP groups. These findings may be beneficial as prognostic parameters in early AP 
stratification. Despite the limitation in sample sizes, these preliminary findings are 
supported by the literature. The data indicate that CCR8, IL-6 Levels, and associated 
immune molecules and cell types may be promising parameters to improve or 
complement existing ones for patient risk stratification in AP. The data further 
contributes to the scarce literature in AP from an African setting.

ARTICLE HIGHLIGHTS
Research background
Chemokine receptor 8 (CCR8) is a chemokine receptor that is highly expressed on 
monocytes and cells of T helper type-2 Lineage including innate lymphoid cells group 
2 and 3 (ILC2 and 3). Upregulation in more severe cases of acute pancreatitis (AP) may 
be linked to elevated levels of interleukin (IL)-6 and upregulation of CCR8.

Research motivation
There is currently no known treatment for AP and no clear early immune markers to 
effectively distinguish between moderately severe AP and severe AP. The complex 
underlying pathophysiology further complicates this, necessitating studies to better 
understand the ensuing immune responses for improved stratification.

Research objectives
To identify the role of the CCR8, expressed by Th2 Lymphocytes and peritoneal 
macrophages, and its possible association to IL-6 as early markers to assist with AP 
stratification.

Research methods
A total of 40 patients were recruited from the Chris Hani Baragwanath Hospital and 
the Charlotte Maxeke Johannesburg Academic Hospital in Johannesburg, South 
Africa. Bioassays were performed on 29 patients consisting of 14 mild AP (MAP), 11 
moderately severe AP (MSAP), and 4 severe AP (SAP) and 6 healthy controls as part of 
a preliminary study. A total of 12 mL of blood samples were collected at Day (D) 1, 3, 
5, and 7 post epigastric pain. Using multiplex immunoassay panels, real-time 
polymerase chain reaction (RT-PCR) arrays, and multicolour flow cytometry analysis, 
immune response-related proteins, genes, and cells were profiled respectively. The 
fold change (FC) analysis was used to determine differences between the groups.

Research results
This study shows possible linkages between increasing CCR8 expression and severity 
in mainly MSAP patients when compared to MAP. The concentration of IL-6 was 
significantly different at D3 post epigastric pain in both MAP group and MSAP group 
with P = 0.001 and P = 0.013 respectively, in a multiplex assay. CCR8 was shown to 
increase with severity with the following FC for MAP (1.33), MSAP (38.28) to SAP 
(1172.45). Further verification studies using RT-PCR showed fold change increases of 
CCR8 in MSAP and SAP ranging from 1000 to 1000000 times when represented as 
Log10, compared to healthy controls respectively at Day 3 post epigastric pain.

Research conclusions
Notable increases in CCR8 and IL-6 in severe patients were observed. Lymphocyte and 
monocyte cell frequencies suggest that in MAP, IL-6 was highly expressed in 
lymphocytes, and the severe patients (MSAP and SAP) were highly expressed by 
monocytes. This provides an avenue for exploring AP stratification to improve 
management.

Research perspectives
There is an opportunity to further investigate IL-6 producing cells such as T helper 2 
lymphocytes, monocytes, and innate lymphoid cells group 2 and associated CCR8 



Nalisa M et al. CCR8 and IL-6 in AP severity 

WJGP https://www.wjgnet.com 131 November 22, 2021 Volume 12 Issue 6

increases, to determine cell-associated cytokine as a novel approach for AP risk strati-
fication.
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colorectal cancer (CRC), with heightened risk for younger population. Previous 
studies link its susceptibility to the DNA sequence polymorphism along with 
Amsterdam and Bethesda criteria. However, those fail in term of applicability.

AIM 
To determine a clear cut-off of MSH2 gene expression for CRC heredity grouping 
factor. Further, the study also aims to examine the association of risk factors to the 
CRC heredity.

METHODS 
The cross-sectional study observed 71 respondents from May 2018 to December 
2019 in determining the CRC hereditary status through MSH2 mRNA expression 
using reverse transcription-polymerase chain reaction and the disease’s risk 
factors. Data were analyzed through Chi-Square, Fischer exact, t-test, Mann-
Whitney, and multiple logistics.

RESULTS 
There are significant differences of MSH2 within CRC group among tissue and 
blood; yet, negative for significance between groups. Through the blood gene 
expression fifth percentile, the hereditary CRC cut-off is 11059 fc, dividing the 40 
CRC respondents to 32.5% with hereditary CRC. Significant risk factors include 
age, family history, and staging. Nonetheless, after multivariate control, age is just 
a confounder. Further, the study develops a probability equation with area under 
the curve 82.2%.

CONCLUSION 
Numerous factors have significant relations to heredity of CRC patients. 
However, true important factors are staging and family history, while age and 
others are confounders. The study also established a definite cut-off point for 
heredity CRC based on mRNA MSH2 expression, 11059 fc. These findings shall 
act as concrete foundations on further risk factors and/or genetical CRC future 
studies.

Key Words: Colorectal cancer; MSH2 gene; Non-modifiable factors; Risk probability

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The study has determined a definitive cut-off for grouping colorectal cancer 
(CRC) with its heredity using the MSH2 mRNA gene expression, which amounts to 
11059 fc. The gene expressions may differ between blood and tissue sample of the 
CRC group, yet none between CRC and control group. Nevertheless, subsequent risk 
factors of family history and staging are found to be significant toward the heredity. 
The after-mentioned risk factors act as urgent reminder for highly risky people with 
family history of CRC and/or high CRC staging to have themselves and their 
immediate family members to undergo routine examinations as well as strict 
preventions.

Citation: Tedjasaputra TR, Hatta M, Massi MN, Natzir R, Bukhari A, Masadah R, Parewangi 
ML, Prihantono P, Nariswati R, Tedjasaputra V. Prediction of hereditary nonpolyposis 
colorectal cancer using mRNA MSH2 quantitative and the correlation with nonmodifiable 
factor. World J Gastrointest Pathophysiol 2021; 12(6): 134-146
URL: https://www.wjgnet.com/2150-5330/full/v12/i6/134.htm
DOI: https://dx.doi.org/10.4291/wjgp.v12.i6.134

INTRODUCTION
Colorectal cancer (CRC) or also known as colorectal adenocarcinoma is a group of 
cancer that manifest in the colon and/or rectum. The cancer first arises as polyps that 
comprised of extraneous cells from the uncontrolled proliferation because of genetic 
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mutations. These benign masses of flesh will then achieve even greater hyper-
replication, survival, and angiogenesis, leading to a malignant carcinoma (CRC) which 
then can metastasize[1].

In fact, CRC holds the fourth place in the top ten of the most diagnosed global 
cancer with around 2000000 incidence cases, while taking third place for worldwide 
cancer mortality with approximately 1000000 deaths[2]. Within very high human 
development index countries, Hungary and Norway have the highest age-
standardized rates of CRC over 100000 populations for male and female respectively 
(70.6 and 39.3)[3]. Meanwhile, the top age-standardized death rates are taken both for 
male and female by Hungary with 31.2 and 14.8 over 100000 population[3].

Specifically, CRC can be further divided according to its differentiation, 
epidemiology, and hereditary. Interesting potential lies dormant in CRC hereditary 
status, where as far as the author’s known, there has been no gold standard measure to 
classify one’s CRC into hereditary [i.e., hereditary non-polyposis colon cancer 
(HNPCC)] or sporadic.

HNPCC or sometimes known to the general citizens as lynch syndrome (LS) is a 
hereditary mutation of the MLH1, MSH2, MSH6, EpCAM, and PMS2 genes which 
contribute to the development of CRC yet also the passing of the autosomal dominant 
mutated genes and thus the heightened susceptibility to the offspring[4]. LS can be 
found in younger people compared to overall CRC as these mutations provide 
grounds for CRC rapid development. Within his or her lifetime, the risk of developing 
LS is around 4.1%-4.4%[5].

The incidence of LS can be said to mainly comes from the mutation of MSH2 gene 
on chromosome 2. The protein translated by that subsequent gene encode MutS 
Homolog 2 protein which functions as a DNA mismatch repair protein. When doing 
its intended functions, it bonds with MSH6 or MSH3 to procure MutSα or MutSb 
complex according to specifications of the DNA damage, namely: Transcription repair, 
base excision repair, homologous recombination, etc[6-8].

Identification of those who carry the mutated genes of MSH2 or the groups would 
benefit the patients as early detection and adequate prevention can reduce morbidity, 
mortality, and recurrence risk of LS[9,10]. Several studies have tried to implement the 
Bethesda and Amsterdam criteria to solve this dynamic screening of LS, yet the effort 
failed due to its complexity and arduousness especially in small family and late age of 
onset settings[11-15]. Consequently, when trying to address the problem from its roots 
of the mutated genes, establishment of the definite gene expression may act as a well 
cut-off point to categorize CRC into LS or non-LS with high potential of becoming a 
gold standard measure. The subsequent practices utilize specific enzymes that 
pinpoint the post-transcription mRNA strategically[16].

These techniques of separating the CRC intro groups, enable risk factor assessments 
toward hereditary and sporadic CRC types. Modifiable risk factors for LS and CRC are 
body mass index (BMI), physical activity, diet, lifestyle (i.e., smoking, alcohol, and 
narcotics), routine medications, and diabetes mellitus (DM). Insulin resistance and the 
hyperglycemic state of the body can predispose a person to CRC. The excess of blood 
sugar trigger Warburg effect (carcinogenic glycolysis) through modulation of glucose 
metabolism[17,18]. Studies on DM relations to CRC prove a 1.17-1.42 hazard ratio 
along with 11536/559375 DM patients have CRC[19,20]. On the other hand, non-
modifiable risk factors for LS and CRC involve the race, age, gender, heredity, 
radiations, and some diseases (i.e., inflammatory bowel disease or cystic fibrosis).

Above all, the hazardous nature of CRC and LS, scarce information on CRC risk 
factors identifications, and the lack of gold standard for categorizing hereditary 
measurements, thus the present study urgently aimed to compute suitable MSH2 gene 
expression for appropriate cut-off and certify the associations from the risk factors.

MATERIALS AND METHODS
Study population and subject enrollment
The present study was conducted using cross-sectional design with 71 respondents 
divided into 31 respondents in the control group, those who have been sequentially 
matched (i.e., age, sex, and BMI) with the case group. The study involves tumor and 
malignancy sector which are a sensitive section of health as it rapidly deteriorates 
health while integrated to other bodily system. Henceforth, strict exclusion criteria 
were adapted in the current study, namely: (1) The presence or history of other cancer; 
(2) The presence or history of inflammatory bowel disease; (3) Chemotherapy or 
radiotherapy in progress or history; (4) Refusal of participation; and (5) Missing or 
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incomplete data.
From May 2018 to December 2019, the respondents are taken from the internal 

medicine outpatient and inpatient department of Tarakan General Hospital and 
Siloam Hospitals Lippo Village through consecutive sampling. Sample size calculated 
using 5% alpha and power 80%.

Research operatives
Three major steps are contained within this study. Initially, the study collects 
respondents and their clinical data of demographics and malignancy characteristics. 
Then, the respective mRNA gene expression of MSH2 was quantified using 
polymerase chain reaction (PCR) and studied in assessing within groups and between 
groups differences as well as its hereditary significance. Whereas the last component 
of the study involves risk factor analysis toward hereditary of CRC and its probability 
model.

Sample collection and data measurement
Biopsy tissues of suspected CRC tissues and venous blood are the key samples of this 
study. Then, the samples are placed in a L6 buffer and have their RNA extracted. The 
L6 buffer are concocted earlier according to the RNA Boom extraction method of the 
Hasanuddin laboratory. Next, RT-PCR targeting the MSH2 mRNA were done to 
measure the gene expression.

The PCR are conducted through the DNA multiplication, denaturation, primer 
attachment, and amplification stage. Specific Korean primers are supplied to 
specifically target the MSH2 gene: CAT-CCA-GGC-ATG-CTT-GTG-TTG-A (forward) 
and GCA-GTC-CAC-AAT-GGA-CAC-TTC (reverse). The mechanics and PCR analysis 
follow the Bio-Rad protocols from Unites States of America using the power SYBR 
green master mix kit[21-23].

Statistical analysis
Data tabulation was done through Microsoft Excel 365, while SPSS v26 is the software 
of choice for the statistical analysis. Missing data is excluded from the study. The 
respondents’ demographics are characterized using descriptive statistics; yet, Chi-
Square or Fischer test are applied for categorical factors, while t-test or Mann-Whitney 
for numerical factors. Significance obtained if P value < 0.05.

RESULTS
The present study employs 71 respondents among the 19-mo study period, which 
comprised of 56.34% in the case group and 43.66% in the control group. Respondents 
within the control group are adequately matched according to the case group charac-
teristics, proven with no significant difference (P > 0.05) in the demographic character-
istics between the groups as depicted in Table 1.

Among the respondents on the CRC group, histopathological samples are taken and 
observed. Specifically, 90.00% respondents have adenocarcinoma while 7.50% have 
adenocarcinoma with Signet ring cell and 2.50% have neuroendocrine carcinoma. 
Nevertheless, specifications on the histopathological profile can also be seen from the 
level of differentiation. Well-differentiated biopsies are found in 26 (66.7%) 
respondents, intermediately differentiated in 6 (15.4%) respondents, and poorly differ-
entiated in 7 (17.9%).

Subsequently, the study utilizes PCR analysis to measure the MSH2 mRNA gene 
expression in blood and tissue between the groups. Significance is observed when 
comparing the gene expression within the CRC group between blood and tissue 
(12554.50 vs 7485.00). However, as pictured in Table 2, there is no significant difference 
of MSH2 mRNA expression between CRC and control groups (P = 0.116 and 0.465).

Moreover, the group with CRC were then subdivided based on each respondent 
hereditary status. One is considered having hereditary condition if his or her blood 
mRNA MSH2 gene expression less than the cut-off from the fifth percentile, 11059 fc. It 
was established that 67.50% of the CRC group respondents have non-hereditary status, 
even including one-third of those with positive family history of CRC. Likewise, 
Table 3 portrayed the relationship of risk factors to hereditary status.

CRC has numerous substantial risk factors in theory. However, within the 40 CRC 
group respondents, only three factors are deemed essential hereditarily: Age, tumor 
staging, and family history. Uniquely, among all locations and proximity potential for 
CRC, hereditary does not hold any significance (P = 0.595 and 0.476). There is also no 
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Table 1 Baseline characteristic and MSH2 gene expression

Characteristic CRC group Control group P value

Age (yr) 56.8 ± 8.4 51.6 ± 13.4

Sex

Male 21 (52.5) 13 (41.9)

Female 19 (47.5) 18 (58.1)

Body mass index (kg/m2) 22.4 ± 3.3 23.6 ± 3.4

> 0.05

CRC: Colorectal cancer.

Table 2 MSH2 gene expression

MSH2 expression CRC group Control group P value

Blood

Median (range) 12554.50 (4230.00-14559.00) 12146.00 (11029.00-13633.00) 0.116

mean ± SD 11411.05 ± 2912.45 12219.87 ± 756.87 0.465

Tissue 7 485.00 (4174.00-14218.00)

CRC: Colorectal cancer; SD: Standard deviation.

difference on biopsies differentiation between the groups (P = 0.287 and 0.999).
The study found 5.60 times increase in risk of CRC between those < 50 years old and 

over, in which a 9.05-year difference is found between the subsequent groups. 
Similarly, respondents with hereditary CRC are mostly within the C stage (54.85%) 
while the non-group mostly in B (37.04%). This pattern holds true even when the 
stages are divided into C-D and A-B clusters, where the CRC group dominate the 
former cluster while the latter cluster for the rest. Yet, the clustering of stages is 
insignificant (P = 0.116).

Family history of CRC and its hereditary follow a significant linear relationship (P = 
0.008). Those who has history of CRC in his/her family majorly belong to the 
hereditary group (61.54%) and vice versa. There is also a notable risk increase for those 
who has CRC history amounting to 9.20 times than those who don’t.

Bringing further to multivariate perspective, the current study applies multiple 
logistic analysis to find the truly significant risk factors toward CRC hereditary and its 
subsequent probability. Table 4 explain the regression where staging and family 
history are truly significant (P = 0.034 and 0.006), while age is just confounder. The 
unstandardized coefficients can be morphed to a LOGIT and probability functions of 
CRC hereditary as follows (Eq. 1 and 2).

LOGIT = -3.165 + 2.395 × staging + 3.126 × history (Eq. 1)

The variables of staging and history hold the value of either one or zero. Represent-
atively, score of one amount to C or D in the staging component and presence of 
family history. Furthermore, the equations and probabilities are having good fit and 
not due to chance by having significant Hosmer and Lameshow statistics as well as 
82.2% area under the curve (AUC) for receiving operator curve (ROC) (Figure 1).

DISCUSSION
From May 2018 to December 2019, 71 respondents were collected with 56.34% 
prevalence of CRC among the pre-elderly population (45-59 years old). The CRC 
group is predominantly male (52.5%) and classified with normal BMI. The discrepancy 
also found on similar studies in the Asia region (i.e., Japan, China, Korea, and Hong 
Kong) where CRC has 20.7-64.8 incidence rate over 100 thousand populations, in 
which differ by 6.3-28.1 compared to the female incidence rate[24-27]. The theory on 
hormonal difference between gender is suspected to be the leading cause of the CRC 
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Table 3 Colorectal cancer hereditary risk factors

Factor CRC hereditary, yes (n: 13) CRC hereditary, no (n: 27) OR (95%CI) P value

Age 50.69 ± 14.99 59.74 ± 11.68 0.043

< 50 8 (61.54) 6 (22.22) 5.60 (1.33-23.62) 0.031

> 50 5 (38.46) 21 (77.78)

Gender 0.69 (0.18-2.59) 0.826

Male 6 (46.15) 15 (55.56)

Female 7 (53.85) 12 (44.44)

Location - 0.595

Caecum 1 (7.69) 1 (3.70)

Ascending colon 2 (15.38) 4 (14.81)

Transverse colon 2 (15.38) 2 (7.41)

Descending colon 0 (0.00) 1 (3.70)

Sigmoid 3 (23.08) 7 (25.93)

Rectum 5 (38.46) 12 (44.44)

Proximity 1.79 (0.44-7.32) 0.476

Proximal colon 5 (38.46) 7 (25.93)

Distal colon 8 (61.54) 20 (74.07)

Staging - 0.020

A 0 (0.00) 7 (25.93)

B 4 (30.77) 10 (37.04)

C 7 (54.85) 9 (33.33)

D 2 (15.38) 1 (3.70)

Group staging 3.83 (0.93-15.72) 0.116

C-D 9 (69.23) 10 (37.04)

A-B 4 (30.77) 17 (62.96)

Family history 9.20 (1.97-42.97) 0.008

Yes 8 (61.54) 4 (14.81)

No 5 (38.46) 23 (85.19)

Differentiation1

Poor 4 (30.77) 3 (11.54) 2.52 (0.46-13.80) 0.287

Intermediate 0 (0.00) 6 (23.08) - 0.999

Well 9 (69.23) 17 (65.38)

1Loss of differentiation data in one sample. CRC: Colorectal cancer; OR: Odds ratio; CI: Confidence interval.

dominancy in male.
CRC higher prevalence in the male gender is the result of female protectiveness 

from the disease. The sex hormone of estradiol and progesterone acts as protective 
mechanism for CRC development in the body. The hormonal clinical trial in 2019 
observe that introduction of estradiol and progesterone combination treatment 
provide increased apoptosis of tumor cells (P < 0.05) while lowering tumor cell prolif-
erations (P < 0.01)[28]. Aside from its function as a sexual hormone, estrogen or 
estradiol play an important role in cell turnover. It acts as a bridge for ion transport 
that regulates cells’ pH, intracellular ions, and several protein activations[29]. Estrogen 
also exudes anti-inflammatory properties due to its ability to bond and modulate 
leukocytes including natural killer cell, neutrophils, dendritic cells, etc[30].
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Table 4 Multivariate regression of colorectal cancer hereditary risk factor

Factor B SE P value OR (95%CI)

Staging 2.395 1.130 0.034 10.970 (1.199-100.382)

History 3.126 1.143 0.006 22.784 (2.423-214.273)

Constant -3.165 1.094 0.004 0.042

SE: Standard error; OR: Odds ratio; CI: Confidence interval.

Figure 1 MSH2 colorectal cancer hereditary probability receiving operator curve. ROC: Receiving operator curve.

Moreover, associations are observed of body anthropometry to CRC within many 
global and Asian studies. For instance, a Japanese prospective study finds significant 
difference of BMI to colon cancer respondents (P = 0.004-0.007)[31]. Akin notion is 
discovered in a Korean study where every five cm increment in height increase the 
risk for CRC in men by 1.04-1.06 and in women by 1.00-1.08[32]. Both after 
multivariate control with other factors. Another Korean study also view significant 
association of BMI to CRC especially the distal colon and rectal cancer (P < 0.001 and 
0.016)[33]. These trends are not restricted only to the Asian region. A global meta-
analysis obtains a relative risk of 1.25 (1.18-1.32) for CRC with the highest vs lowest 
height[34]. Likewise, a prospective systematic review corroborates the idea where 
CRC’s risk multiply by 1.06 for every 5 kg/m2 increase in BMI[35].

BMI has indirect relations to CRC. Higher BMI equates to higher number of cells 
and tissues in the body, giving rise to higher chance of genetic mutations and 
malignancy. People with higher stature also found to have longer intestine length than 
others (r: 0.827), leading to more proliferation rate and chance of cancer[36]. Further, 
CRC can be influenced by other diseases. Acromegaly and insulin-like growth factor 
abnormality for example procure modulation in body height, BMI, and thus CRC[37-
39].

With the advancement of technology in healthcare and information, genetic studies 
for diseases’ prevention, detection, and treatment have developed in a rapid pace. 
Specimens with DNA or RNA materials of the patients or family can be analyzed to 
account for the disease. This methodology has been implemented for several diseases
[9]. Representatively, in assessing the hereditary status of a given CRC patient, his or 
her mRNA gene expression can be compared to a defined cut-off, where ≥ equates to 
positive status. Henceforth, the study uses 5th percentile cut-off points which are often 
used in M, C, D, and A statistic of circular data in a wrapped Cauchy distribution[40]. 
Although significant dissonance is present between blood and tissue samples in the 
CRC group, there are no significant difference between the first, third, and fifth 
percentile of MSH2 gene expression which leads to the acceptance of utilizing 5th 
percentile cut-off amounting to 11059 fc. Consequently, 32.5% of CRC patients are 
categorized to the hereditary group. The rate supports the discovery of 22% hereditary 
CRC by Chang et al[41].
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Table 3 provide risk factors assessment between the hereditary and sporadic CRC 
groups. Significant risk factors fall on the age, staging, and family history. The 
sporadic CRC has older patients than the counterpart with ∆: 9.05 years and 77.78% 
proportion for those > 50 years old. Generally, age of 40 years old and over has 
significantly higher incidence of CRC[42]. A 2018 study paints that there is a sharp 
increase in CRC age-specific incidence as early as 35, then the pre-elderly age of 35-64 
[∆: 60.2 (male) and ± 35 (female)], and over 65 years old [∆: 237.5 (male) and 131.4 
(female)][24]. Nonetheless, Yurgelun et al[43] describe that LS mutation carriers have 
significantly younger age at CRC diagnosis with ∆: 11.1 years (P < 0.001)[43]. HNPCC 
specifically has only ± 20% probability to develop around the age of 50 and 50% for 70 
years old or above[44].

Age is an unfortunate risk for malignancy. The older a person is getting, he or she 
accumulate a lot of endogenous factors (i.e., diet, chronic inflammation, metabolism, 
waning immune system, etc.) and exogenous factors (i.e., genotoxins, mutations, 
medications, environmental triggers, etc.) which stimulate oxidative stress and reactive 
oxygen species that initiate DNA damage, mutations, and uncontrolled cell growth
[45]. The body proinflammatory state as time passes also become a progressive 
breeding ground for malignancy[46].

Insignificant relations are found in gender, tumor location, and histological differen-
tiation. The hereditary CRC are predominated by female (53.85%) while the sporadic 
by male (55.56%) yet the difference is negligible (P = 0.826). This is consistent with 
earlier studies where Dominguez-Valentin et al[47] ascertain that in earlier years of 
elderly age, MSH2 carries similar risk of CRC in terms of gender[47]. Further, this 
ascertain that even though female is protected from overall CRC due to its hormonal 
effect, there is no importance to the heredity status of the CRC.

Both hereditary and sporadic CRCs tend to be in the distal colon (61.54% vs 74.07%), 
especially the rectum (38.46% vs 44.44%). Supremacy of CRCs in the rectum also seen 
in a 2020 general hospital study where rectal CRC amounts to 61.8% prevalence[48]. 
Yet the locations are inessential to the heredity status (P = 0.476). Theory upon this 
predicament include the intrinsic and extrinsic factors within everyone. Carethers[49] 
in his 2018 study disclose that the overall risk of CRC and the CRC risk of different 
regions of the colon are affiliated to one’s physical activity, gender, height, BMI, 
smoking status, alcohol intake, diabetes, medications, and hormonal therapy[49]. For 
example, physical activity reduces the overall CRC risk and the proximal colon CRC 
risk; while increase in height do not affect the rectal specific location while profoundly 
heightening risk of overall, proximal, and distal locations.

Likewise, no significance can be seen between histopathological differentiation and 
CRC heredity status. Current study observes higher poorly differentiated CRC in the 
hereditary compared to the sporadic group (30.77% vs 11.54%), which is akin to the 
study by Sun dictating that HNPCC features prominent lymphocyte infiltrations and 
RER+ status, which easily translates to poor differentiation and resulting in more 
within the HNPCC compared to the sporadic group[50]. On the contrary, the heredity 
group also has more well differentiated specimens (∆: 3.85%). The contrast may be due 
to amounts of proteins and cytokines within the tissue. The tissue staining with 
chromogranin A produce significant difference of 13.6% between hereditary and 
sporadic group[50]. The positive staining with after-mentioned stain has high 
correlation with tumor’s grade and stage[51,52]. Meanwhile, the dissonance may also 
happen due to defects on the sample when taken by colonoscopy biopsy as opposed to 
a surgery.

Independent staging of the CRC produces significant results between hereditary 
and sporadic groups (P = 0.020), with the former mostly in stage C (54.85%) and the 
latter in stage B (37.04%). The findings contradict data by Yurgelun et al[43], where 
most LS mutation carriers are in stage II (45.5%)[43]. Difference may occur due to the 
health system flaw in detecting cancer and the pathophysiology of the CRC.

HNPCC or LS is very hard to be detected as a cancer diagnosis must precede the 
genetic diagnosis. Even in the developed country of United States, only < 1% of the 
Americans with LS know about the disease presence[53,54]. The rate may lessen in 
Indonesia where technology is not as advanced in the United States, genetic testing is 
not a routine test and very expensive, as well as Indonesians’ tradition to not seek the 
healthcare center if there are no symptoms or still bearable.

Incidentally, family history has linear relationship to the hereditary vs sporadic type 
of CRC (P = 0.008). Hereditary CRC majorly has positive history patients (61.54%) 
while the sporadic group doesn’t (14.81%). The conditions amount to 9.20 (1.97-42.97) 
times increase of risk in developing hereditary CRC when one has family history of 
CRC. HNPCC is an autosomal dominant disease leading to its presence in every 
generation of the familial generation, as a dominant trait will always be expressed 
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Table 5 Scenarios of colorectal cancer hereditary probability

Scenario Family history1 Staging2 LOGIT3 Probability4

1 1 1 2.356 0.913

2 1 0 -0.039 0.490

3 0 1 -0.770 0.316

4 0 0 -3.165 0.041

11: Yes, 0: No.
21: C or D, 0: A or B.
3LOGIT: -3.165 + 2.395 × staging + 3.126 × history.
4Probability: 1/(1 + e-LOGIT).

according to the mendelian law of inheritance. Simultaneously, similar relationship 
also observed in a 2017 LS study where LS mutation carriers have P < 0.001 for all first- 
and second-degree family history of CRC[43].

Multiple regression control of the factors demonstrates that staging and family 
history is truly significant (P = 0.034 and 0.006) while age just a confounder. The 
analysis then developed applicative equations (Eq. 1 and 2) to predict the heredity of 
CRC, where examples of their usage are listed in Table 5. The analysis has a 
satisfactory fit criteria with significant Lemeshow and adequate AUC.

Subsequently, the probability prediction model of the current study can be one of 
the prospective tools to overcome the weaknesses of the Amsterdam and Bethesda 
criteria. Personal family history and Mendelian family genogram are important for the 
diagnosis of Hereditary CRC, with the Amsterdam and Bethesda criteria being the 
standard diagnosis tools for LS. However, those tools often face difficulties, especially 
for smaller families and late age of disease onset[11-15,55,56]. In addition, individual 
specific genotype and environmental traits assessment may be utilized to overcome 
the hurdle of empirical recurrence risk removal because of its impracticality in 
incomplete penetrance and late onset[11-15]. Meanwhile, aside from the practical 
probability prediction model of the present study, mRNA MSH2 gene expression can 
be used through Bayesian theorem with prior pedigree risk modifications and 
conditional information.

Nevertheless, the limitation of the present study includes the un-generalization of 
the study sample. Participants are taken from the hospitals which indicates the 
possibility of selection bias and unrepresentativeness of the public. Future studies 
should determine whole genome sequencing to validate these findings and establish a 
gold standard for Hereditary CRC.

CONCLUSION
Numerous factors have significant relations to heredity of LS CRC patients. However, 
true important factors are staging and family history, while others (age) are 
confounders. The study also established a definite cut-off point for heredity LS 
CRC/HNPCC based on mRNA MSH2 expression, 11059 fc. These findings shall act as 
concrete foundations on further risk factors and/or genetical LS CRC future studies.

ARTICLE HIGHLIGHTS
Research background
The lack of golden standard for categorizing hereditary status of colorectal cancer 
(CRC) poses diagnostic and management problems. Identifying proper techniques is 
urgent to procure the best care, prevention, risk factors management, and treatment of 
CRC be it hereditary or sporadic, along with judicious resource consumption.

Research motivation
The lack of golden standard leaves a gaping hole in the LS CRC healthcare system. 
Previous guideline of Bethesda and Amsterdam have tried yet fail in the applicability 
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area especially with later age onset and smaller family. These coupled with the 
hazardous nature of CRC or lynch syndrome and scarce information on CRC risk 
factors identifications motivate the authors to commence the present study.

Research objectives
To determine the gold standard cut-off of MSH2 gene expression for hereditary cluster 
as well as to identify and examine the relationship of hereditary non-polyposis colon 
cancer (HNPCC) with its non-modifiable risk factors.

Research methods
Consecutive sampling of the hospital internal medicine patients with CRC provides 
the case group. Then, the control group was concocted by matching the characteristics 
of the case group. MSH2 mRNA was then analyzed through blood and tissue 
collection and reverse transcription-polymerase chain reaction. Further, the gene 
expression cut-off determined using percentile technique akin to Cauchy distribution 
of M, C, A, and D circular data statistics. CRC groups then clustered into hereditary 
and sporadic according to the MSH2 gene expression against the cut-off. Lastly, risk 
factors are contrasted between each cluster and developed into a prediction model.

Research results
In a group of 40 CRCs differentiated into 13 hereditary and 27 sporadic through MSH2 
mRNA cut-off in 11059 fc, significant risk factors for the hereditary CRC are family 
history and staging with (OR: 22.784, 95%CI: 2.423-214.273, P = 0.006; OR: 10.970, 
95%CI: 1.199-100.382, P = 0.034). Moreover, a prediction model is concocted with area 
under the curve 82.2%.

Research conclusions
The cut-off of MSH2 mRNA 5th percentile provided rough clustering of hereditary and 
sporadic CRC groups. Significant risk factors toward HNPCC are family history and 
staging, while age is just a confounder.

Research perspectives
Future research directions include validation of the determined cut-off and reliability 
testing of the risk factors in a bigger sample size and/or with the general population. 
Further, a longitudinal study on the risk factors effects should be evaluated.

ACKNOWLEDGEMENTS
The authors highly appreciate Jonathan Salim, M.D. for his help and advice in the 
amendment of the manuscript.

REFERENCES
Huck MB, Bohl JL. Colonic Polyps: Diagnosis and Surveillance. Clin Colon Rectal Surg 2016; 29: 
296-305 [PMID: 31777460 DOI: 10.1055/s-0036-1584091]

1     

Ewing I, Hurley JJ, Josephides E, Millar A. The molecular genetics of colorectal cancer. Frontline 
Gastroenterol 2014; 5: 26-30 [PMID: 24416503 DOI: 10.1136/flgastro-2013-100329]

2     

World Health Organization.   The Global Cancer Observatory. Very High HDI 2021. [cited 10 
January 2021]. Available from: https://www.who.int/

3     

Sobocińska J, Kolenda T, Teresiak A, Badziąg-Leśniak N, Kopczyńska M, Guglas K, Przybyła A, 
Filas V, Bogajewska-Ryłko E, Lamperska K, Mackiewicz A. Diagnostics of Mutations in MMR/
EPCAM Genes and Their Role in the Treatment and Care of Patients with Lynch Syndrome. 
Diagnostics (Basel) 2020; 10 [PMID: 33027913 DOI: 10.3390/diagnostics10100786]

4     

Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson JC, Cercek A, Smith RA, 
Jemal A. Colorectal cancer statistics, 2020. CA Cancer J Clin 2020; 70: 145-164 [PMID: 32133645 
DOI: 10.3322/caac.21601]

5     

Mellon I, Rajpal DK, Koi M, Boland CR, Champe GN. Transcription-coupled repair deficiency and 
mutations in human mismatch repair genes. Science 1996; 272: 557-560 [PMID: 8614807 DOI: 
10.1126/science.272.5261.557]

6     

de Wind N, Dekker M, Berns A, Radman M, te Riele H. Inactivation of the mouse Msh2 gene results 
in mismatch repair deficiency, methylation tolerance, hyperrecombination, and predisposition to 
cancer. Cell 1995; 82: 321-330 [PMID: 7628020 DOI: 10.1016/0092-8674(95)90319-4]

7     

Pitsikas P, Lee D, Rainbow AJ. Reduced host cell reactivation of oxidative DNA damage in human 8     

http://www.ncbi.nlm.nih.gov/pubmed/31777460
https://dx.doi.org/10.1055/s-0036-1584091
http://www.ncbi.nlm.nih.gov/pubmed/24416503
https://dx.doi.org/10.1136/flgastro-2013-100329
https://www.who.int/
http://www.ncbi.nlm.nih.gov/pubmed/33027913
https://dx.doi.org/10.3390/diagnostics10100786
http://www.ncbi.nlm.nih.gov/pubmed/32133645
https://dx.doi.org/10.3322/caac.21601
http://www.ncbi.nlm.nih.gov/pubmed/8614807
https://dx.doi.org/10.1126/science.272.5261.557
http://www.ncbi.nlm.nih.gov/pubmed/7628020
https://dx.doi.org/10.1016/0092-8674(95)90319-4


Tedjasaputra TR et al. HNPCC risk factors and MSH2 prediction

WJGP https://www.wjgnet.com 144 November 22, 2021 Volume 12 Issue 6

cells deficient in the mismatch repair gene hMSH2. Mutagenesis 2007; 22: 235-243 [PMID: 
17351251 DOI: 10.1093/mutage/gem008]
Turnpenny PD, Elllard S.   The Genetics of Cancer and Cancer Genetics. In: Emery’s Elements of 
Medical Genetics. 15th ed. United Kingdom: Elsevier, 2016: 177–199

9     

Wagner A, Tops C, Wijnen JT, Zwinderman K, van der Meer C, Kets M, Niermeijer MF, Klijn JG, 
Tibben A, Vasen HF, Meijers-Heijboer H. Genetic testing in hereditary non-polyposis colorectal 
cancer families with a MSH2, MLH1, or MSH6 mutation. J Med Genet 2002; 39: 833-837 [PMID: 
12414824 DOI: 10.1136/jmg.39.11.833]

10     

Turnpenny PD, Elllard S.   Pattern of Inheritance. In: Emery’s Elements of Medical Genetics. 15th 
ed. United Kingdom: Elsevier, 2016

11     

Nussbaum R, McInnes R, Willard H.   Lynch Syndrome (DNA Mismatch Repair Gene Mutations, 
MM 120435). In: Thompson & Thompson Genetics in Medicine. 8th ed. Philadelphia: Elsevier, 2015

12     

Yang Y, Muzny DM, Reid JG, Bainbridge MN, Willis A, Ward PA, Braxton A, Beuten J, Xia F, Niu 
Z, Hardison M, Person R, Bekheirnia MR, Leduc MS, Kirby A, Pham P, Scull J, Wang M, Ding Y, 
Plon SE, Lupski JR, Beaudet AL, Gibbs RA, Eng CM. Clinical whole-exome sequencing for the 
diagnosis of mendelian disorders. N Engl J Med 2013; 369: 1502-1511 [PMID: 24088041 DOI: 
10.1056/NEJMoa1306555]

13     

Biesecker LG, Green RC. Diagnostic clinical genome and exome sequencing. N Engl J Med 2014; 
370: 2418-2425 [PMID: 24941179 DOI: 10.1056/NEJMra1312543]

14     

Kilpivaara O, Aaltonen LA. Diagnostic cancer genome sequencing and the contribution of germline 
variants. Science 2013; 339: 1559-1562 [PMID: 23539595 DOI: 10.1126/science.1233899]

15     

Li M, Wang IX, Li Y, Bruzel A, Richards AL, Toung JM, Cheung VG. Widespread RNA and DNA 
sequence differences in the human transcriptome.  Science 2011; 333: 53-58 [PMID: 21596952 DOI: 
10.1126/science.1207018]

16     

to: Personality and Problematic Internet Use Among Chinese College Students: The Mediating Role 
of Maladaptive Cognitions Over Internet Use by Zhou N, Geng X, Du H, Wu L, Xu J, Ma S, Zhang J, 
Yu C, Liang Y, Meng J, Yuan X, Cao H, and Fang X. Cyberpsychol Behav Soc Netw. 2018; 
21(11):719-726. DOI: 10.1089/cyber.2018.0279. Cyberpsychol Behav Soc Netw 2019; 22: 617 
[PMID: 31526294 DOI: 10.1089/cyber.2018.0279.correx]

17     

Kitazawa M, Hatta T, Sasaki Y, Fukui K, Ogawa K, Fukuda E, Goshima N, Okita N, Yamada Y, 
Nakagama H, Natsume T, Horimoto K. Promotion of the Warburg effect is associated with poor 
benefit from adjuvant chemotherapy in colorectal cancer. Cancer Sci 2020; 111: 658-666 [PMID: 
31823471 DOI: 10.1111/cas.14275]

18     

Ma Y, Yang W, Song M, Smith-Warner SA, Yang J, Li Y, Ma W, Hu Y, Ogino S, Hu FB, Wen D, 
Chan AT, Giovannucci EL, Zhang X. Type 2 diabetes and risk of colorectal cancer in two large U.S. 
prospective cohorts. Br J Cancer 2018; 119: 1436-1442 [PMID: 30401889 DOI: 
10.1038/s41416-018-0314-4]

19     

Ali Khan U, Fallah M, Sundquist K, Sundquist J, Brenner H, Kharazmi E. Risk of colorectal cancer 
in patients with diabetes mellitus: A Swedish nationwide cohort study. PLoS Med 2020; 17: e1003431 
[PMID: 33186354 DOI: 10.1371/journal.pmed.1003431]

20     

Zhou Z, Liu H, Wang C, Lu Q, Huang Q, Zheng C, Lei Y. Long non-coding RNAs as novel 
expression signatures modulate DNA damage and repair in cadmium toxicology. Sci Rep 2015; 5: 
15293 [PMID: 26472689 DOI: 10.1038/srep15293]

21     

Hatta M, Surachmanto EE, Islam AA, Wahid S. Expression of mRNA IL-17F and sIL-17F in atopic 
asthma patients. BMC Res Notes 2017; 10: 202 [PMID: 28606156 DOI: 10.1186/s13104-017-2517-9]

22     

Sirait RH, Hatta M, Ramli M, Islam AA, Arief SK. Systemic lidocaine inhibits high-mobility group 
box 1 messenger ribonucleic acid expression and protein in BALB/c mice after closed fracture 
musculoskeletal injury. Saudi J Anaesth 2018; 12: 395-398 [PMID: 30100837 DOI: 
10.4103/sja.SJA_685_17]

23     

Jung KW, Won YJ, Kong HJ, Lee ES; Community of Population-Based Regional Cancer Registries. 
Cancer Statistics in Korea: Incidence, Mortality, Survival, and Prevalence in 2015. Cancer Res Treat 
2018; 50: 303-316 [PMID: 29566481 DOI: 10.4143/crt.2018.143]

24     

Chen W, Sun K, Zheng R, Zeng H, Zhang S, Xia C, Yang Z, Li H, Zou X, He J. Cancer incidence 
and mortality in China. Zhongguo Aizheng Yanjiu Zazhi  2018; 30: 1-12 [DOI: 
10.21147/j.issn.1000-9604.2018.01.01]

25     

Hong Kong Cancer Registry (HKCaR).   Colorectal Cancer in 2016. [cited 10 January 2021]. 
Available from: https://www3.ha.org.hk/cancereg/

26     

National Cancer Registry (Ministry of Health L and W).   Cancer Statistics in Japan. [cited 10 
January 2021]. Available from: https://www.facs.org/quality-programs/cancer/ncdb/

27     

Sasso CV, Santiano FE, Campo Verde Arboccó F, Zyla LE, Semino SN, Guerrero-Gimenez ME, 
Pistone Creydt V, López Fontana CM, Carón RW. Estradiol and progesterone regulate proliferation 
and apoptosis in colon cancer. Endocr Connect 2019; 8: 217-229 [PMID: 30738018 DOI: 
10.1530/EC-18-0374]

28     

Maingi JW, Tang S, Liu S, Ngenya W, Bao E. Targeting estrogen receptors in colorectal cancer. Mol 
Biol Rep 2020; 47: 4087-4091 [PMID: 32246248 DOI: 10.1007/s11033-020-05414-6]

29     

McCarthy M, Raval AP. The peri-menopause in a woman's life: a systemic inflammatory phase that 
enables later neurodegenerative disease. J Neuroinflammation 2020; 17: 317 [PMID: 33097048 DOI: 
10.1186/s12974-020-01998-9]

30     

Shimizu N, Nagata C, Shimizu H, Kametani M, Takeyama N, Ohnuma T, Matsushita S. Height, 31     

http://www.ncbi.nlm.nih.gov/pubmed/17351251
https://dx.doi.org/10.1093/mutage/gem008
http://www.ncbi.nlm.nih.gov/pubmed/12414824
https://dx.doi.org/10.1136/jmg.39.11.833
http://www.ncbi.nlm.nih.gov/pubmed/24088041
https://dx.doi.org/10.1056/NEJMoa1306555
http://www.ncbi.nlm.nih.gov/pubmed/24941179
https://dx.doi.org/10.1056/NEJMra1312543
http://www.ncbi.nlm.nih.gov/pubmed/23539595
https://dx.doi.org/10.1126/science.1233899
http://www.ncbi.nlm.nih.gov/pubmed/21596952
https://dx.doi.org/10.1126/science.1207018
http://www.ncbi.nlm.nih.gov/pubmed/31526294
https://dx.doi.org/10.1089/cyber.2018.0279.correx
http://www.ncbi.nlm.nih.gov/pubmed/31823471
https://dx.doi.org/10.1111/cas.14275
http://www.ncbi.nlm.nih.gov/pubmed/30401889
https://dx.doi.org/10.1038/s41416-018-0314-4
http://www.ncbi.nlm.nih.gov/pubmed/33186354
https://dx.doi.org/10.1371/journal.pmed.1003431
http://www.ncbi.nlm.nih.gov/pubmed/26472689
https://dx.doi.org/10.1038/srep15293
http://www.ncbi.nlm.nih.gov/pubmed/28606156
https://dx.doi.org/10.1186/s13104-017-2517-9
http://www.ncbi.nlm.nih.gov/pubmed/30100837
https://dx.doi.org/10.4103/sja.SJA_685_17
http://www.ncbi.nlm.nih.gov/pubmed/29566481
https://dx.doi.org/10.4143/crt.2018.143
https://dx.doi.org/10.21147/j.issn.1000-9604.2018.01.01
https://www3.ha.org.hk/cancereg/
https://www.facs.org/quality-programs/cancer/ncdb/
http://www.ncbi.nlm.nih.gov/pubmed/30738018
https://dx.doi.org/10.1530/EC-18-0374
http://www.ncbi.nlm.nih.gov/pubmed/32246248
https://dx.doi.org/10.1007/s11033-020-05414-6
http://www.ncbi.nlm.nih.gov/pubmed/33097048
https://dx.doi.org/10.1186/s12974-020-01998-9


Tedjasaputra TR et al. HNPCC risk factors and MSH2 prediction

WJGP https://www.wjgnet.com 145 November 22, 2021 Volume 12 Issue 6

weight, and alcohol consumption in relation to the risk of colorectal cancer in Japan: a prospective 
study. Br J Cancer 2003; 88: 1038-1043 [PMID: 12671701 DOI: 10.1038/sj.bjc.6600845]
Sung J, Song YM, Lawlor DA, Smith GD, Ebrahim S. Height and site-specific cancer risk: A cohort 
study of a korean adult population. Am J Epidemiol 2009; 170: 53-64 [PMID: 19403842 DOI: 
10.1093/aje/kwp088]

32     

Shin A, Joo J, Bak J, Yang HR, Kim J, Park S, Nam BH. Site-specific risk factors for colorectal 
cancer in a Korean population. PLoS One 2011; 6: e23196 [PMID: 21853085 DOI: 
10.1371/journal.pone.0023196]

33     

Song X, Gong X, Zhang T, Jiang W. Height and risk of colorectal cancer: a meta-analysis. Eur J 
Cancer Prev 2018; 27: 521-529 [PMID: 28683006 DOI: 10.1097/CEJ.0000000000000390]

34     

Abar L, Vieira AR, Aune D, Sobiecki JG, Vingeliene S, Polemiti E, Stevens C, Greenwood DC, 
Chan DSM, Schlesinger S, Norat T. Height and body fatness and colorectal cancer risk: an update of 
the WCRF-AICR systematic review of published prospective studies. Eur J Nutr 2018; 57: 1701-1720 
[PMID: 29080978 DOI: 10.1007/s00394-017-1557-1]

35     

Minko E, Pagano A, Caceres N, Adar T, Márquez S. Human intestinal tract length and relationship 
with body height. FASEB J 2014; 28 [DOI: 10.1096/fasebj.28.1_supplement.916.4]

36     

Dworakowska D, Grossman AB. Colonic Cancer and Acromegaly. Front Endocrinol (Lausanne) 
2019; 10: 390 [PMID: 31293513 DOI: 10.3389/fendo.2019.00390]

37     

Murphy N, Carreras-Torres R, Song M, Chan AT, Martin RM, Papadimitriou N, Dimou N, Tsilidis 
KK, Banbury B, Bradbury KE, Besevic J, Rinaldi S, Riboli E, Cross AJ, Travis RC, Agnoli C, 
Albanes D, Berndt SI, Bézieau S, Bishop DT, Brenner H, Buchanan DD, Onland-Moret NC, Burnett-
Hartman A, Campbell PT, Casey G, Castellví-Bel S, Chang-Claude J, Chirlaque MD, de la Chapelle 
A, English D, Figueiredo JC, Gallinger SJ, Giles GG, Gruber SB, Gsur A, Hampe J, Hampel H, 
Harrison TA, Hoffmeister M, Hsu L, Huang WY, Huyghe JR, Jenkins MA, Keku TO, Kühn T, 
Kweon SS, Le Marchand L, Li CI, Li L, Lindblom A, Martín V, Milne RL, Moreno V, Newcomb PA, 
Offit K, Ogino S, Ose J, Perduca V, Phipps AI, Platz EA, Potter JD, Qu C, Rennert G, Sakoda LC, 
Schafmayer C, Schoen RE, Slattery ML, Tangen CM, Ulrich CM, van Duijnhoven FJB, Van Guelpen 
B, Visvanathan K, Vodicka P, Vodickova L, Vymetalkova V, Wang H, White E, Wolk A, Woods 
MO, Wu AH, Zheng W, Peters U, Gunter MJ. Circulating Levels of Insulin-like Growth Factor 1 and 
Insulin-like Growth Factor Binding Protein 3 Associate With Risk of Colorectal Cancer Based on 
Serologic and Mendelian Randomization Analyses. Gastroenterology 2020; 158: 1300-1312.e20 
[PMID: 31884074 DOI: 10.1053/j.gastro.2019.12.020]

38     

Kasprzak A. Insulin-Like Growth Factor 1 (IGF-1) Signaling in Glucose Metabolism in Colorectal 
Cancer. Int J Mol Sci 2021; 22 [PMID: 34208601 DOI: 10.3390/ijms22126434]

39     

Abuzaid AH, El-hanjouri MM, Kulab MM. On Discordance Tests for the Wrapped Cau-chy 
Distribution. Open J Stat 2015; 5: 245-253 [DOI: 10.4236/ojs.2015.54026]

40     

Chang DT, Pai RK, Rybicki LA, Dimaio MA, Limaye M, Jayachandran P, Koong AC, Kunz PA, 
Fisher GA, Ford JM, Welton M, Shelton A, Ma L, Arber DA. Clinicopathologic and molecular 
features of sporadic early-onset colorectal adenocarcinoma: an adenocarcinoma with frequent signet 
ring cell differentiation, rectal and sigmoid involvement, and adverse morphologic features. Mod 
Pathol 2012; 25: 1128-1139 [PMID: 22481281 DOI: 10.1038/modpathol.2012.61]

41     

Noone A, Howlader N, Krapcho M, Miller D, Brest A, Yu M, Ruhl J, Tatalovich Z, Mariotto A, 
Lewis DR, Chen HS, Feuer EJ, Cronin KA.   SEER Cancer Statistics Review 1975-2015. National 
Cancer Institute; 2018. [cited 10 January 2021]. Available from: 
https://www.researchgate.net/publication/285863025_SEER_Cancer_statistics_review_1975-2004

42     

Yurgelun MB, Kulke MH, Fuchs CS, Allen BA, Uno H, Hornick JL, Ukaegbu CI, Brais LK, 
McNamara PG, Mayer RJ, Schrag D, Meyerhardt JA, Ng K, Kidd J, Singh N, Hartman AR, Wenstrup 
RJ, Syngal S. Cancer Susceptibility Gene Mutations in Individuals With Colorectal Cancer. J Clin 
Oncol 2017; 35: 1086-1095 [PMID: 28135145 DOI: 10.1200/JCO.2016.71.0012]

43     

Bonadona V, Bonaïti B, Olschwang S, Grandjouan S, Huiart L, Longy M, Guimbaud R, Buecher B, 
Bignon YJ, Caron O, Colas C, Noguès C, Lejeune-Dumoulin S, Olivier-Faivre L, Polycarpe-Osaer F, 
Nguyen TD, Desseigne F, Saurin JC, Berthet P, Leroux D, Duffour J, Manouvrier S, Frébourg T, 
Sobol H, Lasset C, Bonaïti-Pellié C; French Cancer Genetics Network. Cancer risks associated with 
germline mutations in MLH1, MSH2, and MSH6 genes in Lynch syndrome. JAMA 2011; 305: 2304-
2310 [PMID: 21642682 DOI: 10.1001/jama.2011.743]

44     

Ahmad S, Akhter F, Shahab U, Rafi Z, Khan MS, Nabi R, Ahmad K, Ashraf JM, Moinuddin. Do all 
roads lead to the Rome? Semin Cancer Biol 2018; 49: 9-19 [PMID: 29113952 DOI: 
10.1016/j.semcancer.2017.10.012]

45     

Rea IM, Gibson DS, McGilligan V, McNerlan SE, Alexander HD, Ross OA. Age and Age-Related 
Diseases: Role of Inflammation Triggers and Cytokines. Front Immunol 2018; 9: 586 [PMID: 
29686666 DOI: 10.3389/fimmu.2018.00586]

46     

Dominguez-Valentin M, Sampson JR, Seppälä TT, ten Broeke SW, Plazzer J-P, Nakken S, Engel C, 
Aretz S, Jenkins MA, Sunde L, Bernstein I, Capella G, Balaguer F, Thomas H, Evans DG, Burn J, 
Greenblatt M, Hovig E, Cappel WHDVTN, Sijmons RH, Bertario L, Tibiletti MG, Cavestro GM, 
Lindblom A, Valle AD, Lopez-Köstner F, Gluck N, Katz LH, Heinimann K, Vaccaro CA, Büttner R, 
Görgens H, Holinski-Feder E, Morak M, Holzapfel S, Hüneburg R, Doeberitz MVK, Loeffler M, 
Rahner N, Schackert HK, Steinke-Lange V, Schmiegel W, Vangala D, Pylvänäinen K, Renkonen-
Sinisalo L, Hopper JL, Win AK, Haile RW, Lindor NM, Gallinger S, Marchand LL, Newcomb PA, 
Figueiredo JC, Thibodeau SN, Wadt K, Therkildsen C, Okkels H, Ketabi Z, Moreira L, Sánchez A, 

47     

http://www.ncbi.nlm.nih.gov/pubmed/12671701
https://dx.doi.org/10.1038/sj.bjc.6600845
http://www.ncbi.nlm.nih.gov/pubmed/19403842
https://dx.doi.org/10.1093/aje/kwp088
http://www.ncbi.nlm.nih.gov/pubmed/21853085
https://dx.doi.org/10.1371/journal.pone.0023196
http://www.ncbi.nlm.nih.gov/pubmed/28683006
https://dx.doi.org/10.1097/CEJ.0000000000000390
http://www.ncbi.nlm.nih.gov/pubmed/29080978
https://dx.doi.org/10.1007/s00394-017-1557-1
https://dx.doi.org/10.1096/fasebj.28.1_supplement.916.4
http://www.ncbi.nlm.nih.gov/pubmed/31293513
https://dx.doi.org/10.3389/fendo.2019.00390
http://www.ncbi.nlm.nih.gov/pubmed/31884074
https://dx.doi.org/10.1053/j.gastro.2019.12.020
http://www.ncbi.nlm.nih.gov/pubmed/34208601
https://dx.doi.org/10.3390/ijms22126434
https://dx.doi.org/10.4236/ojs.2015.54026
http://www.ncbi.nlm.nih.gov/pubmed/22481281
https://dx.doi.org/10.1038/modpathol.2012.61
https://www.researchgate.net/publication/285863025_SEER_Cancer_statistics_review_1975-2004
http://www.ncbi.nlm.nih.gov/pubmed/28135145
https://dx.doi.org/10.1200/JCO.2016.71.0012
http://www.ncbi.nlm.nih.gov/pubmed/21642682
https://dx.doi.org/10.1001/jama.2011.743
http://www.ncbi.nlm.nih.gov/pubmed/29113952
https://dx.doi.org/10.1016/j.semcancer.2017.10.012
http://www.ncbi.nlm.nih.gov/pubmed/29686666
https://dx.doi.org/10.3389/fimmu.2018.00586


Tedjasaputra TR et al. HNPCC risk factors and MSH2 prediction

WJGP https://www.wjgnet.com 146 November 22, 2021 Volume 12 Issue 6

Serra-Burriel M, Pineda M, Navarro M, Blanco I, Green K, Lalloo F, Crosbie EJ, Hill J, Denton OG, 
Frayling IM, Rødland EA, Vasen H, Mints M, Neffa F, Esperon P, Alvarez K, Kariv R, Rosner G, 
Pinero TA, Gonzalez ML, Kalfayan P, Tjandra D, Winship IM, Macrae F, Möslein G, Mecklin J, 
Nielsen M, Møller P. Cancer risks by gene, age, and gender in 6350 carriers of pathogenic mismatch 
repair variants: findings from the Prospective Lynch Syndrome Database. Genet Med 2020; 22: 15-25 
[DOI: 10.1038/s41436-020-0892-4]
Anthonysamy MA, Maker LPLI, Gotra IM, Saputra H. Prevalence of colorectal carcinoma based on 
microscopic type, sex, age and anatomical location in Sanglah General Hospital. Intisari Sains Medis  
2020; 11: 272-276 [DOI: 10.15562/ism.v10i2.171]

48     

Carethers JM. Risk factors for colon location of cancer. Transl Gastroenterol Hepatol 2018; 3: 76 
[PMID: 30505963 DOI: 10.21037/tgh.2018.09.15]

49     

Sun MH. Neuroendocrine differentiation in sporadic CRC and hereditary nonpolyosis colorectal 
cancer. Dis Markers 2004; 20: 283-288 [PMID: 15528794 DOI: 10.1155/2004/379053]

50     

Jesinghaus M, Konukiewitz B, Keller G, Kloor M, Steiger K, Reiche M, Penzel R, Endris V, Arsenic 
R, Hermann G, Stenzinger A, Weichert W, Pfarr N, Klöppel G. Colorectal mixed 
adenoneuroendocrine carcinomas and neuroendocrine carcinomas are genetically closely related to 
colorectal adenocarcinomas. Mod Pathol 2017; 30: 610-619 [PMID: 28059096 DOI: 
10.1038/modpathol.2016.220]

51     

Herold Z, Dank M, Herold M, Nagy P, Rosta K, Somogyi A. Histopathological Chromogranin A-
Positivity Is Associated with Right-Sided Colorectal Cancers and Worse Prognosis. Cancers (Basel) 
2020; 13 [PMID: 33383764 DOI: 10.3390/cancers13010067]

52     

Butterworth AS, Higgins JP, Pharoah P. Relative and absolute risk of colorectal cancer for 
individuals with a family history: a meta-analysis. Eur J Cancer 2006; 42: 216-227 [PMID: 16338133 
DOI: 10.1016/j.ejca.2005.09.023]

53     

Hampel H, de la Chapelle A. The search for unaffected individuals with Lynch syndrome: do the 
ends justify the means? Cancer Prev Res (Phila) 2011; 4: 1-5 [PMID: 21205737 DOI: 
10.1158/1940-6207.CAPR-10-0345]

54     

Guttmacher AE, Collins FS, Carmona RH. The family history--more important than ever. N Engl J 
Med 2004; 351: 2333-2336 [PMID: 15564550 DOI: 10.1056/NEJMsb042979]

55     

Goecke T, Schulmann K, Engel C, Holinski-Feder E, Pagenstecher C, Schackert HK, Kloor M, 
Kunstmann E, Vogelsang H, Keller G, Dietmaier W, Mangold E, Friedrichs N, Propping P, Krüger S, 
Gebert J, Schmiegel W, Rueschoff J, Loeffler M, Moeslein G; German HNPCC Consortium. 
Genotype-phenotype comparison of German MLH1 and MSH2 mutation carriers clinically affected 
with Lynch syndrome: a report by the German HNPCC Consortium. J Clin Oncol 2006; 24: 4285-
4292 [PMID: 16908935 DOI: 10.1200/JCO.2005.03.7333]

56     

https://dx.doi.org/10.1038/s41436-020-0892-4
https://dx.doi.org/10.15562/ism.v10i2.171
http://www.ncbi.nlm.nih.gov/pubmed/30505963
https://dx.doi.org/10.21037/tgh.2018.09.15
http://www.ncbi.nlm.nih.gov/pubmed/15528794
https://dx.doi.org/10.1155/2004/379053
http://www.ncbi.nlm.nih.gov/pubmed/28059096
https://dx.doi.org/10.1038/modpathol.2016.220
http://www.ncbi.nlm.nih.gov/pubmed/33383764
https://dx.doi.org/10.3390/cancers13010067
http://www.ncbi.nlm.nih.gov/pubmed/16338133
https://dx.doi.org/10.1016/j.ejca.2005.09.023
http://www.ncbi.nlm.nih.gov/pubmed/21205737
https://dx.doi.org/10.1158/1940-6207.CAPR-10-0345
http://www.ncbi.nlm.nih.gov/pubmed/15564550
https://dx.doi.org/10.1056/NEJMsb042979
http://www.ncbi.nlm.nih.gov/pubmed/16908935
https://dx.doi.org/10.1200/JCO.2005.03.7333


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: bpgoffice@wjgnet.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2021 Baishideng Publishing Group Inc. All rights reserved.

mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	WJGPv12i1
	WJGPv12i2
	WJGPv12i3
	WJGPv12i4
	WJGPv12i5
	WJGPv12i6



