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p62 expression in primary carcinomas of the digestive system
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Abstract

AIM: To characterize p62 expression and define the
relationship between p62 expression and cell proliferation
in primary carcinomas of the digestive system.

METHODS: p62 expression was characterized in surgically
resected tumor specimens from 60 patients with primary
carcinomas of the digestive tract (including 22 esophageal
carcinomas, 17 gastric carcinomas, and 21 colorectal
carcinomas) and 40 patients with hepatocellular carcinoma
(HCC) by immunohistochemistry (IHC). The cell proliferation
was determined by IHC of Ki-67 in 40 patients with HCC.

RESULTS: Twenty-two cases of esophageal carcinoma
were histopathologically diagnosed as squamous cell
carcinoma. We combined the gastric and colorectal
carcinomas based on the equivalent histology. The 38
tumors in the combined groups, consisted of 17 well-
differentiated, eight moderately differentiated, nine
poorly differentiated carcinomas, and four mucinous
adenocarcinomas. According to the criteria of Edmondson
and Steiner, 40 patients with HCC were graded (2 grade
I, 17 grade II and 21 grade III). p62 expression in primary
carcinomas of the gastrointestinal tract (60/60,100%)
was higher than that (27/40, 67.5%) of HCC (P<0.01,
2 = 19.63). High expression levels of p62 were positively
correlated with histological grades in gastric and colorectal
carcinomas (P<0.0001) and inversely associated with
those in HCC (P = 0.0322). No significant correlations
were observed for esophageal carcinomas (P = 0.8246).
p62 expression was also detected in the cytoplasm of
morphologically normal columnar epithelial cells adjacent
to the cancer foci of gastric and colorectal carcinomas.
In 40 HCC specimens, the mean Ki-67 labeling index (LI)

was (19.6±16.0)%. It was (28.3±18.73)% in 12 cases with
high p62 expression (+++), (7.53±14.83)% in 13 cases
without p62 expression(-). Patients with a high p62
expression showed a significantly higher level of Ki-67 staining
than those without p62 expression (P<0.05, t = 2.069).

CONCLUSION: p62 expression is common in carcinomas
of the digestive system and higher in carcinomas of the
gastrointestinal tract than in primary HCC. p62 is a cellular
differentiation-related protein. Cancer cells with a high
p62 expression exhibited highgrowth fractions in HCC.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

p62 is a tumor-related protein identified by Zhang et al[1],
using serum auto-ant ibodies from pat ients with
hepatocellular carcinoma (HCC) to immuno-screen a cDNA
expression library in 1999. Of great interest were the findings
that during transition from chronic hepatitis and hepatic
cirrhosis to HCC, serum auto-antibodies against p62
appeared. These same antibodies were not detected in the
pre-malignant condition[2]. Furthermore, the auto-antibodies
could be found in many malignant tumors[3,4].  We
hypothesize that this antibody response may be stimulated
by protein participating in the malignant transformation
process[5].

p62 is an insulin-like growth factor II (IGF-II) mRNA
binding protein with two types of RNA-binding motifs, two
RNA recognition motifs, and four repeats of hnRNP K
homology (KH) domains[6]. p62 is a cytoplasmic protein
and immunohistochemical analysis of HCC showed that
approximately one-third of the patients exhibited high
expression of p62 protein in HCC nodules, whereas adjacent
non-malignant parenchymal liver cells had no detectable
staining. In addition, normal adult liver tissue did not have
detectable p62, whereas fetal liver contained immunoreactive
p62 in hepatic parenchymal cells[7].

This project sought to determine the following questions:
(1) What are the characteristics of p62 expression in
carcinomas of the gastrointestinal tract; (2) Are there any
differences in p62 expression pattern among carcinomas



of the digestive system; and (3) What is the relationship
between p62 expression and cell proliferation?

MATERIALS AND METHODS

Samples
One hundred consecutively resected tumor specimens from
the Department of  Pathology, the First Clinical Hospital
of Medical College of Xiamen University were collected
for this study (Table 1). Of  these specimens, 22 were
esophageal carcinomas (mean age, 57 years; range, 42-73 years),
17 gastric carcinomas (mean age, 57 years; range, 41-76 years),
21 colorectal carcinomas (mean age, 55 years; range, 35-76 years),
and 40 HCCs (mean age, 56 years; range, 27-75 years).

Reagents
Rabbit anti-p62 antibody, p62 antigen and preimmune rabbit
(the same one used for anti-p62 antibody production) serum
was presented by Eng M. Tan (W.M. Keck Autoimmune
Disease Center, Department of Molecular and Experimental
Medicine, The Scripps Research Institute, USA). Mouse
monoclonal antibody ki-67 (Clone Ki-S5, M7187) and
EnVisionTM+ kit (K4010) were purchased from DAKO
Corporation. UltraSensitiveTM S-P Kit (Kit 9710) was
purchased from Maixin-Bio Company.

Immunohistochemistry
A total of  100 formalin-fixed, paraffin-embedded tumor
samples were stained immunohistochemically for p62 by
EnvisionTM+ kits detection system. At the same time, 40
samples of HCC were also immunostained with ki-67 by
labeled streptavidin-biotin method. All sections for both p62
and Ki-67 immunostaining were pretreated with antigen
retrieval using citrate buffer at pH6.0.

Four-micron-thick sections were deparaffinized, rehydrated
through graded alcohols, transferred into boiled 0.01 mol/L
citrate buffer (pH6.0), then boiled again for 10 min, cooled
for 20 min, and washed in distilled water for 5 min.
Endogenous peroxidase activity was blocked with 3%
hydrogen peroxide for 10 min. Sections were then incubated
with rabbit anti-p62 antibody at a dilution of 1:400 or with
mouse monoclonal antibody ki-67 at a dilution of 1:50 for
60 min at room temperature.

Sections for p62 staining were then incubated with
peroxidase-labeled polymer for 30 min at room temperature,
followed by liquid DAB substrate-chromogen solution for
1 min and counterstained with hematoxylin. Sections for
Ki-67 staining were then incubated with biotinylated second
antibody and streptavidin conjugated peroxidase for 10 min
at room temperature, respectively, followed by liquid DAB
substrate-chromogen solution for 2 min. A light Mayer’s
hematoxylin was used as a counterstaining.

Negative controls for p62 included replacement of
primary antibody to p62 with pre-immune rabbit serum at
a dilution of 1:400, and for ki-67 consisted of substituting
0.01 mol/L phosphate buffered saline for the primary
antibody. Antibody absorption experiments were performed
to confirm the specificity of  anti-p62 antibody. Five hundred
microliters of diluted anti-p62 antibody was incubated with
the 500 L of diluted p62 protein (0.5 g/mL) in 37 ℃

water bath for 2 h, and the absorbed supernatant used as
primary antibody.

Scoring technique
The immunostained cells for p62 were recorded as positive
when cytoplasm of cells exhibited brown staining. The
findings were scored according to the numbers of positive
cells: -, no or less than 5% cells stained; +, 6% to 25% of
cells stained, + +, 26-50% of cells stained, and + + +,
more than 50% of cells stained.

For Ki-67 staining, tumor cells were recognized as positive
if any nucleus exhibited brown staining. The Ki-67 labeling
index (LI) was defined as the percentage of tumor cells
displaying nuclear immunoreactivity, and was calculated by
counting the number of nucleus-stained tumor cells in 1 000
tumor cells in each section. A square grid (10 mm×10 mm)
in the ocular lens was used at ×400 in at least five fields to
delineate the area in which both the stained and unstained
cells were counted. The cases that demonstrated more than
10% positive cells were determined to be positive ones.

Statistical analysis
The difference in positive rates for p62 between carcinomas
of the gastrointestinal tract and HCC was analyzed by
2 test. The relationship between intensity of p62
immunoreactivity and histological grading was analyzed
by Cochran-Mantel-Haenszel test. The difference in mean
Ki-67 LI between high (+++) and negative (-) p62 expression
was analyzed by Student’s t test. The significance level was
set at P<0.05, and all tests were two-sided.

RESULTS

Histopathologic findings
Twenty-two cases of  esophageal carcinoma were histopath-
ologically diagnosed as squamous cell carcinoma, which
were divided into 10 high-, 9 intermediate-, and 3 low-grade
ones.

Seventeen cases of gastric carcinoma were histopathologically
diagnosed as well-differentiated adenocarcinoma (n = 8),
poorly differentiated adenocarcinoma (n = 8), and signet-
ring cell carcinoma (n = 1).

Twenty-one cases of  colorectal carcinoma were
histopathologically diagnosed as well-differentiated (n = 9),
moderately differentiated (n = 8), poorly differentiated (n = 1)
and mucinous (n = 3) adenocarcinoma.

We combined together the gastric and colorectal
carcinomas based on the equivalent histology. The 38 tumors
in the combined groups consisted of 17 well-differentiated,
8 moderately differentiated, 9 poorly differentiated, and
four mucinous adenocarcinomas.

According to the criteria of Edmondson and Steiner,
40 patients with HCC were graded (two grade I, 17 grade
II and 21 grade III).

Immunohistochemistry
p62 was expressed in the cytoplasm of cancer cells (Figure 1
A-C). Immunohistochemical staining revealed that p62 was
expressed in all 60 carcinomas of the gastrointestinal tract
(100%) and 27 of 40 HCCs (67.5%). There was a significant
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difference in the expression rate of p62 between carcinomas
of the gastrointestinal tract and HCC (2 = 19.63, P<0.01)
(Table 1).

In carcinomas of the gastrointestinal tract, p62 positive
cases were mostly categorized as ++ or +++. Furthermore,
in well-differentiated adenocarcinomas, almost all cancer
cells uniformly showed strong reactivity to anti-p62 antibody.
But in mucinous adenocarcinomas, very weak reactions
were detected. In squamous cell carcinoma, the site of
keratinization was negative for p62. In HCC, the staining was
categorized as + in 8, ++ in 7, +++ in 12 and - in 13 cases.
It is worth-mentioning that in contrast to adenocarcinomas,
none of the grade I cases of HCC was positive for p62
immunoreactivity, whereas 12 of 17 cases (70%) of grade
II, and 15 of 21 cases (71%) of grade III were positive for
p62. p62 expression was also detected in the cytoplasm of
para-cancerous morphologically normal columnar epithelial
cells of gastric and colorectal carcinomas (Figure 1D).

The correlation of intensity of p62 immunoreactivity
with histological grading was examined. The Cochran-
Mantel-Haenszel test showed that a high expression level
of p62 was positively correlated with histological grades in
gastric and colorectal carcinomas (P<0.0001) and inversely
correlated with histological grades in HCC (P = 0.0322),
but no such correlations were found in esophageal carcinoma

(P = 0.8246, Table 2).
All cancer cells were negative for pre-immune rabbit

sera and anti-p62 antiserum reabsorbed with p62 protein
(Figure 1E).

IHC for Ki-67 showed a distinct nuclear staining
(Figure 2). In 40 specimens of HCC, Ki-67 LI ranged from
0% to 56.7%, and the mean Ki-67 LI was (19.6±16.0)%. It
was (28.30±18.73)% in 12 cases with high p62 expression
(+++), (29.29±16.55)% in 7 cases with moderate p62
expression, (17.89±14.42)% in 8 cases with low p62
expression and (7.53±14.84)% in 13 cases without p62
expression (-) (Table 2). To make sure that p62 positive and
Ki-67 positive cells were the same cluster of cells in the
two consecutive sections, the mean Ki-67 LI was only
compared between the high (+++), in which cancer nodules
uniformly showed strong reactivity to p62 antibody, and
negative (-) p62 expressing tissues. The difference in mean
Ki-67 LI between the two groups was statistically significant
(t = 3.08, P<0.05). The higher the level of p62 expression
was, the higher the Ki-67 LI.

DISCUSSION

Carcinogenesis is a multistep process involving not only
genetic mutation in oncogenes and tumor-suppressor genes
but also other complex factors conferring tumorigenic traits.
There is growing evidence that a number of intracellular
proteins with RNA-binding motifs are associated with
cancer[5,8-11]. p62 is an IGF-II mRNA binding protein (IMP).
The family of IMP has three members, namely IMP-1, -2,
and -3[12]. p62 is identical to IMP-2[7]. p62 has become a
highly interesting cancer auto-antigen comparable to p53[5]

and has been detected in HCC tissues[7]. Our study revealed
that p62 was expressed in esophageal, gastric, colorectal
and HCC. The cytoplasmic localization of p62 protein is
consistent with its expression in tumor hepatocytes described
by Lu et al[7]. The results demonstrated that the expression
of p62 was a common phenomenon in carcinomas of the

Table 2  Correlation of p62 expression with histological grade and mean Ki-67 LI in gastrointestinal and liver cancers

              Anti-p62 ICH
Histological grade        P

- +                   ++ +++

Esophageal carcinoma

High 0 1 5   4

Moderate 0 4 1   4

Poor 0 0 1   2    0.8246

Gastric and colorectal carcinoma

High + moderate 0 0 4 21

Poor + undif. 0 0 4   5

MAC 0 4 0   0 <0.0001

HCC

I 2 0 0   0

II 5 6 3   3

III 6 2 4   9    0.0322

Mean Ki-67 LI          7.53±14.84          17.89±14.42          29.29±16.55         28.30±18.73a

ICH: immunohistochemistry; undif: undifferentiated; MAC: mucinous adenocarcinoma; LI: labeling index aP<0.05 vs negative (–) p62 expressing tissues.

Table 1  Results of IHC for p62 in gastrointestinal and liver cancers

Type of cancer     Number  of cases p62 positivity  No. (%)

Gastrointestinal 60                60 (100)b

Esophageal 22                22 (100)

Gastric 17                17 (100)

Colorectal 21                21 (100)

Hepatocellular 40                27 (67.5)

bP<0.01 vs HCC.
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digestive system.
In this study, the frequency of p62 expression in

carcinomas of the gastrointestinal tract (100%) was
significantly higher than in HCC (67.5%). Furthermore, p62
expression was also detected (100%) in the cytoplasm of
para-cancerous non-malignant columnar epithelial cells of
gastric and colorectal carcinoma, but not in the adjacent
non-malignant parenchymal liver cells of HCC. The
expression pattern of p62 in gastric and colorectal carcinoma
was similar to that of carcinoembryonic antigen (CEA),
which expressed not only in gastric and colorectal carcinoma
but also in mucous neck cells and pyloric mucous cells in
the stomach and in columnar epithelial cells and goblet cells
in the colon[13]. The importance of this finding was that,
similar to CEA, p62 should be viewed as a normal adult
tissue component of the stomach and colon with retained
expression in tumors. In contrast, p62 was aberrantly

expressed in HCC. Such different expression pattern
indicated a different role of p62 in tumorigenesis of the
digestive system.

It was found that the ratio of p62 positive cases in HCC
(27/40, 67.5%) was higher than that of a previous study
(9/27, 33%) reported by Lu et al[7]. This is not surprising
because the assay system and positive criteria used in this
study were different from those used in Lu’s study. The
DAKO EnvisionTM+ detection system, a highly sensitive
system, was used and the cases in which total numbers of
p62-expressing cell were more than 5% scored positive in
this study. Whereas, the immunofluorescent method was
used and the cases in which cancer nodules uniformly
showed strong reactivity to p62 antibody scored positive in
Lu’s study. If only 12 out of 40 cases with a high expression
level (+++) of p62 were defined as positive in this study,
the ratio of p62 positive cases was 30% (12 of 40), which
is in accordance with that in Lu’s report.

This study highlights the observation that the intensity
of p62 expression was associated with the degree of
differentiation of tumors. In gastric and colorectal
carcinomas, well-differentiated ones showed significantly
higher expression levels of p62 than poorly differentiated
ones. Inversely, in HCC, poorly differentiated ones exhibited
a significantly higher expression level of p62 than well-
differentiated ones. p62 expression was involved in cellular
differentiation, suggesting that it may be a prognostic
indicator.

Ki-67 protein is a nuclear and nucleolar protein, and is
closely associated with somatic cell proliferation. Ki-67
antibodies have been used widely for the estimation of the
growth fraction of clinical samples of human neoplasm[14,15].

Figure 1  Expression and location of p62 detected by IHC. EnVision (A–C,E×200, D×100). A: p62 expression in cytoplasm of squamous cell
carcinoma but not in the site of keratinization; B: p62 expression in cytoplasm of well-differentiated adenocarcinoma; C: p62 expression in
cytoplasm of HCC; D: Distribution of p62 in cytoplasm of morphologically normal columnar epithelial cells adjacent to cancer foci; E: Negative
control.

A B C
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Figure 2  Immunohistochemical detection of Ki-67 in nuclei of HCC.



In order to investigate the correlation between p62 and
cell proliferation, Ki-67 was analyzed in 40 specimens of
HCC in this study. We observed a correlation between
immunoreactivity for p62 and Ki-67 LI in HCC. The tumors
with a high p62 expression showed a significantly high cell
growth fraction determined by the Ki-67 LI, indicating that
p62 is one of the factors promoting cellular proliferation.
Several studies have demonstrated that the higher the Ki-67
LI, the lower the cellular differentiation of HCC[16-18]. The
present study proved the same relationship between Ki-67
LI and cellular differentiation in HCC indirectly, that is,
p62 expression was positively associated with Ki-67 LI and
inversely associated with cellular differentiation.

What is the role of p62 in tumorigenesis? Lu et al[7],
indicated that the role of p62 in tumorigenesis could be
regulation of mRNA stability such as IGF-II mRNA.
Stabilization of such mRNA increases cell proliferation.
Zhang et al, showed that IGF-II was expressed in the
cytoplasm of both human hepatoma cell lines and malignant
hepatocytes in early experimental HCC tissues. Moorehead
et al[19], produced IGF-II transgenic mice and showed that
transgenic over-expression of IGF-II in lung epithelium
induced lung tumors in 69% of mice older than 18 mo of
age. p62 has been closely associated with cell proliferation
in the present study, supporting Lu’s hypothesis.

In conclusion, p62 expression is a common phenomenon
in carcinomas of the digestive system. p62 should be viewed
as a normal adult tissue component of  the stomach and
colon with retained expression in the tumor and in contrast,
it is aberrantly expressed in HCC. p62 is a cellular
differentiation-related protein. Cancer cells with a high p62
expression demonstrated high growth fractions in HCC.
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