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ABSTRACT
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Testis and ovary serve an important role of producing male and female gametes. Their normal functioning is very important for the proper
formation of sperm and ovum and thus has a critical role in the successful fertility outcome. Synchronized activity of various cells in the
gonads is needed to provide favorable niche for the growth and development of the germ cells. Among various ways of cellular communication,
intercellular communication is mediated by gap junctions, which provides open but selective exchange of ion and molecules of restricted
size between two adjoining cells. The basic unit of gap junction is connexins. Their important role has been speculated in the maintenance
of homeostasis, morphogenesis, cell differentiation, and growth control in higher organisms. The expression of gap junction proteins in
reproductive tissues has drawn the attention and interest of researcher to investigate their role in the reproductive outcome. The reports
about the correlation of gap junction protein expression pattern in infertility patients and in animal models have suggested their implication
in fertility. Some of these gap junction proteins seem to have redundant functions, whereas some could be very critical in the normal fertility
and could not be dispensable for the successful outcome of the reproduction.

INTRODUCTION

Various kinds of cellular interactions exist for anchorage,
support and communication between cells. Gap junction (GJ),
adherens junction, and tight junction (TJ) are three major types
of junctions responsible for intercellular adhesions and
communications among different cell types. Communications
among cells are very essential for synchronized functioning of
different cells as unit and also to convey signals for terminal
actions. Most cells in animal tissues communicate with
surrounding cells via gap junctions, with few exception like
terminally differentiated skeletal muscle cells and blood cells.
The basic unit of gap junction is a transmembrane channel called
connexon, which itself is made up of six connexins subunits.
As the name suggests, unlike other intercellular junctions, gap
junction does not seal the cell membrane but connect both
communicating cells by the lumen of junction. These gap
junctions provide physical connection between two cells to pass
inorganic ions and small water-soluble molecules from the
cytoplasm of one cell to other. Apart from metabolic coupling,
gap junctions also serve the purpose of electrical coupling at
greater speed, which is very essential for synchronized
contractions of heart muscle cells and the smooth muscle cells
during peristaltic movements.
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The role of the gap junctional intercellular communication
is confirmed in the homeostasis and in various developmental
processes, including morphogenesis, cell differentiation, and
growth. Apart from its expression in various parts of the body,
gap junctions are widely distributed in male and female
reproductive organs and in tissues directly involved in germ
cell development. It is expression in Sertoli cells, which
functions as mother cells for developing male germ cells, and
in somatic layer around developing oocyte in the ovary is quite
intriguing and indicates toward their specific role during the
development of germ cells.?® Various fertility defects were
witnessed in connexin (Cx) knockout animal models, which
confirm the role of connexins in the reproduction.*® Animal
model of connexin mutation also showed defective oogenesis.®
The information available so far about the expression of Cx in
reproductive tissues and correlation of their functionality with
the reproductive outcome has indicated their role in fertility.
The present review is focused on the recent developments on
the role of Cxs in the germ cell development and infertility.

GAP JUNCTIONS: OPEN BUT SELECTIVE WAY OF
CELLULAR COMMUNICATION

For the body to work as system, it needs all the cells of different
tissues to work in coordinated fashion. During the evolution
different ways of cellular communication between adjoining
and distance cells have established. For the communication
between distant cells, various signaling molecules are needed

International Journal of Infertility and Fetal Medlicine, Vol. 1, No. 1

11



Piyush Tripathi, et al

to carry the message from the source to the target tissues. They
further have to undergo a cascade of events from recognition
of those signals on the cell surface by different receptors to
their internalization and bringing the message to effect at cellular
level. However, this communication could be more direct by
cellular contact with adjoining cells. The cellular integration
and the coordination of diverse biological functions in most of
tissues are established by the contact between adjacent cells by
three major types of cell junctions—adherens junction, tight
junction and gap junction.

Gap junctions (GJ) are widely distributed and formed by
specially organized channels. Each channel is formed when two
half channels or connexon present in surface of plasma
membrane of one cell joins the connexon on plasma membrane
of another cell via noncovalent interaction.” Tens to thousands
of GJ channels cluster together forming GJ plaques. The
intercytoplasmic connections created by GJ channels allow the
exchange of ions and metabolites up to 1kDa in size and
secondary messengers like IP3 and cAMP from cytosol of one
cell to the other.® GJs are very peculiar in sense that they have
very high turnover rate compared to most integral membrane
proteins. Half lives of most of them ranges from 1 to 3 hours
and this provides rapid and highly coordinated trafficking
system. The complete GJ life cycle consists of connexin
synthesis and oligomerization, hemichannel translocation to the
plasma membrane for incorporation into GJs, and finally
removal from the plasma membrane and degradation.®

Each individual connexons are made up of six protein
subunits called connexins, surrounding a central hydrophilic
core (Fig. 1). The connexon can be homomeric or heteromeric
depending on whether it consists of one type or multiple types
of connexins. Moreover, the intercellular channel between
adjacent cells can be homotypic or heterotypic, if composed of
identical or different connexons. In humans, 21 and in mouse
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Fig. 1: The arrangement of gap junction. Each gap junction is composed of two connexins contributed by each cell. Individual connexins are

made up of six protein subunits called connexins. Each connexin protein contains amino and carboxyl terminus in the cytoplasm. Four
transmembrane domains in connexin are connected by two extracellular loops (E1 and E2) and one cytoplasmic loop (CL)
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20 connexins (Cxs) has been identified. Connexins are named
according to their molecular weight and most of them have a
wide tissue distribution pattern.'® Structurally each connexin
protein contains amino and carboxyl terminus in the cytoplasm,
four transmembrane domain and two extracellular loops being
highly conserved among different connexins and a single
cytoplasmic loop and the C-ter tail shows the most diversity.

GERM CELLS IN THE TESTIS AND OVARY

The main function of testis is to carry out the production of
sperms, the male gametes. The process includes germ cell
proliferation and their final differentiation into mature
spermatozoa. The testis is made up of tubular structures called
seminiferous tubules, where the spermatogenesis takes places
and interstitium or intertubular tissues, which contains Leydig
cells, an important source of hormones needed for proper
spermato and spermiogenesis.’* The seminiferous tubule is
compartmented into germinal epithelium and the peritubular
tissues called lamina propria.'? The germinal epithelium houses
cells of different stages of spermatogenesis, including
spermatogonia, primary and secondary spermatocytes and
spermatids. Sertoli cells are also present in the germinal
epithelium and serve to nurture sperm cells of different stages
of spermatogenesis. Sertoli cells are interconnected by tight
junctions of cellular membranes constituting ‘blood testis
barrier’ (BTB), which partitions the seminiferous epithelium
into the basal compartment and the adluminal compartment.
The spermatogonia are initially present in the basal compartment
and their more developed forms like primary and secondary
spermatocytes and spermatids move to the adluminal
compartment during spermatogenesis.*®

Spermatogenesis begins with the division of stem cells (type
A spermatogonia) to produce spermatocytes, which undergoes
meiotic processing of spermatocytes to spermatids with several

Connexon
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intermediate stages, including leptotene spermatocytes,
pachytene spermatocytes, round spermatids, and finally
elongated spermatids. These spermatids undergo differentiation
and morphological transformation into spermatozoa and are
released in the lumens of seminiferous tubule.*® For the normal
development and differentiation of spermatocytes into mature
form of spermatids, their migration across BTB is essential
during which continuous formation of cellular junction and their
remodeling takes place between germ cells and Sertoli cells.
Recent evidences suggest the important role of gap junction
proteins for the successful spermatogenesis.'*

Similar to testis, the main function of ovary is to generate
female gametes. During early stages of the development, the
oocyte is enclosed in somatic cells and called primordial follicle.
During further follicular development, maturation of the oocyte
takes place, which is surrounded by granulosa cells and
enveloped by theca cells.*® During folliculogenesis, granulosa
cells give physical support and mediate signaling between
different types of follicular cells and hormones.'® The size of
oocyte also increases with the increase of follicular size and
antral cavity is formed near the completion of follicular growth.’

The primary oocyte, which is destined to undergo meiotic
division to produce female haploid gamete, halts at meiosis |
during early embryonic development, and resumes back with
the LH (Luteinizing hormone) surge during menstrual cycle.'®
After meiosis I, primary oocyte develops into the secondary
oocyte and the first polar body. Secondary oocyte undergoes
meiosis Il but stops at the metaphase 11, and ovulated into the
fallopian tube. During fertilization with a spermatozoon, meiosis
resumes and with its completion, release of the second polar
body takes place.®

The important role of cellular junctions between oocyte and
somatic cells has been discovered for the normal progression
of oocyte growth and maturation. The recent study by Vaccari
et al have shown that the disruption of junctional interaction
between oocyte and somatic cells motivates the resumption of
meiosis in mature oocytes.*® Further another group has also
shown important role of gap junctions in communication
between the different follicular cell types.?%?*

DISTRIBUTION OF GAP JUNCTION PROTEINS IN
TESTIS AND OVARY

Along with the germ cells, gap junction proteins are expressed
in various locations of male and female reproductive organs,
including, seminiferous tubules, leydig cells, sertoli cells,
endothelial cells, peritubular cells in the testis and in granulosa
cells of ovarian follicles in the ovary. Till date, 21 connexins
(Cxs) have been identified in human and 20 in mouse genome,
among which 19 has corresponding orthologs in human and
mouse.'? In rodent testis, the expression of 12 connexins has
been recognized, including, Cx26, Cx30.2, Cx30.3, Cx31,
Cx31.1, Cx32, Cx33, Cx37, Cx40, Cx43, Cx45, Cx46 and
Cx50.222 Further Cx26, Cx32, Cx37, Cx43, Cx45 and Cx60
have been identified in ovaries of different species.®?*%

Cx26 protein has been identified in seminiferous
epithelium.?? Cx 31 was only detected in spermatogonia and
early spermatocytes but not in Sertoli cells,?® similar to Cx50
expression detected in spermatocytes and round spermatids,?
but contrary to Cx 32, which was indentified in sertoli cells but
not in germ cells.?’

In contrast to various other Cxs, Cx33 is exclusively
expressed to the testis, specifically in seminiferous tubules and
Sertoli cells.?®2° It was further identified that the heteromeric
complex of Cx33 with other Cx are less stable and thus have an
inhibitory effect on gap junction channel function by changing
the junctional conductance.* In vivo study confirmed that the
Cx33 makes unstable heterocomplex with Cx43 at cell surface
and are rapidly internalized by endocytosis.?® The same group
has later on shown that the instability of the Cx33/Cx43 complex
at the cell surface is affected by the Cx43 phosphorylation status
and its further interaction with the c-Src kinase.®!

One of the most abundant connexins in the testis is Cx43,
which is expressed in the Leydig cells, and in the seminiferous
tubules between Sertoli cells and germ cells like spermatogonia
and spermatocytes.®233 Colocalization and other biochemical
experiments have shown that the physically interaction of Cx
43 with cortactin is essential for the formation of cellular
junctions between Sertoli cells and germ cells.®* Recent study
about the Sertoli cell specific Cx43 knockout study has shown
that Cx43 plays an important role in communication between
Sertoli cell and germ cells and in turn the spermatogenesis.?

Connexin 43, along with the connexin 37 is also the most
abundant connexin in the ovary. Cx43 is expressed in the
somatic compartment of the ovarian follicle and may be involved
in cellular communication between granulosa cells.® However,
the expression specificities of Cx43 in ovary are further debated
by various groups. Some studies have detected the Cx43
expression in the oocytes of rodent and other species,>*¢ which
could not be confirmed in some recent studies.>”*® It is further
demonstrated that the Cx37 is exclusively expressed in the
oocyte but not in the somatic compartment of the ovary. These
findings indicate that the heterotypic gap junctions constituted
by Cx37 and Cx43 could be involved in cellular communication
between the oocytes and surrounding somatic cells.

Cx32 was detected in granulosa cells of small antral follicles
but not healthy follicles of cattle.** Cx26 was detected in the
oocyte and in the granulosa and thecal cell layers of preovulatory
follicles indicating their possible role in folliculogenesis.*! The
low level of RNA expression of Cx57 has been detected in
murine ovary tissue,* however its porcine ortholog, Cx60, is
expressed in cumulus and theca cells.*?

REGULATION OF CONNEXIN EXPRESSION IN
TESTIS AND OVARY

The study of normal and defective spermatogenesis mice has
revealed a stage specific relation of connexin expression in the
testis.* It is evident that various physiological effectors that
intend to modulate the functioning of gonads may also influence
the expression of connexins in these tissues.*®
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In the culture experiments, it was demonstrated that the gap
junction mediated cellular communication is increased in
response to follicle stimulating hormone (FSH).*® Other studies
have indicated that the FSH and its second messenger,
CcAMP regulate the electrical and functional coupling of gap
junctions*®47 and Cx43 distribution in Sertoli cells.*® It was
further shown that the dibutyryl cCAMP in a Ca2C-free medium
can regulate the electrical coupling in intact tubule and in
cultures indicating that Ca2C is involved in the response to
cAMP.*" A recent study has further demonstrated that FSH,
cAMP, DHT, and 17B-E2 can significantly change Cx43
distribution and gap junction coupling.*®

Apart from nongenomic effect of steroids hormones on
connexins, the presence of oestrogen response elements on the
Cx43 promoter is indicative of the fact that 17b-E2 can increase
Cx43 through a genomic pathway mediated by the nuclear
oestrogen receptor.% It is also observed that in Sertoli cells,
17b-E2 can induce a Src-mediated translocation of estrogen
receptors to the cell surface.> The available evidences indicate
that 17b-E2 can control Cxs and thus the Sertoli cell gap
junctions through both genomic and nongenomic pathways. The
cell surface distribution of Cx43 in the testis can also be
influenced by thyroid hormone, which is known for its role in
testicular function and development.>? However, its role in the
regulation of Cx43 expression in the testis could not be
recognized.*

The expression of Cx43 in Sertoli cells could be influenced
by retinoids, which are well-known for their role in the
maintenance of spermatogenesis. The decrease in testicular
Cx43 expression was observed in vitamin A-deficient-rat model,
associated with impaired spermatogenesis, where vitamin A
supplement was able to restore Cx43 expression.>

Cx43 expression in the ovary is regulated by gonadotropins
like FSH and lutinizing hormone (LH). The initial indication
came from stage specific expression level of Cx43 during estrous
cycle, which was correlated with the level of FSH and LH.
Increase in the Cx43 expression in the large antral follicles was
observed where the FSH was relatively elevated.>® Contrary to
FSH, the high concentration of LH during preovulatory surge
of gonadotropins was correlated with the decreased expression
of Cx43.%° In vitro experiment has demonstrated that in the
presence of LH, Cx43 mRNA level was only decreased, whereas
Cx43 protein was completely eliminated in rat ovarian follicles,
indicating its role in additional layer of regulation by controlling
the translation of connexin protein.>® It was further confirmed
that LH inhibits Cx43 translation in rat ovaries.>’

It is further reported that human chorionic gonadotropin
(hCG) can induced down regulation of Cx32 in mouse cumulus—
oocyte complexes.®® It is also reported that Cx32 is less
stringently regulated by LH compared to cx43. The levels of
Cx32 may remain high for up to 5 h after the LH surge.®’

FUNCTION OF CONNEXINS IN THE
TESTIS AND OVARY

The evidences gathered so far about the specific and stage
dependent expressions of connexins in the gonads indicate that

they have important role during gonad development and gamete
formation in testis and ovary. Some of the most compelling
evidences came from the knockout studies, where specific
connexins were deleted, and their correlation with fertility
problems. Development of techniques to generate conditional
knockouts using Cre-loxP system has enabled researchers to
study the relevance of particular Cxs of interest in specific
tissues, where complete knockouts were embryonic lethal.

Using Cre-loxP conditional knockout technique Cx43 was
specifically deleted only in Sertoli cells of the testis, whereas it
was normally expressed in other places inside and outside the
testis.*® The choice of Sertoli cell specific Cx43 knockout has
avoided the neonatal lethality of the Cx43 complete knockout
and enabled to study the role of Cx43 in reproductive tissues.

Inside the seminiferous tubules of testis, Cx43 is involved
in the formation of intercellular contacts between Sertoli cells
and proliferating germ cells.®® These gap junctions were
observed in a stage-dependent manner indicating an important
relationship between the germ cells and Cx43.3% Analysis of
homozygous Cx43 null allele mice revealed reduction in
primordial germ cells (PGCs) during embryonic development.>®
Later on, it was discovered that the lack of Cx43 affects the
PGC motility during mid gestation in mice embryo. It is also
evident that the lack of Cx43 may induce abnormal p53
activation leading to the apoptotic loss of PGCs at the later
stages in the Cx43 knockout mouse embryos.®°

Apart from the role of Cx43 during embryonic testis
development, its role in Sertoli cell proliferation has been
observed during the neonatal period. Gilleron et al have shown
nongenomic effect of tri-iodothyronine (T3) on Cx43 Sertoli
cells in in vitro experiments and suggested that Cx43 could be
an intermediate target for T3 mediated regulation of neonatal
Sertoli cell proliferation.®® It was further demonstrated that the
Cx43 gap junctions between Sertoli cells is involved in
regulation of Sertoli cell proliferation whereas Cx43 gap
junctions between Sertoli cells and spermatogonia influence
germ cell survival.?’

Further studies have provided a direct correlation between
Cx43 and spermatogenesis. Disrupting the Cx43 gene function
by substituting Cx43 gene by the coding sequences of Cx32
and Cx40 resulted in mature animals with severe
spermatogenesis defects and giving rise to seminiferous tubules
with “Sertoli cell only’, SCO phenotype.®? This indicates that
Cx32 and Cx40 cannot replace the role of Cx43 in testis. There
are further evidences that not all the Cx knockouts result in
fertility defects. Cx31, Cx32, Cx40, Cx46 and Cx50 knockouts
show normal fertility.® It is possible that the lack of phenotype
in some Cx knockouts could be due to overlapping functioning
of these genes. In non-rodent animal system also, stage
dependent expression of Cx43 was observed with higher levels
when spermatogenesis is at maximum level.®* Expression of
Cx43 in human patients with spermatogenesis defects like
Klinefelter’s syndrome and in mice models was investigated.
Strong correlation was found between spermatogenic defects
and absence of Cx43 expression within the seminiferous tubules.%®
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Similar to studies in testis, various evidences came up in
recent years establishing important role of Cxs in ovary and
female gamete formation. Cx43 and Cx37 have been specifically
recognized for their role in follicle development and oocyte
growth.

In the absence of Cx37, folliculogenesis is arrested at the
early antral stage and the oocytes could not attain their normal
size.® To study the ovarian development in Cx43 knockouts,
which has postnatal death, ovaries were removed and studied
in vitro. Ovaries lacking Cx43 have retarded oocyte growth
and halted folliculogenesis beyond the primary follicle stage.*

Further chimera studies involving null mutant oocytes and
wild-type granulosa cells or vice versa indicated that mouse
oocytes do not need to express Cx43 for its maturation and
functionality, but must express Cx37 to communicate with
granulosa cells, which is necessary for oogenesis.®” Another
study using Cre-loxP system to specifically delete the Cx43 in
the oocyte have reported that the preimplantation development
of oocyte could be normal but implantation of resultant
blactocysts is affected severely.®

CONNEXINS AND INFERTILITY

Expression analysis of connexins in pathological testis and the
reproductive phenotype of Cx knockouts have indicated their
important role in overall fertility outcome. Investigations of
human testis samples with impaired spermatogenesis have
shown normal changes in the testicular gap junctions. One of
the earliest descriptions about the abnormal gap junctions in
pathological testis was presented by Nagano et al 1976 by
showing no gap junctions between Sertoli cells of feminized
testis.%® Others have also demonstrated the occurrence of
atypical gap junctions in the seminiferous tubules of infertile
patients of azoospermia and oligospermia.”

Cx43, which is one of the widely expressed connexins, has
been implicated in fertility defects by various reports. Cx43
protein could not be detectable in seminiferous tubules of
patients with SCO syndrome,’* however it was later discovered
that the expression of Cx43 in the seminiferous tubules was

controlled at transcriptional level in these patients.”?
Spermatogenesis defects were evident in Sertoli cell specific
conditional Cx43 knockouts.*® The possible mechanism for the
reduction of germ cells in these knockout studies could be
regulation of proliferation and differentiation of Sertoli cells,
which serve as nurse cell for the growing germ cells.
Indispensible role of Cx43 in the maintenance of Sertoli cell
was further backed up by other studies, where it was shown
that its loss in Sertoli cells cannot be compensated by other
Cxs expressed in Sertoli cells and spermatogonia, i.e. Cx26
and Cx32.” The knockouts of other Cxs did not show any
significant reproductive phenotype (Table 1). The possible
reason for this observation could be overlapping expression
and function of the Cxs expressed in the gonads, however when
it comes to some critical Cx, like Cx43, their loss of function
becomes indispensible.

Cx43 is encoded by GJAL gene. Mutations in the GJA1
gene were associated with nonsyndromic deafness’ and later
on with oculodento digital dysplasia, ODDD (OMIM164200).”
Various studies have investigated the mutations in the GJAL
gene and represented correlation with ODDD and other
phenotypes.”® Though mouse model of ODDD has oogenesis
defects and poor gestational outcome but neither animal model
of ODDD nor the mutations in GJAL gene has documented
male fertility problems.

The reasons for the disparity between the features observed
in connexin 43 knockout mice and Cx mutations/mutant model
of ODDD could be multifold. Cx43 complete knockout was
lethal and thus could not be studied. All the information about
its role in reproductive system came from conditional knockouts,
like Sertoli cell specific Cx43 KO, where the gene function
was completely inactivated by Cre-LoxP system. Various
mutations in the connexins can have differential functional
consequences and possibly that result in variable isolated or
pleiotropic phenotypes. The heterozygous mutations in
connexins may have milder effect than the complete deletion
of Cx in conditional knockoults.

Cx43 also plays a very important role during oogenesis.
Cx43 knockouts have severe oocyte deficiency and arrested

Table 1: Sites of Cxs expression in male and female gonads, knockout viability and phenotypes

Cx type Expression in male and female gonads

Viability/lethality Reproductive phenotype

Cx26 Spermatocytes, spermatids, apical compartment of
seminiferous tubules?>7®

Cx31 Spermatogonia, spermatocytes, spermatids and
peritubular cells?226

Cx32 Spermatocytes, spermatids and Sertoli cells, apical
compartment of seminiferous tubules?7®

Cx37  Peritubular cells, oocytes in the ovary?3°

Cx40  Spermatocytes, spermatids and peritubular cells?

Cx43 Sertoli cells, spermatogonia, Leydig cells, peritubular cells,
granulosa cells of the ovary>7%:7278

Cx45  Peritubular cells?

Cx50  Spermatocytes, spermatids??

Embryonic Unknown

lethal

Viable No effect on spermatogenesis®?

Viable No effect on spermatogenesis’®

Viable No alteration of spermatogenesis but
female are sterile®®

Viable No alteration of spermatogenesis®&!

Neonatal Germ cell deficiency, Sertoli cell only

lethality syndrome, retarded oocyte growth and
halted folliculogenesis®® 82 8

Embryonic Unknown

lethal

Viable No alteration of spermatogenesis®

International Journal of Infertility and Fetal Medlicine, Vol. 1, No. 1

15



Piyush Tripathi, et al

folliculogenesis during development. One of the recent studies
has shown that the mouse model having dominant loss-of-
function Cx43 mutation, Cx43%%, Gja1"/+ displaying features
of the ODDD has oogenesis defects and is subfertile.® Another
study has implicated Cx43 in parturition in mouse model. Cx43
is also a major myometrial gap junction protein and is found to
be upregulated just before the onset of delivery indicating an
important role of Cx43-mediated gap junctional intercellular
communication (GJIC) in uterine contraction during parturition.
The phosphorylated form Cx43 was significantly reduced in
the myometrium of the Gja1"/+ mouse and was not increased
before parturition corresponding to weaker contraction of the
mutant myometrium and poor gestational outcome and
parturition.”’

CONCLUSIONS AND FUTURE DIRECTIONS

The gap junctional intercellular communication conveyed by
gap junction proteins is involved in various developmental
processes. There are substantial evidences that the Cxs have
important role in the male and female gonads and the
development of germ cells. The Cx43, which is the predominant
Cx protein, have indispensable role in both male and female
germ cell development and thus its loss is indispensible, which
is evident by various reproductive phenotypes in male and
female (Fig. 2). The lack of phenotype in the absence of other
Cxs could be due to redundant role and functioning of some
Cxs in male and female reproductive system. The use of Cre-
LoxP system was very useful in deciphering the role of particular
Cxs in specific tissue location of testis and ovary. This technique
of conditional knockout was very useful, where the study of
complete knockout was not possible due to embryonic or
neonatal lethality. The mutation analyzes of Cxs coding genes
have presented intriguing information about the role of Cxs in
poor oogenesis and poor gestational outcome. However, still
some discrepancies exist between knockout studies and Cx
mutation studies. Many factors, including modifier genes, extend
of functional defects caused by individual mutation and
mechanism by which each variant affect the physiological
outcome may be involved in variable phenotypic penetrance.
In future, it will be more interesting to study the effect of

Germ cell deficiency

Altered
Spermatogonial spermatogenesis

arrest

Restriction of oocyte

growth and folliculogenesis fERaspeuii

Fig. 2: Involvement of Cx43 in various male and female reproductive
phenotypes. As opposed to various other Cxs, role of Cx43 is very
critical and thus its loss or deficiency could not be compensated by
other Cxs expressed in male and female gonads

individual mutant variants of each Cx on germ cell development.
These studies will also shed light upon the possible mechanism
by which each variant is involved in causation of various
phenotypes.
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