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Study of the correlation between H-ras mutation
and primary hepatocellular carcinoma
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Abstract. The aim of this study was to investigate the corre-
lation between H-ras mutation and primary hepatocellular
carcinoma (HCC) and to describe the role of H-ras mutation in
carcinogenesis. Clinical samples of 69 patients were collected
and the expression levels of H-ras in HCC and the surrounding
normal tissues were examined using HotStarTaq PCR.
H-ras mutation was further analyzed using the PCR direct
sequencing method. The results showed that H-ras mutation
was present in 49 samples (49/69, 71.01%), of which 19 had
codon 40 mutated from CTA to CTG and 30 had codon 61
mutated from GGC to AGC. By contrast, only 2 mutations
were found in the normal tumor-adjacent tissues. The H-ras
mutation rate in the high-risk of metastatic recurrence group
was markedly higher than that in the low-risk group (P<0.01).
The H-ras mutation rate in patients with metastatic recurrence
during postoperative follow-up was also significantly higher
than that in patients without metastatic recurrence (P<0.01).
Based on the above results, the H-ras mutation frequency
in cancer tissues is markedly higher compared with that in
normal tissues. H-ras mutation may play an important role
in the genesis and development of HCC and may serve as a
reliable marker for individual comprehensive therapy in HCC.
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Introduction

Primary hepatocellular carcinoma (HCC) is a common
malignant tumor, particularly in China and Southeast
Asia (1). Although the resection rate of HCC has improved
in the last 20 years, the general therapeutic efficacy is not yet
satisfactory. The mortality rate of HCC ranks second in all
malignant tumors in China, due to postoperative metastatic
recurrence (2). Currently, the molecular basis for the charac-
teristics of HCC is unknown and there is a need to identify the
cancer biology and develop new therapeutic strategies.

Ras proteins have essential roles in controlling the activity
of multiple downstream effector pathways that regulate normal
cellular proliferation (3). Ras-controlled pathways modulate
several transcription factors that eventually link Ras activity
to various phases of the cell cycle. As an impotant member of
the Ras family, H-ras mutation has been widely investigated
in multiple types of solid tumor. Over the past decade, H-ras
has emerged as a significant target for anticancer therapies
and has become a hotspot of anticancer research, while the
exact mechanism remains unknown (4).

In the present study, HotStarTaq PCR was adopted to
examine the expression of H-ras in HCC tissues and normal
tissues adjacent to the tumor, and H-ras mutation was analyzed
using PCR direct sequencing. Based on our findings, the
essential role of H-ras in the diagnosis and treatment of HCC
patients is discussed, especially in the Chinese population.

Materials and methods

Samples. A total of 69 paired HCC and normal liver samples
(confirmed by two individual pathological diagnoses) were
obtained from patients treated at the The Affiliated Hospital
of Medical College, Qingdao University (Qingdao, China)
for HCC. No patient had distant metastatic disease at surgery
and no patient had been treated previously with intravesical
chemotherapy. For the selection of surrounding non-tumor
liver tissues, specimens were obtained from tissues at a clear
distance from the edge of tumors (>1 cm), if there was no
evidence of nearby tumor invasion. The cancer tissue and
the adjacent microscopically normal samples were rinsed
in sterile PBS and snap frozen in liquid nitrogen immedi-
ately after removal. The research protocol was approved by
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the Institutional Review Board and informed consent was
obtained from patients. The average age of the patients in
this study, including 42 males and 27 females, was between
22 and 73 years (57.9+13.4). Of the 69 patients, the greatest
diameter of the tumor was >5 cm in 48 cases and 5 cm in
21. Tumor capsules were integrated in 32 and disintegrated
in 37 cases. Serum AFP was positive in 40 and negative
in 29; HBsAg was positive in 38 and negative in 31. Liver
cirrhosis was detected in 34 cases. A total of 24 patients had
Edmondson grade I or IT disease and the remaining 45 patients
had Edmondson grade III or I'V. A total of 28 patients had
TNM stage I or II disease and 41 had TNM stage III or
IV. According to the operative records and postoperative
pathological data, 36 HCC patients with cancer emboli,
intrahepatic dissemination (satellite foci or multiple nodules)
and/or lymph node metastasis were classified as high-risk of
metastatic recurrence and the remaining 33 patients without
emboli, dissemination and/or metastasis were described
as low-risk of metastatic recurrence. A total of 63 patients
were followed up for 16-35 months after surgery, during
which time neoplastic metastasis or recurrence was found in
38 patients.

RNA extraction and cDNA synthesis. Approximately 100 mg
tumor or liver tissue was used for total RNA isolation using
TRIzol reagent (Gibco-BRL, Carlsbad, CA, USA) according
to the manufacturer's instructions. First-strand cDNA was
synthesized using 5 pl total RNA with oligo (dT) 16 primer in
a 50-ul reverse transcription mixture containing 10 ul of 5X
first strand buffer, 2.5 yl dNTP mixture containing 25 mmol/l
of each deoxynucleotide triphosphate base (Pharmacia
Biotech Co., Tokyo, Japan), 2.5 ul ribonuclease inhibitor
(Takara Biochemicals, Ohotsu, Japan), 25 u1 ddH,O (managed
with DEPC in advance) and 2.5 ul avian myeloblastosis virus
reverse transciptase (Takara Biochemicals).

Primer design. The resulting cDNA was used for PCR
amplification using Taq polymerse (Takara Biochemicals).
The sequence of the H-ras gene open reading frame
was obtained from the gene bank and the primer was
designed using Primer Express 2.0 (Applied Biosystems,
Foster City, CA, USA). The upstream primer is before
ATG, H1=5'-GGCAGGAGACCCTGTAGGAG-3";
the downstream primer was located at exon 2,
H2=5'-GGTTCACCTGTACTGGTGGAT-3"; the amplifica-
tion area included exons 1 and 2, totaling 613 bp. The primer
was synthesized by Shanghai Sangon Biological Engineering
Technology & Service Co., Ltd. (Shanghai, China) The PCR
conditions included initial denaturation at 95° for 15 min,
followed by 40 cycles of amplification with subsequent dena-
turation at 94°C for 60 sec, annealing at 60°C for 60 sec and
extension for 60 sec at 72°C. The amplified products were
examined by agarose gel electrophoresis, and recorded by a
motored molecular imaging system. A total volume of 10 1
of PCR products underwent electrophoresis using 12 g/l
agarose gel and were visualized by UV absorption and
ethidium bromide.

Sequencing. DNA sequencing was performed on an ALF
express DNA automatic sequencer (Pharmacia Biotech Co.) by
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Figure 1. Expression of H-ras mRNA in clinical samples of HCC. From
the top, M [DNA Marker (DL2000)] indicates 600, 500, 400, 300, 200 and
100 bp, successively. The clear electrophoretic band at 600 bp is the PCR
product of the sample. HCC, hepatocellular carcinoma.

the dideoxy terminal termination method. The sequenced HPA
segment was 613 bp in length. The sequence of the amplified
H-ras segment was compared with the gene bank database and
analyzed for homogeneity using the NCBI BLAST program.

Statistical analysis. The significance of the differences
between two groups was tested using Chi-square analysis.
P<0.05 was considered to indicate a statistically significant
result.

Results

Expression of H-ras mRNA in HCC. H-ras mRNA was
amplified in all the clinical samples. Electrophoretic analysis
showed a bright band ~600 bp in length in these patients. The
electrophoresis band was clear and there was no dispersive
band, indicating its high specificity (Fig. 1).

Sequencing. After the sequence of the PCR products of the 69
samples of HCC was examined, the H-ras gene was found to
be mutated in 49 samples of HCC tumor tissue; 19 samples had
a mutation in codon 40 from CTA to CTG; 30 had a mutation
in codon 61 of GGC to AGC. By contrast, only 2 mutations
were found in the samples of normal tissues adjacent to the
cancer. The sequencing maps are shown in Fig. 2. The H-ras
mutation rate in the tumor tissues of HCC was 71.01% (49/69)
and was significantly higher than that in the surrounding non-
tumor liver tissues (P<0.01).

Correlation between H-ras mutation and clinicopathological
indices. By statistical analysis, no significant correlation of the
H-ras mutation rate was identified with tumor size, capsule,
AFP, HBsAg or liver cirrhosis (all P>0.05; Table I). The
H-ras mutation rate in the Edmondson grade I or II group was
significantly lower than that in Edmondson grade III or IV
group (P<0.01) and the rate in TNM stage I or II group was
also markedly lower than that in TNM stage III or IV group
(P<0.01; Table I).
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Table I. Correlation between H-ras mutation and the clinico-
pathological parameters of HCC.
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Table II. Correlation between H-ras mutation and metastatic
recurrence of HCC.

H-ras H-ras H-ras H-ras
Parameter n mutation  normal P-value  Group n mutation normal  P-value
Size of tumor (cm) Risk of metastatic
>5 48 37 11 0.09 recurrence
<5 21 12 High 36 32 4 <0.01
Tumor capusle Low 33 17 16
Integrated 32 26 6 0.08 Metastatic
Disintegrated 37 23 14 recurrence
AFP Yes 38 35 3 <0.01
Positive 40 28 12 082  No 31 14 17
Negative 29 21 8 HCC, hepatocellular carcinoma.
HBsAG
Positive 38 23 15 0.07
Negative 31 26 5
Liver cirrhosis Discussion
Yo 34 24 10 0.94 . .
Nes 35 25 10 ? The H-ras gene is located at 11p15.5. The possible carcino-
0 genic mechanism of H-ras is as follows: the mutated H-ras
Edmondson grade gene results in overexpression of the H-ras protein. The
L1 24 9 15 <001 H-ras protein inhibits the activation of a nuclease which trig-
I, v 45 40 5 gers apoptosis and leads directly to a significant decrease in
TNM staging cell death (5). It has been found that ras mutation occurs in
LI 8 11 17 <001 numerous types of human tumors and that the mutation rate of
ML IV 41 38 3 the ras genes can reach 90% in pancreatic, 40-50% in colon,

HCC, hepatocellular carcinoma.

Correlation between H-ras mutation and metastatic recur-
rence of HCC. The H-ras mutation rate in the high-risk of
metastatic recurrence group was markedly higher than that
in the low-risk group (P<0.01) and the rate in the metastatic
recurrence group was also significantly higher than that in the
non-metastatic recurrence group (P<0.01; Table II).

e 1 i i 5 s 1

40% in lung and 37% in bladder cancer (5). The present study
showed that H-ras mutation occurred in 49 samples (49/69,
71.01%), of which 19 had a mutation in codon 40, of CTA to
CTG, and 30 had a mutation in codon 61, of GGC to AGC.
Compared with the cancer samples, H-ras mutation was found
in only 2 normal tissues adjacent to the cancer. Our results
indicate that H-ras mutation may be a reliable biomarker in
HCC.

No correlation was found between H-ras mutation and
the integrity of the tumor capsule or tumor size in this study.
In addition, H-ras mutation was not found to be associated
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Figure 2. Sequencing maps. (A) Codon 40 mutated from CTA to CTG; (B) codon 61 mutated from GGC to AGC.
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with AFP, HBsAg or liver cirrhosis. H-ras mutation was not
correlated with HBsAg, indicating that H-ras mutation may
be used for the diagnosis of HCC patients infected with HBV,
as is the case of most HCCs in China. It has been reported
that H-ras mutation in cancerous tissues is closely correlated
with tumor invasion, metastasis and angiogenesis (6,7). Both
metastatic recurrence and tumor microvessel density (MVD)
in tumors may significantly increase with H-ras mutation (8).
In this study, the mutation rate in HCCs was 71.01% and H-ras
mutation was associated with the pathological classification
and TNM stage, which were similar to the conclusions drawn
by a previous study (9). The marked difference in H-ras muta-
tion between the low- and high-risk of metastatic recurrence
groups in our study indicated that H-ras mutation was associ-
ated with the invasion and metastasis of HCC. The significant
difference between the metastatic and non-metastatic recur-
rence groups in our study was also similar to the results of
a previous study (6). This result further showed that H-ras
mutation was associated with metastatic recurrence and that
there was a higher degree of invasiveness and risk of postop-
erative recurrence in patients with H-ras mutation compared
with normal H-ras patients, and that H-ras mutation may
provide a potential and valuable index to predict postoperative
metastatic recurrence (10).

Previous studies have reported that H-ras mutation may
be an effective marker in cancer diagnosis and molecular
therapy (11). The exact mechanism remains unknown. Certain
studies have reported the levels of growth factors, including
transforming growth factor-f (TGF-p) and fibroblast growth
factor (bFGF),enhanced DNA synthesis and anchorage-depen-
dent growth in cells with H-ras mutation (12,13). Furthermore,
H-ras mutation caused progressive tumors in nude mice;
however, those tumors were distinct from v-ras-induced
tumors, indicating that H-ras mutation was directly involved
in cell growth and transformation and the development
of tumors (14). Although the present study offers limited
information with regard to the possible correlation between
H-ras mutation and cancer, we may offer extra information
concerning the diagnosis and treatment of HCC, especially
in China. Being a developing country, most Chinese patients
lack medical insurance and the cost of adjuvant therapy is a
problem. The ongoing debates that have not been resolved in
China are how to identify patients who have the highest risk
of suffering recurrence and how to increase the cost efficiency
of disease management (15). According to the above results,
H-ras mutation was not a early event in carcinogenesis and
is associated with invasion and metastatic recurrence, which
may be especially significant in the selection of apporiate
candidates for perioperative comprehensive therapy.

In conclusion, the detection of H-ras mutation has the poten-
tial to aid an improved understanding of HCC and to offer extra
information concerning the diagnosis and treatment of HCC.
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