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Association between nm23 gene polymorphisms
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Abstract. The first tumor metastasis-suppressor gene, nm23,
may have an important role in the pathogenesis of endometriosis
(EM). The present study aimed to evaluate whether nm23 gene
polymorphisms are correlated with the risk of the development
of EM in North Chinese women, as a preliminary study. The
case-control study was conducted with 379 EM patients and
384 unrelated healthy controls. Genotyping of two polymor-
phisms within the nm23 gene promoter region (rs16949649 T/C
and rs2302254 C/T) were performed using polymerase chain
reaction-restriction fragment length polymorphism. The data
showed that the rs16949649 and rs2302254 polymorphisms
within the nm23 gene were not associated with the risk of
developing EM. There were no statistical differences in the
distribution of nm23 genotypes between patients with EM and
the control group (P=0.490 and P=0.440, respectively). For
the rs16949649 T/C, compared with the C/T + T/T genotype,
the C/C genotype did not increase the risk of EM [odds ratio
(OR)=0.81; 95% confidence interval (CI), 0.57-1.17]. For the
rs2302254 C/T, compared with the C/T + C/C genotype,
the T/T genotype did not increase the risk of EM (OR=1.46;
95% CI, 0.81-2.64). In conclusion, the findings in the present
pilot study suggest that nm23 polymorphisms do not contribute
to EM susceptibility. However, more studies in larger popula-
tions are required to confirm these results.

Introduction

As a common, benign, chronic gynecological disease, endome-
triosis (EM) is characterized by the presence of endometrial
gland and stroma outside the uterine cavity, affecting 6-10% of
women of reproductive age (1,2). EM causes several problems,
such as infertility, dysmenorrhea and pelvic pain, which seriously
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effect patient health and quality of life (3,4). Although numerous
studies have been undertaken to identify the pathogenesis of EM,
the mechanisms involved in the growth of ectopic endometrium
remain unclear. A large body of evidence suggests that genetic
factors have important roles in the development and progression
of EM (5,6), however, the genes responsible for these progresses
have not been defined. EM is known to be a benign disease,
which can be characterized by invasion and atypical growth of
endometrial cells at the ectopic sites, and it may occur at distant
sites, such as tumor metastasis. A few of the tumor invasion and
metastasis-related genes are believed to contribute to the occur-
rence and continuation of this disease (7-10).

The nm23 gene, also known as NME], was first isolated
as a metastasis-suppressor gene on the basis of its reduced
expression in highly metastatic murine K-1735 melanoma cell
lines (11). Following this, =9 human nm23 genes have been
discovered to date (12-15). The majority of studies have found
that the reduced expression of the nm23 gene at the mRNA
and protein level is correlated with characteristics of aggres-
sive cancer, such as invasiveness and metastasis, in a variety of
tumor types (16). In ovarian carcinoma, low levels of nm23-H1
expression were associated with lymph node metastasis (17).
Additionally, the expression of the nm23 gene was decreased
in the eutopic and ectopic endometrial stromal cells (ESCs)
from women with EM (18). Therefore, the aberrant expression
of the nm23 gene may have an important role in EM.

Two single-nucleotide polymorphisms (SNPs), rs16949649
and rs2302254, were in the 5'-promoter region of the nm23
gene. In vitro biochemical analyses showed that minor
alleles in rs2302254 and rs3760468, which is in strong
linkage disequilibrium with rs16949646, altered the nuclear
proteins binding capacity and reduced nm23 gene promoter
activity (19). However, the potential association of these nm23
gene polymorphisms with EM is unclear. We hypothesized
that women with different genotypes in the nm23 gene poly-
morphisms may have different incidences of EM. Therefore, a
case-control analysis was used to investigate the genetic influ-
ence of the rs16949649 and rs2302254 polymorphisms on the
susceptibility of EM in North Chinese women.

Materials and methods

Subjects. All the subjects were women of the Han ethnicity in
North China and written informed consent was provided for
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participation in the study. A case-control study was conducted,
including 379 patients ranging in age from 19 to 51 years
old [mean =+ standard deviation (SD), 35.85+7.64 years] with
EM between December 2001 and October 2009 at the Hebei
Medical University Fourth Hospital (Shijiazhuang, Hebei,
China). All the patients, who had not received treatment
with hormones, were diagnosed by laparoscopy and histo-
logical examination, and the severity of the disease was staged
according to the revised American Fertility Society classifi-
cation (1985). All the patients had their disease classified as
stage III-IV. General characteristics for all the patients were
recorded in detail in the medical chart.

A group of control subjects, consisting of 384 women
without any malignant disease and EM ranging in age from
18 to 51 years old (mean + SD, 36.04+8.53), was randomly
selected from a routine health survey in the same hospital.
There were no significant differences in age, menarche age,
gravidity and parity between the 2 groups (all P>0.05) (Table I),
so no adjustments were carried out. The Ethics Committee of
Hebei Obstetrics and Gynecology Institute approved the study.

DNA extraction. A total of 5 ml of venous blood from each
subject was drawn in vacutainer tubes containing EDTA
and was stored at 4°C. Genomic DNA was extracted within
1 week by proteinase K (Merck KGaA, Darmstadt, Germany)
digestion, followed by a salting out procedure according to the
method reported by Miller er al (20).

Genotyping. Genotyping was determined by the polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP) method. Briefly, the PCR reaction was performed
in a total 20 ul volume containing 100 ng of DNA template,
2.0 pl 10X PCR buffer, 0.4 ul of 10 mmol/l deoxynucleotide
triphosphates, 1 unit of Tag DNA polymerase (Tiangen Biotech
Co., Ltd, Beijing, China) and 200 nM of each primer. The PCR
conditions for the rs16949649 and rs2302254 polymorphisms
were 94°C for 5 min, followed by 35 cycles of 45 sec at 94°C,
45 sec at 63°C and 45 sec at 72°C, with a final elongation at
72°C for 7 min to allow for the complete extension of all the
PCR fragments. Accordingly, a 354-base pair (bp) PCR ampli-
fication fragment was generated using the primers:
1s16949649T/C forward, 5'-CGGCTCCTGATTCCATTTTTG
TAC-3' and reverse, 5'-GCTTCTGGGAGGGATGGGAGT
ATA-3'; and a 263-bp amplification fragment using the
primers: rs2302254 C/T forward, 5'-CGCGAACGAAGG
AAGTGAGTCA-3' and reverse, 5'-GCCGCCAGCACCCGA
AAC-3.

A 5.5 ul aliquot of every PCR product was subjected
to digestion overnight at 37°C in a 10 ul reaction volume
containing restriction enzymes as follows: 5 units of Hifl
(Sangon Biotechnology Co., Ltd., Shanghai, China) for the
1516949649 T/C polymorphisms and 5 units of Banll (Sangon
Biotechnology Co., Ltd.) for the rs2302254 C/T polymor-
phisms. After the overnight digestion, the products for the
SNPs were separated by a 4% agarose gel that was stained
with ethidium bromide. For rs16949649 T/C polymorphisms,
the homozygous C/C was represented by DNA bands of 65,
126 and 163 bp, and the homozygous T/T was identified by
DNA bands of 163 and 191 bp, whereas the heterozygous CT
exhibited a combination of all the above bands (65, 126,
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Table I. Characteristics of endometriosis (EM) patients and
controls in a North Chinese population.

Menarche
Groups Age,years age,years Gravidity Parity
Control, 36.04+8.53 14.15+1.55 1.58+1.22 0.73+0.63
n=384
EM,n=379 35.85+7.64 14.16+1.51 1.63+1.33 0.78+0.65
P-value® 0.66 0.81 0.34 0.65

Data are mean =* standard deviation. *Student's t-test vs. controls.
EM, endometriosis.

163 and 191 bp). The rs2302254 C/C genotype yielded frag-
ments of 88 and 175 bp, however, the T/T genotype was not
cleaved at the mutated site and revealed a fragment of 263 bp,
whereas the heterozygous CT exhibited a combination of all
the above bands (88, 175 and 263 bp). The primers, length of
PCR products, restriction enzymes and fragment length are
summarized in Table II.

For a negative control, distilled water was used instead of
DNA in the reaction system for each panel of PCR. The PCR
of 15% of the samples were run in duplicate for quality control,
with a reproducibility of 100%.

Statistical analysis. All the data analyses were carried out using
SPSS 13.0 statistical software (SPSS, Inc., Chicago, IL, USA).
Comparison of observed and expected genotype frequencies
were obtained by Hardy-Weinberg equilibrium (HWE) and
were evaluated by the y* test. Two-sided contingency tables
using the %* test were performed to compare the allele and
genotype distributions of rs16949649 T/C and rs2302254 C/T
polymorphisms in the study groups. Comparisons of age,
menarche age, gravidity and parity in the study groups were
carried out using the Student's t-test and data are presented as
mean + SD. Odds ratio (OR) and respective 95% confidence
intervals (CI) were calculated using an unconditional logistic
regression model. P<0.05 was considered to indicate a statisti-
cally significant difference for all statistical analyses.

Results

Patient characteristics. The mean age of EM patients and
controls was 35 years (range, 19-51 years) and 36 years (range,
18-51 years), respectively. There was no significant difference
in age distribution between the cases and controls (P>0.05).
All 379 cases and 384 controls were successfully genotyped
using the PCR-RFLP method. The frequency distributions of
the nm23 gene 1516949649 T/C and rs2302254 C/T genotypes
in the control groups did not significantly deviate from that
expected for HWE (%*=2.80, 0.84; and P=0.094, 0.36, respec-
tively).

Association of the nm23 gene rsl16949649 T/C and
rs2302254 C/T polymorphisms with the risk of EM. For the
1516949649 T/C polymorphism, the frequencies of the T and
C alleles were 58.0 and 42.0% in the cases, and 61.1 and 38.9%
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Table II. PCR conditions for the nm23 restriction fragment length polymorphisms.

Polymorphisms Primers

Product length  Restriction enzyme  Fragment length

1516949649 T/C F: 5'-CGGCTCCTGATTCCATTTTTGTAC-3'
R: 5'-GCTTCTGGGAGGGATGGGAGTATA-3'

F: 5-CGCGAACGAAGGAAGTGAGTCA-3'

rs2302254 C/T
R: 5'-GCCGCCAGCACCCGAAAC-3'

354 bp Hinfl 163+126+65 bp (C)
191+163 bp (T)
263 bp Banll 175+88 bp (C)
263 bp (T)

PCR, polymerase chain reaction; F, forward; R, reverse; bp, base pairs.

Table III. Genotype and allele frequency distribution for the
two nm23 gene polymorphisms in the cases and controls

Controls, no. (%), Cases, no. (%),

Groups n=384 n=379 P-value
1$16949649 T/C
genotype
C/C 66 (17.2) 77 (20.3) 0.490
C/T 167 (43.5) 164 (43.3)
T/T 151 (39.3) 138 (36.4)
Allele
C 299 (38.9) 318 (42.0) 0.229
T 469 (61.1) 440 (58.0)
152302254 C/T
genotype
C/C 215 (56.0) 217 (57.3) 0.440
C/T 140 (36.4) 142 (37.4)
T/T 29 (7.6) 20 (5.3)
Allele
C 570 (74.2) 576 (76.0) 0.424
T 198 (25.8) 182 (24.0)

Table I'V. Association of the 2 polymorphisms with the risk of
developing endometriosis.

Controls, Cases,

Genotypes no. (%) no. (%) OR (95% CI)
r$16949649 T/C

Cc/C 66 (17.2) 77 (20.3)

C/T+T/T 318 (82.8) 302(79.7) 0.81(0.57-1.17)
1s2302254 C/T

T/T 29 (7.6) 20 (5.3)

C/T+C/C 355(924) 359(94.7) 1.46(0.81-2.64)

OR, odds ratio; CI, confidence interval.

in the controls, respectively. There was no significant differ-
ence between the 2 groups (P=0.229) (Table III). Genotype
frequencies of T/T, T/C and C/C in the cases were 36.4,43.3 and
20.3%, and 39.3, 43.5 and 17.2% in the controls, respectively.

There was no significant difference between the two groups
(P=0.490) (Table III). Compared with the C/T + T/T genotype,
the C/C genotype did not increase the risk of EM (OR=0.81;
95% CI, 0.57-1.17) (Table IV).

For the rs2302254 C/T polymorphism, the frequencies
of the C and T alleles were 76.0 and 24.0% in the cases,
and 74.2 and 25.8% in the controls, respectively. There was
no significant difference between the 2 groups (P=0.424)
(Table III). Genotype frequencies of C/C, C/T and T/T in the
cases were 57.3, 37.5 and 5.3%, and 56.0, 36.5 and 7.6% in
the controls, respectively. There was no significant difference
between the 2 groups (P=0.440) (Table IIT). Compared with
the C/T + C/C genotype, the T/T genotype did not increase the
risk of EM (OR=1.46; 95% CI, 0.81-2.64) (Table 1V).

Discussion

Although previous studies have shown that aberrant expression
of nm23 may have a role in the development of EM, there is
no study examining the association between the genetic varia-
tions in the nm23 gene and the risk of EM. In the present study,
whether the SNPs in the nm23 gene would affect the risk of
EM development in women was investigated. The results
revealed that the rs16949649 T/C and rs2302254 C/T poly-
morphisms of the nm23 gene promoter may not be correlated
with the risk of EM in North Chinese women. To the best of
our knowledge, this is the first study to explore the association
between polymorphisms in the nm23 gene and the risk of EM.

Thus far, the pathogenesis of EM remains unclear, however,
invasive mechanisms have been implicated in the development
of this disease (21,22). The first tumor metastasis-suppressor
gene, nm23, may be involved in the development of EM. Thus
far, the expression of the nm23 gene in EM has been reported
in 4 studies (7,9,18,23). Li and Kong (9) showed that the protein
and mRNA expression levels of nm23-H1 in specimens of EM
were significantly lower than those in normal endometrium
using immunohistochemical surfactant protein and reverse
transcription-PCR. Two recent studies (18,23) demonstrated
that the expression of the nm23 gene was decreased in
the eutopic and ESCs from women with EM. By contrast,
Schneider et al (7) found that the nm23 gene was overex-
pressed in numerous cases of women with EM. Therefore, the
aberrant expression of the nm?23 protein may have a role in the
development of EM.

The aberrant expression of the nm23 protein has been
reported in a variety of tumor types and EM; however, the
understanding of the regulating mechanisms remains limited.
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As SNPs in the nm23 gene promoter may influence its
binding with transcription factors and affect promoter activity
as well as gene transcription, different SNPs may have different
impacts on the expression of the gene and subsequently
protein. Ouatas et al (24) reported that three regions are
involved in the differential expression levels of the nm23-H1
promoter fragment among a panel of human breast carcinoma
cell lines. The deletion of the 544-bp AvrIl fragment, which
contains the SNP rs16949649, resulted in a 20% increase in
nm?23 promoter activity in MCF7 breast cancer cell lines, and
deletion of the 195-bp Nhel-Xbal fragment, which contains
the SNP rs2302254, abolished nm23 gene promoter activity.
In addition, an in vitro functional analysis in MDA-MB-231
and MCF7 breast cancer cells showed that the rs2302254
minor allele reduced NMEI promoter activity by ~20% in the
MCEF7 cells, and the minor allele in the rs3760648, an SNP in
close proximity to and in strong LD with rs16949649, reduces
NMEI promoter activity by 18% compared to the major allele
in both cell types (19). Taken together, these studies suggested
that 1516949649 and rs2302254 polymorphisms in the nm23
gene promoter may be functional polymorphisms. Therefore,
the present study focused on these SNPs in the 5'-promoter
region of nm23 gene.

Certain studies have reported the potential association
between the rs16949649 and rs2302254 polymorphisms in the
nm?23 gene promoter region and the risk of certain solid tumors.
Qu et al (19) reported that patients carrying the C allele in
1rs16949649 were associated with higher breast cancer-specific
mortality [hazard ratio (HR)=1.4; 95% CI, 1.1-1.9] as compared
with patients carrying the wild-type allele. SNP rs2302254
was also associated with breast cancer prognosis, and the asso-
ciation was statistically significant for the risk of breast cancer
relapse, metastasis and fatality (HR=1.3; 95% CI, 1.0-1.6).
Wang et al (25) showed that women with heterozygous geno-
types TC in rs16949649 or CT in rs2302254 exhibited a higher
risk of developing endometrial cancer compared with women
with wild-type or homozygous genotypes. Feng et al (26) also
concluded that Taiwan women with the polymorphic heterozy-
gotes TC in rs16949649 of the nm23 gene had the tendency to
develop cervical neoplasia when compared with their homozy-
gous counterparts (P=0.058).

Additionally, it was reported that silencing of the nm23
gene in ESCs stimulated angiogenesis through promoting the
secretion of vascular endothelial growth factor (VEGF) of
endometrial stromal cells (23). The VEGF gene has a critical
role in angiogenesis (27,28), which is crucial to stimulate ESC
proliferation, adhesion and invasion. Several studies have
investigated the association of certain polymorphisms in the
VEGEF gene with the susceptibility to EM (29-31), however,
no study has focused on the association of the nm23 gene
functional polymorphisms with the risk of the development
of EM.

The present study may have certain limitations due to the
study design. As it was a hospital-based study, case and control
subjects were recruited from the hospital, and selection bias
may occur. Owing to the limitation of the study, further larger
population-based studies would be warranted to confirm
these findings. In addition, only two SNPs in the nm23 gene
promoter region were explored, however, there were numerous
other SNPs in the nm23 gene without investigation. In the
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future, more studies regarding the association between other
SNPs in the nm23 gene and the risk of EM are required.

In conclusion, this is the first study to investigate the poten-
tial connection between the polymorphisms in the nm23 gene
promoter with the risk of developing EM in North Chinese
women. The study results suggested that the rs16949649 T/C
and rs2302254 C/T polymorphisms of the nm23 gene promoter
may not be associated with the risk of the development of
EM. Therefore, these two nm23 gene polymorphisms did not
contribute to EM susceptibility.
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