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Abstract

Background and Aim Cytokines and matrix metalloproteinases (MMPs) are involved in tumor growth, in-
vasion, and remote metastasis in various cancers. Recently, functional gene polymorphisms in these cytokines
and MMPs have been found, and some reports have revealed an association between these polymorphisms
and the prognosis of various cancers. In this study, we examined the relationship between the gene polymor-
phisms of interleukin 1 beta (IL-1b), IL-1 receptor antagonist (IL-1 RN), transforming growth factor beta 1
(TGF-bl), MMP-1, MMP-3, and MMP-9 and the prognosis of hepatitis C virus (HCV)-related hepatocellular
carcinoma (HCC).

Methods We enrolled 92 HCV-related HCC patients in the study, and gene polymorphisms of IL-1b -31 C/
T, IL-1 RN variable number of tandem repeats (VNTR), TGF-bl +869 C/T, MMP-1 -1,607 1G/2G, MMP-3 -
1,171 5A/6A, and MMP-9 -1,562 C/T were analyzed.

Results In HCC clinical features, TGF-bl C carriers and MMP-3 SA carriers had significantly larger HCC
diameters than TGF-bl T and MMP-3 6A homozygotes. In HCC prognosis, IL-1b T homozygotes and
MMP-3 5A carriers had a significantly poorer prognosis than IL-1b C carriers and MMP-3 6A homozygotes.
Those with a combination of IL-1b T homozygosity and MMP-3 5A had synergistically poorer HCC progno-
sis.

Conclusion The IL-1b -31 T allele and MMP-3 5A allele are cooperative risk factors for poor prognosis in
HCC patients, suggesting that these gene polymorphisms might be potential markers for predicting the prog-

nosis of HCC patients.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most com-
mon malignancy in the world (1). Many approaches have
been developed for HCC therapy, including percutaneous
ethanol injection (PEI), radiofrequency ablation (RFA), and
transarterial chemoembolization (TACE). However, the total
prognosis of HCC patients is still poor because of the high

rate of recurrence (2).

Many intracellular and extracellular factors participate in
carcinogenesis, cancer growth and metastasis. Recently, nu-
merous functional gene polymorphisms
inflammatory and pro-fibrogenetic factors and their inhibi-
tors have been found, and some of them are thought to in-
fluence carcinogenesis and tumor progression (3, 4).

IL-1b is one of the potent pro-inflammatory cytokines and
has a wide array of biological functions, including cell sur-
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vival and proliferation (5). Some single nucleotide polymor-
phisms (SNPs) have been reported in IL-1b, as well as cyto-
sine (C)/ thymidine (T) base transitions at -31 bp from the
transcriptional start site. It has been shown that the -31T al-
lele enhances IL-1b transcriptional activity (6).

The IL-1 receptor antagonist (IL-1RN) variable 86-bp se-
quence repeats (variable number tandem repeat, VNTR) in
intron 2. Some reports have shown that allele 2 (two re-
peats) enhances IL-1b production (7, 8). Several studies
have examined the relationship between IL-1b gene poly-
morphisms and various cancer features including HCC, but
the results are controversial (9-11).

Transforming growth factor-beta 1 (TGF-bl) is one of the
potent inducers of hepatic fibrogenesis (12). Indeed, liver
TGF-bl mRNA and plasma TGF-bl levels are increased in
patients with chronic hepatitis, and correlated with the de-
gree of liver fibrosis (13). In the human TGF-bl gene, eight
polymorphisms have been identified (14). Among them, two
functional SNPs are located in the leader sequence at +869
T/C and +915C/G resulting in changed amino acid se-
quences (leucine 10 proline and arginine 25 proline, respec-
tively). The +869T homozygote is reported to have higher
expression levels of TGF-bl and to be associated with some
risk and prognosis of carcinomas (15, 16). +915C/G poly-
morphisms have not been detected in East Asian populations
such as Koreans and Japanese (15, 17).

Degradation of ECM is thought to be a prerequisite for
cancer invasion, metastasis, and angiogenesis. Matrix metal-
loproteinases (MMPs) directly participate in ECM degrada-
tion (18). Since HCC tumors develop in fibrotic livers,
MMP activity in particular is necessary for growth, invasion
and metastasis. Indeed, the levels of MMPs are frequently
increased in HCC tumor tissues, and some reports have sug-
gested that intratumoral MMP overexpression is closely cor-
related with the potential for HCC invasion and metasta-
sis (19, 20). Recently, gene polymorphisms in the promoter
regions of MMP genes, MMP-1 (interstitial collagenase-1),
MMP-3 (stromelysine-1), and MMP-9 (gelatinase B) have
been found (21-23).

MMP-1’s promoter gene polymorphism is the insertion/
deletion of a guanine (G) at position -1,607, and has two al-
leles, one with a single guanine (1G) and the other with two
(2G). In vitro assays have also demonstrated that the 2G al-
lelic promoter has higher transcriptional activity than the 1G
allelic promoter (24). The polymorphism of the MMP-3 pro-
moter region is the insertion/deletion of an adenosine (A) at
position -1,171 and has two alleles, one having a run of six
adenosines (6A) and the other five (5A) (21). In vitro stud-
ies have shown that the 5A allelic promoter has a 2-fold
greater transcriptional activity than the 6A allelic pro-
moter (25). A 9-bp sequence containing the -1,562 C/T
polymorphic site in MMP-9 is recognized as an important
regulatory element and is a binding site for a transcription
repressor protein and T-allelic variant has higher promoter
activity (23). Many investigators have examined the associa-
tion of MMP-1, -3, and -9 gene polymorphisms with the

prognosis of various cancers. Consequently, some reports
have shown a positive relationship between MMP-1, MMP-
3, or MMP-9 gene polymorphisms and the prognosis of ma-
lignant neoplasms (24, 26-28).

In this study, we examined the association of IL-1b, TGF-
bl, MMP-1, MMP-3, and MMP-9 gene polymorphisms with
the prognosis of hepatitis virus C (HCV)-related HCC pa-
tients.

Methods

Patients

The subjects of this study were 95 patients with HCV-
related HCC (mean age 67+8, 57 males) and 83 HCV-
related chronic liver disease (CLD) patients without HCC
(mean age 63+11, 46 males). All participants were Japanese
and positive for serum HCV RNA. Patients who had chronic
hepatitis B virus infection, alcoholism, primary biliary cir-
rhosis, or autoimmune liver disease were excluded. The di-
agnosis of HCC was defined by image diagnosis: angiogra-
phy and computer tomography (CT). Forty-six cases also
had liver histological examinations. HCC histologic differen-
tiation grades were determined according to Edmondson and
Steiner’s classification. Clinicopathological features [gender,
age, tumor diameter size and morphology, liver functional
tests, serum tumor marker alpha fetoprotein (AFP), and
CLIP score (The Cancer of the Liver Italian Program: prog-
nostic scoring system for HCC patients)] of patients were
referred to as the first diagnosis of HCC. In multiple HCCs,
the largest lesions were measured as the HCC diameter. Af-
ter the first diagnosis of HCC, all HCC patients had been
administered mono or combination therapy of TACE, PEI,
and RFA, and had been followed up regularly every month.
The mean follow-up term was 3.9+2.5 years. This study was
approved by the Committee for Ethics of Medical Experi-
ments on Human Subjects of the Medical Faculty of the
Tottori University, and written informed consent was ob-
tained from each subject before blood was collected.

DNA extraction

Genomic DNA samples were extracted from peripheral
white blood cells using a DNA extracting kit (DnaQuick II;
Dainipponseiyaku, Osaka, Japan) according to the manufac-
turer’s instructions.

Genotype analysis

Gene polymorphisms were analyzed using the polymerase
chain reaction (PCR) followed by the restriction fragment
length polymorphism (RFLP) method according to previous
reports (8, 29-33) (Table 1).

Statistical analyses

Values were expressed as the mean + S.D. Differences in
genotype distributions from those expected for Hardy-
Weinberg equilibrium were tested by the Chi-square test. We
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Table 1. The Primer Sequences and Protocols of PCR-RFLP for Genotyping the IL-1b -31C/T, IL-1
RN VNTR, TGF-b1 +869 C/T, MMP-1 -1607 1G/2G, MMP-3 -1171 5A/6A and MMP-9 -1562 C/T Gene
Polymorphisms
Primer sequences RFLP
PCR protocols . Lengths of products
(F=forward, R=reverse) P conditions g P
F: 5’-AGAAGCTTCCAC- 36 cycles of Alul (Takara) C allele: 344,
IL-1b -31 CAATACTC-3' o5Cimin  94C45sec. 37c 79,20 and 5 bp
T/C R: 5'-AGAAGCTTCCA- " 54°C 50 sec. overniuht Tallele: 247, 97,
CCAATACTC-3 72'C 1 min. 8 79,20 and 5 bp
F: 5'-CCCCTCAGCAAC- Scyclesof  30cyclesof  Scyclesof 2::2:: ; g :p:t:; ‘2“7‘3 Ep
IL-1RN ACTCC-3' o5C1ompn, 4 C4Ssec. 94C30sec. 94°C30sec. o Allele 3 (3 repeats): A
VNTR R: 5"-GGTCAGAAGGGC- " 65°C30sec. 60°C30sec. 55°C 30 sec. measuring Allols 4(5 rezeats); o bg
AGAGA-3 72C30sec. 72 C30sec. 72 C30sec Allele 5 (6 repeats) 627 bp
TGE-1b F: 5’-TTCCCTCGAGGC- 30 cycles of MspAl-l
CCTCCTA-3’ o . 96°C 1 min. o . (Takara) Tallele: 161 bp
+869 R: 5-GCCGCAGCTTGG- 20 C10min ooy jp, 73 C5min. 37°C Callele: 149 and 12 bp
T/C ACAGGATC-3 73°C 1 min. Overnight
MMP-1 F: 5'-TCGTGAGAATGT- 35°cycles of
1607 CTTCCCATT-3' o5C1min,  95Clmin. Xmn '3(7Tzkara) 2G allele: 117 bp
R: 5'-TCTTGGATTGAT- ’ 55°C 30 sec. Overnight 1G allele: 28 and 89 bp
1G/2G  TTGAGATAAGTGAAATC-3' 72°C 30 sec. g
MMP-3 F: 5'-GGTTCTCCATTC- 30 cycles of Tthilll
CTTTGATGGGGGGAAAgA-3' o . 94°C 30 sec. (Takara) 6A allele:130 bp
-1171 g 95C5 min. o :
R: 5'-CTTCCTGGAATT- 67 C 30 sec. 65 C 5A allele: 97 and 33 bp
5A/6A  CACATCACTGCCACCACT-3' 72°C 45 sec. 3 hours
MMP-9 F: 5'-GCCTGGCACATA- 30ﬁ cycles of
1562 GTAGGCCC-3' 052 min,  95.C45sec. Sph 'gf’cy°b°) C Allele: 435 bp
R: 5-CTTCCTAGCCAG- © 67°C45 sec. 3 hours T Allele: 247 and 188 bp
c/T CCGGCATC-3' 72°C 45 sec.

performed Chi-square tests to examine the differences in
genotype and allele frequencies between the two subject
groups. The difference of data among groups was assessed
by analysis of variance (ANOVA) and Scheffe’s test. We
performed a Breslow-Gehan-Wilcoxon test to examine dif-
ferences in the overall survival rate by the Kaplan-Meier
method. A p-value of<0.05 was regarded as statistically sig-

nificant.

Table 2. Demographic Characteristics of the Enrolled Patients
CLIP Score: The Scores from the Cancer of the Liver Italian
Program for Staging Hepatocellular Carcinoma. All Interferon

Treatments Had Resulted in No Response. *: p<0.05

. . HCC CLD
Clinicopathological features (n=95) (n=83)
Age 67 +8 63+ 11
Male 57 (60%) 46 (55%)
Gender Female 38 (40%) 37 (45%)
Number of o/ \# o
liver cirrhosis patients 66 (69%) 17 (20%)
Past history of o o
interferon therapy 20 (21%) 18 (22%)
HCC size (cm) 27+14 -
CLIP score 1.1+£1.0 -
Uni 40%
Tumor formation Multi 57% -
Massive 3%
+ 3%
Portal thrombus N 97% -
<400 84% 100%
AFP >= 400 16% 0%
A 77% 80%
Child-Pugh stage B 23% 15%
C 0% 5%
Histological differentiation | 28 (60%) )
(n=46) Illand Il 18 (40%)
Results

The characteristics of the enrolled patients are shown in
Table 2; 66 (69%) of HCC and 17 (20%) of CLD group
were diagnosed as liver cirrhosis by clinical or histological
tests. However, the hepatic reserve function did not signifi-
cantly change between the two groups (p=0.44). There were
no significant differences among HCC and CLD groups in
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Table 3. Genotype Distributions and Allele Frequencies between CLD and

HCC Patients *: p<0.05

Genotype /

CLD HCC

Allele (n=83) (n=92) p value
IL-1b -31 T homo 20 (25.0%) 24 (27.9%)
hetero 39 (48.8%) 42 (48.8%) 0.868
C homo 21 (26.3%) 20 (23.3%)
Allele frequency Allele T 0.49 0.52 0.672
IL-1 RN VNTR 17 70 (85.4%) 77 (86.5%)
211 10 9
2/4 1 1 0.861
1/4,1/3 1,1 1,0
Allele frequency Allele 2 0.07 0.06 0.937
TGF-b1 +869 T homo 29 (34.9%) 22 (24.7%)
hetero 32 (38.6%) 47 (52.8%) 0.151
C homo 22 (26.5%) 20 (22.5%)
Allele frequency Allele C 0.54 0.49 0.194
MMP-1 -1607 1G homo 3(3.7%) 10 (10.9%)
hetero 49 (59.8%) 37 (40.7%) 0.002*
2G homo 30 (36.6%) 44 (48%)
Allele frequency Allele 2G 0.65 0.69 0.572
MMP-3 -1171 6A homo 55 (64.0%) 60 (65.2%)
hetero 27 (31.4%) 29 (31.5%) 0.892
5A homo 4 (4.7%) 3(3.3%)
Allele frequency Allele 5A 0.20 0.19 0.877
MMP-9 -1562 C homo 54 (65.1%) 70 (76.1%)
hetero 26 (31.3%) 20 (21.7%) 0.274
T homo 3 (3.6%) 2 (2.2%)
Allele frequency Allele T 0.19 0.13 0.144

age, gender, past history of interferon therapy. About 20%
of HCC and CLD group (20 cases and 18 cases, respec-
tively) had undergone IFN therapy before enrollment in this
study. All cases were non-responders. HCC size and CLIP
score were relatively small and had good indications for
TACE, PEI and RFA.

Table 3 shows the genotype distributions and allele fre-
quencies in IL-1b -31 C/T, IL-1RN VNTR, TGF-bl +869 C/
T, MMP-1 -1,607 1G/2G, MMP-3 -1,171 5A/6A, and
MMP-9 -1,562 C/T in HCC patients and CLD patients. All
biallelic genotype distributions were consistent with the
Hardy-Weinberg principle (p>0.05, data not shown). Con-
cerning the presence of HCC, the distribution of MMP-1
was different between HCC and CLD patients, and the
MMP-1 2G homozygote was more frequent in HCC patients
(Table 3). Genotype distributions of IL-1b, IL-1RN, TGF-b
1, MMP-3, and MMP-9 were not significantly different be-
tween HCC and CLD (Table 3).

Next we analyzed the clinical parameters of HCC patients
at the first diagnosis of HCC. All genotypes were divided
into groups of two, such as IL-1b C carriers and T homozy-
gotes, IL-1RN allele 2 carrier and others, TGF-b1 C carriers
and T homozygotes, MMP-1 1G carriers and 2G homozy-
gotes, MMP-3 5A carriers and 6A homozygotes, and MMP-
9 T carriers and C homozygotes (Table 4). Child-Pugh pa-
tients were compared to IL-1b C carriers (p=0.024, Table 4).
As for HCC diameters at first diagnosis, TGF-b1 C carriers
and MMP-3 -1,171 5A carriers had significantly larger tu-
mors than TGF-bl +869 T homozygotes and MMP-3 6A

homozygotes (p=0.016 and 0.024, respectively) (Table 4).
The HCC histological grades of IL-1 T homozygotes and
MMP-9 T carriers were more frequently classified as moder-
ately and poorly differentiated than IL-1 C carriers and
MMP-9 C homozygotes (p=0.024 and 0.031, respectively)
(Table 4). Statistical significance was not found for other
clinical features (age, gender, CLIP score, and some of the
parameters of CLIP, such as tumor formation, the presence
of portal thrombus, and an AFP value of over 400 mAU/
mL).

We also examined the prognosis of HCC patients between
the paired genotype groups mentioned previously. In the
Kaplan-Meier analysis, IL-1b T homozygotes and MMP-3 5
A carriers had a significantly poorer prognosis than those of
C carriers and 6A homozygotes (p=0.028 and 0.043, respec-
tively) (Fig. 1A, B). The 3- and 5-year survival rates of IL-1
b C carriers were 86.6% and 64.9%, and those of T ho-
mozygotes were 69.8% and 45.9%, respectively. The 3- and
5-year survival rates of MMP-3 6A homozygotes were
91.3% and 66.3%, and those of S5A carriers were 64.9% and
53.4%, respectively. No clear relationship was observed be-
tween the prognosis of HCC patients and IL-1IRN VNTR,
TGF-bl C/T, MMP-1 1G/2G, and MMP-9 C/T genotypes
(Fig. 1C, D, E, F).

Furthermore, we examined combination groups of IL-1b
and MMP-3 genotypes. In clinicopathological features, no
significant differences were found between four combina-
tions: IL-1b C carriers and MMP-3 6A homozygotes (C/6
A), IL-1b C carriers and MMP-3 5A carriers (C/5A), IL-1b
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Table 4. The Clinicopathological Parameters of HCC Patients at First HCC Diagnosis. *: p<0.05

Age  Gender  CLP Tumor Portal AFP Child-Pugh  HCC Gﬁg‘éo‘c

Score formation  thrombus (mAU/mL) grade size differentiation

Uni / Multi <400

"z'o/{) )F /M;Ziive (({/0; /T ozs)o /?02 ? (om) ”((I,};)”'
ILip  Cecarier 669 60/40 1210 42/56/2  98/2 81/19 65/35 26+14 73/27
-31 Thomo 68+8 54/46 08+06 37/63/0 100/0  89/11 94/6* 27+14 30/ 70
IL{RN  2carrier 64%10 36/64 1.1+08 33/67/0 100/0  67/30 89/11 2610 67/33
VNTR  Others 66+9 60/40 1.0%1.0 42/58/0  98/2 87/13 73/27 2714 60 /40
TGF.p1 Cecarrier 66+8 61/39 12+11 38/57/5  98/2 81/19 70/30  29+16*  61/39
+869 Thomo 70+8 50/50 08%11 41/59/0  95/5 88/12 82/12 2006 67/33
MMp-1. 1Gcarier 67+8 60/40 0908 48/52/0 100/0  88/12 70/30 3015 4555
1607 2Ghomo 67+8 60/40 12%11 31/63/6  94/6 84/16 81/19  25%13 73127
MMP.3. BAcarrier 68+8 69/31 13%11 55/40/5  96/4 70/30 60/40  32+1.7* 53/47
171 6Ahomo 65%9 53/47 10x09 34/64/2  98/2 91/9 80/20 2512 68/32
MMP.g. Chomo 67+8 61/39 1.0%10 43/55/2  98/2 86 /14 76/24  28%15 50 /50
1562 Tcarrier 67+8 59/41 12+10 33/60/7 94/6 80/20 81/19 2413 10%/ 90

T homozygotes and MMP-3 6A homozygotes (T/6A), and
IL-1b T homozygotes and MMP-3 5A carriers (T/5A). As
for survival rates, T/5A, the higher transcriptional genotype
combination, had a significantly poorer prognosis in HCC
patients than all other combination groups (p=0.0001 vs. all
other combination groups) (Fig. 2). The 3- and 5-year sur-
vival rates of T/SA were 38.3% and 19.0%, respectively.

Discussion

In this study, we investigated the relationship of gene
polymorphisms IL-1b -31 C/T, IL-1RN VNTR, TGF-bl +
869 C/T, MMP-1 -1,607 1G/2G, MMP-3 -1,171 5A/6A, and
MMP-9 -1,562 C/T with the prognosis of HCV-related HCC
patients. The distribution rates and allele frequencies in our
study are similar to those from previous reports from Ja-
pan (9, 11, 17, 34, 35). Among these genotypes, the IL-1b,
TGF-bl, MMP-1, and MMP-9 genotype distributions in the
Japanese population are similar to those in Caucasians,
whereas the allele frequencies of the IL1-RN allele 2 and
MMP-3 5A allele in Japanese and other Eastern Asian popu-
lations are lower than those in Caucasians (10, 26).

Our results suggest that the IL-1b -31 genotype has no re-
lationship with HCC diagnosis, but that a higher transcrip-
tional genotype, the -31 T homozygote, has a poorer prog-
nosis than C allele carriers among HCC patients. To our
knowledge, this is the first study to reveal a relationship be-
tween IL-1b -31 gene polymorphisms and HCV-related
HCC prognosis. Concerning HCC development, several
studies have been published, but their conclusions are con-
troversial (9, 10, 33). Most information on the role of IL-1b
in malignancy concerns the effects of IL-1b on the invasive-
ness of already existing malignant cells (4). Microenviron-
mental IL-1b is mainly secreted from stromal cells (e.g., fi-
broblasts, endothelial cells, and inflammatory cells) and

some tumor cells, and induces inflammatory responses in a
paracrine and endocrine manner. The secreted form of IL-1b
activates nuclear genes through intracellular signal pathways,
including NF-xB, and up-regulates growth factors, angio-
genesis factors, and matrix metalloproteinases which relate
to both inflammation and tumor growth, invasion and metas-
tasis (4, 5, 36, 37). The IL-1b higher transcriptional -31T al-
lele may affect microenvironmental IL-1b levels in HCC and
result in a poorer prognosis.

In our results, the HCC patients with the worse prognos-
tic factor IL-1b T homozygotes are more frequently classi-
fied into better hepatic reserve function (Child-Pugh stage
A) at the first HCC diagnosis. Regardless of Child-Pugh
stage, these HCC patients have been taking a similar treat-
ment by PEI, RFA and TACE, which are relatively tolerable
therapies for poorer hepatic reserve function. As with this
explanation, therefore there is a possibility that the higher
IL-1b transcriptional activity could result in HCC develop-
ment in earlier stage of liver cirrhosis.

Our results also suggest a positive relationship between
the -31T homozygote and poorer HCC histological grades.
It has been thoroughly demonstrated that higher cell prolif-
eration and vascular invasion play important roles in the
lowering of the differentiation grade of HCC (38). The func-
tional gene polymorphism at IL-1b -31 may influence tumor
tissue differentiation through up-regulating the microenvi-
ronmental IL-1b level.

As for the IL-1 RN VNTR polymorphism, some reports
which have examined Caucasian groups have indicated a
possible relationship between allele 2 and HCC, but this has
not been found in Asian populations, including in the pre-
sent study (9-11). This may be due to the low frequency of
allele 2 in Asian populations.

In this study, carriers of the lower transcriptional allele
TGF-bl +869 C had significantly larger HCC diameters at
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the first HCC diagnosis point; however, this SNP did not af-
fect HCV-related HCC incidence and survival rates. No pre-
vious reports have studied the TGF-bl +869 C/T gene poly-
morphism in HCV-related chronic liver disease patients only.
Concerning HBV patients or etiologically mixed patients,
several reports have suggested that being a carrier for +869T
is a HCC risk factor (15, 16, 34). This inconsistency may be
due to these double-faced functions whose ratio is affected
by the etiology of background liver disease. TGF-bl serves
as either an epithelial cell growth inhibitor or a tumor pro-
moter, depending on the ECM context (39). As for the tu-
mor suppressing aspect, TGF-bl inhibits cell-cycle progres-
sion through enhanced expression of cyclin-dependent
kinase inhibitors such as p15INK4B and p21CIP1, and in-

duces apoptosis through smad signal pathways in hepato-
cytes and some cancer cells (40, 41). Indeed, previous stud-
ies have shown that TGF-bl inhibits carcinogenesis, tumor
progression, and therapeutic resistance in several cancers, in-
cluding HCC (39, 42). On the other hand, it has been re-
ported that TGF-bl up-regulates the expression of vascular
endothelial growth factor and matrix metalloproteinases, re-
sulting in accelerated tumor angiogenesis and metasta-
sis (43).

In the present study, the MMP-1 -1,607 2G homozygote
tended to relate to the incidence of HCC patients; however,
a clear relationship has not been found. A positive associa-
tion of -1,607 1G/2G genotypes with the prognosis of can-
cers has been reported (25). The authors have explained that
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the higher transcriptional activity of the 2G allele causes
MMP-1 overexpression in host tissues, which increases the
ability of the tumor for cell invasion. However, Hettiaratchi
et al have shown that 2G homozygosity is associated with a
favorable prognosis of colorectal carcinoma patients (44).
Regarding HCC histology, Okazaki et al reported that
MMP-1 protein and mRNA are detected in only the early
stage of HCC but not in advanced HCC (20). Taken to-
gether, the role of the MMP-1 -1,607 1G/2G gene polymor-
phism in cancer progression is still controversial.

MMP-3 is mainly secreted from activated fibroblasts and
degrades not only collagens, but also many non-collagenous
matrix components and activates interstitial procollagenases.
Bodey et al reported that strong expression of MMP-3 is
found in HCC tissue, especially in the ECM adjacent to
blood vessels (45). Our results showed that the MMP-3 -
1,171 5A allele influenced HCC growth and is related to a
poorer prognosis in HCC patients. The SA allele has higher
transcriptional activity than the 6A allele due to preferential
binding of a transcriptional repressor (25). There are no pre-
vious reports concerning the relationship between MMP-3
polymorphism and HCC prognosis. In other carcinomas,
Ghilardi et al have shown that the presence of the 5A allele
represents an unfavorable prognostic feature (26). Holliday
et al have reported that the fibroblasts derived from breast
cancer patients who are SA homozygous demonstrate sig-
nificantly higher MMP-3 release and have more aggressive
invasion-promoting capacity than 6A carriers or those with
normal fibroblasts with the same genotype, and suggested a
possible interaction between the MMP-3 -1,171 gene poly-
morphism and the tumor-stroma cross-talking (46).

Our study has also shown that the higher transcriptional
genotype combination, IL-1b -31 T and MMP-3 -1,171 5A,

with combinations of IL-1b -31 C/T and MMP-3

leads to a distinctly poorer prognosis in HCC patients com-
pared to a single genotype analysis. MMP-3 mRNA produc-
tion is at a low level in normal physiological conditions, but
can be markedly induced by IL-1b, TNF alpha, interferon
gamma, and some epidermal growth factors under pathologi-
cal conditions (47). IL-1b up-regulates MMP-3 transcription
via activating the ERK and p38 MAPK pathways (37). The
functional gene polymorphisms of IL-1 -31 and MMP-3 -
1,171 may cooperate by a cascade acceleration of HCC tu-
mor progression and metastasis.

We observed a positive relationship between MMP-9 T
carriers and poorer HCC differentiation but could not detect
a significant relationship between MMP-9 -1,562 C/T geno-
types with either development or prognosis of HCC. Previ-
ous reports have shown that MMP-9 mRNA levels in HCC
tissue are frequently up-regulated through the activation of
PI3K, Akt, and NF-kB pathways and correlate to HCC cap-
sular infiltration (48). It is not yet clear why poorer HCC
histological grades, which seem to correlate with the MMP-
9 -1,562 T allele, are not correlated with overall survival.
However, such a discrepancy is likely to result from differ-
ent balances of the multiple MMP-9 functions. For example,
MMP-9 cleaves plasminogen to generate angiostatin, one of
the most potent inhibitors of angiogenesis (49). HCC is a
highly vascular solid tumor in which angiogenesis plays an
important role, therefore raising the hypothesis that two
MMP-9 functions, the degradation of ECM and angiogenesis
inhibition, induce a complicated transition in the balance in
HCV-related HCC.

In conclusion, the present study suggests that IL-1b -31
T/C and MMP-3 -1,171 5A/6A gene polymorphisms influ-
ence the prognosis of HCV-related HCC patients and that a
combination of these genotypes has a synergistic effect. A
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clinical study should be undertaken in larger populations to
investigate the correlation between the alleles of these poly-
morphic sites and the prognosis of individual HCC.
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