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notably in the past few years due to the increases in 
prevalence of obesity and metabolic syndrome. However, 
diagnosis of this disease is still a matter of debate 
because of disease variations and pathophysiologic 
alterations. Specific single markers have gained con­
siderable attention recently, among them markers related 
to hepatic pathophysiology, inflammation, adipocytokines 
and so forth. But, it seems that no single marker is 
sufficient for diagnosis and staging of the disease, and 
applying a panel including different types of tests may 
be more useful.

Key words: Nonalcoholic fatty liver disease; Non-
alcoholic steatohepatitis; Liver fibrosis; Cirrhosis

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Nonalcoholic fatty liver disease is a pandemic 
disease in both developed and developing countries. 
There is emerging scientific evidence in this field 
that needs to be classified and summarized to make 
conceptual maps for researchers as well as practitioners. 
This article aimed to cover diagnostic markers in this 
disease, considering limitations and applications.

Hadizadeh F, Faghihimani E, Adibi P. Nonalcoholic fatty 
liver disease: Diagnostic biomarkers. World J Gastrointest 
Pathophysiol 2017; 8(2): 11-26  Available from: URL: http://
www.wjgnet.com/2150-5330/full/v8/i2/11.htm  DOI: http://
dx.doi.org/10.4291/wjgp.v8.i2.11

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is one of 
the most common chronic hepatic diseases in many 
developed countries. It is also a serious health problem 
all over the world[1]. This disease includes a broad 
range of hepatic disorders from simple fat accumulation 
in hepatic cells (simple steatosis) to hepatic tissue 
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Abstract
Nonalcoholic fatty liver disease is a common medical 
condition worldwide and its prevalence has increased 
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inflammation and fibrosis (steatohepatitis) and finally 
cirrhosis and even hepatocellular carcinoma[2-6]. The 
prevalence of this disease has considerably increased 
in the past years, and different studies have reported 
2-fold increase in its prevalence within 10 years in many 
countries[7-9]. 

Diagnosis of NAFLD is of special importance because 
of the odds of its progressing to more critical stages. 
Furthermore, in cases of diagnosis at early stages, it 
is possible to prevent disease aggravation by applying 
simple approaches such as increasing physical activity 
and diet modification. Even in more advanced stages 
of the disease, such as non-alcoholic steatohepatitis 
(NASH), it is still important to diagnose it as early 
as possible due to its potential for progressing to 
cirrhosis[10]. In patients suspected of having cirrhosis, 
it is necessary to take other diagnostic measures into 
consideration, such as studying complications of portal 
hypertension (e.g., screening for gasteroesophageal 
varicose veins) and examining the risk of hepatocellular 
carcinoma development[11-14]. So, it is important to 
be able to differentiate between simple steatosis and 
steatohepatitis as the beginning step of the progression 
towards severe and more progressive stages of the 
disease, such as fibrosis and cirrhosis[15,16].

At present, liver biopsy is the gold standard for 
diagnosing nonalcoholic fatty liver, but this method 
is not only invasive and expensive but also has the 
important limitations of pain, reluctance of patients, risk 
of severe complications and being subject to sampling 
error. All these challenges have increased motivation 
for finding/applying noninvasive methods for diagnosis 
of the different stages of NAFLD[17]. In this study, we 
provide a brief review of the individual main indices 
invented for the diagnosis and prediction of different 
stages of NAFLD.

HEPATIC MARKERS
More than 60 transamination reactions have been 
recognized in liver, among which only the transaminases 
of alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) are of clinical value. Both of 
these markers, but especially ALT, are commonly used 
in clinical medicine as indicators of hepatic damage[18]. 
In many studies on patients suffering from NAFLD, 
increased levels of aminotransferases along with diabetes 
have been considered as independent predictors of 
moderate to severe fibrosis[19] in patients with fatty liver 
who are at risk of progression to advanced fibrosis and 
only these two variables have been shown to have a 
significant association with steatohepatitis[20]. 

ALT
In many people, the asymptomatic increase of 
transaminases level, particularly ALT, has been observed, 
and the prevalence of this type of case (asymptomatic 
increase of ALT) has been reported differently in different 
populations (7.3% in the United States), 15.24% in 

Spain, and 21.7% in Scotland)[18,21], but it generally 
seems that it has a prevalence of 4% to 21.7%[18]. Of 
note, almost one-third of the people who have shown 
increased level of serum transaminases in their first 
test have demonstrated normal level of enzyme in the 
second one[18]. 

High waist circumference, high body mass index 
(BMI), male sex, alcohol consumption and young age 
are considered as strong predictors for rising ALT level[21]. 
Moreover, ALT level has been shown to have a positive 
association with the number of signs and symptoms 
of metabolic syndrome present[22]. In addition, serum 
ALT level has been shown to have a positive correlation 
with serum triglyceride, serum dehydroepiandrosterone 
sulfate (DHEAS), plasma fasting glucose and BMI, and a 
negative correlation with hemoglobin (Hb), serum high-
density lipoprotein and age[23]. 

In some studies, NASH has been reported as the 
most prevalent cause of constant increases in serum 
ALT in asymptomatic blood donors[24] and it has been 
demonstrated that 32% of people who had ultrasound 
examination have been diagnosed with steatohepatitis 
accompanying asymptomatic increases of transaminases 
level[18]. In another study, intense fibrosis was shown 
to be independently predictable by ALT and two other 
indices (serum ferritin and diabetes)[25]. Other studies 
have also indicated a relationship between presence 
of steatohepatitis and increased level of ALT[26], and 
even ALT has been considered as a part of some 
steatohepatitis diagnostic panels, like the BAAT score[27], 
FIB4 index[28], FibroTest[29], FibroMeter[30], NashTest[29] 
and NFS[30]. 

In contrast, some studies have demonstrated that 
some patients suffering from NAFLD have normal serum 
level of ALT. In a study on a United States’ population (the 
Dallas Heart Study), 79% of the adults with fatty liver 
had normal aminotransferase level[31], which was the 
same as the 55% of the Italian adults suffering from 
this disease in another study (the Dionysos Study)[32]. 
In a study of 2287 individuals from different tribes, 
almost one-third of the population had hepatic steatosis, 
among whom 79% showed normal ALT level[33]. In 
another study, normal serum transaminases level was 
reported in 46% of patients with steatohepatitis[34]. 
Of interest, a research study into the risk of NAFLD 
development in cases of normal serum levels of ALT (i.e., 
lower than 35 U/L) indicated that the rise in serum ALT 
concentration - even within the normal range - was an 
independent predictor for NAFLD development[35]. In a 
study on diabetic patients, it was also shown that high-
normal ALT could increase the risk of nonalcoholic fatty 
liver by 2.7-times[36]. 

There is no consensus on cutoff point and maximum 
normal concentration of ALT, and a broad value range, 
between 26 and 66 IU/L, has been suggested in different 
studies[37]. Some studies have shown that risk of NAFLD 
increases as ALT rises to more than 19 and 30 in women 
and men, respectively. Accordingly, these values have 
been suggested as maximum probable normal values in 
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these groups[38]. In a community-based study of 1346 
Japanese patients with diagnostic criteria of NAFLD, 
the cutoff value of ALT for diagnosis of this disease was 
estimated to be 25 U/L in men and 17 U/L in women[39]. 
For the BAAT score, a normal range of ALT is considered 
between 1 and 19[27]. In another study that considered 
19 and 30 (for women and men respectively) as the 
cutoff values for screening NASH among NAFLD patients, 
99% and 8% sensitivity and specificity respectively were 
shown, while 40 U/L - which is in use in medicine - had 
86% sensitivity and 32% specificity[26]. 

Thus, some researchers have rejected considering 
a reduction of ALT level (within reference range) as 
a tool for increasing its sensitivity because it leads 
to the adverse effect of labeling large numbers of 
asymptomatic individuals as patients[40]. Nevertheless, 
while some researchers believe that none of these 
values has enough sensitivity and specificity to support 
introduction of ALT as a reliable screening test for 
diagnosing steatohepatitis among patients with fatty 
liver[26,41]. Some other researches have suggested this 
enzyme as the best individual marker for detecting fat 
infiltration in the liver[42]. 

Riquelme et al[43] showed that, in a Hispanic popula
tion, ALT greater than 14 had an odds ratio (OR) equal 
to 13.95 for fatty liver. Moreover, although some studies 
have mentioned that this enzyme cannot be considered 
as an index for prediction/diagnosis of steatosis or 
fibrosis[44], in a study conducted on patients with type 2 
diabetes, ALT was the only variable independently related 
to steatohepatitis in these patients[45]. In another study, 
ALT was found to be considerably higher in patients with 
steatohepatitis, even when within normal ranges[45]. 
And, a study on obese patients showed that elevated 
ALT level had a significant correlation with incidence of 
steatohepatitis and fibrosis[34,46]. In contrast, a study 
conducted on 73 untreated patients - to investigate the 
relationship between changes in hepatic enzymes and 
histological liver changes in NAFLD - indicated absence 
of a clear relationship between the pattern of ALT levels 
and changes in steatosis, inflammation, hepatocyte 
ballooning or degree of fibrosis over time. Results of this 
study also demonstrated the level of hepatic enzymes 
as an insensitive tool for following histological changes 
of liver among patients with NAFLD[47]. Regarding more 
advance stages of the disease, Kaneda et al[48] showed 
ALT level to be significantly different in patients with 
cirrhosis, compared to patients with earlier stages (50 
IU/L vs 87 IU/L). 

AST
AST is another hepatic transaminase that plays a role 
in diagnosis of steatohepatitis. Up to 3.6% of people 
in the United States have asymptomatic increase in 
AST[21], and it seems that this hepatic index is related 
to metabolic syndrome and BMI[49]. In Asian studies, 
AST is considered as an independent marker for 
severity of hepatic fibrosis if it is at least twice as much 

as the maximum normal value[50]. This marker has 
been used in different diagnostic panels, such as the 
FibroTest[12,29,51], NashTest[52], NAFLD Fibrosis Score 
(NFS)[53,54], FibroMeter[55], FIB4 index[28] and other 
different models[56,57]. In addition, two common tests 
of AST to ALT ratio and the AST to platelet ratio index 
(APRI) have been generated using this enzyme. 

The AST to ALT ratio, which is frequently used in 
medicine, is known as an independent index for pre
dicting presence of advanced hepatic fibrosis and has 
been used as a part of different panels, such as the 
NAFLD Fibrosis Score[26], ScoreBARD[58] and other 
panels[28,41,57]. The APRI is another non-invasive index 
for studying hepatic fibrosis in patients with NAFLD and 
it has been reported as preferred over the AST to ALT 
ratio for predicting advanced hepatic fibrosis[59]. 

Alkaline phosphatase
Higher level of alkaline phosphatase (ALKP) can also be 
considered as a marker relating to hepatic fibrosis in 
patients with steatohepatitis. In a study conducted on 
NASH patients to investigate the association between 
serum levels of ALKP with the degree of hepatic fibrosis, 
it was shown that serum level of this enzyme was 
significantly higher in patients suffering from NASH 
as compared to those without it[60]. Another study 
represented ALKP to be significantly higher in NASH 
patients, even when within normal range[45]. In addition, 
the increased level of ALKP has been reported as an 
independent predictor for hepatic diseases-related 
death[61]. 

Albumin
In different studies albumin has been identified as a 
factor related to steatohepatitis, septal and intensive 
fibrosis[27,48,62] and cirrhosis[48] and as an independent 
predictor of hepatic-related mortality[61,63]. In a study 
on 73 untreated NAFLD patients, a significant decrease 
was reported in serum albumin level of patients during 
2-year follow-up (from 0.5 ± 4.3 at the beginning of the 
study to 0.4 ± 4.2 after 24 mo)[47]. In another study, 
serum level of this protein showed OR of 0.049 (95%CI: 
0.003-0.879) and of 0.057 (95%CI: 0.007-0.477) 
for prediction of steatohepatitis and severe fibrosis, 
respectively[62]. 

In an investigation by Suzuki et al[64], serum albu
min was reported significantly lower in patients with 
intensive hepatic fibrosis (stage 3-4) compared to those 
in earlier stages (4.1 ± 0.09 vs 4.4 ± 0.05). In another 
study, serum level of albumin was reported as 4.4 g/dL 
(range: 3.5-5.4 g/dL) in patients with mild fibrosis 
and 4.2 g/dL (range: 4.6-2.6 g/dL) in patients with 
intensive fibrosis, and the difference was statistically 
significant[48]. In the same study, the serum level of this 
protein showed a significant difference in patients with 
and without cirrhosis (4 g/dL vs 4.4 g/dL)[48]. However, 
in a study by Sumida et al[65], although concentration 
of serum albumin showed diminishment when the 
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intensity of NAFLD increased, this decreasing trend was 
not statistically significant (4.51 g/dL in simple steatosis, 
4.37 g/dL in mild steatosis and 4.29 g/dL in advanced 
steatosis). 

INFLAMMATORY MARKERS
Platelets
Thrombocytopenia is a common finding in advanced 
stages of all chronic hepatic diseases, and platelet count 
is clinically important to predict status of hepatic fibrosis 
in patients with chronic hepatic diseases[66]. In NAFLD, 
platelets are important in terms of absolute number 
as well as volume. In different studies, reduction of 
platelets to fewer than 160000 has been considered 
as an independent marker for severity of hepatic 
fibrosis[17,50]. 

In a study by Suzuki et al[64], platelet count was re
portedly significantly lower in patients with intensive 
hepatic fibrosis (stage 3-4), compared to patients in ear
lier stages (180 ± 17 103/mm3 vs 247 ± 10 103/mm3). 
The result of this study has been confirmed by other 
studies[48]. In a study in 2006, when the cutoff point 
of 16 × 104/µL was used, platelet count was shown to 
have 100% sensitivity, 95% specificity, 76% positive 
predictive value (PPV) and 100% negative predictive 
value (NPV) for diagnosis of cirrhosis[48]. In this study, 
platelet count was determined as an independent 
predictor among different markers and it was shown 
that this index significantly decreased in cases of 
cirrhosis (from 241 × 103/µL to 130 × 103/µL)[48]. In 
addition, in another study conducted on NAFLD patients 
from 9 hepatology centers in Japan, it was shown that 
platelet count linearly decreased with the increase of 
histological intensity of hepatic fibrosis. The cutoff value 
of 19.2 × 104 was introduced and shown to provide 
a sensitivity of 62.7% and a specificity of 76.3% for 
diagnosis of the 3rd stage of hepatic fibrosis, while 
15.3 × 104 was selected as the optimal cutoff value for 
diagnosis of the last stage of this disease (sensitivity: 
80.5%, specificity: 88.8%)[67]. 

Mean platelet volume (MPV) is considered as an 
indicator of platelet function[68]. In 2010, Ozhan et al[69] 
showed that patients with NAFLD have higher MPV 
than individuals without it (10.43 ± 1.14 vs 9.09 ± 
1.25). This study also showed that MPV had a positive 
correlation with AST and ALT levels, and a negative 
correlation with platelet count. These results have 
been confirmed in another study conducted on obese 
patients which showed a significant association between 
NASH and MPV, and which indicated an increase in the 
prevalence of NASH by increasing the values of MPV 
after adjustment for all the confounding variables[70]. 

In contrast, another study with 60 NAFLD cases and 
54 healthy controls, the MPV did not show any difference 
between the two groups. This study also concluded that 
in the absence of other MPV metabolic risk factors, MPV 
does not play a role in the mechanism of increasing 
the risk of cardiovascular diseases in patients with 

fatty liver[71]. Moreover, in another study in 2012, 
which was conducted to investigate the relationship 
between MPV index and NAFLD, although MPV was 
increased in patients with NAFLD, no association was 
detected between degree of steatosis, lobular hepatitis, 
hepatocellular ballooning, NAFLD activity score and 
fibrosis with the values of MPV. In this study, it did 
not show a correlation with increase of resistance to 
insulin[68]. 

Considering the novelty of this hypothesis (signifi
cant association between MPV and NAFLD) and re
membering the scarcity of the studies conducted to 
examine this hypothesis so far, it seems that there is 
still need for more studies to make a clear conclusion. 
Furthermore, considering that platelets usually decrease 
in stage 4, it can be probably concluded that a decrease 
in platelets usually indicates the occurrence of more 
advanced stages of fibrosis, which is usually equivalent 
to cirrhosis[70]. Since platelet count is a simple, cost-
effective and accurate method, it can be considered as 
a suitable biomarker for diagnosis of fibrosis severity in 
these patients[72]. 

C-reactive protein 
C-reactive protein (CRP) is an acute phase reactant, 
which has many applications in clinic[73]. It seems 
that serum concentration of CRP is a strong index for 
predicting the incidence of NAFLD[74] and some studies 
have introduced increased serum level of CRP as an 
independent risk factor for development of NAFLD[74,75]. 
In addition to routine measurement of CRP, another 
method has been invented to measure values of high-
sensitivity CRP (hs-CRP). This method promises to 
make detection of even low degrees of inflammation 
possible[76]. In some studies, hs-CRP has been called 
a diagnostic tool, which not only can be effective in 
differentiation of steatohepatitis but also can specify the 
severity degree of hepatic fibrosis in patients with NASH 
and is probably able to differentiate between advanced 
and mild fibrosis among these patients[65,76]. This ability 
has been mentioned to persist even after adjusting for 
the effect of different confounding variables, such of 
age, sex, diabetes, dyslipidemia, BMI, subcutaneous fat 
and intra-abdominal visceral fat[76]. Another research 
study has shown that hs-CRP level was higher in 
patients with more severe grades of steatohepatitis 
(grades 2 and 3), rather than in patients with mild or 
simple grades of NASH[77]. 

Although several studies have shown a relationship 
between NAFLD and serum concentration of hs-CRP, 
results of some studies are in contrast to this hypo
thesis[74]. It was concluded in one study that hs-CRP 
could be an index for determining steatosis in obese 
patients, but there is no association between this marker 
and NASH[78]. In parallel, a cohort study could not find 
any relationship between hs-CRP level and severity 
of hepatic steatosis. The result of this study indicated 
that hs-CRP is not helpful in predicting histological 
intensity of NAFLD[73]. Of note, some investigations 
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have also demonstrated increased serum levels of hs-
CRP in disorders related to NAFLD, such as obesity, 
insulin resistance and manifestations of metabolic 
syndrome[73,78-82]; although, there is doubt about the 
presence of a causal relationship between this marker 
and metabolic syndrome[79]. 

CRP is mostly produced in liver, but it seems that it 
is also produced in the adipose tissue[80]. Furthermore, 
adipose tissue can act as an endocrine organ and 
secretes some inflammatory cytokines, like interleukin 
(IL)-6, leading to stimulation of the liver for CRP 
production[83]. So, generally, it seems that obesity is one 
of the strongest determinants of serum level of CRP. Of 
interest, serum level of CRP is higher in women than 
in men[83-85], and the results of one study have shown 
that an increase in serum level of hs-CRP is significantly 
associated with intensity of NAFLD, only in women[74]. 
One explanation for this could be related to the sex 
difference in correlation between CRP and obesity, which 
in turn can be justified by the difference between the 
two sexes in terms of amount and pattern of adipose 
tissue distribution[83]. 

One of the disadvantages of this index is the effect 
of different factors, such as race, age, sex, smoking or 
alcohol consumption, on its serum concentration[74,86,87]. 
On the other hand, it seems that an accurate and 
accepted cutoff point has not yet been determined for 
this marker. Median CRP value of about 1 has been 
introduced for diagnosis of steatohepatitis, while the 
suggested cutoff value for hs-CRP for diagnosis of 
metabolic syndrome, NASH and prediction of the risk of 
cardiovascular complications is 0.65 mg/L[88]. 

In sum, considering most studies conducted in this 
field, it seems that this index can be regarded as a 
promising biomarker for screening steatohepatitis in the 
future[77]. 

Iron (ferritin)
Iron is considered as an element that reacts to oxygen 
radicals. High rates of blood ferritin and increased iron 
accumulation in liver have been reported in steato
hepatitis, which can be attributed to systemic inflam
mation, increase in iron storage, or both[89]. Ferritin level 
usually increases in 20%-50% and transferrin saturation 
increases in 5%-10% of NAFLD patients[90]. One study 
showed that elevation of serum ferritin level by 1.5-times 
as much as the maximum normal rate was related to 
accumulation of iron in liver, diagnosis of steatohepatitis 
and worsening of histological activity of this disease. 
It has been introduced as an independent index for 
diagnosis of advanced hepatic fibrosis among patients 
with fatty liver, which can probably be applied as a useful 
index for identifying the patients who are susceptible to 
steatohepatitis and fibrosis[89]. 

In the NAFIC scoring method, serum ferritin levels 
of equal or more than 200 ng/mL and 300 ng/mL in 
women and men, respectively, have been used as 
an independent variable for diagnosis of NASH[91]. Of 
note, although the study by Sumida et al[91] showed an 

increase in concentration of ferritin by increasing the 
severity of NAFLD, the difference was not statistically 
significant (179 ng/mL in simple steatosis, 241 
ng/mL in mild steatohepatitis and 278.1 ng/mL in 
advanced steatohepatitis). On the other hand, some 
researchers believe that hemocystein level in serum 
may be able to independently predict steatohepatitis 
and could be applied as another noninvasive marker 
for evaluating NAFLD. Hemocystein level of serum in 
NAFLD is not different from that in healthy people, 
while it is considerably decreased in patients with 
steatohepatitis[92]. 

Malondialdehyde 
In the two-hit theory - one of the most acceptable 
theories to justify the progression of NAFLD to NASH - 
an oxidative stress, which may lead to lipid peroxidation, 
is considered as the most probable mechanism for the 
second hit. During the process of lipid peroxidation, 
a wide range of pre-inflammatory and fibrogen pro
ducts are produced as by-products, which result in 
progression of the disease. One of these by-products 
is Malondialdehyde (MDA)[93]. MDA can stimulate 
hepatic stellate cells and result in fibrosis by producing 
collagen[94]. 

In a study from 2010, MDA with a cutoff point of 
11 had sensitivity of 60%, specificity of 92%, PPV of 
81%, NPV of 81% and positive likelihood ratio (+LR) 
of 7.9 for predicting the presence of NASH[65]. Another 
study which investigated the relationship between 
MDA level as index for oxidative stress, antioxidant 
vitamins A and alpha-tocopherol with presence of 
steatohepatitis showed that level of vitamin A and 
MDA increased in simple steatosis and steatohepatitis 
and alpha-tocopherol level significantly decreased in 
patients with steatosis and steatohepatitis compared 
with healthy people. In this study, although there was 
significant difference between patients with steatosis 
and steatohepatitis, the authors concluded that none 
of these indices had relationship with histopathologic 
severity of the disease[93]. 

Plasma pentraxin 3 
Pentraxin is a family of proteins divided into two short 
and long classes, based on the length of their structure. 
CRP and serum amyloid P are two short parts of this 
family. Plasma pentraxin 3 (PTX3) is one of the long 
proteins of this family, and it is significantly higher 
in patients with steatohepatitis than those without. 
Serum concentration of this protein is higher in patients 
suffering from more advanced stages of NAFLD and 
higher values of this protein are correlated with higher 
stages of the hepatic fibrosis. So, it seems that serum 
PTX3 level could be used as a marker for diagnosis of the 
severity of hepatic fibrosis, in addition to differentiating 
between steatohepatitis and simple steatosis[95]. 

Adipocytokines
Adipocytokines are a large family of proteins produced 
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and secreted by adipose tissue and which have 
close relationship with the inflammation process[87]. 
Adipokines and cytokines play a major role in regulation 
and orchestration of inflammatory processes all over 
the body and play an important role in insulin resistance 
pathogenesis and NAFLD through complex and 
mutual paracrine and endocrine mechanisms. Some 
adipocytokines reduce insulin resistance, like adiponectin 
and leptin, while others lead to increased insulin 
resistance, like IL-6 and tumor necrosis factor-alpha 
(TNF-a)[96]. 

Some studies have shown that the concentration of 
serum adipokines in human can be used as an index 
for diagnosis of NAFLD, especially in its advanced 
stages[46]; however, other studies have not been able 
to find a significant association between adipokines and 
histopathological intensity of this disease[97] and it has 
been concluded that adipokines cannot differentiate 
between benign and advanced histological stages of 
NAFLD[46]. It seems that there is a complex relationship 
between adipocytokines and pathogenesis of NAFLD[98], 
and the balance between proinflammatory and anti-
inflammatory function of adipocytokines may play an 
important role in the development of this disease[99]. 

Adiponectin
Adiponectin is a collagen-like protein derived from 
adipocytes with anti-inflammatory and anti-lipogenic 
effects[100]. This adipokine, which is circulating abun
dantly in human serum, protects against excessive 
accumulation of fat in the liver and subsequently pro
tects liver against inflammation and fibrosis. Serum 
level of adiponectin decreases in obese people and 
shows greater decrease in patients with steatosis and 
steatohepatitis[7,46,101], being higher in patients with 
lower degrees of steatosis[102]. Hypoadiponectinemia has 
been demonstrated to be a predictive factor for necro-
inflammation and more severe grades of fibrosis, even 
after exclusion of the effect of variables such as age, BMI 
and waist circumference[103]. It is among the variables 
which have a direct relationship with steatohepatitis as 
compared to simple steatosis[98]. 

A study designed to measure liver fat, intraabdominal 
fat and subcutaneous fat, along with insulin resistance 
indices and adiponectin, showed that serum adiponectin 
had a reverse relationship with hepatic fat content[9]. 
Hypoadiponectinemia is accompanied by increased risk 
of cardiovascular diseases and it seems to be a key 
factor in metabolic syndrome[102], although some studies 
have shown that hypoadiponectinemia in steatohepatitis 
is independent from insulin resistance[73,100]. It seems 
that hypoadiponectinemia is a primary finding in 
steatohepatitis, which is identifiable from a very long 
time before the appearance of diabetes or emergence 
of central obesity and which has a correlation with 
histological intensity of hepatic damage. 

The serum level of adiponectin was shown to be 
significantly lower in patients with steatohepatitis than in 

a control group (344 ± 5.476 vs 836 ± 11.548), while 
no difference was detected between the two groups 
in terms of other cytokines[103]. In another study, the 
serum level of adiponectin was found to be significantly 
lower in patients with primary stages of steatohepatitis, 
compared to patients with simple steatosis (3.6 mug/mL 
vs 6.0 mug/mL). In this study, adiponectin showed 
higher differentiation power than serum level of type 
IV collagen 7s and the homeostasis model assessment 
of insulin resistance (HOMA-IR) and it had sensitivity 
of 68% and specificity of 79% for predicting primary 
stages of steatohepatitis[104]. 

Considering the association between single nucleo
tide polymorphisms (SNPs) of the adiponectin gene 
and insulin resistance and increase of prevalence of 
type 2 diabetes, a study was conducted to determine 
the association between variations in this gene and 
NAFLD development, which indicated a positive associa
tion, especially with hepatic fibrosis[105]. Another 
study showed a considerable decrease in the mRNA 
expression of adiponectin and RII receptors (adipoRII) 
in the liver of NASH patients as compared to patients 
with simple steatosis, which might be indicative for its 
pathophysiological relationship with NAFLD[106]. 

Adiponectin is a powerful anti-inflammatory adipocy
tokine for neutralizing TNF-a[99]. Lack of a relationship 
between circulating levels of adiponectin and its hepatic 
expression, shown in the study by Kaser et al[106] was 
interpreted such that hepatic expression of adiponectin 
was probably regulated by different factors, such 
as TNF-a. Owing to the importance of adiponectin 
as a diagnostic marker, it has been used in different 
noninvasive panels for diagnosis of NAFLD[104,107]. 

Leptin
Leptin is a 16 kD non-glycosylated protein which is 
usually secreted from adipocytes of white adipose 
tissue[102,108]. Also, low amounts of leptin has been 
shown to be secreted by other tissues, such as placenta, 
skeletal muscles, stomach fundus and culture-activated 
hepatic stellate cells[108]. Leptin plays the role of a 
peptide hormone, regulating food uptake and energy 
consumption of the body through central feedback 
mechanisms and relating eating to hypothalamus and 
adipose tissue mass (i.e., it controls food uptake and 
increases energy consumption)[102,108,109]. The importance 
of this regulatory role is such that recombinant leptin 
has been studied for treatment of all prevalent types of 
obesity in different clinical trials[110-113]. 

Some researchers believe that serum leptin level is 
associated with NAFLD. It has been shown that increased 
serum leptin level in patients with steatohepatitis has 
no relation with BMI of these patients, and this increase 
could not be easily justified by the patient’s sex, obesity 
or type 2 diabetes[109,114]. In contrast, another study 
indicated a correlation between human serum level of 
leptin and body fat percent and BMI[115]. A study which 
was conducted on young adults (18-year-old to 21-year-
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old students) to determine the risk factors of NAFLD 
in this age group showed serum level of leptin to be 
associated with abdominal wall fat index (AFI) (as the 
only independent risk factor of fatty liver in this study) in 
women, while it had no correlation with AFI in men[116]. 

Some studies have indicated a role for leptin in 
resistance of liver against insulin[115], and some others 
have connected leptin to atherosclerosis and cardio
vascular diseases in obese patients[102]. However, a 
study designed to investigate the potential association 
between leptin with insulin resistance and histological 
changes in NAFLD patients was unsuccessful to show 
any association between serum level of leptin with 
fasting insulin level and severity of hepatic histological 
changes[117]. Another study conducted in 2003 showed 
increase in the serum level of leptin as one of the 
presentations of patients with steatosis and normal 
serum level of transaminases. In this study, a negative 
correlation was detected between serum leptin and 
serum transaminase levels, as well as progression of 
hepatocytes damage[118]. Another study which followed 
patients for 6 mo showed considerable decrease in the 
level of serum transaminase only in NASH patients with 
increased levels of serum leptin. This study concluded 
that leptin has a preventive effect on progression of 
hepatic damage in NAFLD[117]. 

Different studies have been conducted so far on 
factors relating to leptin and its role in the pathogenesis 
of NAFLD[119]. Some studies have shown that serum 
leptin level is directly associated with severity of hepatic 
steatosis and that increased levels of serum leptin may 
lead to increase of hepatic steatosis and steatohepatitis, 
but no association with emergence of inflammation 
and fibrosis was found[109,114]. Some other studies, 
however, have failed to show a significant association 
between serum level of leptin and steatosis[120] or 
steatohepatitis[46]. Still other studies have concluded that 
leptin could be used for diagnosis of hepatic fibrosis, but 
not for staging of this disease[121]. 

TNF-a
TNF-α plays roles in the progression of NAFLD through 
different mechanisms. TNF-α has pro-inflammatory 
effects and activates harmful pathogenic routes by 
decreasing HDL-cholesterol, increasing expression of 
cholesterogenic genes and suppressing cholesterol 
exclusion[122]. It also stimulates synthesis of hepatic 
fatty acids, increases serum level of triglyceride[123] 
and decreases sensitivity to insulin[100,124]. In addition, 
TNF-α can also induce apoptosis in and proliferation of 
hepatic cells and play a role in pathogenesis of hepatic 
fibrosis[124]. The importance of TNF-α in emergence of 
fatty liver disease (with genetic or nutritional origin) 
has been demonstrated in different studies, and it has 
been shown that neutralization of TNF-α activity leads 
to improvement of insulin resistance and fatty liver 
disease[111]. 

Different studies have demonstrated that plasma level 

of TNF-α is higher in patients with NAFLD and NASH, 
compared to control groups[73,98,125-128], significantly or 
at least borderline significantly (P = 0.052)[129]. In a 
study by Jarrar et al[98], TNF-α was introduced as the 
only independent predictor of fibrosis in patients with 
steatohepatitis. In another study conducted in 2005 to 
examine TNF-α as a potential noninvasive marker for 
studying histopathological intensity of NASH, serum level 
of TNF-α was higher in patients with steatohepatitis and 
cirrhosis than in the control group, but it did not show 
a significant association with histopathological severity 
of the disease[126]. Another confirmatory study by Hui 
et al[100] showed that TNF-α level was higher in patients 
with fatty liver and steatohepatitis as compared to 
healthy individuals, but it was not efficient for differentia
ting steatohepatitis from fatty liver. 

A study in 2010 conducted on NAFLD children, 
showed that serum concentration of TNF-α and its 
soluble receptors were significantly higher in obese 
children with fatty liver than those in the control group. 
But, again, the abilities of this cytokine and its receptors 
were insufficient in differentiating between different 
grades of steatosis. In this study, this marker was 
introduced as a suitable serum marker for predicting 
hepatic steatosis in obese children[127]. However, another 
study conducted in 2005 did not find a significant 
difference between TNF-α level of patients with steato
hepatitis as compared to the control group[103]. 

Of note, TNF-α usually increases in visceral obesity 
and NAFLD, and it has been shown that this cytokine 
plays a role in regulation of the body’s iron homeostasis. 
A study in 2008 which investigated these associations 
showed that the highest serum concentration of this 
cytokine was found in NAFLD patients with iron overload. 
It has also been shown that phlebotomy treatment 
can reduce concentration of TNF-α in addition to level 
of ferritin and transferrin saturation and can lead to 
improvements in hepatic function tests. This study 
concluded that TNF-α plays a regulatory role for iron that 
leads to accumulation of ion in the liver of patients with 
NAFLD[125]. 

IL-6
IL-6 is a multifunctional cytokine which regulates 
immune responses, the acute phase reaction and 
homeostasis[124] and is secreted from different cells in 
body, one of which is the adipocytes[83,100]. This cytokine 
causes stimulation of liver and some acute phase 
proteins, like PTX3 and CRP, are then produced in liver in 
response to it[129,130]. Serum level of IL-6 has considerable 
correlation with insulin-resistance, like TNF-α, which 
leads to increased resistance to insulin[99,100]. Also, IL-6 
stimulates hepatic lipogenesis related to obesity and 
insulin-resistance[125]. It seems that this cytokine plays 
a critical role in pathophysiology of different aspects of 
NAFLD in humans[99].

Zamora-Valdés et al[131] showed in 2007 that 
chronic alternating hypoxia resulting from obstructive 
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sleep apnea, as one of the risk factors for NAFLD, 
led to increased serum level of IL-6. IL-6 level has 
also been shown to be significantly different between 
NAFLD patients and non-afflicted people in some 
studies[98]. Another study indicated a considerable 
increase in the serum level of TNF and IL-6 as well as 
of their soluble receptors in steatohepatitis, compared 
to simple steatosis, but no correlation was found 
between circulating levels of these cytokines and their 
receptors with either the degree of disease activity or 
fibrosis stage[132]. However, another study did not find 
any increase in the hepatic mRNA transcription and 
expression of IL-6 in patients with steatohepatitis as 
compared to patients with simple steatosis[76]. 

STRUCTURAL MARKERS
Cytokeratin-18 
Different studies have indicated the key role of 
apoptosis in hepatic damage occurring in advanced 
stages of NAFLD (steatohepatitis) and, subsequently, 
use of hepatocyte apoptosis markers was suggested for 
diagnosis and staging of this disease[133-135]. During the 
apoptosis process, cytokeratin-18 (CK-18) is fragmented 
by caspase 3[135] and hepatocytes which leads to cell 
death through the apoptosis process and release 
fragments of CK-18 into the blood stream, so that 
the blood level of the fragmented CK-18 is associated 
with the presence of hepatic fibrosis[133]. Indeed, this 
substance has been shown to be significantly higher in 
patients with NASH[120]. 

Plasma CK-18 fragments have been studied and 
evaluated in large studies[72,136,137]. In one study, for 
diagnosis of NASH, blood level of more than 395 U/L 
of cytokeratin had sensitivity, specificity, PPV and NPV 
values of 85.7, 99.9, 99.9 and 85.7, respectively[134]. 
Younossi et al[107] reported sensitivity, specificity, 
PPV and NPV of cleaved CK-18 as 63.64, 87.23, 70 
and 83.7, respectively, for the cutoff value of 174.1; 
however, when the cutoff point was increased to 
261.35, specificity and PPV increased to 97.87 and 88.9, 
and when the cutoff decreased to 111.6, sensitivity 
and NPV changed to 81.82 and 77.8, respectively. In 
another study, sensitivity and specificity of this index 
were reported to be 78% and 87%, respectively, for 
diagnosis of steatohepatitis[138]. 

In one study conducted to investigate the clinical 
utility of different serum markers such as CK-18, 
hyaluronic acid and tissue inhibitor of metalloproteinase 
1 (TIMP1) for the diagnosis of steatohepatitis, CK-18 
was the only biomarker which could be helpful, having 
PPV of 81% and NPV of 85%[139]. In addition to the 
cleaved form of CK-18, its intact form, and also the 
difference between these two types (cleaved type 
and intact type), may play a role in evaluation of 
steatohepatitis. It has been reported that the serum 
level of intact CK-18 has higher predictive value than 
its cleaved form for the diagnosis of this disease. In the 
same study, intact CK-18, considering a cutoff point of 

384.3, had sensitivity, specificity, PPV and NPV of 63.64, 
89.36, 73.7 and 84.0, respectively; however, when 
the cutoff was increased to 545, its specificity and PPV 
increased to 95.74 and 80, respectively, and when the 
cutoff was decreased to 242.9, its sensitivity and NPV 
changed to 86.36 and 91.2, respectively[107]. 

Considering cleaved CK-18 as an apoptosis marker, 
intact CK-18 as a total apoptosis marker and cleaved 
CK-18-intact CK-18 as a necrosis marker[56], it seems 
logical that patients with steatohepatitis have higher 
levels of all of these 3 markers. Furthermore, it has 
been suggested that tissue polypeptide-specific antigen 
may be a serologic mirror for CK-18, so that it may also 
be also considered as an index for diagnosis of NASH 
(sensitivity, specificity, PPV and NPV of 95, 95.8, 22 and 
0.09, respectively, with the cutoff value of 88 ng/mL)[135]. 

In sum, considering the validation of use of plasma 
CK-18 fragment in different studies, it can be claimed 
that all pieces of evidence have favored the usefulness 
of this index to differentiate between steatohepatitis 
and simple steatosis[140,141]. Therefore, some researchers 
believe that this biomarker can be applied as an ideal 
index for noninvasive diagnosis of steatohepatitis in 
the future, although it is not routinely accessible as a 
common laboratory test presently[72]. 

Hyaluronic acid
Hyaluronic acid is a component of extracellular matrix 
that is produced by mesenchymal cells[48]. Its serum 
level in hepatic diseases is affected by production of 
collagen in liver and reduction of endothelial function 
of hepatic sinusoids[64]. It has been shown that serum 
level of hyaluronic acid is significantly higher in patients 
with steatohepatitis, compared to healthy controls, and 
that it is also higher in cirrhotic patients than in NASH 
patients[127]. 

Another study conducted to investigate the possibility 
of using hyaluronic acid for diagnosis of steatohepatitis 
reported an association between this marker and stage 
of NAFLD[140]. Yet another study has reported that cutoff 
value of greater or equal to 43 has sensitivity, specificity, 
PPV and NPV of 65.7%, 90.5%, 92% and 61.3%, respec
tively, for diagnosis of NASH[142]. Moreover, hyaluronic acid 
has been introduced in different studies as a good and 
reliable index for diagnosis of hepatic fibrosis[121,143,144]. 
A study which was conducted to investigate accuracy 
of serum hyaluronic acid in prediction of hepatic fibrosis 
intensity in NAFLD patients showed that this marker had 
a positive correlation with fibrosis degree. In this study, 
the cutoff point of 46.1 mg/L for serum hyaluronic acid 
demonstrated sensitivity, specificity, PPV and NPV of 
85%, 80%, 51% and 96%, respectively, for diagnosis 
of fibrosis, and it was concluded that measurement of 
serum hyaluronic acid could be a useful tool for diagnosis 
of patients with severe fibrosis. Besides, the logarithm 
of hyaluronic acid in NAFLD patients was shown to be 
associated with the degree of hepatic fibrosis, age and 
serum albumin, and it was calculated as follows: [40.1 
+ 0.333 × (degrees of hepatic fibrosis) + 0.032 × (age) 
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- 0.561 × (serum albumin)].
Based on this model, an increase of fibrosis by one 

degree is accompanied by an increase of serum level of 
hyaluronic acid by 40%[64]. In another study, hyaluronic 
acid was demonstrated to have NPV of 100% for the 
diagnosis of patients without fibrosis, when considering 
a cutoff value of 42 ng/mL. Sensitivity, specificity and 
PPV of this marker were calculated as 100%, 89% and 
77%, respectively[48]. Also, another investigation in this 
field has suggested hyaluronic acid and type IV collagen 
7s as two independent predictors of severe fibrosis, 
with both capable of reflecting the degree and severity 
of hepatic fibrosis. In this study, the mean serum 
level of hyaluronic acid in patients with mild fibrosis 
was reported as 22 ng/mL, while it was 118 ng/mL in 
patients with severe fibrosis, and there was statistically 
significance[48]. 

In another study by Palekar et al[57], hyaluronic acid 
of more than 45.3 mcg/L was introduced as a good 
index for predicting advanced hepatic fibrosis and was 
regarded as the strongest independent predictor of 
severe fibrosis among some variables such as age, sex, 
AST, BMI and AST/ALT ratio[57,145]. In addition, because 
hyaluronic acid increases in stages 3 and 4 of hepatic 
fibrosis, compared to markers like platelet which 
usually only decreases in stage 4, hyaluronic acid can 
be applied for prediction of fibrosis in earlier stages[72]. 
Owing to its importance, it has been used in different 
diagnostic panels[13,143,146]. 

In contrast, in a study investigating the clinical 
application of this serum marker in diagnosis of steato
hepatitis, hyaluronic acid was not approved to be 
suitable for diagnosis of this disease[140]. In another 
study, this index did not show a correlation with degree 
of fibrosis, compared to age, TNF-α and serum con
centration of type IV collagen, which had a weak but 
significant association; although, it could probably be 
used to differentiate between mild (degrees 1 and 2) 
and advanced fibrosis[147]. 

In sum, it seems that serum level of hyaluronic 
acid is independently and significantly related to the 
presence of steatohepatitis and severe fibrosis[143], 
and it probably can be used as a suitable marker for 
monitoring the progression of fibrosis toward cirrhosis in 
NAFLD patients[126]. 

Collagen 7s 
Collagen 7s is another diagnostic marker that has 
been evaluated in different studies. Sakugawa et 
al[143] conducted research on the utility of the fibrosis 
marker of type VI collagen 7s for the diagnosis of 
steatohepatitis and reported an association between 
this index and the stage of fatty liver. To our knowledge, 
this is the only study conducted on type VI collagen 7s 
that has been referred to in different publications[141,148]. 
This marker has positive predictive value of 86% and 
68.4%, negative predictive value of 61.8% and 83.6%, 
sensitivity of 70% and 81.3% and specificity of 81% 

and 71.4%, respectively, for diagnosing steatohepatitis 
and severe fibrosis when the cutoff point of ≥ 5 ng/mL 
is considered. 

Multiple studies have focused on type IV collagen 
7s[76,98,112,149]. A strong and stable association between 
type IV collagen 7s and advanced fibrosis (before pro
gress to cirrhosis) has been shown in different studies 
of patients with steatohepatitis[94]. A study by Yoneda 
et al[94] in 2007 showed that liver stiffness values had 
a suitable relationship with stage of hepatic fibrosis in 
patients with NAFLD and liver stiffness had a correlation 
with serum level of type IV collagen 7s. Type IV collagen 
7s has been applied in different panels, such as 
NAFIC[98,104]. 

It seems that this marker is independently and 
significantly related to the presence of steatohepatitis 
and severe fibrosis and can be useful for differentiating 
between mild and severe forms of NAFLD[76,143]. 

OTHER MARKERS 
Dehydroepiandrosterone 
Dehydroepiandrosterone (DHEA) is one of the adrenal 
hormones with anti-oxidative stress effects that reduces 
resistance to insulin and is effective in mediating the 
expression of peroxisome proliferator-activated receptor 
alpha and mRNA of pro-collagen[149,150]. This hormone 
represent the most abundant steroid hormone in the 
body, and its interchangeable sulfated form (DHEA-S) 
has different functions, and influences on obesity, 
diabetes, atherosclerosis and osteoporosis[1,23,94]. 

Some studies have shown that body concentration 
of DHEA-S is independently and reversely correlated 
with death (resulting from all causes)[1]. It has also 
been shown that serum levels of DHEA-S have positive 
correlation with Hb, platelet, ALT, cholinesterase, 
albumin and triglyceride, and have negative correlation 
with age, AST, AST/ALT ratio, ALP, HDL-cholesterol, 
hyaluronic acid and type IV collagen 7s[65,149,150]. Thus, 
some researchers believe that DHEA may play a 
role in the pathophysiology of NAFLD and also in its 
progression toward more advanced stages of the 
disease via different mechanisms[23]. 

A study on menopausal women by Saruç et al[151] 
showed that women suffering from NAFLD had higher 
levels of DHEA and DHEAS than the control group 
(menopausal women with normal histology). In this 
study, DHEA and DHEAS showed positive correlation 
with BMI and waist circumference. A cross-sectional 
study conducted in 2010 on 1912 men demonstrated 
that steatohepatitis was associated with higher levels of 
serum DHEA-S, and the highest risk of NASH develop
ment was reported for those who had the highest serum 
level of DHEA-S (OR = 1.59, 95%CI: 1.04-2.43)[152]. 
Subsequently, a study conducted to investigate the 
clinical significance of serum level of DHEA-S in NAFLD 
patients showed that the serum level of this hormone 
was significantly higher in patients than in controls[23]. 
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The study by Sumida et al[65] reported the same results, 
although the difference did not reach statistical signifi
cance (128.7 µg/dL in NAFLD patients vs 113.6 µg/dL 
in control group). However, this study demonstrated 
that patients suffering from severe stages of NAFLD 
(steatohepatitis with fibrosis of stage 3 or 4) had lower 
serum level of DHEA-S than patients with mild stages 
of the disease (simple steatosis or steatohepatitis with 
fibrosis of stage 0-2)[65]. 

In parallel, some other studies have also shown 
that NASH with advanced fibrosis is strongly associated 
with low concentration of circulating DHEA-S[149,153]. 
This association persisted even after adjustment for 
variables such as age, sex and resistance to insulin[65]. 
By applying single-variable analysis of serum level of 
DHEA in another study, a significant difference was 
detected between mild fibrosis and advanced stages 
of steatohepatitis (95 ± 9 µg/dL vs 72 ± 28 µg/dL); 
however, this marker was unable to differentiate 
between patients and non-patients[153]. These results 
confirmed the results of another study conducted 4 
years earlier which had shown that the mean DHEA-S 
level in patients with degree 2-4 of steatohepatitis 
was significantly lower than in those suffering from 
milder stages (0-1) and that the mean of DHEA-S level 
decreased stage by stage with increase in the fibrosis 
stages. In this study, a DHEA-S value of more than 
1.0 µg/mL showed sensitivity of 95% and specificity 
of 58% for diagnosis of advanced stages of NAFLD[149]. 
In another study, sensitivity, specificity, PPV and NPV 
were 76.5%, 73.3%, 29.5% and 95.5%, respectively, 
considering a cutoff point of equal or less than 66 
mg/dL[65]. In the same direction, Sumida et al[1] in ano
ther article suggested that patients with DHEA-S serum 
level of more than 66 μg/dL are unlikely to suffer from 
advanced stages of NAFLD. 

It can be generally concluded that increased level of 
serum DHEA-S may be a part of the pathophysiology 
of NAFLD and could play a role in the development of 
this disease[23]. However, considering metabolic and 
intracellular effects reported for this hormone, such as 
its protective effect against oxidative damage in animal 
models which is applied by reducing concentration of 
MDA and increasing activity of superoxide dismutase in 
hepatocytes and total concentration of glutathione, it 
may have an important role in prevention of histological 
progress of NAFLD; its blood level variations may also 
be well correlated with different histological patterns of 
patients with similar metabolic profile, age and sex[149]. 
Considering these findings, it is not surprising if serum 
level of DHEA developed into a successful predictor 
for diagnosis and staging of hepatic fibrosis in NAFLD 
patients in the future. 

Fibrinogen-like protein 2 
Fibrinogen-like protein 2 (FGL2) is a new member of 
the fibrinogen-like protein family. A study investigating 
this protein in patients with NAFLD showed that plasma 

level of this protein was considerably higher in patients 
with steatohepatitis, but there was no difference bet
ween patients with simple steatosis and the control 
group. Results of this study indicated a potential role for 
FGL2 level in the diagnosis of severe forms of fatty liver 
diseases and differentiated between simple steatosis 
and steatohepatitis[154].

CONCLUSION
Although some of the reported markers such as 
adiponectin, hyaluronic acid, CK-18 and DHEA have 
shown promising results, at present, it does not seem 
that any of these individual markers are reliable enough 
to be considered as a marker for diagnosis and staging 
of NAFLD. An ideal biomarker should have specific 
characteristics such as simplicity, accessibility, accuracy, 
repeatability and cost-effectiveness, some of which 
are not applicable to any of these markers[72,155]. Also, 
a reliable marker should be able to provide physicians 
with clear information, have high diagnostic power for 
differentiation between different stages of the disease, 
and should have been validated in large prospective 
trials[156,157]. It should be noted, as well, that selection 
of a suitable test depends on the clinical demand of the 
healthcare provider. 

If ruling out of the diagnosis of NAFLD and/or its 
staging is the goal, applying the markers with higher 
sensitivity and NPV is recommended; however, if the 
main aim is diagnosis of the disease in suspected 
patients, the test’s specificity and PPV would be the 
most important factors that should be taken into 
consideration. Furthermore, determining a suitable cutoff 
point for a test is usually based on a tradeoff between 
sensitivity (true positive) and specificity (true negative) 
results of the test. In fact, the optimal cutoff point has 
the highest sensitivity and specificity, but this point can 
hardly be obtained for a marker. Therefore, based on 
different cutoff values, the diagnostic power of a test 
and its productivity will be different. Paying attention to 
different cutoff values suggested for each marker while 
comparing them is important. 

Considering the weaknesses of every individual 
marker for diagnosis and staging of the disease, it seems 
that the present trend would be toward combining some 
of these serum markers together, and even adding some 
other parameters, such as demographic variables or 
radiologic results, and developing a mathematical model 
which has higher diagnostic power and accuracy[72,158].
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Abstract
Celiac disease, also known as “celiac sprue”, is a chronic 
inflammatory disorder of the small intestine, produced 
by the ingestion of dietary gluten products in susceptible 
people. It is a multifactorial disease, including genetic 
and environmental factors. Environmental trigger is 
represented by gluten while the genetic predisposition 
has been identified in the major histocompatibility 
complex region. Celiac disease is not a rare disorder like 
previously thought, with a global prevalence around 1%. 
The reason of its under-recognition is mainly referable to 
the fact that about half of affected people do not have 
the classic gastrointestinal symptoms, but they present 
nonspecific manifestations of nutritional deficiency or 
have no symptoms at all. Here we review the most 
recent data concerning epidemiology, pathogenesis, 
clinical presentation, available diagnostic tests and 
therapeutic management of celiac disease.

Key words: Celiac disease; Epidemiology; Diagnosis; 
Treatment; Pathogenesis
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Core tip: Celiac disease is a chronic inflammatory 
disorder of the small intestine, produced by the 
ingestion of dietary gluten products in susceptible 
people. It is a multifactorial disease, including genetic 
and environmental factors. Thanks to advanced under
standing of its pathogenesis, numerous therapeutic 
strategies have been devised for the treatment of celiac 
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disease. But there is need of further basic research 
studies and randomized clinical trials to introduce them 
into usual management of this disease.
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INTRODUCTION
Celiac disease defined an autoimmune disorder 
originating by an aberrant adaptive immune response 
against gluten-containing grains in susceptible indivi
duals. Celiac disease was first described in 1888 by 
Samuel Gee, but only in 1953 it became clear the 
importance of the gluten in the origin of this patho
logy[1-3]. In celiac subjects the ingestion of gluten leads 
to an enteropathy with an impairment of the mucosal 
surface and, consequently, abnormal absorption of 
nutrients[4-7]. Celiac disease might be considered a 
syndrome, because of the wide spectrum of clinical 
manifestations and the involvement of various human 
systems. Celiac disease shows peculiar features in 
comparison to others autoimmune disorders, including 
the complete recovery of the mucosal damage as well as 
the reversibility of its progression and chronic dynamics, 
with a total avoidance of gluten. Conversely, it is now 
ascertained that undiagnosed celiac disease, might 
have severe consequences in children as well as in adult 
subjects[8-10]. Besides celiac disease and wheat allergy, a 
new entity has been included, apparently not driven by 
an immune response: The non-celiac gluten sensitivity 
(NCGS). The pathogenesis of NCGS remains largely 
unknown, although it is now ascertained that it includes 
a set of factors[3,11]. Here, we review the epidemiology, 
pathogenesis, clinical presentation, diagnostic tests and 
therapeutic management of celiac disease. 

EPIDEMIOLOGY
In the last decades a high number of epidemiological 
data have been reported. Nowadays celiac disease is 
one of the most frequent genetically based disorder in 
humans, although it was thought that some country, 
including United States, were exempt from this dis
ease[12]. Europe is historically considered a geographical 
area at high frequency, with a prevalence of 1%-2%, 
although it has been recently shown a similar prevalence 
in United States[13,14]. Despite the advances in diagnosis, 
the overall prevalence of this disease remains still 
unclear. A variable frequency has been reported between 
European countries, although it is still uncertain whether 
it depends on the different screening tool, sample size 
or a real variability of celiac disease prevalence[15]. What 

is known is that many cases remains undiagnosed, 
as idealized with the “iceberg model” (Figure 1). 
Typical cases of celiac disease are diagnosed because 
of suggestive symptoms. The submerged part of 
the iceberg represents all the undiagnosed cases 
that usually show atypical, minimal, or even absent 
symptoms[16]. A multicenter study reported a prevalence 
of 1 out of 133 (0.75%) in healthy people in the United 
States, and similar frequency is confirmed by studies 
on European and Australian populations[12]. The overall 
prevalence of celiac disease ranges from 4.5% among 
high-risk subjects to 0.75% in not-at-risk subjects[12]. 
High-risk subjects include the relatives of patients with 
celiac disease, children or adults with celiac disease-
associated symptoms (i.e., diarrhea, abdominal pain 
and constipation) and children or adult subjects with 
celiac disease-associated disorders (i.e., Diabetes 
Mellitus type-1, Down syndrome, anemia, infertility, 
osteoporosis)[17]. It has been shown that celiac disease 
is not exclusive of industrialized countries, but includes 
North Africa, Middle East and India with an incidence 
overlapping those of European countries[18-20]. However, 
given the worldwide distribution of the causal factors this 
heterogeneous diffusion is not surprising. It has been 
shown that the Saharawi, an Algerian population has the 
highest prevalence of celiac disease (nearly, 6%) among 
all of the worldwide populations[16,21,22].

GENETIC SUSCEPTIBILITY
The best-characterized genetic risk factor for celiac 
disease, accounting for 35% of the total genetic risk, 
is the presence of genes encoding for MHC class II 
proteins including human leukocyte antigen (HLA) DQ 
2 and HLA-DQ8[23-25]. Over 90% of affected subjects 
express HLA-DQ2 molecules; the remainder express 
HLA-DQ8. The frequency of celiac disease risk HLA 
genotypes is about 30%, whereas only 1%-3% 
develops the disease[26]. It is now accepted that HLA 
is one of the main but not sufficient factors involved in 
the onset of celiac disease, but a multitude of genetic 
factors are responsible in celiac disease susceptibility, 
as demonstrated by studies on monozygotic twins[27]. 

Recently, genome-wide association studies have 
identified 39 non-HLA loci that also predispose to celiac 
disease[28]. One of these genes may relate to genetic 
variants on chromosome 19, in the myosin IXB gene (i.e., 
MYO9B), and may potentially predict responsiveness 
to a gluten-free diet (GFD)[29,30]. Both HLA-DQ2 and 
HLA-DQ8 codified for heterodimers located on Antigen-
Presenting Cells (APCs)[31]. It has been ascertained 
that they present gluten peptides to antigen-specific 
T-lymphocytes in the intestinal mucosa, inducing their 
proliferation as well as cytokine production. In particular, 
tTG2 may transform non-charged glutamine into nega
tively charged glutamic acid[32].

Environmental factors
Feeding patterns in the first year of life and potential 
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viral infections (i.e., rotavirus)[33] might be involved in 
the development of celiac disease[34]. A prospective 
study has investigated the role of a specific infectious 
agent in celiac disease and the authors have found 
that an increased frequency of rotavirus infection 
predicts increased risk of celiac disease autoimmunity in 
children[35]. Gluten, one of the most common ingredients 
in human nutrition[36], is mainly composed by prolamines 
and glutenin. The prolamines in wheat are gliadins, 
in rye secalines and in barley hordeins. Catassi et 
al[37] proposed that 50 mg gluten/day is the minimum 
amount able to determine evident alterations to the 
small-intestinal mucosa in celiac disease subjects. Others 
pivotal “environmental factors” as the milk-feeding 
type and the duration of breast-feeding, can also play 
a role, influencing the intestinal microenvironment[38]. 
In addition, increased intestinal Gram-negative and 
reduced Bifidobacteria, has been found in celiac disease 
subjects[39]. Other debated environmental factors could 
be represented by heavy metals[40] and bacterial TG 
present in food stuff[41]. 

IMMUNE SYSTEM AND THE CELIAC 
DISEASE
Celiac disease resembles a systemic immune-mediated 
disorder[34,42-44]. The primary mechanism involved in 
celiac disease is related to an inappropriate adaptive 
immune response to gluten-derived peptides. It has 
been ascertained that prolamines contain critical 
epitopes presented by either HLA-DQ2 or HLA-DQ8 
induce a CD4+ T-lymphocytes response. In celiac 
disease pathogenesis the role exerted by the intestinal 
epithelia barrier, physiologically impermeable to macro
molecules such as gliadin is actually recognized. In 
people with a genetic susceptibility to develop celiac 
disease, gliadin interacts with the intestinal cells to 
trigger the disassembling of the inter-enterocyte tight 
junctions (TJs). The impairment of the TJs determines 
the up-regulation of zonulin, a peptide involved in 
TJ regulation and responsible for the increased gut 
permeability. Gliadin peptides pass through the epithelial 
barrier and activate T-lymphocytes located in the 
lamina propria. Activated CD4+ T-lymphocytes produce 
high levels of pro-inflammatory cytokines, inducing 
either a T-helper 1 pattern dominated by IFN-γ, and 
a T-helper 2 pattern, which causes a clonal expansion 
of B-lymphocytes that subsequently differentiate in 
plasma-cells secreting anti-gliadin and anti-tissue-
transglutaminase antibodies[45]. Some gliadin peptides 
that are not recognized by T-lymphocytes activate 
both APCs and intestinal epithelial cells; in particular, 
CD8+ T-lymphocytes may be stimulated by interleukin 
(IL)-15. An increased density of CD8+ intraepithelial 
cells is considered as a hallmark of celiac disease[34]. 
Gliadin-specific T-cell responses have been found to be 
enhanced by the action of tissue transglutaminase, an 
enzyme located in the extracellular space of the sub-

epithelial region or at the epithelial brush border[46]. 

HISTOLOGICAL FEATURES OF THE 
CELIAC DISEASE
Physiologically the height of enterocytes ranges 
between 29-34 μm. T-cells are usually located in the 
lamina propria; however, the number of intraepithelial 
lymphocytes (IELs) is highly variable. A large number of 
subjects without disease have less than 20 lymphocytes 
per 100 epithelial cells; based on the experiences of 
Hayat et al[47] and Veress et al[48], a density of IELs 
between 25 and 29/100 epithelial cells is considered 
borderline and pathological over 30/100 epithelial cells.
Tissue samples taken from subjects affected by celiac 
disease mainly show: (1) Decreased enterocyte height; 
(2) Crypt hyperplasia; (3) Villous atrophy; (4) Increased 
intraepithelial T lymphocytes.

Although still debated, recently, Mubarak et al[49] 
have shown that staining for CD3 has an additional 
value in the histological detection of celiac disease le
sions[49,50]. Immunohistochemical stains for CD3 and 
CD8 do not improve detection of gluten-sensitive enter
opathy in duodenal biopsies. A different grading has 
been proposed for the evaluation of the gluten free diet 
in duodenal mucosal healing[51].

Table 1 reports Marsh classification of histologic 
findings in celiac disease[52]. Modifications to this scoring 
system have been proposed[53,54]. Oberhuber et al[55] 
suggested that Marsh III lesions should be included into 
a, b, and c categories. However, Figure 2 shows two 
prototypical tissues classified as Marsh II (A) and Marsh 
IIIA (B). 

CELIAC DISEASE: CLINICAL 
PRESENTATION
Celiac disease is greatly heterogeneous, at least in 
part depending on the patient’s age, the duration and 
extent of disease, and the presence of extra-intestinal 
comorbidities.

Although celiac disease was originally thought as a 
pediatric disorder, the diagnosis is increasingly made in 
adults[16]. Various subtypes of celiac disease have been 
described[56]. 

Classical or typical form. It is characterized by 
common clinical symptoms related to abnormal intestinal 
absorption. Generally occurs between 6 and 18 mo of 
age, after the introduction of weaning foods containing 
prolamines[57]. Histology shows villous atrophy and crypt 
hyperplasia.

Atypical form
It is characterized by a prevalence of extra-intestinal 
symptoms with few or no gastrointestinal symptoms. 
Usually, atypical forms are encountered in older children 
and adults and the common features of abnormal 
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absorption are absent.

Silent or asymptomatic form
It is characterized by serological and histological 

abnormalities without evidence of clinical symptoms. 
This subtype is often observed in subjects with a family 
history of celiac disease, patients with associated 
autoimmune (i.e., type 1 diabetes) or genetic disorders 
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  Marsh 0 Normal mucosal architecture without significant intraepithelial lymphocytic infiltration.
  Marsh I Lymphocytic enteritis: Normal mucosal architecture with a marked infiltration of villous epithelium by lymphocytes; arbitrarily defined 

marked as more than 30 lymphocytes per 100 enterocytes
  Marsh II Lymphocytic enteritis with crypt hyperplasia: intraepithelial lymphocytosis and elongation and branching of crypts in which there is an 

increased proliferation of epithelial cells
  Marsh III Intraepithelial lymphocytosis, crypt hyperplasia, and villous atrophy. There are 3 distinct stages of villous atrophy
     Marsh IIIA Partial villous atrophy, the villi are blunt and shortened. Arbitrarily, samples are classified as partial villous atrophy if the villus-crypt 

ratio was less than 1:1
     Marsh IIIB Subtotal villous atrophy, villi are clearly atrophic, but still recognizable
     Marsh IIIC Total villous atrophy, villi are rudimentary or absent, and the mucosa resemble colonic mucosa.

Table 1  Marsh classification of histologic findings in celiac disease

Modifications to this scoring system have been proposed[53,54]. Oberhuber et al[55] suggested that Marsh III lesions should be included into a, b, and c 
categories. However, Marsh et al[52] examined these subdivisions by means of correlative light and scanning electron microscopy, and demonstrate that 
Oberhuber’s classification is untenable. In their view, this categorization reflects misinterpretations of the real architectural contours of flat mucosae.

Symptomatic
celliac disease

Silent
celiac disease

Latent
celiac disease

Damaged intestinal
villi

Natural intestinal
villi

Figure 1  The “iceberg model” idealizing the interplay between celiac disease genetic makeup and exposure to gluten, the environmental trigger of the 
disease.

A B

Figure 2  Histological features of celiac disease. A: Example of tissue scored as Marsh 2 characterized by lymphocytic enteritis with crypt hyperplasia: 
Intraepithelial lymphocytosis and elongation and branching of crypts in which there is an increased proliferation of epithelial cells; B: Example of tissue scored as 
Marsh 3A characterized by partial villous atrophy, the villi are blunt and shortened. Arbitrarily, samples are classified as partial villous atrophy if the villus-crypt ratio 
was less than 1:1 (Objective magnification × 4, inset × 10).
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(i.e., Down, Turner, or Williams syndrome). 

Latent form
It is characteristic of subjects with previous asympto
matic celiac disease, although a gluten-containing 
diet. Positive serology but no villous atrophy or others 
tissue abnormalities are recognized. Troncone et al[58] 
postulated that the presence of elevated endomysial 
antibodies in these patients might be one of the most 
important predictor of progression.

Potential form
The term “potential” is used in individuals who have 
never had diagnosis of celiac disease, but show pre
sence of appropriate genetic background (HLA-DQ2/
DQ8), positive serology, with normal or mildly abnormal 
histology. 

Refractory form
It is defined by the presence of malabsorptive sym
ptoms and villous atrophy that persist 1 year after 
a strict gluten-free diet. Several refractory patients 
(roughly, 5%-30%) never respond to a gluten-free 
diet[59], others initially responded but have a recurrence 
of symptoms and intestinal damage. Two different sub-
types of refractory celiac disease have been recognized: 
“Type 1”, showing a normal intraepithelial lymphocytes 
count and “type 2” presenting aberrant intraepithelial 
lymphocytes[29].

Celiac disease can affect individuals from any age, 
but two peaks can be seen: In the childhood (< 6-year-
old) and 4th-5th decade[46]. Classical presentation is more 
frequent in pediatric and tends to occur early in life (6-24 
mo), whereas atypical presentation generally occurs at 
a later age (> 5-year-old) and in adults[60].

DERMATOLOGICAL CELIAC DISEASE 
Dermatitis herpetiformis is an inflammatory cutaneous 
disease, presenting with diffuse, symmetrical, polymor
phic lesions consisting of erythema, urticarial plaques, 
papules, herpetiform vesiculae and blisters followed 
by erosions, excoriations and hyperpigmentation. It 
is characterized by typical histopathological and immu
nopathological findings. Rarely it is diagnosed in child
hood but commonly appears in the third decade. 

Main conditions associated to 
celiac disease
A set of conditions can be associated with celiac disease. 
The term “associated conditions” refers to states that 
are found more frequently in patients affected by celiac 
disease[61]. These conditions include “genetic disorders” 
such as Down syndrome, Turner syndrome and Wil
liams syndrome, and “autoimmune” or “neurological” 
disorders. 

Type 1-diabetes 
One of the most recognized and widely investigated 
disorders associated with celiac disease is type 
1-diabetes[62]. Ludvigsson et al[63] reported that type 
1-diabetes constitutes a 5- to 10-fold risk increase 
for celiac disease in a very large cohort of children. 
This increasing of risk may partly be explained by 
shared genetic risk represented by HLA. A percentage 
approximately of 5%-10% of patients affected by type 
1-diabetes presented celiac disease related antibodies 
with up to 75% having abnormalities on small intestinal 
biopsy tissue[64]. The prevalence of celiac disease ranges 
between 1% to 19% in patients with type 1 diabetes 
mellitus[65]. Prospective studies of high-risk infants for 
type 1 diabetes and celiac disease have been shown 
that early introduction of gluten is associated with 
an increased risk for autoimmunity[66-68]. However, 
the relationship between the two conditions is still 
debated[69]. 

Autoimmune thyroid disorders 
In patients affected by celiac disease it has been 
reported an increased prevalence (nearly, 2%-5%) of 
thyroid disorders (i.e., hyperthyroidism-Graves’s disease 
or hypothyroidism-Hashimoto’s thyroiditis), diagnosed 
either before than after the diagnosis of gluten-enter
opathy[65]. These two conditions share genetic risk 
factors represented by HLA-DQ2 and DQ8. HLA-DQ2 
and DQ8 haplotypes have been association with Hashi
moto’s thyroiditis, while HLA-DQ2 association is less 
clear in Graves’ disease. This difference between hyper- 
and hypothyroidism is reflected also by the greater risk 
of celiac disease in patients with Hashimoto’s disorder 
than patients with Graves[70]. In addition to HLA, it has 
been reported an association with the gene encoding 
cytotoxic T-lymphocyte-associated antigen-4[65]. Another 
mechanism related to the association between these 
two conditions is represented by abnormal absorption 
with consequent selenium deficiency induced by celiac 
disease. Stazi et al[70] highlighted that the abnormal 
selenium absorption in celiac disease could be the factor 
directly leading to thyroid and intestinal damage, since 
thyroid is particularly sensitive to selenium deficiency. 
In the setting of autoimmune thyroid disease it should 
be useful to pay attention to celiac disease marker and 
to monitor growth and pubertal status. In patients with 
celiac disease, a screening for thyroid abnormalities has 
been also suggested in some cases[61].

Autoimmune hepatitis and other forms of liver 
involvement 
The involvement of liver is common among patients 
affected by celiac disease[71]. Hypertransaminasemia 
has been reported in about 40% of adults and in 
54% of children with a classical presentation of celiac 
disease at the time of diagnosis[72]. Conversely, celiac 
disease is present in about 9% of patients with chronic 
unexplained hypertransaminasemia[73,74]. It has been 
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postulated that the mechanism leading to hepatic 
damage is related to entry of toxins, inflammatory 
molecules and antigens in the portal circulation. Volta 
et al[75] pointed up about the need of a serological 
screening for celiac disease in all patients with persistent 
hypertransaminasemia of unknown cause. Moreover, 
exclusion of a gluten-related liver damage is necessary 
for all patients affected by autoimmune liver disorders 
or by those forms of severe liver disease, whose 
etiology remains unknown, and for patients enrolled for 
liver transplant. A prolonged exposition to gluten in a 
patient with an overlooked celiac disease, in fact, can 
causes chronic hepatitis and liver cirrhosis[75,76].

Neurological disorders 
It has been reported a potential link between celiac 
disease and different neurological disorders[77]. Data 
concerning the association between neurological condi
tions and celiac disease remain poor. Although ataxia 
is a neurological disorder indicated in some patients 
with celiac disease[78], the most frequent neurologic 
condition in celiac disease subjects is epilepsy, showing 
a prevalence between 1.2% and 5%[79]. Its clinical 
spectrum in association with celiac disease varies from 
focal to generalize with variable outcome and response 
to gluten avoidance. In 1985 it has been described a 
more specific and rare syndrome characterized by the 
co-presence of celiac disease, epilepsy, and occipital 
calcifications (CEC). Gobbi suggested that the HLA geno
type predisposing to CEC is the same to that predispose 
to celiac disease[79].

COMPLICATIONS ASSOCIATED WITH 
UNTREATED CELIAC DISEASE 
Evidences that celiac disease in adults, especially if 
diagnosed late is burdened by complications have been 
reported. Among them: (1) Osteoporosis: It represents 
the most common complication resulting from abnormal 
calcium absorption secondary to defective calcium 
transport by the diseased small intestine, but also due 
to vitamin D deficiency. With an early gluten free diet 
in children it is possible to prevent the bone disease in 
adult life; (2) Enteropathy-associated intestinal T cells 
lymphoma: It represents one of the most important 
complication; (3) Collagenous sprue: Patients do not 
react to diet and histology shows extra-cellular matrix 
components in the intestinal wall at the level of the 
superficial sub-epithelial layer. This morphological 
pattern is very similar to the condition of collagenous 
colitis described in the colon, where the thickness of 
the connective band best highlighted with Masson’s 
trichrome is more than 15 nanometers, although this is a 
very rare event described in the literature; (4) Refractory 
sprue: This condition is depicted as collagenous sprue 
although can be identified by immunohistochemical 
staining, demonstrating that T lymphocytes, which in 
normal conditions express CD3 and CD8, in this case 

present only the expression of CD3 and not of CD8; 
(5) Ulcerative jejunoileitis: Extensive ulceration of the 
intestinal mucosa, and involving ileum and jejunum. 
It presents around 50 years old with chronic diarrhea, 
steatorrhoea and complications of intestinal ulceration 
(perforation, haemorrhage or obstruction)[59]; (6) 
Non-Hodgkin lymphoma: Recent data suggests an 
association between celiac disease and Non-Hodgkin 
lymphoma[80]; (7) Small bowel adenocarcinoma: Even 
rare, a connection between carcinoma of the small bowel 
and celiac disease is known since 1958[81]. The etiologic 
factors predisposing to malignancy in celiac disease are 
uncertain. Possibilities include immunologic disturbance 
associated with mucosal lymphocyte infiltration, pre
malignant changes in the damaged surface epithelial 
cells, increased permeability to oncogenic factors and 
abnormal absorption of protective substances such as 
vitamins A and E; and (8) Reproductive disorders: Celiac 
disease might be associated with decreased fertility in 
both males and females[82]. 

DIAGNOSTIC TESTS OF CELIAC DISEASE
Serological tests
Anti-tissue transglutaminase antibodies: the best 
strategy for serological diagnosis is the blood detection 
of IgA anti-tissue transglutaminase antibodies (tTGA) by 
enzyme-linked immunosorbent assay (ELISA). These 
antibodies show a sensitivity up to 97%, a specificity 
around 96%, and an accuracy of 98%, whereas IgA 
anti-endomysial (IgA EMA) antibodies are employed as 
a confirmatory test in tTGA positive cases due to their 
higher specificity (about 100% vs 91% of tTGA). In 
concomitance of IgA deficiency and celiac disease, found 
in around 2%-10% of the patients, it is recommended 
to detect celiac disease testing tTG-IgG. “False negative” 
occurs, as previously reported, in case of IgA defici
ency. The IgA EMA represents the most specific test 
(approximately 100%), with a sensitivity around 94% 
and a diagnostic accuracy of 97%[83]. However, EMA 
are routinely detected by indirect subjective immuno
fluorescence[84]. These antibodies can also result falsely 
negative in case of IgA deficiency and in children aged > 
2 years. 

Anti-gliadin antibodies: The antigliadin (AGA) 
antibodies (IgG and IgA) are today no longer recom
mended because of their low sensitivity and specificity 
and inferior accuracy, except in younger children[85]. 

Deamidated gliadin peptides: Actually detection 
of antigliadin antibodies have been replaced by the 
more recently developed immunoassays employing 
antibodies to deamidated gliadin peptides, IgA and IgG. 
To increase the diagnostic accuracy, in the last years the 
clinicians tend to prescribe serial testing. 

Histology
The gold standard to diagnose celiac disease in adulthood 
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is the intestinal biopsy sampled by endoscopy[54,86]. 
Histology of celiac disease consists of an integrated 
assessment of different entities: villous atrophy, crypt 
hyperplasia, decreased enterocyte height, inflammatory 
infiltrates in small-bowel mucosal biopsies. Based on one 
or more of these elementary lesions the histopathology 
of celiac disease is subdivided into different diagnostic 
categories according to the Marsh classification[86] (Table 
1).

The open question remains the early lesions, i.e., 
normal villi with a pathologic increase in intraepithelial 
T-lymphocytes, that it is possible to find in many others 
conditions[87]. Villanacci et al[86] pointed out that three 
conditions deserve specific mention: (1) “Autoimmune 
enteritis”; (2) Damage by drugs: especially non-
steroidal anti-inflammatory drugs (NSAID) that cause 
morphological modifications likely to those of celiac 
disease; and (3) The co-infection with Helicobacter 
pylori in the stomach[86].

Recently, have been introduced methods to quantify 
pathologic features of the small intestinal mucosa in 
celiac patients[88]. 

Genetic analyses
HLA testing should not be routinely performed in all 
celiac disease cases, but it is indicated only when dia
gnosis is controversial. Large multicenter studies have 
shown that only 0.4% of celiac disease patients are 
both DQ2 and DQ8 negative[89]. In the absence of 
HLADQ2/8, it is consented to rule out predisposition to 
celiac disease in family members of celiac patients[86]. 
HLA test represents a helpful tool particularly for 
potential celiac disease, to suggest (if positive) or 
reject (if negative) the diagnosis. Furthermore, HLA 
negativity in patients with villous atrophy and negative 
serology should direct towards other possible causes 
of these histological alterations. Many disorders, such 
as lactose intolerance, bacterial overgrowth, Cro
hn’s disease, infectious diseases (i.e., Giardia lamblia, 
Cryptosporidium, Microsporidium, Cytomegalovirus, 
Herpes virus, Whipple’s disease), characterized by mal
absorption share the same histological findings as celiac 
disease. 

In vitro gluten challenge test
Currently, several studies have proposed that gluten-
sensitive immunological activation in celiac disease can 
be reproduced by in vitro gluten challenge test using 
culture cells from the duodenal mucosa[90]. 

CURRENT TREATMENTS OF CELIAC 
DISEASE
Life-long gluten-free diet
The current available treatment for celiac disease is life-
long gluten-free diet[91-93]. Generally clinical improvement 
is achieved within a few weeks and the mucosal damage 
recovers in 1-2 years[16]. As patients with celiac disease 

may have accompanying brush border lactase deficiency 
secondary to damage to surface epithelial cells, milk 
and dairy products should be avoided in the first period 
of treatment too. As vitamin B deficiency is common 
after an extended period on a GFD, all patients are 
advised to take a gluten-free multivitamin[84]. Early 
diagnosis and treatment are fundamental in pediatric 
celiac disease particularly, as some of the complications 
may be irreversible: Growth retardation, abnormal 
dentition, osteoporosis[29]. Several observational studies 
suggest that prolonging breast-feeding and delaying 
and gradually introducing gluten in the first year of 
life may reduce the risk of celiac disease development 
during childhood[60]. As described above, even products 
specifically targeted to dietary treatment of celiac disease 
may contain tiny amounts of gluten proteins[16]. Another 
cause of uncertainty is represented by the differences 
in the labeling rules for food products existing among 
countries. Specific considerations about gluten free diet 
and refractory celiac disease should be taken. Even with 
respect of dietary restriction, actually, in the minority of 
patients affected by refractory celiac disease (RCD), GFD 
is ineffective. It has showed a higher mortality compared 
with RCD type 1, explainable by the more severe 
malnutrition combined with the higher risk of developing 
overt lymphoma[94]. These forms of the disease can 
require corticosteroids and other immunosuppressant, 
like azathioprine or cyclosporin, which can improve 
transiently clinical symptoms in most patients. But till 
date, it has not yet been possible to design effective 
treatments for the both form of RCD[94]. Furthermore, it 
is important remember that these drugs may enhance 
the risk of progression into an overt T-cell lymphoma, so 
they require caution particularly in RCD type 2 patients, 
at risk of developing this complication. Recently, have 
been used with some success chemotherapy agents 
such as the anti-T cell nucleoside analogues Cladribine 
and Pentostatine, and it has been proposed also as a 
therapeutic option the stem cell transplantation[95,96].

Other drug-based therapies are in under investi
gations although patients indicate GFD as a good and 
well-tolerated therapy[97,98].

Gluten-degrading enzymes
Enzyme supplement therapy with bacterial prolyl-
endopeptidasis expressed by various microorganism 
has been proposed to accelerate gluten digestion in 
the gastrointestinal tract and thus to destroy T cell 
epitopes[99]. Prolyl-endopeptidasis are proline-specific 
enzymes capable to cleave gluten peptides. Actually, 
there are introduced into clinical trials two drug 
candidates, ALV003 and AN-PEP (Aspergillus niger 
prolyl-endoprotease). Recent data on results of two 
phase 1 clinical trials have revealed that pre-treating 
gluten with ALV003 eliminates the peripheral blood T 
cell response in celiac disease patients, suggesting the 
potential therapeutic utility of gluten-specific enzymes to 
treat celiac disease[100]. Currently is undergoing clinical 
phase IIa testing showing a significantly reduce gluten-
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related T-cell responses compared with placebo but 
without a significantly reduction of symptoms typically 
induced by the gluten[101].

AN-PEP is an enzyme that degrades gluten pep
tides efficiently in a pH compatible with that found in 
the stomach. Therefore this enzyme might be suitable 
for oral supplementation but further studies are ne
cessary[102]. 

Modified grains 
Can be developed either through selective breeding 
of early wheat species or using small interfering RNA 
(siRNA) technology to mutate or silence immunos
timulatory sequence[103].

Blocking gluten entry across the intestinal epithelium 
Zonulin inhibitor larazotide (AT-1001) corrects intestinal 
barrier defects. It has been explored in an animal 
model[99]. AT-1001 is currently the best-studied pharma
cologic agent to treat patients with celiac disease, 
actually undergone in phase II clinical trials[104]. It 
has been shown that patients treated with AT-1001 
had an improved symptom score, a less pronounced 
autoantibody response and pro-inflammatory production, 
and lower urinary nitrate excretion when compared with 
the placebo controls[105].

Rho/Rho kinase inhibition
It has been clarified that the increase in intestinal per
meability is dependent on Rho kinase (ROCK) activity[106]. 
In addition to regulating tight junction structure and 
function, ROCK is known to regulate axon growth[107,108]. 
The drug could be used to establish whether ROCK 
inhibition can reverse gluten-dependent increase in 
intestinal permeability in these patients[104].

Immunotherapy
The first observation of the occurrence of celiac disease 
following allogenic bone marrow transplantation per
formed in a patient with acute leukemia, made evident 
the involvement of T-lymphocyte in pathogenesis of this 
condition[109]. Since then, a lot of acknowledgments have 
been acquired such that many efforts are being made 
to develop immunologic therapeutic tools. Cytokine 
therapies based either on amplification of regulatory 
cytokines or on blockage of inflammatory cytokines 
expression are largely diffused for management of 
the severe autoimmune disorders. Also for celiac dis
ease resistant to dietary approach and especially for 
refractory celiac disease, the use of immunomodulators 
is developing. IL-15 blocking antibodies have shown 
the capability to induce intra-epithelial lymphocytes 
apoptosis in the intestinal epithelium of human IL-15 
transgenic mouse models[110]. These antibodies have 
been only investigated on patients with rheumatoid 
arthritis and a human study for celiac disease is still 
awaited. Only human recombinant IL-10 was tried and it 
showed suppression of gluten-dependent T-cell activation 

in celiac disease cultured intestinal mucosa[111]. But later, 
a pilot study conducted on patients affected by refractory 
celiac disease did not show any pharmacological efficacy 
of this monoclonal antibody[110]. Anti-IFN-γ antibodies 
demonstrated a good tolerance among patients with 
inflammatory bowel disease, but the use in patients 
with celiac disease needs of more investigations. Equal 
considerations can be assumed also for the use of 
antibodies anti-TNF-α, commonly recognized for the 
treatment of inflammatory bowel disease but described 
only in few case reports of patients with refractory celiac 
disease[112,113]. Another possible target of immunotherapy 
is represented by chemokines and their receptors, 
which play a significant role in the pathogenesis of celiac 
disease through the recruitment of lymphocytes in the 
gut. T-lymphocytes that home to the small intestine 
express CCR9, which binds to the CCL25 secreted by 
intestinal epithelial cells, and integrin α4β7, which binds 
to mucosal vascular addressin cell 1 (MAdCAM-1). 
Therefore both molecules are necessary for migration 
of T-cells to the intestinal mucosa and could represent 
potential therapeutic targets. Furthermore, a monoclonal 
antibody anti-integrin α4 (Natalizumab) has revealed 
effectiveness in Crohn’s disease suggesting a possible 
effectiveness also in celiac disease[114] as well as a CCR9 
inhibitor (CCX282-B) and integrin α4β7 blocking antibody 
(LDP-02), both already studied in patients affected by 
Crohn’s disease but still under investigation for celiac 
disease[115]. Some concern could be raised about the 
benefit of blocking lymphocyte homing to the intestine, 
and potential long-term adverse consequences, also 
because beneficial immunosuppressive regulatory T 
cells are equally inhibited. Since its demonstration, 
the possibility to develop tolerance to gluten in certain 
patients affected by celiac disease has gained more 
attractiveness as another potential immunomodulatory 
approach[116,117]. An alternative method studied for 
induction of tolerance to gluten is oral administration of a 
genetically modified Lactococus lactis bacterium, capable 
of secreting deamidated DQ8-restricted gliadin epitope. 
This experiment was conducted on previously sensitized 
transgenic mice and demonstrated the induction of 
Foxp3+ regulatory T-lymphocytes and a significant 
suppression of local and systemic T-cell responses 
to the corresponding gliadin peptide[104,118]. Also this 
approach still needs of human trials, although others 
clinical trials for non-specific immunomodulation have 
been carried out to test the role of parasitic infection 
in inhibition of immune response to gluten[119]. In fact, 
the disappearance of intestinal parasites from humans 
in developed countries has created a predisposition to 
develop autoimmune disease, a phase I clinical trial 
using larvae from the hookworm Necator Americanus 
has been initiated with the purpose of establishing a 
potential shift of T-cells response toward a suppressive 
T-regulatory response, however to date, any significant 
effect was revealed by this infection on gluten-induced 
enteropathy[120].
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Vaccines
Clinical trials have been started with a prototypical 
vaccine based on a set of gluten peptides that are recog
nized by HLA-DQ2 in an immunodominant manner[104], 
and phase I has been recently completed. A great 
interest is focused on vaccination, especially for raising 
the compliance of many patients which could beneficiate 
with a single-dose administration rather than a daily 
intake of other treatment options[110]. The risk of immune 
system activation related to the vaccine therapy and its 
side effects represent a still open question that need of 
further investigations. There is still need of more studies 
also for the most part of the previously mentioned 
alternative treatment options, with large long-term 
clinical trials that could answer to the unresolved ques
tions relating to their real clinical effectiveness, their 
safety, and their affordability.

Conclusion
It is indubitable that celiac disease remains a still 
controversial and complex human disorder. There 
is need of further research studies and randomized 
clinical trials to introduce them into usual management 
of this disease. A number of unanswered questions 
remain to clarify including the real associations of 
celiac disease with other conditions, and the impact of 
some environmental factor in its pathogenesis. There 
are still controversial opinion about the effective role 
of the breast feeding in celiac disease, what is to be 
elucidated if it could offer a permanent protection or if 
only delays the appearance of the disease. In addition, 
an improvement in non-invasive diagnostic tests could 
allow avoidance of endoscopy, especially in pediatric 
patients, and a more defined efficacy of the new 
therapeutic tools could improve quality of life either in 
term of reduction of complications and physical health 
either in term of social life. 
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Abstract
Portal hypertension in the rat by triple partial portal vein 
ligation produces an array of splanchnic and systemic 
disorders, including hepatic steatosis. In the current 
review these alterations are considered components 
of a systemic inflammatory response that would 
develop through three overlapping phenotypes: The 
neurogenic, the immune and the endocrine. These 
three inflammatory phenotypes could resemble the 
functions expressed during embryonic development of 
mammals. In turn, the inflammatory phenotypes would 
be represented in the embryo by two functional axes, 
that is, a coelomic-amniotic axis and a trophoblastic 
yolk-sac or vitelline axis. In this sense, the inflammatory 
response developed after triple partial portal vein 
ligation in the rat would integrate both functional 
embryonic axes on the liver interstitial space of Disse. 
If so, this fact would favor the successive development 
of steatosis, steatohepatitis and fibrosis. Firstly, these 
recapitulated embryonic functions would produce the 
evolution of liver steatosis. In this way, this fat liver 
could represent a yolk-sac-like in portal hypertensive 
rats. After that, the systemic recapitulation of these 
embryonic functions in experimental prehepatic portal 
hypertension would consequently induce a gastrulation-
like response in which a hepatic wound healing 
reaction or fibrosis occur. In conclusion, studying the 
mechanisms involved in embryonic development could 
provide key results for a better understanding of the 
nonalcoholic fatty liver disease etiopathogeny.

Key words: Inflammation; Non-alcoholic fatty liver 
disease; Hepatic steatosis; Extraembryonic functions; 
Fibrosis; Portal hypertension

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Embrionary way to create a fatty liver in portal hypertension

Maria-Angeles Aller, Isabel Peral, Jaime Arias, Department of 
Surgery, School of Medicine, Complutense University of Madrid, 
28040 Madrid, Spain

Natalia Arias, UCL Division of Medicine, Institute for Liver 
and Digestive Health, London NW3 2PF, United Kingdom

Sara García-Higarza, Jorge-Luis Arias, Laboratory of Neuros­
cience, Department of Psychology, University of Oviedo, 33003 
Asturias, Spain

Author contributions: Aller MA, Arias N and Arias J wrote the 
manuscript; Peral I, García-Higarza S and Arias JL contributed 
to the manuscript by providing intellectual input, and have 
participated in preparing the manuscript and approved its final 
version.

Supported by FICYT FC-15-GRUPIN 14-088 and Alfonso 
Martin Escudero Foundation. 

Conflict-of-interest statement: The authors declare that there 
are any conflict of interest.

Open-Access: This article is an open-access article which 
was selected by an in-house editor and fully peer-reviewed 
by external reviewers. It is distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 
4.0) license, which permits others to distribute, remix, adapt, 
build upon this work non-commercially, and license their 
derivative works on different terms, provided the original work 
is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Maria-Angeles Aller, MD, PhD, Department 
of Surgery, School of Medicine, Complutense University of Madrid, 
Plaza de Ramón y Cajal s.n., 28040 Madrid, 
Spain. maaller@med.ucm.es
Telephone: +34-91-3941388
Fax: +34-91-3947115

Received: December 5, 2016 
Peer-review started: December 7, 2016 
First decision: January 16, 2017
Revised: February 3, 2017 
Accepted: February 28, 2017

39 May 15, 2017|Volume 8|Issue 2|WJGP|www.wjgnet.com

REVIEW

World J Gastrointest Pathophysiol  2017 May 15; 8(2): 39-50

ISSN 2150-5330 (online) 

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.4291/wjgp.v8.i2.39

Maria-Angeles Aller, Natalia Arias, Isabel Peral, Sara García-Higarza, Jorge-Luis Arias, Jaime Arias



Core tip: The current hypothesis proposes that the re-
expression of two embryonic systemic functional axes 
in the rat after partial portal vein ligation produces 
a non-alcoholic fatty liver disease. These axes, a 
coelomicamniotic axis and a trophoblastic yolk-sac or 
vitelline axis, would then integrate in the interstitial liver 
space of Disse. If so, these recapitulated embryonic 
functions would produce firstly, the evolution of liver 
steatosis. In this way, this fat liver could represent 
a yolk-saclike in portal hypertensive rats. After that, 
these embryonic functions would induce a gastrulation-
like response in which liver fibrosis occcur. For that 
reason, studying the mechanisms involved in embryonic 
development could provide key results for a better 
understanding of the non-alcoholic fatty liver disease 
pathophysiology.

Aller MA, Arias N, Peral I, García-Higarza S, Arias JL, Arias 
J. Embrionary way to create a fatty liver in portal hypertension. 
World J Gastrointest Pathophysiol 2017; 8(2): 39-50  Available 
from: URL: http://www.wjgnet.com/2150-5330/full/v8/i2/39.htm  
DOI: http://dx.doi.org/10.4291/wjgp.v8.i2.39

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a pathologi­
cal condition derived from a wide spectrum of liver 
damage[1-3]. NAFLD covers from nonalcoholic fatty liver 
(NAFL) to nonalcoholic steatohepatitis (NASH). While 
NAFL is characterized by hepatic steatosis without 
hepatocellular injury such as ballooning of the hepato­
cytes, NASH condition shows hepatic steatosis, inflam­
matory state accompanied with hepatocyte injury and 
ballooning, with or without fibrosis[4]. Although NAFLD 
is strongly associate with obesity, diabetes mellitus and 
dyslipidemia, its pathogenesis remains poorly under­
stood and therapeutic options are limited[3,4].

The concept that this range of related hepatic dis­
orders is an evolutive inflammatory condition could 
simplify the integration of the different etiopathogenic 
mechanisms involved in each one of its evolutive 
phases. Even, NAFLD has been already considered 
like the hepatic manifestation of a systemic auto-
inflammatory disorder[5]. The earliest inflammatory 
phase of NAFLD consists in hepatic steatosis, which is 
characterized by the deposition of triglycerides inside 
of hepatocytes[3]. This early evolutive period of the 
disease is usually clinically silent, which is why its clinical 
diagnosis is delayed and why it is difficult to identify 
the risk contribution of the splanchnic and systemic 
etiopathogenic factors[2]. 

Using experimental liver steatosis models can 
be very useful to prevent this gap in etiopathogenic 
knowledge during the early phase of this disease[6,7]. 
Therefore, the partial portal vein ligation of the rat can 
be considered one of the experimental surgical models 

of hepatic steatosis[8]. We have shown an increase 
in tryglicerides, diacylglicerol and cholesterol in the 
liver of these animals, together with a microvesicular 
hepatocytic fatty infiltration. Moreover, the presence of 
megamitochondria at short (1 mo) and long-term (1 
year)[8-10] has been found. Liver steatosis was described 
in rats with portal hypertension by Izzet et al[11] in 
2005, a pathological association suggested in humans 
35 years ago[12]. Moreover, the liver parenchyma in 
portal hypertensive rats, due to the hepatocytic fatty 
infiltration, is progressively converted into fat[8,10] (Figure 
1). 

Portal hypertension is a type of vascular pathology 
due to the pressure of mechanical energy on splanchnic 
venous circulation[13]. In mammals there are five cellular 
pathways able to translate mechanical forces into biolo­
gic programs, such as integrin-matrix interactions, 
cytoskeletal strain responses, stretch ion channels, cell 
traction forces and G-protein-coupled receptors[14,15]. 
Therefore, mechanical energy may act after TPVL in the 
rat on the vascular splanchnic endothelium as a stressor 
stimulus triggered by mechanotransduction[16]. 

Tissue injury caused by this process can produce 
a systemic inflammatory response in the body. This 
response is developed by three successive and over­
lapping phenotypes: The neurogenic, the immune and 
the endocrine[17,18]. Similar overlapping could also be 
expressed in the body through the action of the intrinsic 
endogenous mechanical energy on the splanchnic 
venous system after the partial PVL[19]. Therefore during 
its evolution, prehepatic portal hypertension would 
induce a low-grade inflammatory response which could 
be developed during the above mentioned phenotypes, 
the neurogenic, the immune and the endocrine[19] (Table 
1). 

THE NEUROGENIC INFLAMMATORY 
PHENOTYPE
The systemic inflammatory response in prehepatic 
portal hypertension could begin with an immediate 
neuromuscular response including the splanchnic and 
systemic vascular smooth muscle with vasoconstriction 
and vasodilation producing an ischemia-reperfusion 
phenomenon. This pathologic vasomotor response 
induces local and systemic hemodynamic impairments, 
i.e., hyperdynamic splanchnic and systemic circula­
tion[20]. Within systemic and splanchnic alterations, 
hyperdynamic circulation is pointed out in relation to 
prehepatic portal hypertension[21]. Regarding this, the 
hyperdynamic or progressive vasodilator syndromes 
could be triggered by splanchnic and systemic vasodila­
tion. Moreover, multiorgan failure in chronic liver disease 
could be attributable to this syndrome[21,22]. Once deve­
loped, the hyperdynamic syndrome induces tissue 
hypoxia, stress (oxidative and nitrosative) accompanied 
by mild edema, and inflammation in tissues and 
organs causing their dysfunction[19]. Multiple studies 
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have shown that the central nervous system plays a 
key role in the pathophysiology of the hyperdynamic 
circulation[23,24]. In particular c-Fos is detected in the brain 
stem and hypothalamic nuclei of rats following portal 
vein ligation[23]. Then, hyperdynamic circulation leads 
to decreased mean arterial pressure thus stimulating 
the sympathetic nervous system and the multiple 
neuro-endocrine axes, including the renin-angiotensin-

aldosterone system. This results in sodium retention and 
volume expansion[20,25,26]. Sodium retention seems to be 
critical for inflammatory response. Under inflammatory 
circumstances, endothelium tends to increase perme­
ability in tissues and organs affected. This strategy will 
allow a selective diffusion of circulating substances from 
the blood into the interstitial space[27]. 

Stress of the neuro-endocrine system by portal 
hypertension could be induce by three mechanisms: 
The hypothalamic-pituitary-adrenal axis, the sym­
pathetic-adrenal medullary and the sympathetic nervous 
system[28] (Figure 2). Moreover, the localization of 
the early inflammatory response could also favor the 
posterior storage of substances derived from the acute 
phase response[29]. Therefore, in the liver of the rats 
with prehepatic portal hypertension, the space of Disse 
could represent the anatomically definable compartment 
where the early inflammatory response is expressed 
(Figure 2).

The main and immediate effect on the liver vascular 
flow after the partial portal vein ligation is greatly reduced 
portal blood flow, which normally represents the 70% of 
its blood supply[30]. Nevertheless, initial portal ischemia 
is followed by arterial reperfusion. It has been described 
that decreased portal venous flow is able to induce an 
increase in hepatic arterial blood flow or “hepatic arterial 
buffer response”[31]. In turn, this vascular compensatory 
mechanism arterializes the liver and produces a capil­
larization of hepatic sinusoids[30]. This phenomenon 
is defined by fenestrae loss and the formation of a 
continuous basement membrane[32]. Although the 
mechanism of defenestration induced in the arterialized 
liver is not well known, it has been demonstrated that 
liver sinusoidal endothelial cell phenotype in capillarized 
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Figure 1  Liver histopathological changes of a rat after three months with triple partial portal vein ligation. Hepatic steatotic areas are mainly distributed in 
zone 1 of the liver acinus, but tipically hepatocyte ballooning is more apparent near zone 3. Both macrovesicular and microvesicular steatosis are evident as well as 
scattered necroinflammatory foci (arrowheads) (H and E stain, × 200). I: Intestine; MVV: Mesenteric venous vasculopathy; S: Spleen; SL: Steatotic liver; TPVL: Triple 
partial portal vein ligation.

Inflammatory phenotype Extra-embryonic and 
embryonic functions

  Neurogenic Portal ischemia
Hepatic arterial 

reperfusion
Neuroendocrine 

response
Hyperdynamic 

circulation
Mild edema of space of 

Disse

Coelomic-amniotic functions
Neurogenic potential

Interstitial edema
Bacteriostasis

Anti-inflammation

   Immune Kupffer cell and hepatic 
stellate cell activation 
Leukocyte infiltration
Acute phase response

Angiogenesis
Hepatic steatosis

Trophoblastic-yolk sac 
functions

Digestive (phagocytic) 
functions

Acute phase proteins
Angiogenic switch

Lipid and protein nutrients 
(vitellum)

 Endocrine Sinusoidal remodeling
Capillarization of 
hepatic sinusoids

Perisinusoidal fibrosis
Steatohepatitis

Gastrulation-like functions
Epithelial-mesenchymal 

transition
Intra-embryonic 

mesenchyma

Table 1  Similarities between the inflammatory changes 
developed after triple partial portal vein ligation in the rat 
and the extra-embryonic functions in mammals
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liver promotes Kupffer cell[30] and hepatic stellate cell[33] 
activation (Figure 3). Moreover, it has been suggested 

that intrasinusoidal crawling behavior could represent 
a form of immune surveillance. So, this mechanism 
could explain the reduction in CD8 T cell surveillance 
by infected or transformed hepatocytes. Furthermore, 
intrasinusoidal crawling behavior could participate in the 
hepatocarcinoma’s development and progression[34]. This 
liver ischemia-reperfusion phenotype with progressing 
interstitial edema in the space of Disse could activate 
lymphatic circulation[35]. As a consequence, increased 
hepatic lymph flow and the transmigration of free cells, 
such as dendritic cells and lymphocytes, have been 
shown[34]. In addition, the edematous space of Disse 
may also serve as a stem cell niche for substances 
derived from the neuro-endocrine response to portal 
hypertensive stress, for mediators of the acute phase 
response and cytokines, and for activated hepatic stellate 
cells and lymphocytes[35-37] (Figure 4). 

THE IMMUNE INFLAMMATORY 

PHENOTYPE 
The immune inflammatory phenotype by the splanchnic 
system after ischemia/reperfusion, and therefore suffer 
oxidative and nitrosative stress, is coupled with the 
activation of intracellular signaling pathways including 
the nuclear factor-κB (NF-κB) pathway, and the 
inflammasome[38]. Reactive oxygen species are central 
in the regulation of NF-κB, although their role is not 
completely understood on account of the contrasted 
outcome reported: Activation vs inhibition. Most likely, 
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reactive oxygen species could promote NF-κB responses 
in the early stages of the inflammatory response 
instead of inhibiting these responses at later stages. 

Reactive oxygen and nitrogen species could also favor 
the induction of tissue repair or remodeling[38-40].

During this phase the oxygen is creating enzymatic 
stress[19]. Along this acute phase the compensatory 
mechanisms include production of proteins which 
bind proteolytic enzymes, inhibitors of leukocyte and 
lysosomal proteolytic enzymes[41,42]. Likewise, anti-
enzymatic stress could be promoted by the natural 
inhibitors of matrix metalloproteinases[19]. The immune 
phenotype could be coupled with bacterial intestinal 
translocation to mesenteric lymph nodes, increased mast 
cells in the splanchnic area, an acute phase response, 
dyslipidemia and hepatic steatosis[43]. We have shown 
that splanchnic and systemic inflammatory changes 
develop in TPVL-rats, including portal hypertensive 
enteropathy[43,44], mesenteric adenitis[45,46], portal 
hypertensive encephalopathy[47], liver steatosis[8-10], 
aortic atherosclerosis-like disease[48-50] and metabolic 
syndrome[51].

Hepatic steatosis and visceral adipose tissue are 
metabolic risk factors in accumulation of visceral fat. Due 
to their anatomical position, the venous blood from there 
is drained directly into the liver through the portal vein[52]. 
We speculate that the induction of intraabdominal 
fat deposits around the portal venous system could 
represent ontogenic reminiscences, associated with 
yolk sac, or phylogenetic reminiscences, related to 
vitellogenesis[53,54] (Figure 5). Regarding the ontogenic 
origin, the liver, and in particular the omentum, could 
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be mimicking the yolk sac, in which pathological lipid 
deposition takes place. Under this scenario, the liver and 
the omentum would be regressing to evolutive phases 
with suitable metabolic conditions, supported by the 
expression of inflammatory markers such as tumor 
necrosis factor (TNF)-α, IL-6, C reactive protein and 
leptin[19,29]. In terms of phylogenetic approach, the body 
would be adopting the molecular mechanisms related 
to the vitellogenesis[53,54], in which oviparous species 
provide a glycolipoprotein yolk storage called vitelline to 
the egg as food-source for the embryo[54]. Lipoprotein 
transport through the circulatory system by eukaryotes 
has been an important function for the existence[53]. 
Thus, the evolutionary perfection of energy accumulation 
in fat has provided organisms an advantage in adapting 
to environmental and developmental changes[54]. 

The increased uptake of free fatty acids derived 
from the hydrolysis of adipose-tissue triglycerides 
results in hepatic steatosis. Moreover, the contribution 
of dietary chylomicrons, hepatic biogenesis and insulin 
resistance increased the uptake[3,4,55]. Hepatic steatosis 
is a key concept in the two-hit NAFLD hypothesis, which 
postulates that hepatic steatosis sensitizes fatty liver to 
secondary hits, such as oxidative and nitrosative stress 
or inflammatory cytokines[56]. In addition, cholesterol 
sensitizes fatty livers to secondary hits, particularly 
when trafficking to mitochondria as it has been recently 
recognized[57,58]. In portal hypertensive rats by TPVL the 
distinction between simple steatosis and steatohepatitis 
(NASH) includes hepatocyte ballooning, leukocyte 
infiltration (lobular inflammation) and perisinusoidal 
(zone 3) fibrosis[9] (Figures 3 and 4). In long-term 
portal hypertensive rats, the plasmatic increase of 
low density lipoprotein and lipopolysaccharide binding 
protein as well as high-density lipoprotein reduction 
has been associated with NASH[8-10]. These findings 
could suggest a NASH role in developing cardiovascular 
disease by two ways: Systemic release of inflammatory 
mediators and/or the production of insulin resistance 
and atherogenic dyslipidemia[49,50]. In this line, recent 
evidence supports a relationship between NAFLD and 
cardiovascular disease[50,55]. Particularly in TPVL-rats 
NASH, this association could be considered a risk factor 
for a wound-like inflammatory aortic response[49], with 
increased expression of NF-κB, TNF-α, IL-1β and IL-6 in 
the aortic wall[48,49].

THE ENDOCRINE INFLAMMATORY 
PHENOTYPE 
During the expression of the endocrine inflammatory 
phenotype in TPVL-rats there is a splanchnic remodeling 
by angiogenesis, which implies growth of new vessels 
from pre-existing ones[59], and fibrosis. Moreover, an 
abnormal splanchnic and systemic angioarchitecture, 
such as portosystemic collaterals have been observed 
in chronic liver diseases[60-62]. This vascular alteration 
found in the gastrointestinal tract under portal hyper­

tension conditions is called “hypertensive portal intes­
tinal vasculopathy”[63,64]. However, not only vascular 
alterations have been described, even histological 
changes have been found[64]. So, angiogenesis is key 
role in portal hypertension and represents a potential 
therapeutic target[65]. Splanchnic hyperemia which 
is followed by increased splanchnic vascularization, 
together with portal-systemic collateral circulation in 
experimental portal hypertension have angiogenic 
origins partly driven by the vascular endothelial growth 
factor (VEGF)[65,66]. Mast cells are able to release 
VEGF among others[67], being involved in promoting 
hypertensive portal vasculopathy and portal systemic 
collateral circulation[43]. 

Fibrosis is a scarring response that seems to be 
reversible in rats with long-term TPVL. Hepatic stellate 
cells (HSCs) play a central role in liver fibrosis and 
homeostasis[68]. In particular, perisinusoidal/pericellular 
fibrosis is typically found in NASH. Excess deposits 
of the extracellular matrix are primarily found in the 
spaces of Disse surrounding sinusoids or groups of 
hepatocytes. This leads to “capillarization of sinusoids” 
or “chickenwire pattern”, respectively[69] (Figures 3 and 
4). HSCs express both mesenchymal markers and 
neuronal or glial markers[70]. The activation of HSCs 
is needed to develop hepatic fibrogenesis[68,69]. HSCs 
activate resident immune cells such as Kupffer and Pitt 
cells which trigger hepatic inflammation[71], as well as 
mono- and polymorphonuclear leukocytes infiltration[70].

In addition, HSCs, once in their myofibroblastic 
phenotype, respond to vasoactive substances by con­
tracting being important in the pathogenesis of portal 
hypertension[72]. They also respond to sinusoidal morpho­
genesis since direct hepatic stellate cell-endothelial 
cell contact inhibits endothelial cell capillary/sinusoidal 
formation[73]. Dynamic interplay between HSCs and 
endothelial cells could be important for understanding 
how the sinusoidal remodeling process is regulated in 
NAFLD in portal hypertensive rats[73] (Figure 3).

RECAPITULATED EXTRA-EMBRYONIC 
FUNCTIONS RELATED TO NAFLD 
The inflammatory response associated with NAFLD 
in portal hypertensive rats could be an ontogenic 
process based on the re-expression of two speculative 
extra-embryonic axes (exocoelomic-amniotic and 
trophoblastic-yolk sac) in the space of Disse. If so, the 
NAFLD concept which vary from steatosis and NASH to 
advanced fibrosis and cirrhosis[58] could be representing 
a normal embryonic development (Table 1).

The hypothetical recapitulation of these initial 
embryonic phases during the evolution of NAFLD would 
be accompanied by functions similar to the extra-
embryonic membranes that surround the embryo. The 
extra-embryonic coelom or exocoelomic cavity surrounds 
the blastocyst, which is composed of two structures, the 
amnion and the primary yolk sac (Figure 5). Coelomic 
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fluid results from an ultrafiltrate of maternal serum with 
the addition of specific placental and secondary yolk sac 
byproducts[74]. Accordingly, the embryonic phenotype 
could be adopted by the inflamed liver interstitium, 
which will induce fluid accumulation with low pH 
and oxygen environment as coelomic fluid[74,75]. This 
interstitial edema seems to occur secondary to hepatic 
ischemia-reperfusion. Moreover, the edema shows 
proinflammatory characteristics due to the high content 
in proteins such as albumin, electrolytes, metals, amino 
acids, antioxidants, cytokines and cholesterol-derived 
hormones[75,76]. So the edema will be leading liver 
trophism. 

Biological and anatomical data of the exocoelomic 
cavity stand it out as a nutritional pathway before pla­
cental circulation is established[76]. The strong neural 
potential of the amnion, an embryonic functional axis, 
has been previously stated[77]. Moreover, from the 
amnion is secreted the “amnio-derived cellular cytokine 
solution” which highlighting a connection between 
mesenchymal and epithelial cells during embryo develop­
ment[78]. Furthermore, the amniotic fluid could be under­
stand as an extension of the extracellular space of the 
fetal tissues[79]. Finally, pluripotent stem cells within 
the amniotic fluid could also be a new source for stem 
cell research[80,81]. Because of these characteristics, the 
amnio-like phenotype could favor nutrition by diffusion, 
transport, excretion, and bacteriostatic and antiinflam­

matory protection[78,79] (Figure 5). 
The development of hematopoiesis and angio­

genesis[81] occurs in the mesenchymal layer which builds 
the wall of the secondary yolk sac in mammals[74]. This 
sac appears from the sixth week of gestation and is 
covered by superficial small vessels[82]. Others layers 
of the secondary yolk sac include, mesothelial and 
endodermal layers which are active in endocytosis/
digestion and absorptive functions[81,82], and the endoder­
mal layer which produces acute phase proteins, such as 
transferrine, α1-antitrypsin, and α-fetoprotein (produced 
by both the adult and fetal liver)[74,83] (Figure 5). So, 
the yolk sac provides lipids, carbohydrates, proteins 
and vascular integrity to the embryos[84] and could be 
involved in lipid metabolism gene regulation[85], immune 
cells recruitment and angiogenic switch[86]. Phagocytosis 
has been associated to trophoblast differentiation as 
well[87].

THE RECAPITULATED SYSTEMIC EXTRA-
EMBRYONIC FUNCTION AND THE 
INTERSTITIAL INFLAMMATORY SPACE 
OF DISSE IN NAFLD 
NAFLD systemic inflammatory pathophysiology shares 
mechanisms with the pluripotential extra-embryonic 
pathways. It is hypothesized that during NAFLD evolu­
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tion, the coelomic-amniotic and trophoblastic-yolk sac 
functions are integrated into the interstitial space of 
Disse, thereby activating embryonic programs in the 
acinus. In this line, coelomic-amniotic functions would 
be embodied by the systemic neurogenic inflammatory 
phenotype, while the trophoblastic-yolk sac functions 
could be represented by the immune inflammatory 
phenotype[88] (Figure 6). Furthermore, the polarization 
of neurogenic and immune-related phenotypes in 
the interstitial space of Disse would condition the 
evolution of NAFLD, including a wound-healing response 
producing fibrosis in the rat[88,89] (Figure 4 and Table 1).

Essentially, the recapitulation of the extra-embryo­
nic functions when focused on the space of Disse[88] 
would produce a gastrulation-like process which is a 
recapitulation of the intra-embryonic mesenchyme 
formation process[89]. Therefore, mesoderm-derived 
cells, particularly fibrocytes and hepatic stellate cells 
have shown a main role in liver restore (Figure 5) after 
TPVL. The involution or dedifferentiation of the liver 
in portal hypertensive rats could be exemplifying a 
prenatal specialization[88] which involves or angiogenic 
regenerative or fibrotic/scarring repairing processes[89]. 

The systemic complications of the prehepatic portal 
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hypertensive syndrome in rats could be connected 
to similar metabolic functions of the extra-embryonic 
coelomic-amniotic and trophoblastic-yolk sac axes[88]. 
For example, hydroelectrolytic decompensation and its 
effects, including hyperdynamic circulation, multiple 
neuroendocrine axis activation, edema due to sodium 
and water accumulation, increase interstitial hepato-
intestinal lymph flow and stimulation of the sympathetic 
nervous system, might be associated to the upregulation 
of a systemic coelomic-amniotic axis after TPVL in the 
rat (Figure 7). In this line, an upregulation of a systemic 
trophoblastic-yolk sac or vitellogenic-like axis could be 
represented through the immune phenotype activation 
of NF-κB and inflammasome, acute phase response, 
splanchnic infiltration by mast cells, bacterial intestinal 
translocation which implies hepatic dyslipidaemia and 
the excessive splanchnic angiogenic response. The 
convergence of these systemic extraembryonic axes in 
the interstitial space of Disse could favor a gastrulation-
like response in which NAFLD develops (Figure 7). 

Recently, it has been established that human NAFLD 
is commonly associated with hypertension, type 2 
diabetes, obesity, dyslipidemia, metabolic syndrome 
and cardiovascular abnormalities leading to death[90-92]. 
The array of alterations associated with the evolution of 
NAFLD make up a syndrome of great pathophysiological 
complexity. Studying this syndrome would help the 
experimental model of liver steatosis in the rat after 
TPVL. Also, the results obtained from studying multiple 
splanchnic and systemic alterations produced in the 
surgical experimental model of NAFLD suggest that the 
systemic inflammatory response could condition the 
evolution of hepatic steatosis. Thus, when the animals 
are isolated in individual cages after TPVL, accelerating 
the development of the liver histopathological changes 
typical of steatosis is possible (Figure 8). This early 
appearance of liver steatosis in TPVL-rats could be 
attributed to stress induced by isolation when rats are 
separated from other rats, and to their limited space for 
movement when kept in individual holders. If the stress 
related to isolation and movement limitation favors 
liver steatosis development, studying the influence of 
systemic neuroendocrine alterations associated with 
stress in NAFLD development in rats with TPVL would 
be an attractive goal for the future.

Finally, if our hypothesis presented in the current 
review of the NAFLD model secondary to TPVL in the 
rat represents the focus of two systemic functional 
axes that recapitulate extra-embryonic functions in 
the interstitial space of Disse, then modulating the 
evolution of experimental liver steatosis is possible by 
modifying the re-expression of these functions. For that 
reason, studying the mechanisms involved in embryonic 
development could provide key results for a better 
understanding of the NAFLD etiopathogeny.
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gression to cirrhosis. Compelling evidence over the 
past several years has substantiated a significant link 
between NAFLD and cardiovascular disease ranging 
from coronary artery disease to subclinical carotid 
atherosclerosis. Close follow up, treatment of risk 
factors for NAFLD, and cardiovascular risk stratification 
are necessary to predict morbidity and mortality in this 
subset of patients.

Key words: Non-alcoholic fatty liver disease; Cardio
vascular risk; Outcomes; Coronary artery disease; 
Steatosis

© The Author(s) 2017. Published by Baishideng Publishing 
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is 
often associated with insulin resistance and is strongly 
associated with type 2 diabetes mellitus and obesity. In 
addition to being at risk for nonalcoholic steatohepatitis, 
cirrhosis and its complications, NAFLD patients are also 
at higher risk of cardiovascular diseases (CVD), including 
coronary heart disease and stroke. NAFLD confers 
increased cardiovascular disease risk independent of 
traditional cardiovascular risk factors and metabolic 
syndrome. Close followup of patients with NAFLD may 
be indicated to prevent major vascular events. Risk 
stratification scores are needed that address both the 
risk for advanced liver disease and CVD.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the up
coming leading cause of chronic liver disease in the 
United States and its prevalence is increasing world
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is a chronic 
liver disease associated with insulin resistance and 
metabolic syndrome. The spectrum of disease ranges 
from simple steatosis to steatohepatitis and pro
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wide. It is a spectrum of liver diseases that ranges 
from simple steatosis to a progressive form of liver 
disease called nonalcoholic steatohepatitis (NASH)[1]. 
It may progress to advanced fibrosis, cirrhosis, and 
hepatocellular carcinoma in some individuals. NAFLD 
is often associated with insulin resistance and is 
strongly associated with type 2 diabetes mellitus and 
obesity. NAFLD patients are at risk of progressing 
to NASH and ultimately cirrhosis; they are also at 
higher risk of cardiovascular diseases (CVD), including 
coronary heart disease and stroke[2]. NAFLD confers 
increased cardiovascular disease risk independent of 
traditional cardiovascular risk factors and metabolic 
syndrome (MetS). In this review, we have discussed 
the association of NAFLD with cardiovascular disease, 
the likely mechanisms underlying this association, 
proper risk assessment of patients with NAFLD for 
cardiovascular diseases, and treatment options for 
modification of CVD morbidity and mortality in patients 
with NAFLD. 

EPIDEMIOLOGY OF CVD IN NAFLD
Adverse CVD events in NAFLD subjects compared 
with the general population are described through a 
description of several recent epidemiological studies 
(Table 1). The diagnosis of NAFLD can be based either 
on histology or imaging studies. Abnormal liver enzy
mes are used as biochemical surrogates of NAFLD in 
several recent studies. The prospective cohort study 
by Dunn et al[3], using data from the Third National 
Health and Nutrition Examination Survey (NHANES III), 
showed that subjects with NAFLD identified based on 
elevated alanine aminotransferase (ALT) had a higher 
mortality from CVD. After adjusting for cardiovascular 
risk factors, several large population studies have 
shown an association between an elevated ALT and 
increased cardiovascular mortality[4,5]. Elevated GGT has 
also been reported as a marker of NAFLD in described 
prospective studies. A meta-analysis of ten pooled 
studies confirmed the independent association between 
elevated GGT and adverse CV events[6]. 

Liver imaging may be a more reliable method for 
diagnosing NAFLD. In three large population studies, 
ultrasound imaging suggestive of NAFLD was indepen
dently associated with cardiovascular events[7-9]. 
Although these studies did show that NAFLD may be a 
predictor of CVD, ultrasound may not be as sensitive 
for a diagnosis of NAFLD and therefore this was a major 
limitation for these studies. Hepatic fat concentration as 
measured by MRI has been used for diagnosis of NAFLD. 
Quantity of liver fat has been reported to be predictive 
of metabolic syndrome and CVD risk. In a recent study 
Loomba et al[10] quantified liver fat in patients with 
NAFLD and controls using a magnetic resonance imaging 
and measuring proton-density-fat-fraction (MRI-PDFF). 
In patients with NAFLD high proton-density-fat-fraction 
on MRI was a predictor of metabolic syndrome and 
increased cardiovascular risk[10].

Liver biopsy is considered to be the gold standard for 
diagnosis of NAFLD and some studies have shown that 
patients with biopsy-proven NAFLD have higher total 
mortality rates compared to the general population. 
Söderberg et al[11] reported increased mortality from 
cardiovascular disease in patients with biopsy proven 
NASH. Forty-three percent of patients had NASH at 
initial biopsy. The median follow up in their study was 
28 years. Overall survival was reduced in subjects 
with NASH compared to the general population due 
to increased mortality by cardiovascular disease. 
Importantly in this study, only subjects with NASH had 
significantly reduced survival[9-11].

MECHANISM (PATHOGENESIS)
Several mechanisms have been postulated for develop
ment of accelerated atherosclerosis in patients with 
NAFLD, including genetic predisposition, insulin resistance 
and atherogenic dyslipidemia, oxidative stress, chronic 
inflammation, reduced levels of the adiponectin and 
altered production of pro and anticoagulant factors[12]. 
All these mechanisms are present at the same time. 
NAFLD, regardless of its stage, is strongly associated 
with hepatic and adipose tissue insulin resistance (IR). 
In fact, liver fat content can be used as an independent 
predictor of insulin resistance. These mechanisms work 
synergistically[13]. 

NAFLD, especially in its necroinflammatory form 
(NASH), may cause atherogenic dyslipidemia[14]. In 
addition there is an increase of pro-coagulant factors 
like fibrinogen, plasminogen activator inhibitor-1 and 
tumor growth factor, which all increase the risk of 
atherosclerosis[15]. NAFLD is considered to have chronic 
sub-clinical inflammation and associated with many 
inflammatory markers. Increased vascular risk has been 
linked to increased levels of inflammatory cytokines 
and markers such as IL-6, TNF, CRP, and fibrinogen. 
Oxidative stress may also play a role. This stress is 
thought to trigger changes in endothelial function 
leading to formation and deposition of oxidized LDL in 
the sub-intimal space[16].

Visceral adipose tissue is also thought to play a 
role in NAFLD. Visceral fat is metabolically active and 
secretes several hormones that help regulate inflam
mation; tissue distribution is affected by an alteration 
in cellular free fatty acid transport. These alterations 
are possibly caused by hyperinsulinemia and ultimately 
divert accumulated triglycerides away from adipose 
tissue and towards other metabolic organs such as the 
liver[17,18]. 

Nonalcoholic fatty liver disease, abdominal obesity, 
and insulin resistance all play a role in increased cardiov
ascular risk, though the exact causal relationship is still 
unclear. Hepatic necroinflammation, as seen in NASH, 
is an atherogenic mechanism that may explain why 
patients with NASH have greater CV risk than patients 
with simple steatosis. In the liver, a signal of hepatic 
necroinflammation is elevated liver enzymes which may 
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  Ref. Study characteristics Years of follow-
up

Diagnosis of 
NAFLD

Study outcomes Main findings

  Ekstedt et al[30] (2015) Retrospective cohort study
n = 229 Swedish patients 

with NAFLD and elevated 
liver enzymes (49% 

NASH); mean age 49 yr, 
66% men 

26.4 (mean) Histology n = 96 total deaths, 41 CVD 
related deaths

Increased rates of all-cause, liver-
related and CVD mortality with 
NAFLD compared with general 

control population. Fibrosis 
stage on histology significantly 
predicted the risk of all-cause, 

liver-related and CVD mortality
  Ekstedt et al[31] (2006) Cohort study

129 consecutively enrolled 
patients diagnosed with 
biopsy-proven NAFLD 

were reevaluated. Survival 
and causes of death were 
compared with a matched 

reference population. 
Living NAFLD patients 
were offered repeat liver 
biopsy and clinical and 

biochemical investigation

13.7 (mean) Histology Mortality was not increased in 
patients with steatosis. Survival 

of patients with nonalcoholic 
steatohepatitis (NASH) was 

reduced. These subjects more 
often died from cardiovascular 

and liver-related causes. At 
follow-up, 69 of 88 patients 
had diabetes or impaired 

glucose tolerance. Progression 
of liver fibrosis occurred in 

41%. These subjects more often 
had a weight gain exceeding 
5 kg, they were more insulin 
resistant, and they exhibited 

more pronounced hepatic fatty 
infiltration at follow-up

Increased total mortality which 
was primarily CV related (only 

in NASH patients but not in 
simple steatosis) compared with 

matched reference population

  Soderberg et al[11] (2010) Retrospective cohort study
256 subjects (61% men, 
mean age of 45 ± 12 yr) 

This study was 
undertaken to determine 
the frequency of NAFLD 

in a cohort of subjects who 
underwent liver biopsy 

from 1980 to 1984 because 
of elevated liver enzymes, 

and to assess mortality 
among subjects with 

NAFLD in comparison 
with the general Swedish 

population. 
Liver biopsies were 

blindly scored for NAFLD 
and NASH

24 yr (mean) Histology During the follow-up 
period, 113 (44%) of the total 
population and 47 (40%) of 
the 118 subjects diagnosed 
with NAFLD died. Of the 

113 deaths, 37 were of 
cardiovascular disease and 
16 of liver diseases. NAFLD 
exhibited a 69% increased 

mortality, subjects with bland 
steatosis, a 55% increase, and 

subjects with NASH, 86%

Increased total mortality in 
NAFLD was predominantly CV 
related, compared with matched 

reference population

  Pickhardt et al[32] (2014) Retrospective cohort study
United States adults 

undergoing abdominal 
CT selected among 

4412 consecutive adults 
scanned with CT for 

clinical reasons over a 
12-mo period: 282 NAFLD 

patients and 786 non-
steatotic controls after 
exclusion of those with 

known liver diseases or < 
1 yr of follow-up; mean 

51 yr, 46% men

7.5 (mean) Unenhanced CT Non-fatal CVD events 
(myocardial infarction, stroke, 

TIA or coronary bypass or 
stent); n = 73 CVD events

NAFLD was not independently 
associated with non-fatal CVD 

events

  Zeb et al[12] (2016) Prospective cohort study
n = 4119 United States 

participants aged 
45-84 yr 

(mean 62 yr, 45% men) 
who were free of CVD 

and known liver diseases 
at baseline

7.6 (mean) Unenhanced CT All-cause mortality and no-
fatal CVD events (myocardial 
infarction, resuscitated cardiac 

arrest, angina, or coronary 
revascularization procedures), 

n = 253 deaths and 209 non-
fatal CVD events

NAFLD was independently 
associated with a composite 

endpoint inclusive of all-cause 
death and non-fatal CVD events

Table 1  Recent epidemiological studies evaluating cardiovascular risk in non-alcoholic fatty liver disease
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serve as a marker for those at increased risk of CVD[19]. 
Patients with NASH are also noted in several studies to 
have a greatly increased carotid-artery intimal medial 
thickness which further supports the necroinflammation 
hypothesis. 

Further research is required to uncover other 
specific mechanisms by which nonalcoholic fatty liver 
disease and nonalcoholic steatohepatitis may contribute 
to the development and progression of cardiovascular 
disease[20]. 

EVIDENCE FOR CORONARY ARTERY 
DISEASE IN NAFLD
Atherosclerosis is the main trigger of overall vascular 
disease and different methods are used to detect it in 
its subclinical stage. Endothelial dysfunction is the first 
stage of subclinical atherosclerosis. Carotid intima-
media thickness (CIMT) and the presence of carotid 
plaques are important markers of vascular disease. 
Other markers of atherosclerosis are coronary artery 
calcification (CAC), as determined by multi-slice CT 
scan. CAC represents the atherosclerotic burden in 
arterial beds and is known to correlate strongly with 
the presence of coronary artery disease (CAD) and 
increased risk of poor cardiovascular outcomes. 

Several studies have demonstrated the association 
of coronary artery calcium score (CACS) with NAFLD 
(Table 2). A recent, large, population-based study 
reported a strong relationship between NAFLD and CAC. 
Importantly, this association was independent of the 
traditional risk factors for coronary artery disease[21]. 
Assy et al[21] described that the presence of NAFLD was 
associated with increased prevalence of non-calcified 
coronary plaques, independent of metabolic syndrome, 
in a case-controlled study. Another study showed 
a significant association in NAFLD patients and the 
appearance of vulternable plaques on coronary artery 
imaging[22,23].

Though definitions of “significant” coronary artery 
disease may vary from study to study, a strong corre

lation exists between NAFLD and the prevalence of CAD 
as determined by coronary angiography. 

STUDIES EVALUATING SUBCLINICAL 
ATHEROSCLEROSIS IN NAFLD 
Measuring carotid intima-media thickness (CIMT) by 
ultrasound is a widely accepted screening tool for the 
prediction of cardiovascular disease in patients with 
NAFLD who may be asymptomatic. Several studies 
show an association between NAFLD and carotid 
disease, some independently and other weakly after 
adjusting for metabolic syndrome. There seems to be 
a correlation histologically in severity of NAFLD when 
compared to increasing CIMT. 

There is also evidence to support the association 
of NAFLD with subclinical atherosclerosis independent 
of traditional risk factors and metabolic syndrome. 
In a recent comprehensive systematic review there 
was strong evidence that NAFLD is associated with 
subclinical atherosclerosis[24]. The presence of NAFLD 
was associated with the increased severity of CIMT, 
coronary calcification, endothelial dysfunction and 
arterial stiffness. These were independent of traditional 
risk factors and metabolic syndrome.

CARDIOVASCULAR RISK ASSESSMENT 
IN PATIENTS WITH NAFLD 
All patients with NAFLD should be evaluated for CVD 
disease risk; this assessment can be repeated every 1-2 
years. Patients should be evaluated for traditional CVD 
risk factors including obesity, diabetes, dyslipidemia 
and hypertension. Fasting glucose or glycosylated 
hemoglobin level should be done on the initial visit 
to diagnose DM. MetS is frequent in individuals with 
NAFLD and is associated with increased CVD and all-
cause mortality. Therefore, assessment for the MetS is 
an important component of CV risk stratification. The 
MetS as defined by the National Cholesterol Education 

54 May 15, 2017|Volume 8|Issue 2|WJGP|www.wjgnet.com

  Kim et al[33] (2013) Population-based cohort
n = 11154 Unites States 
adults; mean age 43 yr, 

48% men

14.5 (median) Ultrasound All-cause and CVD mortality 
n = 1795 total deaths (673 CVD 

deaths)

NAFLD was not associated with 
increased all-cause and CVD 
mortality in the whole cohort 

however NAFLD with advanced 
fibrosis (defined by the NAFLD 

fibrosis score) was independently 
associated with increased all-

cause and CVD mortality
  Emre et al[34] (2015) Retrospective cohort study

n = 186 Turkish, non-
diabetic patients 

undergoing PCI for ST-
elevation MI; patients 

with known liver disease 
were excluded; mean age 

58 yr, 78% men

In-hospital 
cardiac events

Ultrasound In-hospital CVD events (MI, 
acute heart failure, cardiac 

arrest), n = 32 CVD events and 
n = 8 CVD deaths

Moderate-severe NAFLD was 
independently associated with 

increased in-hospital CVD events 
but not with increased CVD 

death

NAFLD: Non-alcoholic fatty liver disease; CT: Computed tomography; CAC: Coronary artery calcification; CIMT: Carotid intima-media thickness; CP:  Carotid 
plaque; DM: Diabetes mellitus; NASH: Nonalcoholic steatohepatitis.

Patil R et al . NAFLD and cardiovascular risk



Program (NCEP) requires the presence of 3 or more of 
the following components: (1) increased triglyceride 
levels (≥ 150 mg/dL); (2) low HDL level (< 40 mg/dL 
in men, < 50 mg/dL in women); (3) increased fasting 
glucose level (≥ 110 mg/dL); (4) hypertension (≥ 
130/85 mm Hg or on antihypertensive medication); and 
(5) abdominal obesity (waist circumference: > 102 cm 
in men, > 88 cm in women).

Several different methods are used in the general 
population to estimate CVD risk including the Framing
ham Risk Score (FRS). The FRS is a validated measure 
of CV risk in the general population. The FRS predicts 
an individual’s 10-year risk of myocardial infarction or 
CV death and incorporates age, sex, cholesterol, HDL, 
smoking status, and hypertension. Furthermore, the 

FRS has been validated as a predictor of CVD in NAFLD 
and should be used to risk-stratify individuals and 
guide treatment of risk factors including dyslipidemia. 
Recently, the American Heart Association recommended 
a new cardiovascular assessment tool for prediction 
of atherosclerotic cardiovascular disease. This score 
incorporates the usual risk factors for CVD but needs to 
be validated in patients with NAFLD[25]. 

ASSESSMENT OF DYSLIPIDEMIA IN 

NAFLD
Dyslipidemia is frequent in individuals with NAFLD. The 
dyslipidemia in NAFLD is characterized by increased 
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  Ref. Study characteristics Modality to assess 
CV risk

Diagnosis of 
NAFLD

Ultrasound

Main findings

  Sinn et al[16] (2016) Retrospective cohort study -
8020 men (average age, 49.2 yr) 

without carotid atherosclerosis at 
baseline and with proven NAFLD

CIMT on carotid 
ultrasound

NAFLD was associated with an increased risk of 
subclinical carotid atherosclerosis development. This 
association was explained by metabolic factors that 

could be potential mediators of the effect of NAFLD. 
Markers of liver fibrosis also were associated with 

subclinical carotid atherosclerosis development
  Pais et al[35] (2016) Longitudinal cohort study -

1871 subjects (mean age 53 yr; 65% 
males). Half of cohort had steatosis 

while half did not

CIMT on carotid 
ultrasound

Fatty Liver 
Index

Steatosis occurred in 12% and CP in 23% of patients. 
C-IMT increased in patients with steatosis occurrence 

whereas it did not change in those that stayed 
free of steatosis. Steatosis at baseline predicted CP 

occurrence independent of age, sex, type-2 diabetes, 
tobacco use, hsCRP, hypertension and C-IMT

  Park et al[36] (2016) Longitudinal cohort study -
1732 subjects underwent serial 

CAC evaluation. Half the cohort 
had NAFLD and half did not

Calcium scoring 
CT to assess CAC

Ultrasound More subjects with NAFLD than without showed 
CAC development or progression. In subjects 

without calcification at baseline, NAFLD significantly 
affected the development of calcification after 

adjusting for traditional metabolic risk factors. The 
severity of NAFLD was dose-dependently associated 

with the development of CAC
  Kim et al[15] (2012) Retrospective chart review- 

4 023 subjects (mean age, 56.9 
± 9.4 yr; 60.7% males) without 

known liver disease or a history of 
ischemic heart disease

Calcium scoring 
CT to assess CAC

Ultrasound Patients with NAFLD are at increased risk for 
coronary atherosclerosis independent of classical 

coronary risk factors, including visceral adiposity. 
These data suggest that NAFLD might be an 

independent risk factor for coronary artery disease
  Fracanzani et al[20] (2016) Longitudinal cohort study -

125 NAFLD patients and 250 age 
and gender matched Controls 

at baseline and 10 yr later 
were followed. Incidence of 

cardiovascular and cerebral events 
was recorded

CIMT on carotid 
ultrasound

Ultrasound Major cardiovascular events were observed in 19% 
of NAFLD patients, with an estimated cumulative 

risk significantly higher in NAFLD than in Controls. 
Presence of plaques and of steatosis were the 

strongest predictors for cardiovascular events. Grade 
of steatosis, ALT and GGT levels were higher in 
NAFLD patients who developed cardiovascular 

events. CIMT value after 10 years was significantly 
higher in NAFLD than in Controls. NAFLD should 
be included among risk factors for cardiovascular 

damage and underline the utility to evaluate, once it 
is diagnosed, the presence of atherosclerotic lesions

  Nahandi et al[17] (2014) Case control study -
151 patients in three groups: 
group I including 49 patients 

with NAFLD and DM; group II 
including 50 non-diabetic NAFLD 
patients; and the control including 

52 normal subjects as group III

CIMT on carotid 
ultrasound

Ultrasound There is a significant association between the 
presence of NAFLD and atherosclerosis, but this 

association was independent of DM. The grade of 
NAFLD and elevated liver function tests had no 

effect on severity of atherosclerosis

Table 2  Studies evaluating coronary artery disease and carotid disease in non-alcoholic fatty liver disease

NAFLD: Non-alcoholic fatty liver disease; CT: Computed tomography; CAC: Coronary artery calcification; CIMT: Carotid intima-media thickness; CP:  
Carotid plaque; DM: Diabetes mellitus.
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serum triglycerides, increased small, dense low-density 
lipoprotein (LDL non-type A) particles, and low high-
density lipoprotein (HDL) cholesterol. Recently, the value 
of non-HDL-C has been demonstrated in predicting 
coronary heart disease. Non-HDL-C is superior in 
predicting incidence of cardiovascular events and cardiac 
death in NAFLD patients compared to the traditional 
marker low-density lipoprotein[25]. The Adult Treatment 
Panel III of the National Cholesterol Education Program 
has added non-HDL-C to its recommended screening 
algorithm for assessing cardiovascular disease risk. 

Non-HDL-C is a calculated value derived by subtra
cting HDL cholesterol from the total cholesterol (TC) level, 
both available on traditional lipid panels, and requires no 
additional cost. In addition, because it is derived from TC 
and HDL levels, which are not impacted by fasting, non-
HDL-C does not require fasting for accuracy. 

Because patients with NAFLD have a high prevalence 
of cardiovascular disease, the use of non-HDL-C pro
vides an important value in cardiovascular risk stratifi­
cation and as a target for lipid-lowering therapy.

Non-HDL-C levels are increased in patients with 
NASH compared with those with steatosis, particularly 
in those persons who are not receiving lipid-lowering 
medications.

MANAGEMENT OF CARDIOVASCULAR 
DISEASE RISK IN NAFLD
All patients with NAFLD, irrespective of their body 
weight, should be advised lifestyle modifications in the 
form of regular exercise. Those who are overweight or 
obese are advised weight reduction. Regular exercise 
has been shown to improve the insulin sensitivity even 
without weight reduction. An exercise regimen should 
aim to achieve a target heart rate of 60%-70% of 
maximal heart rate through exercises such as brisk 
walking, jogging, or other aerobic exercises for at least 
30 min, 5 d per week. Initial weight reduction in patients 
who are overweight or obese should be 10% of the 
body weight to be achieved in 6-8 mo. Overall, these 
overweight and obese patients need to create a negative 
balance by consuming fewer calories and burning more 
calories through regular exercise.

TREATMENT OF DYSLIPIDEMIA 
Lifestyle modification, encompassing weight loss 
and increased physical activity, is the cornerstone of 
dyslipidemia management in NAFLD. However, for 
groups with increased CVD risk, lifestyle modification 
should be accompanied by lipid-lowering therapy.  
Guidelines set forth by the NCEP Adult Treatment Panel 
III provide guidance on which groups should be targeted 
for lipid-lowering therapy and outlines treatment 
goals[26]. These guidelines were not designed specifically 
to address dyslipidemia in individuals with NAFLD; 
however, they can be applied safely to individuals with 
NAFLD.

In this context, the most attractive group of lipid-
lowering agents for cardiovascular protection are the 
statins. In addition to a major effect in lowering LDL, 
they have modest effects on increasing HDL and 
lowering serum triglycerides, as well as non- cholesterol-
lowering effects on vascular endothelium by inducing 
endothelial nitric oxide synthase.

Statin hepatotoxicity has not been shown to be of 
increased risk in NAFLD. The Liver Expert Panel stated 
in a report in 2014 that statins can be safely used in 
NAFLD and NASH, and routine liver enzyme monitoring 
need not be done. Statins can be safely used in patients 
with decompensated liver disease. There is always 
concern for using high dose statins in patients with 
elevated liver enzymes; in such circumstances adding 
ezetimibe has a synergistic effect with statins[26,27]. 

Ezetimibe is less effective as a single agent to lower 
serum cholesterol and does not have the same vascular 
protective effects as statins. Ezetemibe is also useful 
when patients experience partially dose-dependent 
statin adverse effects such as myopathy.

Evidence that cholesterol lowering with statins 
reduces cardiovascular risk comes from the Greek 
Atorvastatin and Coronary Heart Disease Evaluation 
study, in which atorvastatin reduced the incidence of new 
cardiovascular events to a greater extent in patients with 
NAFLD (assumed by raised liver enzymes) than among 
those with normal liver enzymes[28]. Patients without 
serum cholesterol elevation benefited as well, and there 
was a 40% reduction in serum triglyceride.

Triglyceride elevations are also a risk factor for car
diovascular disease, albeit less so than cholesterol. 
Attempts to reduce raised serum triglyceride levels 
center around weight reduction, improving insulin resis
tance (physical activity) and diabetic control, with use 
of polyunsaturated fatty acids (fish oil) as the first-
line pharmacologic approach. Ezetimibe, has been 
compared with placebo for the treatment of NASH in the 
MOZART randomized clinical trial. In secondary analysis 
of the MOZART trial, FRS and CAC score improved in a 
greater proportion of patients with ezetimibe but did not 
reach statistical significance[29].

TREATMENT OF DIABETES MELLITUS
DM is associated with an increased risk of CVD. Because 
DM is highly prevalent among individuals with NAFLD, 
comprehensive management is essential for CVD risk 
reduction. A detailed discussion of the management of 
DM in individuals with NAFLD is beyond the scope of 
this review. However, primary and secondary prevention 
of CVD events in individuals with DM should focus on 
multifactorial risk reduction, including treatment of 
hypertension and dyslipidemia. In addition, specific 
treatments of DM, including metformin, may decrease 
CVD events.

CONCLUSION
In the past several years, compelling evidence has 
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substantiated a strong link between NAFLD and in
creased risk of cardiovascular disease in individuals with 
or without coexisting metabolic syndrome. NAFLD is 
now recognized as a risk factor for poor cardiovascular 
outcomes including mortality and morbidity from major 
vascular events. As a whole, NAFLD patients may 
benefit from more careful surveillance and early treat­
ment interventions. However, despite evidence linking 
increased cardiovascular risk with NAFLD, there is still 
uncertainty regarding the prognostic role of NAFLD in 
risk stratification for CHD. Additional, large follow-up 
studies are needed to establish whether adding NAFLD to 
the currently available risk scoring systems will improve 
cardiovascular disease risk prediction. Furthermore, 
the question of whether the prognostic value of NAFLD 
in the development and progression of cardiovascular 
disease only applies to NASH or also is associated with 
simple steatosis remains unresolved. Finally, more 
research is needed to understand the pathophysiology 
linking NAFLD with cardiovascular disease and to better 
elucidate whether genetic traits in NAFLD carry the same 
cardiovascular risk as metabolic syndrome-associate 
NAFLD.
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Abstract
AIM
To assess whether higher sensitivity of colonic epithe
lium to hypoxia at the serosal side is associated with 
oxygen transfer asymmetry.

METHODS
Rats were fed either with normal chow or a low-
sodium diet. Tissues were mounted as flat sheets in a 
modified, airtight Ussing chamber with oxygen meters 
in each hemichamber. Mucosal samples from normal 
diet animals were studied under control conditions, in 
low-chloride solution and after adding chloride secre
tion inhibitors and chloride secretagogues. Samples 
from sodium-deprived rats were studied before and 
after ouabain addition. In separate experiments, the 
correlation between short-circuit current and oxygen 
consumption was analyzed. Finally, hypoxia was induced 
in one hemichamber to assess the relationship between 
its oxygen content and the oxygen pressure difference 
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between both hemichambers. 

RESULTS
In all studied conditions, oxygen consumption was 
larger in the serosal hemichamber than in the mucosal 
one (P  = 0.0025 to P  < 0.0001). Short-circuit current 
showed significant correlation with both total oxygen 
consumption (r  = 0.765; P  = 0.009) in normoxia and 
oxygen consumption in the serosal hemichamber (r 
= 0.754; P  = 0.011) during mucosal hypoxia, but not 
with oxygen consumption in the mucosal hemichamber. 
When hypoxia was induced in the mucosal hemicham
ber, an oxygen pressure difference of 13 kPa with the 
serosal hemichamber was enough to keep its oxygen 
content constant. However, when hypoxia was induced 
in the serosal hemichamber, the oxygen pressure 
difference with the mucosal hemichamber necessary 
to keep its oxygen content constant was 40 kPa (P  < 
0.0001). 

CONCLUSION
Serosal oxygen supply is more readily available to support 
short-circuit current. This may be partly due to a rectifying 
behavior of transepithelial oxygen transfer. 

Key words: Colonic epithelium; Hypoxia; Oxygen 
diffusion; Short-circuit current; Ussing chamber

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The physiological dependence of the colonic 
epithelium on oxygen provided from the serosal side is 
not only due to the structure of its blood supply and the 
low oxygen pressure of colonic intraluminal contents, 
since it is also observed in isolated mucosa preparations. 
This study demonstrates for the first time that a much 
larger partial pressure difference is needed for oxygen 
transfer from the mucosal side to the serosal side of the 
epithelium than for transfer in the opposite direction, 
a phenomenon that may be considered a rectifying 
behavior. 

Saraví FD, Carra GE, Matus DA, Ibáñez JE. Rectification of 
oxygen transfer through the rat colonic epithelium. World J 
Gastrointest Pathophysiol 2017; 8(2): 59-66  Available from: 
URL: http://www.wjgnet.com/2150-5330/full/v8/i2/59.htm  DOI: 
http://dx.doi.org/10.4291/wjgp.v8.i2.59

INTRODUCTION
Hypoxia is considered the earliest factor causing organ 
damage in intestinal ischemia[1], caused, for example, 
by hypoperfusion associated with septic shock[2], 
general anesthesia[3], or ischemic colitis; the latter 
condition is the most frequent form of ischemic injury to 
the gastrointestinal tract[4,5]. 

The intestinal epithelium is very sensitive to hypoper­

fusion. Epithelial ion transport is closely coupled 
to aerobic metabolism[6,7]. However, the intestinal 
epithelium normally has relatively low oxygen partial 
pressure (Po2), a condition characterized as “physiologic 
hypoxia”[8]. Hypothetically, oxygen might be provided 
to the epithelium from both the luminal and the serosal 
side. However, the composition of intraluminal gas 
is variable and, as a rule, its Po2 is lower than that of 
either arterial or venous blood[9,10]. 

While oxygen consumption by intraluminal bacteria 
may partially account for the differences, it has been 
reported that intracolonic Po2 was less than 2 mmHg 
higher in germ-free rats than in control rats[11]. Luminal 
oxygen is an unlikely source for epithelial consumption, 
since intraluminal Po2 is lower than mucosal Po2

[12]. In the 
intact colon in vivo, oxygen reaches the epithelial cells 
through their basolateral membranes by diffusion from 
the capillary network which surrounds the crypts[8,13].

In most studies of epithelial biology employing 
Ussing chambers, both sides of the samples are oxy­
genated. If unremoved, in the intestinal epithelium 
both the adherent mucus gel layer and the submucosal 
tissue restrain oxygen diffusion[14]. Hypoxia induced in 
the serosal hemichamber while keeping a high oxygen 
pressure at the mucosal side lowers short-circuit 
current (Isc) just as effectively and with the same time-
course as hypoxia simultaneously induced in both sides. 
On the other hand, hypoxia induced in the mucosal 
hemichamber does not reduce Isc as long as the serosal 
side remained oxygenated[15]. Furthermore, non-everted 
colonic sacs oxygenated from the serosal side showed 
a 127% higher Isc than everted sacs oxygenated from 
the mucosal side[15]. One possible cause of the observed 
asymmetry is higher serosal than mucosal oxygen 
consumption (QO2); another is some kind of barrier, 
present at the mucosal but not at the serosal side, 
which hinders oxygen diffusion. 

Our working hypotheses were, first, that the 
observed asymmetries are due to an intrinsic property 
of the epithelium, and therefore they should be found 
under different experimental treatments. Second, 
that the epithelial hindrance to oxygen diffusion may 
be different for transfer from lumen to interstitium 
than in the reverse direction. This may be deemed a 
rectifying behavior by analogy to electrical devices. 
Rectification is a property of diodes, which are electrical 
devices that allow current flow in one direction far 
more easily than in the other. Some membrane ion 
channels display rectifying behavior, since they show a 
nonlinear relationship between the driving force (potential 
difference) and the resulting current[16]. 

The aims of this paper are, first, to assess the dif­
ferences in oxygen consumption provided from the 
apical side of the epithelium and from its serosal side 
during different experimental treatments and, second, 
to measure the partial pressure difference needed for 
oxygen transfer from the mucosal to the serosal side 
and for oxygen transfer in the opposite direction. 
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MATERIALS AND METHODS
Animals
Wistar-Hokkaido male rats weighing 250-300 g were 
housed and managed according to the guidelines for 
animal care and biosafety of our Medical School. The 
animals were kept at an environmental temperature of 
25 ℃± 1 ℃ with a 12-h light-dark cycle. 

All animals were given food and drink ad libitum. 
A group of rats drank tap water and ate a standard 
rat chow containing 1.77 mg of sodium per gram of 
food (76.9 mEq/kg; Cargill Co.). A second group was 
given distilled water and a low-sodium diet with 0.161 
mg of sodium per gram of food (7 mEq/kg; ICN Flow 
Catalog # 902902) for 10 d. The low-sodium diet was 
purchased from ICN, Inc. (Costa Mesa, California, 
United States). Daily food consumption was recorded in 
both groups. 

All procedures involving the care and use of animals 
were approved by the Committee for Animal Care and 
Use of the Faculty of Medical Sciences, National Univer­
sity of Cuyo. This study was reviewed and approved by 
the Secretaría de Ciencia y Técnica, National University 
of Cuyo, institutional review board.

Serum aldosterone determination
Blood samples from all rats fed with the sodium-deficient 
diet and an equal number of rats fed with standard 
chow were obtained during the surgical procedure. 
Blood was allowed to clot; serum was extracted and 
frozen at -70 ℃. Aldosterone concentration in stored 
sera was afterwards measured with a coated-tube 
radioimmunoassay (Diagnostic Products Corporation, Los 
Angeles, California, United States). 

Dissection and mounting
Under ether anesthesia, the entire colon was excised. 
A 3-cm segment was cut from the descending portion 
just above the pelvic brim and dissected to obtain an 
isolated mucosa preparation, as previously described[15]. 
The segment was cut open along its mesenteric border, 
the adherent mucus gel layer was gently removed 
with a cotton tip soaked in dissecting solution and the 
segment was mounted as a flat sheet in a modified 
Ussing chamber (described below). 

Solutions and gas mixtures
The composition of the standard Ringer solution 
employed was as follows (in mmol/L): Na 132.8; K 
4.5; Ca 1.25; Mg 1.0; Cl 114.0; HCO3 24.0; H2PO4 
1.0; SO4 1.0; D (+) glucose 10.0. In the low-chloride 
solution, most chloride was replaced by sulfate, with the 
addition of mannitol to compensate for the difference in 
osmolality[11], as follows (in mmol/L): Na 136.6; K 4.5; 
Ca 1.25: Mg 1.0; Cl 2.5; HCO3 24.0; H2PO4 2.0; SO4 
58.1; D (+) glucose 10.0; mannitol 93.4. The osmolality 
0f both solutions was 280 mOsm/kg H2O. 

Two gas mixtures were used: 950 mL/L O2 - 50 

mL/L CO2 (normoxic mixture) and 950 mL/L N2 - 
50 mL/L CO2 (hypoxic mixture). The gas mixtures 
were purchased from Air Liquide, Inc. (Buenos Aires, 
Argentina). Their compositions were certified by the 
company. When gassed with either gas mixture, the pH 
of both solutions was 7.40. 

Drugs
Bumetanide, 3-methyl-1-isobutilxanthine (IBMX), 
serotonin, and amiloride were purchased from Sigma-
Aldrich (St Louis, Missouri, United States), and dipheny­
lamine-2-carboxylate (DPC) from ICN, Inc (Costa 
Mesa, California, United States). The appropriate drug 
solutions were prepared just before each experiment. 
The standard Ringer solution was employed to dissolve 
serotonin and carbachol; dimethylsulfoxide was used 
for IBMX and bumetanide, and absolute ethanol was 
used for amiloride and DPC. As indicated, bumetanide, 
IBMX and serotonin were added to the serosal hemi­
chamber, while DPC and amiloride were added to 
the mucosal hemichamber to achieve the following 
concentrations (in mmol/L): bumetanide 0.1; DPC 0.5; 
IBMX 0.1; serotonin 0.1, and amiloride 0.1. At the start 
of each experiment, 91 μg/mL gentamycin (Schering-
Plough, Buenos Aires, Argentina) was added to each 
hemichamber, to prevent bacterial overgrowth. 

Oxymetric Ussing chamber and electrophysiological 
measurements
For this report, a modified Ussing chamber which has 
already been described and validated was used[17]. The 
chamber is airtight and it has a 1 cm2 window between 
the hemichambers. Polarimetric oxygen meters (CellOx 
325, WTW GmbH, Weilheilm, Germany) are attached to 
each hemichamber. This arrangement allows measure­
ment of the oxygen concentration and its time course in 
both the hemichamber facing the basolateral (serosal) 
side of the epithelium and the hemichamber facing its 
apical (mucosal) side. The chamber content was kept 
at 37 ℃ with a water jacket fed from a thermostatic 
reservoir. 

The transepithelial potential difference was recorded 
with calomel electrodes connected to each hemi­
chamber through saline bridges (agar-in-Ringer, 30 
g/L). Ag-AgCl electrodes were used to supply current 
to the chamber from an amplifier, in order to clamp the 
transepithelial potential difference (TPD) at 0 mV. The 
output of the amplifier took into account corrections for 
solution resistance and bridge asymmetry. The short-
circuit condition was kept throughout all experiments, 
except for the brief periods of release needed to 
measure open circuit TPD. The transepithelial resistivity 
was calculated, according to Ohm’s law, as the quotient 
between TPD and Isc. 

Experimental procedures
Before each experiment, oxygen probes were cali­
brated according to the user’s manual and had their 
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slopes checked and recorded. At the beginning of each 
experiment, the hemichambers were gassed with 
the normoxic mixture until a plateau of their oxygen 
concentration was reached. Afterwards both hemicha­
mbers were hermetically closed. QO2 was measured 
under baseline conditions for 30-min periods, starting 
60 min after the closure of the hemichambers. 

Solution replacement was carried out without 
opening the chamber with a gravity driven system 
which allowed passing from a water-jacketed reservoir 
(37 ℃) through the chamber a volume of low-chloride 
solution 10-fold larger than the chamber volume, 
with the overflow being drained through siphons. In 
experiments involving replacement of Ringer with 
low-chloride solution or addition of chloride secretion 
blockers, Isc was allowed to stabilize during 20 min 
before QO2 was measured for the next 30 min. On the 
other hand, the 30-min QO2 measurement was started 
immediately after addition of IBMX or serotonin. 

The change in oxygen concentration in each hemi­
chamber during the measurement period was used to 
calculate QO2, as detailed elsewhere[11]. In experiments 
assessing oxygen transfer between the hemichambers, 
a baseline QO2 was obtained after attaining the same 
oxygen level in both hemichambers. Then hypoxia was 
induced in one hemichamber by gassing its contents 
with 950 mL/L N2 - 50 mL/L CO2 for various times 
while bubbling 950 mL/L O2 - 50 mL/L CO2 in the 
other hemichamber, to obtain graded differences in 
oxygen pressure (∆Po2) between the hemichambers. 
Afterwards the chamber was closed and the rate of 
change in oxygen concentration (∆CO2) in the hypoxic 
hemichamber was plotted against the ∆Po2 between 
both sides. 

After a 15-min period of reoxygenation of both 
hemichambers, the procedure described above was 
repeated for inducing hypoxia in the other hemichamber. 
The ∆Po2 was calculated as the difference in mean Po2 of 
each hemichamber during each hypoxic period. The order 
in which hypoxia was induced in each hemichamber was 
switched between experiments to avoid a possible effect 
derived from the hemichamber which was made hypoxic 
first. Finally, both hemichambers were reoxygenated and 
a second control QO2 measurement was performed. 

After each experiment, the mucosa was replaced 
with a polyethylene membrane for a blankrun. The 
experiment was discarded if the decrease in oxygen 
concentration was above 5% of that observed with the 
biological sample. 

Statistical analysis
QO2 in the serosal and mucosal hemichambers and 
Isc under each tested condition were compared with a 
paired, two-sided Student’s t test. An unpaired, two-
sided Student’s t test was employed for analysis of food 
intake, sodium intake, and serum aldosterone in rats 
fed with normal sodium diet and in those submitted 
to the low-sodium diet. During analysis, significant 

deviations from a Gaussian distribution were ruled out 
with the Kolmogorov-Smirnov test.

A one-way analysis of variance with Geisser-Green­
house correction was used to assess differences in the 
magnitude of the serosal vs mucosal difference in QO2 

under all conditions tested. Simple linear regression 
was used to assess the relationships between Isc and ∆
Po2, and between ∆Po2 and ∆CO2. Checks for significant 
deviation from linearity and outliers were performed for 
all comparisons. 

A commercial software was employed for statistical 
analyses (GraphPad Prism version 5.1 for Windows, 
GraphPad Software, San Diego, California, ∆). Values 
are reported as means ± SEM, unless otherwise stated. 
The significance level was set at P < 0.05. 

RESULTS
Mean daily food intake of rats fed with the low-sodium 
diet (80.0 ± 1.4 g per kilogram body weight; n = 6) 
was not significantly different from that of rats given 
standard chow (82.1 ± 0.9 g per kilogram body weight; 
n = 20). The respective mean daily sodium intakes per 
kilogram body weight were 12.9 ± 0.3 mg and 145.3 ± 
1.6 mg (P < 0.0001). As expected, serum aldosterone 
concentration was significantly higher in rats with low 
sodium intake (10.49 ± 2.1 nmol/L; n = 6) than in 
controls (1.42 ± 0.26 nmol/L; n = 6, P = 0.0016). 

Values of Isc, total QO2, serosal QO2, and mucosal 
QO2 for epithelial samples are shown in Table 1. Com­
pared with controls, Isc and QO2 were higher in the 
presence of chloride secretagogues and in epithelial 
samples from sodium-deprived rats. Conversely, Isc and 
QO2 were lower in low-chloride solution, in the presence 
of chloride secretion blockers or, in tissues from sodium-
deprived animals, after addition of amiloride. Under 
all conditions tested, serosal oxygen consumption was 
higher than mucosal oxygen consumption (Figure 1). 
The magnitude of this difference was similar for all 
treatments (P = 0.0847 according to one-way analysis 
of variance).

Isc was correlated with total QO2 and serosal QO2 
both under baseline condition and during mucosal 
hypoxia (Figure 2), but those correlations were lost 
during serosal hypoxia. On the other hand, Isc was not 
correlated with mucosal QO2 under any condition (Table 
2). 

When different oxygen tension differences were 
imposed between both hemichambers, the oxygen 
content of the hypoxic hemichamber increased with 
time when ∆Po2 was high but decreased when it was low 
(Figure 3). The relationship was linear when hypoxia was 
induced in either hemichamber. The slope for hypoxia 
induced in the mucosal hemichamber was 0.0535 ± 
0.009 μmol × cm-2 × h-1 per kPa. The slope for hypoxia 
induced in the serosal hemichamber was 0.0494 ± 0.014 
μmol × cm-2 × h-1 per kPa (P = 0.8244 for the comparison 
of both slopes). However, the calculated ∆Po2 at which 
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Figure 1  Differences in serosal vs mucosal 
oxygen consumption of rat sigmoid colon 
epithelium under several conditions. No 
significant difference between groups was 
found, as assessed by one-way analysis of 
variance (P = 0.0849). ΔQO2: Serosa-mucosa,  
difference between serosal and mucosal 
oxygen consumption; Bum: Bumetanide; DPC: 
Diphenylamine-2-carboxylate; IBMX: 3-methyl-
1-isobutilxanthine; SDR: Sodium-deprived rats; 
Ami: Amiloride.
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Figure 2  Linear regression of short-circuit 
current vs total oxygen consumption dur
ing normoxia (A), and vs serosal oxygen 
consumption during mucosal hypoxia (B). 
Regression coefficients were 0.765 for A (P = 
0.009) and 0.754 for B (P = 0.011). No outliers 
were detected.

1.5

1.0

0.5

0.0

-0.5

-1.0

-1.5

-2.0

-2.5

N
et

 Δ
CO

2  
( m

m
ol

 ×
 c

m
-2
 ×

 h
-1
)

10                       20                       30                       40                       50

Mucosal hypoxia

Serosal hypoxia

ΔPO2 between hemichambers (kPa)

Figure 3  Rate of change in oxygen content of 
the hypoxic hemichamber as a function of the 
difference in oxygen partial pressure between 
hemichambers. Various degrees of hypoxia 
were induced in either the serosal or the mucosal 
hemichamber while keeping the opposite 
hemichamber fully oxigenated, and the change 
in oxygen content was plotted as a function of 
the mean difference in oxygen pressure between 
both hemichambers during a 30-min observation 
period. The slope of the relationships was the 
same when either the serosal or the mucosal 
hemichamber was hypoxic (P = 0.8244), but 
the oxygen pressure difference at which there 
was no net change in oxygen content in the 
hypoxic hemichamber was larger when hypoxia 
was induced in the serosal hemichamber (P < 
0.0001). ΔCO2: Change in oxygen content of the 
hypoxic hemichamber; ΔPO2: Oxygen pressure 
difference between hemichambers. 
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there was no change in oxygen content of the hypoxic 
hemichamber (∆CO2 = 0) was three times higher 
for serosal hypoxia (∆Po2 = 40 kPa) than for mucosal 
hypoxia (∆Po2 = 13 kPa): P < 0.0001. 

DISCUSSION
Present results show that, when oxygen is available from 
both the serosal and the mucosal sides to distal colonic 
epithelium, the tissue consumes more oxygen supplied 
from the serosal than from the mucosal side. Since 
blood supply plays no role in oxygen availability under 
present in vitro conditions, the observed preference may 
not be explained by the path through which oxygen is 
normally provided to the epithelium. Furthermore, the 
higher serosal QO2 was observed under a variety of 
conditions, including those in which chloride secretion 
is the major electrogenic phenomenon and those in 
which the major electrogenic phenomenon is sodium 
absorption. This suggests that the asymmetry is also not 
due to the specific ion being transported but represents 
a physiological characteristic of the colonic epithelium. 
It should be noted that this asymmetry has also been 
demonstrated in epithelial samples from human sigmoid 
colon[18].

The importance of oxygen supply from the serosal 
side to sustain electrogenic transport was further 
corroborated by the correlation between Isc and serosal 

QO2 under baseline condition and during hypoxia 
induced in the mucosal hemichamber, while no such 
correlation was present during hypoxia induced in the 
serosal hemichamber. On the other hand, no correlation 
was found between Isc and mucosal QO2 in any condition 
tested. 

When graded hypoxia is induced in one hemichamber, 
while the other is saturated with oxygen, theoretically 
the oxygen content of the hypoxic hemichamber could 
decrease, remain constant, or increase with time. It 
would decrease if the hypoxic chamber still provides 
part of the oxygen consumed by the epithelium. It 
would remain constant if all oxygen consumed by the 
epithelium is provided by the oxygenated chamber 
and there is no net oxygen transfer between the 
hemichambers. Finally, it would actually increase if the 
oxygenated hemichamber, apart from providing all the 
oxygen that the epithelium consumes, transfers part of 
its oxygen to the hypoxic hemichamber. The relationship 
between ∆CO2 in the hypoxic hemichamber and ∆Po2 
between the hemichambers was linear and showed 
the same slope for serosal-to-mucosal transfer than for 
mucosal-to serosal transfer. Remarkably, however, the ∆
Po2 at which there was no net oxygen transfer between 
the hemichambers was three-fold higher for mucosal-to-
serosal transfer than for transfer in the reverse direction, 
indicating that a larger ∆Po2 between hemichambers is 
needed for mucosal-to-serosal transfer than for serosal- 
to-mucosal transfer. This may be characterized as a 
rectifying behavior of oxygen transfer. 

One explanation for the larger contribution of 
oxygen supply from the serosal side may be that the 
oxygen permeability of the basolateral membrane to 
oxygen is larger than the oxygen permeability of the 
apical membrane. While it is classically accepted that 
biological membranes are very permeable to gases, 
low permeability of some membranes to gases such 
as ammonia or carbon dioxide has been reported, for 
example in gastric glands[19] and colonic epithelium[20]. 
This issue has been recently reviewed, and the existence 
of gas channels has been postulated[21,22]. There are few 
reports on membrane oxygen permeability[21] and the 
results are contradictory[22]. 

Even if apical and basolateral epithelial membranes 

64 May 15, 2017|Volume 8|Issue 2|WJGP|www.wjgnet.com

  Treatment n Isc
μmol × cm-2 × h-1

Total QO2

μmol × cm-2 × h-1
Serosal QO2

μmol × cm-2 × h-1
Mucosal QO2

μmol × cm-2 × h-1

  None 20 3.33 ± 0.21 2.79 ± 0.06 1.52 ± 0.04 1.28 ± 0.08b

  Low Cl   6 0.66 ± 0.07 2.56 ± 0.13 1.41 ± 0.08 1.14 ± 0.06d

  Bum + DPC   6 0.63 ± 0.08 2.47 ± 0.15 1.35 ± 0.07 1.15 ± 0.08d

  Serotonin   6 5.30 ± 0.29 3.64 ± 0.13 1.97 ± 0.08 1.67 ± 0.06d

  IBMX   6 3.98 ± 0.24 3.22 ± 0.09 1.75 ± 0.07 1.47 ± 0.06d

  SDR   6 8.50 ± 0.45 3.71 ± 0.35 2.02 ± 0.15 1.68 ± 0.12b

  SDR + Ami   6 0.33 ± 0.05 2.88 ± 0.12 1.53 ± 0.07 1.35 ± 0.08d

Table 1  Short-circuit current and oxygen consumption of the isolated mucosa of rat sigmoid colon

  Condition Comparison R2

  Baseline Isc vs total QO2   0.586b

Isc vs serosal QO2   0.620c

Isc vs mucosal QO2 0.299
  Mucosal hypoxia Isc vs total QO2   0.633d

Isc vs serosal QO2   0.569g

Isc vs mucosal QO2 0.388
  Serosal hypoxia Isc vs total QO2 0.164

Isc vs serosal QO2 0.315
Isc vs mucosal QO2 0.361

Table 2  Relationship between short-circuit current and 
epithelial oxygen consumption  of the isolated mucosa of rat 
sigmoid colon

bP < 0.0001 and dP < 0.01 for the difference between serosal and mucosal oxygen consumption. Isc: Short-circuit current; QO2: Oxygen consumption; Bum: 
Bumetanide; DPC: Diphenylamine-2-carboxylate; IBMX: 3-methyl-1-isobutilxanthine; SDR: Sodium-deprived rats; Ami: Amiloride.

bP = 0.009; cP = 0.018; dP = 0.006; gP = 0.011; n = 10. Isc: Short-circuit current;  
QO2: Oxygen consumption.
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had different oxygen permeability, this would not explain 
per se the apparent rectifying behavior of oxygen 
transfer. We are not aware of reports on this topic for 
oxygen, or for any other gas. Since gases generated in 
the colon as products of bacterial fermentation are partly 
transferred into the bloodstream[10], it is of physiological 
and clinical interest to assess whether their rate of 
transfer from the lumen to the interstitium is selectively 
limited, as it seems to be the case for oxygen. 

In conclusion, the sigmoid colon epithelium in vitro 
in a rat model preferentially consumes oxygen supplied 
from the serosal side. Isc correlates with serosal oxygen 
consumption, but not mucosal oxygen consumption. 
The ∆Po2 for inducing net mucosal-to-serosal transfer 
is higher than the ∆Po2 for inducing serosal-to mucosal 
transfer, therefore indicating a rectifying behavior for 
transepithelial oxygen transfer. 

COMMENTS
Background
The colonic epithelium has a high oxygen consumption, a large part of which is 
needed to sustain electrogenic ion transport. In vivo, oxygen is mostly supplied 
from the serosal side, since the luminal environment has a very low oxygen 
partial pressure. When the epithelium is placed in an Ussing chamber, oxygen 
is usually available from both sides of the epithelium, but even then, the serosal 
supply is more important to sustain electrogenic ion transport than the mucosal 
supply.
 
Research frontiers
The intestinal epithelium is normally submitted to a relatively low oxygen 
pressure when compared with other tissues, a condition known as physiological 
hypoxia. This makes the epithelium susceptible to hypoxic injury when the 
oxygen supply is further compromised by disease. 
 
Innovations and breakthroughs
In this paper, it is shown that serosal supply provides more oxygen than 
mucosal supply to the colonic epithelium under several different conditions, 
suggesting that the difference is an intrinsic property of the tissue. For the first 
time, evidence is provided suggesting that transepithelial oxygen diffusion from 
serosa to mucosa needs a lower gradient of oxygen pressure than diffusion from 
mucosa to serosa. 
 
Applications 
Since epithelial hypoxia seems to be an important cause of injury and 
dysfunction in several conditions affecting the intestinal epithelium, a deeper 
knowledge of the factors influencing epithelial oxygen supply may help to 
understand their pathophysiology and to devise better management strategies. 
 
Terminology
Rectification: A term borrowed from electronics, referring to devices such as 
diodes, which allow electric current to flow more easily in one direction than 
in the opposite one. In the present context, it is applied to the observation 
that oxygen diffuses more easily from the serosal to the mucosal side of the 
epithelium than in the opposite direction. Short-circuit current: The electrical 
current passing through the epithelium needed to keep the transepithelial 
potential difference at 0 mV. It is a measure of electrogenic ion transport. 

Peer-review
The aim of this study was to assess whether higher sensitivity of colonic 
epithelium to hypoxia at the serosal side is associated with oxygen transfer 
asymmetry. It is a very well design study and the issue is elegantly developed.

REFERENCES
1	 MacDonald PH. Ischaemic colitis. Best Pract Res Clin Gastroenterol 

2002; 16: 51-61 [PMID: 11977928 DOI: 10.1053/bega/2001.0265]
2	 van Haren FM, Sleigh JW, Pickkers P, Van der Hoeven JG. 

Gastrointestinal perfusion in septic shock. Anaesth Intensive Care 
2007; 35: 679-694 [PMID: 17933153]

3	 Leung FW. Endoscopic reflectance spectrophotometry and 
visible light spectroscopy in clinical gastrointestinal studies. Dig 
Dis Sci 2008; 53: 1669-1677 [PMID: 17932761 DOI: 10.1007/
s10620-007-0026-8]

4	 Theodoropoulou A, Koutroubakis IE. Ischemic colitis: clinical 
practice in diagnosis and treatment. World J Gastroenterol 2008; 
14: 7302-7308 [PMID: 19109863 DOI: 10.3748/WJG.14.7302]

5	 Feuerstadt P, Brandt LJ. Update on Colon Ischemia: Recent 
Insights and Advances. Curr Gastroenterol Rep 2015; 17: 45 [PMID: 
26446556 DOI: 10.1007/s11894-015-0469-6]

6	 Mandel LJ, Balaban RS. Stoichiometry and coupling of active 
transport to oxidative metabolism in epithelial tissues. Am J Physiol 
1981; 240: F357-F371 [PMID: 7015879]

7	 Del Castillo JR, Ricabarra B, Sulbarán-Carrasco MC. Intermediary 
metabolism and its relationship with ion transport in isolated guinea 
pig colonic epithelial cells. Am J Physiol 1991; 260: C626-C634 
[PMID: 2003584]

8	 Zheng L, Kelly CJ, Colgan SP. Physiologic hypoxia and oxygen 
homeostasis in the healthy intestine. A Review in the Theme: Cellular 
Responses to Hypoxia. Am J Physiol Cell Physiol 2015; 309: 
C350-C360 [PMID: 26179603 DOI: 10.1152/ajpcell.00191.2015]

9	 Suarez F, Furne J, Springfield J, Levitt M. Insights into human 
colonic physiology obtained from the study of flatus composition. 
Am J Physiol 1997; 272: G1028-G1033 [PMID: 9176210]

10	 Sahakian AB, Jee SR, Pimentel M. Methane and the gastrointestinal 
tract. Dig Dis Sci 2010; 55: 2135-2143 [PMID: 19830557 DOI: 
10.1007/s10620-009-1012-0]

11	 Bornside GH, Donovan WE, Myers MB. Intracolonic tensions of 
oxygen and carbon dioxide in germfree, conventional, and gnotobiotic 
rats. Proc Soc Exp Biol Med 1976; 151: 437-441 [PMID: 766018]

12	 Albenberg L, Esipova TV, Judge CP, Bittinger K, Chen J, 
Laughlin A, Grunberg S, Baldassano RN, Lewis JD, Li H, Thom 
SR, Bushman FD, Vinogradov SA, Wu GD. Correlation between 
intraluminal oxygen gradient and radial partitioning of intestinal 
microbiota. Gastroenterology 2014; 147: 1055-1063.e8 [PMID: 
25046162 DOI: 10.1053/j.gastro.2014.07.020]

13	 Guebel DV, Torres NV. A computer model of oxygen dynamics 
in human colon mucosa: implications in normal physiology and 
early tumor development. J Theor Biol 2008; 250: 389-409 [PMID: 
18022199]

14	 Saldeña TA, Saraví FD, Hwang HJ, Cincunegui LM, Carra GE. 
Oxygen diffusive barriers of rat distal colon: role of subepithelial 
tissue, mucosa, and mucus gel layer. Dig Dis Sci 2000; 45: 
2108-2114 [PMID: 11215723]

15	 Saraví FD, Saldeña TA, Cincunegui LM, Carra GE. Asymmetrical 
oxygen availability from serosal and luminal sides of rat distal colon 
epithelium. Rev Esp Fisiol 1997; 53: 367-375 [PMID: 9580471]

16	 Siegelbaum SA, Koester J. Ion channels. In: Kandel ER, Schwartz 
JH, Jessell TM, Siegelbaum SA, Hudspeth AJ. Principles of neural 
science. 5th ed. New York: McGraw-Hill Medical, 2013: 100-125

17	 Saraví FD, Saldeña TA, Carrera CA, Ibáñez JE, Cincunegui LM, 
Carra GE. Oxygen consumption and chloride secretion in rat distal 
colon isolated mucosa. Dig Dis Sci 2003; 48: 1767-1773 [PMID: 
14560999]

18	 Carra GE, Ibáñez, Saraví FD. Electrogenic transport, oxygen 
consumption, and sensitivity to acute hypoxia of human colonic 
epithelium. Int J Colorectal Dis 2011; 26: 1205-1210 [PMID: 
21519802 DOI: 10.1007/s00384-011-1215-7]

19	 Boron WF, Waisbren SJ, Modlin IM, Geibel JP. Unique 
permeability barrier of the apical surface of parietal and chief cells 
in isolated perfused gastric glands. J Exp Biol 1994; 196: 347-360 
[PMID: 7823033]

65 May 15, 2017|Volume 8|Issue 2|WJGP|www.wjgnet.com

 COMMENTS

Saraví FD et al . Oxygen transfer through colonic epithelium



20	 Endeward V, Gros G. Low carbon dioxide permeability of the 
apical epithelial membrane of guinea-pig colon. J Physiol 2005; 
567: 253-265 [PMID: 15932894]

21	 Boron WF. Sharpey-Schafer lecture: gas channels. Exp Physiol 
2010; 95: 1107-1130 [PMID: 20851859 DOI: 10.1113/expphy

siol.2010.055244]
22	 Endeward V, Al-Samir S, Itel F, Gros G. How does carbon dioxide 

permeate cell membranes? A discussion of concepts, results and 
methods. Front Physiol 2014; 4: 382 [PMID: 24409149 DOI: 
10.3389/fphys.2013.00382]

P- Reviewer: Huerta-Franco MR, Koch TR    S- Editor: Song XX    
L- Editor: A    E- Editor: Wu HL

66 May 15, 2017|Volume 8|Issue 2|WJGP|www.wjgnet.com

Saraví FD et al . Oxygen transfer through colonic epithelium



Animal Ethics Committees of QIMR Berghofer Medical Research 
Institute (P829) and the University of Queensland (313/11).

Conflict-of-interest statement: The authors report no conflicts 
of interest.

Data sharing statement: No additional data are available. 

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative Commons 
Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, 
provided the original work is properly cited and the use is non-
commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Dr. Kim Bridle, School of Medicine, The 
University of Queensland, Lower Lobby Level, Administration 
Building, Greenslopes Private Hospital, Newdegate Street, 
Brisbane 4120, Australia. k.bridle@uq.edu.au
Telephone: +61-7-33460698
Fax: +61-7-38476236

Received: August 28, 2016
Peer-review started: September 1, 2016
First decision: October 31, 2016
Revised: December 1, 2016
Accepted: February 28, 2017
Article in press: March 2, 2017
Published online: May 15, 2017

Abstract
AIM
To investigate the synergistic hepato-protective pro
perties of curcumin and vitamin E in an Hfe-/-  high 
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METHODS
Hfe-/-  C57BL/6J mice were fed either a high calorie 
diet or a high calorie diet with 1 mg/g curcumin; 1.5 
mg/g vitamin E; or combination of 1 mg/g curcumin + 
1.5 mg/g vitamin E for 20 wk. Serum and liver tissue 
were collected at the completion of the experiment. 
Liver histology was graded by a pathologist for stea
tosis, inflammation and fibrosis. RNA and protein was 
extracted from liver tissue to examine gene and protein 
expression associated with fatty acid oxidation, mito
chondrial biogenesis and oxidative stress pathways.

RESULTS
Hfe-/- mice fed the high calorie diet developed steato
hepatitis and pericentral fibrosis. Combination treatment 
with curcumin and vitamin E resulted in a greater 
reduction of percent steatosis than either vitamin E or 
curcumin therapy alone. Serum alanine aminotransferase 
and non-alcoholic fatty liver disease (NAFLD) activity 
score were decreased following combination therapy 
with curcumin and vitamin E compared with high calorie 
diet alone. No changes were observed in inflammatory 
or fibrosis markers following treatment. Epididymal 
fat pad weights were significantly reduced following 
combination therapy, however total body weight and 
liver weight were unchanged. Combination therapy 
increased the mRNA expression of AdipoR2 , Ppar-α , 
Cpt1a , Nrf-1  and Tfb2m suggesting enhanced fatty acid 
oxidation and mitochondrial biogenesis. In addition, 
combination treatment resulted in increased catalase 
activity in Hfe-/- mice. 

CONCLUSION
Combination curcumin and vitamin E treatment de
creases liver injury in this steatohepatitis model, indica
ting that combination therapy may be of value in NAFLD.

Key words: Non-alcoholic fatty liver disease; hemo
chromatosis; iron overload; steatosis; high calorie diet

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The high prevalence of obesity and the 
metabolic syndrome suggests that many patients with 
liver disease of varying etiologies will have co-existent 
non-alcoholic fatty liver disease. Our model of co-
toxic liver disease incorporates increased hepatic iron 
in combination with steatosis and was associated with 
necroinflammation and early hepatic fibrosis. Because 
of the beneficial effect of combination therapy, we 
believe vitamin E and curcumin should be investigated 
in other animal models of non-alcoholic steatohepatitis. 
Should beneficial effects be demonstrated, combination 
treatment with the development of appropriate dosing 
strategies could be rapidly moved to human studies 
allowing for an effective treatment strategy.

Heritage M, Jaskowski L, Bridle K, Campbell C, Briskey D, 
Britton L, Fletcher L, Vitetta L, Subramaniam VN, Crawford D. 
Combination curcumin and vitamin E treatment attenuates diet-
induced steatosis in Hfe-/- mice. World J Gastrointest Pathophysiol 

2017; 8(2): 67-76  Available from: URL: http://www.wjgnet.
com/2150-5330/full/v8/i2/67.htm  DOI: http://dx.doi.org/10.4291/
wjgp.v8.i2.67

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most 
common liver disease in Western countries[1] and en
compasses a range of hepatic pathologies from simple 
steatosis to the more aggressive non-alcoholic steatohe
patitis (NASH)[2]. Homozygosity for the C282Y mutation 
in the HFE gene is the most common cause of hereditary 
hemochromatosis (HH)[3]. Steatosis is common in 
patients with HH[4] and is associated with increased 
hepatic fibrosis; conversely, heterozygosity for the C282Y 
mutation in HFE is common in patients with NAFLD[5]. 
Even mild increases in hepatic iron concentration (HIC) 
may play an important role in the transition from simple 
steatosis to NASH as Hfe-/- mice fed a high calorie 
diet develop NASH, impaired anti-oxidant activity and 
accelerated liver injury[6]. This relationship between HFE, 
altered iron metabolism and the development of NAFLD 
could be the target for therapeutic strategies that may 
attenuate disease progression in NASH. Curcumin, the 
yellow pigment of the plant Curcuma longa (turmeric), 
has potent antioxidant and chemo preventative effects[7]. 
Curcumin treatment produces beneficial effects in many 
animal models of liver diseases[8,9]. Curcumin ameliorates 
the early stages of experimental steatohepatitis and 
limits the development and progression of fibrosis in 
mice fed a methionine choline deficient diet[10,11]. In 
addition, a recent randomised controlled trial of curcumin 
in fatty liver patients demonstrated a reduction in NASH 
features[12]. The anti-oxidant, vitamin E has been shown 
to be beneficial in animal models of liver disease and in 
subjects with NASH[13-15].

Curcumin and vitamin E have been used with thera
peutic benefit in experimental models of NASH[10,11,14]. 
To date, these agents have mostly been used at the 
initiation of injury which does not validate their utility in 
NASH in the usual clinical situation of already established 
injury and ongoing exposure to excess calorie intake. We 
hypothesized that these two agents may have synergistic 
activity in attenuating disease progression in NASH. 
Thus, in the present study, we investigated combination 
use of curcumin and vitamin E in the treatment of Hfe-/- 
mice with established liver injury induced by a high-fat, 
high-carbohydrate diet, and with ongoing exposure to 
the diet. Our results show that combination treatment 
of curcumin and vitamin E decreased liver injury and 
hepatic steatosis suggesting that this treatment may be 
of therapeutic value in NAFLD.

MATERIALS AND METHODS
Animals
All animals received humane care under the guidelines 
and approval of the QIMR Berghofer Medical Research 
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Institute and The University of Queensland Animal 
Ethics Committees. Eight-week-old male Hfe-/- mice 
(on a C57BL/6J background)[16], were fed a high calorie 
diet (HCD) (SF03-020, Speciality Feeds, Glen Forrest, 
WA, Australia) (n = 34) for a period of 10 wk. The mice 
were then randomly assigned (n = 7-9 per group) to 
receive either HCD alone, or HCD and 1 mg/g curcumin 
(Curcumin C3 complex, Sabinsa Corporation, Sydney, 
NSW, Australia), HCD and 1.5 mg/g vitamin E or HCD 
and a combination of 1 mg/g curcumin and 1.5 mg/g 
vitamin E for a further 10 wk (Specialty Feeds). The 
fat composition of the HCD by weight was 150 mg/g 
saturated fat, 20 mg/g polyunsaturated and 60 mg/g 
monounsaturated fat, derived from a predominant 
mixture of cocoa butter (50 mg/g), partially hydro
genated vegetable oil (131 mg/g) and canola oil (50 
mg/g) with added cholesterol (1.9 mg/g). Animals 
were allowed ad libitum access to diets and drinking 
water. After 20 wk of dietary treatment, animals were 
sacrificed under anaesthesia following cardiac puncture 
for blood collection. The livers were removed and 
portions were snap-frozen in liquid nitrogen and stored 
at -80 ℃ prior to analysis. Separate portions were 
collected for histology or dried for the determination of 
hepatic iron concentration (HIC). Epididymal fat pads 
were weighed and stored at -80 ℃.  

Histopathological analysis 
Liver samples were fixed in 40 g/L neutral-buffered 
formalin, embedded in paraffin, sectioned and stained 
with haematoxylin-eosin (H and E). Histological 
parameters were staged and graded according to 
accepted criteria by a specialist liver pathologist in a 
blinded fashion[17]. Steatosis was graded according 
to the percentage of steatotic hepatocytes (grade 0, 
< 5% affected; grade 1, 5%-33% affected; grade 2, 
34%-66% affected; and grade 3, > 66% affected). 
Lobular inflammatory activity was scored based on the 
number of inflammatory foci per 200x field (0, none; 1, 
< 2 seen; 2, 2-4 seen; and 3, > 4 seen) and ballooning 
was scored based on the degree of hepatocyte 
ballooning (0, none; 1, few; and 2, many). Activity was 
also scored using NAFLD activity score (NAS) established 
by the NASH Clinical Research Network (CRN), which is 
an unweighted sum of scores for steatosis (0-3), lobular 
inflammation (0-3) and ballooning (0-2)[17].

Fibrosis stage was assessed following Picro Sirius 
Red staining for collagen according to the criteria es
tablished by Brunt et al[18].

Serum biochemistry and hepatic iron concentration
Serum concentrations of alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) were measured 
on a Cobas Integra 400 Chemistry Automated Analyser 
as per manufacturer’s instructions (Roche Diagnostics, 
Castle Hill, NSW, Australia). HIC was measured as 
previously described[6,19].

Hepatic antioxidant enzyme assay
Total cellular glutathione peroxidase (GPx), reduced 

(GSH) and oxidized glutathione (GSSG), catalase 
and mitochondrial manganese superoxide dismutase 
(MnSOD) activities were measured on homogenized liver 
tissue using commercial assay kits as per manufactur
er’s instructions (Cayman Chemical, Ann Arbor, MI, 
United States).

RNA extraction and quantitative real-time polymerase 
chain reaction
Total RNA was extracted using TRIzol reagent (Invitrogen, 
Mount Waverley, Victoria, Australia), subjected to de
oxyribonuclease I digestion and transcribed into cDNA 
using Superscript III according to the manufacturer’s 
instructions (Invitrogen). Quantitative gene expression 
was performed by real-time polymerase chain reac
tion (RT-PCR) (ViiATM 7, Applied Biosystems, Life 
Technologies Corporation, Carlsbad, CA, United States) 
using Quantifast SYBR green as per manufacturer’s 
conditions (Qiagen, Chadstone Centre, VIC, Australia). 
The expression of individual genes were normalised 
to the geometric mean of three house-keeper genes: 
Basic transcription factor 3 (Btf-3), Glyceraldehyde-3-
phosphate dehydrogenase (Gapdh) and β2-microglobulin 
(β2-m). Mouse primer sequences for genes investigated 
are shown in Supplementary Table 1.

Western blot and densitometry analysis
Protein extracts (30 µg) from liver were electrophoresed 
in sodium dodecyl sulphate-10% polyacrylamide gel for 
30 min at 100 V and blotted onto polyvinylidene fluoride 
membranes (Bio-Rad, Hercules, CA, United States) as 
previously described[6]. Membranes were immunostained 
with primary antibodies for ACOX (Abcam, Cambridge, 
MA, United States) and mitoNEET (Proteintech, Chi
cago, IL, United States). Signals were detected using 
standard chemiluminescence (Supersignal West Femto, 
ThermoFisher Scientific, Scoresby, Victoria, Australia) 
on an Image Station 4000MM Pro and quantified using 
Carestream Molecular Imaging software (Carestream 
Australia, East Melbourne, Victoria, Australia).

Statistical analysis
Statistical analysis was performed using IBM SPSS 
Statistics 22 (IBM, Armonk, NY, United States). Non-
parametric tests were used to evaluate differences 
between groups, and data are depicted using box and 
whisker plots showing median, minimum and maximum 
values. A Kruskal-Wallis test with Dunn’s correction 
for multiple comparisons was performed to compare 
intervention groups. A cut-off P value of 0.05 was used 
to determine significance. Statistical review of the 
manuscript was performed by a biomedical statistician.

RESULTS
Serum transaminase concentrations are decreased by 
curcumin and vitamin E combination therapy
Total body weight and liver weight were not altered by 
dietary treatment in Hfe-/- mice (Figure 1A). Epididymal 
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fat pad weight was significantly reduced in the com
bination treatment group compared to curcumin alone (P 
< 0.02, Figure 1A).

Serum ALT concentrations were significantly reduced 
by combination treatment compared to HCD alone 
(P = 0.02, Figure 1B). AST concentrations were not 
significantly different across groups (P = 0.12). There 
was no significant effect of dietary treatment on HIC (P 
< 0.30, Figure 1B). 

Attenuation of severe steatosis and lobular inflammation 
by curcumin and vitamin E combination therapy
Hfe-/- HCD-fed mice developed moderate to severe 
steatosis with hepatocyte ballooning and inflammatory 
cell infiltration present in 100% of mice meeting the 
criteria for steatohepatitis (Table 1 and Figure 2A). 
Combination treatment with curcumin and vitamin E 
reduced the presence of NASH to only 55% of mice. 
Combination treatment also significantly reduced percent 
steatosis compared with HCD alone (P = 0.03). Lobular 
inflammatory score and NAS score were also reduced in 
combination treated Hfe-/- mice (Table 1 and Figure 2A). 
Treatment with either curcumin or vitamin E alone had 
minimal effects on hepatic histology (Figure 2A).

Centrilobular (stage 1) fibrosis (as detected by Sirius 
red staining) was observed in 7/9 Hfe-/- mice fed the HCD 
and only in 3/9 combination treated mice, as evidenced 
by reduced staining (data not shown). However, hepatic 
α1(I)-procollagen (Col1a1) mRNA, transforming growth 
factor β1 (Tgfβ1) and tissue inhibitor of metalloproteinase 
1 (Timp1) gene expression were not significantly altered 
by dietary treatment (P = 0.05, P = 0.40 and P = 0.26 
respectively, Figure 2B). Gene expression of monocyte 
chemoattractant protein-1 (Mcp-1) and two acute phase 
reactants, orosomucoid 1 (Orm-1) and serum amyloid 
A1 (Saa1) were not significantly altered by combination 
treatment when compared to HCD or monotherapy (P = 
0.08, P = 0.07 and P = 0.17 respectively, Figure 2C). 

Enhanced gene expression of fatty acid oxidation 
pathways with curcumin and vitamin E combination 
therapy
Hepatic adiponectin receptor 2 (AdipoR2) mRNA 
expression was significantly increased in vitamin E and 
combination treatment groups compared to HCD alone 

(P = 0.02 and P < 0.01, respectively). 
Downstream of AdipoR2, peroxisome proliferator-

activated receptor α (Pparα) mRNA expression was 
significantly increased in combination treated Hfe-/- 
mice compared to HCD alone and curcumin alone (P < 
0.012 and P = 0.01, respectively, Figure 3A). Carnitine 
palmitoyl transferase 1A (Cpt1a) expression was also 
increased due to dietary treatments where vitamin E 
and combination treatment significantly increased Cpt1a 
expression in Hfe-/- mice compared to HCD alone (P = 
0.05 and P < 0.01, respectively, Figure 3A). In addition, 
combination therapy increased Cpt1a expression above 
curcumin treatment alone (P < 0.01, Figure 3A). The 
expression of acyl-coenzymeA oxidase 1 (ACOX1) pro
tein, the first enzyme in the β-oxidation pathway, was 
significantly different following dietary intervention. 
Combination treatment up-regulated ACOX1 expression 
compared with HCD alone (P < 0.01, Figure 3B). These 
results suggest an increase in lipid metabolism by 
β-oxidation which has been altered by long-term HCD 
feeding. 

Effects on hepatic antioxidant enzyme activities and 
mitochondrial function
Neither glutathione peroxidase activity (GPx) nor 
hepatic mitochondrial manganese superoxide dismutase 
(MnSOD) activity were significantly altered by dietary 
treatments (P = 0.4 and P = 0.80, respectively, 
Figure 4A). However both curcumin and combination 
treatment increased catalase when compared to HCD 
alone (P = 0.01 and P < 0.01, respectively, Figure 4A). 

We have previously shown mitochondrial dysfunc
tion in Hfe-/- mice fed a HCD[6], therefore we then 
investigated if combination treatment could correct this 
defect. Indeed, nuclear transcription factor 1 (Nrf-1) 
mRNA expression was significantly altered by dietary 
treatments in Hfe-/- mice (Figure 4B), where vitamin 
E and combination treatment significantly increased 
expression compared to HCD alone (P = 0.01 and P 
< 0.01, respectively). Likewise, transcription factor B2 
mitochondrial (TfB2M) mRNA was significantly increased 
in Hfe-/- mice treated with vitamin E and combination 
treatment compared to HCD (P < 0.01 and P < 0.01, 
respectively, Figure 4B). These results suggest an up-
regulation in mitochondrial biogenesis due to vitamin 
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HCD (n  = 9) HCD + Cu (n  = 9) HCD + VE (n  = 7) HCD + Cu + VE (n  = 9)

  Histology diagnosis NASH (9) Steatosis (2)/NASH (7) Steatosis (2)/NASH (5) Steatosis (4)/NASH (5)
  Steatosis grade 3 (3-3) 3 (2-3) 3 (2-3) 3 (2-3)
  % steatosis     95 (80-100)     80 (40-100)     95 (70-100)    75 (40-95)a

  Lobular score 2 (1-2) 2 (1-3) 1 (0-2) 1 (0-3)
  Ballooning 2 (1-2) 2 (1-2) 1 (1-2) 1 (0-2)
  NAS score 6 (5-7) 6 (4-8) 6 (4-6) 5 (3-8)
  Fibrosis stage 1a (0-1a)   0 (0-1a)   0 (0-1a)   0 (0-1a)

Table 1  Percent steatosis, lobular and non-alcoholic fatty liver disease activity score were reduced due to combination therapy 

Values are expressed as the median (range). aP < 0.05 vs HCD alone, Kruskal-Wallis ANOVA. HCD: High calorie diet; Cu: Curcumin; VE:  Vitamin E; NAS: 
Non-alcoholic fatty liver disease activity score.
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E and combination treatment. Interestingly, mitoNEET, 
a protein that is a driving force behind mitochondrial 
biogenesis[20], was not significantly different in com
bination treated animals compared with HCD alone 
(Figure 4C). 

DISCUSSION
In this study we demonstrated that the combination of 
curcumin and vitamin E therapy attenuated steatosis 
and lobular inflammation in Hfe-/- mice even with on
going feeding of a HCD. Hfe-/- mice fed a HCD for 20 wk 
developed steatosis and 100% had histological features 
consistent with steatohepatitis and the majority of 
animals showed centrilobular fibrosis. Monotherapy with 
either vitamin E or curcumin had no effect on percent 
steatosis, but combination therapy reduced percent 
hepatic steatosis as well as lobular inflammation, 
ballooning degeneration and fibrosis. This implies that 
vitamin E and curcumin exert a synergistic effect over 
that provided by each individual therapy. 

Our previous studies have shown that Hfe-/- mice 
fed a HCD develop steatosis and the pathophysiology 
of this injury involves altered β-oxidation, impaired fatty 
acid uptake and mitochondrial dysfunction[6]. To assess 
the mechanisms through which curcumin and vitamin E 
may exert their beneficial effect we examined fatty acid 
uptake, β-oxidation and mitochondrial function in this 
study.

Curcumin has been reported to increase the meta
bolism of lipids by β-oxidation[21,22] and this appears to 

be a mechanism by which combination therapy results 
in reduced hepatic steatosis in this study. This was 
evidenced by increased AdipoR2, Ppar-α  and Cpt1a 
mRNA expression in the combination fed Hfe-/- mice; 
facilitating increased mitochondrial uptake of free fatty 
acids. AdipoR2 has been shown to activate Ppar-α and 
fatty acid oxidation genes[23], and these results imply 
that combination therapy induced AdipoR2 expression, 
resulting in the up-regulation of fatty acid oxidation 
pathways[24]. However, it is worth noting that the 
change in AdipoR2 and Cpt1 expression with vitamin 
E monotherapy alone was similar to that achieved by 
combination therapy. Increased ACOX1 expression, 
facilitating increased β-oxidation, was also observed in 
combination treated animals, providing further evidence 
of increased fatty acid β-oxidation.

We examined defence mechanisms against oxida
tive stress as another potential reason for the benefits 
of combination therapy since both curcumin and 
vitamin E are potent anti-oxidants. Curcumin and com
bination treatment in Hfe-/- mice raised catalase activity 
illustrating that an up-regulation in β-oxidation was 
counteracted by an up-regulation of an enzyme that 
removes excess reactive oxygen species. These obser
vations are consistent with other models of hepatic 
injury where the anti-oxidant effects of curcumin and 
vitamin E are mediated by altering catalase and MnSOD 
activity[25,26]. 

Vitamin E and combination treatment increased gene 
expression of Nrf-1 and Tfb2m which are consistent 
with up-regulated mitochondrial biogenesis. It has been 
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suggested that curcumin may be similar to resveratrol in 
this respect through activating PPARγ coactivator 1-alpha 
(PGC-1α)[21,22], a regulator of mitochondrial biogenesis[27]. 
Indeed, curcumin increases PGC-1α and Nrf-1 gene 
expression in vitro, protecting against mitochondrial 
impairment induced by high free fatty acids[28]. A recent 
study in a rat model of NASH demonstrated attenuation 

of liver injury by curcumin which the authors suggested 
was Nrf-1 mediated[29]. Combination treatment increased 
Nrf-1 and TfB2m expression in Hfe-/- mice but failed 
to increase the expression of mitoNEET. These results 
are similar to MnSOD activity where combination treat
ment failed to restore its activity above a HCD-induced 
suppression. Down-regulation of mitoNEET causes 
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an increase in iron content into the mitochondria and 
decreases the mitochondria’s capacity to carry out 
electron transport and oxidative phosphorylation[20], 
potentially increasing oxidative stress and further 
damaging mitochondria. Indeed, mitochondrial dys
function is associated with insulin resistance and the 
development of type 2 diabetes where diminished 
oxidative capacity is thought to be involved in disease 
pathogenesis[30]. Taken together, these findings of our 
study suggest that combination treatment manages to 
enhance the capacity for fatty acid disposal by β-oxidation 
without increasing oxidative stress.

This study is limited by the use of an animal model 
which cannot fully replicate the pathophysiology of 

human NASH. The dietary model incorporated high 
levels of curcumin which may not be easily replicated in 
humans. Further studies examining dosing of curcumin 
and vitamin E in humans are still required. While these 
studies have suggested potential mechanistic pathways 
involved in efficacy of combination treatment, we 
have not fully elucidated mechanisms responsible for 
the synergistic effects of combination therapy over 
monotherapy.

The high prevalence of obesity and the metabolic 
syndrome suggests that many patients with liver 
disease of varying etiologies will have co-existent non-
alcoholic fatty liver disease. Indeed contemporary 
clinical practice in hepatology is often characterised by 
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the need to address multiple co-toxins in one patient. 
The results of the present study illustrate of the concept 
of co-toxic liver disease since our model incorporates 
increased HIC in combination with steatosis and was 
associated with necroinflammation and early hepatic 
fibrosis. Curcumin and vitamin E therapy resulted in 

attenuation of steatosis through increased fatty acid 
β-oxidation, increased catalase activity and upregulated 
mitochondrial biogenesis. Because of the beneficial 
effect of combination therapy, we believe vitamin E and 
curcumin should be investigated in other animal models 
of NASH, and could be moved rapidly into human 
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studies if a beneficial effect is demonstrated, and if 
appropriate dosing strategies can be developed.

ACKNOWLEDGMENTS
Associate Professor Graeme Macdonald from the 
Gastroenterology and Hepatology unit of the Princess 
Alexandra Hospital for his knowledge and continual 
input into the project. Dr. Sarah McLeay for her review 
of the statistical methods in the manuscript.

COMMENTS
Background
Non-alcoholic fatty liver disease (NAFLD) is the most common liver disease 
in Western countries and encompasses a range of hepatic pathologies from 
simple steatosis to the more aggressive non-alcoholic steatohepatitis (NASH). 
Homozygosity for the C282Y mutation in the HFE gene is the most common 
cause of hereditary hemochromatosis (HH). Steatosis is common in patients with 
HH and is associated with increased hepatic fibrosis; conversely, heterozygosity 
for the C282Y mutation in HFE is common in patients with NAFLD. Even mild 
increases in hepatic iron concentration (HIC) may play an important role in the 
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Abstract
AIM
To identify factors predicting outcome of endoscopic 
therapy in bile duct strictures (BDS) post living donor 
liver transplantation (LDLT).

METHODS
Patients referred with BDS post LDLT, were retrospec
tively studied. Patient demographics, symptoms (Pruritus, 
Jaundice, cholangitis), intra-op variables (cold ischemia 
time, blood transfusions, number of ducts used, etc .), 
peri-op complications [hepatic artery thrombosis (HAT), 
bile leak, infections], stricture morphology (length, donor 
and recipient duct diameters) and relevant laboratory 
data both pre- and post-endotherapy were studied. 
Favourable response to endotherapy was defined 
as symptomatic relief with > 80% reduction in total 
bilirubin/serum gamma glutamyl transferase. Statistical 
analysis was performed using SPSS 20.0.

RESULTS
Forty-one patients were included (age: 8-63 years). 
All had right lobe LDLT with duct-to-duct anastomosis. 
Twenty patients (48.7%) had favourable response to 
endotherapy. Patients with single duct anastomosis, 
aggressive stent therapy (multiple endoscopic retrograde 
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cholagiography, upsizing of stents, dilatation and longer 
duration of stents) and an initial favourable response 
to endotherapy were independent predictors of good 
outcome (P  < 0.05). Older donor age, HAT, multiple 
ductal anastomosis and persistent bile leak (> 4 wk 
post LT) were found to be significant predictors of poor 
response on multivariate analysis (P  < 0.05). 

CONCLUSION 
Endoscopic therapy with aggressive stent therapy 
especially in patients with single duct-to-duct anasto
mosis was associated with a better outcome. Multiple 
ductal anastomosis, older donor age, shorter duration of 
stent therapy, early bile leak and HAT were predictors of 
poor outcome with endotherapy in these patients. 

Key words: Biliary strictures; Living donor liver trans
plantation; Endotherapy; Bile leaks

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Living donor liver transplantation (LDLT) is the 
definitive treatment for end stage liver disease. Biliary 
complications complicating LDLT is a major source of 
morbidity and mortality. Anastomotic strictures seen 
with LDLT are notorious for gross phenotypical variations 
which have led to variable results with endotherapy 
as a treatment option in these patients. In this study, 
we have looked into the factors that can predict the 
response with endotherapy (endoscopic retrograde 
cholangiography, sphincterotomy and stent placement) 
thereby allowing for better prognostication and selection 
of patients in order to optimize patient care. 

Harshavardhan RB, Ahamed H, Panicker S, Sudhindran S, Venu 
RP. Endoscopic therapy for biliary strictures complicating living 
donor liver transplantation: Factors predicting better outcome. 
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from: URL: http://www.wjgnet.com/2150-5330/full/v8/i2/77.htm  
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INTRODUCTION
Living donor liver transplantation (LDLT) as a treatment 
for end stage liver disease is an approach that is 
becoming increasingly common in Asian centres. Biliary 
complications, especially bile duct strictures (BDS), 
remain a significant complication of LDLT[1-4], although 
there seems to be a decline in incidence over the last 2 
decades[5]. Unlike deceased donor liver transplantation 
(DDLT), the incidence of BDS in patients undergoing 
LDLT is higher and ranges between 18%-32%[6,7]. Most 
of these patients present with symptoms of bile duct 
obstruction such as jaundice, pruritus and/or cholangitis. 
Endotherapy with endoscopic retrograde cholangiography 
(ERC), sphincterotomy and placement of endoprosthesis 
have been shown to be technically feasible and safe 

for BDS in post LDLT[8,9]. However, therapeutic efficacy 
for BDS post LDLT has been variable[9-11]. Therefore, 
additional studies are needed looking into the factors 
that can predict a favourable therapeutic response to 
endotherapy. 

The higher incidence of BDS post LDLT have been 
attributed to difficult surgical techniques of anastomosis 
owing to smaller diameter of the ducts along with 
multiple ductal anastomoses. The endotherapy protocol 
(type of stents, sphincterotomy, stricture dilatation, 
number of ERC with stent exchange and duration 
of stenting) has not been standardized in earlier 
reports, possibly accounting for the varying results of 
endotherapy in these studies[9-15]. The stricture mor
phology, type and number of stents used, duration 
of stent therapy may also have a direct bearing on 
therapeutic outcome. In this study various risk factors 
like anatomical contortions of the stricture, type and 
number of ductal anastomosis, duration, diameter as 
well as number of stents placed and their impact on the 
clinical as well as biochemical outcomes are carefully 
analysed. 

MATERIALS AND METHODS
Patient population and data collection 
This was a single centre, observational study where all 
patients referred to the Gastroenterology service with 
a diagnosis of BDS post LDLT from January 2012 till 
November 2015 were evaluated. Recipient and donor 
demographics (age and gender), transplant setting 
(emergency or elective), aetiology of liver disease, pre-
operative Model for End-stage Liver Disease score, 
intra-operative variables like cold ischemia time, 
number of blood transfusions, number of bile ducts 
anastomosed, ductoplasty, conduit used (duct or jejunal 
loop) and post-operative complications like Hepatic 
artery thrombosis (HAT), bile leaks; were recorded in 
pre-designed performas. Bile leaks were considered 
persistent if the leak did not resolve in four weeks. 

Endotherapy
All patients who were medically fit to undergo thera
peutic ERC were included in the study. All ERCs were 
performed by an experienced endoscopist under general 
anaesthesia and the choice of anaesthetic was left to 
the discretion of a dedicated anaesthetic doctor who 
was present throughout the duration for all procedures. 
A standard adult ERC scope (Olympus TJF Q180V) with 
an outer diameter of 13.7 mm and channel diameter 
of 4.2 mm was used. All procedures were performed 
in the endoscopy suite under fluoroscopic guidance 
(Fexavision, Shimadzu). Technical success was defined 
as selective cannulation of CBD with an adequate 
cholangiogram obtained. Definition of biliary stricture: 
Patients who had at least two of the three following 
features were included in the study: (1) Symptoms of 
cholestasis like Jaundice, pruritus and/or cholangitis in 
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conjunction with elevated serum bilirubin and/or serum 
gamma glutamyl transferase (GGT) to more than twice 
the upper limit of normal; (2) Magnetic resonance 
cholangiopancreatography showing a narrowing with 
proximal duct dilatation; and (3) ERC cholangiogram 
showing significant narrowing at the anastomotic site 
with/without ductal dilatation. 

The cholangiograms were then reviewed for stricture 
morphology (length, diameter, type of anastomoses). 
The anastomoses were classified as type 1 when single 
donor duct was anastomosed to a single recipient 
duct. Type 2 is when two donor ducts are connected 
to a single recipient duct. Type 3 is when three donor 
ducts were anastomosed to a single recipient duct. 
Type 4 is when two recipient ducts (cystic duct and 
common hepatic duct or right and left hepatic ducts) 
are anastomosed with the donor duct (Figure 1). The 
number of ducts anastomosed including the use of cystic 
duct for anastomoses were also studied. 

Therapeutic protocol and follow up: Institutional 
protocol for endoscopic management of benign biliary 
strictures includes Endoscopic sphincterotomy (5-7 
mm), which was performed in all patients and stricture 
dilation using 4-7 mm balloon dilators were performed. 
A polyethylene stent of 5-7 Fr diameter and 12-15 cm 
long was then deployed across the stricture. The stent 
placement was repeated and the stent graduated to a 
higher diameter upto 10 Fr, if possible. The procedure 
was repeated every 3 mo for stent replacement for 
a minimum period of 1 year. Patients, who did not 
undergo this optimal stent exchange therapy for 1 year 
due to non-compliance, were studied for recurrence 
of symptoms and relevant laboratory studies at subse
quent clinic visits. 

Patients in whom ERC was unsuccessful (due to 
tight stricture or complex stricture), a guide wire was 

advanced into the duodenum across the stricture via a 
percutaneous trans hepatic puncture of the intrahepatic 
duct (PTBD). ERC, dilatation and stent placement was 
then carried out using a rendezvous approach. All 
patients were followed up for immediate and delayed 
complications. 

Surgical repair was undertaken only when both 
endoscopic and transhepatic approaches failed to cross 
the stricture, the so called “defiant strictures”. Unlike 
BDS in deceased donors, those occurring in LDLT are 
surgically formidable to correct, since the length of 
donor duct (proximal to anastomosis) tends to be very 
short. BDS following LDLT therefore tend to extend 
intrahepatically and defining an appropriate donor duct 
for anastomosis can be a very formidable task surgically 
particularly in type 4 stictures.

Outcome definition 
Outcome was classified into favourable and unfavour­
able to endotherapy. Patients with favourable response 
had both biochemical and clinical improvement. Clinical 
improvement is characterised by relief from symptoms 
of bile duct obstruction (pruritus, jaundice and cholan
gitis) and biochemical improvement is considered when 
there was 80% reduction in total bilirubin (BR)/GGT. 
Unfavourable response was considered to be partial if 
either clinical or biochemical improvement was present 
and Non responsive if neither clinical nor biochemical 
improvement was seen. 

Statistical analysis 
Statistical analysis was carried out using IBM SPSS 
software version 20.0. Comparison of means in the three 
groups were done using ANOVA test for parametric or 
Kruskal Wallis for non-parametric variables. Response 
was also classified as complete responders and partial/
No response where independent 2-sample t test and 
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Figure 1  Classification of anastomotic bile duct strictures post living donor liver transplantation.
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Mann Whitney U tests was used for parametric and non-
parametric variables respectively. Categorical variables 
were analysed using c2 test/Fisher’s Exact test in the 
univariate analysis. Multivariate analysis was then carried 
out using multiple logistic regression analysis. Kaplan 
Meier curves were computed to look for a survival 
advantage. A P value < 0.05 was taken as significant. 
The statistical methods of this study were reviewed 
by Mr Unnikrishnan UG, MSc Statistics, Lecturer, 
Department of Biostatistics, Amrita Institute of Medical 
Sciences, Kochi, Kerala, India. 

RESULTS 
Of the 458 LDLT performed, 47 patients had biliary 
strictures (10.2%); of which 41 patients had complete 
data and were included in the study. The mean age of 
the population was 40.02 ± 15.45 years with a male 
preponderance (87.8%). Majority of the patients were 
transplanted in a non-emergency setting (78%) with 
alcohol (37.5%) and cryptogenic (40.6%) cirrhosis 
being the most common etiologies for liver disease. The 
intra-operative variables did not have any association 
with therapeutic efficacy in this study. However, patients 
with post-operative HAT and BDS did not have any 
response to endotherapy despite re-establishment 
of flow in 4/5 patients. Majority (85.8%) of patients 
with persistent bile leak > 4 wk had only partial/
no improvement to endotherapy (P value < 0.05). 
Demographic variables and baseline data are shown in 
Table 1. 

Technical success and therapeutic efficacy of 
endotherapy
ERCP was successful in 31 patients (75.6%) while 
10 patients (24.4%) required a combined PTBD with 
a rendezvous approach. Favourable response to 
endotherapy was seen in 20 patients (48.7%); 14 
patients (34.1%) had partial unfavourable response to 
endotherapy and 7 patients (17.1%), had no response 
to endotherapy (Figure 2). 

Endotherapy in BDS post LDLT
A total of 117 ERCPs were performed in 41 patients 
(2.8 procedures per patient) (Table 2). Patients who 
had complete improvement to endotherapy (favourable 
response) had a significantly higher number of total 
ERC (3.01 in patients with favourable response whereas 
1.71 in patients with unfavourable response) and the 
initial favourable response to endotherapy was also 
higher (85% vs 57.1% respectively) (P < 0.05) in these 
patients. Aggressive stent therapy was performed in 
23 patients (56%) and these patients had a significant 
improvement after endotherapy, 16 patients (69.5%) 
had complete favourable response while 7 patients 
(30.5%) had partial/no improvement (P value 0.04). 
Duration of stent therapy showed a direct impact on 
therapeutic efficacy where patients with a favourable 
response to endotherapy having the stent in place for a 
mean duration of 16.4 mo, whereas, patients who had 
a partial/no response to endotherapy had the stent in 
place for a mean duration of 6.8 mo (P value = 0.03) 
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  Parameters Total (n  = 41) Complete response 
(n  = 20)

Partial response 
(n  = 14)

No response 
(n  = 7)

  Recipient mean age (year ± SD)    40.02 ± 15.45    37.5 ± 17.03   41.0 ± 14.3 45.29 ± 13.15
  Donor mean age (year ± SD) 39.9 ± 8.9 38.5 ± 6.85 39.86 ± 11.2 44.0 ± 9.03
  Recipient gender - male, n (%)     36 (87.8) 16 (80)   14 (100)   6 (85.7)
  Donor gender - male, n (%)    9 (22)   4 (20)     4 (28.5)   1 (14.2)
  Transplant setting, n (%)
     CLD               32 (78) 14 (70)  12 (85.7)   6 (85.7)
     ALF    9 (22)   6 (30)    2 (14.3)   1 (14.3)
  Etiology of CLD (n = 32)
     Alcohol     12 (37.5)     4 (33.3)  6 (50)   2 (16.7)
     Cryptogenic     13 (40.6)      6 (46.1)     5 (38.4)   2 (15.5)
     Others (Wilsons, hepatitis B, hepatitis C, autoimmune)       7 (21.8)      3 (42.8)     2 (28.6)   2 (28.6)
     MELD 23.45 ± 6.4 25.07 ± 7.2 22.46 ± 4.75 21.83 ± 6.52
  Intra-operative variables 
     Cold Ischemia time (secs) (mean ±)   51.5 ± 29.2 53.3 ± 34.4 54.08 ± 25.6 43.57 ± 28.4
     Blood transfusions (mean ±)  4.1 ± 2.8 4.3 ± 2.3 4.3 ± 3.5   3.2 ± 2.2
  Post op complications 
     Hepatic artery thrombosis, n (%)      5 (12.2) 0 (0) 3 (60)               2 (40)
     Bile leak  26 (65)  12 (60)   10 (71.4)  4 (57.1)
     Mean interval between LT and leak (d)               18.4 20.85 12.6                5.6
     Persistent bile leak > 4 wk, n (%)               14 (34.1)       2 (14.2)     8 (57.1)                4 (28.7)
  Clinical presentation, n (%)
     Cholangitis     15 (36.6)    6 (30)     7 (42.1)  2 (13.4)
     Pruritus alone 16 (39)        7 (43.75) 4 (25)    5 (31.25)
     Jaundice 16 (39)        5 (31.25)     6 (37.5)    5 (31.25)

Table 1  Baseline characteristics of the patient population stratified according to response to endotherapy 

CLD: Chronic liver disease; ALF: Acute liver failure; MELD: Model for end-stage liver disease.
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(Figure 3). A minimum duration of 6.75 mo of stent 
therapy was found to be predictive of a favourable 
response to endotherapy (AUROC 0.75). 

Stricture morphology: Stricture length and duct 
diameters did not have a significant correlation to 
eventual response to endotherapy. The type of anasto
mosis, however (Figure 1), did influence the response 
to endotherapy. All patients with type IV (2 recipient 
ducts) anastomosis had a poor response to endotherapy 
(Table 2).

Surgical repair was performed only for one patient in 
this cohort, who remains well following surgery. In one 
other patient, who developed secondary biliary cirrhosis, 
retransplantation was required. 

Safety and complication 
Endotherapy in this patient cohort was safe and only 1 
patient had mild acute pancreatitis and 1 patient had 
cholangitis. A total of 9 patients died (21.9%), including 
the one with cholangitis. However, a statistically 
significant survival advantage was observed in patients 
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Mean duration of stent (mo)

Aggressive stent therapy (n )

Mean No. of ERCP

Complete response (n  = 20)

Partial/no response (n  = 21)

0   2   4   6  8  10 12  14 16 18 20 22 24 26

16.4                      6.8

16                            7

3.01    1.71

Figure 3  Statistically significant (P < 0.05) correlations of good response to endotherapy.

  Endotherapy details Total (n  = 41) Complete response (n  = 20) Partial/no response (n  = 21)

     Mean time interval between LT and first ERC (d)
     Mean No. of ERCa   368.3 352.6 444.1
     Mean Stricture length (cm)         2.85       3.01       1.71
     Initial response to ERC, n (%)        0.84       0.85      0.82
     Aggressive stent therapya,b            29 (70.7)        17 (85)          12 (57.1)
     Mean duration of stentinga (mo)         23 (39)           16 (69.5)            7 (23.3)
  Morphology of the stricture         5.75   16.4    6.8
     Mean length of stricture (mm) 84                           82                         85
     Type of anastomosis (Figure 1), n (%)
        Type I 13          10 (76.9)           3 (23.1)
        Type II 16              9 (56.25)             7 (43.75)
        Type III   5         1 (20)         4 (80)
        Type IV   7            0 (14.2)           7 (100)

Table 2  Impact of endotherapy protocol and morphology of the stricture on therapeutic efficacy 

aP value < 0.05; bAggressive stent therapy involves sphincterotomy, serial dilatation of stricture and increase in number/size of stents. LT: Liver 
transplantation; ERC: Endoscopic retrograde cholangiography.
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response 
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n  = 14 (34.1%)

Unfavourable - 
no response 

n  = 7 (17.1%)

Figure 2  Therapeutic efficacy of endotherapy in patients with bile duct strictures post living donor liver transplantation.



who had a favourable response to endotherapy as 
opposed to patients who did not (P value 0.02) (Figure 
4). 

DISCUSSION 
Liver transplantation remains the only definitive treat­
ment for end stage liver disease. Transplantation using 
living donors, which is commonly practised in most 
Asian centres including India, is fraught with unique 
technical challenges and specific complications with as 
yet, evolving avenues of therapy. Biliary complications 
(BDS and Bile leaks) in particular, continue to be a 
stumbling block resulting in considerable morbidity and 
mortality among these patients[2,16-18]. The incidence of 
BDS is higher in LDLT patients (10%-30%) compared to 
DDLT possibly related to smaller diameter of the ducts 
and multiple ductal anastomoses[19,20]. 

BDS in the post-transplant setting is classified into 
one of two types - anastomotic (AS) and non-anasto
motic (NAS) strictures. NAS, more common with 
DDLT, with an incidence of 5%-15%[17,18] are longer, 
multiple and located proximal to the anastomotic site. 
NAS are further divided into microangiopathic (with 
prolonged cold ischemia times), macroangiopathic (in 
association with HAT) and immunogenic (in associa
tion with rejection). AS on the other hand, are seen 
more frequently in patients who have received living 
donor livers and tend to be shorter, confined to the 
anastomotic site and present later in the course of 
follow up[5]. Multiple factors contribute to the develop
ment of AS including surgical technique, number of 

ducts anastomosed and ischemia[21]. The complexity 
of the microvasculature of the bile ducts makes them 
particularly vulnerable to ischemia. Management 
of biliary strictures with endotherapy, i.e., ERC with 
endobiliary stenting, is the treatment of choice especially 
for patients with AS[22]. They are notoriously difficult 
to treat with a recurrence rate between 9%-37%[23]. 
However, contrary to this, a report from the Adult-to-
Adult Living Donor Liver Transplantation Cohort Study 
consortium (A2ALL)[24] suggested a comparable efficacy 
of endoscopic treatment in anastomotic strictures (in 
both DDLT as well as LDLT setting) based on which a 
recommendation to reserve endoscopic therapy as a 
first line treatment for all patients with anastomotic 
strictures could be made[22]. Unfortunately, some of 
these patients may not have a favourable response to 
endotherapy resulting in significant morbidity and even 
mortality. These patients with the so-called “defiant” 
biliary strictures may end up with re-surgery or repeat 
transplantation which will add to the financial burden of 
the patients[22]. 

Several investigators have reported a favoura
ble response following endotherapy in the range of 
53%-88%[3,19,25,26]. In our patient population, a favour
able response was seen in only 48.7% of patients, while 
partial relief(clinical or biochemical) was noted in 34.1% 
of patients. Seven/41 patients (17.1%) in our study had 
no response to endotherapy. Moreover patients who did 
not respond to endotherapy were at a survival disadvan
tage with high mortality rate. This critical observation 
provided us with the impetus to study the factors that 
might predict outcome with endotherapy, especially 
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Figure 4  Kaplan meier curves showing a clear survival benefit in patients who had a response to endotherapy.
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since there is a considerable variation of results and lack 
of uniform treatment protocols.

Donor age was found to have a significant bearing 
on response to endotherapy. The age related variations 
in duct calibre and fibrotic response to ischemia/inflam­
mation of the ducts may be possible pathogenic factors 
for the development of complex BDS. HAT in the post-
operative period was a significant predictor of poor 
response to endotherapy despite re-establishment of 
flow in most of the patients (4/5 patients, 80%). This 
suggests that the ischemic stress even though “short-
lived” was sufficient to significantly compromise the 
viablity of the anastomotic site leading to complex and 
defiant strictures. 

Bile leaks have previously been shown to be asso
ciated with an increased incidence of BDS[27-29]. Inflam­
matory reactions due to the extravasated bile leading 
to fibrosis has been proposed as the pathogenetic 
mechanism in these patients. Alternatively, bile leak may 
be a surrogate to indicate ischemia and necro inflam
matory reaction which eventually results in BDS[30]. Our 
study looked into not just the immediate perioperative 
bile leak but also the duration of leak, of more than 4 
wk. Patients who had persistent bile leak more than 
four weeks had a poor outcome following endotherapy 
which may in part, be related to a dose response rela
tionship between persistent inflammation caused by 
the extravasated bile. As a corollary to this, an early 
and aggressive treatment protocol with endoscopic 
sphincterotomy and stent placement may positively 
impact endoscopic outcome for BDS in these patients. 

LDLT strictures are notoriously complex possibly 
resulting from multiple ductal anastomoses, mismatch 
of duct sizes and altered anatomy[31]. Only 75% techni
cal success rate was achieved with ERC in our patient 
population with 10 patients requiring PTBD followed by 
rendezvous approach for stent placement. In all these 
patients the strictures assumed complex anatomical 
contortions.

Multiple ductal anastomoses are seldom considered 
as a risk factor for BDS post LDLT[32]. In a study by 
Chan et al[33], they found that a single hepatic duct 
is ideal for a duct to duct anastomosis. If two ducts 
are present, a duct to duct anastomosis can still be 
performed provided the ducts are less than 3 mm apart. 
If the ducts are more than 3 mm apart, they suggested 
separate Hepaticojejunostomies using a Roux-en-T 
loop[33]. Another study by Asonuma et al[34] explored 
the feasibility of the use of the recipient cystic duct for 
biliary reconstruction in right liver donor transplantation 
when two bile duct orifices were present. Our study 
also revealed that employing multiple recipient ducts for 
anastomosis can cause defiant and complex strictures 
resistant to endotherapy. Moreover when recipient 
cystic duct was used for anastomosis, the outcome for 
endotherapy was especially poor. The stricture length did 
not correlate with response to endotherapy suggesting a 
complex anatomical spatial alteration as the likely cause 

for poor response to endotherapy than longitudinal 
extent of the stricture. 

There is no uniform consensus on the ERC protocol 
for the treatment of post LDLT BDS. Several reports 
have suggested that balloon dilatation with endobiliary 
stenting is superior to dilatation alone[17,35-37]. However, 
in a meta-analysis published recently, balloon dilatation 
with stenting did not afford a significant advantage to 
dilatation alone[38]. Current practices for management 
of BDS post LDLT suggests a 3 mo interval for repeat 
procedures with stricture dilatation and stent exchanges, 
which has been shown to minimize stent occlusion and 
prevent cholangitis or stone formation[17,22,39]. Our results 
also indicate that an aggressive endotherapy protocol 
which included stent exchanges every 3 mo, stent up-
sizing to a maximum of 10 Fr, serial dilatation of the 
strictures and prolonged duration of stent therapy were 
associated with a favourable response to endotherapy. 
Similar to our experience Verdonk et al[30] had a 75% 
success rate for post LDLT strictures with a median of 3 
endotherapy sessions per patient. They also showed that 
higher number of endotherapy sessions with increasing 
number of stents had a good outcome. A predictive cut-
off of 6.75 mo for the duration of stent therapy was 
found to have reasonable validity for eventual favourable 
response to endotherapy. Most studies in this area have 
found an average stent duration between 6 mo to 1 
year with 3-4 endotherapy sessions to be adequate in 
preventing recurrences with minimal complications and 
morbidity[7,40,41]. 

Reported complications for endotherapy in BDS 
post transplantation include post-ERC pancreatitis, 
cholangitis, bleeding, pain and stent migration. In this 
study, ERC followed by endotherapy was found to be 
safe with only one patient developing mild acute pan
creatitis and one developing cholangitis. Premature 
removal of stents without replacement or up-sizing of 
stent was associated with recurrent bile duct stricture 
and cholestatic jaundice. 

The treatment of “defiant” BDS remains an elusive 
area of study where innovative endoscopic approaches 
like the use of digital single operator cholangioscopy 
(DSOC)[42], covered self-expanding metallic stent 
(c-SEMS)[43], use of multiple plastic stents and novel 
dilatation balloons[22] are steadily gaining ground over 
traditional eventual surgical options which include 
hepaticojejunostomy and retransplantation[22,44]. In this 
study, 2 patients with “defiant” BDS underwent surgery 
[Hepaticojejunostomy (1) and Retransplantation (1)] 
and one patient had a c-SEMS placed. The use of c-SEMS 
has recently been studied in a meta-analysis[38] where it 
was shown to have superior efficacy rates as compared 
to multiple plastic stenting. However, the same analysis 
showed high complication rates, especially stent 
migration[38]. In our study, 2 patients with difficult BDS 
underwent DSOC with the help of which we were able to 
traverse the stricture successfully only in 1 patient. Our 
approach to “defiant” BDS currently centres around the 
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use of multiple plastic stents with only selected patients 
receiving c-SEMS. Surgical correction is reserved for 
patients who have particularly crippling symptoms along 
with frequent recurrence of strictures despite maximal 
stent therapy for over a period of 15 mo. 

In summary, BDS remains a major complication of 
LDLT. Early identification of risk factors such as bile leaks 
and HAT in conjunction with adopting early treatment 
measures may improve therapeutic efficacy of endo
therapy in these patients. Aggressive endotherapy 
protocols seem to have a favourable outcome after 
endotherapy thereby reducing the associated morbidity 
and mortality of BDS post LDLT. The use of c-SEMS, 
DSOC in the management of “defiant” BDS is an area 
that requires further study. 

COMMENTS
Background
Bile duct strictures (BDS) are a major cause of morbidity and mortality in patients 
who have undergone a living donor liver transplantation. Endotherapy for BDS in 
these patients includes endoscopic retrograde cholangiography, sphincterotomy 
and stent placement. Results of endotherapy are variable and factors predicting 
outcome are not well elucidated.

Research frontiers
Factors that can predict endotherapy outcome and result in optimal patient 
selection. Endotherapy protocols/guidelines which can help roadmap this 
heterogenous group of patients towards better healthcare. 

Innovations and breakthroughs
Unique outcome definition: The outcome of endotherapy was considered 
favourable only when there was symptomatic and biochemical improvement. 
Partial responders were considered unfavourable owing to significant morbidity in 
this group. This sub group of patients is particulary tricky as they find themselves 
in a therapeutic “no man’s land” so to speak, where established treatment 
has provided some improvement, but with residual yet significant morbidity. 
Aggressive endotherapy protocols with repeated procedures, serial dilatation and 
stent upsizing for a minimum period exceeding 6 mo can yield good outcomes in 
majority of patients. Early endotherapy in patients with persistent bile leak (> 4 
wk) may prevent the development of complex BDS. Use of two or more recipient 
ducts, especially cystic ducts are particularly poor responders to endotherapy. 

Applications
This study may aid in the establishment of uniform endotherapy protocols which 
can have a wide applicability beyond the confines of single centre experiences. 
Bile duct anastomosis using multiple recipient ducts may be avoided, if possible; 
in favour of innovative surgical practices that may impact overall outcome in 
these patients. The outcome definition which identifies partial responders may 
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clarity on optimal management of these patients. 

Terminology
Type of anastomosis has been classified in terms of number of anastomosis into 
4 types which have a significant bearing on overall outcome. Outcome definition 
was defined as favourable (symptomatic and biochemical improvement) and 
unfavourable (partial/non responders). Partial responders are those with either 
symptomatic and biochemical improvement and non-responders were labelled 
as those with neither. 
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Abstract
Chronic granulomatous disease (CGD) is a primary 
immune deficiency that is commonly diagnosed 
under the age of 5 years (95%) and is rarely seen in 
adulthood. CGD may manifest as inflammatory bowel 
disease (IBD) in childhood. Without proper diagnosis, 
these patients may be monitored for years as IBD; some 
may even be regarded as steroid-resistant ulcerative 
colitis (UC) and end up having a colectomy. In this case 
report, we described a patient who had been followed-
up for years as UC and subsequently underwent colec
tomy, but was finally diagnosed in adulthood as primary 
immune deficiency.

Key words: Ulcerative colitis; Chronic granulomatous 
disease; Inflammatory bowel disease; Immunodefi
ciency; Childhood
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Core tip: In the context of current knowledge, mono
genetic diseases are at the basis of early-onset inflam
matory bowel disease (IBD). Genetic and immunological 
studies on this subject have gained momentum in 
recent years. Chronic granulomatous disease (CGD) is 
an immune deficiency and may manifest itself as IBD. 
In an adolescent patient, CGD may present with clinical 
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signs of IBD without evidence of immune deficiency. It 
should be kept in mind that CGD in adolescents may 
extend to adulthood.
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INTRODUCTION
Chronic granulomatous disease (CGD) is a pri­
mary immunodeficiency seen in approximately 1 in 
200-250000 individuals[1]. CGD is caused by abnor­
malities in the nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase complex resulting in 
defective production of reactive oxygen species by 
phagocytic cells. The NADPH oxidase enzyme complex 
consists of at least five subunits: gp91phox, p22phox, 
p47phox, p67phox, and p40phox. Approximately, 66% 
of all CGD cases result from mutations within the X-linked 
[CYBB gene (encoding gp91phox)], followed by the 
autosomal recessive forms of CGD (%30) with defects 
in the (NCF1) gene coding for p47phox. Only 5% of the 
cases are due to mutations in CYBA, NCF-2 or NCF-4 
which encode for p22phox, p67phox and p40phox 
respectively[2,3]. 

As a result of the failure to activate the respiratory 
burst, patients with CGD present with severe recurrent 
intracellular bacterial and fungal infections such as 
pneumonia, lymphadenitis, cutaneous and hepatic 
abscesses, osteomyelitis and septicemia[3]. These severe 
infections are caused predominantly by Staphylococcus 
aureus Aspergillus species, Candida, enteric gram 
negative bacteria, Serratia marcescens, Burkholderia 
cepacia complex, or Mycobacterium tuberculosis. CGD 
patients may also present with diffuse granulomas 
that can become large enough to cause obstructive or 
painful symptoms in the esophagus, stomach, biliary, 
intestinal, urogenital, or pulmonary systems[1-3]. 

Colitis is an important gastrointestinal manifestation 
of CGD, typically seen more commonly, but not exclu­
sively in the X-linked form of the disease[4]. The clinical 
presentation of colitis is similar to that of inflammatory 
bowel disease (IBD), either ulcerative colitis (UC) or 
Crohn’s disease, and includes diarrhea, abdominal pain 
and rectal bleeding. A diagnosis of CGD is usually made 
by gastroenterologists who have previously labeled 
patients as therapy-resistant IBD[1-3]. 

CASE REPORT
A 15-year-old male patient was admitted to a medical 
center with persistent mucoid, bloody diarrhea. A 

diagnosis of UC had been made and the patient was 
followed for six months after discharge. In the interim, 
treatment comprised pulsed steroids, 5-aminosalicylic 
acid, and azathioprine. The patient was referred to 
our center due to persisted symptoms. Medical history 
revealed absence of recurrent bacterial and fungal 
infections or frequent antibiotic use. His parents were 
non-consanguineous.

On physical examination body weight was 51 kg 
(25th percentile), and the height was 156 cm (10th 
percentile). Systemic examination was normal. Per­
ianal modifier was not observed. Laboratory results 
showed hemoglobin of 11.4 g/dL, white blood cell 
count of 8900/mm³, neutrophils count of 7900/mm³, 
lymphocyte count of 2200/mm³ and platelet count of 
448000/mm³. Stool microscopy showed the presence 
of occult blood and leukocytes. Total protein was 6.2 
g/dL, albumin was 3.8 g/dL, erythrocyte sedimentation 
rate was 68 mm/h, C-reactive protein was 38 mg/
dL, and PANCA was positive. IgA: 68 mg/dL, IgG: 
1100 mg/dL, IgM: 79.7 mg/dL, IgE: 38.5 mg/dL, 
IgA: 217 mg/dL, total C3: 128 mg/dL, total C4: 26.3 
mg/dL. Liver and kidney function tests were normal. 
Colonoscopy was compatible with the diagnosis of 
pancolitis, but the terminal ileum was normal. Upper 
gastrointestinal endoscopy revealed pangastritis. 
Histopathologic evaluation showed cryptitis, crypt 
abscesses, and pseudopolyps of the entire colonic 
mucosa; granulomas were not detected.

The subsequent medical treatment and follow-up of 
the patient are shown in Figure 1. Due to the refractory 
course of the patient, familial Mediterranean fever (MEVF 
mutation) and Behcet’s disease (Pathergy test, HLA 
B5 test) were considered and excluded. The patient 
had a steroid-resistant course and total colectomy was 
performed. Light microscopic examination of colectomy 
specimen revealed crypt distortion, cryptitis, crypt 
loss and crypt abscesses throughout whole colonic 
mucosa. Epithelial ulcerations, regenerative changes 
and pseudopolyps were also noted. Neutrophils were 
present in lamina propria, dense and mixed type 
inflammatory cell infiltration was seen. These changes 
were limited thorough mucosa and submucosa. 
Granulomas and dysplasia were not encountered. The 
surgically resected specimen was compatible with UC 
(Figure 2). Acute phase proteins remained slightly 
increased and soiling was the major problem in the 
postoperative period. Anorectal manometry showed 
increased rectal sensitivity, significantly low resting anal 
sphincter pressure, normal rectoanal inhibitor reflex, 
and adequate pressure increase in voluntary sphincter 
contraction. However, perianal dermatitis and impaired 
perianal wound healing persisted (Figure 3).

Ileoscopy performed 8 mo after colectomy operation 
revealed a second lumen layer outside the lumen. Both 
lumen openings were hyperemic, edematous, and 
eroded (Figure 4). Ileal biopsies revealed backwash 
ileitis, without signs of Crohn’s disease.

At the age of 18 years, the patient was referred 
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to adult gastroenterology section. Pelvic magnetic 
resonance imaging and fistulography revealed an ileoileal 
fistula. At the age of 23 years, there was persistence of 
the perianal lesions and diarrhea despite treatment.

Genetic analysis
To screen for monogenetic forms of IBD, we have 
performed whole exome sequencing of the patient 
sample using an exome enrichment kit (SureSelect 
V4UTR; Agilent) and next-generation sequencing device 
(Illumina HiSeq 2500). Analysis of rare genetic variants 
that affected protein sequence or interfered with mRNA 
transcription revealed a mutation in the NCF2 gene 
(c.326A>G, p.Y109Y>C). Bioinformatic analysis of 
this sequence variant predicted that the amino acid 
exchange that was deleterious to the protein function. 

A diagnosis of CGD was confirmed biologically 
by a nitroblue tetrazolium test (NBT) and flow cyto­
metry-based dihydrorhodamine (DHR) or 2′7′-dichloro
fluorescein diacetate assays. An NBT slide test with 
Escherichia coli lipopolysaccharide (840 W Sigma-Aldrich) 
was used to stimulate respiratory burst in phagocytic 
cells. Normally the percentage of blue-stained neutrophils 
in an NBT test (Figure 5) is close to 100 - but this 
percentage is close to 0 in CGD patients. In this patient, 
the NBT test confirmed a defective respiratory burst in 
the neutrophils. DHR test (Figure 6) uses flow cytometry 
to measure the oxidation of dihydrorhodamine 123 to 
rhodamine 123 in phorbol myrisate acetate-stimulated 
neutrophils, a marker for cellular NADPH oxidase activity. 
In this test the generation of hydrogen peroxide oxidizes 

the dye, leading to the emission of fluorescence. Mean 
fluorescence intensity of the activated cells correlates 
directly with (and thus serves as a reliable surrogate for) 
superoxide production. In this patient, the diagnosis of 
CGD was confirmed by using the NBT test and the DHR 
assay. 

Based on the treatment-refractory course and the 
underlying primary immunodeficiency in the patient, 
we considered hematopoietic stem cell transplant 
(HSCT) for cure. The patient had been referred to the 
Department of Hematology and is currently being pre­
pared for HSCT.

DISSCUSSION
CGD is a primary immunodeficiency caused by a defect 
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Figure 1  The medical treatment and follow-up of the patient. UC: Ulcerative colitis.

Figure 2  Histopathologic appearance of colonic mucosa. Figure 3  Perianal dermatitis and impaired perianal wound healing.

Figure 4  Two lumens visualized during ileoscopy.
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in a superoxide formation. More than 95% of cases are 
diagnosed before the age of 5 years. However, some 

patients may be diagnosed only in adulthood[1]. During 
evaluation of very early onset IBD under six years of 

90 May 15, 2017|Volume 8|Issue 2|WJGP|www.wjgnet.com

A B

Figure 5  Nitroblue tetrazolium test. A: Neutrophils from a patient with CGD fail to reduce the NBT dye and appear clear; B: Normal (unaffected) cells reduce the 
NBT dye and stain blue/purple. CGD: Chronic granulomatous disease; NBT: Nitroblue tetrazolium test.

Figure 6  Flow cytometry-based dihydrorhodamine test. DHR: Dihydrorhodamine.
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age, one can easily consider the presence of underlying 
immune deficiencies. However, it will be tough to 
consider this point in an adolescent patient with UC 
alone, normal physical development and negative 
history of recurrent infections like our patient.

Gastrointestinal tract involvement in CGD patients 
causes significant morbidity and mortality. Its phenotype 
might be similar in presentation-with IBD. Intestinal 
motility dysfunction, obstruction, ulceration and recur­
rent infection may occur along the entire tract[5]. Gas­
trointestinal involvement was reported in 32% to 48% 
of patients with CGD[1,6-8]. A study by van den Berg et 
al[6] found that 48% of CGD patients had experienced 
at least one episode of gastrointestinal manifestation. 
Colitis, perianal abscess and fistula formation may be 
the first symptoms for gastrointestinal involvement[9,10]. 
In our patient, the multiple colonoscopies revealed only 
large bowel involvement and normal terminal ileum. 
Therefore, the patient was monitored for years with a 
diagnosis of UC and eventually underwent colectomy 
due to the absence of response to medical therapy.

The endoscopic and pathological findings of patients 
with bowel involvement might be indistinguishable from 
that of IBD[10]. Cryptitis, crypt abscesses, eosinophilic 
infiltrates and granulomas may be detected in affected 
intestinal segments of CGD patients. Although presence 
of large pigment laden histiocytes in involved organs of 
CGD patients is significant, these findings are not specific 
or sensitive[11]. In our patient evaluation of colectomy 
specimens revealed no granulomas, therefore Crohn’s 
disease or Crohn’s-alike diseases were not considered. 
In addition, there were no recurrent bacterial and fungal 
infections or frequent antibiotic use. Immunologic tests 
for primary immunodeficiency were not considered due to 
the late onset of IBD. Eventually, unbiased whole exome 
sequencing revealed a homozygous missense mutation 
in NCF2, which was indicative of CGD diagnosis that was 
confirmed by NBT assay. Genetic studies showed NCF2 
mutation for CGD which shows an autosomal recessive 
trend. Consanguineous marriage was not noted in family 
history, but coming from same village and the CGD 
disease with an autosomal recessive trait made us think 
of a distant relativity between parents.

Very early onset-IBD (VEO-IBD) (below-six years 
of age) has been shown to be associated with mono­
genetic etiologies in particular immune deficiencies[12]. 
Accordingly immunologic tests and genetic analysis are 
recommended in VEO-IBD patients. In IBD patients 
over the age of 6 years, initial search for immunologic 
parameters is recommended for the following reasons: 
(1) presence of lesions in the perianal region; (2) con­
sanguineous parents; (3) unresponsive to treatment or 
steroid dependent; (4) family history of early-onset IBD; 
and (5) the presence of skin, nail, or hair abnormalities. 
With the rise in genetic studies, we learned that similar 
to IBD, immunodeficiencies like CGD may occur in after 
adolescence. Our experience on this case would make 
one wonder whether immunologic tests are necessary 
for every IBD patient, regardless of age.

In literature, basic immunologic tests as the first 
step in IBD patients were not recommended regardless 
of the presence of risk factors. However, considering the 
prolonged follow-up required of this chronic disease, we 
recommend otherwise.

COMMENTS
Case characteristics
Main symptoms were bloody mucoid diarrhea.

Clinical diagnosis
Main clinical findings were perianal modifiers after colectomy operation. 

Differential diagnosis
Crohn’s disease should be kept in mind in patients with perianal modifiers. 

Laboratory diagnosis
Elevated acute phase reactants and mutation in the NCF2 gene (c.326A>G, 
p.Y109Y>C) were seen. 

Imaging diagnosis
Colonoscopic appearance was compatible with pancolitis. 

Pathological diagnosis
Histopathologic evaluation showed cryptitis, crypt abscesses, and pseudopolyps 
of the entire colonic mucosa; granulomas were not detected. 

Treatment
Treatment was consisted of steroids and immunosuppressive drugs.

Experiences and lessons
Chronic granulomatous disease may present itself as ulcerative colitis in 
adulthood. 

Peer-review
This case report was well organized and well investigated. This paper will give 
us a new information especially in the field of inflammatory bowel disease.
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either as primary localizations (extramedullary plasma­
cytomas) or as secondary involvement in systemic 
multiple myeloma, is a well-known event. Accurate 
histological examination is crucial in defining the diag­
nosis. In this report, an uncommon case of duodenal 
localization of myeloma with plasmablastic features is 
described, with emphasis on the role of clinical data and 
findings from ancillary immunostaining techniques to 
avoid misdiagnosis.

Key words: Gastrointestinal tract; Myeloma; Plasma cell 
neoplasm; Plasmablastic; Duodenum

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In cases of gastrointestinal involvement by 
high-grade plasma cell neoplasia, the presence of 
large atypical cells infiltrating the lamina propria of the 
mucosa may lead to an erroneous diagnosis of poorly 
differentiated carcinoma. Clinical data and findings from 
ancillary immunostaining techniques are crucial to avoid 
misdiagnosis.

Licci S. Duodenal localization of plasmablastic myeloma. World 
J Gastrointest Pathophysiol 2017; 8(2): 93-95  Available from: 
URL: http://www.wjgnet.com/2150-5330/full/v8/i2/93.htm  DOI: 
http://dx.doi.org/10.4291/wjgp.v8.i2.93

INTRODUCTION
Involvement of the gastrointestinal tract by plasma 
cell neoplasms is a well-known event, and many cases 
have been described in the literature, either as primary 
localizations (extramedullary plasmacytomas)[1] or as 
secondary involvement in systemic multiple myeloma[2]. 
In this report, the immunomorphological findings of an 
uncommon case of duodenal localization of myeloma 
with plasmablastic features are described.
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Abstract
Gastrointestinal involvement in plasma cell neoplasms, 

93 May 15, 2017|Volume 8|Issue 2|WJGP|www.wjgnet.com

CASE REPORT

World J Gastrointest Pathophysiol  2017 May 15; 8(2): 93-95

ISSN 2150-5330 (online) 

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.4291/wjgp.v8.i2.93

Stefano Licci



CASE REPORT
A 60-year-old woman presented with unintentional 
weight loss, anemia and thrombocytopenia. Serum 
protein electrophoresis revealed a monoclonal peak 
of IgG (30 g/L), and immunofixation identified λ light 
chains. For better hematological evaluation, a bone 
marrow trephine biopsy was performed. Marrow spaces 
showed remarkably increased cellularity (about 90%), 
mainly represented by immature/atypical CD138+ 
plasma cells with prevalent λ chain immunohistochemical 
expression (about 80% of the total cellularity). Accor
dingly, the diagnosis was plasma cell neoplasm, with 
morphological features consistent with “high-grade” 
plasma cell myeloma. The residual cellularity was com
posed of trilineage hematopoietic cells with reactive 
changes, rare CD34+ blast cells and some B (CD20+) and 
T (CD3+) reactive small lymphocytes, showing interstitial 
and micronodular distribution. 

In the days following the initial presentation to clinic, 
the patient re-presented with an acute worsening of 
anemia and an episode of melena. Suspected gastro
intestinal bleeding was investigated by esophagogastro
duodenoscopy; the esophageal and gastric mucosa 
appeared normal, while the duodenal mucosa was 
characterized by presence of multiple micropolyps, 
which were biopsied for histology. Microscopic examina
tion revealed a diffuse infiltration in the lamina propria 
by medium- to large-sized cells with high nuclear-
cytoplasmic ratio, atypical pleomorphic nuclei and 
prominent nucleoli, consistent with malignant neoplasia 

(Figure 1A-C). Immunohistochemical study excluded 
infiltration by poorly differentiated carcinoma (i.e., AE1/3 
cytokeratin immunostaining was negative) and revealed 
a diffuse and strong positivity for the CD138 plasma cell 
marker (Figure 1D and E). Further immunostaining anal
yses showed a prevalent λ chain expression (Figure 1F). 

Ultimately, the diagnosis of duodenal localization of 
plasma cell neoplasm showing plasmablastic myeloma 
features was made on the basis of the cell morphology 
findings and consistent with the previous bone marrow 
trephine biopsy diagnosis.

DISCUSSION
In cases of gastrointestinal plasma cell neoplasia, 
histological examination can represent a diagnostic 
pitfall, especially when the clinical data are missing; the 
underlying plasma cell neoplasia can remain unknown 
and the tumor cells can appear immature and/or 
atypical. In fact, the presence of neoplastic atypical cells 
diffusely infiltrating the lamina propria among glandular 
structures may be easily misdiagnosed as a poorly 
differentiated carcinoma. Furthermore, even in well 
differentiated cases with recognizable plasma cells, the 
issue can be complicated by the presence of numerous 
Russel bodies - spherical intracytoplasmic eosinophilic 
immunoglobulin - containing structures, easily detectable 
by microscopic observation-either in association 
with neoplastic plasma cell proliferation, in cases of 
lymphoproliferative disorders displaying a certain degree 
of plasma cell differentiation, or in non-neoplastic, 
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Figure 1  Histological examination of duodenal mucosa biopsy samples. A: Low-power histological examination of duodenal mucosa fragments shows a 
hypercellular inter-glandular stroma (hematoxylin-eosin, original magnification × 4); B, C: At medium- and high-power; B: Hematoxylin-eosin, original magnification 
× 10; C: Hematoxylin-eosin, original magnification × 40), an infiltration of the lamina propria by atypical cells is better appreciated, with neoplastic cells displaying 
medium to large size pleomorphic nuclei, sometimes with prominent nucleoli, and scanty cytoplasm; D-F: CD138 immunostaining shows a strong and diffuse 
membrane staining, revealing the plasma cell nature of the neoplastic infiltrate (D: Original magnification × 4; E: Original magnification × 40), with prevalent λ chain 
immunohistochemical expression (F: Original magnification × 40).­



inflammatory processes characterized by a conspicuous 
plasma cell infiltrate, such as the so-called Russell body 
gastritis[3]. In such cases, plasma cells can take on the 
form of the signet-ring cells of poorly differentiated 
mucinous carcinoma of the gastrointestinal tract. Thus, 
careful microscopic observation must be integrated 
with ancillary techniques, mainly immunohistochemical 
staining analyses, to formulate the right diagnosis. 
Immunoreaction for cytokeratins is determinant for 
excluding a carcinoma, and demonstration of plasma 
cell [CD138+ and/or CD38+ and/or VS38c (plasma cell 
p63)+] proliferation with κ or λ light-chain restriction 
enables distinction between a reactive and a neoplastic 
plasma cell infiltrate.

For the case presented herein, the clinical data 
represented an important tool for making the right 
diagnosis, similar to a previously described case of 
extramedullary plasmablastic myeloma of the small 
bowel[4]. The patient’s experience of acute worsening 
of anemia and an episode of melena suggested gas
trointestinal bleeding; esophagogastroduodenoscopy 
disclosed the duodenal mucosa lesions and the his
tological diagnosis were supported by the clinical-
anamnestic data of a previous diagnosis of multiple 
myeloma. In such cases of secondary gastroenteric 
involvement by myeloma, therapy options include 
induction chemotherapy with immunomodulatory agents 
or proteasome inhibitors and corticosteroids. Stem cell 
transplantation may improve the remission rates and 
overall survival.

COMMENTS
Case characteristics
A 60-year-old woman with recent clinical history of multiple myeloma presented 
for acute worsening of anemia and an episode of melena.

Clinical diagnosis
To address suspected gastrointestinal bleeding, an esophagogastroduo
denoscopy was performed and revealed multiple micropolyps of duodenal 
mucosa, which were biopsied for histology.

Differential diagnosis
Adenomatous duodenal polyps; Primary duodenal adenocarcinoma; Secondary 
duodenal involvement by myeloma; Other neoplasia. 

Laboratory diagnosis
Serum protein electrophoresis monoclonal peak of IgG for the underlying 
disease; Severe worsening of anemia.

Imaging diagnosis
Bone osteolytic lesions for the underlying disease.

Pathological diagnosis
Secondary duodenal localization of plasmablastic myeloma.

Treatment
Proteasome inhibitors and corticosteroids; Stem cell transplantation.

Related reports
Because of the possible morphological overlap, a secondary gastrointestinal 
localization of high-grade myeloma can be mistakenly diagnosed as poorly 
differentiated adenocarcinoma.

Term explanation 
The term “plasmablastic” in myeloma indicates a low degree of tumor cell 
differentiation, related to a more aggressive biological behavior.
 
Experiences and lessons
Correlation of the histopathological findings with clinical and medical history 
is the basis of a correct diagnosis for plasmablastic myeloma with duodenal 
localization.

Peer-review
The strength of this report lies in the importance of the histopathological study, 
deeply influenced by the knowledge of the clinical and medical history.
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with colorectal cancer is ended after five years. Also, 
chest X-ray is not part of standard investigation during 
follow-up. We describe a case of a 74-year-old patient, 
more than ten years after a sigmoid resection because of 
carcinoma of the sigmoid. No recurrence was detected 
during intensive follow-up. However, ten years after 
resection of the sigmoid adenocarcinoma, complaints of 
coughing induced further examination with as result the 
detection of a solitary metastasis in the left lung of the 
patient. Within half-a-year after metastasectomy of the 
lung metastasis, she presented herself with thoracic pain 
and dyspnea resulting in discovering diffuse metastasis 
on pulmonary, pleural, costal and muscular level. Five 
year follow-up of colorectal carcinoma without chest 
X-ray can be questioned to be efficient. The growing 
knowledge of tumor biology might in future adjust 
the duration and frequency of diagnostic follow-up to 
prevent (late) recurrence in patients with colorectal 
carcinoma.

Key words: Colorectal cancer; Metastasis; Tumor 
biology; Tumor dormancy; Follow-up

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This case report presents a case of a woman 
with pulmonary metastases 10 years after a sigmoid 
resection. No recurrence of the primary intestinal tumor 
was detected during follow-up. Upcoming knowledge 
on tumor behavior based on its biology might give new 
insights in late-onset metastases. Therefore, follow-up 
protocols and current therapy guidelines might have to 
be re-evaluated. 
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Abstract
According to current guidelines, follow-up of patients 
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INTRODUCTION
Colorectal carcinoma (CRC) is the most common 
type of gastrointestinal cancer. The current screening 
methods enable early detection, for example adeno­
matous polyps, to prevent the development of invasive 
carcinoma[1]. Etiology of CRC comprises genetic 
involvement, molecular events, environmental factors 
and inflammatory conditions[2]. CRC usually develops 
over a period of 10-15 years[3], most often affecting 
people aged over 50[4]. After a curative resection, 
prognosis of CRC is worse in poorly differentiated, 
mucinous carcinomas with large invasion depth and in 
the presence of lymph node metastases[5]. Follow-up of 
patients with CRC according to the national guidelines 
consists of echography or computed tomography (CT) 
of the abdomen, colonoscopy and determination of 
carcinoembryonic antigen (CEA) until five years after 
surgical resection[6].

CRC can spread by lymphatic and hematogenous 
dissemination, as well as by contiguous and transperi­
toneal routes. Metastasis, at initially diagnosis present 
in 20% of all patients, is the main cause of mortality in 
patients with CRC[7,8]. When cancer spreads to one single 
organ, the malignancy presents itself with a specific 
biological profile and clinical characteristics. The site of 
the metastatic disease influences the prognosis and the 
possibilities for treatment. Organs most often affected 
by CRC are the liver and the lungs[9]. For pulmonary 
lesions, the criteria for resectability of the metastatic 
lesion comprise; control of the primary tumor, possible 
complete resection and adequate pulmonary reserve to 
tolerate the planned resection[10].

CASE REPORT
Ten years ago, a 63-year-old woman was admitted to 
our hospital with changes in bowel habits. At that time, 
she had no medical history of abdominal complaints or 
surgical operations. Her father was familiar with lung 
carcinoma, her mother and both of her sisters suffered 
from breast carcinoma.

A colonoscopy reveals a sigmoid colon stricture 
with unknown length due to the impossibility of endos­
copically passing the stricture. Biopsy of the sigmoid 
shows a poorly differentiated adenocarcinoma. Com­
puted tomography and echography of the liver, spleen 
and of the pelvic, cardio-thoracic, para-aortic and 
paracaval region show no lesions suspected for malig­
nancy. An uncomplicated surgical resection of the 
sigmoid took place. The tumor, with a maximum dia­
meter of five centimeters, including five surrounding 
lymph nodes and infiltrated fat tissue were removed in 
totality. No lymph node metastases were detected.

One year after the surgical resection, biopsy of a 
polyp of the ascending colon showed a tubular adenoma 
with low grade dysplasia. During further follow up of 
this patients no malignancies or recurrent lesions were 
disclosed. The CEA was tested every three months with 

a maximum value of 2.2 mcg/L. The intensive follow-up 
period was completed five years after sigmoid resection.

Ten years after resection of the adenocarcinoma 
located in the sigmoid without recurrent carcinoma’s 
during follow up, our patient presented herself with persis­
tent coughing. Imaging of the thorax shows a lesion of 
1.5 centimeters located in the inferior lobe of the left 
lung (figure 1). Biopsy reveals an adenocarcinoma with 
positive CDX-2 staining, corresponding with intestinal 
origin of the cells. The pulmonary tumor was removed 
by video assisted thoracic surgery (VATS), presumably in 
totality. Colonoscopy shows no metachronous neoplasia. 
Within half a year, she was admitted to our emergency 
department with complaints of pain on the left side of 
her chest resulting in dyspnea, the pain was coherent 
with breathing movement and pain radiation towards 
her spine. CT-thorax shows extensive pleural, costal 
and muscular metastases (figure 2). To reduce pain, 
palliative chemotherapy and additional radiotherapy 
were started.

DISCUSSION
Early detection of relapse or metastatic disease can be 
effectuated by intensive follow up during five years as 
recorded in the directive of Oncoline[6]. This follow-up 
comprises echography and optional CT-abdomen twice 
a year during 1-2 years, followed by once a year up 
to 5 years after the surgical resection. CEA should be 
determined every 3-6 mo during 3 years, followed by 
every 6 mo until 5 years after treatment. Colonoscopy 
is performed three, six and twelve months after surgical 
resection. Based on the number, localization and size of 
the lesions, repetition of colonoscopy is indicated after 3 
or 5 years[6]. 

However, several clinical and experimental obser­
vations suggest that metastases can develop even in the 
absence of a detectable primary tumor. Both large and 
small tumors have the capability to metastasize[11,12]. 
Dissemination of tumor cells can occur in pre-invasive 
stages of tumor progression resulting in the develop­
ment of early dormant disseminated tumor cells (DTCs). 
Early DTCs can remain dormant for a long period with 
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Figure 1  Computed tomography of the pulmonary lesion.



manifestation of metastatic growth as result[13,14]. 
Metastases may thus be initiated by and evolve from 
dormant DTCs, rather than established primary tumors. 
These DTCs can generate metastases with different 
characteristics from those of the primary tumor. The 
discriminating characteristics may explain the lack 
of success treating metastases with therapies based 
on primary tumor characteristics[14]. Clinical evidence 
supports that the vast majority of early DTCs seem to be 
dormant[13].

In conclusion, five year follow-up of colorectal car­
cinoma without chest X-ray can be questioned to be 
efficient with the upcoming knowledge of early DTC’s. 
Adjustment of the duration and frequency of diagnostic 
follow-up and adjustment of treatment might be effec­
tive for early detection of metastatic disease and pre­
vention of late recurrence in patients with colorectal 
carcinoma. 
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COMMENTS
Case characteristics
A 63-year-old woman presented with a poorly differentiated adenocarcinoma 
of the sigmoid as primary tumor. No recurrence of the primary intestinal tumor 
was detected during follow-up. Ten years after resection of the primary tumor, 
computed tomography reveals a pulmonary metastasis in the left lung of the 
patient.

Clinical diagnosis
Persistent cough.

Differential diagnosis
The most common causes of chronic cough are postnasal drip, asthma, and acid 
reflux from the stomach. Less common causes include infections, medications, 
and lung diseases (e.g., primary/secondary malignancy).

Laboratory diagnosis
No raised CRP or ESR. Normal leucocyte count. Carcinoembryonic antigen 1.7 

mcg/L.

Imaging diagnosis
Computed tomography (CT) shows a lesion of 1.5 centimeters located in the 
inferior lobe of the left lung.

Pathological diagnosis
Pulmonary metastasis of intestinal origin; a poorly differentiated adenocarcinoma.

Treatment
Metastasectomy by video assisted thoracic surgery.

Related reports
Follow-up of colorectal carcinoma consists of echography, optional CT-abdomen, 
CEA determination and colonoscopy. Without recurrence of the tumor within five 
years after primary resection, intensive follow-up is ended.  However, several 
clinical and experimental observations suggest that metastases can develop 
even in the absence of a detectable primary tumor, based on the principle of 
dormant disseminated tumor cells.

Term explanation
Late onset pulmonary metastases more than ten years after primary colorectal 
cancer, without recurrence of the primary tumor, is very rare. 

Experiences and lessons
Most recent guidelines recommend follow-up until five years after treatment of 
colorectal cancer. A pulmonary mass on imaging of the thorax, even more than 
10 years after curative resection, is suspicious for metastatic disease. In general, 
more insights in the behavior of cancer (tumor biology) might change follow-up 
regimens in future. 

Peer-review
The authors presented a case of a woman with pulmonary metastases 10 years 
after a sigmoid resection. This is clinically important and the paper is well written.
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