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ABSTRACT

This study aimed to study the relationship between the gene
polymorphisms of MMP-3 and MMP-9 and the prognosis of hepatitis C
virus (HCV)-related hepatocellular carcinoma (HCC) in Egyptian
population. Methods: The study enrolled 180 Egyptian individuals
classified into 3 groups Group |: consists of 60 apparently healthy
individuals served as control Group II: consists of 60 individuals
diagnosed with HCV Group I11: consists of 60 individual s diagnosed with
HCC. Genepolymorphismsof MMP-3-1, 171 5A/6A, and MMP-9-1, 562
C/Tusing restriction fragment length polymorphism (RFLP) for amplified
genomic DNA were analyzed. Results: In HCC prognosis, MMP-3 5A
carriers hadhigher probability of developing HCC when compared to
healthy individuals. Conclusion: MMP-3 5A alele may bea cooperative
risk factor for poor prognosis in HCC patients, suggesting that further
studies with larger sample size should be investigated to ensure that this
gene polymorphism might beapotential marker for predicting the prognosis
of HCC patientsin Egyptian patients.

© 2014 Trade ScienceInc. - INDIA

INTRODUCTION HCCischronicHCV infection. In Egypt, the preva-

lenceof HCV infection among generd population has

HCCisthemost common primary liver cancer. The
annua number of new casesof HCC worldwideisover
one million, making it the 5th most common cancer
worldwide and the 3rd | eading cause of cancer-rel ated
death. Men aremorelikely to beaffected than women
withHCC. Thistrend wasobservedinamost al coun-
tries¥. In devel oping countries, themajor concernin

been estimated to be around 14%. ChronicHCV in-
fection mostly leadsto hepatic cirrhosisbefore devel -
oping HCC23,

MM Psare multifunctional proteinsand that their
rolesin cancer aremuch morecomplex than originally
thought. Inadditionto ECM degradation, thereisnow
considerable evidencefor their involvement in regula-
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tionof cdl growth, survivd, differentiation, inflamma-
tion and angiogenes sthrough precise cleavage of vari-
ousmolecules. The23 membersof thisfamily of en-
dopeptidases share acata ytic domain, apro-peptide
and ahemopexin-like C-termind domain®. Functiona
polymorphismsinthesegenes, such assinglenuclectide
polymorphisms (SNPs) located in promoter regions,
may influencetheexpression or activity of theproteins
and thusmodify cancer susceptibility and prognosis®.
Matrix degradationintheliver isduetotheaction of at
least four of theseenzymes: MMP-1, MMP-2, MM P-
3, and MM P-917,

MMP-3isamember of thestromelysin subfamily
of MMPs, which comprisesstromelysin-1 (MMP-3),
stromelysin-2 (MMP-10), and stromelysin-3 (MM P-
11). Stromelysin-1isoverexpressed in awidevariety
of tumour types, whereitisamost exclusvely foundin
thetumour stroma, i.e. fibroblasts, endothelial cells,
immunecdlg4. MM P-3 hasabroad spectrum of ECM
substratesincluding fibronectin, laminin, vitronectin, dif-
ferent collagens, aswell asother MM Pssuch as pro-
MMP-2 or -9, leadingtolocd invasion and metastasis
by facilitating degradation of ECM and promoting infil-
tration of tumor cellsthrough the basal membrane®9.
MMP-3isthought to play asignificant rolein ECM
degradationinchronically diseased livers, inwhich fi-
brossisdeveloping. MMPexpressionduringthecourse
of chronic hepatitis C hasbeen studied by Lichtinghagen
et a.’¥, They found that hepatic MM P-3 expression
was unrel ated to disease stage, but was determined by
theMM P-3(-1171) promoter polymorphism™ hegene
coding for MM P-3islocated onthelong arm of chro-
mosome 11 in regions 11g22.2—- 22.31*4, The poly-
morphism of the MM P-3 promoter regionistheinser-
tion/deletion of an adenosine (A) at position-1, 171
and hastwo alleles, onehaving arun of Six adenosines
(6A) and the other five (5A)*. Ye et a.[*¥ reported
that theMMP3-1171 5A dlelehas approximately 2-
fold higher promoter activity thanthe 6A dldeininvitro
experiments.

MMP-9 is a gelatinase type 1V collagenase
[gelatinase B] which playsanimportant rolein tumor
invas onand angiogenesis. MM P-9 expression hasbeen
foundinalargevariety of cdl types, incuding epithelia
cells, fibroblastsand endothelial cells. Expressionsof
MM P-9intumor tissueswereof prognogtic sgnificance

for poor overall survival of patientswith gastric carci-
nomaand HCC*¥, MMP-9isinvolvedinthedegra-
dation of abroad spectrum of substrates, including col-
lagentypesl1V, V, VIl and X aswell asgelatin, and a so
degradesthe proteoglycansand the el asting®™. Expres-
sion levels of MM P9 and protein function could be
modified by functiona SNPsin or around the MM P9
generegion, thus promoting tumor growth, invasion or
metastasig®. MM P9 geneislocated on chromosome
20011.2— q13.1with a promoter gene polymorphism
of acytosine(C) tothymidine(T) substitution at posi-
tion-1562. For MM P9 -1562 C>T polymorphism T
alelehad ahigher promoter activity thanthe C dlele,
which appeared to be dueto preferentia binding of a
putative transcription repressor proteintothe Callelic
promoter6:17,

Thisstudy examined the association of MMP-3 and
MM P-9 gene polymorphisms with the prognosi s of
hepatitisvirusC (HCV)-related HCC patientsin Egyp-
tian Poulation.

SUBJECTS& METHODS

Siteof the study

Thestudy wascarried out in Biochemistry and In-
ternal Medicine Departments - Faculty of medicine,

Zagaziguniversity.
Subjects

The present study wascarried out on 180 Egyptian
individuas (71 femdesand 109 mdes) with ageranged
from (39to 61 years). They weredivided into thefol-
lowing groups. Group |: consstsof 60 gpparently hedthy
individuasserved ascontrol (39 maesand 21 females)
with agesranged from 39 to 61 with amean value +
SD of (50.32 + 6.84) Group Il: consists of 60 indi-
viduasdiagnosed withHCV (36 maesand 24 femdes
with agesranged from 43 to 61 with amean value +
SD of 50.5+ 5.45)Group l11: consistsof 60individuas
diagnosed withHCC (34 maesand 26 femal es) with
agesranged from 44 to 59 with amean value+ SD of
(52 + 4.48)

Inclusoncriteria

All participants (except control) should be positive
for ssrumHCV RNA.

s BioTechnology

An Tudian Yourual



122

Study of matrix metalloproteinases-3 and -9 genepolymorphisms

BTAIJ, 9(3) 2014

FuLL PAPER
Exclusoncriteria

Patientswho had chronic hepatitisB virusinfec-
tion, acoholism, primary biliary cirrhos's, or autoim-
muneliver diseasewill beexcluded.

All individua sweresubjected to thefollowing:-

1 Measurement of AFPlevd by thethird generation
ELISA usngkitsfrom the Equipar (Saronno, Itay).

2 Measurement of liver enzymes(ALT andAST) by
Bayer Opera Chemistry System (Diagnostic Divi-
sion Tarrytown, NY USA).

3 Determination of MMP-3, 9 gene polymorphism
by PCR amplificationfollowed by restriction Frag-
ment length polymorphism (RFLP) and gel elec-
trophoress.

DNA extraction

Genomic DNA was isolated from 3 ml venous
blood samplewithdrawn on EDTA usinggenomic DNA
purification kit (Fermentas) according to the
manufacturer’s instructions.

Genotypeanalysis

Gene polymorphismsweredetected through PCR
amplification followed by digestionusing restrictionen-
donuclease enzymesfor RFLP analysis. MMP3 gene
5A/6A polymorphismwasgenotyped using theforward

primer (5'-
GGTTCTCCATTCCTTTGATGGGGGGAAAQA-3);
and the reverse primer (5'-

CTTCCTGGAATTCACATCACTGCCACCACT-
3)), according to previousreports*®, Thesecond nucle-
otideA intheforward primer 3' end was substituted by
Ginorder tofacilitatechangeinthe5A adleleand gen-
eratetherecognitionsitesfor Psy | (Tth111 1) (GACN/
NNGTC). The genotyping of MMP-9 promoter at
position -1562 wasdetected by usingtheforwardprimer,
(5-GCCTGGCACATAGTAGGCCC-3) and there-
verseprimer, (5-CTTCCTAGCCAGCCGGCATC-
3') asprevioudly described™.
PCR reaction for both polymor phisms

PCR reaction was performed inafinal volume of
50ul that contained : 2X PCR Mix: 25 pl, Primer mix
(2.5 uM or 1/40 0f dilution 100 uM stock): 1ul for

esch primer, Genomic DNA: 5 ul and Deionized water:
18 pul. The amplification was carried out using DNA

thermal cycler 480, PERKIN ELMER (Norwak, CT
06856, USA), Serial No. P 16462.

PCR conditionsfor MMP 3 polymorphism were;
5mincyclefor initia denaturation at 95UC; 30 cycles
at 94 UC for 30 sec for denaturation, 67 UC for 30
secfor annealingand 72 UC for 45 sec for extension,
followed by 1 cycleat 72 UC for 5 minutes for final
extension*d,

PCR conditionsfor MMP 3 polymorphism were;
2mincycleforinitia denaturation at 95UC; 30 cycles
at 95 UC for 45 sec for denaturation, 67 UC for 45
secfor annealingand 72 UC for 45 sec for extension,
followed by 1 cycleat 72 UC for 5 minutes for final
extension™.

Restriction enzymedigestion

The PCR productswere digested with restriction
endonucleases(Fast Digest, Thermo Scientific) and sub-
jected to el ectrophoresison a2% agarosegel and the
bands were visualized by ethidium bromide staining
under U/V light.

For MMP-3-1171 (SA/6A)

Digestion of the PCR fragmentswith Tth111 |
produced 130, 97 and 33 bp for 5A/6A allele, 97
and 33 bp for 5A allele and 130 bp for 6A
alele®® (Figure 1).

SA

6A SA/6A

130
97

33

Figure1l: Showsa 2% agarose gel picture, stained with
ethidium bromide, productsdigested with Tth1111 .M lane:
100bp - 1kb DNA ladder (Fermentas); lan 1: 5A homozygote
(97 bp + 33 bp); lan 2: 6A homozygote (130 bp); lan 3: SA/6A
heter ozygote (130 bp + 97 bp + 33 bp).
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For MM P-9-1562 (C/T)

Digestion of the PCR fragmentswith Sph | restric-
tion endonuclease produced 435, 247 and 188 bp for
CIT dlele, 188 and 247 bpfor TT alleleand 435 bp
for CC alele(not cleaved by Sphi)*.(Figure 2).

C/T

M C T

100—

Figure 2 : Showsa 2% agarose gel picture, stained with
ethidium bromide, productsdigested with Sph1. M lane: 100
bp - 1kb DNA ladder (Fer mentas) ; lan 1: C homozygote (247
bp + 188 bp ); lan 2: T homozygote ( 435 bp); lan 3: C/T
heter ozygote (435 bp + 247 bp + 188 bp).

Satistical methods

All statistical andysiswasperformed usngthesta
tistical packagefor social science (SPSS) version 11
(Chicago, IL, USA)@, Datawere datistically described
intermsof meantstandard deviation (+SD), range, or
frequencies (number of cases) and percentageswhen

RESULTS

Characteristicsof thestudy participants

The study was carried out on 180 individulsclass -
fiedinto 3 groups: Group I: Control group (n=60): In-
cluding 39(60.6%) maesand 21 (39.4%) femaeswith
agesranged from 39 to 61 with amean value+ SD of
50.32+6.84). Group I1: HCV group (n=60): Patients
positivefor ssrum HCV Including 36 (60%) malesand
24 (40%) fema eswith agesranged from 43to 61 with
amean value+ SD of 50.5 + 5.45). Group I1l: HCC
group (n=60): patientsdiagnosed withHCC including
34 (56.7%) males and 26 (43.3%) femaleswith ages
ranged from 44 to 59 withamean value+ SD of 52+
4.48). TABLE 1 showsthelaboratory dataof theindi-
viduasinthethreegroups.

Genotype distributions & allelefrequencies of
MM P-3and -9 gene polymor phisms.

Genotypedistributionsfor MM P-3.

5A/5A genotype: ahigher representation of the 5A/
5A genotypewasfoundin HCV group ascompared to
control group & in HCC group ascompared to control
group. Although statistical significancewasobserved
between Control & HCV (P=0.04; OR=5.118; Cl =
1.057-24.789), this significance disappeared when
comparing Control to HCC (P=0.103; OR=3.83; CI
= 0.762-19.258). 5A/5A genotype was
underrepresented in the HCC group when compared
totheHCV group (TABLE 2).

5A/6A genotype: 5A/6A genotype was
underrepresented when comparing control & HCV

TABLE 1: Theassociation between serumAFP, ALT and AST level in different studied groups

Controls ( n =60) HCV (n=60) HCC (n=60)
Parameters "
M ean St. Dev. Mean St. Dev. Mean St. Dev. P-value
AFP (ng/ml) 1.914 0.828 10.964 2.277 485.978 636.950 <0.001
ALT (U/L) 24.816 3.702 40.666 30.836 238.601 256.150 <0.001
AST (U/L) 26.683 4,416 46.883 41.884 203.249 220.283 <0.001

* p>0.05 is considered non-significant; p<0.05 is considered significant.

appropriate. Oddsratio (OR) and 95% confidencein-
terval (95%CIl) were calculated for all studied poly-
morphism hapl otypes and all €l es between cases and
controls. Pvalueslessthan 0.05 were considered sta-
tigicdly sgnificant.

group and control & HCC. A Slightly higher represen-
tation of the5A/6A genotypewasfound between HCV
group and HCC group but didn’t reach statistical sig-
nificance(TABLE 2).

6A/6A genotype: Therewasno significant differ-
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TABLE 2: Genotypesdistributionsof MM P-3, 9 genepolymor phismsamong contr ol and different patient groups.

Polymor phism Casesn= (%) Control n=60 (%) OR 95 % ClI "P-value
MM P-3 gene polymor phism
HCV (n=60)
6A 36 (60) 37 (61.7) 1 (reference)
5A/6A 15 (25) 21 (35) 0.619 0.281-1.363 0.234
5A 9(15) 2(3.3 5.118 1.057-24.789 0.04
HCC (n=60)
6A 37 (61.7) 37 (61.7) 1 (reference)
5A/6A 16 (26.7) 21 (35) 0.675 1.474 -0.3095 0.324
5A 7 (11.6) 2(3.3 3.83 0.762 — 19.258 0.103
HCV (n=60)
C 40 (66.7) 35(58.3) 1 (reference)
CIT 17 (28.3) 20(33.3) 0.7907 0.3636 - 1.7194 0.5535
T 3(5) 5(8.3) 0.5789 0.1320 - 2.5396 0.4688
HCC (n=60)
C 38 (63.3) 35 (58.3) 1 (reference)
CIT 19 (31.7) 20(33.3) 0.9268 0.4316 - 1.9902 0.8455
T 3(5) 5(8.3) 0.5789 0.1320 - 2.5396 0.4688

* p>0.05 is considered non-significant; p<0.05 is considered significant.

enceinrepresentation of 6A genotype between differ-
ent studied groups(TABLE 2).

Therewasno significant associationin thecharac-
teristics of subjectsamong thethree groupstested for
the-1171 5A/6A polymorphism (Pvaue>0.05)

Genotypedigtributionsfor MM P-9

T/T genotype: T/T genotypewasunderrepresented
inHCV group ascompared to control group & inHCC
group ascompared to control group. (TABLE 2).

CIT genotype: C/T genotypewasunderrepresented
when comparing HCV & control groups. A Slightly
higher representation of the C/T genotypewasfound
between HCC group and HCV group but didn’t reach
datisticd significance(TABLE 2).

C/C genotype: ahigher representation of the C/C
genotype was found in HCV group as compared to
control group & inHCC group ascompared to control
group. C/C genotypewas underrepresentedinthe HCC
group when compared tothe HCV group (TABLE 2).

Therewasno significant associationin thecharac-
teristics of subjectsamong thethree groupstested for
the-1562 C/T polymorphism ( Pvaue>0.05).

Allelefrequenciesfor MM P-3
5A dlde ahigher representation of 5A allelewas

BioTechnology —

present inthe HCV group when compared with both
HCC group and Control but didn’t reach statistical sig-
nificance(TABLE 3).

6A dlele: ahigher representation of 6A alelewas
present inthe control group when compared with both
HCV group and HCC group(TABLE 3).

Risk Assessment: Theassociation of 5A genotype
and HCC showed that 5A/5A individualshavea3.83
timehigher probability of developing HCC when com-
pared to hedthy individuds. Therewasnot any statisti-
cdly significant dlelic association between HCC group
& Control group (P=0.229 and 0.443; OR=1.44 and
1.267 respectively) dlamingonly 5A/5A individudsare
inrisk of developing HCC; individual swithout 5A al-
lele may be protected from the disease.

Allelefrequenciesfor MMP-3

C dlele: ahigher representation of C allele was
present inthe HCV group when compared with both
HCC group and Control but didn’t reach statistical
sgnificance(TABLE 3).

T dlele: T allele was underrepresented in HCV
group as compared to control group & in HCC group
ascompared to control group (TABLE 3).

Risk Assessment: No significant differencein C/T
SNP of MMP 9 gene between HCV patients, HCC
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TABLE 3: Allelefrequency of MM P-3, 9 genepolymor phismsamong control and different patient groups

Polymor phism Casesn= (%) Control n=60 (%) OR "P-value
MMP-3 Allele frequencies
HCV (n=60)
6A 87 (72.5) 95 (79.17) 0.694 0.229
5A 33(27.5) 25 (20.83) 144
HCC (n=60)
6A 90 (75) 95 (79.17) 0.789 0443
5A 30 (25) 25 (20.83) 1.267
MMP-9 Allele frequencies
HCV (n=60)
C 97 (71.67) 90 (86.67) 1.405 0277
T 23(28.33) 30 (13.33) 0.7113
HCC (n=60)
C 95 (80.83) 90 (86.67) 1.266 0443
T 25(19.17) 30 (13.33) 0.789

* p>0.05 is considered non-significant; p<0.05 is considered significant.

patientsand control group (TABLE 3)
DISCUSSION

Thisstudy evaluated the effect of -1171 (5A/6A)
and -1562 (C/T) polymorphismsin thepromoter re-
gions of human gelatinaseMMP9, and the human
sromelysn MMP3 on the Prognosisof Hepatocel lular
Carcinomain Egyptian popul ation.

Yeet a.[*¥ reported that theMMP3-11715A al-
lelehas approximately 2-fold higher promoter activity
thanthe 6A dleleininvitro experiments. Theresults
showed that 5A/5A individuashad 3.83 times higher
probability of developing HCC when compared to
hedlthy individua sbut therewasno satistically sgnifi-
cant differencein 5A/6A SNP of MM P3 gene between
HCC patientsand control group. Thestudy findings
are in accordance with Okamoto K et a*? who re-
ported that MM P-3 5A dleleiscooperativerisk fac-
torsfor poor prognosisin HCC Japanese patientsin
accordancewith large CC diameter and decreased sur-
vival for 5A alelecarriers(95, 92 casesand 83, 170
control respectively). In other carcinomas, Bradbury et
a® reported that MM P3-1171 polymorphismand its
hapl otypes are associated with increasedesophagesal
adenocarcinomarisk (InaCaucas an population, 313
cases & 455 contrals).

Thereare also other studiesthat arenot in agree-

ment with thisstudy findings, Zhai Y et all?@ who re-
ported that there is no association between MM P3 -
1171 polymorphism andHCC progressionin Chinese
patients(434 casesand 480 control). Also, Hyun Phil
Shin et d reported that MM P-3 gene polymorphisms
could not account for the progression of HBV related
liver cirrhogis, but carrying 5A carrierswas associated
withalow platel et count, which wasimportant marker
of liver cirrhogsathough not diagnosticfor liver cirrho-
sis. In other carcinomas, Friih M et al’?® who reported
that thereisno association between MM P3-1171 poly-
morphism and esophageal adenocarcinomarisk (Ina
Caucasian population, 101 casesand 101 controls).
For MMP9-1562 C>T polymorphisn T dlelehad
ahigher promoter activity thanthe C alele, which ap-
peared to be dueto preferentia binding of aputative
transcription repressor protein to the C allelic pro-
moter’617, Therewas No significant relationship be-
tween MMP-9 -1562 C/T genotypeswith either de-
velopment or prognosisof HCC. Study findingsarein
accordancewith Zha Y et a'? whoreported that there
IS no association between MMP-9 -1562 C/T poly-
morphism and HCC progression in Chinese patients
(434 casesand 480 control s). Although Okamoto K et
a™ reported apositive rel ationship between MMP-9
T carriersand poorer HCC differentiation; he could
not detect asignificant relationship between MMP-9 -
1,562 C/T genotypeswith either development or prog-

s LBioTechnology

An Tudian Yourual



126

Study of matrix metalloproteinases-3 and -9 genepolymorphisms

BTAIJ, 9(3) 2014

FULL PAPER

nosisof HCC. In other carcinomas, Xiaet al?! who
reported that thereisno associ ation between MM P-9
-1562 C/T polymorphism and Esophageal Squamous
Cdl Carcinomarisk (InaChinesepopulaion, 132 cases
and 132 controls).

Therearenumber of factorswhich affectunexpected
results on polymorphism- disease association studies
whichadsowill explainwhy sudy resultsarenctinagree-
ment with previousmentioned sudies. Ethnicitiesof the
races,; People of different populations have different
genetic backgroundsand may be exposed to different
environment factors, so the same polymorphism may
play different rolesin different popul ations. Control type
aso contributed to heterogeneity; theresultsfrom hedthy
controls are more reliable than those from diseased
controls, asthefrequency of MMPdldesinadiseased
population may deviate from normal. In addition
toSamplesizeand Gender typewerea so acausal rea-
sonfor heterogeneity. All these factorsmust be paid
moreinterest infuturetudies.
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