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Background: We investigated the relationship of the polymorphisms of SET and MYND domain-containing protein 3 (SMYD3)
with risk and prognosis of ovarian cancer.

Material/Methods: The polymerase chain reaction (PCR) amplification method was applied to detect the polymorphisms of vari-
able number of tandem repeats (VNTR) in the SMYD3 gene promoter region for 156 patients with ovarian can-
cer (case group) and 174 healthy people (control group). Quantitative reverse transcription polymerase chain
reaction and Western blot were applied to detect SMYD3 mRNA and protein expressions.

Results: The frequencies of VNTR genotype 3/3 and allele genotype 3 in the case group were significantly higher than
those in the control group, while the frequency of genotype 2/2 in the control group was significantly high-
er than that in case group (all P<0.05). The proportion of poorly differentiated patients carrying VNTR geno-
type 3/3 was significantly higher than the proportion of poorly differentiated patients carrying VNTR genotype
2/2+2/3, while the proportion of patients carrying genotype 3/3 with International Federation of Gynecology
and Obstetrics (FIGO) stage -1V disease was significantly higher than the proportion of patients carrying gen-
otype 2/2 +2/3 with FIGO stage IlI-IV disease (all P<0.05). SMYD3 mRNA and protein expressions were higher
in the patients carrying genotype 3/3 than they were in the patients with the 2/2+2/3 genotype (all P<0.05).
The 5-year survival rate for patients carrying VNTR genotype 3/3 was significantly lower than that of patients
carrying genotype 2/2+2/3, and Cox regression analysis showed that VNTR genotype 3/3 was an independent
risk factor for ovarian cancer prognosis (all P<0.05).

Conclusions: VNTR genotype 3/3 of the SMYD3 gene was associated with the risk of ovarian cancer. The polymorphism of
VNTR genotype could be recognized as an indicator for the poor prognosis of patients with ovarian cancer.
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Material and Methods

Ovarian cancer is the sixth most common cancer worldwide and
also one of the reproductive system cancers with the highest
incidence of mortality for women, accounting for 4.2% of the
female cancer fatalities [1]. As the etiology of ovarian cancer
remains controversial and the majority of patients are initially
diagnosed with advanced ovarian cancer often accompanied
by tumor metastasis, traditional surgeries and platinum-based
chemotherapies fail to completely eradicate the tumor [2,3].
To the best of our knowledge, cancer antigen 125 (CA-125) ex-
hibited a sensitivity of 80% along with a specificity of 97% in
stage Il or IV, while its sensitivity is just 30% in stage I; thus,
CA-125 fails to be as a perfect biomarker for the diagnosis of
ovarian cancer in this context [4,5]. The prognosis of ovari-
an cancer is unfavorable when the cancer cells have metas-
tasized into other organs. For patients diagnosed at the early
stage, the 5-year overall survival rate is approximately 90%,
while patients in the advanced stage have a 5-year overall sur-
vival rate of less than 20% [6]. Therefore, investigation of the
pathogenesis of ovarian cancer plays an important role in the
treatment and prevention of the cancer [7].

Epigenetic alteration has a certain relationship with the oc-
currence of tumors; for instance, the dysfunction caused by
histone modifications can regulate the function of chroma-
tin and the gene expression [8]. SET and MYND domain-con-
taining protein 3 (SMYD3), a histone methyltransferase, is in-
volved in the development and progression of tumors [9,10].
SMYD3 has two functional domains: SET and MYD. The core
SET domain consists of 130 amino acids with the same func-
tion as the methyl transferase enzyme, which can promote
the chromosomal histone H3K4 to form dimethylation or tri-
methylation, so as to facilitate a loosened state of the chro-
mosome’s spatial structure [11]. The zinc finger domain of my-
eloid translocation protein 8, Nervy, and DEAF1 (MYND) can
bind to the promoter region of specific gene of 5-CCCTCC-3
‘or 5’-GGAGGG-3’, so as to promote the methylation function
of the SET domain, which can affect gene transcription [12].
It was reported that the variable number of tandem repeats
(VNTR) [(CCGCC) n] in the promoter region of SMYD3 can in-
crease the risk of esophageal squamous cell carcinoma [13]
and chronic lymphocytic leukemia [14]. However, no research
is reported on the association between ovarian cancer and the
polymorphism of the SMYD3 gene. In the current study, poly-
merase chain reaction (PCR) technology was applied to quan-
titatively analyze the VNTR polymorphism of the SMYD 3 gene
in ovarian cancer cases to explore the relevance of SMYD3
polymorphisms to the risk of ovarian cancer and its prognosis.

Ethical statement

This study was performed with the approval of ethnics com-
mittee in The Affiliated Huaian Hospital of Xuzhou Medical
University. Written informed consent was collected from all
patients in this research.

Study subjects

A total of 156 patients with ovarian cancer confirmed by his-
topathological and radiological diagnosis were selected as the
case group from March 2007 to March 2010. The patients in
the case group were from 22 to 78 years old, with a mean age
of 50.5+12.2 years; age at first menstruation ranged from 11
to 19 years (mean: 14.5+2.3 years); age at first childbearing
ranged from 16 to 33 years (mean: 22.6+4.3 years); and age at
last childbearing ranged from 26 to 43 years (mean: 34.4+6.1
years). There were 106 premenopausal patients and 50 post-
menopausal patients, and 53 of them had a history of abor-
tion. According to the classification criteria of the International
Federation of Gynecology and Obstetrics (FIGO) [15], these 156
patients can be classified into the following types: 96 cases of
highly differentiated serous adenocarcinoma, 17 cases of en-
dometrial adenocarcinoma, 18 cases of clear cell carcinoma,
19 cases of mucinous adenocarcinoma, and 6 cases of poorly
differentiated serous adenocarcinoma. The patients were en-
rolled if a diagnosis of primary ovarian epithelial cancer was
pathologically confirmed at the Affiliated Huaian Hospital of
Xuzhou Medical University and the level of serum CA-125 was
determined. Patients with other gynecological malignancies or
systemic malignant tumors were excluded from the current
study. All specimens obtained by surgical excision from the
case group were pathologically confirmed and then stored at
-80° for the detection of SMYD mRNA and protein expressions.

A total of 174 healthy women undergoing normal medical ex-
aminations in The Affiliated Huaian Hospital of Xuzhou Medical
University were included as the control group. The patients in
the control group were from 21 to 81 years old, with a mean
age of 49.5+13.3 years; age at first menstruation ranged from
10 to 18 years (mean: 14.1+1.9 years); age at first childbearing
ranged from 17 to 29 years (mean: 24.5+2.7 years); and age at
last childbearing ranged from 23 to 46 years (mean: 34.0+5.3
years). There were 155 premenopausal women and 19 post-
menopausal women, 62 of whom had a history of abortion.
The inclusion criteria were as follows: acceptance of a gyne-
cological physical examination, cervical cytology and gyneco-
logical ultrasound examination that showed no abnormality,
and determination of serum CA-125 level. Women who had a
history of ovarian cancer or gynecologic malignancies and sys-
temic malignant tumor were removed from the control group.
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The ages of people in the control group were matched with the
ages of patients in the case group. All the selected ones were
Han people. Minorities and foreign patients were excluded.

Collection of peripheral venous blood specimen and
extraction of genomic DNA

Peripheral venous blood specimens from patients in the case
group and the control group were extracted and cryopreserved
with the addition of 2% ethylene diamine tetraacetic acid (EDTA)
anticoagulant. After the collection of samples, unified genom-
ic DNA extractions were implemented with the blood genom-
ic DNA extraction kit (Tiangen Biotech [Beijing] Co., Ltd.) ac-
cording to the kit instructions. PCR analysis was applied after
DNA extraction, and long-term preservation of the DNA sam-
ples in a refrigerator at -40°C was implemented afterwards.

Detection of SMYD 3 polymorphisms through PCR

The primer sequences were as follows: F: 5’-GGCGTCT
CACGGGCTGCCGGG-3; and R: 5’-CGGAGCCTTACGACCACCTTC-3".
There were 50 pL of PCR reaction system (purchased from
Beijing Biomed Co. Ltd.) where there were 6 pL of human pe-
ripheral blood genomic DNA, 0.4 pL of Taq enzyme, 5 plL of
10x PCR buffer, and 2.5 pL of 5 moL/L deoxynucleotide mix-
ture. Both the forward primer and the reserve primer were 80
pmol/L. The PCR reaction condition was initial denaturation at
94°C for 5 min, followed by 94°C for 30 s, 58°C for 30 s, and
72°C for 30 s. The total circulation was 35 cycles with 7 min
of extension at a temperature of 72°C. Electrophoresis was
applied to the products of PCR amplification for 40 min at
the voltage of 120 V with 3% agarose gel to analyze the en-
zyme-digested products, which were then observed and pho-
tographed under ultraviolet light at 300 nm. After gel electro-
phoresis testing, sequence detection was performed on the
amplified PCR products using the 3730XL automatic genetic
analyzer produced by US Apllid Biosystems Company.

Real-time quantitative polymerase chain reaction

Total RNA extraction was performed using the TRIzol one-
step method, and then cDNA by reverse transcription was
subject to real-time quantitative polymerase chain reac-
tion (RT-qPCR). The primers were synthetized by Thermo
Fisher Scientific (USA). They were as follows: SMYD3: for-
ward, 5’-TGAATGTGACTGTTTCCGTTGC-3’; reverse, 5’-ATTGCTGC
TTATGATCGCCTGG-3’; 172 bp. B-Actin (internal reference): for-
ward, 5’-GAACGGTGAAGGTGACAG-3’; reverse, 5’-TAGAGAGA
AGTGGGGTGG-3'. The reaction parameters were as follows:
95° for 2 min; 94° for 30 s; 57° for 30 s; 72° for 30 s, 45 cy-
cles; 72° for 5 min. Obtained data was used for evaluation of
sample difference after adjustment by 2-AACt.
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Western blot

The total protein was extracted from 0.5 mg of ovarian can-
cer tissue, and the Bradford kit (Beyotime Biotechnology,
Shanghai, China) was also used to detect the total protein con-
tent. Quantitative sample protein (20 pg in each well) was placed
into sodium dodecy! sulfate polyacrylamide gel electrophoresis
(SDS-PAGE), which then was transferred into bromophenol blue
at 200 V electrophoresis and underwent trarsmembrane for 70
min at 300 mA until 0.5 cm distant from the bottom of the sep-
aration gel. Well-prepared nitrocellulose membrane was shaken
and then sealed in dried skimmed milk for 2 hours. With the ad-
dition of rabbit anti-human SMYD3 (1:400, Santa Cruz Company,
USA) as the first antibody, the membrane was incubated at 4°
overnight and then washed three times (each for 10 min) in Tris-
buffered saline (TBS) buffer. The membrane with the addition of
horseradish peroxidase-labeled second antibody (1:1000) was
shaken for 1 hour, and then was washed three times (each for 10
min) in TBS buffer. After chemiluminescence and film exposure,
the results were imaged using an ultraviolet polarimeter scanner.

Follow-up

Follow-up was done with all 156 patients for 5 years by telephone
and questionnaire. At the end of the study, 53 patients had re-
lapsed, 65 patients had died, 11 patients had lost contact, and
27 patients were found in a healthy condition. A total of 151 pa-
tients received routine oophorectomy and adjuvant chemothera-
py, and only 5 cases of patients received conservative treatment.

Statistical analysis

The SPSS 19.0 statistical software package (IBM, USA) was
used for data processing. The comparisons of tumor classifi-
cation, differentiation, and FIGO staging were detected by the
Wilcoxon rank-sum test, and the comparisons of other counting
data were detected by the chi-square test. The measurement
data were represented as mean+standard deviation. The t-test
was applied for comparisons between the two groups; the chi-
square test was applied to check whether the genotype was in
accordance with the Hardy-Weinberg equilibrium. Multivariate
logistic regression analysis was applied to determine ovarian
cancer risk. The Kaplan-Meier method was applied to detect the
survival curve, and Cox regression analysis was used for risk as-
sessment. P<0.05 was considered to be statistically significant.

Results

General characteristics and clinical-pathological features

We summarized and analyzed the general characteristics of
the study subjects (Table 1). First childbearing age of patients
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Table 1. General characteristics of study subjects.
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Parameter The case group (n=156) The control group (n=174) X2 P

Mean age (SD) 50.5£12.2 49.5+13.3 0.709 0.478

First menstruation age (D) 145£23 14119 1720 0085
First childbearing age (5D) 22643 24527 4858 <0001
lastchildbearingage (SD)  344s61  340s53 0637 0524
Menstrual condition
© Premenopause 106 (680% 155 (891%) 221 <0001
"""" Postmenopause 50 (320% 19 (%%
Cmbortionhistory
s 53 (Gaow) 62 (56% 001 0752
"""" N 103 @60% 112 4%
Cfumorclassification
"""" WeSC e 6LS%)
"""" B a7 s
"""" ccso@sw
"""" mc 9@
"""" Gsc e @%
CRGOstaging
"""" o100 641%)
"""" v se @59%)
CTumor differentiation
"""" Middle and high differentiation 108 (69.2%)
"""" low differentiation 48 (08%)

Age was represented as mean + standard deviation; EC — endometrial carcinoma; CCC — clear cell carcinoma; MC — mucin-like cell
carcinoma; HGSC — high-grade serous adenocarcinoma; LGSC — low-grade serous adenocarcinoma; FIGO — International Federation of

Gynecology and Obstetrics.

in the case group was significantly younger than that in the
control group, and the proportion of menopausal patients in
the case group was significantly increased compared with the
proportion in the control group (all P<0.05). The other indica-
tors, including age, age at first menstruation, last childbearing
age, and abortion history, were not significantly different be-
tween the case group and control group (all P>0.05).

SMYD 3 genotype determination and sequences

After the completion of the PCR reaction, electrophoresis was
applied; comparison of the amplified product bands and the
DL2000 DNA Marker could determine whether or not they
were the expected PCR products (Figure 1A). The sequence de-
tection of the products indicated that there were three geno-
types: 2/2, 2/3, and 3/3; these are shown in Figure 1B and 1C.

Distribution of SMYD3 VNTR genotype and allele
frequency

The frequency distribution of the SMYD3 VNTR genotype and
allele is shown in Table 2. The proportion of allele 3 in patients
in the case group was 86.5%, significantly higher than the pro-
portion of 74.1% in the control group, while the proportion
of allele 2 in patients in the control group was 25.9%, signifi-
cantly higher than the proportion of 13.5% in the case group
(both P<0.05). The proportion of genotype 3/3 in case group
patients was 78.6%, significantly higher than the proportion
of 67.8% in the control group (P<0.05). Allele type 3 (odds ra-
tio [OR]: 2.243, 95% confidence interval [Cl]: 1.497~3.359;
P<0.001) and genotype 3/3 (OR: 1.769, 95% Cl: 1.074~2.913;
P=0.024) may be risk factors for ovarian cancer (both P<0.05).
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C
SMYD3 VNTR Genotype: 2/2
160 bp
150 bp 157bp
B 108 113 118 123 ‘
ccaGgcecccc CGGGCGTCG
2/2
\/\/\/\/\ /\A Genotype: 2/3
157 bp
106 111 116 121 162 bp
150b 160 bp
ccccaegeccecTceccccecceccecTCT p
VW\MW\ a
MANAAA .
Genotype: 3/3 162bp
252 257 262 267
ccGcgcccecgaegececceccecTCGGG 150 bp 160bp
33 /*\

Figure 1. SMYD3 gene classification and sequence. (A) PCR electrophoresis showing amplification band and DL2000 DNA Marker;
the PCR product is 160 bp. (B) Sequence of PCR products including three genotypes: 2/2, 2/3, and 3/3. (C) Schematic view
of three genotypes and allele 2 results in a PCR fragment of 157 bp, whereas allele 3 results in a PCR fragment of 162 bp.
SMYD3 indicates SET and MYND domain-containing protein 3; PCR, polymerase chain reaction.

Table 2. Frequency distribution of SYMD3 VNTR genotype and allele.

Genotype Case group n (%) Control group n (%) P OR value (95%Cl)

2 42 (13.5%) 90 (25.9%) 1 (reference)
3 270 @es%) 258 (a1 woo1 2243 (1497-3359)
""""""" 2423 33 (Qua%)  s6 (22%  d(weference)
""""""""" 33 123 (786%) 118 (678%) 0024 1769 (1074-2913)

P value was detected by chi-square test; OR value — odd ratio; Cl — confidence interval.

Relationship between SMYD3 VNTR gene polymorphism
and clinical pathological features

The results showed that the proportion of poorly differenti-
ated patients carrying VNTR genotype 3/3 was significantly
higher than the proportion of poorly differentiated patients
carrying VNTR genotype 2/2+2/3, while the proportion of pa-
tients carrying genotype 3/3 in FIGO stage IlI-IV was signifi-
cantly higher than that of patients carrying genotype 2/2+2/3
in FIGO stage llI-1V (both P<0.05). However, the proportions of
patients with different tumor differentiation who carried geno-
type 3/3 and genotype 2/2+2/3 were not significantly different
(P>0.05). VNTR genotype was not correlated with the age, first
menstruation age, first childbearing age, last childbearing age,
menstruation status, or abortion history (all P>0.05) (Table 3).

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

SMYD3 mRNA and protein expression and SMYD3
genotype

As shown in Figure 2, RT-gPCR results demonstrated that gen-
otype 3/3 exhibited higher SMYD3 mRNA expression than gen-
otype 2/2+2/3 (P<0.05), and Western blot detection revealed
that genotype 3/3 showed higher SMYD3 protein expression
than genotype 2/2+2/3 (P<0.05).

Logistic regression analysis of SMYD3 gene polymorphism
with risk of ovarian cancer

Logistic regression analysis was applied to analyze the gen-
eral information on the case group and the control group, in-
cluding age, first menstruation age, first childbearing age, last
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Table 3. Correlation of SMYD3 VNTR polymorphism with clinic-pathologic characteristics of patients.

Clinical charateristics 2/2+2/3 3/3 OR value (95%Cl) P

Age (age) 0.309
"""" @ 13 (4w 37 (1%  1(efeencd
Cows 0 (0s% 86 (69.9%) | 0s62(0208-14700
Firstmenstruation (age) 0699
"""" as 16 (@s% 55 @47%  1(efeencd)
T 17 GLsw 68 (53%) 1 0850 (0308-185)
Firstchildbearingage 0309
"""" @ 15 (@ss% 46 (74%)  1(efeencd)
s 18 (s45%) 7 626% 0717 0320-1559)
lastchidbearingage 098
"""" @w 19 (G7ew 7 (7%  1(eferencd)
a0 1 @2 52 (23w 1006 0462-2190)
Mesntwation codition 0s08
"""" Premenopause 24 (727% 82 (667%  1(eferencd
"""" Postmenopause 9 (273% 41 (333%) 0750 (031%-1760)
Cmbortonhistory 033
"""" N 23 (97% 80 (650%  1(eferencd
s 0 Gos% - B Es0%w 1545 0637-3748)

HGSC 17 (51.5%) 79  (64.2%) 1 (reference)
”””” e 4 (2% 13 (06%  11050327-3729) 0872
”””” ccc s (s2% 13 (106%)  1381(0444-429) 0576
”””” mc 5 (s2% 14 (14%) 128204163952 0664
”””” esc 2 (60% 4 (2%  17950308-1046) 0509
Tumordifferentiation 0017
”””” Middie/high differentiation 20 (87.9%) 89 (23%)  1(eferencd)
”””” low differentiaton 4 (121%) 44 (357%)  3584(186-10840)
CRGOstagng ooas
”””” e 27 (eusw 78 (634%)  1(eferencd)
”””” v 6 (82% 45 (366%) 0385 (014s-100d)

P value was detected by Wilcoxon rank-sum test; OR — odd ratio; Cl — confidence interval; EC — endometrial carcinoma; CCC — clear cell
carcinoma; MC — mucin-like cell carcinoma; HGSC — high-grade serous adenocarcinoma; LGSC - low-grade serous adenocarcinoma;
FIGO — International Federation of Gynecology and Obstetrics.
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W 2/2+2/3
m=373

SMYD3 mRNA and protein expression

SMYD3 mRNA

SMYD3 protein

Figure 2. The comparisons of SMYD3 mRNA and protein
expressions between 2/2+2/3 and 3/3. SMYD3 mRNA
and protein expressions were significantly higher in
genotype 3/3 than in genotype 2/2+2/3. * P<0.05
compared with genotype 2/2+2/3. SMYD3 indicates
SET and MYND domain-containing protein 3.

childbearing age, menstruation status, abortion history, and
VNTR polymorphism of SMYD3. The statistical results sug-
gested that low first childbearing age (<20 years old), meno-
pause, abortion, and VNTR genotype 3/3 may be independent
risk factors for ovarian cancer prevalence (all P<0.05). The re-
maining factors were not significantly correlated with risk of
ovarian cancer (all P>0.05) (Table 4).

Association between SMYD3 gene polymorphism and
ovarian cancer prognosis

After five-year follow-up of the 156 patients with ovarian cancer,
the Kaplan-Meier survival curves showed that the 5-year surviv-
al rate for patients carrying VNTR genotype 3/3 was significantly
lower than that for patients carrying genotype 2/2+2/3 (P<0.05)
(Figure 3). Meanwhile, Cox regression analysis was applied to the

Table 4. Logistic regression analysis on risk factors for ovarian cancer.

Parameter

SMYD3 VNTR 0.297

Survival functions
1.0
0.8
—= 0.6
Z
=
£
S 044
33
029 onen
-+ 3/3-censored
-+ 2/2+2/3-censored
0.0
T T T T T T T
0.00 1000 20.00  30.00 40.00 50.00  60.00
Time

Figure 3. Application of the Kaplan-Meier survival curve to
determine the effect of SYMD3 VNTR polymorphism
on the 5-year survival of patients. The 5-year survival
rate for the patients carrying VNTR genotype 3/3 was
significantly lower than that of the patients carrying
genotype 2/2+2/3. SMYD3 indicates SET and MYND
domain-containing protein 3; VNTR, variable number of
tandem repeats.

risk factors for ovarian cancer, including age, first menstruation
age, first childbearing age, last childbearing age, menstruation
status, abortion history, tumor differentiation, FIGO staging, and
VNTR genotype polymorphism of SYMD3. The statistical results
suggested that later last childbearing age (P=0.015), poor differ-
entiation (P=0.024), and VNTR genotype 3/3 (P<0.001) may be in-
dependent risk factors for poor prognosis of ovarian cancer. The
other indicators including age, first menstruation age, last child-
bearing age, and abortion history were not significantly associ-
ated with the prognosis of ovarian cancer (all P>0.05) (Table 5).

4.78 0.029*

Cl - confidence interval; * represents that difference of P<0.05 is statistically significant.
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Table 5. COX multivariate regression analysis on risk assessment of ovarian cancer.

Parameter

First childbearing age (<20 vs. >20) -0.449
lastchildbearing age (<40 vs. 240)  -1358 0
 Menstruation (premenopause vs.
Cpostmencpause) R

Abortion (N vs. Y) 0.078
 Degree of differentiation (mid-high vs. low) ~ -0951 0
FGOstaging(lvs. Wllvs ) -1526 0
SYMD3IWNTR 2/2+2/3vs3) 2238 0

0.376 0.54 0.638 0.152 2.682
559 5909 0015 0257 0086 0769

0.038 0.845 1.17 0.243 5.646
95 0007 0934 1081 0173 6753
42 s088  0024* 0386 0169 0883
858 3163 0075 0217 004 1169
507 19472 <0001 9371 3468 25316

Cl — confidence interval; * represents that P<0.05; N — no; Y — yes.

Discussion

To the best of our knowledge, the development and progres-
sion of tumors comprise a complex process influenced by the
interaction between genetics and epigenetics. Epigenetics was
expressed by methylation, histone modification, and other
means of gene regulation to regulate and adjust genes, which
was reversible and was considered to be a hot topic of cancer
research [16]. In this study, quantitative fluorescence was ap-
plied to detect whether the SMYD3 polymorphism was a risk
factor for ovarian cancer, and the result showed that VNTR gen-
otype 3/3 of SMYD3 increased the probability of ovarian cancer.

Most importantly, we found that the frequency distribution of
the SMYD3 VNTR genotype and allele were significantly differ-
ent between the case group and the control group. Genotype
3/3 exhibited higher SMYD3 mRNA and expressions than gen-
otype 2/2+2/3. The possible reason is that VNTR of CCGCC in
the promoter region of SMYD3 can combine E2F1, which is an
important transcription factor in the cell cycle and can reg-
ulate the expression of the downstream gene and the syn-
thesis, repair, proliferation, and apoptosis of DNA [17]. VNTR
genotype 3/3 of the SMYD3 gene can effectively increase its
affinity with E2F1, the trans-activation of which was enhanced
afterward compared to genotype 2/2 [18]. It has been report-
ed that overexpression of SMYD3 can promote the activity of
histone methyltransferase and the growth of tumor cells [19].
The interference of siRNA with the expression of SMYD3 can
effectively inhibit the growth of tumor [20]. Hamamoto et al.
showed that high expression of SMYD3 VNTR genotype 3/3
could increase the risk of colon cancer and breast cancer [21].

Analysis of clinical-pathological features in this study showed
that the proportion of poorly differentiated patients carry-
ing VNTR genotype 3/3 was significantly higher than that of

poorly differentiated patients carrying VNTR genotype 2/2+2/3,
which indicated that VNTR genotype 3/3 of SMYD3 can signif-
icantly promote the proliferation of ovarian cancer. Chen et al.
also reported that SMYD3 can enhance cell proliferation and
promote the transformation to malignancy [22]. In addition,
the FIGO staging for patients carrying the VNTR genotype 3/3
was significantly higher than that for patients carrying geno-
type 2/2+2/3. The polymorphism of SMYD3 may be related to
the FIGO staging and tumor differentiation in ovarian cancer,
which indicates that high expression of SMYD3 can up-regu-
late the expression of DNA topoisomerase Il J3 [11]. It was re-
ported that histone methyltransferase SMYD3 was correlated
with cell cycles, which could accelerate the process of S phase
and promote the cell transition from S phase to G2 phase to
facilitate the promotion of cell proliferation [23]. Kunizaki et
al. suggested that SMYD3 methylation was capable of target-
ing vascular endothelial growth factor 1 (VEGFR1), which could
accelerate the methylation of the 831st lysine [24]. The activity
of VEGFR1 was enhanced afterward, and the tumor metastasis
was promoted as well [24]. It was also reported that SMYD3
could be correlated with a number of signaling pathways. It
could be methylated through MAP3K2 mediation, activated
through the MAP kinase pathway, and amplified through Ras
signaling cascade so as to promote the tumor formation [25].
This study found out that SMYD3 VNTR genotype 3/3 was a
significant risk factor for the occurrence of ovarian cancer,
which indicated that the methylation of DNA could not only
regulate the sequence of tumor suppressor gene, but also in-
hibit the interaction of proteins through the expression of
histone modifications. Cedar et al. reported that DNA meth-
ylation and histone modification pathways can be dependent
on one another, and this crosstalk can be regulated through
biochemical interactions between SET domain histone meth-
yltransferases as well as DNA methyltransferases. Thus asso-
ciations between DNA methylation and histone modification
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play an important role in understanding normal development
and somatic cell reprogramming as well as tumorigenesis [26].

The progression of ovarian cancer was influenced by many fac-
tors, such as environment, genetics, and patients’ own physical
features. After the statistical analysis of factors and progno-
sis of ovarian cancer in this study, we found that the polymor-
phism of SMYD3 gene and younger first childbearing age (<20
years), menopause, and abortion may be independent risk fac-
tors for ovarian cancer; the polymorphism of SMYD3, older last
childbearing age (>40 years), and FIGO stage of ovarian cancer
may be independent risk factors for poor prognosis of ovarian
cancer. It's reported that non-ovariectomized artificial meno-
pause and early age of menopause are protective factors for
ovarian cancer, while late menopause may increase the prob-
ability of ovarian cancer [27]. All these results suggested that
the menstrual cycle may be one of the factors that may in-
fluence the occurrence of ovarian cancer. In addition, a meta-
analysis showed that first menstruation, first childbearing age,
history of dysmenorrhea, infertility history and history of mul-
tiple pregnancy, history of prolific production, multiple abor-
tions, history of birth control pills, and intrauterine history of
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birth control were protective factors for ovarian cancer [28].
This study showed that the SMYD3 polymorphism, childbear-
ing age, and menstrual cycle are somehow correlated with the
occurrence of ovarian cancer.

Conclusions

VNTR genotype 3/3 of SMYD3 is closely correlated with the oc-
currence of ovarian cancer. The VNTR polymorphism of SMYD3
might be a sensitive predictor for poor prognosis of patients
with ovarian cancer, which provides a theoretical basis for
treatment options and individualized diagnosis. Due to the
insufficient study samples, this study may be limited regard-
ing its results. Therefore, further studies are in need to better
clarify the exact mechanism relating VNTR polymorphism of
SMYD3 and ovarian cancer.
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