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Abstract

Previous studies have identified that the expression of
UK114 is tissue specific and the protein has been found
to be most abundant in liver and kidney. However, the
expression ofUK114 in humanhepatocellular carcinoma
and its relationship to differentiation and transforma-
tion of hepatocellular carcinoma have not been studied.
In this study, the expression of UK114 in human
hepatocellular carcinoma was examined by Northern
and Western blot analyses. We found that UK114 was
significantly down-regulated in most of hepatocellular
carcinoma tissues compared with adjacent nontumor
tissues (72.7%) at both mRNA and protein levels. We
looked into the possibility that this decreased expres-
sion of UK114 in the hepatocellular carcinoma tissues

may play a role in the differentiation or tumorigenicity
of hepatocellular carcinoma. Immunohistochemical
staining showed that the reduced expression of UK114
in hepatocellular carcinoma tissues was correlated with
the tumor differentiation status as graded by the
Edmondson-Steiner classification. On the other hand,
overexpression of UK114 was not able to suppress the
proliferation of human hepatoma cells and tumorige-
nicity in nude mice. These results suggest that UK114
does not seem to act as a tumor suppressor gene;
however, it may useful as a biomarker that will assist
in the grading of the differentiation status of hepatocel-
lular carcinoma samples. (Cancer Epidemiol Bio-
markers Prev 2008;17(3):535–42)

Introduction

Hepatocellular carcinoma is one of the most common
malignancies in the world, is the third most important
cause of cancer death, and causes an estimated 600,000
deaths worldwide in 2002 (1). A marked difference has
been found in the worldwide distribution of hepatocel-
lular carcinoma, with significantly higher incidence rates
in Southeast Asia and Africa (2). The development of
hepatocellular carcinoma is strongly associated with
chronic liver disease, particularly cirrhosis, which occurs
as a result of viral infection (hepatitis B or C virus),
alcohol abuse, metabolic disorders, and aflatoxin expo-
sure (3). Despite the use of various screening and
treatment protocols, the overall prognosis of hepatocel-
lular carcinoma patients remains very poor (4-7). In
addition, to better understand the molecular mechanism
and the possible application of novel therapies, another
area of research interest is the search for reliable

hepatocellular carcinoma–associated biomarkers that
will have a great value in diagnosis and developing
therapeutic strategies. Furthermore, prognosis and clin-
ical management of hepatocellular carcinoma is closely
related to the differentiation status of the hepatocellular
carcinoma as measured by its pathologic grading. At
the present time, the grading of hepatocellular carcinoma
is still determined by experienced pathologists using
a popular system based on the Edmondson-Steiner
classification (8). Therefore, the discovery of a new
biomarker that correlates with the present pathologic
classification of hepatocellular carcinoma will be helpful
for diagnosis and therapy.

In our effort to find a new biomarker for hepatocel-
lular carcinoma, we have screened genes differentially
expressed in paired hepatocellular carcinoma and
normal liver tissues using microarray analysis. Several
genes that were differentially expressed in hepatocel-
lular carcinoma tissues have been identified. Among
them, UK114 was significantly down-regulated. UK114
(also called translational inhibitor protein p14.5) has
been purified from the perchloric acid–soluble fraction
of goat liver (9). It shares a high degree of homology
with other perchloric acid–soluble proteins (PSP)
extracted from the rat liver and kidney (10, 11) and
shows similarity to the new hypothetical protein
family, YER057c/YJGFs, which is highly conserved
across the world range from prokaryotes to eukaryotes
(12-14). The evolutionary conservation of these proteins
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implies that they may have an important cellular
function. Several studies indicate that UK114 may be
a multifunctional protein. Rat liver PSP has endoribo-
nucleolytic activity and can inhibit protein synthesis
in vitro in rabbit reticulocyte lysate (15). A natural
calpain activator protein has been isolated from the
bovine brain and when characterized was found to be
very similar to goat liver UK114 (16). Biological studies
of its function suggest that it may play a role in
cellular differentiation and development because levels
are significantly increased during differentiation from
human monocytes to macrophages (17) and during the
development process of rat kidney, rat brain, pig liver,
and chick liver (11, 18-20). Furthermore, expression of

PSP depends on the proliferation states of the cell and
overexpression of PSP reduces cell proliferation of
normal rat kidney epithelial NRK-52E cells (21, 22).

Many previous studies have indicated that the
expression of UK114 is tissue specific and the protein
has been found to be most abundant in liver and kidney.
However, the expression of UK114 in human hepatocel-
lular carcinoma and its relationship to the differentiation
and transformation of human hepatocellular carcinoma
have not been reported. In this study, we examined the
expression level of UK114 by Northern and Western blot
analyses and immunohistochemistry and found that
UK114 was significantly down-regulated in most hepa-
tocellular carcinoma tumor tissue as well as human

Figure 1. A. Detection of UK114 mRNA in human tissues. Representative human tissue and the internal control in the Human
Multiple Tissue Expression (MTE) Array (Clontech), which in essence is an array of poly(A)+ for quickly profiling gene expression.
B. Human Multiple Tissue Expression (MTE) Array was hybridized with a human UK114-specific cDNA probe to detect the
expression of UK114 in the various normal human tissues. Hybridization signals were visualized by autoradiography.
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hepatoma cell lines. In addition, the expression pattern of
UK114 was closely correlated with the differentiation
status of the hepatocellular carcinoma tissue according to
the Edmonson-Steiner classification. However, overex-
pression of UK114 was not able to suppress cellular
proliferation of human hepatoma cells and tumorigenic-
ity in rude mice. These results indicated that UK114
probably does play a role in the process of hepatocyte
differentiation and may serve as a biomarker for the
staging of hepatocellular carcinoma.

Materials and Methods

Tissue Samples. Twenty-two pairs of frozen hepato-
cellular carcinoma specimens made up of paired tumor
tissue and their adjacent noncancerous tissue were
obtained from the tissue bank of surgical department
of Taipei Veterans General Hospital. All the specimens

had been immediately frozen after surgery and stored
in liquid nitrogen until used. In addition, paraffin sections
were prepared from 73 formalin-fixed hepatocellular
carcinoma specimens, which had been obtained from
the Department of Pathology of Chang Gung Memorial
Hospital. The histologic diagnosis and tumor grade of all
the samples were confirmed by an experienced patholo-
gist (S.F.H.). The tumor grading was determined based on
the Edmondson-Steiner classification.

Cell Culture. Various human hepatoma cell lines,
including HuH7 (23), HepG2 (24), HA22T (25), Mahlavu
(26), Tong (27), and SNU-387 (28), were maintained in
DMEM supplemented with 10% fetal bovine serum at
37jC in a humidified atmosphere with 5% CO2.

Cloning of the UK114 Gene. The prokaryotic expres-
sion vector for UK114 was constructed as follows. A
cDNA fragment containing the human UK114 gene was
amplified by reverse transcription-PCR using the primer
se t 5 ¶-GGAATTCCATATGTCGTCCTTGATCA-
GAAGGG-3¶ for the sense strand and 5¶-CGCGGATCC-
CACTTATAGTGATGCCGTTGTCAG-3¶ for the antisense
strand. The fragment was then ligated into pET-15b
vector (Novagen) at the NdeI/BamHI site in frame with
the His tag for prokaryotic expression; the latter allowed
the preparation of polyclonal antibody against UK114
(pET-15b/UK114). For eukaryotic expression vector, the
cDNA fragment of human UK114 gene was amplified
using a second another primer set: 5¶-CCGGAATTCCA-
TATGTCGTCCTTGATCAGAAGG-3¶ for the sense strand
and 5¶-CGCGGATCCCACTTATAGTGATGCCGTTGT-
CAG-3¶ for the antisense strand and the fragment cloned
into pcDNA3.1(-) vector (Invitrogen) in frame at the
EcoRI/BamHI site (pcDNA/UK114).

Figure 2. Expression of UK114 in human hepatocellular
carcinoma tumor tissues versus its adjacent normal tissues. A.
Expression of UK114 mRNA in six representative pairs of
hepatocellular carcinoma tumor tissues (T) and their adjacent
normal tissues (N) was detected by Northern blot analysis with
a human UK114-specific cDNA probe (top). The level of 18S
rRNA was used as an internal control for the adjustment of the
RNA loading (bottom). B. Specificity of polyclonal antibody
against UK114 was examined by Western blot analysis. The
human hepatoma HuH7 cells were transfected with control
vector (lanes 1 and 3) or UK114 expression vector (lanes 2
and 4). The cell lysates were prepared and detected by
preimmune serum (lanes 1 and 2) or polyclonal antibody
against UK114 (lanes 3 and 4). The level of h-actin was used
as an internal control for the adjustment of protein loading.
C. Expression of UK114 protein in the same batch of hepa-
tocellular carcinoma specimens was detected by Western blot
analysis using the anti-UK114 polyclonal antibody (top). The
level of h-actin was used as an internal control for the
adjustment of protein loading (bottom).

Figure 3. Expression of UK114 in human hepatoma cell lines.
A. Expression of UK114 mRNA in hepatocellular carcinoma
tissues and cell lines was detected by Northern blot analysis
with a human UK114-specific cDNA probe (top). The level of
18S rRNAwas used as an internal control for the adjustment of
the RNA loading (bottom). B. Expression of UK114 protein in
the same specimens was detected by Western blot analysis with
a rabbit anti-UK114 polyclonal antibody (top). The level of
h-actin was used as an internal control for the adjustment of
protein loading (bottom). 1, adjacent normal tissue of sample
1148; 2, tumor tissue of sample 1148; 3, HA22T; 4, Mahlavu; 5,
Tong; 6, SNU-387; 7, HuH7; 8, HepG2; 9, adjacent normal
tissue of sample 1139; 10, tumor tissue of sample 1139.

Cancer Epidemiology, Biomarkers & Prevention

Cancer Epidemiol Biomarkers Prev 2008;17(3). March 2008

537



RNA Preparation and Northern Blot Analysis. Total
RNA was extracted from frozen tissue and cultured cells
with Trizol reagent (Invitrogen) according to the manu-
facturer’s instructions. Twenty micrograms of total RNA
were fractionated on 1.2% formaldehyde agarose gels
and transferred to nylon membranes. The membranes
were cross-linked using an ultraviolet cross-linker (Stra-
tagene) and hybridized with a-32P-radiolabeled DNA
probes (2 � 108 counts/min/AL) produced by a random
prime labeling system (rediprime II) (Amersham Bio-
sciences). Hybridization andwashing conditions were the
same as previously (29) and the membranes were then
exposed to X-ray film at -70jC. To confirm the amounts of
total RNA loaded in each lane, the membranes were
hybridized afterward with an 18S ribosomal RNA gene,
which served as an internal control.

Generation of Polyclonal Antibody against UK114.
To express His-UK114 fusion proteins, plasmid pET-

15b/UK114 was transformed into Escherichia coli BL21. A
fresh transformant colony was grown to log phase in
Luria-Bertani medium and supplementedwith 1 mmol/L
IPTG to induce protein expression. The recombinant
proteins were then purified by Ni-Sepharose 4B column
(Amersham) according to the manufacturer’s instruc-
tions. For the preparation of polyclonal antibody, 1 mg of
the purified fusion proteins was emulsified with Freund’s
adjuvant (Sigma) for immunization of New Zealand
White rabbits according to the standard protocol. Anti-
body valence and specificity was checked byWestern blot
analysis.

Protein Preparation and Western Blot Analysis.
Tumor tissues were homogenized with lysis buffer
containing 1% Triton X-100, 20 mmol/L Tris-HCl (pH
7.0), 2% SDS, 10% glycerol, and 0.2 mmol/L EDTA. The
cell lysate was then centrifuged at 13,000 rpm for 15 min
at 4jC and the supernatant was collected. The protein

Figure 4. Representative immunohistochemistry of UK114 in human hepatocellular carcinoma tumor tissue and adjacent normal
liver tissue (magnification, �400). Expression level of UK114 was higher in the normal liver tissue compared with tumor tissue.
Left, H&E staining of the sample (A, D, and G). Middle (B, E, and H) and right (C, F, and I), immunohistochemistry of UK114 in the
adjacent normal liver tissue and tumor liver tissue, respectively. All of the tissue sections were graded according to Edmondson-Steiner
classification. Representatives of grade 2 hepatocellular carcinoma (moderate differentiation; A-C). Representatives of grade 3
hepatocellular carcinoma (poor differentiation;D,E, andH). Representatives of grade 4 hepatocellular carcinoma (undifferentiation;G-I).
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samples (100 Ag) were electrophoresed on a 16.5% SDS-
polyacrylamide gel and transferred to polyvinylidene
difluoride membrane (Millipore) using a Trans-Blot
Semi-Dry Transfer Cell (Bio-Rad). After blocking the
membrane with 5% non-fat milk, the membrane was
incubated with rabbit polyclonal antibody against hu-
man UK114 at a 1:1,000 dilution overnight at 4jC and
then allowed to interact with peroxidase-conjugated anti-
rabbit IgG goat antibody. The immunoblot signals were
examined by the enhanced chemiluminesence detection
system (Western Lighting Chemiluminescence Reagent
Plus, Perkin-Elmer Life Sciences; Australia) and exposed
to X-ray film.

Immunohistochemical Staining. Immunohistochemi-
cal staining was done on the formalin-fixed and paraffin-
embedded tissue sections. Each tissue section was
pretreated by deparaffinized, rehydrated, and pretreated
with 10 mmol/L citrate buffer (pH 6.0) for 15 min in an
800-W microwave oven. The staining procedure was then
done with the Universal LSAB 2 Kit for peroxidase
(Dako) following the manufacturer’s instructions. Briefly,
the tissue sections were treated with 3% hydrogen
peroxide to block endogenous peroxidase, incubated
with rabbit polyclonal antibody against human UK114 at
a 1:2,500 dilution for 1 h, and then incubated at room
temperature for 10 min with biotinylated linked anti-
rabbit antibody. After reaction with benzidine, the tissue
sections were weakly counterstained with hematoxylin.
The adjacent normal tissue in each sample was used as
the positive control for immunostaining of UK114. All of
these sections were examined and classified into four
categories according to their histologic grades based on
Edmondson-Steiner classification (8): well differentiated
(grade 1), moderately differentiated (grade 2), poorly
differentiated (grade 3), and undifferentiated (grade 4)
hepatocellular carcinoma.

Cell Proliferation In vitro and Tumorigenicity
In vivo . For DNA transfection, cells were seeded 1 day
before treatment and transfection procedure was done
next day with LipofectAMINE reagent (Invitrogen).
Stable transfectants, including UK114 expression clones
and vector control clones, were obtained with G418
selection for 3 weeks. To assay the effect of UK114 on cell
growth, cells were seeded in 24-well plates and the cell
numbers counted every day over a period of 5 days. Each

point on the growth curve represents the mean value of
three independent wells and the cell doubling times were
estimated for each transfectant. To assay the effect of
UK114 on tumor formation in nude mice, stably trans-
fected cells (1 � 106 or 5 � 106) were inoculated s.c. into
the hind back of BALB/c nude mice. The development of
tumors was observed and the size of the tumors was
measured weekly for 2 months.

Statistical Analysis. The correlation between UK114
expression and the histologic grade of the hepato-
cellular carcinoma tissues was assessed by Pearson’s
m2 test. The effect of UK114 on tumorigenicity in nude
mice was examined by Fisher’s exact test. Differences
were considered significant if the P value is less
than 0.05.

Results

Specific Tissue Distribution of UK114: Predominant
Expression in Human Liver and Kidney. The tissue
distribution pattern of UK114 was examined by human
Multiple Tissue Northern Blots (Clontech) and Northern
blot analysis. As shown in Fig. 1, UK114 was predom-
inantly expressed in adult liver and kidney. In addition,
the expression level of UK114 was higher in adult liver
and kidney when compared with similar fetal tissues.
These results agree with the previous studies (17).

Down-Regulation of UK114 in Human Hepatocellu-
lar Carcinoma Tumor Tissues and Hepatoma Cell
Lines. Previous studies have shown that UK114 was
down-regulated in hepatic adenoma tissue and rat
hepatoma cell dRLh 84–bearing tumor by immunostain-
ing (17, 30). To further investigate the expression pattern
of UK114 in human hepatocellular carcinoma and
normal liver, hepatocellular carcinoma specimen and
the adjacent normal tissues were examined by Northern
blot analysis (Fig. 2A ) and Western blot analysis
(Fig. 2C). The polyclonal antibody against UK114
was prepared from purified overexpressed UK114 (as
mentioned in Materials and Methods) and the specificity
of this reagent is shown in Fig. 2B . The studies on six
pairs of hepatocellular carcinoma tissues indicated that
the expression of UK114 in the tumor tissue was
significantly less than in the paired normal tissue at
both RNA and protein levels. In all, we examined 22

Table 1. Correlation between histologic grade and UK114 expression in hepatocellular carcinoma specimens

UK114 staining score Nontumor, n (%) Hepatocellular carcinoma specimens, n (%)

Grade 1 Grade 2 Grade 3 Grade 4

Class I: ++ 73 (100.00) 1 (100.00) 173 (80.95) 23 (57.50) 0 (0.00)
Class I: + 0 (0.00) 0 (0.00) 3 (14.29) 11 (27.50) 1 (9.09)
Class I: F/- 0 (0.00) 0 (0.00) 1 (4.76) 6 (15.00) 10 (90.91)
Total no. sections 73 1 21 40 11
Nontumor versus P < 0.005 P < 0.005 P < 0.005
Grade 2 hepatocellular carcinoma versus P < 0.005 P < 0.005
Grade 3 hepatocellular carcinoma versus P < 0.005

NOTE: Based on the percentage of positively stained cells in hepatocellular carcinoma tumor tissues, the expression level of UK114 was categorized into
three groups as follows: 1, class I staining (++): >20% of tumor cells showed a positive signal; 2, class II staining (+): <20% of tumor cells showed a positive
signal; 3, class III staining (F/-): no tumor cells showed a positive signal. All together, 73 specimens were classified according to their differentiation grade
by the Edmondson-Steiner method. This was paralleled by analysis of the expression level of UK114 in each sample. The statistical differences between the
various grades in terms of UK114 expression was monitor by Pearson m2 test.
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pairs of hepatocellular carcinoma specimen and found
that there were 16 cases where the hepatocellular
carcinoma tumor tissue (72.7%) showed down-regulation
of UK114 expression in the tumor tissue. We also
investigated the expression of UK114 in several human
hepatoma cell lines, including HA22T, Mahlavu, Tong,
SNU-387, HuH7, and HepG2. Similarly, all of the
hepatoma cell lines expressed a reduced level of UK114

compared with normal liver tissue (Fig. 3). These results
indicated that the expression of UK114 was significantly
reduced in most hepatocellular carcinoma tumors and
the various human hepatoma cell lines.

Correlation between UK114 Expression and the
Differentiation Grade of Hepatocellular Carcinoma. In
a previous study, rat hepatoma cell dRLh 84–bearing
tumor have shown less differentiation and reduced
expression of PSP (30) raises the possibility that expres-
sion of UK114 in liver tissues might be associated with
the differentiation process. Currently, the Edmondson-
Steiner classification is the most commonly used patho-
logic method to evaluate the differentiation grades of
hepatocellular carcinoma, which is an important refer-
ence during the diagnosis, prognosis, and therapeutic
treatment of this disease (8). To investigate whether the
differentiation grade of hepatocellular carcinoma was
related to the expression level of UK114, immunohisto-
chemical analysis was done on paraffin-embedded
hepatocellular carcinoma specimens. Among the 73
hepatocellular carcinoma specimens tested, there were
only one case of grade 1 but 21 cases of grade 2, 40 cases of
grade 3, and 11 cases of grade 4 hepatocellular carcinoma.

All of these specimens were accompanied by their
adjacent normal tissue, which was used as the positive
control for UK114 staining. The expression level of
UK114 was categorized into three groups as follows:
class I staining (++) where there was >20% of the tumor
cells showed a positive signal; class II staining (+) where
<20% of the tumor cells showed a positive signal; and
class III staining (F/-) where none of the tumor cells
showed a positive signal. Representative staining images
are displayed in Fig. 4 and all results are summarized in
Table 1. We found that expression of UK114 was reduced
in most neoplastic sections. Furthermore, a gradual
decrease in the expression of UK114 was observed as
one moved from the well-differentiated types of hepato-
cellular carcinoma toward the poorly differentiated types
of hepatocellular carcinoma. For grade 2 hepatocellular
carcinoma, 80.95% (17 of 21) of cases had class I staining
for UK114 expression, but only 19.05% (4 of 21) of cases
showed class II and III staining. For grade 3 hepatocel-
lular carcinoma, 42.5% (17 of 40) of the cases had class II
and III staining. For grade 4 hepatocellular carcinoma,
100% (11 of 11) of the cases had class II and III staining.

However, there was only one case of grade 1
hepatocellular carcinoma in our specimens; therefore, it
was not possible to perform a valid statistical analysis
using the grade 1 hepatocellular carcinoma data. The
difference in UK114 expression between normal liver
and grade 2, 3, and 4 hepatocellular carcinoma was
highly statistically significant (P < 0.005). These results
indicated that grade 2, 3, and 4 hepatocellular carcinoma
clearly show reduced expression of UK114 compared
with normal liver tissues. Interestingly, statistical analy-
sis also revealed that the down-regulation of UK114 was
more significant in grade 4 versus 3 (P < 0.001) and grade
4 versus 2 hepatocellular carcinoma (P < 0.001).
However, the decreased expression of UK114 was not
statistical significant between grade 2 and 3 hepatocel-
lular carcinoma (P > 0.05). The reason for this may rest in
the fact that grade 2 and 3 hepatocellular carcinoma are
sometimes difficult to differentiate and a gray zone
existed between these two grades; many hepatocellular

Figure 5. Effect of the UK114 on cellular proliferation and
tumor formation. HepG2 cells were transfected with UK114
expression vector (pcDNA3.1/UK114) or control vector
(pcDNA3.1) and selected with G418 for 3 weeks. A.
Expression of UK114 protein in several transfectants was
examined by Western blot analysis using a rabbit anti-UK114
polyclonal antibody (top). The level of h-actin was used as an
internal control for the adjustment of protein loading (bottom).
1, pcDNA7; 2, UK114-7; 3, UK114-8; 4, UK114-9. B. Cellular
proliferation assay. Cells were seeded in 24-well plates and the
cell number was counted daily until day 5. The graph showed
uses a logarithmic plot of cell number against time (top) and the
cell doubling times were calculated based on these results
(bottom). C. Tumor formation in nude mice. Cells were
inoculated s.c. into the hind back of BALB/c nude mice.
Tumors were observed weekly until 2 months. All transfectants
exhibited a similar frequency of tumor formation in vivo and
were not statistically different when analyzed by Fisher’s exact
test.
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carcinoma tumors are classified as somewhere between
grade 2 and 3 according to Edmonson-Steiner classifica-
tion. Taken together, these results indicated that expres-
sion level of UK114 was related to the differentiation
grade of hepatocellular carcinoma.

Effect of the UK114 on Transformation Activity. Due
to the high degree of evolutionary conservation of UK114
and the down-regulation of UK114 in hepatocellular
carcinoma tumors, this raised the possibility that UK114
might serve as a tumor suppressor gene and be involved
in the suppression of tumorigenicity. To examine the
effect of UK114 on transformation activity, HepG2 cells
were transfected with a eukaryotic expression plasmid
containing UK114 (pcDNA3.1/UK114) or the empty
control vector (pcDNA3.1) and selected by G418 treat-
ment for 3 weeks. Stable transfectants were obtained and
the expression level of UK114 was examined. Western
blot analysis indicated that the amount of UK114
increased in four of the UK114-stable clones compared
with the control groups (Fig. 5A). Among these clones,
UK114-7 and UK114-9 expressed a high level of UK114;
in contrast, clone UK114-8 expressed only a moderate
level of UK114. The transfectants UK114-7, UK114-8, and
UK114-9 were then used to examine the effect of UK114
on cellular proliferation in vitro and on tumorigenicity in
nude mice in vivo .

As shown in Fig. 5B , the growth curve and cell
doubling time did not show any significant difference
between the UK114 expression clones and the vector-
alone clones. Furthermore, there was no statistically
significant difference in the tumorigenicity when
the clones with a high expression of UK114 were
used in vivo to study tumorigenicity (Fig. 5C). Similar
experiments were done with HuH7 cells and this also
showed that UK114 did not influence the tumorigenicity
(data not shown). These results suggested that over-
expression of UK114 alone was not sufficient to suppress
the transformation activity of human hepatoma cells.

Discussion

In this study, we have found that UK114 was predom-
inantly expressed in human adult liver and kidney and
this agrees with previous reports. Interestingly, we also
showed that both UK114 mRNA and its protein product
were markedly reduced in the hepatocellular carcinoma
tumor tissues and in human hepatoma cell lines
compared with the normal liver tissues. Apparently,
expression of UK114 is suppressed through transcrip-
tional or post-transcriptional regulation because both the
levels of the mRNA and protein were decreased in the
cancer cells. The genomic structure, including coding
sequence and promoter sequence of UK114, were
not altered in these hepatocellular carcinoma samples
(data not shown). It is possible that the down-regulation
of UK114 during hepatocellular carcinoma carcinogene-
sis is mediated through epigenetic transcriptional
repression similar to the DNA methylation of the
promoter region of the human p14.5 gene during cellular
differentiation from monocytes to macrophages (31).

The reduced expression of UK114 in hepatocellular
carcinoma raised the possibility that UK114 may play a
role as a tumor suppressor gene during hepatocellular

carcinoma carcinogenesis. Our results did not support
this and we found that overexpression of UK114 in
HepG2 cells was not able to inhibit cell growth. These
results are different from a previous report, in which
overexpression of PSP reduced cell proliferation of the
normal rat kidney cell line NRK-52E and the rat
hepatoma cell line dRLh-84 (22). The reasons for the
different results are not clear at present and require
further investigation. Furthermore, overexpression of
UK114 was not able to reduce the tumorigenicity of the
HepG2 and HuH7 cell lines in nude mice. Taken
together, these results strongly suggest that UK114 does
not function as a tumor suppressor gene during
hepatocellular carcinoma carcinogenesis.

This interpretation was also supported by our obser-
vation that most of the grade 1/2 hepatocellular carcino-
ma and 57% of grade 3 hepatocellular carcinoma still
expressed UK114 at high levels. Furthermore, to examine
in a broader context whether UK114 functions during the
process of invasion, we have also measured the effect of
UK114 on the invasion activity of human hepatoma cells.
However, there is no significant difference between the
UK114-expressing cells and the mock control cells when
this cell line is used (data not shown). These results
suggest that UK114 may not involve in this process.

The reduced expression of UK114 in hepatocellular
carcinoma tissue and cell lines might also be related to the
differentiation status of hepatocellular carcinoma. In this
study, we showed that the expression of UK114 in
hepatocellular carcinoma tissues is correlated with
hepatocellular carcinoma pathologic grades as measured
by the Edmondson-Steiner classification. Significant
differences in the expression of UK114 were observed
when grade 2, 3, and 4 hepatocellular carcinoma were
compared with normal tissue. These results agree with
previous studies on other system, which reported that the
appearance of UK114 is related to the differentiation
process in monocytes and in rat hepatoma cell lines (17).

To improve the diagnostic accuracy of hepatocellular
carcinoma, several studies have tried to identify bio-
markers for the different pathologic grades of hepato-
cellular carcinoma. The increased expression of
transforming growth factor-a and its receptor and the
epidermal growth factor receptor, as measured by
immunostaining, have frequently been observed in more
differentiated hepatocellular carcinoma cells. However,
increased expression of transforming growth factor-a and
epidermal growth factor receptor can also be detected
in the adjacent nontumorous livers (32). Similarly,
a-fetoprotein expression is also increased in hepatocellu-
lar carcinoma and may serve as a diagnostic marker;
however, it was not a sensitive biomarker for the
histologic grading of hepatocellular carcinoma (33).
Altered expression of pRB was found to be statistically
different in grade 2 versus grade 3 and 4 hepatocellular
carcinoma combined (34). Immunostaining of proliferat-
ing cell nuclear antigen revealed that its expression in
poorly differentiated hepatocellular carcinoma was sig-
nificantly higher than the well-differentiated and moder-
ately differentiated hepatocellular carcinoma (35).

Recently, a new biomarker, dehydroepiandrosterone
sulfotransferase (SULT2A1) was found to exhibit re-
duced expression in hepatocellular carcinoma. The
down-regulation of SULT2A1 was more frequent in
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grade 3 versus 1 hepatocellular carcinoma (36). Accord-
ing to our data, the reduced expression of UK114 appears
to be better correlated with the histologic grades
of hepatocellular carcinoma because the frequency
of down-regulation of UK114 is significantly different
between grade 2 and 4 hepatocellular carcinoma
and grade 3 and 4 hepatocellular carcinoma. Down-
regulation of UK114 alone is not sufficient to be used as a
sole reference for grading hepatocellular carcinoma
because the present criteria of hepatocellular carcinoma
grading by a pathologist include nuclear cytoplasmic
ratio, cytoplasmic eosinophilia, bile secretion, nuclear
chromatism, histologic structure, and cohesiveness of the
tumor cells. However, our results suggest that reduced
expression of UK114 may be used as a marker to assist
pathologists when grading hepatocellular carcinoma.

In summary, our current observation provides evi-
dence that UK114 is down-regulated in hepatocel-
lular carcinoma. Functionally, UK114 does not seem to
serve as a tumor suppressor gene during hepatocellular
carcinoma carcinogenesis. However, the down-regulation
of UK114 correlates well with hepatocellular carcinoma
pathologic status and therefore may have a useful role as
a biomarker when grading hepatocellular carcinoma.
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