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Abstract 

Objective:  To determine if genetic polymorphism of VEGF is associated with the development of endometriosis in 
Nigerian women.

Study design:  Case control study of 100 women (50 healthy controls and 50 with endometriosis). Serum VEGF con-
centration of participants were determined using enzyme-linked immunosorbent assay (ELISA) technique. Genomic 
DNAs were isolated from peripheral blood samples and quantified by nanodrop spectrophotometer one. Single 
nucleotide polymorphisms genotyping was carried out by polymerase chain reaction and restriction fragment length 
polymorphism (PCR–RFLP).

Results:  Mean age of participants was 32.96 ± 6.91 years for control and 32.04 ± 7.56 years for cases. VEGF levels in 
case and control groups were not statistically different (82.68 pg/ml [69.11–121.11 pg/ml] vs. 82.81 pg/ml [72.90–
113.82 pg/ml] respectively; p = 0.967). All four genotypes examined were in Hardy–Weinberg equilibrium. Minor allele 
frequency of − 460T > C, − 1154G > A, + 936C > T and + 2578C > A were 24%, 8%, 6% and 10% in the control and 19%, 
9%, 5% and 14% in endometriosis patients. However, allele and genotype distributions of − 460T > C, − 1154G > A, + 
936C > T and + 2578C > A VEGF polymorphisms in endometriosis patients and control were not significantly different 
(p > 0.05).

Conclusion:  Our preliminary findings revealed no association between endometriosis and − 460T > C, − 1154G > A, 
+ 936C > T and + 2578C > A of VEGF genes among Nigerian women.
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Background
Endometriosis is defined as the presence of endometrial 
glands and stroma at sites other than the uterine cavity. 
In the general population, endometriosis affects 0.8–
28.6% of women of reproductive age [1, 2]. It is a com-
mon cause of chronic pelvic pain, with a prevalence of 

15.7% among infertile women undergoing laparoscopies 
[3]. The aetiology of endometriosis is unclear and many 
mechanisms have been postulated which include the coe-
lomic metaplastic theory, implantation during surgical 
procedures and retrograde flow of menstruation [4]. The 
role of genetics in endometriosis has been studied over 
time and there appears to be a genetic predisposition in 
certain individuals by ancestry [5–7]. It has been found 
that African American women appear to have a predi-
lection for uterine implants of endometriosis, and this 
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presumably may be due to genetic or environmental dif-
ferences [8].

Manifestation of endometriosis varies by populations; 
African women in particular present with a rare form, 
with ascites (often haemorrhagic) and peritonitis. Several 
cases have been reported in the literature [9–11] often in 
women of black African origin. These women are initially 
evaluated for ovarian malignancy and/or chronic liver or 
gastrointestinal pathology [10]. This delay in diagnosis 
and suspicion of a severe, chronic and possibly malignant 
condition is a cause of great anxiety and psychological 
trauma to the patients and their family. In a systematic 
review, it was found that endometriosis-related ascites 
usually affects non-White women of reproductive age; 
of the cases reported since 1954, 63% of those for whom 
ethnicity were specified were Africans [12]. Because of 
this unique disease manifestation, we hypothesized that 
a polymorphism of VEGF affects circulating VEGF lev-
els and is associated with endometriosis and its varying 
presentations in Nigerian women.

Angiogenesis is known to be an essential part of endo-
metriosis. VEGF is a homodimeric glycoprotein belong-
ing to the growth factor family. It has vasculogenic and 
angiogenic properties and aids tissue proliferation. It 
plays a critical role in the proliferation of endothelial cell 
and participates in the development and progression of 
endometriotic lesions [13]. The mechanism by which it 
performs these functions is not clear. VEGF is encoded 
by a highly polymorphic VEGF gene mapped to chromo-
some 6p21.3, containing eight exons with a number of 
single nucleotide polymorphism (SNPs).

Genetic polymorphisms of VEGF have been reported 
in association with endometriosis in a number of stud-
ies [5, 14–17] but a few other studies did not estab-
lish such association [15, 18]. A higher incidence of 
VEGF + 405G > C gene was found in Turkish women 
with endometriosis compared to controls [16]. In another 
study, a significant difference was found in the genotype 
and allele distribution of VEGF + 405CC and + 936CC 
gene of women with endometriosis compared to controls 
[17]. No association was found between this VEGF gene 
and endometriosis in similar studies on Iranian women 
[15, 18]. Could this be because of racial differences? Five 
potentially functional SNPs (− 2578C > A, − 460T > C, − 
1154G > A, + 405G > C and + 936C > T) of VEGF in the 
3’-untranslated regions (UTRs) and the promoter region, 
impact significantly on VEGF plasma levels. Little is 
known about the polymorphisms of VEGF on the mani-
festation of endometriosis.

Significantly higher mRNA expression for VEGF con-
centrations has been reported in women with endo-
metriosis compared to controls [19]. Various isoforms 
of VEGF, namely VEGFA, VEGF121, VEGF189, and 

VEGF111 have been found to be higher in peritoneal 
fluid during menstruation in women with endometrio-
sis [20]. This study will explore the association between 
serum VEGF concentration and endometriosis and its 
association with genetic polymorphisms in VEGF gene.

Little improvement in the treatment modality has been 
achieved despite extensive research into the aetiology 
of endometriosis. Most studies on the genetics of endo-
metriosis published in the literature were conducted in 
Western and Asian countries. Considering the scarcity of 
similar studies in Africa, taking into consideration racial 
and genetic differences in individuals of varying descent, 
we resolved to carry out this study on Nigerian women to 
establish if indeed there is a genetic variation in African 
women with endometriosis. This need for further studies 
on endometriosis in Africans or African Americans was 
emphasized in a study which reported an apparent pre-
dilection for uterine endometriotic implants in African 
American women, presumably due to genetic or environ-
mental differences [8].

This study aimed at determining if there are genetic 
polymorphisms of VEGF associated with the develop-
ment of endometriosis in Nigerian women, if there is 
a difference in the plasma VEGF levels in patients with 
endometriosis and women without endometriosis, 
and if there is a genetic variation (SNPs: − 460C > T, − 
1154G > A, − 2578C > A and + 936C > T) in VEGF gene 
that is associated with endometriosis in Nigerian women.

Methodology
Study design and setting
This was a case–control study conducted between April 
2018 and June 2020 at the Department of Obstetrics and 
Gynaecology of the College of Medicine of University of 
Lagos/ Lagos University Teaching Hospital (LUTH), Idi-
Araba, Lagos, Nigeria.

Study population
Consenting women with severe endometriosis (with 
and without ascites) as defined by the revised Ameri-
can Society of Reproductive Medicine Classification of 
Endometriosis [21] were recruited from the Gynaecology 
out-patient clinics, Accident and Emergency (A&E) unit 
and Gynaecological wards of the hospital as cases, while 
women who did not have endometriosis were recruited 
as controls. The cases included women diagnosed as 
having endometriosis either laparoscopically or at lapa-
rotomy, those who have been histologically confirmed as 
having endometriosis, or have shown clinical evidence 
of response to treatment for endometriosis. The con-
trols were consenting women who have had laparoscopy 
or laparotomy for benign gynaecological conditions and 
confirmed as not having endometriosis. Excluded were 
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women in whom diagnosis was unclear, women with 
adenomyosis or cancers, and women with chronic medi-
cal illness such as renal disease, cardiovascular disease, 
diabetes mellitus, or chronic infections.

Sample size and sampling technique
A pilot study involving 50 women with endometriosis 
and 50 women without endometriosis was conducted 
to obtain preliminary data in Nigerian women. A con-
venience sampling technique was used. Participants were 
consecutively enrolled until the desired sample size was 
reached. For each case, the next available woman without 
endometriosis matched for age who consented to partici-
pate in the study was recruited as a control.

Data collection
Prior to recruitment of eligible patients for this study, 
each patient had individual counselling during which the 
purpose of the study was explained, and informed writ-
ten consent was obtained. Information was collected by 
interviewing the participants and from their case notes 
using the study proforma. The information collected 
included the patient’s age, parity, symptomatology, family 
history of endometriosis and any other genetic disorder 
in the family.

Collection of specimens and handling
Four (4 ml) blood were collected by venepuncture from 
patients. Three millilitres of blood was transferred into 
a plain tube for serum and 1 ml was transferred into an 
EDTA tube for DNA extraction in the DNA laboratory 
of Sickle Cell Foundation Nigeria. Serial numbers were 
assigned to each specimen to conceal the identity of 
the patients (both cases and controls) from the labora-
tory scientists. Blood samples in plain tubes were placed 
on ice after collection and centrifuged at 3500  rpm for 
10  min. The supernatants were stored at  − 80  °C until 
analysis. Blood samples in EDTA tube were kept at 
2–8 °C and used for DNA extraction within 24 h.

Laboratory analysis for serum VEGF concentration
Spectrophotometric determination of serum VEGF was 
done using Ray Biotech ELISA kits.

DNA extraction
Genomic DNA was isolated from peripheral blood sam-
ples using spin column DNA extraction kit (Jena Bio-
science, Germany) according to the manufacturer’s 
instructions. The DNA concentration was determined by 
a Nanodrop spectrophotometer One (Thermo Scientific, 
USA) and samples were stored at − 20 °C until analysis.

Genetic analysis
SNPs genotyping was carried out using restriction frag-
ment length polymorphism–polymerase chain reaction 
with published primers as described in earlier studies 
[13, 22, 23], 50 ng genomic DNA was amplified in a total 
reaction volume of 25  µl consisting 2.5  μl of 10X PCR 
buffer including Mgcl2, 2.5  μl of 2  mM dNTPs, 1  μl of 
10 μM each of forward and reverse primers, 0.2 μl (1U) 
Taq DNA Polymerase (Thermo Scientific, USA), and 
PCR grade water. List of primers, size of the amplicons, 
restriction enzymes, and the fragment sizes are as shown 
in Table 1.

Polymerase chain reaction (PCR) was carried out in 
Applied Biosystems 9800 Fast thermocycler (Applied 
Biosystems, USA) under the following conditions: initial 
denaturation at 95 °C for 3 min, followed by 30 cycles of 
denaturation at 95 °C for 30 s, primer annealing at 60 °C 
for 30  s, extension at 72  °C for 90  s, and a final exten-
sion step of 72  °C for 2  min to terminate the process 
for − 460C > T; initial denaturation at 95  °C for 3  min, 
followed by 35 cycles of denaturation at 95  °C for 30  s, 
primer annealing at 65 °C for 30 s, extension at 72 °C for 
1 min 50 s, and a final extension step of 72 °C for 2 min to 
terminate the process for − 1154 G > A; for − 2578 C > A: 
initial denaturation at 95  °C for 3  min, followed by 30 
cycles of denaturation at 95  °C for 30  s, primer anneal-
ing at 58  °C for 30  s, extension at 72  °C for 1  min, and 
a final extension step of 72 °C for 2 min; for + 936 C > T, 

Table 1  Restriction fragment length polymorphism conditions for VEGF SNPs

VEGF SNP Primer sequence Amplicon size Restriction enzyme Fragment lengths

 − 460 T > C
(rs833061)

TGT​GCG​TGT​GGG​GTT​GAG​CG (F)
TAC​GTG​CGG​ACA​GGG​CCT​GA (R)

175 bp Bsh1236I CC: 155 and 20 bp; CT: 175, 155, and 20 bp; TT: 
175 bp

−1154G > A
(rs1570360)

TCC​TGC​TCC​CTC​CTC​GCC​AATG (F)
GGC​GGG​GAC​AGG​CGA​GCA​TC (R)

206 bp Mnl I GG: 150 bp; GA:150, 34, 22 bp; AA: 184 and 22 bp

 − 2578C > A
(rs699947)

GGA​TGG​GGC​TGA​CTA​GGT​AAGC (F)
AGC​CCC​CTT​TTC​CTC​CAA​C (R)

324 bp Bgl II CC: 324 bp; CA: 324, 202, and 122 bp; AA: 202 and 
122 bp

 + 936C > T rs3025039 AAG​GAA​GAG​GAG​ACT​CTG​CGC (F)
TAT​GTG​GGT​GGG​TGT​GTC​TACAG (R)

198 bp Hsp92II CC: 198 bp; CT: 198, 112 and 86 bp; TT: 112 and 
86 bp
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initial denaturation was at 95 °C for 3 min, followed by 30 
cycles of denaturation at 95 °C for 30 s, primer annealing 
at 63 °C for 30 s, extension at 72 °C for 45 s, and a final 
extension step of 72 °C for 2 min.

Ten microliters PCR products were digested with 
10U restriction enzymes (as shown in Table 1) in a total 
reaction volume of 20 μl following the restriction digest 
protocol in the manufacturer’s manual (New England 
Biolabs, Ipswich, MA, USA). All digested products were 
separated in 2.5% (w/v) agarose gel stained with ethidium 
bromide. Fifteen microliters of the digest and 5 μl bromo-
phenol blue loading buffer were loaded in the agarose gel 
for electrophoresis and was visualized in a gel documen-
tation system (Alpha Innotech, USA).

Statistical analysis
Data obtained were presented as numbers, percentages, 
mean ± standard deviation. VEGF levels did not follow 
normal distribution and were presented as median [inter-
quartile range]. Differences between continuous variables 
summarized as means were compared using independent 
student’s t test while VEGF levels were compared using 
Mann–Whitney U test. Frequencies of the patients with 
endometriosis and the controls were compared by Chi-
square test (χ2) or linear-by-linear association. The odd 
ratios (OR) and their 95% confidence intervals (95%CI) 
were also calculated. All statistical analyses were car-
ried out using SPSS version 25 for Windows (IBM Corp. 
Released 2017. IBM SPSS Statistics for Windows, Version 
25.0. Armonk, NY: IBM Corp.) with p-value < 0.05 con-
sidered significant.

Results
The difference in the mean age of participants in 
the control and case groups (32.96 ± 6.91  years vs. 
32.04 ± 7.56  years) was not significant (p = 0.527). BMI 
was also not significantly different between the controls 
and cases (p = 0.790). Median parity in women with 
endometriosis (cases) was 0 (range 0–3) and in control 
groups was 0 (range 0–4), with 94% of cases and 60% of 
controls being nulliparous. Among the cases, chronic 
pelvic pain, painful menstruation, painful intercourse, 
painful urination, and painful defaecation were all sig-
nificantly associated with endometriosis as expected 
(p < 0.0001). Also, abdominal swelling, cyclical bleed-
ing from the umbilicus, ascites, and pleural effusion 
were associated with endometriosis (p < 0.05). Seventeen 
(34%) and seven (14%) participants with endometriosis 
had ascites and pleural effusion, respectively. Twenty-
seven (54%) of patients had pelvic endometriosis, while 
23 (46%) had extra-pelvic endometriosis. The differ-
ence between median serum VEGF concentration of 
both cases and controls were not significantly different 

(p = 0.967).The median serum VEGF concentration in 
women with histologically confirmed endometriosis 
versus those diagnosed by other methods did not show 
statistically significant difference compared to controls 
(p = 0.893) (Table 2).

Endometriosis patients with ascites had higher 
median serum VEGF concentration compared to those 
without ascites, but this was not statistically signifi-
cant (p = 0.735). The concentrations of serum VEGF in 
patients with pelvic endometriosis was also not signifi-
cantly different from those with extra-pelvic endometrio-
sis (p = 0.471) (Fig. 1).

The minor allele frequencies of the VEGF SNPs inves-
tigated were compared between the control and case 
groups and the following were obtained—VEGF 936 
C > T: 6% vs. 5% [odds ratio (OR) 0.82, 95% confidence 
interval (CI) 0.24–0.79], 460  T > C: 24% vs. 19%; (OR 
0.67, 95%CI 0.34–1.31, 1154 G > A: 8% vs. 9% (OR 1.14, 
95%CI 0.42–3.08), and 2578 C > A: 10% vs. 14% (OR 1.47, 
95%CI 0.62–3.48). The genotype and allele frequencies of 
VEGF SNPs investigated were not statistically significant 
between the control and case groups (p > 0.05). All the 
four SNPs examined were all in Hardy–Weinberg equi-
librium (p > 0.05) (Table 3).

In Table  4, we compared our results with other pub-
lished reports comparing patients with endometrio-
sis with controls. The minor allele frequencies reported 
for the SNPs in this study are much lower (except − 
460T > C) than the published reports. However, they are 
similar to the minor allele frequencies of Yoruba Ibadan 
in Nigeria in 1000 genome reference; this is not surpris-
ing since most of the study participants are of Yoruba 
ethnic group.

The association between serum VEGF concentrations 
and VEGF SNPs did not show statistical significance 
(p > 0.05) (Table 5).

A comparison of genotype and allele frequencies of 
VEGF SNPs in controls versus endometriosis patients 
with ascites did not show statistically significant differ-
ences; the minor allele frequency of − 460T > C, − 1154
G > A, + 936C > T and + 2578C > A were 24%, 8%, 6% and 
10% in the control group and 5%, 5%, 1% and 4% in endo-
metriosis patients with ascites, respectively (p > 0.05). 
There were no statistically significant differences found 
when the genotype and allele frequencies of VEGF SNPs 
were compared in controls versus endometriosis women 
with histological confirmation, and none in endome-
triosis women with histological versus non-histological 
diagnosis. Minor allele frequency of − 460T > C, − 1154
G > A, + 936C > T and + 2578C > A was 24%, 8%, 6% and 
10% in control versus 9%, 26%, 1% and 7% in endometrio-
sis patients with histological confirmation, respectively 
(p > 0.05); and 9%, 2%, 1%, 7% versus 10%, 7%, 4%, 7% in 
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Table 2  Demographics and characteristics of study participants

Characteristics Control Case p-value

Age 32.96 ± 6.91 32.04 ± 7.56 0.527

BMI 24.97 ± 4.71 24.73 ± 4.18 0.790

Parity 0 (0–4) 0 (0–3)  < 0.0001

Chronic pelvic pain

No 42 (84) 15 (30)  < 0.0001

Yes 8 (16) 35 (70)

Painful menstruation

No 26 (52) 1 (2)  < 0.0001

Yes 24 (48) 49 (98)

Painful intercourse

No 47 (94) 25 (50)  < 0.0001

Yes 3 (6) 22 (44)

I don’t know – 3 (6)

Bleeding/site of bleeding

None 50 (100) 40 (80) 0.001

Umbilicus – 10 (20)

Blood in stool

No 49 (98) 47 (94) 0.702

Yes – 3 (6)

I don’t know 1 (2) –

Painful defaecation

No 50 (100) 35 (70)  < 0.0001

Yes – 15 (30)

Blood in urine

No 49 (98) 47 (94) 0.399

Yes – 1 (2)

I don’t know 1 (2) 2 (4)

Painful urination

No 50 (100) 36 (72)  < 0.0001

Yes – 14 (28)

Convulsion during menstruation

No 50 (100) 49 (98) 0.317

I don’t know – 1 (2)

Coughing up blood

No 50 (100) 50 (100) -

Abdominal swelling

No 49 (98) 35 (70)  < 0.0001

Yes 1 (2) 15 (30)

Ascites

No 50 (100) 33 (66)  < 0.0001

Yes – 17 (34)

Pleural effusion

No 50 (100) 43 (86) 0.006

Yes – 7 (14)

Type of endometriosis

Pelvic 50 (100) 27 (54)  < 0.0001

Extra-pelvic – 23 (46)

No Symptom

NO 31 (62) 50 (100)  < 0.0001
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endometriosis patients with histological versus non-his-
tological diagnosis, respectively (p > 0.05).

Genotype distribution of VEGF SNPs examined 
did not differ significantly whether the endometriosis 
patients had ascites or not (Table 6). Also, the genotype 
distribution did not significantly influence the type of 
endometriosis (p > 0.05) (Table 7).

Discussion
Prior studies conducted in non-African settings that 
evaluated the role of VEGF in development of endome-
triosis have yielded conflicting results. Hence, this study 
investigated occurrence of endometriosis and genetic 

Table 2  (continued)

Characteristics Control Case p-value

YES 19 (38) -

Family history of endometriosis

No 50 (100) 46 (92) 0.056

Yes – 3 (6)

I don’t know – 1 (2)

Method of diagnosis

Laparotomy 47 (94) 19 (38)  < 0.0001

Laparoscopy 3 (6) 15 (30)

Clinical features – 14 (28)

Histology – 2 (4)

Serum VEGF level (pg/ml) 82.81 [72.90 – 113.82] 82.68 [69.11 – 121.11] 0.967

Serum VEGF level (pg/ml) based on methods of 
diagnosis

Histologically confirmed
Non-histologic diagnosis

82.81 [72.90–113.82]
–
–

–
76.7 [67–123]
82.8 [70.8–113.6]

0.893

Age and BMI are presented as Mean (S.D.), Parity is presented as median (range), Serum VEGF level as Median (IQR), and others as frequency (percentage)

Fig. 1  Serum VEGF concentrations in patients with endometriosis

Table 3  Genotype and allele frequencies of VEGF SNPs in 
control and endometriosis patients

Control Case OR (95% CI); p-value

 + 936 C > T

CC 44 (88) 45 (90) p = 0.749

CT 6 (12) 5 (10)

HWE 0.652 0.709

Allele

C 0.94 0.95 0.82 (0.24–2.79)

T 0.06 0.05 p = 0.757

−460T > C

TT 25 (50) 31 (82) p = 0.178

TC 24 (48) 19 (38)

CC 1 (2) –

HWE 0.080 0.097

T 0.74 0.81 0.67 (0.34–1.31)

C 0.26 0.19 p = 0.237

−1154 G > A

GG 42 (84) 41 (82) p = 0.790

GA 8 (16) 9 (18)

HWE 0.539 0.484

G 0.92 0.91 1.14 (0.42–3.08)

A 0.08 0.09 p = 0.799

−2578 C > A

CC 40 (80) 36 (72) p = 0.349

CA 10 (20) 14 (28)

HWE 0.432 0.249

C 0.90 0.86 1.47 (0.62–3.48)

A 0.10 0.14 p = 0.386
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polymorphisms of VEGF 936 C > T, 460 T > C, 1154 G > A, 
and 2578 C > A in Nigerian women with endometriosis.

All the patients with endometriosis in this study had 
at least one symptom and a good proportion of them 
were recruited from the gynaecology oncology clinic, 
most having been referred to Lagos University Teach-
ing Hospital due to suspicion of ovarian malignancy 
from abdominal distension due to ascites. This probably 
explains the high incidence of extrapelvic endometriosis 
especially the peritoneal type in this study. At surgery, 
these women with peritoneal endometriosis were found 
to have haemorrhagic ascites with cytology smears often 
showing inflammatory cells.

As previously established, black Nigerian women with 
endometriosis also have significantly lower parity (most 
being nulliparous) compared to those without endome-
triosis because of the association of endometriosis with 

infertility. Dysmenorrhoea was the commonest symptom 
reported in this study by all the women with endome-
triosis except one, followed by chronic pelvic pain. The 
possibility of heredity being a predisposing factor to the 
development of endometriosis was not established in this 
study as only 6% of affected women reported a history of 
endometriosis in a first degree relative. The availability 
of laparoscopy in our centre has improved our diagnosis 
rate and many women are often promptly diagnosed; the 
greater proportion of women in this study was diagnosed 
at laparotomy or laparoscopy.

Contrary to our findings, a significantly higher plasma 
VEGF concentration has been reported in Belgian and 
Tunisian (North-African) women with endometriosis 
compared to controls [26, 28]. In a study conducted in 
Romania, a lower serum VEGF concentration was found 
in women with endometriosis compared to apparently 

Table 4  Comparison of VEGF polymorphisms in our study and the published reports

MAF: minor allele frequency; YRI: Yoruba in Ibadan, Nigeria; CEU: Utah residents with Northern and Western European ancestry; CHB: Han Chinese in Beijing, China; 
JPT: Japanese in Tokyo, Japan

SNP Population Cases/controls MAF 
[cases/
controls]

p-value References

 + 936 C > T
rs3025039

Chinese 344/360 0.17/0.17 0.75 [13]

Brazilians 165/95 0.15/0.15 0.63 [14]

Iranians 100/200 0.1/0.11 0.5 [24]

Japanese 147/181 0.27/0.20 0.05 [25]

Tunisians 105/150 0.25/0.13 0.001 [26]

This study 50/50 0.05/0.06 0.76 –

1000 Genomes phase 3 (MAF): YRI—0.069; CEU—0.152; CHB—0.184; JPT—0.159 
(27)

−460T > C
rs833061

Chinese 344/360 0.23/0.21 0.33 [13]

Brazilians 179/107 0.43/0.40 0.50 [14]

Japanese 147/181 0.28/0.33 0.23 [25]

Tunisians 105/150 0.40/0.42 0.69 [26]

This study 50/50 0.19/0.26 0.24 -

1000 Genomes phase 3 (MAF): YRI—0.296; CEU—0.449; CHB—0.272; JPT—0.337 
(27)

−1154 G > A
rs1570360

Chinese 344/360 0.16/0.22 0.004 [13]

Brazilians 267/207 0.24/0.16 0.01 [28]

This study 50/50 0.09/0.08 0.80 –

1000 Genomes phase 3 (MAF): YRI—0.032; CEU—0.283; CHB—0.175; JPT—0.168 
(27)

−2578 C > A
rs699947

Chinese 344/360 0.19/0.26 0.002 [13]

Iranians 100/200 0.40/0.43 0.7 [24]

Brazilians 218/288 0.40/0.32 0.03 [27]

This study 50/50 0.14/0.10 0.39 -

1000 Genomes phase 3 (MAF): YRI—0.12; CEU—0.455; CHB—0.272; JPT—0.337 
(27)
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healthy controls, and these controls were selected based 
on findings from clinical assessment alone [29]. This is a 
limitation in their study as some women with mild endo-
metriosis who were apparently healthy might have been 
recruited inadvertently as controls, thereby increasing 
selection bias. As was done in our study, some earlier 
studies recruited women who did not have endometriosis 

at laparoscopy or laparotomy as controls [28, 30]. We 
observed a high incidence of peritoneal endometrio-
sis complicated by ascites, affecting one-third of Nige-
rian women with endometriosis who participated in 
this study. This is in support of earlier findings in which 
Black women were more likely to have ascites than the 
White women [9–12]. We also found the median serum 
VEGF level to be non-significantly higher in women with 
endometriosis with ascites (peritoneal endometriosis) 
compared to those without ascites. A significantly higher 
concentration of VEGF in peritoneal fluid of Iranian 
women with endometriosis compared to controls had 
earlier been reported [30]. The lack of statistical signifi-
cance in our study may be due to the small sample size 
which is a major limitation in drawing conclusions from 
our findings. An appropriately powered study will help 
clarify this association. The higher VEGF concentration 
in the peritoneal fluid could be an adaptive mechanism 
facilitating the development of ectopic endometrial tis-
sue in the peritoneum as macrophages in peritoneal 
fluid have been found to produce high amounts of VEGF 
[31]. This mechanism may explain why there is a higher 
serum level in those with ascites as against those with-
out ascites. It has also been reported that peritoneal fluid 
VEGF concentration in women with endometriosis cor-
related with the stage of disease [32]. We did not explore 
this association between peritoneal fluid VEGF concen-
tration and disease severity in our study due to paucity of 
patients with mild endometriosis.

Table 5  Distribution of the VEGF SNPs according to VEGF levels

Control Case

 + 936 C > T VEGF (pg/ml) VEGF (pg/ml)

CC 84.62 [71.26–113.91] 82.59 [68.38–121.58]

CT 80.96 [73.18–102.38] 82.76 [71.68–111.21]

p-value 0.873 0.875

−460T > C

TT 88.21 [71.51–116.16] 89.67 [68.94–118.39]

TC 80.79 [71.71–112.21] 77.97 [70.94–122.51]

CC 62.49 –

p-value 0.421 0.976

−1154 G > A

GG 84.62 [70.52–109.15] 86.19 [70.72–122.99]

GA 79.29 [76.27–122.82] 71.00 [62.98–102.35]

p-value 0.576 0.096

−2578 C > A

CC 83.67 [71.08–117.27] 82.68 [68.99–120.08]

CA 82.81 [75.35–109.09] 82.41 [71.73–123.96]

p-value 0.952 0.666

Table 6  Genotype frequencies of VEGF SNPs in endometriosis 
patients with and without ascites

Ascites OR (95% CI); p-value
No Yes

 + 936 C > T Genotypes

CC 29 (87.9) 16 (94.1) 0.45 (0.05–4.41)
p = 0.490

CT 4 (12.1) 1 (5.9)

−460T > C genotypes

TT 19 (57.6) 12 (70.6) 0.57 (0.16–1.98) p = 0.369

TC 14 (42.4) 5 (29.4)

−1154 G > A genotypes

GG 29 (87.9) 12 (70.6) 3.02 (0.69–13.23)
p = 0.136

GA 4 (12.1) 5(29.4)

−2578 C > A genotypes

CC 23 (69.7) 13 (76.5) 0.71(0.19–2.71)
p = 0.617

CA 10 (30.3) 4(23.5)

Table 7  Genotype frequencies of VEGF SNPs endometriosis 
patients according to the endometriosis type

Type of endometriosis OR (95% CI); 
p-value

Pelvic (N = 27) n (%) Extra-pelvic 
(N = 23) n (%)

 + 936 C > T

Genotypes

CC 24 (88.9) 21 (91.3) 0.76 (0.12–5.00)

CT 3 (11.1) 2 (8.7) p = 0.779

−460 T > C

Genotypes

TT 14 (51.9) 17 (73.9) 0.38 (0.12–1.26)

TC 13 (48.1) 6 (26.1) p = 0.109

−1154 G > A

Genotypes

GG 23 (85.2) 18 (78.3) 1.60 (0.37–6.83)

GA 4 (14.8) 5 (21.7) p = 0.525

−2578 C > A

Genotypes

CC 18 (66.7) 18 (78.3) 0.56 (0.16–1.99)

CA 9 (33.3) 5 (21.7) p = 0.363
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As in this study, an earlier study in Iran reported no 
significant difference in the allele distribution of 936 
C > T and 2578 C > A polymorphisms in 100 women with 
histologically confirmed endometriosis compared to 200 
controls [24]. It has also been reported that no significant 
difference exists in the frequency and genotype distribu-
tion of VEGF 460T > C polymorphisms in 147 Japanese 
women with surgically diagnosed endometriosis com-
pared to the 181 control group [25]. These studies were 
conducted in a non-African population and used a larger 
sample size compared to our study.

A meta-analysis found no association between 
460  T > C, 1154 G > A, and 2578 C > A polymorphisms 
and occurrence of endometriosis [33]. Contrary to our 
findings, the meta-analysis found VEGF gene 936C > T 
polymorphism to be associated with an increased risk 
of endometriosis. In another study, it was found that a 
similar association exists between VEGF gene 936C > T 
polymorphism and women with severe (stages III and 
IV) endometriosis, an association that was lost when 
the gene polymorphism was compared in the entire 
Japanese population of endometriosis patients stud-
ied [25, 33]. The similarity in the serum VEGF level 
and VEGF genes (936 C > T, 460  T > C, 1154 G > A, and 
2578 C > A) in pelvic and extrapelvic endometriosis sug-
gests that VEGF alone is not adequate in explaining the 
pathogenesis of extrapelvic endometriosis. It is difficult 
to explain why there is disparity in the findings of these 
studies, but the method of diagnosing endometriosis and 
the diverse genetic background of the studied popula-
tions may be contributory. It is worthy of note that the 
genotype and allele frequencies in our study population 
are very low (this is also confirmed by the 1000 genome 
reference) [34] compared to other populations and larger 
sample size may be necessary to detect any significant 
effect, hence, our findings cannot be generalised yet.

Of interest is the higher incidence of peritoneal endo-
metriosis in Nigerian women, which often is a cause of 
great concern to both patients and physicians due to fear 
of malignancy, and its association with a higher serum 
VEGF level in this study. Larger studies exploring VEGF 
and other relevant genes in Nigerian women, with and 
without peritoneal endometriosis, will be desirable.

Conclusion
Women with ascites complicating endometriosis had 
higher non-statistically significant serum VEGF concen-
tration, and we reported lower minor allele frequencies 
of VEGF SNPs compared to other populations, with no 
association between endometriosis and − 460T > C, − 115
4G > A, + 936C > T and + 2578C > A of VEGF gene among 
Nigerian women.

Acknowledgements
Our gratitude goes to the funding agencies for giving us the financial support 
to carry out this study. Sincere appreciations to Building Research and Innova-
tion in Nigeria’s Science (BRAINS) for her training in Research Methodologies 
and Grant writing and for being the portal through which this study was 
funded.

Conference Presentation
This manuscript was presented as an oral presentation at 54th Annual General 
Meeting and Scientific Conference of “Society of Gynaecology and Obstetrics 
of Nigeria” on 26 November 2020 at Festival Hotel, Lagos, Nigeria, and won the 
best abstract award.

Disclaimer
The research reported in this publication was supported by the Fogarty 
international Centre of the National Institutes of Health under Award Number 
D43TW010134. The content is solely the responsibility of the authors and does 
not necessarily represent the official views of the National Institute of Health.

Authors’ contributions
OAB—Involved in the conceptualisation of research idea, participants’ recruit-
ment, laboratory analysis, data analysis and preparation of manuscript for 
publication. OOO—Involved in the genetic analysis, data analysis and prepara-
tion of manuscript for publication. AAO—Involved in the conceptualisation of 
research idea, provided mentorship guidance during the conduct of research 
and review of manuscript for publication. MAS—Offered mentorship guid-
ance during the conduct of research and review of manuscript for publication. 
BBA—Involved in the conceptualisation of research idea, provided mentor-
ship guidance during the conduct of research and review of manuscript for 
publication. All authors gave approval for the publication of this manuscript.

Funding
This research was funded by National Institute of Health (NIH)/ Fogarty Grant 
(Award Number D43TW010134). Appreciations to the NIH and other co-
funding partners viz: Fogarty International Centre (FIC), NIH Common Fund, 
Office of Strategic Coordination, Office of the Director (OD/OSC/CF/NIH), 
Office of AIDS Research, Office of the Director (OAR/NIH), Office of Research 
on Women’s Health, Office of the Director (ORWH/NIH), National Institute 
on Minority Health and Health Disparities (NIMHD/NIH), National Institute of 
Neurological Disorders and Stroke (NINDS/NIH).

Availability of data and materials
The datasets generated and analysed during the current study are not publicly 
available but are available from the corresponding author on reasonable 
request.

Declarations

Ethical approval and consent to participate
Ethical approval (ADM/DCST/HREC/APP/2015) was obtained from Lagos 
University Teaching Hospital Health Research and Ethics Committee. Informed 
consent was signed by all participants for this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Obstetrics and Gynaecology, Faculty of Clinical Sciences, 
College of Medicine, University of Lagos/Lagos University Teaching Hospital, 
P.M.B. 12005, Idi‑Araba, Surulere, Lagos, Nigeria. 2 DNA Laboratory, Sickle Cell 
Foundation Nigeria, Idi‑Araba, Lagos, Nigeria. 3 School of Cancer and Phar-
maceutical Sciences, King’s College London, Strand, London WC2R 2LS, UK. 
4 Molecular Biology Unit, Department of Biochemistry, Faculty of Basic Medical 
Sciences, College of Medicine, University of Lagos, Lagos, Nigeria. 5 Depart-
ment of Obstetrics and Gynecology, Feinberg School of Medicine, Northwest-
ern University, 633 N St Clair, Suite 1800, Chicago, IL 60611, USA. 



Page 10 of 10Babah et al. Hum Genomics           (2021) 15:64 

Received: 24 June 2021   Accepted: 12 October 2021

References
	1.	 Zondervan KT, Becker CM, Missmer SA. Endometriosis. N Engl J Med. 

2020;382(13):1244–56.
	2.	 Parazzini F, Roncella E, Cipriani S, Trojano G, Barbera V, Herranz B, et al. The 

frequency of endometriosis in the general and selected populations: a 
systematic review. J Endometr Pelvic Pain Disord. 2020;12(3–4):176–89.

	3.	 Menakaya U. Managing endometriosis in Sub-Saharan Africa: emerging 
concepts and new techniques. Afr J Reprod Health. 2015;19:13–6.

	4.	 van der Linden PJ. Theories on the pathogenesis of endometriosis. Hum 
Reprod. 1996;11(Suppl 3):53–65.

	5.	 Li YZ, Wang LJ, Li X, Li SL, Wang JL, Wu ZH, et al. Vascular endothelial 
growth factor gene polymorphisms contribute to the risk of endometrio-
sis: an updated systematic review and meta-analysis of 14 case-control 
studies. Genet Mol Res. 2013;12(2):1035–44.

	6.	 Rahmioglu N, Montgomery GW, Zondervan KT. Genetics of endometrio-
sis. Womens Health (Lond). 2015;11(5):577–86.

	7.	 Painter JN, Anderson CA, Nyholt DR, Macgregor S, Lin J, Lee SH, et al. 
Genome-wide association study identifies a locus at 7p15.2 associated 
with endometriosis. Nat Genet. 2011;43(1):51–4.

	8.	 Shade GH, Lane M, Diamond MP. Endometriosis in the African American 
woman—racially, a different entity? Gynecol Surg. 2012;9(1):59–62.

	9.	 Packard LK, Adamson GD. Endometriosis presenting with massive 
ascites and pleural effusion: a case report. J Endomet Pelvic Pain Disord. 
2013;5(3):123–5.

	10.	 Vanem NTR. A rare presentation of endometriosis with massive haemor-
rhagic ascites: a case report. Gynecol Obstet Case Rep. 2017;3:1.

	11.	 Samora-Mata J, Feste JR. Endometriosis ascites: a case report. Jsls. 
1999;3(3):229–31.

	12.	 Gungor T, Kanat-Pektb M, Ozat M, Karaca MZ. A systematic review: endo-
metriosis presenting with ascites. Arch Gynecol Obstet. 2010;283:513–8.

	13.	 Liu Q, Li Y, Zhao J, Sun DL, Duan YN, Wang N, et al. Association of poly-
morphisms -1154G/A and -2578C/A in the vascular endothelial growth 
factor gene with decreased risk of endometriosis in Chinese women. 
Hum Reprod. 2009;24(10):2660–6.

	14.	 Perini JA, Cardoso JV, Berardo PT, Vianna-Jorge R, Nasciutti LE, Bellodi-
Privato M, et al. Role of vascular endothelial growth factor polymor-
phisms (-2578C>A, -460 T>C, -1154G>A, +405G>C and +936C>T) in 
endometriosis: a case-control study with Brazilians. BMC Womens Health. 
2014;14:117.

	15.	 Toktam M, Kioomars SN, Kourosh K, Adel S, Behrokh M-M, Mohhamad 
Mehdi A, et al. Association of vascular endothelial growth factor (VEGF) 
+405 g>c polymorphism with endometriosis in an Iranian population. J 
Reprod Infertil. 2010;11(1):33–7.

	16.	 Altinkaya SO, Ugur M, Ceylaner G, Ozat M, Gungor T, Ceylaner S. Vascular 
endothelial growth factor +405 C/G polymorphism is highly associated 
with an increased risk of endometriosis in Turkish women. Arch Gynecol 
Obstet. 2011;283(2):267–72.

	17.	 Jiang Y, Tang JY, Wu Y, Zhao TF. Vascular endothelial growth factor gene 
polymorphisms and the risk of endometriosis: a systematic review. Zhon-
ghua Fu Chan Ke Za Zhi. 2012;47(3):179–84.

	18.	 Sarhangi N, Mohseni S, Aminimoghaddam S, Hossein Rashidi B, Haghol-
lahi F, Qorbani M, et al. The association analysis of vascular endothelial 
growth factor -2549 insertion/ deletion variant and endometriosis risk. Int 
J Mol Cell Med. 2019;8(Suppl1):63–8.

	19.	 Acimovic M, Vidakovic S, Milic N, Jeremic K, Markovic M, Milosevic-Djeric 
A, et al. Survivin and VEGF as novel biomarkers in diagnosis of endome-
triosis. J Med Biochem. 2016;35(1):63–8.

	20.	 Danastas K, Miller EJ, Hey-Cunningham AJ, Murphy CR, Lindsay LA. 
Expression of vascular endothelial growth factor A isoforms is dysregu-
lated in women with endometriosis. Reprod Fertil Dev. 2018;30(4):651–7.

	21.	 Revised American Society for Reproductive Medicine classification of 
endometriosis: 1996. Fertil Steril. 1997;67(5):817–21.

	22.	 Gupta D, Gupta V, Singh V, Prakash S, Agrawal S, Chawla S, et al. Vascular 
endothelial growth factor gene polymorphisms and association with 
age related macular degeneration in Indian patients. Meta Gene. 
2016;9:249–53.

	23.	 Rezaei M, Hashemi M, Sanaei S, Mashhadi MA, Taheri M. Association 
between vascular endothelial growth factor gene polymorphisms 
with breast cancer risk in an Iranian population. Breast Cancer (Auckl). 
2016;10:85–91.

	24.	 Rashidi BH, Sarhangi N, Aminimoghaddam S, Haghollahi F, Naji T, Amoli 
MM, et al. Association of vascular endothelial growth factor (VEGF) Gene 
polymorphisms and expression with the risk of endometriosis: a case-
control study. Mol Biol Rep. 2019;46(3):3445–50.

	25.	 Ikuhashi Y, Yoshida S, Kennedy S, Zondervan K, Takemura N, Deguchi M, 
et al. Vascular endothelial growth factor +936 C/T polymorphism is asso-
ciated with an increased risk of endometriosis in a Japanese population. 
Acta Obstet Gynecol Scand. 2007;86(11):1352–8.

	26.	 Henidi B, Kaabachi W, Naouali A, Kaabachi S, Zhioua A, Haj Sassi F, et al. 
Vascular endothelial growth factor (-460 C/T, +405 G/C, and +936 C/T) 
polymorphisms and endometriosis risk in Tunisian population. Syst Biol 
Reprod Med. 2015;61(4):238–44.

	27.	 Cardoso JV, Abrão MS, Vianna-Jorge R, Ferrari R, Berardo PT, Machado 
DE, et al. Combined effect of vascular endothelial growth factor and its 
receptor polymorphisms in endometriosis: a case-control study. Eur J 
Obstet Gynecol Reprod Biol. 2017;209:25–33.

	28.	 Vodolazkaia A, Yesilyurt BT, Kyama CM, Bokor A, Schols D, Huskens D, et al. 
Vascular endothelial growth factor pathway in endometriosis: genetic 
variants and plasma biomarkers. Fertil Steril. 2016;105(4):988–96.

	29.	 Malutan A, Drugan T, Georgescu C, Ciortea R, Bucuri C, Bobric A, et al. 
Vascular endothelial growth factor serum levels in women with advanced 
endometriosis. Acta Endocrinol (Buchar). 2016;12(1):7–13.

	30.	 Kianpour M, Nematbakhsh M, Ahmadi SM, Jafarzadeh M, Hajjarian M, 
Pezeshki Z, et al. Serum and peritoneal fluid levels of vascular endothe-
lial growth factor in women with endometriosis. Int J Fertil Steril. 
2013;7(2):96–9.

	31.	 McLaren J, Prentice A, Charnock-Jones DS, Millican SA, Müller KH, Sharkey 
AM, et al. Vascular endothelial growth factor is produced by peritoneal 
fluid macrophages in endometriosis and is regulated by ovarian steroids. 
J Clin Invest. 1996;98(2):482–9.

	32.	 Rocha AL, Reis FM, Taylor RN. Angiogenesis and endometriosis. Obstet 
Gynecol Int. 2013;2013:859619.

	33.	 Liang S, Huang Y, Fan Y. Vascular endothelial growth factor gene poly-
morphisms and endometriosis risk: a meta-analysis. Arch Gynecol Obstet. 
2012;286(1):139–46.

	34.	 1000 Genomes Project Consortium, Auton A, Brooks LD, Durbin RM, Gar-
rison EP, Kang HM, et al. A global reference for human genetic variation. 
Nature. 2015;526(7571):68–74.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Genetic polymorphisms of Vascular Endothelial Growth Factor (VEGF) associated with endometriosis in Nigerian women
	Abstract 
	Objective: 
	Study design: 
	Results: 
	Conclusion: 

	Background
	Methodology
	Study design and setting
	Study population
	Sample size and sampling technique
	Data collection
	Collection of specimens and handling
	Laboratory analysis for serum VEGF concentration
	DNA extraction
	Genetic analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


