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The aetiopathological association of genetic polymorphisms in women with female genital tuberculosis
(FGTB) is not understood completely. This review summarises the role of gene polymorphisms in
Mycobacterium tuberculosis infection leading to infertility and switching on of the toll-like receptor 2
(TLR2) as well as the interferon-gamma (IFN-γ) signalling mechanisms and attempts to give information on
amplification refractory mutation system (ARMS)–multi-gene (MG)/multi-primer (MP) polymerase chain
reaction (PCR). The study was conducted in the Department of Zoology, Osmania University, Hyderabad,
India. Desired articles for systematic reviews and meta-analysis strategies were used for the critically
review. Keywords and internet searches were conducted in all electronic databases from the beginning of
September 03, 2006 to July 07, 2017. Full-text, English language reviews and research articles based on
FGTB, gene polymorphism and infertility were included. This review provides a comprehensive overview
on the role of genetic polymorphism and mycobacterium infection in causing infertility, related symptoms
and highlights the role of ARMS–MG/MP PCR for the detection of gene polymorphisms among infertile
patients with FGTB. A total of 163 studies were recognised; only a minimum number of reviews (n= 4/163,
2.45%) scored well. A review on the association of genetic polymorphism in a well-characterised set of
infertile patients with FGTB and healthy control women without tuberculosis was chosen as main outcome.
This study noted that more research is needed to correlate mutations in TLR2 and IFN-γ along with the
functional consequences of other factors and recommends considering the ARMS–MG/MP PCR for a rapid
analysis of any known mutation in genomic deoxyribonucleic acid.
Keywords: Amplification refractory mutation system–multi-gene/multi-primer polymerase chain reaction, female genital
tuberculosis, gene polymorphism, toll-like receptor 2 and interferon-gamma-mediated positive feedback loop
mechanism
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INTRODUCTION

Female genital tuberculosis (FGTB) is a persistent
infection usually having a low-grade symptomatology
with very few exact complaints. It is the foremost
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reason of childlessness and is a multifaceted condition
with a myriad of causes, diagnosis and treatment. The rate
of female infertility is rising and varies from 10 to 20%.[1]

The worldwide incidence of infertility in genital
tuberculosis (GTB) varies from 10 to 87%;[2,3] this
condition is extremely prevalent in India,[4] with an
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incidence of 58%[5] and the majority of the patients
are in the reproductive age (15–45 years) group.[6]

The disease is predisposed for 5% of all female pelvic
infections and arises in 15–20% cases of extra-pulmonary
tuberculosis (EPTB).[7] In 80–90% cases, it involves
women with menstrual abnormalities accounting for
about 27% of the manifestations of FGTB.[8]

The pathogenicity and machinery of host reaction to
FGTB is very divisive and still uncertain. The primary
assault occurs with a few bacilli, which gradually inhabit
and proliferate locally without causing symptoms.
The primary infectivity of the genitalia may rarely arise
from direct inoculation during sexual intercourse[9] with
an infected cohort suffering from the tuberculous lesions of
the genitalia.[10] The tuberculosis (TB) injuries are extremely
dynamic and shaped by both, immune response
elements and the pathogens. This co-evolutionary
outlook emphasises the mutual shaping of the tissue
microenvironment, which allows the breeding and
transmission of Mycobacterium tuberculosis (M. tuberculosis)
yet restricts tissue injure to safeguard the survival of the
host. Once the genital tract is colonised, granulomata-
containing viable tubercle bacilli form within various
pelvic organs. After the development of tubercular
hypersensitivity, these generally become clinically silent
and intervals of 1–10 years or even longer may pass
before infection at this site is reactivated or becomes
clinically evident, if symptoms occur at all.[11] Once an
active disease is established, then irreversible tubal and
endometrial damage can occur and leads to the spread of
granuloma to other organs. These are described as having
compact, organised aggregates of immune cells consisting
of blood-derived infected and uninfected macrophages,
foamy macrophages, epithelioid cells (uniquely differ-
entiated macrophages), and multinucleated giant cells
(Langerhans cells) surrounded by a ring of lymphocytes.
It generally remains silent, and physical signs are usually not
present; hence, the disease remains mostly undiagnosed,
or else, specific investigations are not commenced to
rule out the problem. It is known that tuberculous foci
may exist in the body and remain undetected for a long
period.

The fallopian tubes are typically considered to be sterile;
however, pathogenic microorganisms can come up from
the lower tract (the cervix infection) and cause infection
and inflammation in the upper female reproductive tract
(FRT).[12] The stretch of the pathogen to the fallopian
tubes, endometrial mucosa and ovaries leads to a variety
of clinical conditions[11] such as infertility, irregular
menstruation and pelvic pain. Clinical presentations
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such as oophoritis (inflammation of the ovaries) are
also commonly seen in combination with salpingitis
(inflammation of the fallopian tubes). During the pre-
clinical stage, an insidious, low-grade inflammation is
likely to modify the function of the fallopian tubes,
uterus and endometrium, which leads to subtle damage
and functional loss of the uterus and the tubes. The
infection as it reaches the endometrium may persist in
the basal layer, not shed during menstruation and/or
infects the tubes following menstruation. In the cervix,
the tuberculous lesion can be ulcerative or proliferative or
may present as a mass mimicking malignancy.[13] The
lesions in the cervix and vagina are usually present as
isolated, chronic, ulcerative lesions.[14] In ulcerative form,
the ulcers have serpiginous outline, clean-cut edges and a
yellow base. Early ulcers are often seen near the
opening of the central cervical canal into the vagina
(i.e. external os). The signs, symptoms and the altered
immune responses of patients with FGTB imitate those
of immunosuppressed persons; therefore, diagnostic
attentiveness may prevent unnecessary treatment and
morbidity.[15]

Immune defence system of the reproductive tract

Although bacterial infections are predisposed by
environmental factors, a range of strong host genetic
factor heaviness is also likely during the interaction
between humans and potential bacterial strains through
the immune system and inflammatory signalling
pathways, consequential in host immune responses and
inflammation.[16] The host immune response against
pathogen is orchestrated by the innate and cellular
arms of the immune system along with antibody-
mediated immunity. Furthermore, the innate immune
system of the FRT is categorised in to mechanical,
chemical and cellular components.[17] The anterior
urethra and cervicovagina are the only anatomic areas
of the genital tract system perpetually colonised
with microbes and termed as the reproductive tract
microbiome.[18] The mucus lining and epithelial cells
along with protective microbiome act as the mechanical
barriers. Besides being a physical barrier for micro-
organisms, the mucosal epithelial cells may actively
contribute in the mucosal immune defence by secreting
cytokines in response to pathogens.[19] The chemical
barriers are natural anti-microbial peptides and pattern
recognition receptors (PRRs)[20] that offer the first line of
defence against the invading classes of pathogens and
incorporate immune response quickly after dealing with
infectious agents. As a consequence, the activation of
adaptive immune system takes place by improving
the surface defences, cytokine elaboration, cellular
67
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complement activation and phagocytic responses[21] as a
part of host defence.[21,22]

The innate immune system has the ability to recognise
the structurally conserved distinct products of microbial
metabolism present in a wide variety of microorganisms
and mediates the immune responses. These conserved
products, termed pathogen-associated molecular patterns
(PAMPs),[23] are recognised by germline-encoded
membrane-bound receptors expressed mainly on the
host immune cells termed PRRs.[21,24] A cascade of
events occur following PAMPs recognition by PRRs,
which activates host defence mechanism to prevent or
fight off infections and subsequently initiate signalling and
enhance adaptive immune response.[25]

Many functions of innate immunity are transduced
through PRRs, which recognise invading microbes and
activate signalling pathways that initiate immune and
inflammatory responses to destroy the invaders or
pathogens. Recent studies have consigned a critical role
to one particular group of PRRs including the
evolutionarily conserved mammalian toll-like receptor
(TLR), a family of extremely similar proteins.[26] TLRs
are a family of PRRs consisting of 13-member eukaryotic
receptor forms, as of an ancient gene group, which is
found in invertebrates and vertebrates.[21,27] In humans,
ten functional TLRs (TLRs 1–10) have been
recognised.[28] TLRs 1–6 have constantly been reported
in human and mouse reproductive tract epithelial cell lines
(endocervical, ectocervical, vaginal and uterine cell lines)
and endometrial epithelial cells.[29-31] The expressions
of different TLRs in the FRT are summarised in
Table 1.[32,33] The expressions of TLR1-10 genes
are also reported in the human endometrium and
endometrial tissue (excluding menstruation samples),
and the mean relative expression of TLR2–6, 9 and
10 genes was reported to be significantly higher
during the secretary phase when evaluated in
comparison with other phases of the menstrual
cycle.[31,34]

The pattern recognition of M. tuberculosis is a complex
process initiated by bacterial contact with macrophages,
in which, the multitude of receptor proteins identifies
Table 1: TLR expression in epithelial cells isolated from the different

TLRs Vagina Ectocervix Endocervix
TLR2 +/−# +/− +/−
TLR3 +++ +++ +++
TLR4 − − −

’+’ represents a positive expression of mRNA. ’−’ indicates no mRNA expression. ’#’ repre
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specific components of the microorganism.[35] The
recognition of mycobacteria by specific receptors
leads to the up-regulation of diverse intracellular
signalling pathways, to integrate and induce an
efficient signalling in the activation of the innate host
defence mechanism and the subsequent overture of
adaptive immune response. Among all the functional
TLRs described in humans, the cytoplasmic domain of
TLR2 is exceptional in its requirement, because it forms
functional heterodimeric complexes with either TLR1
or TLR6 for the instigation of cellular signalling, cellular
response, immune modulation and the immune
regulation of reproductive functions. TLR2 does not
form a homodimer by itself; thus, TLR2 is considered to
be the most vital receptor in identifying a vast array of
ligands, including a broad range of microbial products
from gram-positive bacteria (peptidoglycan),[36]

fungi (zymosan),[37] bacterial lipopeptide[38] including
synthetic lipoproteins S-[2,3-Bis(palmitoyloxy)propyl]-
N-palmitoylcysteinyl-seryl-lysyl-lysyl-lysyl-lysine (Pam3
Cys-Ser-(Lys)4)[39] and eventually leading to a
cascade of signalling responsible for cytokine
induction [Table 2]. TLR2/TLR1 and TLR2/TLR6
heterodimeric forms have been implicated mostly in
the detection of mycobacterial cell wall glycolipids,
and lipopeptides/lipoproteins such as 38-kDa protein,
LpqH (19-kDa lipoprotein, Rv3763),[40] lipoprotein
signal peptidase (LspA), lipoprotein-LprA (Rv1270),[41]

lipoprotein-LprG (Rv1411c),[42] triacylated lipoproteins
or diacylated lipoproteins[43] consequently trigger
cascade signals.[44] Other than the lipoproteins, TLR2
also interacts with lipopolysaccharides, lipoteichoic
acid, lipoarabinomannan, lipomannan,[45] peptidoglycan
and phosphatidylinositol mannoside[46] along with
endogenous ligands (heat shock proteins) released by
damaged or necrotic host cells[47] to initiate the cellular
responses.[46] However, a recent study showed that only
lipoproteins/lipopeptides were ‘true’ TLR2 ligands and
accepted as ligands at physiological concentrations.[48] It
was also measured that the differential immune responses
were mediated by totally distinct chemical structures
of mycobacterial components and the dimerisation,
heterodimeric rearrangements and conformational
transforms of TLR2 receptor in response to ligand
interaction.[49]
sites of the FRT

Endometrium Fallopian tube Ovaries
+/+++ +++ −
+++ − −
++ − −

sents individual variation. mRNA, messenger ribonucleic acid.
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Table 2: Toll-like receptor 2 specific microbial components[49]

PAMPs/MAMPs/DAMPs Source species TLR usage
Bacteria
Atypical LPS Gram-negative bacteria TLR2
Peptidoglycan Gram-positive and gram-negative bacteria TLR2
Lipoteichoic acid Gram-positive bacteria, Group B Streptococcus TLR2/TLR6
Triacyl lipopeptides Bacteria and mycobacteria TLR1/TLR2
Diacyl lipopeptides Mycoplasma hominis TLR2/TLR6
Lipoarabinomannan Mycobacteria (Mycobacterium tuberculosis, Mycobacterium bovis) TLR2
Porins Neisseria gonorrhoeae TLR2

Fungus/yeast
Phospholipomannan Candida albicans TLR2
Zymosan Saccharomyces cerevisiae TLR2/TLR6
Glucuronoxylomannan Cryptococcus neoformans TLR2

Parasites
tGPI-mutin Trypanosoma (Trypanosoma cruzi, Trypanosoma brucei) TLR2

Viruses
Haemagglutinin protein Measles virus TLR2
Not determined HCMV, HSV1 TLR2

Host
Heat shock protein 60, 70 Homo sapiens TLR2

DAMPs= damage-associated molecular patterns, HCMV= human cytomegalovirus, HSV1= herpes simplex virus type, LPS= lipopolysaccharide, MAMPs=microbe-associated
molecular patterns, PAMPs= pathogen-associated molecular patterns, tGPI= trypanosoma-derived glycosylphosphatidylinositol.
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Toll-like receptor 2 and interferon-gamma genes

polymorphism

TLR2, a protein that in humans is encoded by the TLR2
gene,[50] is also designated as cluster of differentiation
factor (CD) 282. TLR2 is a very attractive receptor that
plays a crucial role in pathogen recognition, essential for
the initiation and coordination of the innate immune
responses to distinguish the pathogens[49,51] and
enhance the adaptive immunity cascades of effector
responses against pathogens.[52] Thus, TLR2 is known
as the key sensor of mycobacterial infections. After
infection with M. tuberculosis, primary host immune
response cells, such as the dendritic cells (DC) and
macrophages, engulf mycobacteria by phagocytosis
and present pathogen-derived peptide antigens to naive
T lymphocytes (mature in the thymus) (T-cells). Host
innate immune cells sense the existence of mycobacterial-
derived components through the activation of TLR2.
Although the interaction of M. tuberculosis with TLRs
leads to phagocyte activation, the communication itself
does not lead to the immediate ingestion of the
mycobacteria. Subsequent to the interaction of specific
mycobacterial structures with TLRs, the outcome of
signalling through TLR2 can be explained in part by
the selective usage of five types of adaptor molecules
namely myeloid differentiation primary response gene 88
(MyD88), toll/interleukin receptor-domain-containing
adaptor protein (TIRAP)/MyD88-adaptor-like (MAL),
TIR-domain-containing adaptor-inducing interferon
(IFN)-β (TRIF)/TIR-domain-containing molecule 1
(TICAM1), TRIF-related adaptor molecule (TRAM)
and sterile alpha- and armadillo motif-containing
protein (SARM). Macrophages and DC sense
Fertility Science and Research | Vol 3 | Issue 2 | July-December 2016
the presence of mycobacteria through the activation of
TLR2.

This results in the production of cellular mediators such as
interleukin (IL)-1, IL-6 and IL-12 that in turn activate
CD4+ and CD8+ T-cells. Activated T-cells produce IFN-
γ and other mediators that result in the positive feedback
loop (IL-12 → T-cell → IFN-γ) mechanism involved in
the activation of macrophages to kill intracellular
pathogens in later events, as are shown in Figure 1.[53-
57] Strong evidence is available for the selection of genetic
variants in modulating infectivity and differential clinical
presentation for genes encoding several types of
proteins[16] including macrophage receptors, soluble
C-type lectins, TLRs,[58] major histocompatibility
complex/human leucocyte antigen,[59] cytokines and
chemokines.[60] Among these, TLR2 and IFN-γ genes
are most important, because TLR2 signalling pathway
contributes to IFN-γ production.[61-63] TLR2 gene in
particular plays an important role in pathogen
recognition, initiating the signalling cascades and
arbitrates the interactions between the immune and
reproductive systems[64] in response to pathogen.
Holland and Casanova described the role of IL-12
and IFN-γ in the stimulation of macrophages and
T-cells in response to mycobacterial infections.[65]

Upon infection, primary host response cells such as
macrophages release a range of cytokines including
IL-12, which stimulates T-cells or natural killer (NK)
cells to produce IFN-γ. IFN-γ activates macrophages
to destroy intracellular pathogens and enhance the
differentiation of IFN-γ-producing T helper cells. The
risk of developing TB has been shown to be associated
69



Figure 1: The toll-like receptor 2 and interferon-gamma-mediated positive feedback loop mechanism in response toM. tuberculosis: expression
of immune response genes in the macrophages/dendritic cells leads to activation of natural killer cells/T cells for the production of IFN-γ, other
mediators and elimination of bacilli.[37,53,54,57]
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with arginine 753 glutamine (R753Q) polymorphisms in
the TLR2 gene,[66,67] and more specifically with shorter
guanine-thymine (GT) repeat polymorphism in intron II
of the TLR2 gene. However, earlier studies have reported
the lower expression of TLR2 protein[68] on their
coexistence.

TLR2 plays an important role in protecting the host from
various pathogens including M. tuberculosis.[69] However,
single nucleotide polymorphisms (SNPs) in the human
TLR2 gene have been linked with a decreased response
70
to various bacterial lipoproteins and septic shock following
a gram-positive bacterial infection. TLR2 polymorphisms
associated with TB signify the regulatory variants rather
than non-synonymous SNPs that alter the amino acid
sequence.[70] The patients heterozygous for arginine 753
glutamine (R753Q) had reduced production levels of
IFN-γ signifying that altered TLR2 responsiveness might
contribute to the course of infections[66,69,71,72] including
TB.[66,67,70,73] In human, SNPs located in the first intron of
the IFN-γ gene (at position +874) have shown variable
associations with disease susceptibility and severity.[74]
Fertility Science and Research | Vol 3 | Issue 2 | July-December 2016



Bhanothu: Overview of gene mutation and female genital tuberculosis
There are two well-known SNPs in the IFN-γ gene non-
coding region (intron 1): +874A/T polymorphism
and CA microsatellite. SNPs are single-allele mutations
[deoxyribonucleic acid (DNA) sequence variations that
occur when a single nucleotide [adenine (A), T, cytosine
(C) orG] in the genome sequence is altered] in the genomic
sequence of an organism, which are responsible for about
90% of all human DNA variation and play significant
role in human evolution, drug sensitivity and disease
susceptibility.[75] Pravica et al. revealed a novel SNP,[76]

T to A, located at the +874 position from translation
start site in the first intron of IFN-γ gene, which
coincides with a putative nuclear transcription
factor-kappa light-chain enhancer of activated B-cells
(NF-κB)-binding site that could play a essential role in
the induction of constitutively high IFN-γ production. The
differences in the magnitudes of the responses that were
seen may reveal the environment in which the cohorts live,
or they may reflect the nature of the patients’ infections.[77]

The disruption of the IFN-γ gene in mice infected withM.
tuberculosis has resulted in the exacerbation of disease,
progressive and extensive tissue destruction and necrosis
with numerous bacteria.[78] Therefore, alteration in IFN-γ
production may influence the susceptibility to FGTB, and
this alteration could be due to gene polymorphism.
The homozygous T/T, A/A and heterozygous A/T
alleles are associated with increase or decrease in the
production of IFN-γ, which can affect the outcome of
the disease severity. Recently, the SNPs of TLR2 G to A
substitution at position 2258 (2258G/A) [arginine to
glutamine substitution at residue 753 (Arg753Gln)]
and IFN-γ [T to A substitution at the +874 position
located from the translation start site (+874T/A)] gene
that leads to a decreased response of macrophages to
microbial peptides associated with receptor hypo-
responsiveness and attenuated immune response with
the host have been reported.[66,74,76,78,79] TLR2 gene
polymorphism results in an arginine (CGG) to a
glutamine (CAG) substitution, and the resulting
genotypes, therefore, are arginine/arginine (GG),
glutamine/glutamine (AA) and arginine/glutamine
(AG). The mechanisms through which these TLR2
polymorphisms affect host defence remain unclear.
This apparent variability is probably accounted for
by the involuntary selection of differential clinical
presentations as a result of long-term host–pathogen
interactions in certain regions or populations. However,
the identification of factors involved in the aetiology and
physiology of multifaceted disorders and conditions such
as infertility is needed to understand potential regulatory
mechanisms involved in disease pathogenesis. The
determination of functional SNPs and biochemical
Fertility Science and Research | Vol 3 | Issue 2 | July-December 2016
phenotypes (e.g. the differential expression and
function of innate immune molecules such as receptors,
secondary mediators and cytokines by the host) in the
immunopathogenesis of FGTB is necessary in assessing
the contributions and functional consequences of
specific genetic variations (polymorphisms) in the
human genome with reverence to host susceptibility
or resistance to TB.

Amplification refractory mutation system–multi-

gene/multi-primer polymerase chain reaction

Mutation screening is one of the miscellaneous
technologies useful to identify mutations or poly-
morphisms in candidate genes or genomic regions.
Because the human genome sequence is available,
polymerase chain reaction (PCR)-directed sequencing is
adapted as one of the best methods for mutational
analysis. Allele-specific PCR or amplification refractory
mutation system (ARMS)–PCR is an ordinary technique
used for the detection of point mutations or small
deletions in several studies.[80] Unfortunately, assay
design can be laborious if multiple genes or large
regions need to be studied by simple PCR. Bhanothu
et al. improved the ARMS–PCR to permit the
rapid analysis of any known mutation in genomic DNA
and established a system, ARMS–MG/MP PCR, which
allows genotyping exclusively by the examination of
reaction mixtures after agarose gel electrophoresis.[81]

The principles and applications of MG/MP PCR
and/or ARMS–multi-gene (MG)/multi-primer (MP)
PCR in the clinical diagnosis of FGTB and
mutational analysis are described elsewhere.[80,81]

The ARMS–MG/MP PCR consists of multiple
primer sets within a single PCR mixture to produce
products of varying sizes that are specific to diverse
DNA sequences in a single tube reaction. MG/MP
PCR method uses a single template along with several
pairs of forward and reverse primers to amplify
specific regions within a template. Amplification is
also attainable with multiple templates or target
sequences and several primer sets in the same
reaction tube.

Potential problems in a simple PCR include false
negatives due to reaction breakdown or false
positives due to contamination. False negatives are
often exposed in MG/MP PCR assays because each
amplicon provides an internal control for the other
amplified fragments. This problem can be overcome
by designing or picking dedicated primers. The cost
of reagents and preparation time can be less in MG
PCR compared to other systems in which several
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tubes of uniplex PCRs are used. MG/MP PCR reactions
decrease the cost by minimising the use of polymerase
and templates. The quality of the template may
be determined more effectively in a MG PCR
than in a simple PCR reaction. This study aims
to review the role of TLR2 and IFN-γ gene
polymorphisms in M. tuberculosis infection leading to
infertility and the role of TLR2-IFN-γ signalling
immune defence mechanism. The review also brings
out the importance of amplification refractory
mutation system (ARMS)–MG/MP PCR and its role
in the rapid detection of SNPs among latently
infected individuals who are at risk of developing
active TB and infertility.

MATERIALS AND METHODS

Collection of literature and analysis

A systematic literature review was performed as part of a
study aiming to know the gaps and available facts on
the aetiological and pathological association of genetic
polymorphisms in women with FGTB. The compilation
of literature and revise of literature were conceded at
the Department of Zoology, Osmania University,
Hyderabad. This centre is connected with high-speed
internet facilities permitted to access all international
and national journals, e-journals and books. The
exploration of facts was performed from September 03,
2006 to July 07, 2017 from all data sources including
MEDLINE and the Cochrane Library (Wiley) from
the date of inception, with no language limits. Several
internet-associated search engines such as Pubmed-
NCBI, Google and sources such as libraries were used
for gathering associated data. Research articles were
retrieved through search engines using specific terms
such as ‘Female genital tuberculosis’, ‘Molecular and
immunological factors of female genital tuberculosis’,
‘Use of genetic material in the detection of FGTB’
and ‘Etiological and pathological association of
gene polymorphism with female genital tuberculosis’.
Retrieved research articles, review articles, chapters from
books, letters, editorials, commentaries, dissertation, books,
erratum, notes, introductory, meeting abstracts, case
reports, guidelines, conference proceedings, seminar
presentations and abstracts were systematically studied.
The related information from the articles were
snowballed, corrected and presented. Quality evaluation
was not an insertion criterion, because the aim was
not to verify the gene polymorphism in the given
population but to know the gaps, facts and its
relationship with infertility and mycobacterium infection.
Sample population included in the study was from
72
reproductive age stratum. Excluded manuscripts were
those describing studies without the information of
gene polymorphism, FGTB and infertility. Enormous
information got out of exploration were collectively
filtered and selectively stored, and the rest of the
unwanted literature was excluded.

RESULTS

Data from published manuscripts relating to randomised
controlled trials, pilot and expediency studies of genetic
association with tuberculosis susceptibility were gathered.
Data were extracted from eligible manuscripts pertaining
to the pathological and aetiological association of
genetic polymorphisms in women with FGTB. Using
Google search engine (https://www.google.co.in/#hl=
enandoutput=searchandsclient) for about 1,02,000
citations, the title ‘Patho-etiological association of gene
polymorphism with female genital tuberculosis’ was
noted. Using PubMed-NCBI search engine (http://
www.ncbi.nlm.nih.gov/pubmed), about 163 articles
were identified, out of which, four were connected to
the topic of investigation.

About 1310 citations were noted by title ‘Use of genetic
material in the detection of FGTB’. Using PubMed-NCBI
search engine (http://www.ncbi.nlm.nih.gov/pubmed),
about four articles were documented, out of which,
three were associated to the topic of investigation.
The details of search engine outcomes are specified
in Table 3. The outcome of the survey showed very
little information about ‘Patho-etiological association of
gene polymorphism with female genital tuberculosis’ and
‘Use of genetic material in the detection of FGTB’.
However, unrelated information was also seen during
the search and was discarded. Therefore, this indicates
that there is a need to provide quality information on the
mutational association of FGTB in an approach to
enhance the research in this area. This review article
attempted to summarise the use of technological
developments in the detection of gene polymorphism
and FGTB disease among infertile patients.

DISCUSSION

FGTB usually occurs in women <40 years of age[82] and
may simulate ovulationdysfunction that oftenpresentswith
absent, excessive or non-cyclical menstruation.[83] Even
foetal growth retardation was noted in several studies
due to TB.[84,85] It is a major cause of sub-fertility and
infertility and is rarely diagnosed.[5,86] The aetiology of
infertility is an important criterion for the identification
Fertility Science and Research | Vol 3 | Issue 2 | July-December 2016



Table 3: The collection of literature on the aetiological association of gene polymorphism with female genital tuberculosis (FGTB)

Research data
bases/phrase used
for collecting the
literature

’Female
genital

tuberculosis’

’Molecular
immunology of
female genital
tuberculosis’

’Evaluation of
molecular and
immunological
profile of FGTB’

’Molecular
profile of
FGTB’

’Immunological
profile of FGTB’

’Use of
genetic

material in
the detection

of FGTB’

’Patho-etiological
association of gene
polymorphism with

female genital
tuberculosis’

PubMed: biomedical
literature citations and
abstracts

2568 8 Nil Nil Nil Nil Nil

PubMed Central: free,
full-text journal articles

4191 478 43 78 64 3 163

PubMed Health 31 3 49 389 119 531 1
Books: online books 92 2 188 2212 432 4377 2
dbGaP: genotype and
phenotype

13 1 1 1 1 100 Nil

Clone: integrated data
for clone resources

585,352 585,358 585,358 585,358 585,358 Nil Nil

Epigenomics:
Epigenetic maps and
data sets

323 5 Nil Nil Nil Nil Nil

OMIA: online
Mendelian Inheritance
in Animals

1 Nil Nil Nil Nil 133 Nil

dbVar: Genomic
structural variation

1 1 Nil Nil Nil 1 Nil

NLM Catalog: catalog
of books, journals and
audiovisuals in the
NLM collections

66 Nil Nil Nil Nil 142 Nil

MeSH: detailed
information about
NLM’s controlled
vocabulary

1 Nil Nil Nil Nil Nil Nil

Google search 501,000 53,600 73,800 844,000 857,000 1310 1,02,000
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and categorisation of GTB in infertile women.[87,88]

Similarly, Bhanothu et al. reported a strong relationship
between FGTB and infertility among women with diverse
clinical presentations.[89] The significance of FGTB among
all forms of TB has not yet been determined in developing
countries. Such a situation isdue to the complexity in clinical
diagnosis, which is possible by laparoscopic investigations
or endometrial biopsy or the culturing of M. tuberculosis or
hispathologic analysis or MG/MP PCR,[89-91] but are not
always available. Such as circumstance is also expected due
to the lack of reliable data and strategy for early diagnosis.
All organs are exaggerated by EPTB; however, the
recurrence of the diverse clinical spots varies with region
to region.[89,92] The reason why some organs are affected
aetiologically and pathologically more than others in these
scenarios is not well understood. However, as detected in
the pre-antibiotic era, the EPTB often has a favourable
outcome[89,93] when compared to PTB.[94] Therefore, the
early detection of the disease and the identification of
factors associated with FGTB susceptibility are of
current importance.

Intricate interactions between host and pathogen have
been described to affect the outcome of disease, including
Fertility Science and Research | Vol 3 | Issue 2 | July-December 2016
clinical severity, susceptibility and the latent forms of
infections, and subsequently the development of
infertility. Once the immunity to M. tuberculosis contains
and overrules the growth of a small number of
disseminated TB bacilli after primary infection, the
infection may remain silent throughout the life until
overwhelming re-infection precipitates the disease due
to lowered immunity.[95] Patients in whom the infection
converts into disease, cavitary lesions are developed and
the bacteria increase in number in the caseous detritus.
Patients with such a type of lesion are highly infectious,[96]

and the classic symptoms of GTB such as persistent
inflammation associated with bloody vaginal discharge,
postmenopausal bleeding, pelvic pain, menorrhagia,
oligomenorrhea, dysmenorrhoea, beaded tubes, tubal
blocks, hydrosalpinges, tubo-ovarian mass and failure
of implantation are noted. Menstrual disturbances are
more likely when the female genital tract (FGT) is
involved in tubercular process. The infections depend
on the site of inflammation,[91] and the spread of
pathogen to the reproductive organs leads to a variety
of clinical conditions[11] including infertility. In fact,
fertility is also profoundly affected, not only by
systemic infections that directly or indirectly target the
73
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reproductive organs, but also by various illnesses
including intrauterine growth restriction, pre-eclampsia,
preterm birth, recurrent pregnancy loss, endometritis,
endometriosis[97,98] polycystic ovaries syndrome,
ovarian cancer, chronic inflammatory conditions
initiated due to genetic polymorphisms or genetic
alterations and abnormalities in various genes and
chromosomes.[66,69,73,81,99,100] A number of studies on
susceptible genes and genome-wide linkage scans[101]

have identified the association of several functional
SNPs to TB susceptibility.[16] Despite the significant
role that TLR2 and IFN-γ plays in immune defence
and human reproduction, little is known about the
polymorphism of these genes[64,73] in infertile women
with FGTB.[81] A mutation in TLR2 specifically inhibited
M. tuberculosis-induced cytokine production, and this
inhibition was incomplete and thereby suggested that
beside TLR2 polymorphism other genes may be
involved.[37] Yet, there is no direct evidence that this
polymorphism causes a decline in immune response
specifically to M. tuberculosis. Polymorphism in genes
encoding cytokines such as IFN-γ, tumour necrosis
factor-α (TNF-α) along with other immune mediators
has been associated with increased susceptibility to TB in
different populations. This may also play a role in the
pathophysiology of the disease.[67,74] Gene mutations in
the TLR2 pathway are also reported in persons with M.
tuberculosis[67,102] infections. Darville et al. reported genital
tract infection by C. trachomatis in transgenic mice lacking
TLR2.[103] In the TLR2 knockout mice, significantly
lower levels of the inflammatory cytokines, TNF-α and
macrophage inflammatory protein-2 have been reported
in the genital tract secretions. Despite the variation in
cytokine production, the course of infection, however,
remained the same in all animals with sufficient effectors
cells recruited to the genital tract to clear the infection.
The reduced pathology in TLR2 knockout mice is
of particular interest; however, the animals showed
decreased inflammatory cell infiltration, dilatation and
hydrosalpinx within the fallopian tubes. The TLR2
2258A is reported to have a significant decrease in NF-
κB response against bacterial peptides in human
embryonic kidney (HEK)-293 T-cells transfected with
wild type or TLR2 2258G/A constructs.[66,104] The
progression of the disease in chronic oviductal
pathology mediated by TLR2 gene polymorphism is
also reported.

Despite these, Bhanothu et al. used MG/MP PCR to
determine whether certain organs had an affinity for
M. tuberculosis.[89,93] Bhanothu et al. also explained the
relevance of TLR2 and IFN-γ genes in the context of
74
varied clinical presentations with the site-specific
pathology of TB infection[81] and partly described
the tissue-specific expression of gene polymorphisms
and genetic abnormality leading to atypical gene
regulation[105,106] in infertile women with FGTB. The
genotype distribution of TLR2 gene is not differing
significantly between the patients with FGTB and
healthy controls. There is no evidence of an association
between the TLR2 gene polymorphisms and its role
in inducing infertility among patients infected with M.
tuberculosis and control patients without TB.[81] Bhanothu
et al. suggested that TLR2 gene polymorphism may not be
the influencing factor in the disease susceptibility, but
defects in the factors other than TLR2 are suspected in
infertility and in inducing latent TB among such infertile
patients.[81] Bhanothu et al. could probably suggest a
limited role of the TLR2 gene and its polymorphisms
in disease susceptibility.[81] However, TLR2 (R753Q)
polymorphism has been described in association with
susceptibility to several infectious diseases. Many
functional and genetic studies confirmed that SNPs in
TLRs have the ability to both modify receptor function
and increase the susceptibility of the host to TB infection.
So far, no functional domains have been identified in
human TLR2, but the potential functions of the carboxy
terminus include dimerisation to form TLR2 homodimers
or heterodimers with downstream targets such as adaptor
molecules namely MyD88, TIRAP/MAL, TRIF/
TICAM1, TRAM and SARM. Infections in animal
models suggest that the haematogenous spread of
infection occurred before the onset of T-cell-mediated
immunity.[107] This supports the hypothesis that the ability
of the different strains of M. tuberculosis to produce
different clinical phenotypes depends upon their
interaction with the host innate and adaptive immune
responses, but the relevance of these findings to human
disease still remains uncertain.[108] However, it is possible
that more common genetic variants such as promoter
region polymorphisms that influence gene expression
may be associated with certain diseases. The
heterogeneity in the clinical expression of FGTB
strongly suggests the role of genetic and environ-
mental factors in immune pathogenesis along with
aetiology. This also affects the differential expression
of genes such as TLRs, cytokines, chemokines and
lymphokines found in the host immune response and
human reproductive system.[109] The manifestations of
clinical presentations such as beaded tubes, tubal block
with hydrosalphinx, tubercular salphingitis and omental
adhesions along with menstrual complications are
correlated due to genetic variations in the bacterial
strain and the extraordinary virulent nature of
Fertility Science and Research | Vol 3 | Issue 2 | July-December 2016
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mycobacterium including the genetic makeup and
genetic mutation of the host.

Infertile women with M. tuberculosis infection have the
standard levels of TLR2 expression, which may be
sufficient to induce a local Th1-type host defence (i.e.
IFN-γ production) against the infections. However,
fluctuation in the production of IFN-γ and its role in
pathogenesis have been described to be due to specific
mutation in IFN-γ +874A/T gene.[76,110,111] IFN-γ+874
(T/A) polymorphism lies within the transcription factor-
binding site of the NF-κB and is responsible for
the unusual binding pattern of specific alleles. The
mechanism by which the IFN-γ +874T/A allele
influences the susceptibility to FGTB may depend on
its role in the regulation of IFN-γ production. The T allele
of IFN-γ +874T/A presents a binding site for the NF-κB,
which is able to regulate IFN-γ expression.[76]

Heterozygous carriers have a transitional phenotype,
more subtle variation in the IFN-γ response pathway
and may underlie the susceptibility to TB in human
populations.[112] Mice deficient in the IFN-γ gene
expression are very susceptible to fatal TB.[110,113] The
higher levels of IFN-γ production along with other
cytokines suggest the role of cytokines in infertility,
diagnosis and treatment.[114] Mutations that modulate
the IFN-γ production have been coupled with different
clinical presentations,[115,116] outcome of active TB and in
the aetiology of female infertility due to mycobacterial
infections.[117,118] The endogenous ligands identified in
other systems have suggested the significant role of TLRs
in the normal functioning of the ovary and endometrium
through the menstrual cycle. The remarkable levels of
IFN-γ may be due to genetic variations that lead to the
susceptibility of TB infections and infertility. M.
tuberculosis-induced IFN-γ seems to be the downstream
effectors molecule of TLR2 activation results in the
mitigation of TB induced infertility among women.
Bhanothu et al. suggest that a deficient IFN-γ signalling
in infertile women could lead to the loss of bacterial
infection-mediated protection of the genital organs.[81] M.
tuberculosis-induced IFN-γ production depends on TLR2
signalling and thus exerts regulatory effects on fertility in
women with FGTB. TLR2-IFN-γ signalling pathway may
also yield novel insights into the regulatory mechanisms of
immune cells in infertile women associated with genital
infections such as FGTB. Bhanothu et al. reported that the
distribution of IFN-γ gene polymorphism is consistent
with earlier information; however, the distribution of
TLR2 gene polymorphism is different from the earlier
findings.[73] Bhanothu et al. noted a significant correlation
of the disease with IFN-γ gene polymorphism but not
Fertility Science and Research | Vol 3 | Issue 2 | July-December 2016
with TLR2 gene polymorphism.[81,111] Bhanothu et al. also
had shown the role of TLR2 gene polymorphism
in association with disease resistance in humans.
Therefore, the genetic variants of TLR2 and IFN-γ can
be utilised as biomarkers in the early detection of women
with FGTB.

Disparity in the statistical distribution of polymorphism
may be due to an extended duration of infertility, polluted
environment and the nutritional status of individual.
Limited information is available on gene polymorphism
in association with infertility, and this may perhaps
confine our understanding about disease and statistical
disparity in the genotype. Validations of the findings
among independent cohorts are needed to firmly
establish the role of TLR2 gene polymorphism in
conditions such as organ dysfunctions and infertility
with varying clinical presentations. A final proof of
their functional relevance requires further studies that
could determine their realistic effects on immune
response. This review concluded that the study by a
larger cohort of infertile patients with FGTB is
warranted to identity the risk factors and candidates or
susceptible genes. This review also supports the
perception that genetics, immunology, environment and
different strains of infecting agents may play a vital role in
the aetiology and pathogenesis of FGTB among infertile
patients. The review provides conceptual advances useful
in the understanding of the onset and progress of TB.
Further, this review also suggests that the identification of
the asymptomatic nature of the disease, the accessibility of
reproductive clinics, the elucidation of genes associated
with virulence and susceptible factors, the detection of
interspecies and intraspecies differences among genome
sequences and gene expression are importance attempts
to understand the aetiology and pathogenesis of FGTB
disease.

TLR2 receptor is extremely implicated in the field of
adjuvant, pathogen and probiotic agents at the point of
entry. IFN-γ is involved in carrying the TLR2 signalling
cascades and immune modulation in the event of
pathogen elimination. The determination of functional
SNPs and biochemical phenotypes (e.g. the differential
expression and functions of innate immune molecules
such as receptors, secondary mediators and cytokines by
the host) in the immunopathogenesis of FGTB is
required. It is then possible to differentiate the early
and late stages of the disease by identifying stage-
specific biomarkers that could differentiate between
each stage. It is, therefore, necessary to screen a variety
of candidate genes, such as those for cytokines and the
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members of the TLR2-IFN-γ-mediated signalling
pathway with positive IFN-γ/IL-12 feedback loop.
This also supports the hypothesis that the functional
polymorphism in the gene-encoding TLR2 function
may not be a rate-limiting component for containment
by the human innate immune system and natural gram-
positive bacterial infections (due to extra- and/or
intracellular pathogens) along with the role of
other factors. Therefore, more research is needed to
correlate mutations in TLR2 and IFN-γ with functional
consequences.

An improved understanding of innate and adaptive
immunity within the FRT may help to develop
interceptive strategies against the pathogens and
clinical outcomes. By understanding the physiology and
molecular mechanisms that govern M. tuberculosis
infection and host cell interactions with specific
bacterial molecules at different stages of infections can
be targeted for rational of FGTB diagnosis and strategies
to control TB infections. Advanced nucleic acid-based
methods such as MG/MP PCR can be utilised not only
for bacteriological presence but also in the clinical
findings of host in response to infectious agents. This
technique on slight modification can be used in the
detection of SNPs, mutations, gene deletions and
in the comparative analysis of various biomarkers.
However, sex disparity in TB notification rates have
been stated frequently, with a higher incidence in
males. This discrepancy is commonly explained by
either under-diagnosis or under-reporting of TB in
females. A study of the sex ratio among patients with
TB in San Francisco,[119] on the basis of clustering
statistics, recommended that the sex divergence may be
due to a difference in transmission dynamics rather than
under-diagnosis. The variation in transmissibility and
virulence among M. tuberculosis strains has been related
to the genetic background, diverse lineages with specific
geographical regions and the ethnicity of the host
population.[120,121] It may be due to an inconsistency in
infection and/or the progression of disease.[122] A broad
range of gender disparity was noticed among the patients
with GTB infections, with 78.5% of the patients being
females.[93] However, the rate was comparatively low
(42.8%) in female patients with PTB <21 years old
and increased significantly in patients more than 21
years old and reached 89% in patients between 31 and
40 years old.[123] The global rate of clustering in female
patients was higher than that in male patients. A high rate
of clustering is associated with recent infection and rapid
progression to disease.[124] There may be numerous
explanations for the higher rate of clustering in
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middle-aged women. It is likely that women are more
disturbed by immunodeficiency, and womenmay progress
more rapidly to diseases.[122,125] Because women’s health
has an impact on both their families and the economy,
the inclusion of sex difference in TB control programs
could yield more beneficial outcomes.[126] It is more likely
that socio-economic and cultural factors (poverty and the
crowded state of life, individual’s age, environment,
lifestyle, nutritional status, close pregnancies, prolonged
breast-feeding and so forth) affect the rates of TB
infection. Therefore, understanding the multifaceted
role of one’s genotype, environment and age with
changes in one’s epigenotype could further sort
the unknown causes of the disease. The correlation
of epidemiological examinations along with the
aforementioned factors could provide a greater
understanding of different gene regulatory pathways
and their effect[127] on human diseases.
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