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The Association Between -1304T > G Polymorphism
in the Promoter of Mitogen-Activated Protein
Kinase Kinase 4 Gene and the Risk of Cervical Cancer
in Chinese Population

Min Hu,"" Jian Zheng?” Liyuan Zhang®" Lan Jiang? Yonghe You,? Mingjun Jiang* and Hua Li°

Mitogen-activated protein kinase kinase 4 (MKK4) is a critical mediator of stress-activated protein kinase signals
that regulate apoptosis, inflammations, and tumorigenesis. Several polymorphisms have been identified in the
MKK4 gene. We hypothesized that genetic variants in the MKK4 promoter may alter its functions and thus
cancer risk. In the current, hospital-based case-control study of 471 cervical cancer cases and 600 sex and age
frequency-matched cancer-free controls in an Eastern Chinese population, we genotyped two common poly-
morphisms in the MKK4 promoter region (-1304T > G, rs3826392 and -1044A >T, rs3809728)c and assessed their
associations with the risk of cervical cancer. We found that compared with the most common -1304TT genotype,
carriers of -1304G variant genotypes had a significantly decreased risk of cervical cancer [odds ratio (OR)=0.71;
95% confidence interval (CI)=0.53-0.92 for TG, and OR=0.52; 95%CI=0.30-0.91 for GG] in an allele dose-
response manner (adjusted Pyeng=0.004). Moreover, the luciferase assay showed that the G allele in the pro-
moter significantly increased the transcription activity of the MKK4 gene in vitro and that the MKK4 mRNA
expression levels of the G variant carriers was significantly higher in tumor tissues than those of the -1304TT
genotype. However, no significant association was observed between the -1044A >T polymorphism and risk of
cervical cancer. Our data suggest that the functional -1304G variant in the MKK4 promoter contributes to a
decreased risk of cervical cancer by increasing the promoter activity and that the G variant may be a marker for
susceptibility to cervical cancer.

Introduction Epidemiological studies of cervical cancer have estab-
lished many etiologic factors, including HPV infection
(Galani and Christodoulou, 2009), smoking, air pollution,

As THE SECOND MOST COMMON MALIGNANCY, cervical
radiation, and long-term use of contraceptives (Mori and

cancer is a serious health problem and a leading cause

of cancer death in Chinese women. Nearly 500,000 new cases
are diagnosed each year worldwide, 80% of which are in
developing countries (Chen et al., 2011). It is well recognized
that persistent infection of carcinogenic human papilloma-
virus (HPV) is the main cause of cervical cancer. The prev-
alence of HPV is popular. However, only a small portion of
infected women develop cervical cancer, indicating that ge-
netic factors may play an important role in the etiology of
this malignancy. The role of genetic factors in the etiology of
this malignancy has been documented (Magnusson et al.,
1999; Sun et al., 2005; Jiang et al., 2010).

Sagae, 2001). These factors are all stressors to the cells that
activate the mitogen-activated protein kinase (MAPK)
pathways, which are known to regulate apoptosis, in-
flammations, and tumorigenesis (Maruyama et al., 2009).
Mitogen-activated protein kinase kinase 4 (MKK4) belongs
to a network of MAPK pathways, in which MKK4 in turn
activates c-Jun NH2-terminal kinases and p38 (Cuenda,
2000), eliciting a variety of biological responses to extracel-
lular signals that include growth factors, hormones, pro-
inflammatory cytokines, and various stress stimuli (Cuenda,
2000). It has been found that MKK4 plays an important role
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in tumor formation and development (Chae et al., 2002;
Cunningham et al., 2006; Spillman et al., 2007). Homozygous
deletions of MKK4 exons were founded in pancreatic carci-
noma cell lines, lung carcinoma cell lines, and other cancer
cells (Teng et al., 1997; Su et al., 1998). Moreover, about 5% of
tumors from various human tissues showed loss-of-function
mutations in the MKK4 gene (Chae et al., 2002, Su et al., 2002).
Further, MKK4 has been identified as a suppressor of me-
tastasis of prostate and ovarian cancers (Spillman ef al., 2007;
Robinson et al., 2008), and lack of expression of the MKK4
gene in resected gastric adenocarcinoma was found to be
highly associated with poor survival (Cunningham et al.,
2006).

Human MKK4 gene encodes a 399-amino acid protein,
spans over 120kb on chromosome 17p11.2, and contains 11
exons. In its 1.6kb promoter region, four common polymor-
phisms (i.e., minor allele frequency [MAF]>5%) were iden-
tified according to our resequencing data of 30 normal Han
Chinese subjects (Wei et al., 2009): -1304T>G [1304nt
upstream to initiation transcription code ATG (A in bold
indicate the boundary); rs3826392], -1044A>T [rs3809728],
-641C > G [rs2190853], and -284T > C [rs9892151]. Because the
pairs of three single-nucleotide polymorphisms (SNPs) (i.e., -
1044A>T, -641C>G, and -284T>C) were in complete link-
age disequilibrium (LD) (Biewenga et al., 2011) (r*=1.00,
D’=1.00, for each pairs), two of our previous studies (Wei
et al., 2009; Liu et al., 2010) analyzed the association between
MKK4-1304T>G and -1044A>T and the risk of colorectal
cancer and lung cancer. We found that the polymorphism
-1304T > G have reduced risks for both colorectal cancer and
lung cancer (Wei ef al., 2009; Liu et al., 2010), by increasing
the promoter activity (Liu et al., 2010). Because various en-
vironmental factors of cervical cancer can also activate
MKK4 and MAPK pathways, we hypothesized that genetic
variants in the MKK4 promoter are associated with the risk
of cervical cancer.

Based on this hypothesis, we carried out two independent,
hospital-based case-control studies to investigate the relation
between the polymorphisms in MKK4 promoter and risk of
cervical cancer in Eastern Chinese population.

Materials and Methods
Study population

The present study included 471 cervical cancer patients
and 600 healthy controls. All subjects were ethnically ho-
mogeneous Han Chinese. Patients with newly diagnosed
cervical cancer were recruited consecutively from March
2001 to May 2010 at the First Affiliate Hospital of Soochow
University (Suzhou, China). All eligible patients diagnosed
at the hospital during the study period were invited to par-
ticipate in the study, with 91% agreeing to do so. There were
no restrictions in terms of age, stage of disease, or histology
preventing people from participating in the study. The
population controls consisted of cancer-free people living in
the Suzhou region; they were selected from a nutritional
survey conducted in the same period as the cases were col-
lected. The control subjects were selected by random-digit
dialing method from a database consisting of 3500 individ-
uals based on a physical examination (convenience sample
comprising laboratory staff, welders, students, farmers,
nurses, and company staff). The selection criteria for control
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subjects included no history of cancer and the control pop-
ulation was matched in terms of age and sex with the cer-
vical cancer patient group. At the time of recruitment,
informed consent was obtained from each subject. This case-
control set have been previously published (Zheng et al.,
2011a; Zheng et al., 2011b; Jiang et al., 2011). This study was
approved by the Medical Ethics Committee of The First Af-
filiate Hospital of Soochow University.

Genotyping analysis

Genomic DNA was extracted from a 5mL peripheral
blood sample, which was obtained from patients before they
were given chemotherapy or radiotherapy to avoid any in-
fluence of these treatments on outcomes. Genotypes were
analyzed using PCR-based methods as described below.
Genotyping was performed without knowledge of the sub-
ject’s case or control status. A 30% masked random sample of
cases and controls was tested twice by different people, and
the results were concordant for all masked duplicate sets.
We developed a PCR-RFLP method to determine cervical
cancer associated MKK4 polymorphisms. The primer pair
designed to amplify the target DNA fragment containing the
-1304T > G (rs3826392) polymorphism was 5-CTT GTT CCA
AAC CCA ATT TC-3’ (forward) and 5-GGG CTA CTG ATT
TCC AGA TG-3’ (reverse), which produced a 232-bp frag-
ment. Similarly, the primer pair designed for -1044A>T
(rs3809728) was 5-CTA CGA TTT GTA AGC CAA CCA-¥
(forward) and 5-CCA ACA TGC TGT GAA GAA CTC-3
(reverse), which produced a 235-bp fragment. The PCR was
performed in a 25-pL reaction system containing 5mM
MgCl,, 0.1mM dNTPs, 3.0 units Taq polymerase, and the
manufacturer’s buffer (Fermentas). The PCR procedure
consisted of an initial melting step at 94°C for 5min, followed
by 35 cycles of 94°C for 45, annealing at 58 C for -1304T >G
and 60 C for -1044A/T for 45s and 72'C for 45s, with a
final extension step at 72°C for 7 min. A native endonuclease
AflIl (Fermentas) site was present in the amplified fragment
containing the -1304G>T (rs3826392) polymorphism. After
digestion by AfIII at 37°C for at least 3h, the major T allele
produced a single 232-bp band, whereas the minor G allele
produced two bands (111 and 121 bp). The two bands could
be easily separated by 3% agarose gel electrophoresis. The
amplified fragment containing the -1044A>T (rs3809728)
polymorphism could be cut using Tsp509I (Fermentas) at
65 C for at least 3h. After digestion, the major A allele pro-
duced two bands (129 and 106bp), whereas the minor
T allele produced a single 235-bp band. Besides, 60 samples
were selected to confirm the genotypes by DNA sequencing.

Construction of reporter plasmids

Because the MKK4-1304T >G polymorphism was found to
be associated with significantly decreased risk of cervical
cancer, we then determined whether this polymorphism had
an effect on its gene expression in vitro. The T allelic reporter
constructs were prepared by amplifying the 1612-bp MKK4
promoter region (from —1528 to +84bp relative to the
translation start site) from subjects homozygous for the
T allele (-1304TT), including the artificial Kpnl and Hind3
enzymes restriction sites with forward primer 5-GCCGG
TACCtaatctgtagtgctgettcta-3° and reverse primer 5-TGG
AAGCTTcgecggggaccctacgggge-3'. The amplified fragments
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were then cleaved with the Kpnl and Hind3 enzymes (New
England BioLabs). The pGL3-basic vector (Promega) was
also cleaved with the Kpnl and Hind3 enzymes, and the
above-prepared fragment and pGL3-basic vector were then
ligated by T4 DNA ligase (New England BioLabs). The
p1304T-1044T, p1304G-1044A, and p1304G-1044T reporter
constructs were obtained from the p1304T-1044A constructs
by site-directed mutagenesis using the QuikChange site-
directed mutagenesis kit (Stratagene). All constructs were
sequenced to confirm the allele, orientation, and integrity of
each insert.

Transient transfections and luciferase assays

HeLa and CaSki cells were grown in RPMI 1640 supple-
mented with 10% (v/v) heat-inactivated FCS, 2mM L-
glutamine, 100units/mL penicillin, and 100 units/mL
streptomycin at 37°C and 5% CO, in a humidified incubator.
For transient transfection experiments, 5x10* cells were
plated in 10-mm 24-multiwell plates and grown to 60 ~70%
confluence. Transfection was carried out using LipofectA-
MINE Reagent (Life Technologies, Inc.) according to the
manufacturer’s protocol. Cells were co-transfected with
0.5pg of reporter plasmid and 0.1 pg of pRL-SV40 (Luci-
ferase Assay System; Promega); the latter was used to
standardize transfection efficiency. Luciferase activity was
determined according to the manufacturer’s protocol using
a luciferase assay system (Promega). Briefly, cells were
scraped into lysis reagent, transferred to microfuge tubes,
and centrifuged for 30s at 12,000 x g. Luciferase activity was
measured using a manual luminometer (Turner Designs;
TD20/20) by mixing 100 uL of luciferase assay reagent with
20pL of 1:10-diluted cell lysate, and the value for each
sample was recorded three times at 10-s intervals. For each
plasmid construct, three independent transfection experi-
ments were performed, and each was done in triplicate.
Results were expressed as a ratio of luciferase activity to
PRL-SV40.

Real-time analysis of MKK4 mRNA

Thirty cervical cancer tissues were obtained from biopsy
removed specimens of individual patients. The tissues were
immediately placed in liquid nitrogen and then stored at
—80°C before analysis. Total RNA was isolated from cervical
cancer tissues using TRIzol reagent (Molecular Research
Center Inc.). An aliquot of total RNA (2ug) from each
specimen was reverse transcribed into single-strand com-
plementary DNA using oligo primer and Superscriptll (In-
vitrogen). Relative gene expression quantitation for MKK4,
with B-actin as an internal reference gene, was performed
using the ABI Prism 7000 sequence detection system (Ap-
plied Biosystems) based on the SYBR-Green method. The
primers used for MKK4 were 5"-aacaacactgggatttcact-3" and
5’-tcactactccgcattactaca-3” and for B-actin were 5'-ggcggcac
caccatgtaccct-3" and 5™-aggggccggactcgtcatact-3’. The PCR
reaction mixture consisted of 0.1 pM of each primer, 1x SYBR
Premix EX-Taq (Perfect Real Time) premix reagent (TaKaRa),
and 50 ng complementary DNA to a final volume of 20 puL.
Cycling conditions were 95°C for 2 min, followed by 40 cy-
cles at 95°C for 15s and 60°C for 1min. The expression of
individual MKK4 measurements was calculated relative to
expression of B-actin using a modification of the method
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described by Lehmann and Kreipe (2001). All analyses were
performed in a blinded fashion with the laboratory persons
unaware of genotyping data.

Statistical analysis

Two-sided chi-square tests were used to assess differences
in the distributions of age between cases and controls and the
allele and genotypes. The Hardy-Weinberg equilibrium
(HWE) was tested by a goodness-of-fit chi-square test to
compare the expected genotype frequencies with observed
genotype frequencies (p”+2pg+g°=1) in cancer-free con-
trols. The association between case-control status and each
SNP, measured by the odds ratio (OR) and its corresponding
95% confidence interval (CI), was estimated using an un-
conditional logistic regression model, with adjustment for
age and body mass index (BMI). Logistic regression model-
ing was also used for the trend test (Lu et al., 2007; Zheng
et al., 2011b).

Data were further stratified by age, BMI, family history of
cancer, clinical stage, tumor grade, and histological type to
evaluate the stratum variable-related ORs among the MKK4
genotypes. Homogeneity among stratum variable-related
ORs was tested (Lu et al., 2007). The potential multiplica-
tive and additive interactions among gene-gene and gene-
environmental factors were also evaluated by means of
logistic regression analysis (Liu et al., 2010). The 2LD pro-
gram and the PROC ALLELE statistical procedure in SAS/
Genetics (SAS Institute Inc.) software were used to detect the
LD of the two SNPs. The statistical power was calculated by
using the PS Software (http://biostat.mc.vanderbilt.edu/
twiki/bin/view /Main/PowerSampleSize). The normalized
expression values in cancer tissue of MKK4 between each
genotype were analyzed by Kruskal-Wallis one way analy-
sis of variance (ANOVA). We also used linear regression
model to evaluate the main effect of MKK4 genotype on
gene’s expression with adjustment for age and sex. The
tests were all two-sided and analyzed using the SAS soft-
ware (version 9.1; SAS Institute). p<0.05 was considered
statistically significant.

Results
Characteristics of the study population

The distributions of selected characteristics of cervical
cancer patients and controls are summarized in Table 1.
Overall, median age was 44 years (range 21-84) for case
patients, and 45 years (range 16-84) for control subjects
(p=0.647).

Genotypes and risk of cervical cancer

The genotyping results are given in Table 2. The allele
frequencies for -1304G and -1044A were 0.228 and 0.818,
respectively, in the control group and 0.172 and 0.820,
respectively, in cervical cancer patients. The observed geno-
type frequencies of -1304T>G and -1044A>T polymor-
phisms in both controls and patients did not deviate from
those expected based on HWE (p=0.175 for -1304T>G; and
p=0.297 for -1044A >T).

The frequencies for the -1304GG, TG, and TT genotypes
in cervical cancer patients significantly differed from those
in the control group (Piena=0.004). Relative to the -1304TT
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TABLE 1. CHARACTERISTICS OF CERVICAL CANCER
PATIENTS AND CONTROLS IN EASTERN CHINESE
PorurLATION USED FOR THE ASSOCIATION STUDY

Patients Controls
(m=471) (n=600)

Characteristics No. (%) No. (%) p
Age at diagnosis, year

<38 112 23.78 177 29.50

38-44 136 28.87 126 21.00

45-51 112 23.78 148 24.67

>52 111 23.57 149 24.83 0.647
Body Mass Index (BMI)

<20 115 2441 97 16.16

20-28 336 71.34 436 72.67

>28 20 4.25 67 11.17 0.002
Family History of Cancer

Positive 37 786 44 7.33

Negative 434 9214 556 92.67 0.743
Stage

0 79 16.77

I 136 28.87

II 183 38.86

111 68 14.44

v 5 1.06
Tumor Grade

Low 43 9.13

Intermediate 216 45.86

High 132 28.02

Unknown 80 16.99
Histological type

Squamous cell carcinoma 359 76.22

Adenocarcinoma 25 5.31

Adenosquamous carcinoma 7 148

Carcinoma in situ 80 16.99
HPV infection status

Positive 395 83.86

Negative 76 16.14

HPV, human papillomavirus.

genotype, -1304TG and -1304GG were both associated with a
significantly decreased risk of cervical cancer, with an OR of
0.71 (95%CI=0.53-0.92) and 0.52 (95%CI=0.30-0.91), re-
spectively. However, no significant association was observed
between the -1044A>T polymorphism and risk of cervical
cancer in our study population.

LD analysis showed a weak linkage for -1304T>G and
-1044A>T (r*=0.013, D’=0.064) in our study population. It
suggested that these two polymorphism sites are relatively
independent and unsuitable for haplotype analysis.

Stratification analysis of MKK4-1304 T> G genotypes
and risk of cervical cancer

The risk of cervical cancer related to MKK4 genotype was
further examined with stratification according to age, BMI,
family history of cancer, clinical stage, tumor grade, histo-
logical type, and HPV infection status. The early stage (0 and
I) cervical cancer patients have correlated with favorable
prognosis, compared with patients with II, III, and IV stage
cancer (Biewenga ef al., 2011). Therefore, the clinic stage was
categorized in two groups (0+I group and II+III+IV
group). However, as indicated in Table 3, there was no sig-
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TABLE 2. GENOTYPE FREQUENCIES OF THE TWO SINGLE-

NUCLEOTIDE POLYMORPHISM S IN MITOGEN-ACTIVATED

ProTEIN KiNASE KINASE 4 IN PATIENTS AND CONTROLS
AND THEIR AssoCIATIONS WITH CERVICAL CANCER

Controls Patients
(n=600) (n=471)
Genotypes No. (%) No. (%) OR® (95% CI)
-1304T>G
TT 364 60.66 326 69.21 1.00 (Reference)
TG 199 33.17 128 27.18 0.71 (0.53-0.92)
GG 37 617 17 361 052 (0.30-0.91)
P trend 0.004
TG+GG 236 3933 145 30.79 0.68 (0.52-0.87)
-1044A>T
AA 405 6750 318 6752 1.00 (Reference)
AT 172 28.67 136 28.87 1.01 (0.75-1.31)
T 23  38.33 17 3.61 0.92 (0.45-1.62)
P trend 0.943
AT+TT 195 3250 153 3248 0.99 (0.75-1.31)

“Data were calculated by logistic regression analysis with adjust-
ment for age and BML
OR, odds ratio; CI, confidence interval.

nificant association between the subgroups and MKK4-1304
T>G genotypes.

Effects of MKK4-1304 T> G polymorphism
on transcriptional activity

To directly determine the transcriptional activity of MKK4
native promoter, two luciferase reporter gene constructs were
generated by PCR, spanning -1528 to +84bp of the MKK4
promoter region, with a T or G at the -1304 polymorphic sites,
and they were used to transiently transfect cervical cancer cell
lines. As shown in Figure 1, we found that -1304G-containing
MKK4 promoter drove a 1.8~4.7-fold increased reporter ex-
pression compared with the -1304T-containing counterpart in
both HeLa and CaSki cell line.

Effects of MKK4-1304 T> G SNP on MKK4
mRNA levels

The effect of -1304T>G SNP on MKK4 expression was
additionally examined by real-time PCR quantization of
MKK4 mRNA in individual cervical cancer tissues. It was
found that subjects with the -1304TG and -1304GG geno-
types had significantly higher MKK4 mRNA levels (mean+
SD) than those with the -1304TT genotype (TT, 0.138+
0.019, n=15; TG, 0.221+0.022, n=11; GG, 0.253+0.034, n=4;
one way ANOVA: p=0.006; linear regression test: p =0.0002),
as shown in Figure 2.

Discussion

In the present study investigating 471 cervical cancer
patients and 600 cancer-free controls, we found that the
-1304G>T polymorphism in the MKK4 promoter was asso-
ciated with cervical cancer risk, and the risk decreased as the
number of -1304G allele increased in an allele dose-response
manner. Moreover, in vitro assays, we found that the -1304G
variant allele significantly increased the transcription activ-
ity of the MKK4 gene compared with the -1304T allele.



MKK4 POLYMORPHISM AND CERVICAL CANCER

1171

TABLE 3. STRATIFICATION ANALYSIS OF THE MITOGEN-ACTIVATED PROTEIN KiNASE KINASE 4-1304T >G GENOTYPES

BY SELECTED VARIABLES IN CERVICAL CANCER PATIENTS AND CONTROLS

Patients (n=487)

Controls (n=723)

Adjusted OR (95% CI)?

TT N (%) TG+GGN (%) TT N (%) TG+GGN (%)  TG+GG versus TT — p-value®

Age (years)

<48 220 (68.32) 102 (31.68) 244 (62.89) 144 (37.11) 0.79 (0.57-1.07)

>48 106 (71.14) 43 (28.86) 120 (56.60) 92 (43.40) 0.53 (0.34-0.83) 0.16
Body mass index (BMI)

<20 76 (66.09) 39 (33.91) 63 (64.95) 34 (35.05) 0.95 (0.54-1.69)

20-28 234 (69.64) 102 (30.36) 262 (60.09) 174 (39.91) 0.66 (0.49-0.89)

=28 16 (80.00) 4 (20.00) 39 (58.21) 28 (41.79) 0.35 (0.11-1.15) 0.28
Family history of cancer

Positive 26 (70.27) 11 (29.73) 25 (56.82) 19 (43.18) 0.56 (0.22-1.40)

Negative 300 (69.12) 134 (30.88) 339 (60.97) 217 (39.03) 0.70 (0.54-0.91) 0.64
Clinical Stage

0+1 154 (71.63) 61 (28.37) 364 (60.67) 236 (39.33) 0.61 (0.44-0.86)

I+II+1V 172 (67.19) 84 (32.81) 364 (60.67) 236 (39.33) 0.75 (0.55-1.03) 0.37
Tumor grade

Low 29 (67.44) 14 (32.56) 364 (60.67) 236 (39.33) 0.74 (0.39-1.44)

Intermediate 145 (67.13) 71 (32.87) 364 (60.67) 236 (39.33) 0.76 (0.54-1.05)

High 96 (72.73) 36 (27.27) 364 (60.67) 236 (39.33) 0.58 (0.38-0.88)

Unknown 56 (70.00) 24 (30.00) 364 (60.67) 236 (39.33) 0.66 (0.40-1.10) 0.79
Histological type

Squamous cell carcinoma 248 (69.08) 111 (30.92) 364 (60.67) 236 (39.33) 0.69 (0.52-0.91)

Adenocarcinoma 17 (68.00) 8 (32.00) 364 (60.67) 236 (39.33) 0.73 (0.31-1.71)

Adenosquamous carcinoma 5 (71.43) 2 (28.57) 364 (60.67) 236 (39.33) 0.62 (0.12-3.21)

Carcinoma in situ 56 (70.00) 24 (30.00) 364 (60.67) 236 (39.33) 0.66 (0.40-1.10) 0.97
HPV infection status

Positive 53 (69.74) 23 (30.26) 364 (60.67) 236 (39.33) 0.67 (0.40-1.12)

Negative 273 (69.11) 122 (30.89) 364 (60.67) 236 (39.33) 0.69 (0.53-0.90) 0.92

?ORs were adjusted for age in a logistic regression model.
PP value of the test for homogeneity between stratum-related ORs for MKK4 gene (-1304 TG+GG vs. TT genotypes).
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FIG. 1. Transient reporter gene
expression assays with constructs
containing full length MKK4
promoter. (A) Schematic of reporter
gene constructs having a full-length
MKK4 promoter with the only
difference between the four constructs
being a T>G or A>T at the -1304 and
-1044 polymorphic sites. (B) Luciferase
expression of four constructs in HeLa
and CaSKi cells co-transfected with
PRL-5V40 to standardize transfection
efficiency. Luciferase levels of pGL3-
Basic and pRL-SV40 were determined
in triplicate and standardized for
transfection efficiency. Fold increase
was measured by defining the activity
of the empty pGL3-Basic vector as 1.
Data shown are the mean fold increase
6 SD from three independent trans-
fection experiments, each done in
triplicate. MKK4, mitogen-activated
protein kinase kinase 4.
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FIG. 2. MKK4 mRNA expression level in cervical cancer
tissues as function of MKK4-1304T > G genotypes. Expression
level among the —1304GG (1n=15) genotype was signifi-
cantly different from that among the TG (n=11) or TT (n=4)
genotype (p=0.006).

However, for the -1044A>T polymorphism, no statistical
evidence was found for any association between this poly-
morphism and cervical cancer risk.

Previous studies found that the carriers of MKK4-1304GG
genotype had a 60% and 38% decreased risk of colorectal
cancer and lung cancer, respectively, in Chinese Han cancer
cases and cancer-free controls (Wei et al., 2009; Liu et al., 2010).
Another study of our group also found that the carriers of
-1304GG genotype had a 43% disease risk in 1237 Chinese
Han nasopharyngeal carcinoma patients and 1328 cancer-free
controls (Zheng et al., 2011b). Similarly, now we found that
the carriers of -1304GG genotype also had a 47% decreased
cervical cancer risk in Eastern Chinese population and we
further found that the -1304G variant allele significantly in-
creased the transcription activity of the MKK4 gene compared
with the -1304T allele in vitro. Moreover, MKK4 belongs to a
non-tissue specific network of MAPK pathways, which is
thought to be a key modulator in cervical cancer pathogenesis
just like lung cancer and colorectal cancer. Taken previous
reports (Wei ef al., 2009; Liu et al., 2010; Zheng et al., 2011b)
and current findings together, our data suggest that the
-1304G variant allele is a protective factor for different cancers.
Nevertheless, further studies of this polymorphism and other
cancers would be beneficial to confirm the findings.

In recent years, it has been established that the JNK and
p38 MAPK pathways both play a functional role in the
pathogenesis and pathophysiology of cervical cancer (Liu
et al., 2001; Kloth et al., 2005; Kang and Lee, 2008). MKK4 is a
direct activator of both JNK and p38, and most of published
studies supported the MKK4 gene as a candidate tumor
suppressor (Teng et al., 1997; Whitmarsh and Davis, 2007).
We hypothesized that dysfunction caused by MKK4 muta-
tions may possibly affect susceptibility to the development of
cervical cancer. Our hypothesis was supported by the results
of our genotyping and transient transfection experiments.
We found that the change of the -1304T to G allele in the
promoter region of the MKK4 gene increased the transcrip-
tional activity of the MKK4 gene as assessed by the luciferase
assays in vitro. These results indicate that the -1304T>G
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polymorphism is a functional locus, which further supports
our findings to be biologically plausible. The present study is
the only study thus far to investigate the association between
MKK4 mutations and susceptibility to cervical cancer.

Because many studies have investigated the MKK4-
1304T > G polymorphism, it can provide a comparison for the
tested frequencies of the genotypes. A previous study of co-
lorectal cancer found that the frequency of the TT, TG, and GG
alleles was 53.8%, 40.8%, and 5.4%, respectively, in 723 Chi-
nese control subjects (Wei et al., 2009). Similarly, in another
study of lung cancer in 1056 controls, the frequency of the TT,
TG, and GG alleles was 57.3%, 35.9%, and 6.8%, respectively
(Liu et al., 2010). These values are similar to the frequency of
60.6%, 33.2%, and 6.2% for the TT, TG, and GG alleles, re-
spectively, determined in the 600 control subjects in the
present study. The corresponding figures for these genotypes
in the HapMap database are 63.1, 33.3, and 3.6% in 84
Chinese, 74.4, 23.3, and 2.3% in 86 Japanese, 54.0, 41.6, and
4.4% in 113 European descendents and 17.0, 42.9, and 40.2%
in 112 Africans (http://hapmap.ncbi.nlm.nih.gov/:HapMap
Genome Browser Phase 1, 2, and 3-merged genotypes and
frequencies). These data suggest that the role of the MKK4-
1304T >G polymorphism in cancer risk may vary with eth-
nicity, a possibility that warrants further investigation.

This study may have some limitations, because it was a
hospital-based case-control study, restricted to Chinese Han
subjects. The fact that the genotype frequencies among con-
trols could fit the Hardy-Weinberg disequilibrium law sug-
gested the randomness of subject selection; we have achieved
a 84.5% study power (two-sided test, =0.05) to detect an
OR of 0.68 for the -1304G genetic genotypes compared with
the -1304 TT genotype. Further, the finding of an association
between the promoter -1304T >G polymorphism and risk of
cervical cancer had been supported by additional functional
assays. Therefore, these evidences suggest that our findings
are sound and of note.

In conclusion, the present study indicates that, in eastern
Chinese population, carriers of the -1304GG and GT geno-
types have a decreased risk of cervical cancer compared with
carriers of the MKK4-1304TT genotype. To the best of our
knowledge, the present study is the first to demonstrate a
significant association between the MKK4-1304G>T poly-
morphism and the risk of cervical cancer. Larger, and
preferably population-based, case-control studies, and well-
designed mechanistic studies are warranted to validate our
findings.
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