
Abstract. Aim: This study aimed to analyze the relation
between uterine leiomyoma (ULM) patients and p.Q192R
polymorphism. Materials and Methods: ULM patients
(n=76) and healthy women (n=103) were recruited from the
Yeditepe University, Department of Gynecology and
Obstetrics. The genotype and allele distribution of p.Q192R
was analyzed by polymerase chain reaction and restriction
fragment length polymorphism methods. Genotype and allele
frequencies between study groups were calculated by the chi-
square (χ2) and Fischer’s exact test. Results: The frequency
of the B allele was lower in patients (p<0.001) and the AB
genotype showed a decreased risk for ULM development
(p<0.001). The variation was unrelated to ULM size and
number. There was no significant difference between
p.Q192R genotype frequencies and fibroid size and number.
Conclusion: The heterogeneous AB genotype of PON1
p.Q192R variation could be recognized as a low-risk
parameter for the development of ULM in Turkish women. 

Uterine leiomyomas (ULM) are benign tumors of smooth
muscle cells of the myometrium. They represent a common
health problem and are estimated to be present in 20-30% of
clinically reproductive women (1, 2). Ethnicity, nulliparity,
obesity, diet, early menarche and age are reported among
predisposing factors. Furthermore, oestrogen is proposed as the

primary promoter of ULM (3). However, a clear pathogenesis,
including a genetic pathway, has not been yet described. 

Paraoxonase (PON1) is a high-density-lipoprotein bound
enzyme coded by the PON1 gene located on 7q21-3 (Gene
ID: 5444) and composed of 9 exons and 8 introns. PON1 is
an arylesterase that mainly hydrolyzes highly toxic
compounds, such as paroxon, and protects against low-
density lipid oxidation (4, 5). The gene produces a 1,769-bp
long mRNA (NM_000446.5) and a 355-aa protein
(NP_000437.3) (4). One of the common single nucleotide
polymorphism (SNP) widely studied of the PON1 gene
results in a missense mutation. The rs662 in exon 6 is caused
by a change from A>G and leads to a change from glutamine
(Q) to arginine (R) (p.Gln192Arg, p.Q192R, A192B) (6) and
has been associated with low and high paraoxonase activity,
respectively (7). PON1 has been implicated in several cancer
types and was predicted as a possible biomarker for early
diagnosis, prognosis and pathogenesis (7-16)

The aim of the present study is to identify a possible
correlation between ULM and PON 192 polymorphism and,
consequently, to evaluate whether the PON 192 polymorphism
could be suggested as a marker in the early diagnosis and
possibly improve quality of life of affected women. 

Materials and Methods 

This study comprised 2 groups in which all women had pelvic
imaging to detect the presence or absence of ULM. Patients with
UML (n=76) and control volunteers (n=103) were assessed with 3
perpendicular diameters for the measurement of each fibroid: length,
width and depth. Patients were further grouped according to the
tumor number, being either one or multiple; the latter including two
up to 13 separate tumours. A second grouping was made by fibroid
size, with the threshold selected at 5 cm. The presence of pelvic
pain and abnormal bleeding was also noted; however, not all women
showed these signs. This study was approved by the Yeditepe
University’s Ethical Committee.
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DNA isolation and genotyping for PON 192 polymorphism. Peripheral
blood (10 ml) was collected into EDTA tubes from Istanbul
University and Yeditepe Universities, Departments of Gynecology and
Obstetrics. Genomic DNA was extracted from peripheral whole blood
using the iPrep PureLink gDNA Blood Kit with the iPrep Purification
Instrument (Invitrogen, Life Technologies, Grand Island, NY, USA).
Consequently, DNA samples were quantified (μg) and qualified
(260/280 and 260/230) with a Nanodrop. The DNA samples were
stored at +4˚C until genomic studies were conducted.  

The PON1 p.Q192R variant was amplified using sense 5’-TAT
TGT TGC TGT GGG ACC TGA G-3’ and antisense 5’-CAC GCT
AAA CCC AAA TAC ATC TC-3’ primer sets, containing the 192
polymorphic region of the human PON1 gene. The PCR reaction
mixture contained 100 ng of DNA template, 0.5 μM of each primer,
1.5 mM of MgCl2, 200 μM of dNTPs and 1U of Taq DNA
polymerase (Bioron, Ludwighafen, Germany). Following denaturing
the DNA for 5 minutes at 94˚C, the reaction mixture was subjected
to 35 cycles of denaturation for 1 minute at 95˚C, 1 minute
annealing at 60˚C and 1 minute of extension at 72˚C (17). The 99-
bp PCR product was digested with 8 U BspP1 restriction
endonuclease (Thermo Fisher Scientific, Waltham, MA USA)
overnight at 55˚C and the digested products were separated by
electrophoresis on a 3% agarose gel and visualized using ethidium
bromide. The B genotype contains a unique Bspl restriction site,
which results in 66-bp and 33-bp products, whereas the A genotype
is not cut, thus allowing the 192 genotype to be determined.

Statistical analysis. Frequency and statistical analysis were
performed with the SPSS 20.0. software (SPSS Inc, Chicago, IL,
USA) Data were presented as mean±standard deviation (SD) or as
proportions. A p<0.05 was defined as statistically significant.
Expected and observed frequencies of genotypes and alleles were
compared with Chi-Square analysis and Fisher’s exact tests.
Nominal values were analysed with the Student’s t-test.  

Results

A total of 76 patients with ULM and 103 controls were
recruited for this study. The mean age of the patients and
healthy controls were 35.38±6.98 and 37.40±9.17 years,
respectively. No significant difference was found between
patients and controls in terms of median age (p=0.220).

The genotype and allele frequencies of the PON Q192R
gene polymorphism between patient and control groups are
shown in Table I. The frequency of the B allele was found
to be significantly lower in patients compared to controls
(χ2=17.065, p<0.001, odds ratio (OR)=0.409, 95%
confidence interval (CI)=0.255-0.657). A significant
decreased risk for developing ULM was found in the AB
genotype compared with the other genotypes (χ2=25.319,
p<0.001, OR=0.231, 95% CI=0.116-0.459).

Distributions of PON Q192R genotypes in relation to
clinical parameters of ULM patients were examined. There
were no significant differences between PON1 Q192R
polymorphism genotype frequencies and uterine fibroid
range in size and number (χ2=0.714; p=0.700 for fibroid
size, χ2=1.354; p=0.508 for fibroid number). 

Discussion 

ULM represents one of the uterine smooth muscle tumours
that are histologically divided into 6 types, including ULM,
mitotically active leiomyoma, cellular leiomyoma, atypical
leiomyoma, uncertain malignant potential and
leiomyosarcoma (18). There exists some evidence that rare
uterine leimyomosarcomas, occurring only in 0.1-0.3% of
women, may in fact arise from benign ULMs (18, 19) or
other tumorous types indicating that similar chromosomal
aberrations are seen in both pathologies (19). Furthermore,
ULM has also been implicated with increased risk of
endometrial cancer (20). 

Their non-malignant nature led to insufficient research (3);
however, studies mainly published from the US showed in
fact its burden on the health care system, representing over
US$ 2 billion in 2006 (21) and almost US$ 6 to 35 billion
in 2012 (22). One of the reasons for this considerably high
amount of expenditure is due to the race factor, for it is well-
documented that the black race is more susceptible to
develop ULM compared to the white population (23). Thirty
to seventy percent of reproductively active women, as young
as in their mid-twenties, are at risk of developing ULM.
Estrogen exposure, early age at menarche, obesity, physical
activity, age, diet, parity, menopause, hormonal
replacements, race and genetic factors are the major etiology
of ULM (3, 23, 24). Heritability studies conducted in several
European populations showed that 26-69% of ULM is due
to genetic factors (25). 

Genes involved in the estrogen metabolism, such as
COMT, CYP1A1 and CYP1B1, have been investigated in the
Han Chinese population; it was concluded that the first two
genes had protective effects on the formation and growth of
uterine fibroids in UML (26). Edwards and coworkers (25)
conducted a genome-wide association study in the European-
American population and found a strong association between
ULM risk and BET1L and TNRC6B genes (25). Additionally,
chromosomal structural aberrations have recently been
reported in ULM patients, including deletions, breaks and
fragilities in several chromosomes (27). Nevertheless,
specific pathways and potential gene interactions are yet to
be discovered. 

The PON1 gene has been investigated for several cancer
types in different populations, including prostate (13), lung
(14), non-Hodgkin’s lymphoma (15) and multiple myeloma
(16). The 192R mutant (BB) is reported to be a risk factor
for bladder, lung, multiple myeloma and non-Hodgkin’s
lymphoma increasing the risk almost three times for the
latter. The PON1 Q192R (rs662) polymorphism was
investigated in lung cancer (9) and bladder cancer patients
(7) in the Turkish population. The mutant B allele was
similarly found to be significantly associated with invasive
growth pattern, perineural invasion and death for bladder
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cancer patients (7). A possible explanation for the BB mutant
genotype to increase cancer risk could be that the lower
metabolization rate of PON1 causes accumulation of lipid-
soluble free radicals (5). 

Moreover, PON1 Q192R has been investigated for breast
cancer in Egypt and Caucasians in the US. In contrast to the
above mentioned cancer types, the 192R (B) allele showed no
effect and decreased risk of breast cancer risk, respectively
(11, 12). Our results are in accordance with these findings
with a significantly low occurrence of the mutant B allele in
ULM patients compared to healthy controls. Heterozygote
AB patients showed a decreased risk in the development of
ULM. Additionally, patients with ovarian cancer showed an
increased risk for the wild-type allele (A) in a Turkish cohort
(8). This distinctive p.Q192R genotype variance between
female reproductive organ cancers and other cancer types
might be a pattern yet to be clarified. However, this
hypothesis requires a thorough investigation with higher
number of volunteers, involving other uterine malignant
diseases and comparative population studies. 

Although being rarely associated with mortality, it is
reported that ULM might have an impact on the quality of
life (QOL). Urinary incontinence, excessive bleeding and
pelvic pain are some of the genitourinary signs observed in
patients with ULM, affecting QOL. The size of fibroids was
found to be a significant factor affecting urinary incontinence,
along with physical activity and psychological health in
patients with fibroid size equal to or higher than 5 cm (2).
Infertility and pregnancy complications are also among the
clinical signs and require therapy (28). The numbers of
fibroids are clinically evaluated as single or multiple fibroids.
The size and number of fibroids are suggested to be explained
by genetic factors (23), while PON1 activity was proposed as
a possible marker for metastasis or growth of some tumors
(7). However, our results did not have a significant effect on
ULM size and number. Our group recently investigated the
ACE gene insertion/deletion (I/D) polymorphism in ULM
patients. Despite the correlation between ACE activity and
tumor growth (29), the importance of angiogenesis on the

formation of ULM (30-32) and the dense vascular capsule of
fibroids (32), there was no significant association between
ACE I/D polymorphism among the size and number of
fibroids. However, Ateş and colleagues determined that
COMT Val158Met polymorphism was relevant on the
formation of large fibroids (>5cm) but the variation was not
attributed to an increased risk of ULM development in a
Turkish cohort (33).

In summary, the heterogenous AB genotype of PON1
Q192R variation could be recognized as a low-risk parameter
for the development of ULM in Turkish women. Further
studies need to be designed in order to identify potential
genes and pathways affecting the formation, size and number
of ULM. One possible preparatory work to wetlab techniques
would be to design a bioinformatic study for the identification
of all possible related genes and proteins to ULM, although
whole -genome or- exome sequencing studies would also
identify related genes in different populations. 
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PON1 Q192R(rs662) ULM (n=76) % Control (n=103) % Total (n) p-Value
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ULM, Uterine leiomyoma; n, number of individuals; values are reported as number of patients (percentage of the total group). *p-Values less than
0.05 denote statistical significance. 
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