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Abstract
Patients with a positive family history have an increased 
risk of colorectal cancer (CRC) and, in many countries, 
more intensive screening regimens, sometimes involv-
ing the use of colonoscopy as opposed to sigmoidosco-
py or fecal occult blood testing, are recommended. This 
review discusses current screening guidelines in the 
United States and other countries, data on the magni-
tude of CRC risk in the presence of a family history and 
the efficacy of recommended screening programs, as 
well as ancillary issues such as compliance, cost-effec-
tiveness and accuracy of family history ascertainment. 
We focus on the relatively common “sporadic” family 
histories of CRC, which typically imparts a mild to mod-
erate elevation in the risk for CRC development in the 
proband. Defined familial syndromes associated with 
extremely high risks of CRC, such as hereditary non-
polyposis colorectal syndrome or familial adenomatous 
polyposis, require specialized management approaches 
and are beyond the scope of this article. We will also 
not discuss colonoscopic surveillance in patients with a 
personal history of adenomas or CRC.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Patients with a positive family history have an increased 
risk of  colorectal cancer (CRC) and, in many countries, 
more intensive screening regimens, sometimes involving 
the use of  colonoscopy as opposed to sigmoidoscopy or 
fecal occult blood testing, are recommended. This review 
discusses current screening guidelines in the United States 
and other countries, data on the magnitude of  CRC risk 
in the presence of  a family history and the efficacy of  
recommended screening programs, as well as ancillary is-
sues such as compliance, cost-effectiveness and accuracy 
of  family history ascertainment. We focus on the relative-
ly common “sporadic” family histories of  CRC, which 
typically imparts a mild to moderate elevation in the risk 
for CRC development in the proband. Defined familial 
syndromes associated with extremely high risks of  CRC, 
such as hereditary non-polyposis colorectal syndrome or 
familial adenomatous polyposis, require specialized man-
agement approaches and are beyond the scope of  this 
article. We will also not discuss colonoscopic surveillance 
in patients with a personal history of  adenomas or CRC.

CURRENT GUIDELINES
In the United States, the earliest national guidelines were 
published in 1997 by the so-called Gastrointestinal Con-
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sortium, a loose collaboration of  gastroenterology and 
oncology groups[1]. These recommendations were up-
dated subsequently by the three major gastroenterology 
societies, the American Gastroenterological Association 
(AGA)[2], the American College of  Gastroenterology 
(ACG)[3] and the American Society of  Gastrointestinal 
Endoscopy (ASGE)[4], each of  whom published their 
most recent updates in 2008, 2009 and 2006 respectively. 
The AGA guidelines were published under the auspices 
of  the Multi-Society Task Force on Colorectal Cancer 
(which also included representatives from the ACG and 
ASGE) in collaboration with the American Cancer Soci-
ety and American College of  Radiology. Other important 
groups, such as the US Preventive Services Task Force, 
have also offered guidelines applicable to individuals with 
a family history of  CRC[5], but these lack operational de-
tail, e.g., they do not specify when to start screening or 
how long the screening intervals should be. 

In general, the guidelines from the US gastroenterol-
ogy groups emphasize the use of  colonoscopic screen-
ing, initiation of  screening before age of  50 and shorter 
screening intervals for high-risk individuals with a sig-
nificant family history of  CRC (Table 1). However, there 
are some important differences between the guidelines. 
For persons with only a family history of  non-advanced 
adenomas in first-degree relatives (FDRs) at any age or 
a family history of  CRC in FDRs at age > 60 years, the 
ACG recommends only average-risk screening (starting at 
age 50 years), whereas the ASGE and AGA recommend 
initiating screening at age 40 years. In addition, while the 
ASGE relies heavily on colonoscopy as the preferred 
screening strategy in most patients with any family histo-
ry, the AGA and ACG endorse the use of  any acceptable 
screening modality (fecal occult blood testing, sigmoid-
oscopy or colonoscopy) in patients with less significant 
family histories. In the US, almost all public and private 
insurance plans cover CRC screening in patients with a 
family history of  CRC, usually in the form of  screening 
colonoscopy. With regard to Medicare, screening colo-
noscopy every 2 years is covered for so-called “high-risk” 
patients, a vaguely defined group that can include any-
body with a first-degree or second-degree family history 
of  CRC or “polyp”. 

From an international perspective, the World Gastro-
enterology Association presented comprehensive CRC 
screening guidelines in 2007[6]. These guidelines tailor the 
approach to each country, which is assigned to one of  six 
“cascades” based on the epidemiology of  CRC and eco-
nomic resources available. For patients with a family his-
tory, screening colonoscopy every 5 years is recommended 
for countries in the upper socioeconomic tiers, while less 
expensive but still effective measures are recommended in 
countries with limited health care resources or endoscopic 
capacity. The Asian Pacific consensus guidelines published 
in 2008 also endorse early-onset screening in patients with 
a family history[7]. In addition, national guidelines are avail-
able for certain individual countries outside of  the US, in 
particular Britain and Canada[8,9]. Germany and Poland 

already have large-scale screening colonoscopy programs, 
while many countries with national health insurance sys-
tems cover some CRC screening measures, most com-
monly fecal occult blood testing. In general, guidelines 
from other countries place less emphasis on the wide-
spread use of  screening colonoscopy and rely more on 
less expensive modalities, such as sigmoidoscopy or fecal 
occult blood testing[10]. 

EPIDEMIOLOGY
In the US, approximately 20% of  CRC cases occur in pa-
tients with a first-degree family history of  CRC. Because 
CRC is the third most common cancer in the US, 5%-10% 
of  the general population have a first-degree family history 
of  CRC[11,12] and almost 30% have a first- or second-degree 
relative (SDR) affected by CRC[12]. CRC is similarly preva-
lent in many other countries. Thus, recommendations on 
screening persons with a family history of  CRC have wide-
spread ramifications. 

FAMILY HISTORY OF CRC
Based on mostly case-control or cross-sectional data, it is 
clear that a positive family history of  CRC confers an 
increased risk for the development of  CRC[13-21]. The few 
studies that did not show a significant increase risk were 
uncontrolled, small or of  poor quality[22]. Most studies at-
tribute the increased risk to earlier initiation of  adenoma 
formation, but one study also showed that family history 
is associated with increased adenoma growth rates[23]. 
Large registry studies have confirmed that the risk of  
CRC in those with a family history is brought forward 
by about 10 years compared with those without a fam-
ily history, implying that screening should start earlier in 
the former group[24]. However, there is some doubt as to 
whether or not screening recommendations should be 
different for those with relatives who developed CRC 
younger than 60 vs those whose relatives developed CRC 
at an older age. In one study, the former group did not 
demonstrate a higher incidence of  advanced neoplasia on 
screening colonoscopy compared to the latter[25]. 

The increased risk associated with a family history of  
CRC has been investigated by several meta-analyses[26-28]. 
The earliest review included 27 studies and reported a 
relative risk of  2.25 if  a patient has a FDR with CRC 
and 4.25 if  there are multiple FDRs with CRC[28]. An-
other meta-analysis summarized data from 33 studies, 
showing that the elevated relative risk in the proband 
decreased as he or she aged, from 3.73 at age 40 years to 
1.59 at age 70 years[26]. No difference was found between 
the impact of  male and female affected relatives, nor 
between rectal vs colon cancer[26]. According to the most 
recently published meta-analysis, which summarized data 
from 59 studies, the absolute cumulative risk for CRC 
development between age 40-75 years is 4.7% for those 
with at least one affected SDR and 9.6% for those with 
at least one affected FDR[27]. It is suggested that the risk 
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conferred by a family history in siblings might be higher 
than the risk conferred by parents[27]. 

Many studies have reported that the risk of  colorectal 
adenoma development is also increased in the presence of  
a family history of  CRC[29-31], with a meta-analysis of  13 
studies concluding that the overall relative risk was 1.7[32].

Many families have complex combinations of  af-
fected FDRs, SDRs and/or third-degree relatives (TDRs). 
A study using a large population database from Utah re-
cently demonstrated that the risk changes with different 
constellation patterns of  affected relatives (Table 2)[33]. In 
the presence of  FDR family history, affected SDRs and 
TDRs can further increase risk to the proband. However, 
second- or three-degree family history alone increases the 
risk in the proband only slightly, to a clinically insignifi-
cant degree. The data also showed that risk is increased to 
4.97 in those with both parents afflicted with CRC, and 
that older age of  diagnosis (up to 70 years old) does not 
negate the increased risk in those with affected FDRs. 

FAMILY HISTORY OF COLORECTAL 
ADENOMAS
Patients with a family history of  colorectal adenomas 
also appear to exhibit increased risk[34,35], although some 

experts have expressed concerns that case-control studies 
reporting odds ratios purporting to reflect an increased 
risk of  CRC in relatives of  those with adenomas may 
actually be evaluating the reverse risk[3]. However, there 
is probably a true increase in risk, as evidenced by one 
prospective cohort study that showed an increased preva-
lence of  large adenomas or CRC in FDRs of  patients 
with large adenomas[36]. According to a meta-analysis, the 
relative risk of  developing CRC in those with a family 
history of  adenomas is 1.99[28]. The new ACG guidelines 
recommend only average-risk screening for patients with 
a family history of  non-advanced adenomas. In contrast, 
the ASGE and AGA guidelines advise more aggressive 
screening regimens for patients with a family history of  
adenomas (of  any size)[2,4]. Guidelines from countries 
outside the US generally do not recommend more ag-
gressive screening for those with only a family history of  
adenomas[10]. 

EFFICACY OF SCREENING
In general, the yield of  colonoscopy for detecting colorec-
tal neoplasia is high in FDRs of  patients with CRC[37-40], 
in many cases higher than that seen in matched patients 
without a family history[41-44]. However, there have been oc-
casional studies reporting low yield[45], while some have dis-
puted the usefulness of  initiating screening at age 40 years[46].

The efficacy of  screening colonoscopy at reducing CRC 
incidence and mortality specifically in patients with a fam-
ily history has been well documented in non-randomized 
studies[47,48]. There have also been many large studies that 
included patients with and without a family history, show-
ing improvement in CRC incidence and mortality with 
screening; however, none of  these studies stratified results 
specifically for patients with a family history. 

COMPLIANCE WITH SCREENING 
RECOMMENDATIONS
Surveys show that many primary care providers and gas-
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Table 1  Colorectal cancer screening guidelines for patients with a family history[2-4]

Family history ACG ASGE AGA

Screening 
initiation 
age (yr)

Screening 
modality

Screening 
intervals 

(yr)

Screening 
initiation 
age (yr)

Screening 
modality

Screening 
intervals 

(yr)

Screening 
initiation 
age (yr)

Screening 
modality

Screening 
intervals 

(yr)

2 FDRs with neoplasia3  401 Colonoscopy 5 - - -  401 Colonoscopy 5
1 FDR with CRC < 603  401 Colonoscopy 5  401 Colonoscopy 3-5  401 Colonoscopy 5
1 FDR with CRC ≥ 603 50 Any Average risk 40 Colonoscopy 10 40 Any Average risk
1 FDR with adenoma < 60 50 Any Average risk  401 Colonoscopy   5  401 Colonoscopy 5
1 FDR with adenoma ≥ 60 50 Any Average risk Not specified Colonoscopy 10 40 Any Average risk
2 SDRs with CRC2 - - - 50 Any Average risk 40 Any Average risk

140 years old or 10 years younger than the age of diagnosis of the youngest affected relative, whichever is younger; 2One second-degree relative (SDR) 
or third-degree relative in the case of the American Society of Gastrointestinal Endoscopy (ASGE) recommendations; 3For the American College of 
Gastroenterology (ACG), either colorectal cancer (CRC) or advanced neoplasm (tubular adenoma ≥ 1 cm or any adenoma with villous or high-grade 
dysplastic features). The notation “1 first-degree relative (FDR) with CRC < 60” means “colorectal cancer in a first-degree relative with age of onset younger 
than 60 years”. AGA: American Gastroenterological Association. 

Table 2  Relative risk of colorectal cancer occurrence in a 
proband associated with different constellations of family 
history[33]

No. of FDRs 
with CRC

No. of SDRs 
with CRC

No. of TDRs 
with CRC

Relative risk 
(95% CI)

1 0 0 1.76 (1.63-1.89)
2 - - 3.01 (2.66-3.38)
0 2 - 1.20 (1.05-1.38)
1 1 - 2.12 (1.90-2.35)
1 2 - 2.31 (1.80-2.93)
0 1 2 1.33 (1.13-1.55)

FDR: First-degree relative; SDR: Second- degree relative; TDR: Third- 
degree relative; CI: Confidence interval; CRC: Colorectal cancer.

Lin OS. Colon cancer screening and family history



troenterologists recommend screening colonoscopy start-
ing at age 40 years for high-risk patients[49], while adher-
ence to screening recommendations is variable in relatives 
of  patients with CRC[50,51]. In general, African Americans 
with a family history are less likely to undergo appropri-
ate screening than whites with a family history[52]. One 
study suggests that awareness of  family history and in-
creased risk can serve as a motivating factor for undergo-
ing CRC screening[53]. In a recent study, we retrospectively 
reviewed the most recent 161 screening colonoscopies 
performed at our hospital involving patients with a fam-
ily history of  CRC in a FDR[54]. We found that 103 (64%) 
had not been referred for screening in compliance with 
guideline recommendations. Specifically, 92 (57%) had 
delayed initiation of  screening (i.e., screening was started 
at an age much later than that recommended by the 
guidelines), 5 (3%) had premature initiation of  screening, 
and 6 (4%) had screening with the wrong modality. Of  
cases involving delayed screening initiation, in 15 (16%) 
the patient was not under the care of  a primary care pro-
vider at the time screening was supposed to have started, 
in 3 (3%) the patient refused screening despite recom-
mendations by the primary care provider, and in 26 (28%) 
the patient was older than the recommended age by the 
time CRC was discovered in their relatives (usually sib-
lings). The remaining patients had no discernible reason 
and it can surmised that many of  these were not referred 
for screening appropriately because of  knowledge defects 
in their primary care providers with regard to screening 
guidelines. 

COST-EFFECTIVENESS
A decision analysis study showed that the cost-effective-
ness of  screening for the presence of  a family history 
of  CRC ranged from $18 000 to $51 000 per life-year 
gained[55]. There have been no cost-effectiveness studies 
that directly analyzed patients with a family history of  
CRC but because almost all cost-effectiveness studies have 
concluded that screening average-risk patients is cost-
effective[56], it is likely that screening patients with a family 
history of  CRC, in whom the prevalence of  CRCs and 
neoplasia is higher, will be cost-effective. 

ACCURACY OF FAMILY HISTORY 
REPORTING
For screening to be effective, the accuracy of  any CRC 
family history must be assured. Several studies have 
looked at the reliability of  patient self-reporting of  family 
history, showing accuracy rates of  57%-83% for positive 
FDR history and 98%-99% for negative family history; 
as might be expected, accuracy for self-reporting of  fam-
ily history in SDRs or TDRs was lower (27%-67%)[57-60]. 
The accuracy of  family history of  colorectal adenomas 
is even more problematic. Subjects may not be aware of  
the size or histology of  polyps found in relatives, thus 
making it difficult to derive accurate family histories of  

adenomas. For this reason, the ACG recommends that a 
family history of  “polyps” should be treated as a family 
history of  advanced neoplasia only if  there is reasonable 
certainty that the polyp in the affected relative was indeed 
an advanced neoplasm, based on patient recall or medical 
records[3].

CONCLUSION
In conclusion, family history of  CRC is a well established 
risk factor for CRC development in the proband and 
more aggressive screening regimens for such high-risk pa-
tients are well supported by available evidence and appear 
to be cost-effective. Compliance with current guidelines 
is still suboptimal and may be affected by under-reporting 
of  positive family histories. These findings emphasize the 
importance of  ongoing measures to improve screening 
compliance in high-risk patients.
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Abstract
AIM: To analyze the expression of the tumor-related 
proteins in differentiated-type early gastric carcinoma 
(DEGC) samples.

METHODS: Tumor specimens were obtained from 102 
patients (75 males and 27 females) who had received 
an endoscopic tumor resection at Tottori University 
Hospital between 2007 and 2009. Ninety-one cancer 
samples corresponded to noninvasive or intramucosal 
carcinoma according to the Vienna classification sys-
tem, and 11 samples were submucosal invasive car-
cinomas. All of the EGCs were histologically differenti-
ated carcinomas. All patients were classified as having 
Helicobacter pylori  (H. pylori ) infections by endoscopic 
atrophic changes or by testing seropositive for H. pylori  
IgG. All of the samples were histopathologically clas-
sified as either tubular or papillary adenocarcinoma 
according to their structure. The immunohistochemi-
cal staining was performed in a blinded manner with 

respect to the clinical information. Two independent 
observers evaluated protein expression. All data were 
statistically analyzed then.

RESULTS: The rates of aberrant activation-induced 
cytidine deaminase (AID) expression and P53 overex-
pression were both 34.3% in DEGCs. The expression 
of Mlh1 was lost in 18.6% of DEGCs. Aberrant AID 
expression was not significantly associated with P53 
overexpression in DEGCs. However, AID expression was 
associated with the severity of mononuclear cell activity 
in the non-cancerous mucosa adjacent to the tumor (P  
= 0.064). The rate of P53 expression was significantly 
greater in flat or depressed tumors than in elevated 
tumors. The frequency of Mlh1 loss was significantly 
increased in distal tumors, elevated gross-type tumors, 
papillary histological-type tumors, and tumors with a 
severe degree of endoscopic atrophic gastritis (P  < 
0.05). 

CONCLUSION: Aberrant AID expression, P53 overex-
pression, and the loss of Mlh1 were all associated with 
clinicopathological features and gastric mucosal altera-
tions in DEGCs. The aberrant expression of AID protein 
may partly contribute to the induction of nuclear P53 
expression.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer (GC) is the second leading cause of  cancer 
death and the fourth most common malignant tumor in 
the world[1]. The mortality rate associated with the disease 
is high, with a 5-year survival rate of  approximately 20% 
being observed worldwide[2]. The 5-year survival rate for 
GC is over 50% in Japan[3]. One of  the main factors limit-
ing the survival rate is late tumor detection. Therefore, 
a better understanding of  the clinicopathological char-
acteristics in early GC (EGC) is critical. Infection with 
Helicobacter pylori (H. pylori), especially when “cag” patho-
genicity island (cag PAI) positive, increases the risk of  
developing GC by more than 6-fold. Therefore, cag PAI is 
considered an important carcinogenic trigger[4]. Almost all 
H. pylori strains in Japan are cag PAI-positive[5]. Infection 
with H. pylori causes chronic inflammation of  the gastric 
mucosa, which slowly progresses through the premalig-
nant stages of  atrophic gastritis, intestinal metaplasia and 
adenoma/dysplasia to GC[6]. The Japanese Research So-
ciety for Gastric Cancer has proposed that GC is divided 
into differentiated and undifferentiated types according 
to the degree of  glandular formation by the tumor cells[7]. 
Additionally, each type of  cancer might follow different 
genetic pathways during carcinogenesis[8]. The frequency 
of  differentiated-type carcinomas among total EGC is 
approximately 60%. Therefore, differentiated-type early 
gastric carcinoma (DEGC) is considered to represent the 
initial phase of  GC[9].

Gastric carcinoma results from the accumulation 
of  genetic and epigenetic alterations[8]. The frequency 
of  MLH1 DNA methylation is 20%-30%[8,10] and the 
frequency of  P53 gene mutations is 25%-50%[8,11] in 
sporadic GC. MLH1 is a DNA mismatch repair gene. 
Hypermethylation of  the MLH1 promoter region is the 
main cause of  microsatellite instability (MSI) in primary 
GCs[12]. Activation-induced cytidine deaminase (AID) is a 
DNA- and RNA-editing enzyme that was originally iden-
tified as an inducer of  somatic hypermutation and class-
switch recombination in the immunoglobulin genes[13]. 
Previous reports indicate that AID transgenic mice 
develop malignant T-cell lymphomas and lung adeno-
mas. This finding suggests that aberrant AID expression 
results in tumor-related gene mutations and might be a 
cause of  human malignancy[14]. It has been reported that 
cag PAI-positive H. pylori infection causes the aberrant 
expression of  AID in the gastric epithelium. Aberrant 
AID expression leads to the accumulation of  nucleotide 
alterations in the P53 gene[15]. Although the relationship 
between AID and Mlh1 is currently unclear, the expres-
sion of  P53 has been reported to be inversely associated 
with Mlh1 loss in GC[8]. Elucidation of  the relationship 
between the clinicopathological characteristics and the 

molecular events in EGC might improve the early detec-
tion, treatment, and surveillance of  GC. 

In this study, we evaluated AID, P53, and Mlh1 ex-
pression in endoscopically resected DEGCs and investi-
gated their relationships with clinicopathological charac-
teristics and background mucosa.

MATERIALS AND METHODS
Patient and tissue samples
Tumor specimens were obtained from 102 patients (75 
males and 27 females) who had received an endoscopic 
tumor resection at Tottori University Hospital between 
2007 and 2009 (Table 1). The mean age (± SD) was 
70.6 ± 7.8 years (range: 55-92 years). The male patients 
were statistically younger than the female patients (69.4 
± 7.9 vs 74.2 ± 6.6, P = 0.006). We classified the DEGCs 
based on the Japanese classification of  GC, 13th edition 
(7) according to location, macroscopic, and morphologi-
cal types. The tumor location was defined as the upper 
third, middle third, or lower third of  the tissue. The 
macroscopic type of  DEGC was determined as elevated, 
depressed, or flat. All of  the samples were histopatho-
logically classified as either tubular or papillary adenocar-
cinoma according to their structure.

Ninety-one cancer samples corresponded to noninva-
sive or intramucosal carcinoma according to the Vienna 
classification system[16], and 11 samples were submucosal 
invasive carcinomas. All of  the EGCs were histologi-
cally differentiated carcinomas. All patients were classi-
fied as having H. pylori infections by endoscopic atrophic 
changes or by testing seropositive for H. pylori IgG. Two 
experienced pathologists (Yashima K and Ito H) veri-
fied the pathological diagnoses. Moreover, we confirmed 
that these patients had no H. pylori eradication history. All 
specimens were assigned a new number without personal 
information to maintain anonymity. This study was ap-
proved by the institutional ethics committee of  Tottori 
University (No. 314).

Evaluation of endoscopic gastric atrophy
All endoscopic examinations were performed using video 
scopes (model GIF-Q260; Olympus, Tokyo, Japan) and 
two endoscopists (Takeda Y and Yashima K) evaluated 
gastric atrophy according to the location of  the atrophic 
border as described by Kimura et al[17]. A difference in the 
color and height of  the gastric mucosa defines the border 
between the pyloric and fundic gland regions. We scored 
endoscopic gastric atrophy as marked (O2-O3), moder-
ate (C3-O1) or mild (C1-C2). Previously, Takao et al[18] 
reported a significant correlation between endoscopic 
gastric atrophy (Kimura-Takemoto classification[17]) and 
the histological gastritis (updated Sydney system[19]). This 
suggests that the degree of  endoscopic gastric atrophy 
can be considered as the grade of  atrophic gastritis.

Evaluation of surrounding mucosal inflammation
We evaluated mononuclear cell activity in the non-can-
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cerous mucosa adjacent to a tumor and scored it as mild, 
moderate or marked according to the updated Sydney 
system[19].

Immunohistochemical staining
Paraffin-embedded sections (4 μm) were immunohis-
tochemically stained with an anti-AID rat monoclonal 
antibody (EK2 5G9, Cell Signaling TECHNOLOGY, 
Danvers, CA, USA; dilution 1:400), an anti-P53 mouse 
monoclonal antibody (DO-7, Dakopatts, Copenhagen, 
Denmark; dilution 1:50), and an anti-Mlh1 mouse mono-
clonal antibody (G168-15, PharMingen, San Diego, CA, 
USA; dilution 1:50) using the avidin-biotin-peroxidase 
complex technique.

The immunohistochemical staining was performed in 
a blinded manner with respect to the clinical information. 
The sections were deparaffinized in xylene and rehy-
drated in ethanol. The sections were then immersed in 
a citrate buffer (0.01 mol/L, pH 6.0) and heated in a 
microwave oven for 20-30 min to retrieve antigens. The 
endogenous tissue peroxidase activity was blocked by in-
cubation with 3% H2O2. The sections were subsequently 
incubated with primary antibody overnight at 4 ℃. As 
a negative control, the primary antibody was replaced 
with normal serum IgG at a similar dilution. The detec-
tion reaction followed the Vectastain Elite ABC kit pro-
tocol (Vector Laboratories, Burlingame, CA, USA) with 
diaminobenzidine as the chromogen. The sections were 
counterstained with hematoxylin. The sections were in-
cubated with biotinylated anti-rat or anti-mouse IgG and 
avidin-biotin-peroxidase. The sections were subsequent-
ly visualized using diaminobenzidine tetrahydrochloride. 
Two independent observers (Takeda Y and Yashima K) 
evaluated protein expression.

Assessment of AID immunostaining
The internal positive controls were lymphocytes of  ger-
minal centers in lymphoid follicles (Figure 1A). The fol-
licles contain activated B cells and intensely stained posi-

tive for AID in all specimens. The cytoplasm was scored 
as positive when > 30% of  tumor cells were stained as 
strongly as the germinal centers.

Assessment of P53 immunostaining 
The tumors were scored as positive for P53 when a dis-
tinct nuclear immunoreaction occurred in > 25% of  tu-
mor cells[20] as shown in Figure 1B.

Assessment of Mlh1 immunostaining
The evaluation of  Mlh1 expression was classified as being 
either normal or decreased (Figure 1C). Tissue specimens 
with definite nuclear staining in < 30% of  the tumor cells 
were categorized as having decreased staining[21].

Statistical analysis
All data were statistically analyzed by the χ2 test with 
Yates’ correction, Fisher’s test and the Mann-Whitney 
test (U-test) using Stat View 5.0 software (SAS Institute, 
Cary, NC, USA). Statistical significance was established at 
P < 0.05.

RESULTS
Frequency of aberrant AID, P53, and Mlh1 expression
Aberrant AID expression and P53 overexpression in DE-
GCs were detected in 35 (34.3%) cases. The loss of  Mlh1 
expression was observed in 19 (18.6%) cases. Among el-
derly patients (≥ 65 years old), the loss of  Mlh1 expres-
sion in DEGCs was significantly higher in female patients 
than in male patients [10/26 (38.5%) vs 6/54 (11.1%), P 
= 0.004] (Table 2).

Relationships between AID, P53 and Mlh1 expression
The overexpression of  P53 was significantly more fre-
quent in patients with Mlh1-positive tumors than Mlh1-
negative tumors [33/83(39.7%) vs 2/19(10.5%), P = 
0.015] (Table 3). The overexpression of  P53 was not as-
sociated with aberrant AID expression (P = 0.657).
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Table 1  Patients and tissue samples  n  (%)

Total (n  = 102) Male (n  = 75) Female (n  = 27) Gender difference 

Age (yr, mean ± SD) 70.6 ± 7.8 69.4 ± 7.9 74.2 ± 6.6 P = 0.006
Tumor size (cm)
   < 2.0 76 (74.5) 54 (72.0) 22 (81.5) P = 0.332
   ≥ 2.0 26 (25.5) 21 (28.0)   5 (18.5)
Tumor location 
   Upper third 23 (22.5) 19 (25.3)   4 (14.8) P = 0.095
   Middle third 40 (39.2) 32 (41.6)   8 (29.6)
   Lower third 39 (38.2) 24 (32.0) 15 (55.6)
Gross tumor appearance
   Flat/depressed 63 (61.8) 47 (62.7) 16 (59.3) P = 0.755
   Elevated 39 (38.2) 28 (37.3) 11 (40.7)
Histological type
   Tubular 88 (86.3) 66 (88.0) 22 (81.5) P = 0.605
   Papillary 14 (13.7)   9 (12.0)   5 (18.5)
Depth of invasion
   Mucosa 91 (89.2) 66 (88.0) 25 (92.6) P = 0.509
   Submucosa 11 (10.8)   9 (12.0) 2 (7.4)
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Relationship of AID, P53, and Mlh1 expression with 
tumor features
The aberrant AID expression frequency was correlated 
with the location of  DEGCs. However, there was no 
correlation between AID expression and tumor growth 
or histological type. The incidence of  P53 overexpres-
sion in DEGCs was significantly more frequent in flat or 
depressed tumors than in elevated type tumors [28/64 
(43.8%) vs 7/38 (18.4%), P = 0.009] (Table 4). The 
overexpression of  P53 was found more often in tubular 
tumors than in papillary adenocarcinoma [34/88 (38.6%) 
vs. 1/14 (7.1%), P = 0.045]. A loss of  Mlh1 expression 
was closely associated with distal location (P = 0.027), 
elevated gross type (P = 0.039) and papillary histological 
type (P = 0.033). 

Relationships of AID, P53, and Mlh1 expression with 
background mucosa 
Although aberrant AID expression was not related to 
gastric atrophy, mononuclear cell activity tended to be 
marked in the surrounding mucosa adjacent to DEGCs 
with aberrant AID expression (P = 0.064). The P53 
expression in DEGCs was not associated with gastric 
atrophy and mononuclear cell activity in the surround-
ing mucosa. The loss of  Mlh1 expression in DEGCs was 
associated with marked endoscopic gastric atrophy (P 
= 0.020) and mild mononuclear cell activity (P = 0.053) 
(Table 5).

DISCUSSION
The present study examined AID, P53 and Mlh1 expres-
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Table 3  Relationships among activation-induced cytidine 
deaminase, P53 and Mlh1 expression

AID Mlh1

+ - + -

P53
   + 11 24 P = 0.657 33   2 P = 0.015
   - 24 43 50 17

AID: Activation-induced cytidine deaminase.

Table 2  Frequency of aberrant activation-induced cytidine deaminase, p53 and Mlh1 expression

Total  Age < 65 yr (n  = 22)  Age ≥ 65 yr (n  = 80)

Male Female Male Female

AID
   + 35   6 1 P = 0.689 16 12 P = 0.147
   - 67 15 0 38 14
P53
   + 35 11 0 P = 1.000 20   4 P = 0.086
   - 67 10 1 34 22
Mlh1
   + 83 18 1 P = 0.278 48 16 P = 0.004
   - 19   3 0   6 10 -

AID: Activation-induced cytidine deaminase.

C

B

A

Figure 1  Representative findings of activation-induced cytidine deami-
nase, P53 and Mlh1 immunohistological stain in differentiated-type early 
gastric carcinoma. A: Positive activation-induced cytidine deaminase immu-
nostaining in cytoplasm of differentiated-type early gastric carcinoma (DEGC); 
B: Overexpression of P53 in DEGC; C: No nuclear immunoreactivity for Mlh1 
protein in DEGC.
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sion in endoscopically resected DEGCs, and these results 
were compared with the clinicopathological characteris-
tics and the surrounding mucosa. Aberrant AID expres-
sion in endoscopically resected DEGCs significantly cor-
related with marked mononuclear cell activity in tumor 
background mucosa but not with P53 overexpression. In 
addition, P53 expression significantly correlated with flat 
or depressed types of  gross tumor appearance. The loss 
of  Mlh1 expression correlated with elevated type, papil-
lary type histology, distal location and severe endoscopic 
atrophic gastritis.

Infection with H. pylori triggers aberrant AID expres-
sion in the gastric epithelium, which leads to the accumu-
lation of  altered nucleotides in the P53 gene[15,22,23]. The 
rate of  aberrant AID expression in DEGC (34.3%) was 
slightly higher than the 26.9% and 22.5% described in 
two previous reports[23,24]. The variability in the findings 
may be caused by differences in the stage of  carcinoma 
progression and the degree of  tumor differentiation. All 
of  our data were obtained from endoscopically resected, 
well-differentiated early carcinomas.

Previously, Kim et al[23] found a significant association 
between aberrant AID expression and the nuclear over-
expression of  P53 in various types of  GCs. However, we 
did not find a relationship between aberrant AID expres-
sion and P53 overexpression in DEGCs. Similarly, Goto 
et al[24] found no correlation between AID and P53 in ear-
ly differentiated and poorly differentiated GCs. There are 

several possible explanations for these different findings. 
One explanation is that nonsense mutations were consid-
ered to be false-negative. Additionally, P53 protein could 
accumulate to repair damaged DNA in false-positive cells 
without P53 mutations[25]. The rate of  P53 expression 
might also increase with tumor progression[26]. Moreover, 
P53 protein might become altered through cigarette 
smoking, as in lung and esophageal carcinogenesis[27,28]. 
Further investigation is needed to clarify the correlation 
between the expression of  P53 and aberrant AID expres-
sion.

The expression of  AID in gastric epithelial cells could 
be altered by the direct action of  H. pylori macromol-
ecules through the type IV secretion system encoded by 
cag PAI[29]. Additionally, H. pylori infection is associated 
with inflammatory cytokines, such as tumor necrosis fac-
tor α, that are produced during gastric inflammation[15]. 
Furthermore, AID expression in tumors such as hepato-
cellular carcinoma, cholangiocarcinoma and colon cancer 
is also mediated by proinflammatory cytokine stimula-
tion via nuclear factor κB[30-32]. Aberrant AID expression 
correlates with chronic active inflammation, glandular 
atrophy and intestinal metaplasia in the non-neoplastic 
gastric mucosa[24]. The present study found that aberrant 
AID expression in tumors correlated with mononuclear 
cell activity in the mucosa surrounding the tumor, which 
would support the mechanisms of  AID expression.

The 33.7% frequency of  P53 overexpression in the 

135WJGO|www.wjgnet.com June 15, 2012|Volume 4|Issue 6|

Table 4  Relationships of activation-induced cytidine deaminase, P53 and Mlh1 expression with tumor features

AID P53 Mlh1

+ - + - + -

Tumor location
   Upper third   4 19 P = 0.067   8 15 P = 0.543 22   1 P = 0.027
   Middle third 13 27 16 24 34   6
   Lower third 18 21 11 28 27 12
Tumor growth
   Flat/depressed 19 45 P = 0.202 28 36 P = 0.009 56   8 P = 0.039
   Elevated 16 22   7 31 27 11
Histological type
   Tubular 29 59 P = 0.673 34 54 P = 0.045 75 13 P = 0.033
   Papillary   6   8   1 13   8   6

AID: Activation-induced cytidine deaminase.

Table 5  Relationships of activation-induced cytidine deaminase, P53 and Mlh1 expression with background mucosa

AID P53 Mlh1

+ - + - + -

Endoscopic gastric atrophy
   Mild   8 17 P = 0.540   9 16 P = 0.376 20   5 P = 0.020
   Moderate 19 29 19 29 44   4
   Marked   8 21   7 22 19 10
Mononuclear cell activity
   Mild   5 17 P = 0.064   4 17 P = 0.232 14   8 P = 0.053
   Moderate 24 47 28 44 61 10
   Marked   6   3   3   6   8   1

AID: Activation-induced cytidine deaminase.
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DEGC was consistent with previous findings[8]. The 
expression of  P53 was associated with flat or depressed 
macroscopic tumor features but not with the other clini-
copathological features of  age, gender, or location and 
tumor size. In agreement with our results, Sasaki et al[9] 
also demonstrated that P53 overexpression is more fre-
quent in depressed-type differentiated GCs.

Several epigenetic alterations in GC have been de-
scribed[10,16]. DNA methylation of  MLH1 promoter re-
gion CpG islands is closely associated with a loss of  Mlh1 
expression in GCs that exhibit MSI[16]. MLH1 hyper-
methylation is evident in 20%-28% of  differentiated car-
cinomas[10,33]. The reported frequency of  negative Mlh1 
expression in both early and sporadic GC ranges from 
13%-20%[34,35]. In the present study, the frequency of  
lost Mlh1 expression in DEGCs was 18.6%. Our study 
and previous studies have shown that GCs with reduced 
Mlh1 expression are statistically more prevalent among 
elderly women. Previous reports have suggested that[36], 
high-frequency MSI (MSI-H) GCs are characterized by 
an antral location and proliferation. A loss of  Mlh1 ex-
pression was associated with the lower third of  the stom-
ach and elevated gross type in our study. Additionally, our 
findings were consistent with the Guos report[37], which 
showed a higher prevalence of  MSI-H in papillary type 
GC than in early well-differentiated carcinoma.

Chronic gastritis induced by H. pylori infection usu-
ally progresses to atrophic gastritis, which is an estab-
lished risk factor for GC. The risk increases with the 
degree and the extent of  atrophic gastritis. However, 
no clinicopathological studies regarding the relationship 
between molecular events and the degree of  endoscopic 
atrophy in patients with GC have been published. Fac-
tors such as aging, dietary habits, alcohol consumption, 
cigarette smoking and autoimmunity promote atrophic 
gastritis[38,39]. The frequency of  Mlh1 loss increases in 
tumors that cause a severe degree of  endoscopic atro-
phic gastritis. Our results suggest that several factors are 
involved in the gastric atrophic changes found in patients 
with DEGC accompanied by aberrant Mlh1 expression. 
However, more studies are required to identify the mech-
anism of  this association. Moreover, significantly less 
mononuclear cell infiltration was evident in patients with 
DEGC that had lost Mlh1. These results might be a con-
sequence of  a reduction in H. pylori density accompanied 
with severe glandular atrophy, which might contribute to 
reduced inflammatory infiltration.

In conclusion, we investigated the relationships be-
tween AID, P53 and Mlh1 expression, clinicopathological 
characteristics, and mucosal alterations. Our results sug-
gest that aberrant AID expression may partly contributes 
to P53 overexpression. 
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Abstract
AIM: To assess whether DNA methylation patterns in 
chronic alcoholics are different from non-alcoholic sib-
ling controls. 

METHODS: We examined the methylation patterns 
in DNA samples from 25 chronic alcoholics and 22 
matched siblings as controls (one per family). DNA 

was extracted from peripheral blood and analyzed for 
differences in the methylation patterns after bisulfite-
conversion. We used the Illumina GoldenGate Methyla-
tion Cancer Panel I (Illumina, San Diego, CA), which 
probes the methylation profile at 1505 CpG sites from 
807 cancer related genes. We excluded the 84 X-chro-
mosome CpG sites and 134 autosomal CpG sites that 
failed to show a within sample reliability score of at 
least 95% for all samples, leaving 1287 autosomal CpG 
sites (associated with 743 autosomal genes) with reli-
able signals for all samples. A methylation score was 
calculated as the average methylation for the 1287 CpG 
sites examined. Differences were assessed by a two-
sample t-test. We also examined the average sib pair 
differences in methylation scores at each of the 1287 
sites. All analyses were performed using SPSS, version 
9.0, P  < 0.05 was considered significant.

RESULTS: Methylation levels at the 1287 CpG sites 
averaged 28.2% for both alcoholics and controls. The 
mean difference in methylation scores between alco-
holic and non-alcoholic sibs by CpG site was < 1% with 
small inter-individual variances; and only 5 CpG sites 
had an average sib difference > 5%. Subgroup analysis 
showed that methylation scores were significantly lower 
for the alcoholic-dependent subjects who smoked com-
pared to their non-smoking unaffected siblings. Specifi-
cally, among smokers who are alcoholic, global meth-
ylation indices were significantly lower than in non-
alcoholic sib controls, whereas among non-smoking 
alcoholics, the global indices were significantly higher (P 
= 0.008).

CONCLUSION: Although we observed no effect of al-
coholism alone on DNA methylation, there is a decrease 
in alcoholics who smoke, suggesting a mechanism for 
alcohol-tobacco synergy for carcinogenesis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Epigenetics is the study of  heritable differences related 
to changes in gene expression that are not due to differ-
ences in DNA sequences themselves. Although still in 
its infancy, epigenetics is expanding rapidly as a field of  
study. DNA methylation, one of  the two main types of  
epigenetic inheritance, is involved in many physiological 
and pathophysiological conditions, including regulation 
of  gene expression and silencing of  repeat elements in 
the genome. Epigenetic mechanisms have been impli-
cated in the long term memory formation by neurons 
and are a growing area of  research in diseases such as 
Alzheimer’s dementia[1]. DNA methylation is thought to 
play important roles in many diseases, including multiple 
sclerosis, diabetes mellitus, schizophrenia, alcohol depen-
dence and cancer[2-6]. 

It has been shown that global methylation status in 
peripheral blood monocytes is associated with plasma ho-
mocysteine levels in healthy individuals. The importance 
of  homocysteine to DNA methylation status stems from 
the fact that homocysteine is a precursor of  S-adenosyl 
methionine, which acts as the methyl donor when cytosine 
residues in the dinucleotide sequence CpG are methylated 
by DNA methyltransferases. Chronic alcoholics com-
monly have elevated homocysteine levels. Bönsch et al[7], 
showed associations among alcohol-associated elevated 
plasma homocysteine levels, global methylation levels 
assayed by difference in CpG methylation sensitive vs. 
insensitive restriction enzyme (Hpall/Mspl) digestion, and 
the subsequent expression of  DNMT mRNAs in alco-
holic patients, compared to controls. These findings sup-
port the hypothesis that ethanol exposure increases global 
levels of  DNA methylation and suggests that changes in 
DNA methylation may result in changes in gene expres-
sion. Support for this hypothesis includes several reports 
of  DNA hypermethylation associated with alcohol use at 
specific individual genes in peripheral blood cells[8-10]. Oth-
er studies have identified changes in methylation associ-
ated with smoking, suggesting both alcohol and smoking 
may contribute to changes in DNA methylation[11,12]. In all 
likelihood, many more genes whose levels of  expression 
are partially controlled by the methylation status of  the 
DNA in their promoters are yet to be discovered.

Changes in DNA methylation are recognized as one 
of  the most common forms of  molecular alteration in 
human neoplasia[13,14]. Hypermethylation of  CpG islands 
located in the promoter regions of  tumor suppressor 
genes has been firmly established as a mechanism for gene 
inactivation in cancers[15,16]. In contrast, global hypometh-
ylation of  genomic DNA[17] and loss of  IGF2 imprinting 
were observed in tumor cells[18] and a correlation between 
hypomethylation and increased gene expression was re-
ported for many oncogenes[19,20]. In addition, monitoring 

global changes in DNA methylation has been used for 
molecular classification of  cancers[21,22]. Gene hypermeth-
ylation has been correlated with clinical risk groups for 
neuroblastoma[23], as well as with hormone receptor status 
and response to tamoxifen in breast cancer[24,25]. Therefore, 
it may be feasible to use methylation markers to classify 
and predict cancer risk, different kinds or stages of  can-
cer, cancer therapeutic outcomes and patient survival.

Alcoholism and cancer risk
About 3.6% of  all cases of  cancer and a similar propor-
tion of  cancer deaths are attributable to heavy consump-
tion of  alcohol. These figures are higher in selected 
regions of  the world, in particular in Central and Eastern 
Europe. Among women, 60% of  cancers attributable to 
alcohol use occur in the breast[26]. Chronic excessive al-
cohol consumption is the strongest risk factor for upper 
aerodigestive tract (UADT) cancer (oral cavity, pharynx, 
hypopharynx, larynx and esophagus)[27]. Chronic and 
heavy alcohol use also increases the risk for cancer of  the 
liver, colon, rectum and breast[28]. Many epidemiological 
studies have demonstrated a correlation between chronic 
and heavy alcohol ingestion and the occurrence of  cancer 
in these organs[29-31]. Because the ingestion of  all types of  
alcoholic beverages is associated with an increased can-
cer risk, more likely than not, ethanol itself  is the crucial 
compound that increases cancer risk, rather than conge-
ners (propanol, butanol, pentanol) or other additives. The 
exact mechanisms of  ethanol-associated carcinogenesis 
have remained obscure.

Multiple mechanisms are believed to be involved in 
alcohol-associated cancer development of  the UADT, 
including the effect of  acetaldehyde (AcH the first me-
tabolite of  ethanol oxidation), induction of  cytochrome 
P-4502E1 leading to the generation of  reactive oxygen 
species, and enhanced procarcinogen activation, modula-
tion of  cellular regeneration, and nutritional deficien-
cies. Folate deficiency, primarily the consequence of  low 
dietary intake and destruction by AcH, is common in 
alcoholics and contributes to the inhibition of  transmeth-
ylation, which is an important factor in the regulation 
of  genes involved in carcinogenesis. Acetaldehyde also 
decreases DNA repair mechanisms and the methylation 
of  cytosine in DNA. However, it has been shown re-
cently that chronic alcoholics have significantly increased 
levels of  genomic DNA methylation in peripheral blood 
mononuclear cells (PBMC), compared to samples from 
unrelated volunteer blood donors[7].
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Most studies to date have examined changes in global 
methylation in alcohol users or methylation changes at 
a few candidate genes, rather than at a broader panel of  
specific sites. This study was designed specifically to ob-
tain preliminary data on the methylation status in PBMC 
of  genes known or suspected of  playing a role in cancer 
development. The primary aim was to assess the change 
in global DNA methylation levels at these gene specific 
sites in well-characterized chronic alcoholics and to com-
pare it to suitably matched non-alcoholic family members 
as controls. We also wanted to explore whether there are 
observable, meaningful differences in methylation pat-
terns between the two groups at different gene loci and 
whether there are relationships between life time alcohol 
use and the degree or pattern of  DNA methylation.

MATERIALS AND METHODS
We examined the methylation patterns in DNA samples 
from 25 chronic alcoholics and 22 of  their non-alcoholic 
biological siblings. We utilized the resources available 
through the UCONN Alcohol Research Center of  
UCHC to help us identify suitable alcohol-dependent 
subjects and their non-alcohol-dependent family mem-
bers to serve as controls. The kindreds studied have been 
well characterized and followed longitudinally. They are 
enrolled in the long-standing Collaborative Study on the 
Genetics of  Alcoholism[32,33]. After IRB approval, suitable 
subjects were identified and informed consent for partici-
pation in this study was obtained. 

The alcohol-dependent subjects were at least 21 years 
of  age and had a history of  alcohol use for at least 5 years. 
All subjects were interviewed using the Semi-Structured 
Assessment for the Genetics of  Alcoholism, a reliable 
and valid psychiatric diagnostic instrument[34]. Alcohol-
dependent subjects met the DSM-IV diagnosis of  al-
coholic dependence. Males were consuming at least 15 
drinks per week or 5 or more standard drinks in a day 
and females at least 8 or more drinks per week or 4 or 
more standard drinks in a day within the past year. Non-
alcohol-dependent biological siblings of  the subjects 
served as controls. The controls were screened for heavy 
alcohol use or history of  cancer by self-reported ques-
tionnaires. They were required to have had a normal 
physical examination and no personal history of  any kind 
of  cancer other than superficial skin cancer. We excluded 
any subjects with known genetic abnormalities or chronic 
liver diseases (other than alcohol-related liver disease) 
and subjects with known nutritional disorders and/or 
anemia, which may have served as confounding variables. 
The sample examined included 22 sibships comprised of  
25 probands and 22 siblings (3 sibships included 2 pro-
bands).

DNA methylation analysis
DNA was prepared from peripheral blood samples using 
a commercial kit (Gentra PureGene, Qiagen, Valencia, 
CA) and 500 ng of  each DNA sample was bisulfite re-

acted using the EZ-96 DNA methylation-gold kit from 
Zymo Research (Orange, CA). 

We used a high-throughput single nucleotide polymor-
phism genotyping system[35] for DNA methylation detec-
tion, based on genotyping of  bisulfite-converted genomic 
DNA. This technology, developed by Illumina, combines 
a miniaturized bead-based array platform, a high level of  
assay multiplexing, and scalable automation for sample 
handling and data processing. We used the Illumina 
GoldenGate Methylation Cancer Panel I (Illumina, San 
Diego, CA), which probes the methylation profile at 1505 
CpG sites from 807 genes selected by the manufacturer, 
based on their relevance to carcinogenesis. This assay is 
reported to have a sample replicate variation of  < 6%[36] 
and can resolve a 10% or greater methylation difference 
with 95% confidence.

We excluded the 84 X-chromosome CpG sites in the 
Illumina Cancer Panel because the methylation levels for 
X-chromosome sites vary greatly by sex [the X-chromo-
some (Lyon) inactivation in females is associated with 
methylation of  CpG-rich islands[37]]. We also excluded 
from analysis 134 autosomal CpG sites that did not give 
an assay reliability score of  at least 95% for all samples, 
leaving 1287 autosomal CpG sites with reliable signal for 
all samples. The included 1287 CpG sites were associated 
with 743 autosomal genes.

Statistical analysis 
For each participant, we calculated a methylation score by 
computing the average methylation over the 1287 CpG 
sites examined. Differences in the mean methylation 
scores between the two samples were assessed by a two-
sample t-test. We also examined the average sib pair dif-
ferences in methylation scores at each of  the 1287 sites 
evaluated with use of  a paired t test. All analyses were 
performed using SPSS, version 9.0, P < 0.05 was consid-
ered a statistically significant result.

RESULTS
A total of  25 alcoholics and 22 matched controls (one 
control per family) were recruited for this study. The aver-
age age of  probands and controls was not significantly 
different. Probands were more likely to be male (Fisher’s  
exact test, P = 0.004). Three sib pairs contained 2 pro-
bands. As anticipated, the alcohol-dependent subjects 
had significantly higher amounts of  alcohol use, both in 
terms of  days (frequency) and drinks (quantity) per week 
(Table 1). Bisulfite reacted DNA was examined at 1421 
autosomal CpG sites contained on the Illumina DNA 
methylation chip. Analysis was limited to the 1287 probes 
which generated valid test signals (95% quality confidence 
signal) from all samples. Methylation levels at the 1287 
CpG sites averaged 28.2% for all samples combined. The 
mean methylation score was not significantly different be-
tween the alcohol-dependent subjects and their unaffected 
siblings (Table 2). The mean difference in methylation 
scores between affected and unaffected sibs by CpG site 
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was < 1% (Table 2) with a tight distribution, and only 5 
CpG sites had an average sib difference > 5% (Figure 1). 
The sib difference and t-test statistic for these 5 CpG sites 
are listed in Table 3. Finally, as a test of  the assay’s repro-
ducibility, we performed replicate bisulfite conversion and 
methylation assays for DNA samples from alcoholics and 
non-alcoholic participants from 3 sibships. The mean dif-
ference in replicate sample methylation for the 1287 CpG 
sites was less than 1% (Table 2). 

Because tobacco use may also affect methylation levels, 
we conducted a subgroup analysis comparing the global 
methylation sib pair differences for sib pairs in which 
neither smoked (n = 7), those in which both smoked (n = 
7), and sib pairs for which the proband smoked and the 
control sib did not (n = 7) (in two sib pairs, the control 
sib but not the alcoholic sib smoked; smoking status was 
not available for one proband). We found that, for the 

two groups of  sib pairs concordant for smoking status, 
compared with the non-concordant group, the alcohol-
dependent subjects had higher average methylation levels 
at the 1287 sites examined (F = 284, df  = 2, P < 0.001). 
Similarly, for non-smoking sib pairs, in 6 of  7 pairs, alco-
holic subjects had a higher average methylation index. In 
contrast, for discordant pairs with an alcoholic smoker, in 
6 of  7, the alcoholic subject had a lower average methyla-
tion index than the non-alcoholic, non-smoking sibling (χ2 
= 8.2, df  = 2, P = 0.017) (Table 4). 

DISCUSSION
The major findings of  this study are two-fold: (1) Contrary 
to our a priori major hypothesis, there was no difference in 
average CpG methylation scores between alcohol-depen-
dent subjects and non-alcoholic siblings; and (2) However, 
in a secondary analysis, we did find a small but significant 
decrease in PBMC methylation scores in the alcoholic sub-
jects who smoked, when compared to their non-alcohol 
dependent siblings who did not smoke (Table 4). Thus, 
despite heavy, chronic and ongoing alcohol use in the 
alcohol-dependent probands, we found no effect on aver-
age methylation of  the DNA of  PBMCs for a set of  1287 
CpG sites associated with 743 genes implicated in carcino-
genesis. This is in contrast to results reported by Bönsch 
et al[7] who have shown a global CpG DNA hypermeth-
ylation in chronic alcoholics. However, in previous work, 
results among alcoholics were compared to a random, 
unrelated non-alcoholic control population and genes par-
ticularly relevant to cancer development were not studied. 
Gender and race have recently been reported to influence 
global genomic methylation in peripheral blood[38], em-
phasizing the importance of  carefully matched controls in 
studies of  this type. We believe that our family controls are 
a unique strength of  our results.

 Others have shown that global leukocyte DNA hy-
pomethylation is associated with the risk of  developing 
breast cancer[39]. In a mouse model of  cutaneous carcino-
genesis, it has been shown that the degree of  DNA hypo-
methylation of  genomic DNA increases as lesions prog-
ress from a benign to invasive cancers[40]. The discordant 
results can be explained by the fact that hypomethylation 
is most relevant when it occurs in the coding regions 
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Table 1  Selected demographic and alcohol-use features at 
baseline

Alcohol-dependent 
siblings 

(n  = 25)

Non-alcoholic 
siblings 

(n  = 22)

Age (yr) (SD, range) 40.7 (9.5, 24-54) 40.6 (11.4, 21-59)
Gender (M:F) 18:7 4:18
Current smoker 14   7
Race: EA, AA, NA 14, 10, 1 13, 8, 1
Hispanic Ethnicity   2   3
Past 12-mo drinking (mean ± SD)
   Drinking days per week 3.91 ± 1.95b 0.95 ± 1.18
   Drinks per drinking day 7.90 ± 4.01b 2.68 ± 1.34
   Drinks per week 34.0 ± 30.8b 2.7 ± 3.6
   1Heavy drinking days per week 2.53 ± 2.66b 0.18 ± 0.34

1“Heavy drinking days” were defined as days in which men consumed 
more than 10 drinks and women more than 8 drinks. bt-test P < 0.001 vs 
non-alcoholic siblings. EA: European American; AA: African American; 
NA: Native American.

Table 2  Global methylation scores

Alcohol-dependent 
siblings

Non-alcoholic 
siblings

Global methylation index for 1287 
CpG sites
    Mean methylation (SD)     0.282 (0.016) 0.282 (0.012)
    Median methylation (SD)     0.082 (0.010) 0.079 (0.009)
    Range 0.01-0.97 0.01-0.97
Sib pair difference in global 
methylation level at each of 1287 
sites (alcoholic minus non-alcoholic 
sibling methylation level)
   Mean difference (SD) 0.00005 (0.019)
Replicate pair difference in 
methylation level at each of 1287 
sites (3 non-alcoholic and alcoholic 
siblings with replicate bisulfite 
treatment and methylation 
quantification)
   Mean difference (SD)   0.0008 (0.006) 0.001 (0.003)

No global measures of methylation significantly differ between groups.

Table 3  Alcoholic minus non-alcoholic sib differences in 
methylation scores at 5 CpG sites with average difference in 
methylation frequency > 0.05

Gene 
symbol

Illumina CpG 
probe ID

Average Sib 
difference

Paired t -test 
statistic (2-tailed)

P  value

LTA   820  0.083  2.46 0.021
CRK 3392  0.068  3.18 0.004
GSTM1 4902  0.054  1.82 0.081
HPN 4931 -0.084 -2.14 0.043
MSH3 2787 -0.052 -1.35 0.189

LTA: Lymphotoxin α precursor; CRK: v-crk sarcoma virus CT10 oncogene 
homolog isoform b; GSTM1: Glutathione S-transferase M1 isoform 1; 
HPN: Hepsin (transmembrane protease, serine 1); MSH3: MutS homolog 3.
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of  the genes. In contrast to prior global CpG methyla-
tion analysis with respect to heavy and chronic alcohol 
use, our study found no meaningful change in levels of  
methylation at specific CpG sites of  potential relevance 
to cancer-related genes, when results were compared to 
those of  non-alcoholic siblings.

The combination of  alcohol and tobacco use is 
known to be synergistic in markedly increasing the risk 
of  development of  malignancies of  the UADT, especially 
squamous cell carcinomas of  esophagus, lung and oro-
pharynx[41-44]. Our finding of  increased CpG methylation 
among alcoholics vs. non-alcoholic siblings for those 14 
sib pairs concordant for smoking status, corrected for 
the status of  their sibs (Table 4), is thus of  much interest. 
If  confirmed in larger number of  subjects and in several 
other samples, it will suggest that factors other than hy-
pomethylation of  DNA accounts for the well established 
synergism of  alcohol and tobacco in the pathogenesis of  
cancer of  UADT.

Our study had several limitations. Perhaps most im-
portant is the small sample size, which, due to limitations 
in time and funding, was only about half  as large as we 
had hoped. Secondly, this is not a genome-wide study, 
but rather examines only a select group of  candidate 
genes, albeit genes pre-selected for their known relevance 
to cancer development. Nonetheless, the genes examined 
may not be as important in early stage carcinogenesis 
and/or may be affected by other epigenetic factors such 
as histone modifications. Another unavoidable limitation 

was that most alcoholics were men, whereas most non-
alcoholic siblings were women. Thus, although matched 
genetically by family, alcoholic subjects and controls were 
not closely matched by gender.

A major strength of  this study is the inclusion of  
biological siblings unaffected by alcoholism as controls. 
Also, the tumor genes included on the Illumina Cancer 
Methylation Assay chip have been well characterized pre-
viously as related to cancers of  the UADT. We excluded 
from analysis the CpG sites related to the X and Y chro-
mosomes that could have had a confounding effect on 
our results. This is supported by a recent study by Zhang 
et al[38] showing significantly lower global genomic DNA 
methylation in females. It is thought that X chromosome 
inactivation in women may diminish the capacity for 
methylating autosomal loci[45].

In summary, our study did not reveal any significant 
differences in the average methylation score between 
alcoholic and non-alcoholic siblings associated with 743 
genes implicated in carcinogenesis. However, subgroup 
analysis did show a significantly decreased methylation of  
genes important in cancer development among alcoholics 
who smoked, compared to their non-alcoholic siblings 
who did not smoke. This finding needs confirmation in 
larger independent samples. It would also be prudent 
to consider a priori the combined effect of  alcohol and 
smoking when planning future studies examining the ef-
fects of  alcohol on DNA methylation.
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DNA methylation is thought to play an important role in cancer development. 
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Research frontiers
The authors planned this study to assess whether DNA methylation patterns in 
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Figure 1  Frequency histogram of average within sib pair difference in 
methylation at 1287 CpG sites methylation level of alcoholic minus non-
alcoholic sibling. 

Table 4  Global methylation score sib-pair differences for non-smokers vs  sibship with alcoholic tobacco user (7 sib pairs)

                      Sib pair concordance for smoking status 

  Concordant Discordant

Both non-smokers Both smokers Proband smokes

Mean (SD) sib pair difference in methylation at each site 
(alcoholic minus non-alcoholic sibling methylation level)

+0.006 (0.018) +0.010 (0.020) -0.009 (0.025)

Mean sib pair difference for 1287 markers, ANOVA: F = 284 (df = 2), P < 0.0001. Among concordant non-smoking sib pairs, for 6 of 7 pairs alcoholic subject 
had higher methylation index among concordant. Five of 7 smoking sib pairs alcoholic subjects had higher methylation index.  Among discordant pairs 
with an alcoholic smoker, 6 of 7 alcoholic subjects had a lower methylation index than non-alcoholic siblings.
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743 genes examined, which have previously been implicated in carcinogenesis. 
This is in contrast to results reported by Bönsch et al who reported a global 
DNA hypermethylation in chronic alcoholics, albeit not adjusted for results from 
controls from the same families. 
Applications
Subgroup analysis did show significantly decreased methylation of genes 
important in cancer development among alcoholics who smoked, compared to 
their non-alcoholic siblings who did not smoke. This finding needs confirmation 
in larger independent samples. It would also be prudent to consider a priori the 
combined effect of alcohol and smoking when planning future studies examin-
ing the effects of alcohol on DNA methylation.
Terminology
DNA Methylation: It refers to the addition of a methyl group to the DNA at spe-
cific locations, namely, the cytosine residues of CpG dimers. DNA methylation 
is thought to regulate a number of cellular processes in the human body and 
also to influence the development of cancer when it occurs at specific sites. 
Peer review
The study was well planned and conducted. The conclusions drawn are sup-
ported by the results. The study however is limited by its limited sample size 
and the fact that it examines only a select group of genes that have been as-
sociated to cancer development. A major strength of this study is the use of 
siblings as controls to adjust for any differences in the DNA methylation status 
that may be due to inherent genetic factors that differ among different kindreds.
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Abstract
AIM: To explore the value of serum M2-pyruvate kinase 
(M2-PK) in colorectal cancer (CRC) mass screening.

METHODS: We conducted a molecular epidemiol-
ogy study in Hangzhou, China, from year 2006 to year 
2008. Serum samples were collected from 93 CRC, 41 
advanced adenomas, 137 adenomas, 47 non-adenoma-
tous polyps, and 158 normal participants in a communi-
ty setting. Serum M2-PK and carcinoembryonic antigen 
(CEA) were measured using Enzyme-linked immuno-
sorbent assay. SPSS 16.0 software was used to perform 
data analysis. Area under the receiver operating char-
acteristic curve (AUC), sensitivity, and specificities were 
estimated for serum M2-PK in diagnosis of colorectal 
lesions and compared with CEA. 

RESULTS: Average serum M2-PK value among 158 
normal people was 2.96 U/mL and not affected by gen-
der (P  = 0.47) or age (P  = 0.59). Average serum M2-
PK (U/mL) was 14.75 among stage Ⅲ and 13.10 among 
stage Ⅰ and Ⅱ CRC patients, about 4 times higher 
than that among normal people. Average serum M2-PK 
was 8.58, 6.70, 5.13 and 2.51 U/mL among advanced 
adenoma, adenomas, non-adenomatous polyps, and 
inflammatory bowel disease patients, respectively. AUC 
for serum M2-PK was greater than that for CEA among 
all colorectal lesions. AUC for serum M2-PK was 0.89 
(0.84, 0.94) (95% confidence interval), higher than that 
for CEA [0.70 (0.62-0.79)] in CRC stage Ⅰ and Ⅱ, 0.89 
(0.84-0.94) vs  0.73 (0.63-0.83) in CRC stage Ⅲ, 0.81 
(0.74-0.86) vs  0.63 (0.53 - 0.73) in advanced adeno-
mas, 0.69 (0.64-0.76) vs  0.54 (0.47-0.60) in adeno-
mas, and 0.69 (0.62-0.78) vs  0.58 (0.48-0.68) in non-
adenomatous polyps. The diagnostic sensitivity for all 
colorectal lesions increased with decrease in the cut-off 
value of serum M2-PK. The diagnostic sensitivity (%) of 
serum M2-PK was 100.00 for CRC, 95.12 advanced ad-
enoma, 82.48 adenoma, and 82.98 non-adenomatous 
polyp. There were no CRC cases missed and 40.51% of 
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unnecessary colonoscopies were avoided when the cut-
off value was 2.00 U/mL. 

CONCLUSION: Serum M2-PK can be used as a primary 
screening test in CRC mass screening. It may be a prom-
ising non-invasive biomarker for CRC early detection. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer 
in men and the second most common in women world-
wide[1]. Data from China indicate that CRC incidence is 
rapidly rising, making it the 2nd-5th most common can-
cers across different cities[2-4] in the past decades. One of  
the most important ways to reduce CRC mortality and 
morbidity is to conduct CRC screening in the population. 
However, the compliance rate for the immunochemical 
fecal occult blood test (iFOBT) in a CRC mass screening 
is not high and is even lower for colonoscopy[5,6].

In order to increase the compliance rate, a screen-
ing protocol combining iFOBT with a high risk factors 
questionnaire (HRFQ) approach as the primary test to 
screen high risk populations, followed by colonoscopy 
as a follow-up test to detect CRC and other colorectal 
diseases, has been recommended by the Department of  
Disease Prevention and Control, the Ministry of  Health 
of  China, for CRC mass screening in China, based on the 
work of  Zheng and her team[7]. This protocol has been 
used in the China national screening program in the gen-
eral population in recent years[5,6,8]. The combined HRFQ 
has improved compliance rate and screening net sensi-
tivity due to the simultaneous screening design and the 
overall effectiveness of  our screening program. However, 
the overall false positive rate is high, as is the case in all 
CRC mass screening programs worldwide[8-11]. 

In our CRC mass screening program, 73.3% (false posi-
tive rate from iFOBT or HRFQ) of  high risk populations 
previously underwent unnecessary colonoscopy exami-
nations[6,8]. It is therefore worth further exploring a new 
simple noninvasive method with high compliance and 

high sensitivity to identify high risk populations, reduce 
unnecessary demand for colonoscopies from community 
residents, and save colonoscopy resources for popula-
tions genuinely in need. A serum biomarker with high 
sensitivity is usually regarded as an ideal primary mass 
screening test as this is simple, fast, convenient to both 
participants and clinicians, acceptable to participants, and 
noninvasive. To date, no effective serum biomarkers can 
be recommended for CRC mass screening. 

 We believe that serum tumor M2-pyruvate kinase 
(M2-PK) can be developed as an effective serum bio-
marker for CRC mass screening. There are four pyruvate 
kinase isoforms existing in mammals. The M1 isoform 
is predominantly expressed in most adult and differenti-
ated tissues; L and R isoforms are expressed in liver and 
red blood cells; the dimeric form of  the M2 isoform is a 
splice variant of  M1 expressed in cancer cells and undif-
ferentiated tissues[12]. Notably it has been reported that tu-
mor tissues exclusively express the embryonic M2 isoform 
of  pyruvate kinase[13,14]. Tumor M2-PK can be detected in 
blood and fecal samples, probably due to high expression 
in tumor cells and release into the body fluids[15].

Some studies have reported that fecal M2-PK is a 
promising biomarker for CRC screening and have recom-
mended fecal M2-PK as a CRC screening marker[16-18]. 
However, several further studies do not support this 
view[19-21]. Blood tests are more convenient than fecal tests 
and can achieve a higher compliance rate in the general 
population. Clinical studies indicate that serum M2-PK has 
a higher sensitivity than serum carcinoembryonic antigen 
(CEA), is a valuable tumor marker in detection of  gastro-
intestinal cancer[22,23] and has advantages in finding local-
ized CRC[24]. No study has investigated the value of  serum 
M2-PK in CRC mass screening in a community setting.

 We investigated the potential value of  serum M2-
PK as a primary test for CRC screening in a community 
setting and compared its value with serum CEA which 
is currently one of  the most commonly used diagnostic 
serum biomarkers and still regarded as the best single 
diagnostic marker for CRC[25,26] due to high specificity. 
However, serum CEA is not recommended as a screen-
ing test for CRC due to low sensitivity[27].

MATERIALS AND METHODS
Study design and population
We conducted a molecular epidemiology study to ex-
plore the value of  serum M2-PK in CRC mass screening. 
The study protocol was reviewed and approved by the 
Institutional Review Board at Zhejiang University Can-
cer Institute. From July 2006 to December 2008, CRC 
screening was conducted among community residents 
aged 40-74 years in Hangzhou City[6,8] following the CRC 
screening protocol recommended by the China Ministry 
of  Health. All participants gave written informed con-
sent. When participants turned in the signed consent, 
we collected serum samples from 93 CRC, 41 advanced 
adenomas, 137 adenomas, 47 non-adenomatous polyps, 
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7 inflammatory bowel diseases (IBD), and 158 normal 
people in the community. According to CRC TNM pro-
tocol updated by UICC and AJCC in 2009, among the 
93 cases (84 cases from consecutive community patients, 
9 cases from our CRC screening site) of  CRC, 55 cases 
were diagnosed as stage 0, Ⅰ and Ⅱ, and 38 cases were 
diagnosed as stage Ⅲ.

Validation of colorectal lesions
All participants in this study were examined by colonos-
copy. If  colonoscopy showed a positive result, a biopsy 
and histopathological diagnosis were carried out after 
receipt of  a signed consent form. Based on the Interna-
tional Classification and guidelines for Colonoscopy Sur-
veillance after Polypectomy[28], CRC was defined as the 
invasion of  malignant cells beyond the muscular mucosa. 
Patients with intramucosal carcinoma or carcinoma in situ 
were classified as having high-grade dysplasia. Histologi-
cal classification of  total polyps included adenoma (tubu-
lar, tubulovillous, or villous) and non-adenomatous pol-
yps. Pathology slides of  positive lesions were re-examined 
and diagnosed by consensus of  at least two independent 
pathologists.

Serum M2-PK determined by enzyme-linked 
immunosorbent assay
Serum M2-PK was detected strictly in accordance with 
enzyme-linked immunosorbent assay kit instructions. The 
test kit measures the dimeric form of  tumor M2-PK. The 
microtiter plates provided in the test kits were pre-coated 
with antibody specific to tumor M2-PK. Standards or 
samples are then added to the appropriate microtiter 
plate wells with a biotin-conjugated polyclonal antibody 
preparation specific for tumor M2-PK. Our assay care-
fully followed the instructions of  the test kit. Serum 
CEA was detected automatically by an Abbott i2000SR 
automatic light meter. Standard serum M2-PK kits (Prod-
uct ID E0588h) were purchased from Uscn life Science 
and Technology Company, USA). Serum samples were 
processed using the following steps: (1) 4 mL elbow vein 
blood was collected in CRC patients or high risk popula-
tion under fasting state; (2) the vein blood was kept at 
under 4 ℃ for 1.5 h, until its natural coagulation; (3) the 

blood was centrifuged at 3000 r/min centrifugation at 
4 ℃ for 5 min; and (4) serum obtained from blood su-
pernatants was again centrifuged for 5 min. Supernatants 
of  serum were removed and placed in Eppendorf  tubes 
and packed immediately in a freezer at -80 ℃.

Statistical analysis
SPSS 16.0 for Windows was used to perform data analysis. 
Mean ± SD were estimated for serum M2-PK, CEA, and 
age by colorectal lesion. Linear regressions and t tests were 
used to compare the serum M2-PK value between gender 
and age groups. Area under the receiver operating char-
acteristic curve (AUC) and 95% confidence intervals (CI) 
were estimated for the value of  serum M2-PK in diagno-
sis of  CRC, advanced adenomas, adenomas, non-adeno-
matous polyps, and IBD and compared with serum CEA 
value. The meaning of  AUC is defined as: no diagnostic 
value if  AUC < 0.5; Low diagnostic value if  AUC be-
tween 0.5-0.7; moderate diagnostic value if  AUC between 
0.7-0.9; high diagnostic value if  AUC > 0.9[29]. The various 
diagnostic sensitivities and specificities, positive predictive 
values (PPV) and negative predictive values (NPV), and 
their 95% CIs were estimated by setting different M2-PK 
cut-off  values for the various colorectal lesions compared 
with the normal people. The different M2-PK cut-off  val-
ues were chosen according to the research purposes and 
scheduled sensitivity and specificity[30].

RESULTS
Table 1 shows the basic characteristics of  the study popula-
tion. The average age was 59.17 ± 10.71 for 93 CRC cases 
and 57.15 ± 7.96 for 158 normal participants. Among the 
normal group, there was no significant difference in serum 
M2-PK between men and women (P = 0.47) or between 
different age groups (P = 0.59). The average serum M2-
PK value in U/mL was 14.75 ± 13.39 among the stage Ⅲ 
and 13.10 ± 12.07 among the stage Ⅰ and Ⅱ of  CRC pa-
tients, about 4 fold higher than that (2.96 ± 2.17) among 
the normal group. The average serum M2-PK value in 
U/mL was 8.58, 6.70, 5.13, and 2.51 among advanced 
adenoma, adenomas, nonadenomatous polyps, and IBD, 
respectively. The average serum CEA value in ng/mL was 
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Table 1  Basic characteristics of study population for the value of serum pyruvate kinase Isoenzyme M2 and carcinoembryonic 
antigen in colorectal cancer mass screening in Hangzhou, China, 2006-2008 (mean ± SD)

Colorectal lesion n Gender Age (yr) M2-PK (U/mL) CEA (ng/mL) 

Male Female

Colorectal cancer
   Stage Ⅰ and Ⅱ   55 53   40   59.17 ± 10.71 13.10 ± 12.07 5.74 ± 7.49
   Stage Ⅲ   38 14.75 ± 13.39 5.68 ± 5.43
Advanced adenoma   41 25   16 60.17 ± 7.78 8.58 ± 7.65 2.68 ± 1.43
Adenoma 137 68   69 60.34 ± 8.16  6.70 ± 6.97 2.58 ± 3.74
Nonadenomatous polyp   47 25   22 59.04 ± 8.08 5.13 ± 3.73 2.55 ± 2.09
IBD     7   1     6 57.43 ± 7.16 2.51 ± 1.94 1.71 ± 0.91
Normal 158 56 102 57.15 ± 7.96 2.96 ± 2.17 1.98 ± 1.02

IBD: Inflammatory bowel disease; M2-PK: M2-pyruvate kinase; CEA: Carcinoembryonic antigen.
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5.68 ± 5.43 among stage Ⅲ CRC patients and 5.74 ± 7.49 
among stage Ⅰ and Ⅱ, about 2 fold higher than that (1.98 
± 1.02) among the normal group. 

 The average AUC of  serum M2-PK was significantly 
(P ≤ 0.01) greater than that of  CEA among all kinds of  
colorectal lesions except non-adenomatous polyps (mar-
ginal significance, P = 0.09) and IBD (no significance, P 
= 0.40), as shown in Table 2. The AUC of  serum M2-PK 
was 0.89 with 95% CI: 0.84-0.94, significantly higher than 
that of  CEA (0.70: 0.62-0.79) for stage Ⅰ and Ⅱ CRC 
patients, 0.89 (0.84-0.94) vs 0.73 (0.63-0.83) for stage Ⅲ 
CRC, 0.81 (0.74-0.86) vs 0.63 (0.53 - 0.73) for advanced 
adenomas, 0.69 (0.64-0.76) vs 0.54 (0.47-0.60) for adeno-
mas, 0.69 (0.62-0.78) vs 0.58 (0.48-0.68) for non-adeno-
matous polyps, and 0.42 (0.21-0.63) vs 0.41 (0.21-0.61) for 
IBD.

The diagnostic sensitivity and specificity with 95% CI 
of  serum M2-PK at different cut-off  values are shown 
in Table 3. When the cut-off  value of  M2-PK was  
2.00 U/mL the sensitivity was 100.00% for CRC, i.e., there 
were no CRC cases missed. The sensitivity was 95.12%, 

81.75%, and 82.98% for advanced adenomas, adenomas, 
and non-adenomatous polyps (missing rate was 4.88%, 
18.25% and 17.02%), respectively. The specificity was 
40.51% at the cut-off  value of  2.00 U/mL, i.e., a total of  
40.51% of  unnecessary colonoscopies could be avoided. 
When the cut-off  value increased from 2.00 to 4.00 U/mL, 
sensitivities of  CRC decreased from 100.00% to 81.72% 
and specificities of  CRC increased from 40.51% to 74.05%.

For the comparison of  sensitivity and specificity be-
tween serum M2-PK and serum CEA in diagnosing posi-
tive colorectal lesions, the cut-off  value of  serum M2-
PK was set at 2.00 U/mL and of  CEA 5.00 ng/mL. The 
sensitivity of  serum M2-PK was higher but the specificity 
was lower than that of  CEA (Figure 1).

The PPV and NPV with 95% CIs of  serum M2-PK 
with various cut-off  value settings for different colorectal 
lesions compared with 158 normal people in this CRC 
primary screening are shown in Table 4. The PPV var-
ied from 49.73% to 64.96% and NPV from 100.00% to 
87.31% when the cut-off  value settings of  serum M2-PK 
were changed from 2.00 to 4.00 U/mL.
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Table 2  The area under the receiver operating characteristic curve and 95% confidence interval of serum pyruvate kinase 
isoenzyme M2 in U/mL and carcinoembryonic antigen in ng/mL in diagnosing colorectal lesions in colorectal cancer mass screening 
in Hangzhou, China, 2006-2008

Colorectal lesion Test AUC SE P -value 95% CI

CRC stage Ⅰ and Ⅱ CEA 0.70 0.04  < 0.0001 0.62-0.79
M2-PK 0.89 0.03  < 0.0001 0.84-0.94

CRC stage Ⅲ CEA 0.73 0.05  < 0.0001 0.63-0.83
M2-PK 0.89 0.03  < 0.0001 0.84-0.94

Advanced adenoma CEA 0.63 0.05 0.01 0.53-0.73
M2-PK 0.81 0.04  < 0.0001 0.74-0.86

Adenoma CEA 0.54 0.03 0.28 0.47-0.60
M2-PK 0.69 0.03  < 0.0001 0.64-0.76

Nonadenomatous polyp CEA 0.58 0.05 0.09 0.48-0.68
M2-PK 0.69 0.04  < 0.0001 0.62-0.78

Inflammatory bowel disease CEA 0.41 0.10 0.40 0.21-0.61
M2-PK 0.42 0.10 0.40 0.21-0.63

AUC: Area under the receiver operating characteristic curve; CRC: Colorectal cancer; CI: Confidence interval; M2-PK: M2-pyruvate kinase; CEA: 
Carcinoembryonic antigen.

Table 3  Diagnostic sensitivity and specificity in percentage at 95% confidence interval of serum M2-pyruvate kinase using various 
cut-off value settings for different colorectal lesions compared with 158 normal people in colorectal cancer mass screening in 
Hangzhou, 2006-2008 (95% CI)

M2-PK 
(U/mL)

Colorectal cancer Advanced adenoma Adenoma Non-adenomatous polyp

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

2.00 100.00 
(100.00-100.00)

40.51 
(32.85-48.16)

95.12 
(88.53-100.00)

40.51 
(32.85-48.16)

82.48 
(76.12-88.85)

40.51 
(32.85-48.16)

82.98 
(72.23-93.72)

40.51 
(32.85-48.16)

2.50   94.62 
(90.04-99.21)

55.06 
(47.31-62.82)

85.37 
(74.55-96.18)

55.06 
(47.31-62.82)

71.53 
(63.98-79.09)

55.06 
(47.31-62.82)

76.60 
(64.49-88.70)

55.06 
(47.31-62.82)

3.00   91.40 
(85.70-97.10)

65.19 
(57.76-72.62)

75.61 
(62.46-88.75)

65.19 
(57.76-72.62)

61.31 
(53.16-69.47)

65.19 
(57.76-72.62)

65.96 
(52.41-79.50)

65.18 
(57.76-72.62)

3.50   87.10 
(80.28-93.91)

68.99 
(61.78-76.20)

73.17 
(59.61-86.73)

68.99 
(61.78-76.20)

56.93 
(48.64-65.23)

68.99 
(61.78-76.20)

55.32 
(41.11-69.53)

68.99 
(61.78-76.20)

4.00   81.72 
(73.87-89.58)

74.05 
(67.22-80.89)

65.85 
(51.34-80.37)

74.05 
(67.22-80.89)

49.64 
(41.26-58.01)

74.05 
(67.22-80.89)

48.94 
(34.64-63.23)

74.05 
(67.22-80.89)

M2-PK: M2-pyruvate kinase.
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DISCUSSION
This study explored the potential value of  serum M2-PK 
in screening CRC and other colorectal lesions in the pop-
ulation and compared its value to that of  serum CEA. 
Overall, the serum M2-PK has a higher diagnostic value 
than CEA for all types of  colorectal lesions except IBD. 
The serum M2-PK has a moderate to high diagnostic 
value for early and advanced stages of  CRC but CEA has 
a low to moderate diagnostic value for all stages of  CRC. 
For advanced adenoma the serum M2-PK has a moder-
ate diagnostic value while CEA has a low to moderate 
value. For both adenoma and non-adenomatous polyps 
the serum M2-PK has a low to moderate diagnostic value 
while CEA has a zero to low value. According to this 
study, both serum M2-PK and CEA have no diagnostic 
value to IBD. The sensitivity of  serum M2-PK is much 
higher than that of  serum CEA in diagnosing all positive 
colorectal lesions except IBD. The post-hoc statistical 
power in this study was 100% for all positive colorectal 
lesions except IBD. Serum M2-PK has the capacity to 
find more CRC and precancerous lesions than CEA.

We used community patients’ samples to test the val-
ue of  serum M2-PK and found that serum M2-PK has 
the advantage of  detecting earlier stages of  CRC. The 
sensitivity of  serum M2-PK for CRC was 100% in this 
study when the cut-off  value was set up at 2.00 U/mL, 
much higher than that of  colonoscopy, iFOBT, and fe-
cal M2-PK[17,31,32]. One of  the major goals of  CRC mass 
screening is to reduce mortality through the detection 
of  early-stage CRC, adenocarcinoma and adenoma[31]. A 
CRC mass screening should avoid missing any CRC cases 
at the primary stage and confirm the diagnosis at the sec-
ondary or later stage of  screening, making it possible to 
achieve the goal of  fewer or no deaths from CRC. At this 
point, a higher-sensitivity screening test is to be preferred 
to a test with higher specificity in a primary screening. 
In addition, a serum test avoids the inconvenience of  a 
fecal test and it is simpler, faster, and safer than colonos-
copy. Thus, the compliance rate for serum M2-PK in a 
CRC mass screening is predicted to be higher than that 
for fecal M2-PK, iFOBT, and colonoscopy. Using serum 
M2-PK as a primary screening test, the effectiveness of  
a CRC mass screening should be increased due to high 
compliance and high sensitivity. 

This study showed serum M2-PK is more useful than 
serum CEA in CRC mass screening because of  higher 
sensitivity and diagnostic value in finding early CRC. The 
sensitivities of  serum CEA were 29.03%, 7.31%, 5.84% 
and 6.38%, respectively, in diagnosing CRC, advanced ade-
nomas, adenomas, and non-adenomatous polyps, when the 
serum CEA cut-off  value was 5.00 ng/mL. The low sen-
sitivity of  serum CEA in detecting early CRC and precan-
cerous lesions limits its application in CRC mass screening. 

Adenoma is regarded as a precancerous lesion of  
CRC. Advanced adenoma is a severe type and defined as 
adenoma with a diameter of  ≥ 10 mm, a villous adenoma, 
and an adenoma with high grade dysplasia[4,31]. The detec-
tion rates of  early CRC and advanced adenoma have been 
used as important indicators in evaluating the effective-
ness of  a CRC mass screening programs[31]. The projected 
annual transition rates from advanced adenoma to CRC 
range from 2.6% to 5.6% among people ≥ 55 years old[33]. 
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Figure 1  Comparison of diagnostic values between serum M2-pyruvate 
kinase and carcinoembryonic antigen for positive colorectal lesions based 
on sensitivity and specificity in Hangzhou, 2006-2008. M2-PK: M2-pyruvate 
kinase; CEA: Carcinoembryonic antigen; CRC: Colorectal cancer; Adv.: Ad-
vanced; Nonad.: Nonadenomatous; Sens: Sensitivity; Spec: Specificity.
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Table 4  Positive predictive value and negative predictive value in percentage at 95% confidence interval of serum M2-pyruvate 
kinase using various cut-off value settings for different colorectal lesions compared with 158 normal people in colorectal cancer 
mass screening in Hangzhou, China, 2006-2008 (95% CI)

M2-PK 
(U/mL)

Colorectal cancer Advanced adenoma Adenoma Nonadenomatous polyps

PPV NPV PPV NPV PPV NPV PPV NPV

2.00 49.73 
(42.57-56.90)

100.00 
(100.00-100.00)

29.32 
(21.59-37.06)

96.97 
(92.83-100.00)

54.59 
(47.81-61.37)

72.73 
(63.42-82.03)

29.32 
(21.59-37.06)

88.89 
(81.63-96.15)

2.50 55.35 
(47.62-63.07)

  94.57 
(89.93-99.20)

33.02 
(24.07-41.97)

93.55 
(88.56-98.54)

57.99 
(50.55-65.43)

69.05 
(60.98-77.12)

33.64 
(24.69-42.60)

88.78 
(82.23-95.03)

3.00 60.71 
(52.62-68.80)

  92.79 
(87.98-97.60)

36.05 
(25.90-46.19)

91.15 
(85.91-96.39)

60.43 
(52.30-68.56)

66.03 
(58.59-73.46)

36.05 
(25.90-46.19)

86.55 
(80.43-92.68)

3.50 62.31 
(53.98-70.64)

  90.08 
(84.76-95.41)

37.97 
(27.27-48.68)

90.83 
(85.67-96.00)

61.42 
(52.95-69.88)

64.88 
(57.66-72.10)

34.67 
(23.90-45.44)

83.85 
(77.52-90.17)

4.00 64.96 
(56.31-73.60)

  87.31 
(67.22-80.89)

39.71 
(28.08-51.34)

89.31 
(84.02-94.60)

62.39 
(53.29-71.48)

62.90 
(55.96-69.85)

35.94 
(24.18-47.69)

82.98 
(76.78-89.18)

M2-PK: M2-pyruvate kinase; PPV: Positive predictive value; NPV: Negative predictive value.
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Studies show that fecal M2-PK is not a good marker for 
the detection of  colorectal adenomas[34]. Until now, there 
have been no effective serum biomarkers for finding early 
CRC and advanced adenomas. Our study indicates that 
serum M2-PK can obtain a moderate diagnostic value in 
detecting advanced adenomas, better than that of  serum 
CEA.

Fecal M2-PK can be an indicator of  IBD[35,36] and 
some studies showed plasma M2-PK to have elevated 
levels in acute and serious inflammation disease[37,38]. 
However, our study did not find that serum M2-PK is a 
good index for IBD, for three possible reasons. One is 
that there were only seven cases of  IBD in our study. The 
second is that the inflammatory process in these seven 
female patients may be in the early stage, not as severe 
as those in the other studies. The third possible reason is 
that there may actually be little difference between IBD 
cases and normal people. Since there are a considerable 
number of  IBD patients among high risk CRC popula-
tions, future research should test the value of  serum M2-
PK for diagnosing IBD in a large study population. 

The findings that serum M2-PK among normal 
people is low and not influenced by age and gender in 
this study are expected. Tumor M2-PK is an enzyme 
within tumor metabolism. The serum level of  tumor 
M2-PK among normal people should be low compared 
to that among colorectal lesion patients and should not 
vary by gender and age. The average level of  serum M2-
PK among 158 normal people was 2.96 U/mL which 
is much lower than those in clinical patients or volun-
teers[22,23]. Our community-based results for serum levels 
of  M2-PK associated with the TNM Classification of  
Malignant Tumors and Duke’s staging in CRC are sup-
ported by these patient-based clinical studies[22,23]. Be-
cause our result for normal serum level of  M2-PK was 
based on a large sample size (158) from communities in 
a CRC mass screening program, it is reliable and can be 
generalizable. 

Serum M2-PK with high sensitivity can achieve mod-
erate to high diagnostic value in detecting early CRC and 
advanced adenomas and is superior to serum CEA. It 
also plays an important role in reducing costs, inconve-
nience, and colonoscopy-related complications during 
CRC screening. In addition, the compliance rate for 
serum M2-PK should be improved compared to other 
tests in a mass screening program. Thus the effectiveness 
of  CRC mass screening programs should be improved 
greatly. In the long run, the healthcare burden from CRC 
should be minimized due to low CRC incidence and 
mortality in the community, the desired outcome of  a 
successful CRC screening program.

Overall, we conclude that serum M2-PK can be 
used as an efficient primary screening test for CRC mass 
screening. It is simpler and faster than a fecal test and 
cheaper, more convenient, and safer than colonoscopy. It 
is a promising non-invasive biomarker for CRC early de-
tection. We will test its value in other community settings 
and or in a large study population in the future.
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Research frontiers
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in cancer cells and undifferentiated tissues. The dimeric form of M2-PK is 
termed tumor M2-PK. Clinical research shows tumor M2-PK is associated with 
the TNM Classification of Malignant Tumors and Duke’s staging in CRC. The 
authors hypothesized that serum tumor M2-PK can be developed as an efficient 
primary screening test in CRC screening in the population. No previous study 
has investigated the value of serum tumor M2-PK in CRC mass screening in a 
community setting. 
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The level of serum M2-PK among normal people was low and not affected by 
gender and age. Serum M2-PK among CRC patients was about 4 fold higher 
than that among the normal. Serum M2-PK has moderate value in diagnosing 
CRC and advanced adenoma. The diagnostic sensitivity of serum M2-PK was 
100.0% for CRC, i.e., there were no CRC cases missed, and 40.5% of un-
necessary colonoscopies avoided when the cut-off value was 2.00 U/mL. This 
is the first study that has investigated the value of serum M2-PK in CRC mass 
screening in a community setting.
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Results from this study suggest that serum M2-PK can be used as a primary 
screening test in CRC mass screening due to its high sensitivity and high com-
pliance. It is a promising non-invasive biomarker for CRC early detection. 
Terminology
Advanced adenoma is a severe type of adenoma and defined as adenoma with 
a diameter of ≥ 10 mm, a villous adenoma, and an adenoma with high grade 
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non-invasive biomarker for CRC mass screening, due to lower sensitivity of se-
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Abstract
Glucagonomas are rare neuroendocrine tumors that 
arise from α cells of the pancreatic islets. Most of them 
are malignant and usually present as metastatic dis-
ease. Sites most commonly involved in metastases are 
the liver and regional lymph nodes. Bone metastases 
are rare events and only a few cases have been report-
ed in the literature. We present the case of a 53-year-
old male with a medical history of recurrent non-func-
tioning glucagonoma. He presented 17 years after the 
initial diagnosis with new blastic bone lesions involving 
the T1 vertebra and the sacrum. Diagnostic steps and 
medical management in metastatic glucagonoma are 
also reviewed.
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INTRODUCTION
Neuroendocrine tumors of  the pancreas are rare malig-
nancies, accounting for 1%-2% of  pancreatic neoplasms. 
Also known as islet cell tumors, neoplasms in this hetero-
geneous group have distinct histological and biological 
behavior and are now believed to arise from multipotent 
stem cells located in the ductal epithelium[1]. From a 
clinical point of  view, these tumors are classified into 
functioning and non-functioning. Functioning tumors are 
neoplasms that secrete inappropriate amounts of  hor-
mones causing clinical endocrinopathy. The most com-
mon secreting types are insulinoma and gastrinoma[2].

Glucagonomas are neuroendocrine tumors that arise 
from α cells of  the pancreatic islets[3]. They present as 
encapsulated firm nodules that reach 25 cm in diameter 
and usually occur in the tail of  the pancreas. Histologi-
cally, glucagonoma consist of  cords and nests of  well-
differentiated islet cells. Nevertheless, despite their benign 
appearance, most glucagonomas are malignant and the 
disease is usually metastatic at diagnosis[3,4]. Metastatic dis-
ease usually involves the liver and lymph nodes and rarely 
extends to the bones. Therefore, only a few cases of  glu-
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cagonomas with bone metastases have been reported in 
the literature. These bone metastases are mostly spinal[3-6]. 
We present the case of  a male patient with a history of  
recurrent nonfunctioning glucagonoma who was found 
to have blastic bone lesions.

CASE REPORT
A 53-year-old male presented with left upper extremity 
numbness and weakness. His medical history revealed 
that he had been diagnosed with glucagonoma at age 36. 
More specifically, in April 1993, the patient experienced 
sudden epigastric pain radiating to the left upper quad-
rant. An abdominal ultrasound revealed a 5-6 cm mass 
located between the body of  the pancreas and the ante-
rior wall of  the stomach and the patient underwent ex-
ploratory laparatomy converted into a distal pancreatec-
tomy. Histology showed an islet cell tumor positive for 
glucagons, chromogranin and synaptophysin and negative 
for somatostatin, gastrin, insulin and pancreatic polypep-
tide, leading to the diagnosis of  a non-functioning glu-
cagonoma. His condition remained stable until February 
1998 when an abdominal computed tomography (CT) 
scan revealed a recurrent mass in the mid-portion of  the 
pancreas (6 cm × 8 cm × 6 cm). The tumor was surgi-
cally resected and histology confirmed the recurrence of  
the neuroendocrine tumor. The patient was on regular 
follow-up thereafter with serial CT scans of  the abdomen 
and pelvis.

Seventeen years after the initial diagnosis, the patient 
presented to our clinic with left hand numbness and 
weakness radiating under the left arm and left axilla. The 
symptoms had started 2 mo before. He also noticed 
weakness in his left upper extremity but denied any pain. 
The patient experienced no other symptoms and review 
of  the systems revealed weight gain, good appetite and 
performance status. Complete physical examination was 
unremarkable with no evidence of  skin lesions, rashes, 
lymphadenopathy or focal neurological deficits. He un-
derwent a chest CT scan that revealed a 20 mm blastic 
lesion suspicious of  metastasis in the left transverse pro-
cess of  the T1 vertebra (Figure 1A). Additional blastic 
lesions were found on the posterior aspect of  the right 
fifth rib and in both transverse processes of  the S1 ver-
tebra (measuring 3 mm, 15 mm and 15 mm in diameter, 
respectively) (Figure 1B and C). The magnetic resonance 
imaging (MRI) scan of  the spine showed non-enhancing 
foci of  low signal intensity in the bilateral sacrum, in 
accordance with the sclerotic lesions seen on prior CT 
scan. Bone scan showed no foci of  abnormal increased 
activity. Octreotide scan did not show increased uptake 
in the area of  bone lesions but showed focal activity in 
the surgical bed, raising the suspicion of  recurrent dis-
ease. Although the diagnosis of  osteosclerosis was part 
of  the differential, the above mentioned lesions were not 
noticed in a similar study conducted 2 years before, sug-
gesting that these lesions were metastatic. Chromogranin 
A (ChA) was found mildly elevated (48 ng/mL-normal 

values < 36.4 ng/mL) whereas glucagon, serotonin and 
gastrin levels were within the normal range. The patient 
moved to a different state and continued treatment there. 
The bone biopsy that had been scheduled was never per-
formed.

DISCUSSION
The diagnosis of  glucagonoma includes: characteristic 
clinical features, elevated hormone levels, imaging find-
ings and histological confirmation. The presentation of  
glucagonomas has been associated with necrolytic migra-
tory erythema, diabetes mellitus, anemia, weight loss, di-
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Figure 1  Axial computed tomography scan of the patient. A: Computed 
tomography (CT) through the upper chest displayed using the bone window 
settings. There is a 2-cm well-defined sclerotic lesion within the left transverse 
process of the T1 vertebra (arrow); B: CT through the pelvis displayed using the 
bone window settings. There is a 1.5-cm, well defined, sclerotic lesion (arrow) 
in the right sacrum adjacent to the sacroiliac joint; C: CT through the pelvis 
displayed using the bone window settings. There is a 1.5-cm, well defined, scle-
rotic lesion (arrow) in the left sacrum.



arrhea, deep venous thrombosis, neuropsychiatric symp-
toms and hypoaminoacidemia[4,6,7]. The main features of  
glucagonoma syndrome include hyperglycemia, increased 
muscle catabolism with wasting and cutaneous manifesta-
tions associated with necrolytic migratory erythema. Glu-
cagon secretion is responsible for most of  the observed 
signs and symptoms[6,8]. The endocrine manifestations 
are more common in advanced stages and may be related 
directly to tumor size, but lack of  clinically important 
secretory activity can be observed in non-functioning 
tumors even in widely metastatic disease[9]. This was also 
the case in our patient who had no clinical manifestations 
of  glucagonoma syndrome at initial presentation or later. 

Laboratory abnormalities in functioning neoplasms 
include hyperglucagonemia and hyperglycemia. Glucagon 
levels are usually above 1000 pg/mL although in some 
glucagonomas, levels do not exceed the upper normal 
range[10]. Hormones not directly involved in the clinical 
syndrome may also be elevated: ChA and pancreatic pep-
tide (PP) levels are raised in 50%-80% of  cases, including 
nonsecretory tumors. A combined assessment of  PP and 
ChA is particulary useful for the diagnosis of  nonfunc-
tioning cases and their increased levels also seem to cor-
relate with overall disease burden[10]. Besides their role as 
tumor markers, they can also be utilized to monitor the 
therapeutic response[11]. In our case, glucagon levels were 
reported normal with only a mild increase in ChA levels.

The natural history of  this malignancy reveals that 
the prevalence of  metastatic disease at time of  diagnosis 
varies from 50% to 100%[12]. Common metastatic sites 
are the liver and regional lymph nodes. Other reported 
sites for metastatic glucagonoma are adrenal glands, kid-
neys and lungs[6]. Bone metastases are rare events with 
only seven cases reported in the literature to date[3,13,14]. In 
most of  these cases, vertebral metastases were described. 
In one of  these cases, bone metastases were the initial 
finding of  glucagonoma[13] and spinal cord compression 
was observed in another patient[3]. There has also been a 
case of  misdiagnosis where the bone scan showed abnor-
mality in the proximal femur, initially considered avascular 
necrosis[14]. Bone metastases from pancreatic islet carci-
noma have also been reported in dogs[15]. Our patient had 
blastic lesions involving the vertebrae and the sacrum. 
Unfortunately, the patient moved to another state before 
bone biopsy was performed. However, the radiological 
findings deserve attention and clinicians should be aware 
of  this rare site of  glucagonoma metastases.

Octreotide scan has become one of  the most im-
portant tools in the initial diagnosis and staging of  these 
tumors. CT, MRI scans, endoscopic or perioperative ul-
trasonography are used for diagnosis and also for evalua-
tion of  response to treatment[16]. Arterial stimulation and 
venous sampling with calcium loading also seems to be 
an effective, although more invasive, method of  detecting 
glucagonomas[17].

Somatostatin receptor scintigraphy using radiolabeled 
octreotide is an important diagnostic tool as glucagono-
mas express somatostatin receptors in more than 80% 

of  cases. Due to the rarity of  these neoplasms, the sen-
sitivity and specificity of  this imaging technique has not 
been clearly established. Possible causes of  false-negative 
results are high levels of  endogenous somatostatin com-
peting for receptors with the radiolabeled octreotide or 
causing receptors downregulation. Absence or minimal 
expression of  one of  the somatostatin receptor subtypes 
(type 2) can also lead to poor visualization since this 
receptor holds the highest affinity for octreotide[5]. The 
octreoscan in our patient failed to show increased bone 
uptake but did show some uptake in the surgical bed, sug-
gesting possible recurrent disease. As shown above, this 
study cannot rule out metastatic glucagonoma. Unfortu-
nately, our patient did not undergo biopsy. However, the 
radiological findings deserve attention to make clinicians 
aware of  this rare site of  metastases of  glucagonoma.

Regarding prognosis, glucagonomas are slowly grow-
ing tumors usually advanced by the time of  diagnosis. 
When the primary tumor can be controlled, aggressive 
radical surgery and complete tumor resection offer long-
term survival[18,19]. Once glucagonoma is metastatic, cure 
is rarely achieved. 

Treatment of  the glucagonomas with metastatic in-
volvement other than the liver alone consists of  targeting 
excessive hormonal secretion and tumor growth. Soma-
tostatin analogues such as octreotide are highly effective 
in controlling symptoms related to glucagon hypersecre-
tion[20]. No benefit in non-secreating tumors has been 
shown, as there is no documented antitumoral activity 
of  octreotide. Interferon-alfa also improves symptoms in 
up to 50% of  patients with pancreatic endocrine tumors. 
Multiple cytotoxic drugs have been used, mostly combi-
nations of  streptozocin with doxorubicin or fluorouracil. 
Cisplatin and etoposide have been used in rapidly pro-
gressive tumors[21]. Other studies have examined the role 
of  topotecan, oxaliplatin, gemcitabine, capecitabine and 
temozolomide-based regimens in the treatment of  neuro-
endocrine tumors of  the gastrointestinal tract[22,23]. Unfor-
tunately, the benefit of  current regimens remains mod-
est considering the poor tumor response and increased 
toxicity[6]. New molecularly targeted therapeutic options 
are under investigation. VEGF pathway inhibitors, such 
as sunitinib and bevacizumab have shown promise in 
delaying progression of  metastatic pancreatic endocrine 
neoplasms. Inhibition of  mTOR, using temsirolimus and 
everolimus, has also been studied[23]. Radioembolization 
with selective internal radiation microspheres in cases 
of  liver metastases can achieve relatively long-term re-
sponse[24]. Finally, external beam radiotherapy is used as 
palliative care in bone metastases or bulky disease[23].

In conclusion, glucagonomas are rare pancreatic en-
docrine tumors. By the time of  diagnosis, more then half  
of  these tumors are already metastatic. Bone metastases 
are rare in glucagonomas with only 7 other cases report-
ed in the literature. Laboratory and imaging findings can 
be inconclusive, especially in case of  non-secretory types. 
Even octreotide scan may lack sensitivity, depending on 
the somatostatin receptor profile and/or somatostatin 
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endogenous secretion. In confirmed cases of  bone me-
tastases, therapy should include a systemic approach us-
ing chemotherapy combinations along with molecularly 
targeted therapy. Glucagonomas expressing somatostatin 
receptors 2 and 5 may benefit from radiolabelled soma-
tostatin therapy. External beam radiation can be used pal-
liatively.
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full-text articles in PDF and other formats for experts and the public 
without registration, which eliminates the obstacle that traditional 
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communication of  scientific research results. The open access model 
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goal of  the journals, i.e. the maximization of  the value to the readers, 
authors and society.
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official website, thereby realizing the goals and significance of  the 
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(3) Maximization of  the benefits of  readers: Readers can read or use, 
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validate the innovativeness, scientific and practical values of  their own 
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arguments or viewpoints, solid evidence and correct conclusion; and 
(4) Maximization of  the benefits of  employees: It is an iron law that a 
first-class journal is unable to exist without first-class editors, and only 
first-class editors can create a first-class academic journal. We insist 
on strengthening our team cultivation and construction so that every 
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tribute their wisdom to edit and publish high-quality articles, thereby 
realizing the maximization of  the personal benefits of  editorial board 

members, authors and readers, and yielding the greatest social and 
economic benefits.

Aims and scope
The major task of  WJGO is to report rapidly the most recent ad-
vances in basic and clinical research on gastrointestinal oncology. The 
topics of  WJGO cover the carcinogenesis, tumorigenesis, metastasis, 
diagnosis, prevention, prognosis, clinical manifestations, nutritional 
support, molecular mechanisms, and therapy of  benign and malignant 
tumors of  the digestive tract. This cover epidemiology, etiology, im-
munology, molecular oncology, cytology, pathology, genetics, genom-
ics, proteomics, pharmacology, pharmacokinetics, nutrition, diagnosis 
and therapeutics. This journal will also provide extensive and timely 
review articles on oncology.

Columns
The columns in the issues of  WJGO will include: (1) Editorial: To 
introduce and comment on major advances and developments in the 
field; (2) Frontier: To review representative achievements, comment 
on the state of  current research, and propose directions for future 
research; (3) Topic Highlight: This column consists of  three formats, 
including (A) 10 invited review articles on a hot topic, (B) a commen-
tary on common issues of  this hot topic, and (C) a commentary on 
the 10 individual articles; (4) Observation: To update the development 
of  old and new questions, highlight unsolved problems, and provide 
strategies on how to solve the questions; (5) Guidelines for Basic 
Research: To provide guidelines for basic research; (6) Guidelines for 
Clinical Practice: To provide guidelines for clinical diagnosis and treat-
ment; (7) Review: To review systemically progress and unresolved 
problems in the field, comment on the state of  current research, and 
make suggestions for future work; (8) Original Articles: To report in-
novative and original findings in gastrointestinal oncology; (9) Brief  
Articles: To briefly report the novel and innovative findings in cardiol-
ogy; (10) Case Report: To report a rare or typical case; (11) Letters to 
the Editor: To discuss and make reply to the contributions published 
in WJGO, or to introduce and comment on a controversial issue of  
general interest; (12) Book Reviews: To introduce and comment on 
quality monographs of  gastrointestinal oncology; and (13) Guidelines: 
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national academic authorities worldwide on the research in gastroin-
testinal oncology.
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SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statisital review is performed after peer review. We invite an expert in 
Biomedical Statistics from to evaluate the statistical method used in 
the paper, including t-test (group or paired comparisons), chi-squared 
test, Ridit, probit, logit, regression (linear, curvilinear, or stepwise), 
correlation, analysis of  variance, analysis of  covariance, etc. The re-
viewing points include: (1) Statistical methods should be described 
when they are used to verify the results; (2) Whether the statistical 
techniques are suitable or correct; (3) Only homogeneous data can be 
averaged. Standard deviations are preferred to standard errors. Give 
the number of  observations and subjects (n). Losses in observations, 
such as drop-outs from the study should be reported; (4) Values such 
as ED50, LD50, IC50 should have their 95% confidence limits cal-
culated and compared by weighted probit analysis (Bliss and Finney); 
and (5) The word ‘significantly’ should be replaced by its synonyms (if  
it indicates extent) or the P value (if  it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any po-
tential bias, WJGO requires authors of  all papers to declare any com-
peting commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee or it 
should be stated clearly in the text that all persons gave their informed 
consent prior to their inclusion in the study. Details that might dis-
close the identity of  the subjects under study should be omitted. Au-

thors should also draw attention to the Code of  Ethics of  the World 
Medical Association (Declaration of  Helsinki, 1964, as revised in 
2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clinical 
Practice (for example, US Food and Drug Administration Good Clini-
cal Practice in FDA-Regulated Clinical Trials; UK Medicines Research 
Council Guidelines for Good Clinical Practice in Clinical Trials) and/
or the World Medical Association Declaration of  Helsinki. Generally, 
we suggest authors follow the lead investigator’s national standard. If  
doubt exists whether the research was conducted in accordance with 
the above standards, the authors must explain the rationale for their 
approach and demonstrate that the institutional review body explicitly 
approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals of  
their institution or national animal welfare committee. For the sake of  
transparency in regard to the performance and reporting of  clinical 
trials, we endorse the policy of  the ICMJE to refuse to publish pa-
pers on clinical trial results if  the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, to our 
knowledge, is http://www.clinicaltrials.gov sponsored by the United 
States National Library of  Medicine and we encourage all potential 
contributors to register with it. However, in the case that other reg-
isters become available you will be duly notified. A letter of  recom-
mendation from each author’s organization should be provided with 
the contributed article to ensure the privacy and secrecy of  research is 
protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned to 
the author(s) and the editors will not be responsible for loss or dam-
age to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submis-
sion System at: http://www.wjgnet.com/1948-5204office. Authors 
are highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/1948-5204/
g_info_20100312180518.htm) before attempting to submit online. For  
assistance, authors encountering problems with the Online Submi-
ssion System may send an email describing the problem to wjgo@
wjgnet.com, or by telephone: +86-10-85381891. If  you submit your 
manuscript online, do not make a postal contribution. Repeated on-
line submission for the same manuscript is strictly prohibited.
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MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample margins. 
Style should conform to our house format. Required information for 
each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception and 
design, acquisition of  data, or analysis and interpretation of  data; (2) 
drafting the article or revising it critically for important intellectual 
content; and (3) final approval of  the version to be published. Au-
thors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde Medi-
cal College, Chengde 067000, Hebei Province, China. One author may 
be represented from two institutions, for example, George Sgourakis, 
Department of  General, Visceral, and Transplantation Surgery, Es-
sen 45122, Germany; George Sgourakis, 2nd Surgical Department, 
Korgialenio-Benakio Red Cross Hospital, Athens 15451, Greece

Author contributions: The format of  this section should be: Author 
contributions: Wang CL and Liang L contributed equally to this work; 
Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu XM designed 
the research; Wang CL, Zou CC, Hong F and Wu XM performed the 
research; Xue JZ and Lu JR contributed new reagents/analytic tools; 
Wang CL, Liang L and Fu JF analyzed the data; and Wang CL, Liang 
L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  sup-
portive foundations should be provided, e.g. Supported by National 
Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower case. 
A space interval should be inserted between country name and email 
address. For example, Montgomery Bissell, MD, Professor of  Medi-
cine, Chief, Liver Center, Gastroenterology Division, University of  
California, Box 0538, San Francisco, CA 94143, United States. mont-
gomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, country 
number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381891 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. Nor-
mally, three experts are invited for each article. Decision for accep-
tance is made only when at least two experts recommend an article 
for publication. Reviewers for accepted manuscripts are acknowl-
edged in each manuscript, and reviewers of  articles which were not 
accepted will be acknowledged at the end of  each issue. To ensure 
the quality of  the articles published in WJGO, reviewers of  accepted 
manuscripts will be announced by publishing the name, title/posi-
tion and institution of  the reviewer in the footnote accompanying 
the printed article. For example, reviewers: Professor Jing-Yuan Fang, 
Shanghai Institute of  Digestive Disease, Shanghai, Affiliated Renji 
Hospital, Medical Faculty, Shanghai Jiaotong University, Shanghai, 
China; Professor Xin-Wei Han, Department of  Radiology, The First 
Affiliated Hospital, Zhengzhou University, Zhengzhou, Henan Prov-

ince, China; and Professor Anren Kuang, Department of  Nuclear 
Medicine, Huaxi Hospital, Sichuan University, Chengdu, Sichuan 
Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 words 
should accompany each manuscript. Abstracts for original contribu-
tions should be structured into the following sections. AIM (no more 
than 20 words): Only the purpose should be included. Please write 
the aim as the form of  “To investigate/study/…; MATERIALS 
AND METHODS (no more than 140 words); RESULTS (no more 
than 294 words): You should present P values where appropriate and 
must provide relevant data to illustrate how they were obtained, e.g. 
6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no more than 
26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and DIS-
CUSSION, and should include appropriate Figures and Tables. Data 
should be presented in the main text or in Figures and Tables, but not 
in both. The main text format of  these sections, editorial, topic high-
light, case report, letters to the editors, can be found at: http://www.
wjgnet.com/1948-5204/g_info_list.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is nec-
essary in line-art image. Scale bars should be used rather than magnifi-
cation factors, with the length of  the bar defined in the legend rather 
than on the bar itself. File names should identify the figure and panel. 
Avoid layering type directly over shaded or textured areas. Please use 
uniform legends for the same subjects. For example: Figure 1  Patho-
logical changes in atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: 
...; E: ...; F: ...; G: …etc. It is our principle to publish high resolution-
figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into the 
text where applicable. The information should complement, but not 
duplicate the text. Use one horizontal line under the title, a second 
under column heads, and a third below the Table, above any foot-
notes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 0.05, 
bP < 0.01 should be noted (P > 0.05 should not be noted). If  there 
are other series of  P values, cP < 0.05 and dP < 0.01 are used. A third 
series of  P values can be expressed as eP < 0.05 and fP < 0.01. Other 
notes in tables or under illustrations should be expressed as 1F, 2F, 3F; 
or sometimes as other symbols with a superscript (Arabic numer-
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als) in the upper left corner. In a multi-curve illustration, each curve 
should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
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