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Abstract

Background: The occurrence of indirect inguinal hernias
(IIH) is 5 times more prevalent than that of direct inguinal
hernias (IH) and it is 7 times more common in males, owing
to the attendance of the processus vaginalis (PV) throughout
testicular descent. Summary: In children, the immense
mainstream of IH is indirect. The progress of [IH develop-
ment in children is instigated with a patent PV, which is
mostly treated by simple herniorrhaphy. Syndromes of the
collagen, microfibril, elastin, and glycosaminoglycan con-
stituents of the extracellular matrix may attend to the devel-
opment of IH. Our recent research showed that the lack of
epithelial-mesenchymal transition (EMT) in children contrib-
utes to the development of IIH, while the scenario is defined
as the opposite in adults. However, there is still a lack of
knowledge on all of the genetic and molecular causes of the
disease. Key Messages: Here we aimed to review the pub-
lished genetic background of IH, the deficiencies of connec-
tive tissue causing the disease, recently defined molecular
pathways involved including EMT, and possible recurrence
reasons. This comprehensive study can deliver an analytic
outline aiding to define patients with IH combined with fun-

damental genetic diseases. ©2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Inguinal hernia (IH) reparation is the most prevalent
medical practice implemented in childhood, with a total
occurrence range of 0.8-4.4% [1, 2]. In most cases, the
hernia is indirect and mainly caused by late closure of the
processus vaginalis (PV) in children. Generally, perito-
neum introverts to the PV across the internal ring, which
is formed by the twelfth week of gestation, and then turns
into a tract where the intra-abdominal testis descends to
the scrotum. Subsequent to an effective testicular descent,
the PV typically obliterates over the descended testis [2].

The mechanism behind the closure of the PV remains
obscure. Most of the time, reappearance of a pediatric IH
depends on the imperfect obliteration of the PV through
surgical restoration. Additionally, the probability of atyp-
ical connective tissue residing inside the inguinal canal
(IC) has been thought to be the other reason for IH for
many years [3, 4].

While hernia reappearance in children is less usual
than in adults, for whom relapse incidences of 5-10% are
documented, it remains as a medical difficulty. The oc-
currence of hernia reappearance in children is stated to
be between 0.8 and 3.8%; nevertheless, the exact frequen-
cy of relapse is unidentified and can be more than what
the studies indicate [5].

The former studies propose that the following subse-
quent aspects may prompt IH reappearance: insufficien-
cy to ligate the sac high enough at the internal ring, an
outsized inner inguinal ring, damage to the base of the IC
from surgical disturbance, fault in obstructing the inter-
nal inguinal ring in female patients, genetic impotence of
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the tissues in individuals having connective tissue syn-
dromes, deprived sustenance, prematurity, development
defect complaints related to amplified intra-abdominal
pressure (ventriculoperitoneal shunt, ascites, pulmonary
circumstances with urethral valves, chronic coughing,
bladder exstrophy, and lifting heavy weights), restrained
hernia necessitating an emergency procedure, postopera-
tive wound infection and hematoma, and delayed orchio-
pexy in infants with concomitant undescended testes.
Identification of the influences of moderate surgical tech-
niques, alterations in the surgical method built on dis-
cerning categorization of patients at great risk of repeti-
tion, and initial optional restoration before restraining
may be beneficial in dropping the frequency of relapse
[6].

Indirect IH (IIH) has been associated with other clini-
cal syndromes, such as Marfan syndrome (MFS), Loeys-
Dietz syndrome (LDS), and Ehlers-Danlos syndrome [7].
Genetic defects in constituents of IC, involving collagen,
elastic fiber, and ECM, in addition to abdominal wall
muscles, can trigger IIH expansion [8]. Coran and Eraklis
[9] reported a 56% relapse frequency subsequent to ele-
vated ligation of the indirect hernia sac in infants with
Hurler-Hunter syndrome [10]. McEntyre and Raffens-
perger published a paper recommending infants and chil-
dren with Ehlers-Danlos syndrome undergo a formal
herniorrhaphy parallel to ones implemented in adult pa-
tients [11]. The related interpretations suggest that fore-
going operative trauma can change the standing of the
tissues on the ground of the IC in the infant and might
prompt the patient to an abnormal form of repeated her-
nia [12].

Connective Tissue-Related Molecular Mechanisms
forIH

The IC contains tissue formed by collagen, elastic fi-
bers involving elastin and microfibrils, and the glycos-
aminoglycans of the ECM. Genetic defects of every single
one of these fundamental constituents of a healthy con-
nective tissue structure may cause an enhanced frequency
of IH [2].

Collagen

Collagen is the ending substance of action inside the
fibroblast. Type I and type III collagens are the 2 central
forms among 29 that have been linked to wound healing
and hernia development. Initially, the fibroblast creates
procollagen, a long triple-helix molecule covering 2 ami-
no acids, i.e., lysine and proline. With the presence of ox-
ygen, Cu, and Fe*?, hydroxylation supersedes with trans-
formation to hydroxyproline and hydroxylysine that are
then exported as extracellular tropocollagen. Robust con-
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nections grow between analogous filaments of tropocol-
lagen and create collagen fibrils and fibers through wound
margins. Type I collagen is central in the advanced stur-
dier wound, whereas type III collagen, is nonpolymeric
and soluble and acts through the initial phases of wound
recovery [13]. Type III collagen is not an adequate bar-
rier and can trigger herniation and genitourinary pro-
lapse [14]. Reduced hydroxylation has been stated with
DIH versus ITH. The proportion of type I/III depends on
the firmness of the collagen strand and the fibril width. A
reduction of type I or an upsurge in type III has been as-
sociated with herniation, smoking, and hereditary insti-
gates [4].

Particular scientific groups, though not decisive, have
attempted to measure structural modifications of colla-
gen in hernias. Rodrigues Junior et al. [8] and Quintas et
al. [15] indicated organizational and quantifiable age-
linked alterations in the transversalis fascia (TF) elastic
fibers. These outcomes designated openly that there is a
structural correlation to the forfeiture of tensible capaci-
tance and springiness of the TF with aging, and this could
explain the excessive frequency of IH in people older than
50 years [8, 15, 16].

Rodrigues Junior et al. [8] established that the collagen
substance per milligram of TF was less in DIH than in ITH
patients. Wagh et al. [17] additionally revealed a mean-
ingfully reduced collagen intensity in the rectus sheaths
of hernia patients. Pans et al. [18] showed an augmented
collagen substance in the TF from ITH and a noteworthy
upsurge in collagen consistent with unripe collagen in the
TF from DIH. This shift might be coming from an im-
proved collagen revolution frequency or enhanced dis-
integration of collagen by matrix metalloproteinases
(MMP) [18]. Bellon et al. [19] indicated an amplified lev-
el of MMP2 in the TF in DIH in proportion to ITH.

Microfibrils

Elastic fibers are vigorous extracellular fibers that de-
liver springiness to tissues. Every elastic fiber contains an
elastin core and a microfibril cover. Microfibrils are gly-
coproteins vital to the production and structural constan-
cy of elastic fibers. Fifteen different proteins have been
revealed to be inclusive in microfibril production; never-
theless the glycoprotein fibrillin-1 (FBN1) has a signifi-
cant function. The initial step of elastic fiber construction
is microfibril assembly, where the fibrillin microfibril
bundle is shaped via the connection of elastin aggregates
[20]. In the prenatal and in early postnatal stages, micro-
fibrils form a cover across a main cross-linked core of
elastin. These recently shaped elastic fibers deposit in the
skin, elastic arteries, aorta, ligaments, and additional elas-
tic connective tissues around the body [21].

The most communal syndrome of the microfibril is
MFS, which is instigated by modifications in the FBN1
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Fig. 1. The IC covers tissues made by col-
lagen, elastin, and microfibrils and the
ECM. Genetic faults of these elements or
chromosomal abnormalities may cause a
heightened incidence of herniation. FBN,
fibrillin-1. This image was created using
the certified illustration software BioRen-
der.
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gene located at chromosome 15 (15q21.1), causing irreg-
ular FBN1 synthesis, discharge, or usage. While recurring
IH is comprised in the indicative norms for MFS, there
are also a few studies mentioning the occurrence of IH in
MES [22]. Finkbohner et al. [23] stated a prevalence of
34% of IH in 192 MFS patients. The commonness of IH
in MFS patients with confirmed irregularities in fibrillin
occupation, with or without a fibrillin mutation, was stat-
ed as 42% in another study [24].

LDS is an autosomal dominant disorder with key dis-
plays in the heart and skeletal system. It was primarily
defined as resembling MFS. LDS is instigated via altera-
tions in the transforming growth factor (TGF) receptor 1
and 2 genes [25]. Microfibrils control TGF-B, and ex-
treme TGF-f stimulation is heavily associated with fibril-
linopathies. The precise microfibrillar aberration in LDS
is unidentified; however, a molecular analysis for this dis-
order is obtainable [26].

Research has also been conducted to define the muta-
tions in the elastin gene in patients with no chromosom-
al syndromes. Rodrigues et al. [27] proved the assump-
tion that the ELNf (elastin isoform f precursor) gene exon
20 g28197A > G missense mutation triggers the construc-
tion of irregular elastic fibers and the forfeiture of fascia
transversalis utility and therefore is involved in the gen-
esis of IH. Rodrigues Junior et al. [8] showed elevated
quantities of elaunin and oxytalan elastic fibers in TF
from DIH patients compared to ITH patients in another
study. The advanced volumes of elastic fibers were shown
to have no effect on promotion improved tissue flexibil-
ity, since these elastic fibers in TF from DIH patients ex-
hibited structural alterations. They indicated that elastic
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tibers converted to twisted, dense, and disintegrated ver-
sions and mislaid their unique utility. Briefly, the TF from
DIH patients had worse endurance and springiness com-
pared to the TF from IIH patients [8]. The connective tis-
sue abnormalities that cause herniation are illustrated in
Figure 1.

Gene Expression Patterns in IIH

Sirtuins

Sirtuins are very preserved NAD-dependent class III
deacetylases. The sirtuin family consists of 7 members,
i.e., SIRT1 to SIRT7, in humans [28]. SIRT1 controls an
extensive variation of cellular roles including mitochon-
drial autophagy, circadian rhythms, biogenesis, stress re-
sistance, programmed cell death, glucose, and lipid me-
tabolism. The SIRT1 has been widely investigated and is
involved in cancer, diabetes, cardiovascular diseases, in-
flammation, obesity, and neurodegeneration [29]. Com-
monly, the SIRT1 gene is highly expressed in human skel-
etal muscles. SIRT1 has been indicated to control the dif-
ferentiation of skeletal muscle cells [30]. It also stimulates
the proliferation of human fibroblasts [31]. In one study,
researchers heritably and physiologically examined the
SIRT1 gene promoter in IIH patients and controls. A
small number of DNA sequence variants (DSV) and sin-
gle-nucleotide polymorphisms (SNP) have been defined
in ITH patients that meaningfully changed SIRT1 gene
promoter actions in vitro. The DSV might have altered
the transcriptional actions of the SIRT1 gene promoter
and altered SIRT1 levels, contributing to IIH progression

Visc Med 2021;37:349-357
DOI: 10.1159/000515275

351



as a risk cause. Comprehending the genetic and funda-
mental background can aid surgeons in competently
treating patients with primary and persistent IH [32].

GATA Factor 6

GATA factor 6 (GATA®6) is a member of the GATA
transcription factor family comprising a vastly preserved
DNA-binding domain. Throughout embryonic growth,
GATA factors control cellular differentiation, propaga-
tion, and subsistence [33]. GATAG6 is mostly abundant in
the lung, heart, and gastrointestinal tract in human em-
bryos. Instead, GATAG is generally expressed in meso-
dermal and endodermal tissues [34, 35]. Alterations in
the GATAG6 have been linked to congenital heart disor-
ders, atrial fibrillation, high blood glucose, and pancre-
atic agenesis [36-38]. Additionally, the latest research has
associated GATAG6 gene alterations with genetic dia-
phragmatic hernia [39]. In one study, researchers exam-
ined the GATAG6 gene promoter in ITH patients and con-
trols. Theyfound2heterozygousDSV,i.e.,g.22168361C>A
and g.22169106C>T, in 2 ITH patients, but not in any of
the controls. These DSV meaningfully decreased the
GATAG6 gene promoter actions in cultured human fibro-
blasts. Furthermore, 3 heterozygous DSV were only dis-
covered in 3 controls. Five DSV covering 4 SNP and 1
novel variant were uncovered in both ITH patients and
controls with parallel incidences. Consequently, it was
proved that the DSV inside the GATA6 gene promoter
contributed to ITH progression as a risk cause by fluctuat-
ing GATAG6 expressions [40].

Matrix Metalloproteinases

MMPs are from the zinc-dependent endopeptidase
protein family with diverse practical biological properties
covering cell expansion and programmed cell death, con-
trasting consequences on angiogenesis, and changes in
cellular movement and the immune system. MMPs take
partin ECM metabolism as mediators of tissue makeover
and overhaul [41].

The distorted percentage of the collagen subtypes may
be caused by either an altered production or unstable de-
terioration. Cleavage is controlled by the action of the
MMPs. MMP1 and MMP13 are the major matrix enzymes
splitting fibrillar type I, II, and III collagens. They have
been shown to carry a pathological function in dispropor-
tionate breakdown of particular connective tissue constit-
uents, osteoarthritis, atherosclerosis, tumor cell spread-
ing, and metastasis [42]. Especially changes in MMP1 and
MMP13 protein expressions have been linked to different
proportions of type I to III collagen [43]. Nonetheless, as
initially publicized in studies by Bellén et al. [16], cultured
fibroblasts in the fascia transversalis of IH patients dis-
played no alterations in MMP1 expression, while they
then revealed MMP-2 overexpression in the patients.
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Smigielski et al. [44] indicated elevated levels of serum
MMP2 in IIH, DIH, and incisional hernias. Meanwhile,
Jain et al. [45] conducted a study including 30 patients
and 30 controls and the outcomes were comparable to
those in the study of Smigielski et al. [44]. Smigielski et al.
[46] then evaluated MMP2 and TIMP2 (tissue inhibitors
of metalloproteinase-2) levels in DIH, ITH, and recurrent
hernia patients. They found that both factors were en-
hanced in hernia patients instead of the control group
[46]. Another study with greater numbers of experimen-
tal subjects was completed by Antoniou et al. [47]. They
examined tissue MMP2, MMP9, and TIMP1 and TIMP2
expressions of 91 IH and 35 control patients. MMP2 and
MMP9 expressions were increased while TIMP1 and
TIMP2 were decreased in the IH group compared to the
control group [47]. Bellon et al. [16] evaluated the relative
expressions of both MMP2 and TIMP2 in skin biopsies of
DIH, IIH, and control groups. MMP2 expression was
found very abundant in the IH groups while TIMP2 was
very abundant in the control groups. The results indicat-
ed that IH might develop because of a native contempla-
tion of systemic diseases.

T-Box Transcription Factor 2

T-box transcription factor 2 (TBX2) is a transcription
factor with important responsibilities in embryonic ex-
pansion. The TBX2 gene is extensively expressed in hu-
mans. It has been associated with the morphogenesis of
numerous tissues and organs such as the lungs, kidneys,
mammary glands, limbs, the heart, testes, and cranial tis-
sues. Parallel expression profiles of the TBX2 gene have
been detected in animal models, suggesting that Tbx2 is
also a key controller that works as a dose-responsive re-
pressor. Tbx2 expression is found in somites that mature
into vertebrae and muscles, whereas it also is expressed in
abdominal tissues. It is hypothesized that altered TBX2
expressions triggered by the DSV inside the TBX2 gene
regulatory sections can lead to human disorders [48].

Zhang et al. [48] identified 6 DSV inside of the TBX2
gene promoter. They showed that one ITH patient had a
heterozygous DSV (g.59476307G>C). They also detected
4DSV,i.e.,g.59476316C>A (rs73991913),8.59476415T>C
(rs1476781), g.59476510G>C  (rs4455026), and
8.59476892C>T (rs2286524), all of which were SNP and
presented in both ITH patients and controls with parallel
rates. The results indicated that DSV might be involved
in ITH development as an occasional reason through
shifting of the TBX2 level.

TBX3

Through embryonic development of the mouse, the
Tbx3 is broadly expressed in diverse tissues and organs
similar to TBX2 involving the mammary glands, lungs,
the heart, limbs, the nervous system, the genital ridge and
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the thoracic and abdominal body wall. Human TBX3
gene expression profiles are similar to those of mice while
also being expressed in connective tissues. Furthermore,
TBX3 has been covered in preserving the undifferentiated
state of ESC and refining the superiority of iPSC [49].
Heterozygous alterations in the TBX3 gene instigate ul-
nar-mammary syndrome, which is defined by upper-
limb deformities distressing the ulnar ray, mammary
gland hypoplasia, and apocrine and genital deficiencies.
As described before, IH has been detected in a minor per-
centage of ulnar-mammary syndrome patients [50].

Since TBX3 activity is highly dose dependent, Zhao et
al. [49] studied a TBX3 gene promoter in ITH patients and
ethnically complemented controls. They identified a het-
erozygous deletion variant (g.4820_4821del) in 1 IIH pa-
tient but in none of the controls. Accordingly, the variant
meaningfully reduced TBX3 gene promoter activity,
prone to generating a binding site for sex-determining
region Y (SRY), a mobility group transcription factor.
The research group also found 1 heterozygous insertion
variant (g.3913_3914ins) only in 1 control, which did not
distress TBX3 gene promoter actions. Generally, TBX3
gene variants might contribute to ITH as an infrequent
risk factor via a decrease in TBX3 intensities [49].

Genome-Wide Association Studies and Whole Exome
Sequencing in IIH

Limited information has been identified regarding the
genes that play a role in the pathophysiology of IH. Jor-
genson et al. [51] performed the first large-scale genome-
wide association study of surgically confirmed IH. They
used the data of patients in the Genetic Epidemiology Re-
search in Adult Health and Aging (GERA) cohort, nested
in the Kaiser Permanente Integrated Health Plan in
Northern California (KPNC). They projected the point
occurrence of surgically established IH between non-His-
panic white KPNC participants older than 50 years, which
was 9.2% in men and 0.3% in women. With the aid of both
point and lifetime incidence assessments, the 4 top SNPs
(on gene EFEMP1, ADAMTS6, EBF2, and WT1) enlight-
ened 1.0-1.4% of the distinction in the risk of IH in men
and 1.3-2.8% in women in their detection sample. The
narrow-sense heritability described through shared SNP
was between 13.2 and 18.3% in men and between 20.8 and
25.5% in women, signifying that further IH predisposi-
tion loci are yet to be determined [51].

They also examined the 4 IH probable SNPs in GERA
participants with DIH and ITH distinctly to define wheth-
er any of them predisposed subjects to a precise subtype
of TH. The OR detected for DIH were marginally stronger
for 3 of the 4 top SNP in men versus ITH. They detected
fewer subjects with IH among women; only rs2009262
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(EFEMP1 gene SNP) and rs3809060 (WT1 gene SNP)
were associated with DIH or IIH and both exhibited
greater effects in ITH compared to DIH. In men, the 4 top
SNP have been defined as the most intensely connected
SNP with ITH. However, for 3 of the 4 loci, different SNP
in the sequence have been linked to DIH, particular-
ly rs11899888 (instead of rs2009262) in EFEMPI,
rs12520760 (instead of rs370763) in ADAMTS6, and
rs10746560 (instead of r$6991952) in EBF2 [51].

The potential inheritance pattern of IH is still unclear,
and not many genetic findings have been stated for hu-
mans that might be considered at the whole-genome lev-
el. A recent study performed by Mihailov et al. [52]
showed the heterozygous missense mutation c.88880A>C
(p.Lys29627Thr) in the TTN gene encoding titin, which
cosegregated with IH in an Estonian multiplex family
through whole-exome sequencing. They stated that this
missense variant in the A-band of TTN is the clearest po-
tential mutation for autosomal dominant IH with partial
penetrance [52].

Epithelial-Mesenchymal Transition in IIH

Epithelial-mesenchymal transition (EMT) defines a
fast and regularly reversible conversion of the cellular
phenotype. It was initially stated in the framework of the
cell transformation that has been utilized in a variety of
actions, involving mesoderm and neural crest develop-
ment [53]. Through EMT, epithelial cells mislay their dis-
tinctive cell-cell adhesion assemblies, alter polarity, con-
trol the incorporation of their cytoskeletal meshwork,
shift expression from keratin to vimentin type transition-
al filaments, and convert into remote, motile cells that are
defiant to cell death [54]. Structural modifications of
obliterated PV are the counterpart of EMT. Cells residing
in the PV express cytokeratins and establish diversity of
epithelial cells [55]. This implies that EMT may be the
cause of cells granting the capacity to attack the ECM.
Oncostatins have been reported to prompt EMT in tubu-
lar epithelial cells through stimulation of the STAT path-
way, signifying that STAT can be vital for cytokine- and
growth factor-facilitated reactions controlling EMT in
cancer and fibrogenesis [56].

Our recent report on the investigation of the related
topic indicated significant results. In children with ITH
keratin expression was detected higher than the con-
trols, while keratin expression was significantly lower in
adult ITH than adult controls. Keratin 15, keratin 1, and
Filaggrin2 expressions all correlated as they are partici-
pants of connected pathways, while signal transducer
and activator of transcription 3 (STAT3) expressions
were found opposite to Keratin and Filaggrin, proposing
that adult cells shifted to the mesenchymal state from
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Table 1. Summary of our findings in adult vs. pediatric IH indicating differences of EMT-related genes

Target genes Experimental Relative mRNA Results Outcome Reference
groups expression
KRTI15 Adult peritoneum 0.284+0.009 Higher expression of KRTI5 in Adult TH 59
(keratin 15) Adult ITH 0.062+0.011 pediatric ITH vs. controls Mesenchymal state T
Lower expression of KRT15 in adult Pediatric ITH
IIH vs. controls Epithelial state T
Pediatric peritoneum 0.056+0.014
Pediatric ITH 0.194+0.013
KRT1 Adult peritoneum 0.304+0.015 Higher expression of KRTI in Adult TH 59
(keratin 1) Adult ITH 0.063+0.09 pediatric ITH vs. controls Mesenchymal state T
Lower expression of KRT1 in adult  Pediatric ITH
ITH vs. controls Epithelial state T
Pediatric peritoneum 0.164+0.013
Pediatric ITH 0.240+0.014
FLG2 Adult peritoneum 0.250+0.014 Higher expression of FLG2 in Adult TH 59
(filaggrin 2) Adult ITH 0.058+0.011 pediatric ITH vs. controls Mesenchymal state T
Lower expression of FLG2 in adult  Pediatric ITH
ITH vs. controls Epithelial state T
Pediatric peritoneum 0.068+0.011
Pediatric ITH 0.190+0.013
STAT3 Adult peritoneum 0.290+0.005 Same expression of STAT3 in Adult TH 59
(signal transducer Adult ITH 0.710+0.012 pediatric ITH and controls Mesenchymal state T

and activator of

transcription 3)
0.364+0.0061

0.364+0.0063

Pediatric peritoneum
Pediatric ITH

Higher expression of STAT3 in adult
ITH vs. controls

the epithelial state. Adult IIH samples converted to the
mesenchymal state while child ITH samples displayed an
absence of transition. In other words, child ITH cells
maintained their epithelial stage and did not enter the
mesenchymal phase. Subsequent to this study, EMT can
be thought as a factor of ITH development in adults while
the arrested EMT might be the factor of child ITH [57]
(Table 1). The genes effecting ITH development and
EMT effects are shown in Figure 2 with respect to the
reference studies.

Overall, abnormal deviations of EMT-related genes
influence the development of IIH. Thus, the report on
both genetic and epigenetic control of EMT in patients
with primary IH may help to understand the pathogen-
esis and bring new therapeutic methods for this disease
[57].

Discussion

AnIH grows when the PV decays to obliteration in late
gestation, allowing interactions between the abdominal
cavity and the IC to endure. Abdominal substances can
later herniate into the IC. The predominance of hernias
in children are indirect, with substances expanded
throughout the internal inguinal ring into the IC [58].

354 Visc Med 2021;37:349-357
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There is still a lack of information on how IH carry the
recurrence possibility in adults but not very often in chil-
dren. Meanwhile, some genetic malformations cause the
development of IH and may contribute to the relapse pos-
sibility. How child indirect IH develops through different
molecular paths compared to other hernia types is not yet
tully understood.

Now, it is very clear that connective tissue deficiencies
attend to the progression of IH. For instance, as a result
of a fundamental faulty collagen metabolism, the degree
of mash overlap can create the risk of a recurrence emerg-
ing at the mesh border. Therefore, the background infor-
mation of genetic abnormalities or metabolism deficien-
cies may support the surgeon’s decision on the surgical
method [59].

The congenital perspective of child ITH is intended to
be under intense examination by our group soon. Though
EMT upregulation was initially established in adult IIH
and not in child ITH, a superior understanding of EMT
genes in diverse populaces are now being engaged to
comprehend the pathophysiology and genetic context of
the disorder. This may be beneficial for selection of the
patients at risk who would possibly benefit from surgical
reparation with prosthetic material [57].

Asindicated by many previous studies, the basic mech-
anism in the formation of IH develops through oblitera-
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tion of the PV [2, 60, 61]. Although there is not much
information in the literature [62], we speculate that the
obliteration defect of PV in IH, along with undescended
testicles in infancy, is similar to IH seen at an early age in
girls with a sliding ovary, in line with the observations of
many cases and operations. We also speculate that oblit-
eration of the PV occurs with a different deficiency in IH
seen in girls and boys at advanced pediatric ages. There-
fore, in one of our ongoing studies, we are working on the
EMT background by taking PV samples of IH with unde-
scended testicles during infancy, sliding IH in infant girls,
and IH seen at advanced pediatric ages. Thus, we aim to
explain the molecular differences of these studies in 2 dif-
ferent pathologies. When the molecular mechanism in
the obliteration of PV is solved in the future, especially in
infancy cases, the treatment of the disease will be found
with molecular therapies that can be developed without
the need for surgery.

Molecular and Genetic Background of ITH

Conclusion

IH is a disease that is formed by many multifactorial
reasons such as genetic factors, differences in ECM ele-
ments, and EMT deficiency. In this study, we discussed
these factors one by one and shared the latest develop-
ments in the literature. This review supports the idea of
taking molecular background studies into consideration
since the future diagnostic approaches and treatments for
IH are changing shape. Our group aims to fully describe
the molecular mechanism of child and adult IH in the fu-
ture. Here we demonstrated the multifactorial back-
ground of IH by focusing on the molecular pathways that
are involved.
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