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Abstract

Background: This study was aimed at evaluating the correlation
between Hepatocyte paraffin 1 (Hep par 1) and colorectal cancer.

Methods: To this end, 50 intestinal biopsies were analyzed includ-
ing 10 colorectal polyps with low grade dysplasia, 10 with high
grade dysplasia, 10 colorectal adenocarcinomas, 10 specimens of
normal ileum and 10 of normal colon mucosa. Tissue sections were
immunostained for Hep par 1 utilizing a commercial antibody. Nor-
mal colonic mucosa did not express Hep par 1.

Results: Immunoreactivity for Hep par 1 was detected in 20% of
polyps with low grade dysplasia, 50% of polyps with high grade
dysplasia and 60% of colorectal carcinomas. Hep par 1 was fre-
quently detected in the deepest areas of adenocarcinomas mainly in
infiltrating tumour cells.

Conclusions: Our data show that Hep par 1 immunoreactivity in
human colon carcinogenesis is correlated with progression from
low grade to high grade dysplasia and adenocarcinoma. In clinical
practice, our data show that caution should be taken in utilizing Hep
par 1 as the sole tool in differentiating hepatocellular carcinoma
from a liver metastasis of colon adenocarcinoma. Our data encour-
age further investigations into the potential role played by Hep par
1 in gastrointestinal carcinogenesis.
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Introduction

Hepatocyte paraffin 1 (Hep par 1), is a monoclonal an-
tibody developed in 1993 which recognizes an epitope local-
ized in hepatocyte mitochondria [1], identified as carbamoyl
phosphate synthetase 1 (CPS1) [2]. Immunoreactivity for
this antibody is generally considered the most specific and
sensitive marker of normal and neoplastic hepatocytes and it
has been used in the differential diagnosis of hepatocellular
carcinoma versus metastatic colorectal carcinoma [1, 3-6].

Hep par 1 immunoexpression is normally cytoplasmic
and granular. It is diffuse in trabecular HCC and it is only
seen focally in the glandular areas [5, 7, 8]. The intensity
of the immunoistochemical reaction seems to be related to
the degree of hepatocyte differentiation in hepatoblastoma
[8-10].

Recent data also suggest that non hepatic neoplasms
might express this marker: Hep par 1 reactivity has been re-
ported in gastric tumours with hepatoid histotype [9-11], and
in some cases of pancreas, ovary, breast and neuroendocrine
carcinomas [1, 10, 12-16].

Immunostaining for Hep par 1 has been shown to be
variable from one case to the next, particularly in gastric
neoplastic cells, suggesting a low grade of specificity of this
antibody in this type of tumors [17]. Conflicting results have
recently been reported on colorectal cancer: Hep par 1 posi-
tive cells were found respectively in 4% [14] and in 50% of
large bowel carcinomas [17], in 22% of colon signet-ring
cell carcinoma [12], and in 2% of colon adenomas with high
grade dysplasia. In Barrett esophagus, Hep par 1 was found
in a large percentage of cases, leading to suggest it a highly
specific immunomarker [18]. Hep par 1 immunoreactivity,
normally present in the small intestinal epithelial cells, was
found to be absent in a large number of small intestinal ad-
enocarcinomas, suggesting a functional role for the disap-
pearance of this protein during small intestinal tumorigen-
esis [19].

While these findings obviously seem to reduce the high
specificity of Hep par 1 as a diagnostic marker for HCC, they
also emphasize the need for a comprehensive early analy-
sis of suggested diagnostic markers in all different types of
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normal and neoplastic tissues [20]. In this study we ana-
lyzed several cases of colorectal adenomas with low grade
and high grade dysplasia and multiple cases of colorectal
adenocarcinomas in order to evaluate a possible association
between Hep par 1 immunorectivity and colorectal carcino-
genesis and its progression.

Materials and Methods

Fifty intestinal biopsies were selected from the medical
records and archival slides of our institute. The following in-
testinal biopsies were analyzed in this study: 10 consecutive
colorectal polyps with low grade dysplasia; 10 colorectal
polyps with high grade dysplasia; 10 colorectal adenocarci-
nomas; 10 specimens of normal ileal mucosa and 10 speci-
mens of normal colorectal mucosa. As a positive control, we
utilized two human liver needle biopsies. As a negative con-
trol, we used 5 normal colon biopsies. All samples had been
fixed in 10% formalin, paraffin-embedded and routinely
processed. 5 micron-thick sections from each case were im-
munostained for Hep par 1 (Dako, clone OCH1ES.2.10, 1:80
diluition, Carpintera, CA). All cases were independently re-
analyzed by two pathologists specialized in gastrointestinal
pathology (SN, GF), according to the 1999 WHO classifica-
tion. All cases were reviewed with the Hep par 1 immuno-
reactivity.

Results

Normal human colonic mucosa did not express Hep par
1 immunoreactivity in all tested cases, while a diffuse granu-
lar cytoplasmic immunostaining was observed in all tested
liver biopsies (positive control).

Figure 2. At high power, Hep-Par1 shows a granular cytoplasmic
pattern, related to its mitochondrial location, in low grade dyspla-
sia adenoma. H&E; original magnification x 400.

The immunoexpression of Hep par 1 in colorectal pol-
yps and in colorectal adenocarcinomas varied from one case
to the next. Immunoreactivity for Hep par 1 was detected
in 20 % of polyps with low grade dysplasia (Fig. 1, 2), in
50 % of polyps with high grade dysplasia (Fig. 3) and in
60% of colorectal cancer (Fig. 4, 5). Two main patterns of
immunoreactivity were observed in colorectal adenomas.
In colorectal adenocarcinomas, immunoreactivity for Hep
par 1 changed from granular to diffuse to the entire cyto-
plasm (Fig. 4, 5). Moreover, Hep par 1 reactivity appeared
diffuse to the majority of tumor cells (Fig. 4, 5). Granular
cytoplasmic immunoreactivity was interpreted as mitochon-
drial localization of Hep par 1, while the cytoplasmic dif-
fuse stain was probably due to its dislocation to the cytosol
of dysplastic and neoplastic cells. Intratumoral variability in
the expression of Hep par 1 was observed in all positive cas-

Figure 1. Tubular adenoma with low grade dysplasia, showing
focal Hep par 1 positivity mainly located in areas with low grade
dysplasia. H&E; original magnification x 100.

Figure 3. Tubulo villous adenoma with high grade dysplasia. Hep
par 1 strong reactivity confined to an area of high grade dyspla-
sia. Mild focal immunoreactivity is also present in glands with low
grade dysplasia. H&E; original magnification x 250.
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Figure 4. Colon adenocarcinoma showing diffuse immunoreac-
tivity for Hep par 1. H&E; original magnification x 250.

es, with immunoreactive areas adjacent to negative zones.
Moreover, in some cases, a positive trend in the degree of
expression from the superficial areas to the deeper regions
was observed. The highest degree of immunoreactivity for
Hep par 1 was frequently found in infiltrating tumour cells
as the deep margins of the tumor (Fig. 5).

Adenomas with low grade dysplasia showed a patchy
and focal immunoreactivity, with positive areas surrounded
by negative glands. In this setting, hyperplastic glands ap-
peared constantly devoid of immunoreactive cells (Fig. 1).
Positive cells were characterized by a granular reactivity in
the cytoplasm (Fig. 2). In high grade adenomas we detected
a diffuse reactivity for Hep par 1 which appeared stronger in
areas with high dysplasia and weak in glands with low dys-
plasia. The type of cellular reactivity was granular, similar to
that found in low grade adenomas (Fig. 3).

Figure 5. Colon adenocarcinoma showing positivity for Hep-par
1 in deep infiltrating tumor cells. H&E; original magnification x

400.

Discussion

The immunoexpression of Hep par 1 in human colon
polyps and in colorectal adenocarcinomas has been inves-
tigated for some time in previous studies with contradictory
results [1, 10, 12-14). Villari et al [17] demonstrated that co-
lon adenocarcinoma cells express Hep par 1 in a percentage
close to 50% [17]. On the contrary other authors [14] report-
ed that in colon cancer, Hep par 1 immunoreactivity may be
detected in a very low percentage of cases [14], being nega-
tive in the majority of colon tumors. Other authors showed
that Hep par 1 was expressed also in preneoplastic cells, i.e.
in colorectal polyps with dysplasia, possibly representing an
early change during human colon carcinogenesis [19, 20].
Recently, it has been reported that CPS1 is overexpressed in
approximately 43% of human colon cancer, suggesting a role
for Hep par 1 in the progression of colorectal adenocacinoma
[19].

To the best of our knowledge, it has not yet been clari-
fied which subset of tumour cells first acquire Hep par 1 ex-
pression. In particular, since human colonic mucosa does not
express Hep par 1 at all, as confirmed in our study, it has not
been clarified which role could be play by Hep par 1 in the
progression from low grade dysplasia towards colon cancer.
In this study, we provide immunohistochemical evidence
that Hep par 1 is expressed not only in the majority of colon
adenocarcinomas but also in colon polyps with mild dyspla-
sia as well as in a percentage of polyps with severe dyspla-
sia. Moreover, in adenomas Hep par 1 was constantly not
expressed in hyperplastic glands, while its expression was
mainly found in dysplastic glands, supporting the hypothesis
of an active role for Hep par 1 in colon cancer insurgence.
The detection of Hep par 1 immunoreactivity in a higher
percentage of polyps with high dysplasia, as compared with
polyps with low dysplasia, suggests a possible role for Hep
par 1 in colon cancer progression. The localization of Hep
par 1 in mitochondria (appearing as immunoreactive cyto-
plasmatic granules) or in the cytosol (appearing as a diffuse
cytoplasmic stain) may be indicative for a biological role of
colon neoplastic cell in the production of CPS1. The new
finding of a prevalent Hep par 1 immunoexpression in the
deepest areas of adenocarcinomas, mainly in infiltrating tu-
mour cells, strongly supports the hypothesis that Hep par
1 could play some role not only in cancer insurgence and
progression, but also in invasion. Recently, changes in other
mitochondrial proteins have been reported in human colon
carcinogenesis. Uncoupling protein-2 (UCP2) an anion car-
rier located in the inner membrane of mitochondria, has been
shown to be overexpressed in colon tubular adenomas and in
most colorectal adencarcinomas [21]. Moreover, changes in
mitochondrial cytochrome oxidase subunit 3 (COIII) have
been found during colon carcinogenesis, with a progressive
decrease from normal mucosa to adenomas and carcinomas
[22]. Cytochrome oxidase subunit 1 (COI) expression has
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been found to be different in colon carcinomas according
to the degree of differentiation, being higher in well-differ-
entiated carcinomas as compared to those which are poorly
differentiated [23].

Taken together, our findings indicate that Hep par 1
could play some role in human colon carcinogenesis. This
opens up an interesting perspective for the possible use of
Hep par 1 as a marker of progression and transformation into
colon cancer. In particular, we may speculate that immuno-
reactivity for Hep par 1 could help in the identification of a
subset of colon polyps with more advanced tumour progres-
sion. From a practical point of view, in clinical practice, cau-
tion should be taken in utilizing Hep par 1 immunoreactiv-
ity as the only tool in differentiating HCC with an adenoid
pattern from a liver metastasis from colon cancer, given the
possibility of a strong Hep par 1 expression even in colon
adenocarcinoma as demonstrated in this study. Our prelimi-
nary results should encourage further investigation into the
potential role that Hep par 1 expression could play in gastro-
intestinal pathobiology and carcinogenesis.

Ackowledgements

We express our deep gratitude to Prof. Matteo Fra-
schini (University of Cagliari) for critical suggestions. We
also thank Mr. Iganzio Ferru for the secretarial assistance
and Mrs Sandra Serra for technical support.

Grant support

This study was supported by “Fondazione Banco di
Sardegna”, Cagliari, Sardinia, Italy.

References

1. Wennerberg AE, Nalesnik MA, Coleman WB. Hepato-
cyte paraffin 1: a monoclonal antibody that reacts with
hepatocytes and can be used for differential diagnosis of
hepatic tumors. Am J Pathol 1993;143(4):1050-1054.

2. Butler SL, Dong H, Cardona D, Jia M, Zheng R, Zhu H,
Crawford JM, et al. The antigen for Hep Par 1 antibody
is the urea cycle enzyme carbamoyl phosphate synthe-
tase 1. Lab Invest 2008;88(1):78-88.

3. Murakata LA, Ishak KG, Nzeako UC. Clear cell car-
cinoma of the liver: a comparative immunohistochemi-
cal study with renal clear cell carcinoma. Mod Pathol
2000;13(8):874-881.

4. Fan Z, van de Rijn M, Montgomery K, Rouse RV. Hep
par 1 antibody stain for the differential diagnosis of
hepatocellular carcinoma: 676 tumors tested using tis-
sue microarrays and conventional tissue sections. Mod

10.

11.

12.

13.

14.

15.

Pathol 2003;16(2):137-144.

Minervini MI, Demetris AJ, Lee RG, Carr BI, Madar-
iaga J, Nalesnik MA. Utilization of hepatocyte-specific
antibody in the immunocytochemical evaluation of liver
tumors. Mod Pathol 1997;10(7):686-692.

Zimmerman RL, Burke MA, Young NA, Solomides CC,
Bibbo M. Diagnostic value of hepatocyte paraffin 1 an-
tibody to discriminate hepatocellular carcinoma from
metastatic carcinoma in fine-needle aspiration biopsies
of the liver. Cancer 2001;93(4):288-291.

Kakar S, Muir T, Murphy LM, Lloyd RV, Burgart LJ.
Immunoreactivity of Hep Par 1 in hepatic and extra-
hepatic tumors and its correlation with albumin in situ
hybridization in hepatocellular carcinoma. Am J Clin
Pathol 2003;119(3):361-366.

Fasano M, Theise ND, Nalesnik M, Goswami S, Garcia
de Davila MT, Finegold MJ, Greco MA. Immunohis-
tochemical evaluation of hepatoblastomas with use of
the hepatocyte-specific marker, hepatocyte paraffin 1,
and the polyclonal anti-carcinoembryonic antigen. Mod
Pathol 1998;11(10):934-938.

Ramos-Vara JA, Miller MA. Immunohistochemical
characterization of canine intestinal epithelial and mes-
enchymal tumours with a monoclonal antibody to hepa-
tocyte paraffin 1 (Hep Par 1). Histochem J 2002;34(8-
9):397-401.

Lau SK, Prakash S, Geller SA, Alsabeh R. Comparative
immunohistochemical profile of hepatocellular carci-
noma, cholangiocarcinoma, and metastatic adenocarci-
noma. Hum Pathol 2002;33(12):1175-1181.

Maitra A, Murakata LA, Albores-Saavedra J. Immuno-
reactivity for hepatocyte paraffin 1 antibody in hepatoid
adenocarcinomas of the gastrointestinal tract. Am J Clin
Pathol 2001;115(5):689-694.

Chu PG, Ishizawa S, Wu E, Weiss LM. Hepatocyte an-
tigen as a marker of hepatocellular carcinoma: an im-
munohistochemical comparison to carcinoembryonic
antigen, CD10, and alpha-fetoprotein. Am J Surg Pathol
2002;26(8):978-988.

Leong AS, Sormunen RT, Tsui WM, Liew CT. Hep Par
1 and selected antibodies in the immunohistological dis-
tinction of hepatocellular carcinoma from cholangiocar-
cinoma, combined tumours and metastatic carcinoma.
Histopathology 1998;33(4):318-324.

Lugli A, Tornillo L, Mirlacher M, Bundi M, Sauter G,
Terracciano LM. Hepatocyte paraffin 1 expression in
human normal and neoplastic tissues: tissue microar-
ray analysis on 3,940 tissue samples. Am J Clin Pathol
2004;122(5):721-727.

Pitman MB, Triratanachat S, Young RH, Oliva E. Hepa-
tocyte paraffin 1 antibody does not distinguish primary
ovarian tumors with hepatoid differentiation from meta-
static hepatocellular carcinoma. Int J Gynecol Pathol
2004;23(1):58-64.

280 Articles © The authors, Journal compilation © Gastroenterol Res and Elmer Press™, www.gastrores.org



Hep Par | in Colon Cancer

Gastroenterology Research « 2009;2(5):277-281

16.

17.

18.

19.

Wieczorek TJ, Pinkus JL, Glickman JN, Pinkus GS.
Comparison of thyroid transcription factor-1 and he-
patocyte antigen immunohistochemical analysis in the
differential diagnosis of hepatocellular carcinoma, meta-
static adenocarcinoma, renal cell carcinoma, and adrenal
cortical carcinoma. Am J Clin Pathol 2002;118(6):911-
921.

Villari D, Caruso R, Grosso M, Vitarelli E, Righi M, Bar-
resi G. Hep Par 1 in gastric and bowel carcinomas: an
immunohistochemical study. Pathology 2002;34(5):423-
426.

Lenglinger J, Riegler M, Sedivy R. Hepatocyte paraffin
1 immunoexpression in esophageal brush samples. Can-
cer 2006;108(1):73-74; author reply 74-75.

Maruyama M, Totsugawa T, Kunieda T, Okitsu T, Shi-
bata N, Takesue M, Kurabayashi Y, et al. Hepatocyte
isolation and transplantation in the pig. Cell Transplant
2003;12(6):593-598.

Articles © The authors, Journal compilation © Gastroenterol Res and Elmer Press™, www.gastrores.org

21.

22.

23.

. Kononen J, Bubendorf L, Kallioniemi A, Barlund M,

Schraml P, Leighton S, Torhorst J, et al. Tissue microar-
rays for high-throughput molecular profiling of tumor
specimens. Nat Med 1998;4(7):844-847.

Horimoto M, Resnick MB, Konkin TA, Routhier J,
Wands JR, Baffy G. Expression of uncoupling protein-2
in human colon cancer. Clin Cancer Res 2004;10(18 Pt
1):6203-6207.

Heerdt BG, Halsey HK, Lipkin M, Augenlicht LH. Ex-
pression of mitochondrial cytochrome c oxidase in hu-
man colonic cell differentiation, transformation, and risk
for colonic cancer. Cancer Res 1990;50(5):1596-1600.
Dalla-Favera R, Gelmann EP, Martinotti S, Franchini G,
Papas TS, Gallo RC, Wong-Staal F. Cloning and char-
acterization of different human sequences related to
the onc gene (v-myc) of avian myelocytomatosis virus
(MC29). Proc Natl Acad Sci U S A 1982;79(21):6497-
6501.

281



