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Abstract This pilot case-control study was conducted to
test the hypothesis that the TATC (rs71682890) and CAA
(rs34917480) insertion/deletion polymorphisms of RTN4 3’-
UTR are associated with the susceptibility to uterine leio-
myoma (UL). The study recruited 286 premenopausal wom-
en with UL and 450 unrelated postmenopausal women not
presenting the disease as control subjects. The polymor-
phisms of rs71682890 and rs34917480 were genotyped with
the method of polymerase chain reaction polyacrylamide gel
electrophoresis (PCR - PAGE). No statistically significant
association was observed between the TATC insertion/dele-
tion polymorphism and UL risk. However, increased UL
risk was identified to be significantly associated with CAA
insertion/deletion polymorphism in the recessive and co-
dominant model. The present study provided evidence for
the first time that CAA polymorphism in RTN4 3’-UTR, but

not TATC polymorphism may be involved in susceptibility
to UL.
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Introduction

Uterine leiomyomas is the most common benign, solid,
pelvic tumor in women, occurs in 20 %–40 % of women
in their reproductive years [1]. Although UL is a very
common condition, it has not received adequate attention
from researchers, possibly due to being benign. However,
various clinical problems such as pelvic pain, abnormal
uterine bleeding, urinary frequency, infertility, recurrent
pregnancy loss, and high risk of complications during preg-
nancy and childbirth are attributed to this disease [2–4]. It
has been reported that UL forms the most common indica-
tion for hysterectomy [1]. Epidemiological survey revealed
that 1 % of leiomyosarcoma was reported to arise in a
preexisting leiomyoma [5]. Furthermore,UL consumed a
significant amount of health care resources, and required
expenditure of greater than 2.1 billion health care dollars
annually in the United States [6].

Many causes for UL have been proposed, and it’s clear
that a hereditary predisposition to leiomyoma development
exists. UL development has a genetic liability as evinced by
monozygotic female twins being nearly twice as likely to be
concordant for hysterectomy or for hospitalization due to
UL as dizygotic twins [7]. But the genetics of UL patho-
genesis is complex and largely unknown.

Nogo proteins, encoded by gene reticulon-4 (RTN4), are
myelin associated endoplasmic reticulum proteins, have
been suggested to play an important role in apoptosis, espe-
cially in cancer cells [8–11]. Two genetic variations, TATC
and CAA insertion/deletion in the 3’-untranslated region
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(UTR) of RTN4, have been found. The 3’-UTR of eukary-
otic genes was known to regulate gene expression, these
genetic variations might induce abnormal regulation of
RTN4 gene expression [12] and cause diseases. The existing
researches have revealed the associations of the above two
genetic variations with diseases such as schizophrenia [13],
dilated cardiomyopathy [14], congenital heart disease [15]
and cervical squamous cell carcinoma [16]. However, the
association of RTN4 3’-UTR TATC and CAA polymor-
phisms with UL remained unclear. Therefore, a hospital
based case-control study was performed to test whether
these genetic variations in RTN4 3’-UTR are associated with
UL risk in Chinese Han women.

Material and Methods

Subjects

The present study was performed with the approval of the
ethics committee of the Second University Hospital of
Sichuan University and all the participants provided written
informed consent. A hospital based case-control study was
conducted including 286 unrelated premenopausal women
with UL ranging in age from 26 to 49 year (mean ± SD,
47.02 ± 1.74) between July 2009 and May 2011 at the
Second University Hospital of Sichuan University. The in-
clusion criteria were a diagnosis of uterine leiomyoma (con-
firmed by histopathology) and indication for surgical
treatment. A group of control subjects including 450 healthy
women ranging in age from 47 to 71 year (mean ± SD,
48.42 ± 2.48) was selected randomly from a routine health
survey in the same hospital. The inclusion criteria for the
control group were postmenopausal period and absence of
uterine leiomyoma after clinical and ultrasonographic eval-
uation. Otherwise, we excluded from the control group with
abnormal uterine bleeding and from the case group without
surgical treatment. All subjects were Han women living in
Sichuan Province of southwest China.

Genotyping

Genomic DNA of each individual was extracted from
200 μl of EDTA-anticoagulated peripheral blood samples
by a DNA isolation kit from Bioteke (Peking, China). The
procedure was performed according to instruction manual.
Primers were established with the On-line software (http://
frodo.wi.mit.edu/primer3/). PCR-PAGE was used to geno-
type the TATC and CAA insertion/deletion polymorphisms
of RTN4. DNA fragments containing the polymorphisms
were amplified by PCR using two primer pairs respectively.
The primer sequences were: TATC-F 5′-cctgtcttgactgc
catgtg-3′, TATC-R 5′-cggcaagactatctgcaaca-3′, and CAA-F

5′-tcaacatgaaatgccacaca-3′, CAA-R 5′-gcaaacaaacaa
catttttgga-3′. PCR reaction was performed in a total volume
of 25 μl, including 2.5 μl 10× PCR buffer, 1.5 mmol/L
MgCl2, 0.15 mmol/L dNTPs, 0.5 μmol/L each primer,
100 ng of genomic DNA and 1U of Taq DNA polymerase.
The PCR conditions were 94 °C for 4 min, followed by
32 cycles of 30 s at 94 °C, 30 s at 62 °C and 30 s at 72 °C,
with a final elongation at 72 °C for 10 min. Four microliters
of PCR products were separated by a 6 % polyacrylamide
gel and stained with 1.0 mg/ml argent nitrate. For the TATC
polymorphism, allele TATC1 yields a 146 bp band and allele
TATC2 yields a 150 bp band, and for the CAA polymor-
phism, allele CAA1 yields a 124 bp band, and allele CAA2

yields a 127 bp band. The genotypes were confirmed by
DNA sequencing analysis (BigDye®Terminator v3.1 Cycle
Sequencing Kits; Applied Biosystems, Foster City, CA).
About 10 % of the samples were randomly selected to
perform the repeated assays and the results were 100 %
concordant.

Statistical Analysis

All data analyses were carried out by SPSS 13.0 statistical
software (SPSS Inc, Chicago, IL, USA). Genotype frequen-
cy of RTN4 gene insertion/deletion polymorphisms were
obtained by directed counting and Hardy–Weinberg equilib-
rium was evaluated by the chi-square test. Genotypic asso-
ciation tests in a case-control pattern assuming codominant,
dominant, recessive, overdominant, or log-additive genetic
models were performed using SNPstats [17]. Odds ratio
(OR) and respective 95 % confidence intervals (CI) were
reported to evaluate the effects of any difference between
alleles, genotypes. A P < 0.05 was regarded as statistically
significant in UL patients compared to healthy controls.

Results

Both TATC and CAA polymorphisms were successfully
genotyped in 286 UL patients and 450 control subjects.
Genotype distributions of these two polymorphisms in our
cases and control subjects were consistent with the Hardy–
Weinberg equilibrium. Allele frequencies of these two poly-
morphisms for 286 UL patients and 450 control subjects
were shown in Table 1. As shown in Table 1, the allele
frequencies of TATC and CAA polymorphisms in the UL
patients were not significantly different from those of con-
trol subjects (P = 0.279, OR = 1.126, 95 % CI = 0.908
−1.396 for TATC; P = 0.122, OR = 0.840, 95 % CI = 0.674
−1.048 for CAA, respectively).

As shown in Table 2, significant association was ob-
served for CAA polymorphism. Compared with (CAA2/-
CAA2 + CAA1/CAA2) genotypes, CAA1/CAA1 genotype
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carriers had a 1.79 fold increased UL risk (P = 0.025, 95 %
CI = 1.08−2.94) in the recessive model. Compared with
CAA2/CAA2 genotypes, CAA1/CAA1 genotype carriers
had a 1.79 fold increased UL risk (95 % CI= 1.05−3.03),
although not statistically significant (P = 0.08) in the co-
dominant model. However, no statistically significant asso-
ciation was observed in the genetic models of the TATC
polymorphism with UL risk.

Discussion

The present study was the first to investigate the association
between the genetic variations in RTN4 3’-UTR and UL
risk. Our results identified that homozygous carriers with

CAA insertion significantly increased UL risk in the reces-
sive model and in the codominant model. However, null
results were observed in the TATC polymorphism.

The genetic pathogenesis of UL has been linked to hor-
mone levels [18], enzymes [19] and cytogenetically visible
genomic alterations. The cytogenetic alterations associated
with UL risk varied and including large deletions on chro-
mosome 7q [20, 21], 12q, 14q and 13q [22], but these occur
at low frequency. Breakpoints in the more common cytoge-
netic rearrangements have exposed several candidate genes
including ORC5L, LHFPL3, and PCOLCE [23]. A signifi-
cant fraction of UL without visible cytogenetic changes
harbor submicroscopic genomic rearrangements which
may in turn contribute to transformation of normal myome-
trial tissue into leiomyomas [24] has been identified

Table 1 Information of selected
polymorphisms in RTN4
3’-UTR among UL and controls

N corresponds to the number of
individuals

Polymorphisms Allele UL N = 286 (%) Controls N = 450 (%) OR (95 % CI) P value

TATC TATC1 343(60.0) 565(62.8) 1.126(0.908-1.396) 0.279
TATC2 229(40.0) 335(37.2)

CAA CAA1 206(36.0) 289(32.1) 0.840(0.674-1.048) 0.122
CAA2 366(64.0) 611(67.9)

Table 2 Genotype frequencies of selected polymorphisms in RTN4 3’-UTR among UL and controls and their association with UL risk

Genetic model Genotype UL Controls Logistic regression#

N = 286 (%) N = 450 (%) OR (95 % CI) P value

TATC

Codominant TATC1/TATC1 111(38.8) 182(40.4) 1.00 (reference) 0.38
TATC1/TATC2 121 (42.3) 201(44.7) 1.15(0.81−1.63)

TATC2/TATCA2 54(18.9) 67 (14.9) 0.84 (0.53−1.33)

Dominant TATC1/TATC1 111 (38.8) 182(40.4) 1.00 (reference) 0.76
TATC1/TATC2 + TATC2/TATCA2 175 (61.2) 268(59.6) 1.05 (0.76−1.46)

Recessive TATC1/TATCA1+TATC1/TATCA2 232(81.1) 383(85.1) 1.00 (reference) 0.25
TATC2/TATC2 54(18.9) 67(14.9) 0.78 (0.51−1.19)

Overdominant TATC1/TATCA1 + TATC2/TAT2 165 (57.7) 249 (55.3) 1.00 (reference) 0.24
TATC1/TATC2 121 (42.3) 201 (44.7) 1.21 (0.88−1.67)

Log−additive 0.96 (0.76−1.20) 0.69

CAA

Codominant CAA2/CAA2 120 (42.0) 203 (45.1) 1.00 (reference) 0.08
CAA1/CAA2 126(44.1) 205(45.6) 098(0.70−1.38)

CAA1/CAA1 40 (14.0) 42 (9.3) 1.79(1.05−3.03)
Dominant CAA2/CAA2 120 (42.0) 203 (45.1) 1.00 (reference) 0.43

CAA1/CAA2 + CAA1/CAA1 166 (58.0) 247 (54.9) 0.88 (0.64−1.21)

Recessive CAA2/CAA2 + CAA1/CAA2 246 (86.0) 408 (90.7) 1.00 (reference) 0.025

CAA1/CAA1 40 (14.0) 42 (9.3) 1.79(1.08−2.94)
Overdominant CAA1/CAA1 + CAA2/CAA2 160 (55.9) 245 (54.4) 1.00 (reference) 0.53

CAA1/CAA2 126 (44.1) 205 (45.6) 1.11(0.81−1.53)

Log-additive 0.82 (0.64−1.04) 0.097

#adjusted by age

N corresponds to the number of individuals

Boldfaced values indicate a significant difference at the 5 % level
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recently. However, genetic pathogenesis of UL is complex
and still largely unknown.

Reticulons is the only molecular so far to participate in all
three apoptosis signaling pathways, including death receptor
mediated pathway, mitochondrial pathway,and ER-stress
pathway [25]. Nogo protein, as a reticulon family protein,
contains two transmembrane domains and a C-terminal
double lysine endoplasmic reticulum retrieval motif. De-
rived from differential splicing and varied promoter usage,
the RTN4 gene produces 3 major isoforms, namely Nogo-A,
Nogo-B and Nogo-C [26, 27]. Nogo-A, mainly expressed in
the central nervous system, has been identified as an inhib-
itor of axonal regeneration, Nogo-B is found in most tissues,
while Nogo-C is highly expressed in skeletal muscles [28].

Recent studies indicated that Nogo protein was
apoptosis-inducing protein, and involved in the process of
apoptosis through some classical apoptotic signal pathways
[8, 9, 11, 29]. Nogo-C was reported to inhibit SMMC7721
cells growth and promote its apoptosis by transferring mu-
tant p53 protein from nucleus to cytoplasm and decreasing
c-Fos, Hsp70 protein expression [29]. And also, RTN4 was
reported to express in HEK293 confers apoptosis by induc-
ing caspase-3 and p53 activation through the JNK-c-Jun-
dependent pathway [8]. Overproduction of Nogo-B in the
graft vein could result in reduced neointimal hyperplasia,
the mechanism of which involved increased smooth muscle
cell apoptosis induced by activation of the JNK/p38 MAPK
pathway [30]. Nogo proteins induce apoptosis in various
cancer cells when overexpressed, whereas normal cells are
relatively resistant to Nogo protein-dependent apoptosis
[31].

The human RTN4 gene, mapped to chromosome 2p12-
14, spans over 75 kb, consists of nine axons and eight
introns, and this gene includes a 244 bp 5’-UTR and an
over 1 kb 3’-UTR [26, 27]. The TATC and CAA polymor-
phisms of RTN4 3’-UTR are located at 4068−4071 and 4548
−4554 in AY102279, respectively. The 5’-UTR and 3’-UTR
of eukaryotic mRNAs have been proved to regulate the
expression of gene and the 3’-UTR is involved in the reg-
ulation of translation initiation, mRNA stability and subcel-
lular localization. The functional role of TATC and CAA
polymorphisms in RTN4 3’-UTR remained unknown and it
didn’t match any known 3’-UTR functional motifs. Few
studies have revealed the association between these genetic
variants and diseases such as schizophrenia [13], dilated
cardiomyopathy [14], congenital heart disease [15] and cer-
vical squamous cell carcinoma [16]. In the current study, the
homozygous carriers of CAA insertion allele were revealed
to be associated with high UL risk; this result implied the
potent association of genetic variations in RTN4 3’-UTR
with UL risk.

The investigation might have some limitations. Our study
was limited by relatively small sample size, which

weakened our ability to solidify statistic associations. Fur-
ther studies in ethnic different population and with a larger
size of samples could help to confirm the true significance
of the association between these polymorphisms and the
susceptibility to UL.

In conclusion, for the first time, this study have demon-
strated that CAA polymorphism in RTN4 3’-UTR, but not
TATC polymorphism is associated with increased UL risk.
Due to limitations of sample size, further studies with large
scaled participants are needed to confirm the underlying
association.
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