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Abstract
Background: Hepatocellular carcinoma (HCC) is the most common primary liver

cancer. Pathologic differentiation between HCC from metastatic carcinoma and cholan-
giocarcinoma has critical therapeutic implications. However, it is occasionally
challenging and sometimes requires immunohistochemical panels. Recently, Arginase-
1, MOC-31, and CDX2 have been introduced for the differentiation of these tumors.
This study was conducted to determine the value of expression of Arginase-1, MOC-
31, and CDX2 in differentiating primary carcinoma of the liver from cholangiocarcinoma
and metastatic adenocarcinoma to the liver.

Methods: 50 cases of HCC, 20 cases of metastatic colonic carcinoma to the liver,
and 10 cases of cholangiocarcinoma were evaluated for immunohistochemical
expression of Arginase-1, MOC-31, and CDX2.

Results: Arginase-1 was positive in 45 (90%) of HCC cases and negative in
metastatic carcinoma and cholangiocarcinoma cases. MOC-31 was positive in 19
(95%) of metastatic colonic adenocarcinoma cases and 10 (100%) of cholangiocarci-
noma cases, while it was negative in HCC cases. CDX2 was positive in 18 (90%) of
metastatic carcinoma cases while it was negative in cholangiocarcinoma cases. The
sensitivity of Arginase-1 for HCC, MOC-31 for MC, and CDX2 for metastatic colonic
carcinoma in the studied groups was 95%, 100%, and 98%, respectively, whereas its
specificity was 100%, 96.7%, and 60%, respectively. The difference of Arginase-1, MOC-
31, and CDX2 expressions in HCC, cholangiocarcinoma, and metastatic colonic
adenocarcinoma were statistically significant (P<0.001).

Conclusion: Our study revealed that Arginase-1, MOC-31, and CDX2 expression
are suitable IHC markers in the differential diagnosis of HCC, cholangiocarcinoma,
and metastatic colonic adenocarcinoma.
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Introduction
Hepatocellular carcinoma (HCC) is the most

common primary liver tumor in adults. Most of the
malignant liver lesions are metastatic in origin
rather than being induced by primary liver
carcinoma.1 Liver carcinoma is the most common
cancer in Egypt, accounting for about 23.81% of
all cancers.2 Colorectal carcinoma is the most
common primary tumor causing liver metastasis
(35%).3

Cholangiocarcinomas (CCs) also can be
challenging because they are usually adenocarci-
nomas. Therefore, it is difficult to differentiate CC
from metastatic tumors or sometimes from less
differentiated HCC.4

Immunohistochemistry plays a vital role in
the differential diagnosis of liver tumors.5

Arginase is the enzyme that is responsible for
the hydrolysis of arginine to ornithine and urea in
the urea cycle. This enzyme exists in two isoforms;
i.e., Arginase1 and Arginase 2. Arginase-1 shows
high levels of expression within the liver.6

MOC-31 is a monoclonal antibody that
recognizes the extracellular domain EpEX of
epithelial cell adhesion molecule, which is a type-
I transmembrane glycoprotein. It is expressed on
the basolateral membrane in most normal
epithelial tissues and is overexpressed in many
human carcinomas.7

In the liver, MOC-31 is expressed in more
than 90% of CC and metastatic adenocarcinoma
(including colorectal, pancreas, stomach, lung,

breast, and ovary) but it is negative or weakly
positive in HCC.8

CDX2 is a member of the caudal-related
homeobox gene family. It is involved in the
processes of intestinal cell proliferation, differen-
tiation, adhesion, and apoptosis.9

This study aimed to evaluate the IHC
expression of Arginase-1, MOC-31 and CDX2 in
differentiating primary carcinoma, especially
poorly differentiated HCC, and CCs from
metastatic adenocarcinoma in the liver and to
correlate the expression of these markers and
clinicopathological features.

Patients and methods
In our retrospective study, we included 80

sections from formalin fixed paraffin embedded
tissue blocks that were collected from samples of
50 cases of hepatocellular carcinoma (core
biopsies), 20 cases of metastatic colonic carcinoma
to the liver, and 10 cases of cholangiocarcinoma.
All cases were retrieved from the Pathology
Department, Faculty of Medicine, Zagazig
University, approved by the Ethical Committee
during the period between 2013 and 2017. The
clinical data, pathology reports, and hematoxylin
and eosin (H&E) stained slides for the cases were
reviewed to confirm the diagnosis. The histologic
grade of HCC was established using the World
Health Organization (WHO) criteria.10 The
patients with HCC were graded as 15 well
differentiated, 26 moderately differentiated, and
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Figure 2. Hepatocellular carcinoma with strong arginase-1 staining
(immunoperoxidase, original magnification 400×).

Figure 1. Hepatocellular carcinoma presenting malignant liver cells
with hyperchromatic nuclei (H&E, Original magnification 40×).
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nine poorly differentiated. Cases of metastatic
colonic carcinoma were proved using CK7 and
CK20. Colonoscopy was done for those patients
and confirmed primary colonic carcinoma by
histopathology.

Compliance with Ethical Standards
This study was conducted following the

statements of the Helsinki Declaration.

Immunohistochemical staining
A series of 4-μ thick sections of the formalin-

fixed paraffin-embedded tissue blocks of  the
studied cases were investigated for the presence
of a rabbit polyclonal anti-Arginase-1 antibody (H-
52: sc 20150, Santa Cruz, Europe, dilution 1:200)
and a mouse monoclonal anti-MOC 31 (clone
MOC-31, 1 : 200 dilution; Biocare Medical,
Concord, CA 94520 USA). CDX2 (CDX2 Std
rabbit monoclonal antibody Cataloged (Cat.) was
purchased from Thermo Scientific/Lab Vision
Corporation, Fermont, USA, and clone: EPR2764;
0.09% sodium azide; Dilution 1:100). The binding
site of primary antibodies was visualized by Dako
EnVision ™ kit (Dako, Copenhagen, Denmark).
Then, the sections were counterstained with
Mayer’s hematoxylin.

Evaluation of Immunohistochemical markers
Cytoplasmic and\or nuclear reactivity was

considered as positive staining for arginase-1.11

MOC-31 was expressed in a membranous pattern,
and the tumor was deemed to be positive if more

than 5% of its cells showed membranous
staining.12 CDX2 nuclear staining in tumor cells
was considered if more than 6% of the cells were
stained.13

Statistical analysis
Data analysis was performed using the software

SPSS (Statistical Package for the Social Sciences)
version 20. Quantitative variables were described
using their means and standard deviations.
Categorical variables were described using their
absolute frequencies. Kolmogorov-Smirnov
(distribution-type) and Levene (homogeneity of
variances) tests were used to verify assumptions
for use in parametric tests. To compare the means
of two groups, we used the independent sample
t-test when it was appropriate. Categorical data
were compared using the Chi-square (χ2) test.
Receiver operating characteristic (ROC) curve
was used to assess the optimal cut-off value.
Sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of the
data were calculated. The level of statistical
significance was set at 5% (P<0.05). A highly
significant difference was present if P≤ 0.001.
On the other hand, P>0.05 was considered
statistically nonsignificant (NS).

Results
Clinicopathological results

We enrolled 80 cases (50 female and 30 males),
of which 50 cases were hepatocellular carcinoma,
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Figure 3. Hepatocellular carcinoma with negative MOC31 staining
(immunoperoxidase, original magnification 200×).

Figure 4. Cholangiocarcinoma is showing malignant glands
surrounded by desmoplastic stroma. (H&E, original magnification
400×).
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20 cases were metastatic carcinoma, and 10 were
cholangiocarcinoma. All the demographic data
are listed in table 1.

Immunohistochemical results
In our study, Arginase-1 is positive in 45 (90%)

of cases of HCC and negative in metastatic
carcinoma and cholangiocarcinoma cases (Figures
1 and 2). For MOC31, it is positive in 10 (100%)
cases of cholangiocarcinoma and 19 cases (95%)
of metastatic colonic adenocarcinoma cases, while
it is negative in HCC (Figures 3, 4, 5 and 8).
CDX2 is positive in 18 (90%) of metastatic
colorectal carcinoma cases and is negative in
cholangiocarcinoma cases. One case of HCC
showed positive nuclear staining (Table 2) (Figures
6, 7 and 9). 

The sensitivity of Arginase-1 for HCC in the
studied group is 95%, whereas its specificity is
100%. The sensitivity of MOC-31 for AC in the
studied group is 100%, while its specificity is
96.7%. The sensitivity of CDX2 for metastatic
colonic carcinoma in the studied group is 98%,
whereas its specificity is 60% (Table 3).

Based on the obtained results, there is a highly
significant relation between Arginase-1 expression
and associated liver cirrhosis and elevated Alfa-
fetoprotein (P-value <0.0001 and <0.001
respectively). There is a highly significant relation
between Arginase-1 expression and negative
expression of both MOC-31 and CDX2 in cases
of HCC (P-value <0.001) (Table 4). MOC-31
expression is inversely associated with both liver

cirrhosis and elevated Alfa-fetoprotein (P-value
<0.001). There is a highly significant relation
between MOC-31 expression and negative
expression of both Arginase-1 and CDX2 (Table
5). In this study, CDX2 expression shows a
statistically significant association with high grade
and HCC cases (P-value <0.001). CDX2 is
inversely associated with liver cirrhosis (P-value
<0.001) (Table 6)

Discussion
The most commonly encountered differential

diagnostic challenge in the case of liver tumors is
HCC versus intrahepatic cholangiocarcinoma or
metastatic adenocarcinoma.14 Some of these
diagnostic challenges can be attributed to the
following issues: a) The liver represents one of the
three most common sites of metastasis, b) HCCs
may show a variety of histologic patterns,
mimicking a wide range of malignant tumors.
Also, several metastatic tumors from the breast,
pancreas, kidney, and adrenals may mimic the
trabecular liver-like pattern of HCC. c) Cholan-
giocarcinoma and HCC often share overlapping
morphologic appearances. d) The diagnosis
process is complicated because pathologists are
frequently asked to handle and diagnose tiny liver
needle core biopsies.15

Arginase-1 has been described as a potential
marker of hepatocellular differentiation.11 Only a
few studies have investigated arginase-1
expression in HCC, and most of these works have
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Figure 6. Cholangiocarcinoma with negative CDX2 (Staining
immunoperoxidase, original magnification 400×).

Figure 5. Cholangiocarcinoma with strong staining with MOC31
staining (immunoperoxidase, original magnification 400×).
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been performed on fine needle aspiration
cytology,16,17 with some variations in their inter-
pretations as regards its sensitivity and specificity.
Therefore, the primary purpose of the current
research was to examine the immunohistochem-

ical staining of Arginase-1 in cases of HCC,
metastatic colonic carcinoma involving the liver,
and cholangiocarcinoma as compared to MOC-31
and CDX2. Our study is an attempt to define its
further diagnostic utility as a reliable positive
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Table 1. Clinicopathological features and immunohistochemical marker expression in the studied group. 
Characteristics Number %
Age (year)
Mean ± SD
Median (Range) 54.24 ± 8.72

55 (39 – 70)
Age group
≤ 50 years 36 45%
> 50 years 44 55%

Gender
Male 30 37.5%
Female 50 62.5%

Histopathology
HCC 50 62.5%
Cholangiocarcinoma 10 12.5%
Metastatic lesion 20 25%

Tumor multiplicity
Multiple foci 62 77.5%
Single focus 18 22.5%

Grade
Grade I 21 26.2%
Grade II 38 47.5%
Grade III 21 26.2%

Alfa-fetoprotein
Less than 20 15 18.8%
More than 20 65 81.2%

Associated with liver cirrhosis
Absent 26 (32.5%)
Present 54 (61.5%)

MOC-31
Negative 51 63.8%
Positive 29 36.2%

Arginase-1
Negative 35 43.8%
Positive 45 56.2%

CDX2
Negative 61 76.2%
Positive 19 23.8%
Continuous variables were expressed as mean ± SD and median (range). Categorical variables were expressed as number (percentage).
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marker in differentiating these tumors to correlate
these markers expression and clinicopathological
factors.

Arginase-1 is positively expressed in HCC
cases, and this was in contrast to negative staining
for Argenase-1 in metastatic tumors, and cholan-
giocarcinoma studied cases. This finding is
beneficial because one of the most common
diagnostic challenges facing a pathologist
examining liver focal lesion is distinguishing
between poorly differentiated HCC from a
metastasis, especially in the small biopsy
specimen.

The results are consistent with a study11 that
reported Arginase-1 expression in 96% of studied
HCC cases. The results are in line with study18 that
found Arginase-1 demonstrated positive
immunoreactivity in 42 of 50  cases of HCC,
with a 96% specificity of Arginase-1 for HCC
diagnosis. Also, they reported negativity of
Arginase-1 in all their MC cases.16,17

There is a highly significant relation between
Arginase-1 expression and associated liver
cirrhosis. According to the results of a study,19

elevated Arginase-1 staining was associated with

chronic HCV infection, and Arginase-1 expression
was elevated in more than 75% of HCV-infected
liver samples and (0% positive) in uninfected
liver tissue. The authors suggested that the up-
regulated expression of Arginase-1 was associated
with HCV infected liver. They assumed that an
essential part of the mechanism whereby HCV
regulates hepatocellular growth and survival might
be through altering arginine metabolism. However,
further studies on a large scale are needed to
confirm these observations.

In the present study, all 10 CC cases showed
positive membranous immune-reactivity for
MOC-31, with 100% sensitivity in the studied
group. 95% of metastatic carcinoma cases showed
membranous positivity for MOC-31, and the
specificity of MOC-31 was 96.7%. A reasonably
similar finding was observed in20 a study that
reported no MOC-31 staining in HCCs.20 This
result also is reported by other researchers.21 The
scientists22 observed that 97% of metastatic
adenocarcinoma was positive for MOC-31. The
results of the current study are similar to those of
a research23 that found that the sensitivity of
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Table 2. Immunohistochemical expression of Arginase-1, MOC31, and CXD2 in the studied group.
HCC (50) Cholangiocarcinoma (10) Metastatic carcinoma (20)

+ve -ve +ve -ve +ve -ve
N (%) N (%) N (%) N (%) N (%) N (%)

Arginase -1 45 (90%) 5 (10%) 0 (0%) 10 (100%) 0 (0%) 20 (100%)
MOC-31 0 (0%) 50 (100%) 10 (100%) 0 (0%) 19 (95%) 1 (5%)
CDX2 1 (2%) 49 (98%) 0 (0%) 10 (100%) 18 (90%) 2 (10%)

Figure 7. A) Metastatic colon adenocarcinoma to the liver (H&E, original magnification 40×), B) Metastatic colonic adenocarcinoma
to the liver (H&E, original magnification 400×).
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MOC-31 for MC in the studied group was 97.2%,
whereas its specificity was 90%. In contrast to
these results, in another study,24 MOC-31
expressions were found in 5 out of 42 (12%)
HCC. Moreover, elsewhere,25 it was found that 1
out of the 25 (4%) HCCs cases was positive for
MOC-31. In this regard, they found a similar
trend in favor of MOC-31 negativity in HCCs
and MOC-31 positivity in metastatic
adenocarcinoma, suggesting that MOC-31 is a
valuable marker in the differential diagnosis. In
this work, CDX2 was positive in 18 (90%) of
metastatic colonic carcinoma. CDX2 was negative
in cholangiocarcinoma cases. Only one case of
HCC shows positive nuclear staining. These
results are similar to those of Shah et al.26

According to a study,27 CDX2 was expressed
in 114 of 118 (97%) metastatic colorectal
carcinoma cases. The researchers declared almost
similar results by reporting a positive expression
for CDX2 in 85.7% of metastatic carcinomas of
the colon. The difference between positive

expression of Arginase-1, MOC-31, and CDX2 in
terms of HCC, CC, and metastatic
adenocarcinoma was statistically significant.28

The diagnostic importance of positive Arginase-
1 and negative (MOC-31and CDX2) in
differentiating between HCCs, CC, and metastatic
colonic carcinoma showed a sensitivity of 95,
100, and 98%, specificity of 100, 96.7, and 60%,
and accuracy of 93.8, 98.8, and 83.8%,
respectively.

Differentiation of HCC from metastatic
carcinoma has essential therapeutic implications.
There are several treatment modalities for
hepatocellular carcinoma. Correct classification of
these tumors is critically important. The main
reason for conducting this study is that HCC in
Egypt is a serious national problem such that it
accounts for about 23.81% of all cancers. To the
best of our knowledge, a statistical analysis
involving these different IHC profiles (Arginase-
1, MOC-31, and CDX2) has not been carried out
yet. Based on the results of this paper, employing
these immunoprofiles can be of high significance
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Table 3. Sensitivity and Specificity of Arginase-1, MOC-31, and CDX2 in the studied group.
Markers Sensitivity% Specificity% PPV% NPV% Accuracy

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Arginase -1 95% 100% 100% 85.7% 93.8%

(78.1-96.67) (88.4- 100) (72.3-93.2) (86- 97.9)
MOC-31 100% 96.7% 98% 100% 98.8%

(92.9-100) (82.8-99.9) (87.9-99.7) (93.2-100)
CDX 2 98% 60% 80.3% 94.7% 83.8%

(89.4- 99.95) (40.6-77.34) (72.5-86.4) (71.7- 99.2) (73.8-91.1)
 Chi-square test for trend; P< 0.05 is statistically significant.

Figure 8. A) Metastatic colonic adenocarcinoma to the liver with strong MOC31 staining (immunoperoxidase, original magnification 400×),
B) Metastatic colonic adenocarcinoma to the liver with strong MOC31 staining (immunoperoxidase, original magnification 400×).
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as diagnostic tools in the differential diagnosis of
HCC, cholangiocarcinoma, and metastatic colonic

adenocarcinoma. The choice of these markers is
an essential issue in developing countries.
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Figure 9. A) Metastatic colonic adenocarcinoma to the liver with strong CDX2 staining (immunoperoxidase, original magnification 400×),
B) Metastatic colonic adenocarcinoma to the liver with strong CDX2 staining (immunoperoxidase, original magnification 400×), C) Metastatic
colonic adenocarcinoma to the liver with strong CDX2 staining (immunoperoxidase, original magnification 400×).

A B C

Table 4. Relationship between clinicopathological features and Arginase-1 expression in the studied group.
Arginase-1

All Negative Positive
(N=80) (N=35) (N=45) P-value

Characteristics No. (%) No. (%) No. (%)
Age (years)
Mean ± SD 54.24±8.72 54.73±9.2 49.50±3.93 0.567*
Median (Range) 55 (39-70) 54 (39-68) 55 (39-70)
≤ 50 years 36 (45%) 16 (44.4%) 20 (55.6%) 0.91‡
> 50 years 44 (55%) 19 (43.2%) 25 (56.8%)
Gender 0.684
Male 30 (37.5) 14 (47.6) 16 (52.4)
Female 50 (62.5) 21 (42) 29 (58)
Histopathology
HCC 50 (62.5%) 5 (10%) 45 (90%) <0.001‡
Cholangiocarcinoma 10 (12.5%) 10 (100%) 0 (0%)
Metastatic lesion 20 (25%) 20 (100%) 0 (0%)
Grade
Grade I 21 (26.2%) 10 (47.6%) 11 (52.4%) 0.472§
Grade II 38 (47.5%) 14 (36.8%) 24 (63.2%)
Grade III 21 (26.2%) 11(52.4%) 10 (47.6%)
Associated liver cirrhosis
Absent 26 (32.5%) 20 (76.9%) 6 (23.1%) <0.0001‡
Present 54 (61.5%) 15 (27.8%) 39 (72.2%)
Tumor multiplicity
Multiple foci 62 (77.5%) 25 (40.3%) 37 (59.7%) 0.251‡
Single focus 18 (22.5%) 10 (55.6%) 8 (44.4%)
Alfa-fetoprotein
Less than 20 15 (18.8%) 15 (100%) 0 (0%) <0.001‡
More than 20 65 (81.2%) 20 (30.8%) 45 (69.2%)
MOC -31
Negative 51 (43.8%) 6 (11.8%) 45 (88.2%) <0.001‡
Positive 29 (56.2%) 29 (100%) 0 (0%)
CDX 2
Negative 61 (76.2%) 16 (26.2%) 45 (73.8%) <0.001‡
Positive 19 (23.8%) 19 (100%) 0 (0%)
Categorical variables were expressed as number (percentage).; Continuous variables were expressed as mean ± SD & median (range).; *Independent sample t-test.; ‡ Chi-
square test§ Chi-square test for trend.; P< 0.05 is significant.
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The small number of cases may limit providing
a reliable statistical diagnosis. Thus, this study has
to be further extended to include a higher number
of cases. 

Conclusion
The present study showed that Arginase-1

immunostaining has a higher sensitivity and
specificity for HCC diagnosis. Arginase-1 provides
a potentially promising tool in distinguishing
HCC from MC and CC. MOC31 may be used as
a diagnostic marker for cholangiocarcinoma.
CDX2 is mostly expressed in metastatic colonic

carcinoma, so it is a useful marker for diagnosis.
The combination of these markers has a role in the
diagnosis of problematic cases.

Conflict of Interest
None declared.
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Table 5. The relationship between clinicopathological features and MOC-31 expression in the studied group.
MOC-31

All Negative Positive P-value
(N=80) (N=51) (N=29)

Characteristics No. (%) No. (%) No. (%)
Age (years)
Mean ± SD 54.24±8.72 54.33±9.29 54.07±7.76 0.897*
Median (Range) 55 (39-70) 55 (39-70) 55 (41-68)
≤ 50 years 36 (45%) 22 (61.1%) 14 (38.9%) <0.657‡
> 50 years 44 (55%) 29 (65.9%) 15 (34.1%)
Gender
Male 30 (37.5) 21 (70) 9 (30) 0.368
Female 50 (62.5) 30 (60) 20 (40)
Histopathology
HCC 50 (62.5%) 50 (100%) 0 (0%) <0.001‡
Cholangiocarcinoma 10 (12.5%) 0 (28.6%) 10 (100%)
Metastatic lesion 20 (25%) 1 (5%) 19 (95%)
Grade
Grade I 21 (26.2%) 15 (71.4%) 6 (28.6%) 0.196§
Grade II 38 (47.5%) 26 (68.4%) 12 (31.6%)
Grade III 21 (26.2%) 10 (47.6%) 11 (52.4%)
Associated with liver cirrhosis
Absent 26 (32.5%) 6 (23.1%) 20 (76.9%) <0.0001‡
Present 54 (61.5%) 45 (83.3%) 9 (16.7%)
Tumor multiplicity
Multiple foci 62 (77.5%) 42 (67.7%) 20 (32.3%) 0.168‡
Single focus 18 (22.5%) 10 (28.6%) 8 (17.8%)
Alfa-fetoprotein
Less than 20 15 (18.8%) 1 (6.7%) 14 (93.3%) <0.001‡
More than 20 65 (81.2%) 50 (76.9%) 15 (23.1%)
Arginase-1
Negative 35 (63.8%) 6 (17.1%) 29 (82.9%) <0.001‡
Positive 45 (36.2%) 45 (100%) 0 (0%)
CDX 2
Negative 61 (76.2%) 50 (82%) 11 (18%) <0.001‡
Positive 19 (23.8%) 1 (5.3%) 18 (94.7%)
Categorical variables were expressed as number (percentage).; Continuous variables were expressed as mean ± SD & median (range).; * Independent sample t-test ‡ Chi-
square test. § Chi-square test for trend. P< 0.05 is significant.



Hanaa A. Atwa et al.

References
1. Coston WM, Loera S, Lau SK, Ishizawa S, Jiang Z, Wu

CL, et al. Distinction of hepatocellular carcinoma
from benign hepatic mimickers using Glypican-3 and
CD34 immunohistochemistry. Am J Surg Pathol.
2008;32(3):433-44. doi: 10.1097/PAS.0b013e
318158142f.

2. Ibrahim AS, Khaled HM, Mikhail NN, Baraka H,
Kamel H. Cancer incidence in Egypt: results of the
national population-based cancer registry program. J
Cancer Epidemiol. 2014;2014:437971. doi:
10.1155/2014/437971.

3. de Ridder J, de Wilt JH, Simmer F, Overbeek L,
Lemmens V, Nagtegaal I. Incidence and origin of
histologically confirmed liver metastases: an
explorative case-study of 23,154 patients. Oncotarget.

2016;7(34):55368-76. doi: 10.18632/oncotarget. 10552.
4. Patsenker E, Wilkens L, Banz V, Osterreicher CH,

Weimann R, Eisele S, et al. The alphavbeta6 integrin
is a highly specific immunohistochemical marker for
cholangiocarcinoma. J Hepatol. 2010;52(3):362-9.
doi: 10.1016/j.jhep.2009.12.006.

5. Sang W, Zhang W, Cui W, Li X, Abulajiang G, Li Q.
Arginase-1 is a more sensitive marker than HepPar-1
and AFP in differential diagnosis of hepatocellular
carcinoma from nonhepatocellular carcinoma. Tumour
Biol. 2015;36(5):3881-6. doi: 10.1007/s13277-014-
3030-6.

6. Choi S, Park C, Ahn M, Lee JH, Shin T. Immunohis-
tochemical study of arginase 1 and 2 in various tissues
of rats. Acta Histochem. 2012;114(5):487-94. doi:
10.1016/j.acthis.2011.09.002.

7. Fong D, Seeber A, Terracciano L, Kasal A, Mazzoleni

Middle East J Cancer 2019; 10(4): 281-291290

Table 6. The relationship between clinicopathological features and CDX2 expression in the studied group.
Characteristics All CDX 2

(N=80) Negative Positive P-value
(N=61) (N=19)

No. (%) No. (%) No. (%)
Age (years)
Mean ± SD 54.24±8.72 54.3±8.74 54.05±8.88 0.916*
Median (Range) 55 (39-70) 55 (39-70) 55 (40-68)
≤ 50 years 36 (45%) 27 (75%) 9 (25%) 0.812‡
> 50 years 44 (55%) 34 (77.3%) 10 (22.7%)
Gender
Male 30 (37.5) 24 (80) 6 (20) 0.542
Female 50 (62.5) 37 (74) 13 (26)
Histopathology
HCC 50 (62.5%) 49 (98%) 1 (2%) <0.001‡
Cholangiocarcinoma 10 (12.5%) 10 (100%) 0 (0%)
Metastatic lesion 20 (25%) 2 (10%) 18 (90%)
Grade
Grade I 21 (26.2%) 20 (95.2%) 1 (4.8%) 0.001§
Grade II 38 (47.5%) 31 (81.6%) 7 (18.4%)
Grade III 21 (26.2%) 10 (47.6%) 11 (52.4%)
Associated liver cirrhosis
Absent 26 (32.5%) 12 (46.2%) 14 (53.8%) <0.001‡
Present 54 (61.5%) 49 (90.7%) 5 (9.3%)
Tumor multiplicity
Multiple foci 62 (77.5%) 46 (74.2%) 16 (25.8%) 0.422‡
Single focus 18 (22.5%) 15 (83.3%) 3 (16.7%)
Alfa-fetoprotein
Less than 20 15 (18.8%) 9 (60%) 6 (40%) 0.101‡
More than 20 65 (81.2%) 52 (80%) 13 (20%)
Arginase-1
Negative 35 (43.8%) 16 (45.7%) 19 (54.3%) <0.001‡
Positive 45 (56.2%) 45 (100%) 0 (0%)
MOC -31
Negative 51 (63.8%) 50 (98%) 1 (2%) <0.001‡
Positive 29 (36.2%) 11 (37.9%) 18 (62.1%)
Categorical variables were expressed as number (percentage). Continuous variables were expressed as mean ± SD & median (range). * Independent sample t-test ‡ Chi-square
test. § Chi-square test for trend. P< 0.05 is significant.



Arginase-1, MOC-31, and CDX2 in the Differentiation of Hepatocellular Carcinoma, Cholangiocarcinoma, and Metastatic Colonic Carcinoma of the Liver

G, Lehne F, et al. Expression of EpCAM(MF) and
EpCAM(MT) variants in human carcinomas. J Clin
Pathol. 2014;67(5):408-14. doi: 10.1136/jclinpath-
2013-201932.

8. Ramachandran R, Kakar S. Metastatic tumors:
illustration of the immunohistochemical workup. In:
Ferrell L, Kakar S, editors. Liver pathology. Demos
Medical Publishing: New York, NY;2011.p.431–435.

9. Satoh K, Mutoh H, Eda A, Yanaka I, Osawa H, Honda
S, et al. Aberrant expression of CDX2 in the gastric
mucosa with and without intestinal metaplasia: effect
of eradication of Helicobacter pylori. Helicobacter.
2002;7(3):192-8.

10. Theise ND, Curado MP, Franceschi S. WHO
classification of tumors of the digestive system. In:
Bosman FT, Carneiro F, Hruban RH, Theise ND,
editors. Hepatocellular carcinoma. IARC Press: Lyon,
France; 2010.p. 205–216.

11. Yan BC, Gong C, Song J, Krausz T, Tretiakova M,
Hyjek E, et al. Arginase-1: a new immunohistochem-
ical marker of hepatocytes and hepatocellular
neoplasms. Am J Surg Pathol. 2010;34(8):1147-54. doi:
10.1097/PAS.0b013e3181e5dffa.

12. Karabork A, Kaygusuz G, Ekinci C. The best immuno-
histochemical panel for differentiating hepatocellular
carcinoma from metastatic adenocarcinoma. Pathol Res
Pract. 2010;206(8):572-7. doi: 10.1016/j.prp.
2010.03.004.

13. Liu Q, Teh M, Ito K, Shah N, Ito Y, Yeoh KG. CDX2
expression is progressively decreased in human gastric
intestinal metaplasia, dysplasia and cancer. Mod Pathol.
2007;20(12):1286-97.

14. Kakar S, Gown AM, Goodman ZD, Ferrell LD. Best
practices in diagnostic immunohistochemistry:
hepatocellular carcinoma versus metastatic neoplasms.
Arch Pathol Lab Med. 2007;131(11):1648-54.

15. Shiran MS, Isa MR, Sherina MS, Rampal L, Hairuszah
I, Sabariah AR. The utility of hepatocyte paraffin 1
antibody in the immunohistological distinction of
hepatocellular carcinoma from cholangiocarcinoma
and metastatic carcinoma. Malays J Pathol.
2006;28(2):87-92.

16. Timek DT, Shi J, Liu H, Lin F. Arginase-1, HepPar-1,
and Glypican-3 are the most effective panel of markers
in distinguishing hepatocellular carcinoma from
metastatic tumor on fine-needle aspiration specimens.
Am J Clin Pathol. 2012;138(2):203-10. doi:
10.1309/AJCPK1ZC9WNHCCMU.

17. McKnight R, Nassar A, Cohen C, Siddiqui MT.
Arginase-1: a novel immunohistochemical marker of
hepatocellular differentiation in fine needle aspiration
cytology. Cancer Cytopathol. 2012;120(4):223-9. doi:
10.1002/cncy.21184.

18. Radwan NA, Ahmed NS. The diagnostic value of
arginase-1 immunostaining in differentiating
hepatocellular carcinoma from metastatic carcinoma

and cholangiocarcinoma as compared to HepPar-1.
Diagn Pathol. 2012;7:149. doi: 10.1186/1746-1596-7-
149.

19 Cao W, Sun B, Feitelson MA, Wu T, Tur-Kaspa R, Fan
Q. Hepatitis C virus targets over-expression of arginase
I in hepatocarcinogenesis. Int J Cancer.
2009;124(12):2886-92. doi: 10.1002/ijc.24265.

20. Proca DM, Niemann TH, Porcell AI, DeYoung BR.
MOC31 immunoreactivity in primary and metastatic
carcinoma of the liver. Report of findings and review
of other utilized markers. Appl Immunohistochem Mol
Morphol. 2000;8(2):120-5.

21. Porcell AI, De Young BR, Proca DM, Frankel WL.
Immunohistochemical analysis of hepatocellular and
adenocarcinoma in the liver: MOC31 compares
favorably with other putative markers. Mod Pathol.
2000;13(7):773-8.  

22. Wang L, Vuolo M, Suhrland MJ, Schlesinger K.
HepPar1, MOC-31, pCEA, mCEA and CD10 for
distinguishing hepatocellular carcinoma vs. metastatic
adenocarcinoma in liver fine needle aspirates. Acta
Cytol. 2006;50(3):257-62.

23. Ahmed MA, Badary FA, Yassin EH, Mohammed SA,
El-Attar MM. Differential expression of MOC-31,
Hep Par 1, and N-cadherin in primary carcinoma and
metastatic adenocarcinoma in the liver. J Curr Med Res
Pract. 2016;1(3):54. 

24. Lau SK, Prakash S, Geller SA, Alsabeh R. Comparative
immunohistochemical profile of hepatocellular
carcinoma, cholangiocarcinoma, and metastatic
adenocarcinoma. Hum Pathol. 2002;33(12):1175-81.

25. Morrison C, Marsh W Jr, Frankel WL. A comparison
of CD10 to pCEA, MOC-31, and hepatocyte for the
distinction of malignant tumors in the liver. Mod
Pathol. 2002;15(12):1279-87.

26. Shah SS, Wu TT, Torbenson MS, Chandan VS.
Aberrant CDX2 expression in hepatocellular
carcinomas: an important diagnostic pitfall. Hum
Pathol. 2017;64:13-8. doi: 10.1016/j.humpath.
2016.12.029.

27. Bayrak R, Haltas H, Yenidunya S. The value of CDX2
and cytokeratins 7 and 20 expression in differentiating
colorectal adenocarcinomas from extraintestinal gas-
trointestinal adenocarcinomas: cytokeratin 7-/20+
phenotype is more specific than CDX2 antibody. Diagn
Pathol. 2012;7:9. doi: 10.1186/1746-1596-7-9.

28. Onofre AS, Pomjanski N, Buckstegge B, Böcking A.
Immunocytochemical diagnosis of hepatocellular
carcinoma and identification of carcinomas of unknown
primary metastatic to the liver on fine-needle aspiration
cytologies. Cancer. 2007;111(4):259-68.

Middle East J Cancer 2019; 10(4): 281-291 291


