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Senegal Objective.The objective is to evaluate the involvement of COMT gene
mutations in the evolution of uterine fibroids in Senegalese women.
Methods. We analysed the variability of the COMT gene in 44 patients
by PCR-sequencing.We proceeded first to the verification, cleaning,
alignment of the sequences obtained, then to the search for mutations
and their pathogenicity and finally to a genetic characterization with the
aim of determining the penetrance of the COMT gene in the evolution
of fibroids.
Results.Analysis show that the Val158Met polymorphism (rs4680) is
considered to be the main cause of variation in COMTactivity. Our data
suggest that this polymorphism is a causal factor in the incidence of
uterine fibroids by allowing a higher estrogenic activity in myometrial
cells.
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Introduction:-

Uterine fibroids, also known as myomas or leiomyomas, are benign monoclonal neoplasms of the smooth muscle
cells of the uterus (Whiteman etal., 2010; Stewart etal., 2017).Two key features of leiomyomas are increased muscle
smooth cell proliferation and excessive extracellular matrix deposition (Grudzien etal., 2010). Several factors could
be involved in leiomyoma enlargement, including interactions between various genes, hormones, growth factors and
cytokines although oestrogen and progesterone have traditionally been considered the main promoters of leiomyoma
growth (Eude etal., 2001; Salama etal., 2009 and Grudzien etal., 2010).Tumour expansion is supported by cell
proliferation as well as by the production of large amounts of extracellular matrix. Estrogen, with its Era receptor,
enables the action of progesterone via the induction of progesterone receptor (PR) expression. Progesterone induces
leiomyoma growth through the regulation of a set of key genes that control proliferation and apoptosis(Bulun et al.,
2015). However clinical diagnosis of fibroids can occur at all stages of disease development from small incidentally
identified tumours to large symptomatic tumours (Divakar, 2008; Laughlin andStewart, 2011). Many are discovered
incidentally on clinical (Cruz etal., 2017). Epidemiological data indicate that leiomyomas are virtually non-existent
before menarche and generally have an indolent course after menopause, strongly implicating gonadal hormones in
the induction and maintenance of this disease process (Lewis et al., 2018).Uterine fibroids do not affect all breeds
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equally. Essam etal., (2008) observed an increased prevalence of uterine fibroids in African American women. In a
recent publication, Payson etal., (2008) developed an original vision of this tumour disease, the growth of which
would correspond to a phenotype that would cover several genetic conditions, themselves related to several ethnic
groups. Black race, heredity, obesity, diabetes and hypertension are associated with specific clinical presentations
compared to families with no history of fibroids(Racinet, 2009).

Methods:-

Samples

The study is conducted on 44 Senegalese patients with uterine fibroids. Thesepatients are managed at the Maternity
and Obstetrics Gynecology Departement of Idrissa Pouye General Hospital after obtaining ethical approval
(Reference:Protocol 0267/2017/CER/UCAD). Uterine fibroids, being benign tumours therefore surgeries are
performed on tumour tissu only. These samples are sent directly to the Genomics laboratory of the Population
Genetics and Management Team at UCAD where they are stored in tubes containing 96% alcohol for molecular
analysis.

DNA Extraction, Polymerase Chain Reaction (PCR) and Sequencing

Total DNA from each sample is extracted using the Zymo protocol (Zymo research kit). The gene related to the
metabolism of the estrogen Catechol-O-Méthyltransférase (COMT) encodes by a single gene in mammals, which in
the human species is located in band g11.21 of chromosome 22 (Oliveira et al., 2008, Zhai et al., 2019) is studied.
Exon 4 of the COMTgene is amplified. Thus, PCR conditions were optimised using primers 5’-
TACTGTGGCTACTCAGCTGTGC-3’ and 5’-GTGAACGTGGTGTGAACACC-3’ in a reaction volume of 25 pl.
The amplification conditions are: 94°C/3min; 35cycles at 93°C/45s, 55°C/1min, 72°C/4min; 72°C/4min and hold at
10°C (Oliveira et al., 2008).

The samples are sequenced in the ABI 3730xI sequencer (Appled Biosystems).

Mutation research

To determine the presence of any mutation and the position of the mutation in relation to the genes, the raw
sequencing data for each of the genes is submittedto Mutation Surveyor version 5.0.1 (www.softgenetics.com) which
compares the submitted chromatograms with the reference sequence Accession (NG_011526) of that gene.

Prediction of the pathogenesis of mutations

To see the pathogenicity of COMTexon 4 substitutions in these uterine fibroids, the nucleotide sequences are
translated using MEGA7 software (Tamura et al., 2013) into protein sequences and these are submitted to SIFT
(http:/Awww sift.jcvi.org),Mutation Taster (http://www.mutationtaster.org), Polyphen-2
(http://www.genetics.bwh.harvard.edu/pph2)and UMDPredictor (UMD (umd-predictor.eu).

Comparison of mutation frequency
TheCOMTgene mutations found are compared to those found in other studies to see if there is any difference in gene
expression between the study populations and the general population.

Genetic characterisation

Multiple alignment

The obtained sequences were thoroughly checked, corrected and aligned with BioEdit version 8.0.5 Hall, (1999) to
determine site homologies among others. We proceeded first to the verification, cleaning, alignment of the obtained
sequences, then to the search for mutations, their percentage and frequency and their pathogenicity and finally to a
genetic characterisation with the aim of determining the penetrance of the COMT gene in the evolution of fibroids.

Analysis of genetic variability and genetic diversity

The genetic characterisation amounts to determining the identity card of the population in a global analysis that
shows the number of sites, the sample size, the number of variable and invariant sites, the haplotypic and nucleotide
diversity, the mutation rate, the percentage of transitions and transversions, the total number of mutations, the
number of haplotypes, the nucleotide frequencies as well as the types of substitutions. The determination of these
parameters was done with the DnaSP software version 5.10 (Librado and Rozas, 2009).However, the nucleotide
frequencies, the nature of the mutations and the mutation rate are performed with the program MEGA version
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7.0.14(Tamura etal., 2013). The codon selection test that allows us to see if the mutations are heterogeneously
distributed was run with MEGA version 7.0.14(Tamura etal., 2013).

Results:-
We analysed the variability of the COMT gene in 44 patients with uterine fibroids by PCR-Sequencing. The
alignment is done with the reference sequence LRG_1010, Accession (NG_011526), Version (NG_011526.1).

Mutation research
Chromatogram analysis showed the presence of mutations (c.408C>G, ¢.438C>T and c.472G>A) in
theCOMTgene(Figure 1) in 36 patients. The remaining 8 did not show any mutation.

All mutations found are listed in the dbSNP database.

NP:c.408C>CC, p. L136LL, CTCAT>CTSA ?‘P*“"SC’CI-P-“““'“C“"GC“G SNP:c.472G>GR, p. V158V, GCETG>GCRT
i [
180 185 190 195 210 215 2

GGGCCAGGCTCATCACCATC CCGACTGTGCCGCCATCACC

[/\y[\ A{\ M\ ’\f\p{{\,jf\l:llfll M rﬁi .I"_f\"\w i' JM&N![\

40 4 50 55 75 80
CCGACTGTGCYGCCATCACC

245 20 25
TCGCTGGCGTGAAGGACA

240

10 15
5 GG CGAGGCT SA

CACCATC

p.136L>L p.146A>A p. 158V>M

Figure 1:- SNPs in exon 4 of the COMTgene in uterine fibroids.
Most of the mutations in exon 4 of the COMTgene are synonymous mutations that do not induce an amino acid
change and have no effect on coding, unlike the non-synonymous c¢.472G>A mutation that induces a substitution of
valine for methionine (Table 1).

Table 1:- Nature and position of mutations.

Uterine fibroid

Variants dbSNP Nature Amino acid
€.408C>G rs4818 Synonymous mutation p.136L>L

€.438C>T rs8192488 Synonymous mutation p.146A>A
c.472G>A rs4680 Missence mutation p.158V>M

Percentage of mutations

After alignment the gene region is 182 bp and shows 3 polymorphic sites (positions: 3 (c.408C>G), 33 (c.438C>T)
and 67 (c.472G>A)). The classification of the 44 individuals according to the gene profile gives us the following
results: 8 patients did not show any variability for exon 4 of the COMTgene,2patients showed 2 mutations at the
same time, 6 patients have the ¢.408C >G (p.136L>L), 1 patient had the ¢.438C >T mutation (p.146A>A), and 26
had the ¢.472G >A mutation (p.158V>M) (Table 2).
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Table2:- Percentage of mutations.

Variants Number of patients Percentage (%)
No presence of variants 8 18.18

c.408 C>G 6 13.63
c.438C>T 1 2.27
c.472G>A 26 59.09

Frequency of mutations

Compared to the general population (gnomad v2.1.1) the variant ¢.472G>A is more expressed in the population. The
mutation frequency of Val158Met is higher in Senegalese than in European population and very low in European an
South Asian population. This shows an differential expression of COMT polymorphism in population(Table3).

Table 3:- Frequency of mutations in exon 4 of theCOMT gene.

Variants €.408C>G c.438C>T c.472G>A
Afro/Afro-American 0.2003 0.085 0.3109
European (no-Finlandia) 0.3943 0.00067 0.5198
South Asian 0.3214 0.00013 0.4399
Senegal 0.159 0.0681 0.6136

Pathogenicity of mutations

The non-synonymous variant ¢.472G>Ais considered benign polymorphic by all software pathogenecity predictor

(Table 4).

Table4:- Pathogenicity of mutations.

Variants UMD SIFT Mutation  Taster | Polyphen2 (score)
Predictor (Score) (score)
c.472G>A p.158V>M | Polymorph Tolerated (0.12) Missence (0.49) Benign (0.005)

Genetic characterisation

The amplified region of theCOMTgene is 182 pb. Three polymorphic sites were found, three of which are
informative. The total number of mutations is 3. The number of haplotypes is 6. Concerning the diversity indiceswe
note a high haplotypic diversity (hd) and a low nucleotide diversity (Pi). The average number of nucleotide
differences k is0.928. The mutation rate R is 2.413. Transition mutations are more frequent than transversion

(Table5).

Table 5:- Parameters of diversity.

Parameters

Patients with uterine fibroids

Number of sequences 44

Number of sites 182
Monomorphic sites 179
Polymorphic sites 3

Singleton sites 0

Parcimony informative site 3

Total number of mutations (Eta) 3

Number of haplotypes 6

Haplotypic diversity (hd) 0.61 + 0.00486
Nucleotide diversity (Pi) 0.0051 + 0.0000005
Average number of nucleotide difference (k) 0.928

% transition 71.52

% transversion 28.48
Mutation rate (R) 2.413

A+T 39.95

C+G 60.05
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Codon selection test

The codon selection test which allows us to see if the mutations are heterogeneously distributed shows that the
difference between dN and dS is zero for all codons except codons 1 and 31 where they are negative and codon 67
where it is greater than zero (Valine) with p-value >0.05. No codon is under selection so the mutations are
heterogeneously distributed (Table 6).

Table 6:- Codon selection test of exon 4 of theCOMT gene.

Uterine fibroids

Codon Triplet dN-dS p-value
1 CTC -1.817 1

31 GCT -2 1

67 GTG 0.434 0.76
Discussion:-

In this study, the catechol-O-methyltransferase (COMT) gene involved in the metabolism of oestrogen was
investigated in 44 Senegalese patients with uterine fibroids. The presence of mutations in these tissues shows that the
COMTgene is involved in the occurrence of uterine fibroids in Senegalese women. According to Al-hendy and
Salama, (2006) catechol-O-methyltransferase is a ubiquitous enzyme that catalysis the S-adenosyl-L-methionine
dependant methyl conjugation of the hydroxyl groups of catechol estrogens. It is an essential enzyme in estrogen
metabolism, therefore regulation of COMTactivity may indirectly modulate the biological effects of estrogen and
play an etiological role in leiomyoma formation. The c.472G>A (p.158V>M) polymorphism (rs 4680) missence
variant (score 0.49) is found in more than the half of theSenegalese population and the other population also. Thus
the c.472G>A variant appears to be associated with the incidence of uterine fibroids.

The exact relationship between the COMT gene polymorphism and leiomyoma is not yet clear. A common genetic
polymorphism, the G to A transition at codon 158, resulting in a valine-methionine substitution, is associated with
thermal instability and a fourfold decrease in enzyme activity (Mitrunen, 2001). COMT converts 2-hydroxyestradiol
to 2-methoxyestradiol. 2-Hydroxyestradiol has been shown to act as an anti-estrogen in many tissue
systems(Bradlow, 1996 and Vandewalle, 1989). On the other hand, 2-methoxyestradiol has been shown to have a
mitogenic effect on different cell types(Liu and Zhu, 2004; Banerjee et al., 2003; Lippert et al., 2003). Therefore, the
high activity COMT genotype (Val/Val) would infer a rapid and efficient conversion of the anti-estrogenic
metabolite (2-hydroxyestradiol) to its more mitogenic counterpart (2-methoxyestradiol), thus creating a high
estrogenic cell environment. Conversely, the low activity COMT genotype (Met/Met) would lead to the
accumulation of 2-hydroxyestradiol, creating a low estrogenic environment. As uterine leiomyomas are oestrogen
dependent, a higher frequency of occurrence would be associated with the Val/VVal COMT genotype than the low
oestrogen Met/Met genotype. However, the high expression of this polymorphism in the population, confirming the
involvement of the COMT gene in fibroids in Senegalese women via oestrogen receptors, since fibroids are
oestrogen dependent. The differences observed in relation to this VVal158Met polymorphism could be explained by
the difference in the group studied. Recent research has revealed that COMTexpression and function are influenced
by various factors such as genetic polymorphism, gender, age and diet. Notably, human COMTis highly polymorphic
and more than 100 COMTalleles are thought to regulate its expression and catalytic activity (Carneiro et al., 2016
and Duursen et al., 2004). The most commonCOMTpolymorphisms are Val158Met of MB-COMTandVal108Met of
S-COMT, which can be used to predict enzyme activities (Lachman, 2008 and Sak 2017).Regarding the genetic
characterisation, 3 variable sites were found, which stipulates that mutations in exon 4 of the said gene are not the
only genetic alterations in cases of uterine fibroids and therefore other mutations would be involved. Out of 44
samples 6 haplotypes were identified which could be explained by a high similarity between individuals due to either
the same size or location of the tumour. There was a high haplotype diversity (hd) and a low nucleotide diversity (Pi)
which indicates a signal of population growth, thus an increase in mutations over time. This could be explained by
the fact that epidemiological factors such as age, obesity, parity and gestational age play an important role in the
growth mechanisms of fibroids. According to (Ciebiera et al., 2018 and Mohammadi et al., 2020), the most
important and frequently reported risk factor for uterine fibroids is race, which disproportionately affects African
American women. Other risk factors include advanced age, premenopausal status, non-parity, family history of
uterine fibroids, hypertension, food additives, and frequent consumption of soy milk. Other important risk factors
include obesity (23-25),vitaminD deficiency, excessive levels of vitamin E(Ciebiera et al., 2018), altered
reproductive microbiome (Baker et al., 2018),exposure to endocrine disruptors (Lee et al., 2020 and Bariani et al.,
2020), and various harmful environmental exposure in early life (Yang et al., 2018).The associations between uterine
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leiomyoma and the Val158Met polymorphism of the COMT gene have been studied in different ethnic populations
with conflicting results. Genotype frequencies of the COMTpolymorphism in different populations have shown
variations due to ethnicity (Ivanova et al., 2010; Morikawa et al., 2008; Gooden et al., 2007). The ethnic disparity in
the incidence and biological behaviours of uterine leiomyoma suggests that different races may have differences in
estrogen biosynthesis and/or metabolism (Othman and Al-Hendy, 2008). The difference in allele distribution
between the Senegalese and other populations could be related to patients’ fibroid types, histological variants or risk
factors such as parity or gestational age. Most of the patients in this study are nulligravida and nulliparous, as the
fibroid is oestrogen-dependent and nulliparous women who have not breastfed have hyperoestrogenism which could
induce the occurrence of fibroid.

Conclusion:-

In conclusion, our data suggest that exon 4 of the COMTgene is involved in the occurrence of uterine fibroids in
Senegalese women and the c¢.472G>A (p.158V>M) polymorphism (rs4680) represents a causal factor in the
incidenceof uterine fibroids by allowing a higher estrogenic activity in myometrial cells.
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