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Abstract 

Background: Abnormal uterine bleeding (AUB) is irregular menstrual bleeding which has great impact on female 
health and life style. Various genetic factors are involved in etiology and pathology of AUB. Present study was 
designed to explore the association of PTGFR, MMP9, MMP2, TGFB3 and VEGFB with AUB.

Methods: Blood samples of 212 females with AUB were collected along with age-matched healthy control. Expres-
sion variation of targeted genes was evaluated using qPCR. Present study cohort was divided into different groups 
based on demographic parameters and all targeted genes were correlated with study demographics.

Results: Expression of targeted genes was significantly (P < 0.001) downregulated in females with AUB compared to 
control. Reduced (P < 0.01) expression of targeted genes was observed in all age groups (21–30, 31–40, 41–50 year) of 
AUB patients compared to respective control. Expression of VEGFB increased (P < 0.05) in AUB females with > 9 days 
bleeding compared to AUB patient had < 9 days bleeding. AUB women with miscarriage history showed upregulation 
in MMP2, TGFB3 (P < 0.05), and downregulation in MMP9 and VEGFB (P < 0.05) expression compared to AUB group 
with no miscarriage history. Expression of MMP2 increased (P < 0.05) in AUB females with > 60 kg body weigh com-
pared to AUB patient with < 60 kg weight.

Conclusion: Present study open a new window for diagnosis of AUB at early stages and suggested a possible 
involvement of PTGFR, MMP9, MMP2, TGFB3 and VEGFB as candidate biomarkers in AUB.
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Introduction
Normal menstrual cycle defines the time between first 
bleeding day from one cycle to the initiation of next cycle 
[10]. Abnormal uterine bleeding (AUB) defines irregu-
lar menstrual bleeding in which frequency, duration, or 
amount of blood from uterine corpus is excessive [16] 

or would be more than 7 days of period [56]. During cli-
macteric phase, deregulation was observed in ovarian 
activity and in maturation of follicles which ultimately 
lead to AUB [53]. AUB is the most common clinical 
entity [54, 70], with global prevalence between 10 and 
30% [39], in developing countries 8–27% and in Paki-
stan it is 11% [5]. Almost 70% gynecological problems in 
peri and post menopausal women are because of AUB. 
Limited data and use of various confused terminolo-
gies for the description of AUB has caused hindrance in 
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interpretation of basic clinical research [74]. International 
Federation of Gynaecology and Obstetrics (FIGO) define 
AUB using PALM-COEIN classification in which PALM 
(Polyp, Adenomyosis, Leiomyoma, Malignant lesion) 
describes structural causes and COEIN (Coagulopathy, 
Ovulatory dysfunction, Endometrial dysfunction, Iatro-
genic, Not yet classified) describes non-structural causes 
[54]. In addition, endocrine disorders like hypothyroid-
ism, hyperprolactinemia and polycystic ovary syndrome 
are also considered as possible causes of AUB [49, 57].

A broad range of genetic factors are identified in eti-
ology of AUB which regulate the process of menstrua-
tion and maintain the levels of different reproductive 
hormones and DNA mismatch repair alterations either 
directly or indirectly to sustain the endometrial integ-
rity [77]. Prostaglandin F2 alpha  (PGF2α) is a bioactive 
form of prostaglandins [62, 67] involved in luteolysis 
and restrict the production of progesterone responsible 
for vasodilation and vasoconstriction of endometrium 
[27].  PGF2α is an active vasoconstrictor acted on smooth 
muscles lining in uterus, induce contraction of smooth 
muscles, reduces blood vessel caliber, provoke inflamma-
tory response and pain [8, 64]. It is involved in regulation 
of cyclic changes of menstrual cycle. Clinically  PGF2α is 
abortifacient to induce labor or to terminate pregnancy, 
including missed or partial abortion [73].

Matrix metalloproteinases (MMPs), a family of extra-
cellular matrix, all together these enzymes can break 
down the machinery of extracellular matrix, implicated 
in tissue remodeling [48]. Ability of MMPs to decompose 
extracellular matrix at natural pH makes them essential 
for endometrial shedding and regeneration during nor-
mal menstrual cycle [26]. Among MMP enzymes, almost 
more than 20 proteolytic enzymes could govern extra-
cellular matrix breakdown in endometrium [7] and play 
their role in endometrial cell implantation [46]. Expres-
sion of many MMPs have been associated with different 
pathological states [75], like in tumor invasion and endo-
metriotic tissues in endometriosis [11]. Numerous MMPs 
are expressed in uterine tissues during regular cycle. 
MMP-2 is detectable during all phases of menstrual 
cycle, expressed in glandular epithelial cells of endo-
metrium both in proliferative or secretory phase [30]. 
Various tissue inhibitors of metalloproteinases (TIMP) 
are important regulators of MMP activity [15], like the 
activity of MMP-2 and MMP-9 is regulated by TIMP-1 
[29]. Therefore, altered equilibrium between MMPs and 
TIMPs expression would affect the normal conduct of 
cell differentiation, growth resulted into aberrant ECM 
degradation [45, 69]. Additionally, MMPs has associated 
with other cell functions like release of growth factors 
controlling tissue restoration processes, and angiogenesis 
[32].

Process of angiogenesis is quite intense and pivotal for 
regeneration of damaged tissues, cyclic changes in ova-
ries, sewage clots, endometrial proliferation, embryonic 
and postnatal tissue growth [24, 73]. Vascular endothe-
lial growth factor (VEGF) is a cytokine which regulate 
angiogenesis, increases vascular permeability and trig-
ger the growth of endothelial cells [60]. It also bring out 
changes in extracellular matrix after binding specifically 
with endothelial cells [6]. In endometrium VEGFB func-
tions as growth factor and differentiation factor in angi-
ogenic process, promote endothelial cell proliferation 
and lesions of endometrium [43]. During menstruation, 
higher levels of various VEGF isoforms were observed in 
peritoneal fluid of females diagnosed with endometrio-
sis [21]. TGFB family comprises a number of structurally 
and functionally similar secreted cytokines. TGFB3 plays 
its role in angiogenesis, cellular survival, differentiation, 
apoptosis and embryonic development, and it regulates 
the factors necessary for cell adhesion, matrix forma-
tion and important to avoid endometrial breakdown [20, 
76]. TGFB signaling is required to regulate many repro-
ductive processes in females like follicular growth and 
development, oocyte competence, ovulation, implanta-
tion, decidualization, uterine and embryonic develop-
ment and pregnancy. Involvement of TGFB family in cell 
growth  [65], cell motality, apoptosis, immune response 
and differentiation has been beneficial for the coordina-
tion of endometrial healing during menstruation [72].

Pakistan is a developing country and females are not 
much aware about the fact that how reproductive prob-
lems greatly affect not only their health but also quality 
of life and may contribute to family life issues as well [37]. 
Limited data has been reported so far to describe the 
genetic association of different genes in AUB pathology. 
Main objective of present study was to investigate the 
expression variation of MMP9, MMP2, PTGFR, VEGFB 
and TGFB3 in females with AUB disorder and compari-
son with healthy control females. In addition, to find the 
association between expression of targeted genes and 
different demographic parameters like age, marital sta-
tus, body weight, miscarriage history and frequency of 
bleeding. Early and timely diagnosis of AUB is important 
for the betterment of women’s reproductive life, which 
ultimately improve their body health and generate great 
impact on quality of life.

Materials and methods
Study design
Present study was designed to investigate the associa-
tion of different genes including PTGFR, MMP9, MMP2, 
VEGFB, TGFB3 with progress of abnormal uterine bleed-
ing. Expression variation of targeted genes was estimated 
in AUB females and comparison with healthy control 
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subjects. In addition, mRNA expression was correlated 
with different demographic parameters of current study 
including age, marital status, miscarriage history, body 
weight. Samples were collected with prior permission 
to each participant. Family history, medical history, 
routine life history, bleeding pattern, bleeding days and 
body weight was taken from each participant by a uni-
form questionnaire filled by them. Two main group were 
designed AUB patient group and healthy control group.

Inclusion/exclusion criteria
Inclusion criteria were as follows: Females were included 
in AUB group who had complaint of abnormal and 
irregular uterine bleeding. Females had regular and nor-
mal menstrual cycle with no complaints related to men-
struation were included in healthy control group. All 
participating females were between 21 and 50  years of 
age. Females diagnosed with any specific uterine disor-
der were excluded from the study. Women with < 21 year 
and > 50 year of age were excluded from the study.

Ethical approval
Ethical approval was granted by Ethical Review Commit-
tee of COMSATS University Islamabad. Current study 
was performed according to principles of the Declaration 
of Helsinki.

Sample collection
Blood samples of 212 females with AUB complaints were 
collected from different hospitals along with age matched 
control females with normal and regular menstrual cycle 
per month. Sample size of study was estimated by Sam-
ple Size Calculator (calculator.net) with 95% confidence 
interval and 5% margin of error. AUB females were 
divided into different sub-groups based on various demo-
graphic parameters like age, marital status, miscarriage 
history, bleeding duration and body weight.

Expression analysis
RNA was extracted from whole blood of AUB and con-
trol subjects using Trizol reagent method [3]. Extracted 
RNA was quantified on Nanodrop spectrophotometer 
(ND-100, USA). PCR product was specified on 2% aga-
rose gel by gel electrophoresis. β-actin was used as inter-
nal control. Primers of β-actin, PTGFR, MMP9, MMP2, 
VEGFB, TGFB3 and ACTB (housekeeping gene) were 
designed through IDT (Integrated DNA Technology). 
Coding sequences of mentioned genes were obtained 
from ensemble genome browser. The primer sequence of 
targeted genes was given in Table 1. Based on annealing 
temperature the reaction conditions were optimized for 
amplification of targeted genes. We used Quantitative 
Real Time PCR System (Applied Biosystem) to perform 

qPCR reaction. The comparative mRNA expression of 
PTGFR, MMP9, MMP2, VEGFB, TGFB3 and β-actin was 
estimated using  2−delta delta CT analysis method. First we 
normalize the CT value of AUB patients and control with 
CT value of housekeeping gene (beta-actin) and than cal-
culated the relative expression of above mentioned genes 
using the  2−delta delta CT method.

Statistical analysis
Statistical analysis was performed between control and 
AUB patient group using One-Way ANOVA, multi-
ple comparison Tukey’s test, student’s t-test,  X2 test and 
Spearman correlation analysis. Furthermore, compari-
son was made between different subgroups based on 
age, marital status, bleeding frequency, miscarriage his-
tory and body weight using Tukey’s test, student t-test 
and  X2 test. Correlation between the expression varia-
tion of targeted genes including PTGFR, MMP9, MMP2, 
VEGFB and TGFB3 were analyzed using Spearman cor-
relation analysis. One sample t-test was used to calculate 
the P-value of demographic parameter between AUB and 
control group. Data of both the groups was analyzed by 
GraphPad Prism8.0 version.

Results
In present study cohort, 212 females with abnormal uter-
ine bleeding (AUB) along with age matched controls were 
collected. The demographic details of AUB and control 
group is given in Table 2.

Relative expression of targeted genes
Quantitative PCR was used to estimate the relative 
expression of our targeted genes in AUB females along 
with healthy control females. Relative expression of 

Table 1 Primer sequence of PTGFR, MMP9, MMP2, VEGFB, TGFB3 
and ACTB gene

Gene Primer Sequence Product 
size (bp)

PTGFR Forward 5′GAG AGG CAT GGA GAA GAA ACTC3′ 105

PTGFR Reverse 5′AGG GTG ACA TCA TGG CAA TAC3′ 105

MMP9 Forward 5′CTG GAG ACC TGA GAA CCA ATC3′ 102

MMP9 Reverse 5′ATT TCG ACT CTC CAC GCA TC3′ 102

MMP2 Forward 5′TGA TGG TGT CTG CTG GAA AG3′ 89

MMP2 Reverse 5′CTA CAG GAC AGA GGG ACT AGAG3′ 89

VEGFB Forward 5′GTG CTG TGA AGC CAG ACA 3′ 119

VEGFB Reverse 5′TGG AGT GGG ATG GGT GAT 3′ 119

TGFB3 Forward 5′CAA TGT GTC CTC AGT GGA GAA3′ 99

TGFB3 Reverse 5′CTC TGC TCA TTC CGC TTA GAG3′ 99

ACTB Forward 5′TTC TCT GAC CTG AGT CTC CTT3′ 116

ACTB Reverse 5′ACA CCC ACA ACA CTG TCT TAG3′ 116



Page 4 of 11Akram et al. BMC Women’s Health          (2022) 22:543 

PTGFR (0.08 ± 0.005), MMP9 (0.28 ± 0.02), MMP2 
(0.11 ± 0.01), VEGFB (0.15 ± 0.01) and TGFB3 
(0.13 ± 0.08) (P < 0.001) reduced significantly in 
AUB females compared to healthy control females 
(1.00 ± 0.05, 1.00 ± 0.11, 1.00 ± 0.09, 1.00 ± 0.08, 
1.00 ± 0.11) respectively (Fig. 1A).

Age
Present study cohort of AUB and control females was 
divided into different groups based on age as 21–30 years, 
31–40  years and 41–50  years. Expression variation was 
evaluated in targeted genes and comparison was made 
with respective controls.

Relative expression of PTGFR (0.07 ± 0.008), MMP9 
(0.28 ± 0.03), MMP2 (0.12 ± 0.03), VEGFB (0.15 ± 0.02) 
and TGFB3 (0.15 ± 0.01) significantly (P < 0.001) down-
regulated in 21–30  years old AUB females compared to 
respective group (1.05 ± 0.11, 1.09 ± 0.06, 1.17 ± 0.05, 
1.24 ± 0.16, 0.88 ± 0.18) of healthy control females 
(Fig. 1B). Likewise, expression of targeted genes (PTGFR 
0.08 ± 0.008; MMP9 0.31 ± 0.05; MMP2 0.10 ± 0.01; 
TGFB3 0.12 ± 0.02; VEGFB 0.14 ± 0.01) reduced sig-
nificantly (P < 0.001) in AUB females of 31–40 years age 
group compared to respective (1.10 ± 0.05, 1.28 ± 0.15, 
1.13 ± 0.03, 0.98 ± 0.02, 1.03 ± 0.03) control group 
(Fig.  1C). Relative expression of PTGFR (0.07 ± 0.01), 
MMP2 (0.12 ± 0.02), VEGFB (0.15 ± 0.02) and TGFB3 
(0.20 ± 0.02) reduced significantly (P < 0.001) in AUB 
females of 41–50  year age group compared to control 
females (0.87 ± 0.08, 0.70 ± 0.23, 0.67 ± 0.20, 1.00 ± 0.04) 
of same age respectively (Fig. 1D).

Table 2 Demographic details of AUB patients and control group 
of present study cohort

Value of P < 0.05 taken as level of significant. One sample t-test was used 
toanalyze the data

Parameters AUB group Control group P-Value

Sample size 212 212

Married 145 (68%) 132 (62%) 0.0299

Unmarried 67 (33%) 80 (40%) 0.0562

21–30 years 68 (34%) 70 (33%) 0.0092

31–40 years 88 (44%) 90 (42%) 0.0072

41–50 years 56 (26%) 52 (24%) 0.0236

With Miscarriages 75 45 0.1560

Without Miscarriages 70 87 0.0687

Fig. 1 Relative expression of (n = 212/group) PTGFR, MMP9, MMP2, VEGFB and TGFB3 in A control and AUB females; B 21–30 year age group; C 
31–40 year age group; D 41–50 year age group. Values are expressed as Mean ± SEM. Data was analyzed using one-way ANOVA and P value was 
calculated using student’s t-test. ***P < 0.001
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Marital status
Study cohort of AUB patients was divided into two 
groups based on their marital status as married AUB 
and unmarried AUB female group. Relative expression 
of MMP9 (0.32 ± 0.03) and VEGFB (0.18 ± 0.01) was sig-
nificantly (P < 0.05) upregulated in AUB married group 
compared to AUB unmarried (0.21 ± 0.02, 0.11 ± 0.01) 
females. While expression of PTGFR (0.07 ± 0.005), 
MMP2 (0.11 ± 0.01) and TGFB3 (0.13 ± 0.01) showed 
non-significant difference between married and unmar-
ried (0.08 ± 0.01, 0.09 ± 0.04, 0.17 ± 0.03) AUB females 
respectively (Fig. 2A).

Duration of bleeding
AUB group of study cohort was divided into two sub-
groups based on duration of bleeding. One group com-
prised females bleed for < 9 days and the other group of 
females bleed for > 9 days. Relative expression of VEGFB 
(0.18 ± 0.01) gene significantly (P < 0.05) upregulated 
in AUB group with > 9  days of bleeding compared to 
AUB females with < 9  days (0.12 ± 0.01) of bleeding. 
Similar pattern was observed in expression of PTGFR 
(0.06 ± 0.01, 0.08 ± 0.006) and MMP2 (0.08 ± 0.02, 
0.13 ± 0.02) gene in AUB group with > 9 days of bleeding 

although the difference was statistically non-significant 
(Fig. 2B).

Miscarriage history
AUB females were divided into two groups based on 
their miscarriage history as females with history of mis-
carriage, and AUB females with history of no miscar-
riage. Relative expression of MMP2 (0.15 ± 0.01) and 
TGFB3 (0.79 ± 0.02) increased significantly (P < 0.01) in 
AUB females with miscarriage history compared to AUB 
females with no miscarriage (0.07 ± 0.01, 0.11 ± 0.01) 
history respectively. In contrast, expression of MMP9 
(0.21 ± 0.03) and VEGF (0.10 ± 0.02) decreased sig-
nificantly (P < 0.05) in AUB females with miscar-
riage compared to AUB females with no (0.39 ± 0.06, 
0.19 ± 0.01) miscarriage history. No significant differ-
ence was observed in expression of PTGFR (0.08 ± 0.008, 
0.07 ± 0.01) between two groups (Fig. 2C).

Body weight
Present study cohort of AUB females were divided 
into two group based on their body weight as females 
with ≤ 60 kg body weight and > 60 kg body weight. Rela-
tive expression of MMP2 (0.16 ± 0.04) gene was signifi-
cantly (P < 0.05) upregulated in AUB females with > 60 kg 

Fig. 2 Relative expression of (n = 212/group) PTGFR, MMP9, MMP2, VEGFB and TGFB3 in AUB patients with A marital status; B bleeding duration; 
C miscarriage history; D body weight. Values are expressed as Mean ± SEM. Data was analyzed using one-way ANOVA and P value was calculated 
using student’s t-test.*P < 0.05
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body weight compared to females with < 60  kg 
(0.08 ± 0.01) body weight. However other targeted genes 
(PTGFR 0.06 ± 0.006, 0.08 ± 0.007; MMP9 0.33 ± 0.06, 
0.26 ± 0.03; TGFB3 0.13 ± 0.02, 0.13 ± 0.01; VEGFB 
0.17 ± 0.02, 0.16 ± 0.01) showed non-significant expres-
sion variation between two groups of AUB females 
(Fig. 2D).

Correlation between targeted genes
Spearman’s correlation analysis was done to find the 
association between five focused genes of present study. 
Expression variation of five genes including PTGFR, 
MMP9, MMP2, VEGFB and TGFB3 were compared 
to one another and we observed a positive correlation 
between all genes (Fig.  3). Significant positive correla-
tion was found between MMP2 vs MMP9 (r = 0.272; 
P = 0.0001; (Fig.  3A), MMP2 vs TGFB3 (r = 0.164; 
P = 0.0171; (Fig.  3B), MMP2 vs VEGFB (r = 0.358, 
P = 0.0001; (Fig.  3D), MMP9 vs PTGFR (r = 0.260, 
P = 0.0001; (Fig.  3E), TGFB3 vs VEGF (r = 0.188; 
P = 0.0059; (Fig.  3J). Whereas, positive but statistically 
non-significant correlation was observed between MMP2 
vs PTGFR (r = 0.101; P = 0.1416; (Fig.  3C), MMP9 vs 
TGFB3 (r = 0.109; P = 0.1131; (Fig. 3F), MMP9 vs VEGFB 
(r = 0.0784; P = 0.2558; (Fig.  3G), PTGFR vs TGFB3 
(r = 0.115; P = 0.0959; (Fig.  3H), PTGFR vs VEGFB 
(r = 0.0922; P = 0.1811; (Fig. 3I).

Discussion
Women health issues are being ignored in our society 
especially in developing countries. Reproductive health 
in particular has not been addressed properly. Generally, 
females of developing countries do not understand the 
negative impact of poor reproductive/menstrual health 
on all aspects of their life including life quality, emotions, 
mental and body health and even their relationships 
(Varsha et al. 2022). Menstrual health has been hindered 
due to lack of understanding about the underlying mech-
anism of uterine physiology and menstrual cycle [18, 
19], although one in four women is suffering from heavy 
uterine bleeding (Hilary et al. 2020). Not all women men-
struate in normal/regular fashion and the prevalence 
of menstrual disorder become increase in latter part 
of twentieth century [54] Therefore, abnormal uterine 
bleeding (AUB) is one of the common female gynecologi-
cal disorder, unfortunately taken as normal routine life 
change in women’s reproductive health. Present study 
was designed to evaluate the possible involvement of 
five different genes (PTGFR, MMP9, MMP2, VEGFB, 
TGFB3) in prognosis of abnormal uterine bleeding and 
their association with different demographic parameters.

Matrix metalloproteinases (MMPs) are proteolytic 
enzymes excreted by different pro-inflammatory cells, 

involved in degradation of extracelluar matrix (ECM) 
and play an important role in menstruation [11]. MMPs 
balance plays a critical role in physiological process and 
pathological conditions such as tissue repair, angio-
genesis, trophoblast invasion, wound healing, tumor 
growth and menstruation [33, 34, 46]. In present study 
we observed significant downregulation in MMP9 and 
MMP2 mRNA expression in blood samples of females 
suffering with AUB compared to women with normal 
menstrual cycle and had a regular bleeding pattern. 
Expression of MMP9 was lower in thin endometrium 
with < 7  mm thickness compared to endomterium 
with > 7 mm thickness (Li et al. 2022). MMP9 and MMP2 
have been localized in endometrial tissue and their high 
expression was detected during menstrual phase com-
pared to other phases of cycle [46]. There is an associa-
tion between low plasma levels of MMP9 and decreased 
levels of endothelial inhibitor angiostatin in terms of 
increased tumor growth and vascularization [58]. Dif-
ferent researchers observed the association of MMP9 
secretion with menstruation, endometrium remodeling 
and ovulation [14, 22, 35]. In present study expression 
of MMP9 and MMP2 remained significantly low in AUB 
females of different age groups compared to respec-
tive control females. Whereas, increase expression of 
MMP9 and MMP2 gene was observed in AUB females 
with > 60  kg body weight compared to AUB females 
with < 60  kg body weight. Menstrual disorder are more 
common in overweight women compared to females with 
normal body mass index (BMI) [61]. Significant increase 
in serum levels of MMP9 was reported in obese females 
compared to women of normal BMI [28]. Obese female 
have high levels of free testosterone which is not con-
verted to estradiol through aromatase enzymes [61], may 
act as one possible factor to deregulate MMPs expres-
sion. In contrast, females with low BMI also complaint 
menstrual disturbance might be due to altered leptin 
signaling [71]. Altogether, these results would suggest the 
possible influence of body mass on expression of MMPs 
in women with abnormal uterine bleeding and open 
a new window in context with association of BMI with 
abnormal uterine bleeding. Present study showed upreg-
ulation of MMP9 in married AUB females compared to 
unmarried AUB females. In late secretory phase there 
is withdrawal in progesterone levels which is an anti-
inflammatory hormone, therefore the increase in pro-
duction of chemokines, cytokines and MMPs is evident 
[25]. Inhibited MMPs activity in response to increased 
levels of progesteron would maintain secretory endome-
trium. The case is revert after the withdrawal of proges-
terone levels and afterward a threshold will come when 
endometrium is no more receptive to anti-inflammatory 
activities of progesterone [9, 47]. Any deregulation/
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disruption in this pathway would lead to AUB [54]. Possi-
bly, in married AUB females the progesterone imbalance 
may activate the abnormal behavior of MMPs resulted in 
heavy uterine bleeding. Married womens have high levels 
of steroid hormone compared to unmarried females [12]. 
Unfortunately, in present study we have not estimated 
the levels of hormones. For future research, it would be 
suggested to up look the serum levels of reproductive 
hormones and their stimulators as well.

Reproductive organs are unique in nature particularly 
human endometrium which gone through number of 
repetitive cyclic changes of cell proliferation, differen-
tiation, remodeling and repair after every 28 days. These 
changes have been regulated by interaction of differ-
ent hormones, cytokines and angiogenic growth factors 
[59]. Endometrium as enriched source of angiogenic fac-
tors, showing expression variations throughout the men-
strual cycle [41]. Transforming growth factor (TGFB) 
family strongly influence the fertility and reproductive 
functions of different organisms [52]. In present study, 
expression of TGFB3 was decreasedsignificantly in AUB 
patients compared to respective control females. Moreo-
ver, females of different age groups had shown reduced 
levels of TGFB3 compared to healthy female group. 
Reported data has suggested the possible association of 
aberrant vascular maturity to heavy menstrual bleed-
ing (HMB) and recurrent pregnancy loss [44]. Reduced 
expression of TGFβ1 was observed in women with heavy 
menstrual bleeding [50]. TGFB playing its role in tumor 
progression by stimulating tumor growth and metabo-
lism and is one of the key element involved in pathology 
of uterine fibroid [17]. Low expression and down signal-
ing of TGFB1 was observed in endometrium of female 
diagnosed with heavy menstrual bleeding [44]. TGFB 
involved in vascular growth directly by interacting with 
extra cellular matrix (ECM). Dysregulation of any fac-
tor in ECM may alter the expression of TGFB, probably 
leading to failure in mature angiogenesis hence inducing 
extensive bleeding and menstrual shedding. This would 
support the results of current study where we observed 
decreased expression of MMP9, MMP2 along with 
downregulation of TGFB.

Expression variation of VEGF and reproductive anom-
alies like recurrent miscarriage and implantation failure 
are correlated with each other [31, 38]. Moreover, VEGF 
is involved in tumor growth and metastasis [6]. We 

observed reduced expression of VEGFB in AUB females 
compared to healthy females. Similar pattern of down-
regulation was noticed in different age groups of AUB 
females compared to control females of respective age. 
Risk of AUB increases with age [1]. Interestingly, VEGFB 
levels were higher in married AUB females compared to 
unmarried AUB females. VEGF expressed in theca cells 
and granulosa cells of follicles in ovarian tissue [2]. These 
cells release reproductive hormone (estrogen, andro-
gen, progesterone) under the stimulation of FSH and 
LH from pituitary gland. Possibly altered levels of any 
one of these hormones may variate the VEGF expres-
sion in married females compared to unmarried females. 
As levels of estradiol and progesterone are higher in 
married females compared to unmarried women [12]. 
Likewise, same increase was observed in AUB females 
experienced > 9  days of bleeding compared to AUB 
females with < 9  days of bleeding. Angiogenic factor 
like VEGF play their role for normal function of female 
reproductive system [63]. Sufficient levels of VEGF are 
required to accomplish successful implantation/preg-
nancy [41]. Expression variation in VEGF and repro-
ductive failure like recurrent miscarriages are correlated 
to one another [31]. Likewise, in present study VEGFB 
expression was lower in AUB females with previous his-
tory of miscarriages compared to AUB females with no 
history of miscarriages. VEGF expression variation was 
observed in females with recurrent miscarriages [4]. (To 
date efforts have made to clarify the exact role of VEGF 
in reproduction and implantation but unfortunately, lim-
ited data availability restrict the researchers to interpret 
the exact role of VEGF in AUB disorder although, VEGF 
is documented as angiogenic factor playing its role in dif-
ferent pathological conditions [31]. During menstruation, 
endometrium is like wounded mucosa need rapid repair 
onmonthly basis (Hilary et al. 2020). Any small increase 
in vessel diameter would greatly reduce the resistance to 
blood flow [18, 19] and increase the blood flow in ves-
sels. Possibly altered levels of VEGFB may restrict angio-
genesis, enhance uterine bleeding in AUB women, and 
suppress immune response of body, which facilitate the 
inflammation in AUB females.

Prostaglandins are well known for their importance in 
female reproduction [68] including implantation, ovula-
tion and uterine maintenance [36, 40]. In uterine tissue 
prostaglandins work through different receptors and its 

Fig. 3 Spearman’s correlation of mRNA expression of targeted genes PTGFR, MMP9, MMP2, VEGFB and TGFB (n = 212/group) with one another. Rho 
= Spearman’s coefficient; level of significance = P < 0.05; A = MMP2 versus MMP9; B = MMP2 versus TGFB; C = MMP2 versus PTGFR; D = MMP2 
versus VEGF; E = MMP9 versus PTGFR; F = MMP9 versus TGFB; G = MMP9 versus VEGF; H = PTGFR versus TGFB; I = PTGFR versus VEGF; J = TGFB 
versus VEGF

(See figure on next page.)
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function depends on expression of receptors [13].  PGF2α, 
is regulated by PTGFR receptor and this binding regu-
late the uterine contraction, promote luteolysis and help 
in parturition [23]. In our study PTGFR expression was 
downregulated in AUB females compared to healthy 
females with normal menstrual cycle. The decreased 
pattern was continue in females of all age groups. Dur-
ing menstruation,  PGF2α acted as local vasoconstrictor 
in endometrium of uterus. Withdrawal of progesterone 
may decrease the expression of vasoconstriction fac-
tor like  PGF2α and PTGFR along with decreased lev-
els of endothelin 1 (potent vasoconstrictor) play their 
role in AUB disorder [51]. Knock out of FP receptors in 
females mice results in loss of parturition [55]. Similarly, 
FP receptor gene was downregulated in myometrium 
and endometrium of bitches affected with pyometra [66]. 
Downregulation of PTGFR may reduce the vasoconstric-
tion ability of arteriole in endometrium, lead to increase 
blood loss resulted into abnormal uterine bleeding or 
it may increase the bleeding duration as well. Reduced 
muscle cell proliferative activity reported in spiral arteri-
ole of women with heavy bleeding compared to females 
with normal bleeding [51].

Present study provide a baseline mechanism for 
upcoming research to explore the association of MMP2, 
MMP9, VEGFB, PTGFR and TGFB3 in pathogenesis of 
abnormal uterine bleeding. Matrix metalloproteinases 
may initiate damage to myometrium. VEGF involved in 
menstruation and endometrial repair, and angiogenesis 
is integral part to repair process during menstruation. 
VEGF would promote increase bleeding in AUB females. 
TGF monitor formation of extracellular matrix (ECM), 
vascular growth and cell adhesion. MMPs deregula-
tion alter the expression of TGFB that would affect cel-
lular adhesion and may degrade cellular matrix, which 
ultimately initiate abnormal bleeding from uterine cor-
pus. In addition to genetic factors, age, marital status, 
miscarriages and body weight have all play their role in 
AUB progression. Age, reduces the contractile ability of 
smooth muscle cells in uterine lining, which reduce the 
resistance against blood loss. Recurrent miscarriages and 
marital status may alter levels of reproductive hormone, 
which deregulate the expression of targeted genes. The 
targeted genes acted as a marker of AUB therefore, pre-
sent study will be helpful in diagnosis of abnormal uter-
ine bleeding disorder at early stage and benefit not only 
the female reproductive and body health but their mental 
health as well.

Study limitation and strength
PTGFR, MMPs, VEGF and TGFB genes are important 
contributor in process of menstruation, playing their role 
in ECM remodeling, angiogenesis and vasoconstriction 

of uterine tissue. It is worth important to evaluate the 
expression deregulation of these genes. So far, limited 
data reported the consequences of AUB in association 
with targeted genes. Present study address the molecular 
cause of AUB pathogenesis and will open a new baseline 
window for targeted genes to act as biomarkers for the 
early diagnosis of AUB. This would improve the women 
reproductive health, body health and mental health as 
well.

There were various limitation in current study. First 
limitation is small study cohort and to obtain detailed 
and clear picture of underlying mechanism of PTGFR, 
MMP9, MMP2, VEGFB, TGFB genes large study cohort 
would be suggested. Secondly, our major target was to 
evaluate the mRNA expression variation in targeted 
genes of AUB patients and we do not focused on the 
levels of steroid and pituitary hormones that regulate 
the process of uterine bleeding. Correlation between 
hormone levels and these genes would be good future 
finding. Thirdly, future studies should consider envi-
ronmental factors, parity, diet, caesarean section, exer-
cise and drug usage for complete consequences of AUB 
underlying mechanism. In addition, we targeted at 
mRNA level of genes but in future western blot assay and 
ELISA would be suggested to take the translational level 
of targeted genes. Due to unavailability of tissue biopsies 
we choose the blood samples.
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