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Abstract

AIM: To analyze the expression of retinoic acid receptor
responder 3 (RARRES3) protein in paraffin-embedded tissues
of hepatocellular carcinoma (HCC) and cholangiocarcinoma
(CC), and the correlation of RARRES3 production with
tumor differentiation.

METHODS: Expression of RARRES3 in tissues from 21
CC (10 well-, 7 moderately- and 4 poorly-differentiated)
and 32 HCC was determined by immunohistochemistry.

RESULTS: Among 21 CC tissues, RARRES3 was detected
in 8 (80%) of 10 well-differentiated tumors. Only 2 (18.2%)
out of 11 tumors with moderate or poor differentiation
showed positive RARRES3 expression. RARRES3 expression
in well-differentiated CC was significantly higher than that
in tumors with moderate or poor differentiation (Fisher exact
test, P<0.01). Expression of RARRES3 was not different
between early (I and II) and late (III and IV) stages of CC.
Among 30 HCC tissues, 17 (56.7%) weakly expressed
RARRES3 in HCC cells, and 25 (83.3%) normal tissues
adjacent to HCC expressed the protein. RARRES3 expression
was significantly decreased in HCC tissues compared to
that in adjacent normal tissues (logistic regression
analysis, OR = 0.27, 95% CI (0.11-0.62), P<0.01).

CONCLUSION: Expression of RARRES3 is positively
correlated to well-differentiated CC, which supports the

role of RARRES3 in malignant epithelial differentiation of
the tumor. The decrease in RARRES3 expression in tissues
of HCC and CC with moderate and poor differentiation
suggests that altered RARRES3 expression may play a
role in the carcinogenesis of the liver and biliary tract.

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

Retinoic acid receptor responder 3 (RARRES3), also named
as TIG3[1] or RIG1[2] is a growth regulatory protein, a member
of the HREV107 protein family. The family includes RARRES3,
HREV107[3,4] and A-C1[5,6], which possess the NlpC/P60
functional domain[7]. The genuine function for the HREV107
family of proteins remains unclear, although the role as
enzymes that modify membrane components have been
proposed[7]. Proteins of the HREV107 family have been shown
to suppress transformation induced by H-ras[4,6,8] or kinase
activities downstream of the activation of Ras proteins[9].
The RARRES3 gene that encodes is expressed ubiquitously
in normal tissues and at lower levels in cancer cell lines. In
vitro examination of cancer cells and keratinocytes show that
expression of RARRES3 leads to the suppression of cellular
growth accompanied with an induction of apoptosis or
differentiation[1,9-11]. In head, neck and lung carcinoma cells,
RARRES3 expression is closely associated with suppression
of cellular growth induced by all-trans retinoic acid[12]. Therefore,
the increase in RARRES3 protein expression may play an
important role in tumor suppressive activity of retinoids.

Analysis of the differential expression of RARRES3
between benign and malignant tissues is limited. RARRES3
is expressed in the suprabasal epidermis of  normal skin,
and the protein’s production is reduced in tissues of basal
cell carcinoma and aggressive squamous cell carcinoma[13].
Application of the synthetic retinoid tazarotene induces
RARRES3 expression and histological improvement of
basal cell carcinoma[14]. Also, expression of RARRES3



protein is positively correlated to cellular differentiation of
normal and adenocarcinoma tissues of  the colorectum[15].
Colorectal adenocarcinoma with moderate and poor
differentiation is coincident with the markedly decreased
production of RARRES3. The positive association between
the presence of  RARRES3 and epidermal and colorectal
differentiation in vivo[13-15] as well as induction of keratinocyte
terminal differentiation by RARRES3 in vitro[10] suggest that
RARRES3 may be important in epithelial differentiation,
and altered expression of the protein may play an important
role in carcinogenesis.

Mechanisms of hepatocellular carcinogenesis have been
studied extensively. Exposure to the chemical carcinogen
aflatoxin B1 as well as infection of hepatitis B or C virus
play pivotal roles in the development of hepatocellular
carcinoma (HCC). Activation of protooncogenes such as
N-ras, c-myc and c-fos as well as inactivation or loss of
expression of tumor suppressor genes like TP53 and DLC-1
are observed frequently in HCC tissues[16,17]. The molecular
pathogenesis of cholangiocarcinoma (CC) has not been well
defined. However, multiple tumor suppressor genes and
oncogenes, including TP53 and K-ras, are altered in these
tumors[18].

The liver is the organ responsible for the storage and
metabolic inactivation of dietary retinoids. Epidemiological
analysis has shown that the decrease in serum retinol levels
is associated with hepatocarcinogenesis in cirrhosis patients[19].
Both all-trans retinoic acid and the synthetic acylic retinoid
suppress growth of  HCC in vitro and in vivo[20-22]. Furthermore,
the acyclic retinoid prevents the development of second
primary HCC[23].

The role of retinoids in the carcinogenesis of CC has
not been investigated before. To investigate the expression
and role of retinoid inducible protein, RARRES3, in the
carcinogenesis of HCC and CC, we presently analyzed the
expression of RARRES3 protein in tissues from HCC and
CC using immunohistochemistry.

MATERIALS AND METHODS

Specimen collection and preparation
A sample of CC tissue was obtained from 21 patients (9
males and 12 females) with a mean age of 67.0 years. A
sample of HCC tissue was obtained from 30 other patients
(24 males and 6 females) with a mean age of 53.9 years.
Distribution of these tumors according to their level of
differentiation and TNM stages are listed in Table 1. Tissue
slides were prepared from paraffin-embedded blocks and
used for hematoxylin and eosin staining. Each specimen
was evaluated by the same pathologist to define the
differentiation status of carcinoma tissues. Assessment of
tumor differentiation was based on the architectural and
glandular differentiation as well as nuclear features of
tumors[24].

Immunohistochemical analysis
Tissue sections were air-dried, deparaffinized, and then
boiled twice for 2 min in 10% DAKO ChemMateTM solution
(DAKO Corp., Carpinteria, CA) containing 0.05% Nonidet
P-40. The DAKO LSAB2 peroxidase kit (DAKO Corp.)

was used to stain RARRES3 protein in tissue sections. Briefly,
sections were blocked with 3% hydrogen peroxide (H2O2)
and then incubated with RIG1 antiserum or preimmune
serum at a dilution of 1:800 at room temperature for 1 h.
After washing with phosphate-buffered saline (PBS)
containing 0.2% Tween 20, sections were incubated with
biotinylated goat anti-rabbit and anti-mouse immunoglobulins
at room temperature for 10 min. Sections were washed
and then incubated with streptavidin-biotin-peroxidase
complexes at room temperature for 10 min. After washing,
tissue sections were then incubated in acetate containing 3-
amino-9-ethylcarbazole and 1% H2O2. The sections were
lightly counterstained with Mayer’s hematoxylin. The
RARRES3 antiserum was developed from rabbits by
immunizing with a RARRES3 peptide corresponding to
amino acids 74-87 of the protein. Specificity of the antiserum
was determined by Western blotting and competition of
RARRES3 binding using the immunized peptide[9,15].

Reviewing and scoring of sections
Patterns of staining, cellular RARRES3 localization, staining
intensity and percentage of RARRES3 expressed cells were
recorded. Both diffused and supranuclear granular patterns
of  RARRES3 staining were observed. For tissues with a
diffuse staining pattern, “negative” RARRES3 expression was
defined as an absence of RARRES3 staining, and “positive”
was defined as weak or moderate RARRES3 staining. For tissues
with supranuclear granular patterns of RARRES3 staining,
evaluation of  staining patterns was performed as described
previously with minor modifications[15]. Briefly, evaluation
of  staining patterns was performed using the immunoreactive
score (IRS) in which IRS = SI (staining intensity)×PP
(percentage of positive cells)[15]. SI was scored as 0 (negative),

Table 1  Characteristics of cancer patients and tissues

Categories          Number of cases

Cholangiocarcinoma

M/F     9/12

Average age (yr) 67.0±8.1

Stages

I        2

II        9

III        8

IV        2

Tumor differentiation

Well       10

Moderate        7

Poor        4

Hepatocellular carcinoma

M/F      24/6

Average age 53.9±15.0

Tumor differentiation

Well        4

Moderate        23

Poor        3

Stages

I        4

II        18

III        1

NA1        7

1Not available.
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1 (weak), 2 (moderate), and 3 (strong). PP was defined as
1 (0-<10% positive cells), 2 (10-50% positive cells), and
3 (>50% positive cells). Ten high power visual fields from
different areas of each specimen, with 100 cells per field
counted, were chosen at random for IRS evaluation, and
the average of IRS was calculated. Final intensity of
RARRES3 staining was defined as “negative” and “positive”
corresponding to the aforementioned IRS values of 0-1
and 2-9, respectively. Results of RARRES3 staining were
based on the consensus of 2 investigators (Jiang SY and
Chou JM).

Statistical analysis
The Fisher’s exact tests were applied for comparison of
positive RARRES3 expression and tumor differentiation as
well as stages of CC. Differential expression of RARRES3
between adjacent normal and HCC tissues from the same
cancer patient was analyzed by logistic regression. However,
the estimated co-efficient and their correspondent variances
were obtained through the generalized estimating equation
method[25] and the SAS/IML macro program, GEE1.SAS,

to take into account the subject correlation.

RESULTS
RARRES3 in CC tissues
Within the 21 tumor tissue samples, 7 had normal biliary
ducts. Positive RARRES3 staining, ranging from 15-60%
of  biliary epithelial cells adjacent to tumors, was observed in
5 (71.4%) of  the 7 tissues. Dysplastic tissue was observed in
only 1 sample and that tissue expressed the RARRES3 protein.
Staining revealed a granular pattern of RARRES3 in the
supranuclear regions of biliary epithelial cells and dysplastic
tissue (Figures 1A and 1B). The protein was expressed in
10 out of 21 (47.6%) CC tissues. Among these 10 tissue
samples, 5 samples showed only a granular pattern of
RARRES3 staining located at the supranuclear region, and
5 tissues showed both a granular as well as diffuse RARRES3
staining in the cytoplasm. Representative results of RARRES3
protein expression in well-, moderately- and poorly-
differentiated tumor tissues are shown in Figure 1. RARRES3
expression was observed in the well-differentiated CC tissue
(Figure 1D), whereas moderately-differentiated tumor tissue

Figure 1  Expression of RARRES3 in paraffin-embedded sections of CC tissues. Tissue sections from tumors with moderate (A-C), well (D-F) and
poor (G-I) differentiation were assayed for RARRES3 expression by immunohistochemistry using RARRES3 antiserum (A-C, D and G) or
preimmune serum (E, H). F and I: hematoxylin and eosin staining. Arrows indicate granular patterns of RARRES3 staining. AN: adjacent
normal tissues; T: tumor tissues. Original magnification: 100×.
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did not express RARRES3 (Figure 1C). Poorly-differentiated
tumor tissue was stained negative for RARRES3 protein,
whereas adjacent normal liver tissues were stained positive
for the protein (Figure 1G). No specific RARRES3 staining
was observed in tissues incubated with preimmune serum
(Figures 1E and 1H).

When RARRES3 expression was analyzed with respect
to difference in tumor differentiation, 8 out of 10 (80%)
well-differentiated CC tissues were stained positive for the
protein. Similar positive staining was noted in only 2 (18.2%)
of the 11 moderately- or poorly-differentiated CC tissues.
Well-differentiated CC tumors had a significantly greater
chance of expressing the protein than moderately- and
poorly-differentiated tumors (Fisher’s exact test, P<0.01)
(Table 2). No significant association between RARRES3
expression and tumor stages was found (P = 0.40).

Table 2 Expression of RIG1 protein in CC tissues

            RIG protein staining Fisher’s exact
                 [n (%) of cases]              test

Categories
                Negative           Positive

Differentiation           P<0.01

     Well 2 (20.0)           8 (80.0)

     Moderate/poor 9 (81.8)           2 (18.2)

Stages          P = 0.40

     I and II 7 (63.6)           4 (36.4)

     III and IV 4 (40.0)           6 (60.0)

RARRES3 expression in HCC tissues
The detection of RARRES3 was analyzed in 30 HCC tissues
and adjacent normal tissues. In contrast to CC, a diffuse
pattern of  staining was observed in all HCC tissues and

adjacent normal hepatocytes that showed positive RARRES3
expression (Figure 1G and Figure 2). Seventeen out of
30 (56.7%) HCC tissues were stained positive for RARRES3
protein, while 25 (83.3%) adjacent normal liver tissues were
positively stained (Table 3). Logistic regression analysis
revealed that HCC cells had a significantly lower chance of
housing RARRES3 than the adjacent normal hepatocytes
[OR = 0.27, CI (0.11-0.62), P<0.01]. Due to the
disproportionate distribution of  tumor samples (Table 1),
differences in RARRES3 expression among tumors with
difference in differentiation or stages were not analyzed.

Table 3  Expression of RIG1 protein in HCC tissues

      RIG1 protein [n (%) of cases]
Tissues

Negative Positive

Adjacent normal   5 (16.7) 25 (83.3)

HCC 13 (43.3) 17 (56.7)

Logistic regression analysis: OR = 0.27, 95% CI (0.11–0.62), P<0.01.

DISCUSSION

RARRES3 is a retinoid inducible protein that is a tumor
suppressor. This study showed that RARRES3 was expressed
in normal hepatocytes and biliary epithelial cells that are
adjacent to HCC or CC. Compared to the adjacent normal
liver tissues, HCC tumor cells were markedly reduced in
RARRES3. Within CC tissues, tumors with moderate or
poor differentiation also showed a significant loss in
RARRES3 expression, compared to the protein level in well-
differentiated tumors.

Previous studies have analyzed the expression of
RARRES3 in normal and malignant tissues from skin and

Figure 2  Expression of RARRES3 in paraffin-embedded HCC tissues. HCC (A-C) and adjacent normal tissues (D-F) were stained for RARRES3
protein using RARRES3 antiserum (A, D) or preimmune serum (B, E). C and F: hematoxylin and eosin staining. Original magnification: 100×.
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colorectum that differ in their cellular differentiation.
RARRES3 protein is expressed at the highest levels in
terminal, differentiated colorectal epithelial cells[15], normal
suprabasal epidermis, hair follicles, and sebaceous gland[13].
Presently, this list has been expanded to include normal
biliary epithelial cells and hepatocytes. The wide spectrum
of  RARRES3 expression in several differentiated normal
tissues and the conserved structure of  the protein throughout
evolution[7] is consistent with the idea that RARRES3 plays
an important role in cells of epithelial origin. Within carcinoma
tissues, results from the current and our previous studies[15]

show a significant loss of RARRES3 expression in
moderately- and poorly-differentiated adenocarcinomas of
colorectum and CC. Expression of RARRES3 in colorectal
adenocarcinoma tissues is progressively lost with the decrease
in tumor differentiation. RARRES3 expression in well-
differentiated tumors is relatively equal to normal or adjacent
normal tissues of  the colorectum. The close correlation
between RARRES3 expression and cellular differentiation
in various normal and tumor tissues suggests that
RARRES3 may play a pivotal role in both normal and
malignant epithelial differentiation.

Previous studies using transient transfection have
demonstrated that RARRES3 exhibits growth suppressive
and proapoptotic activities in several cancer cell lines[1,9,11].
Recently, results from Sturniolo et al[10] demonstrated that
keratinocyte growth arrest, apoptosis and terminal
differentiation are induced following induction of RARRES3
expression. Therefore, RARRES3 may not only function
as a negative growth regulator but also may play an active
role in the induction of epithelial differentiation.

RARRES3-induced terminal differentiation is mediated
through the activation of type I transglutaminase in
keratinocytes[10]. There are several types of transglutaminases,
whose expressions range from ubiquitous to tissue specific.
Whether a specific type of transglutaminase is activated in
RARRES3-mediated differentiation of colorectal and biliary
epithelial cells as well as hepatocytes requires further
investigation.

Retinoids are known to regulate a broad spectrum of
biological processes such as cell development, growth, and
differentiation. Animal and clinical studies have demonstrated
the chemopreventive activity of acyclic retinoid in the
formation of  second primary HCC in humans[23]. Both
retinoic acid and acyclic retinoid suppress growth of human
HCC cells[20-22], an activity that is mediated through the
activation of a retinoic acid receptor  and a retinoid
receptor[26]. RARRES3 is a retinoid inducible gene, which is
induced through heterodimers of these receptors[2]. Aberrant
expression of nuclear retinoic acid receptors and cellular
sensitivity to retinoic acid in HCC cells can occur in vitro[27].
Whether the loss of RARRES3 expression in HCC tissues
is parallel to the aberrant expression of nuclear retinoic
acid receptors requires further investigation.

The production of RARRES3 leads to growth suppression
and cellular apoptosis in several types of cancer cells. The
induction of RARRES3 expression by all-trans retinoic acid
is associated with the suppression of anchorage-independent
growth in head and neck and lung carcinoma cells[12]. Further
analysis of the regulation of RARRES3 expression by

retinoids in HCC cells may aid in understanding the role of
RARRES3 in growth suppressive activity mediated by
retinoic acid and acyclic retinoids.

In conclusion, expression of RARRES3 is downregulated
in moderately- and poorly-differentiated HCC and CC
tissues. These results agree with previous observation
demonstrating the positive association between RARRES3
expression and tissue differentiation of  normal and tumor
tissues from the epidermis and colorectum. Enhanced
RARRES3 levels in well-differentiated CC tissues support
the role of RARRES3 in malignant epithelial differentiation
of the tumor. This role is further supported by the knowledge
that RARRES3 can suppress downstream signal pathways
of Ras and actively induce cellular differentiation in vitro.
Further analysis of the differences in the activation of Ras
signal pathways in tissues that display a variable degree of
RARRES3 expression is important to understand the
significance of the decreased production of this protein in
HCC and CC tissues.
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