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Formins are a growing class of actin nucleation proteins that promote the polymerization of actin microfilaments,
forming long stretches of actin microfilaments to confer actin filament bundling in mammalian cells. As such,
microfilament bundles can be formed in specific cellular domains, in particular in motile mammalian cells, such as
filopodia. Since ectoplasmic specialization (ES), a testis-specific adherens junction (AJ), at the Sertoli cell-cell and Sertoli-
spermatid interface is constituted by arrays of actin microfilament bundles, it is likely that formins are playing a
significant physiological role on the homeostasis of ES during the epithelial cycle of spermatogenesis. In this
Commentary, we provide a timely discussion on formin 1 which was recently shown to be a crucial regulator of actin
microfilaments at the ES in the rat testis (Li N et al. Endocrinology, 2015, in press; DOI: 10.1210/en.2015-1161,
PMID:25901598). We also highlight research that is needed to unravel the functional significance of formins in

spermatogenesis.

Introduction

During spermatogenesis, preleptotene spermatocytes trans-
formed from type B spermatogonia residing in the basal compart-
ment of the seminiferous epithelium are being transported across
the blood-testis barrier (BTB) to enter the adluminal compart-
ment to prepare for meiosis I/II at stage VIII of the epithelial
cycle in the rat testis? (Fig. 1). Following meiosis I and II that
takes place at stage XIV of the cycle, round spermatids derived
from secondary spermatocytes undergo spermiogenesis to trans-
form into spermatozoa via 19 steps, from step 1 through step 19
spermatids in the rat, so that the release of sperm can take place
at stage VIII of the epithelial cycle.>* Thus, it is conceivable that
there are extensive restructuring and/or remodeling at the cell-
cell interface between Sertoli cells at the BTB and also between
Sertoli and germ cells, most notably spermatids, during the epi-
thelial cycle of spermatogenesis.”® It is of interest to note that
there is a testis-specific actin-rich ultrastructure known as the
ectoplasmic specialization (ES) that is confined to: (i) the Sertoli
cell-cell interface at the BTB, and (ii) the Sertoli-spermatid (step
8-19) interface in the rat testis designated basal and apical ES,
respectively (Fig. 1) due to their restrictive localization in the cor-
responding basal and the apical (adluminal) compartment of the
seminiferous epithelium®'" (Fig. 1). The ES is typified by the
presence of an array of actin microfilament bundles that lie per-
pendicular to the Sertoli cell plasma membrane and are
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sandwiched between the cisternae of endoplasmic reticulum and
the opposing Sertoli-Sertoli and Sertoli-spermatid plasma mem-
branes at the basal and apical ES, respectively (Fig. 1). Thus, dur-
ing the transport of preleptotene spermatocytes across the BTB
and also the transport of developing spermatids across the epithe-
lium of the adluminal compartment throughout spermiogenesis,
these actin filament bundles must be rapidly re-organized from
their “bundled” to “de-bundled” configuration and vice versa. In
short, these actin bundles must be continously “de-bundled” and
“re-bundled” to facilitate germ cell transport across the seminifer-
ous epithelium (Fig. 1) as well as other cellular events pertinent
to spermatogenesis, such as endocytic vesicle-mediated protein
trafficking'®'? (Fig. 1). This notion is indeed supported by find-
ings in a recent report using a genetic model. It was reported that
Sertoli cell-specific knockout of N-WASP (neuronal Wiskott
Aldrich Syndrome protein), an activator of the Arp2/3 (actin-
related protein 2/3, a branched actin polymerization protein)
that stripped the ability of the Sertoli cell to convert actin fila-
ments from their bundled to de-bundled/branched configuration,
the Dhh-Cre; N-WASP'*|N-WASP™ males (i.e., N-WASPS~O
male mice) were infertile,"* due to the inability of round sperma-
tids to undergo spermiogenesis.'>'* Detailed analysis of these
transgenic mice during post-natal development reveals that
proper F-actin spatiotemporal localization in the seminiferous
epithelium at the Sertoli-Sertoli and Sertoli-germ cell interface
versus age-matched wild type (WT) control mice has all been
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Figure 1. A schematic drawing that illustrates the morphological features of the ectoplasmic specialization (ES) and its relative location in the seminifer-
ous epithelium of adult rat testes. The left panel depicts a stage VIl tubule in which the BTB physically divides the seminiferous epithelium into the basal
and the adluminal (apical) compartment. In the adluminal compartment, formin 1 is predominantly expressed at the concave (ventral) side of spermatid
head but only at stage VIl to be used for actin nucleation at the barbed end of an existing microfilament. This is likely being used to facilitate remodeling
of the site to allow endocytic vescile-mediated protein trafficking events (see right panel) that begins at late stage VII through VI of the epithelial cycle,
involving protein endocytosis, transcytosis and recycling. At the basal compartment, preleptotene spermatocytes transformed from type B spermatogo-
nia are being transported across the BTB that begin at late stage VII so that formin 1 is also involved in remodeling of the BTB since formin 1 remains con-
siderably expressed at the BTB until late stage VII. Formin 1 is likely working in concert with branched actin polymerization proteins, such as the Arp2/3
complex, to facilitate BTB remodeling.

disrupted following specific deletion of N-WASP in Sertoli cells  response to changes of the epithelial cycle due to the lack of a
in these N-WASP “K© male mice.' This is likely the result of  functional Arp2/3-N-WASP complex following Sertoli cell-spe-
an inability of the ES to re-organize actin microfilaments in  cific N-WASP KO, leading to defects in the localization of
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occludin, N-cadherin, coxsackievirus and adenovirus receptor
(CAR), and connexin 43 at the BTB, as well as B1-integrin and
nectin-3 at the apical ES.'* Thus, round spermatids arise from
meiosis fail to enter spermiogenesis to produce functional elon-
gating/elongated spermatids, illustrating the significance of actin
microfilaments at the ES.

Studies have shown that F-actin dynamics in the testis are reg-
ulated by an array of actin regulatory proteins besides the Arp2/3
complex,]5 N-WASP,'*'> and drebrin E,'® which contribute to
branched actin polymerization. These include actin barbed end
capping and bundling protein Eps8 (epidermal growth factor
receptor pathway substrate 8),' actin cross-linking and bundling
protein palladin'® and actin branching protein filamin A.'>*°
For instance, it was shown that the restrictive spatiotemporal
expression of Arp3 and Eps8 at the apical and basal ES are crucial
to facilitate the timely degeneration of these testis-specific
anchoring junctions to facilitate spermatid transport and the
transit of preleptotene spermatocytes across the BTB at stage

Table 1. Functions of formins in mammalian cells

VIII of the epithelial cycle.”’ In this Commentary, we critically
review some of the latest findings on formins, another family of
actin nucleators that are crucial to the formation of long stretches
of actin microfilaments necessary to be used to assemble actin fil-
ament bundles at the ES during spermatogenesis. We also pro-
vide an updated model regarding the role of formins, in
particular formin 1 that works in concert with other pertinent
actin binding and regulatory proteins to confer ES dynamics in
the testis during spermatogenesis. We also highlight areas of
research that deserve attention in future investigations.

Formins - Actin nucleators and regulators of actin
dynamics

Formins are referred to a large family of morphoregulatory
proteins, which initially were shown to modulate vertebrate
limb pattern formation, budding and conjugation in yeasts,

Formin Localization

Cellular Function

Phenotype(s) following KO or KD

DIAPH1/DIA1(mDia1) Phagocytic cup, cell cortex>®

DIAPH3 (mDia2) Endosomes®”

DIAPH2 (mDia3) Kinetochore®®

DAAM1 Cell cortex”’ Planar cell polarity”?
FMNL1 Cell cortex, microtubule- Phagocytosis’®
organizing center’*
FMN1 ES, microtubules®’ ES assembly and stabilization®”
INF1/FHDC1 Microtubules”” Microtubule stabilization””

Microtubule stabilization,*°
phagocytosis, polarized
cell migration®’

Microtubule stabilization,®®
endosome dynamics®®

Stabilized microtubules remain
attached to kinetochore®®

Mice devoid of mDia1 exhibit an age-dependent
myelodysplastic phenotype®?; lymphopenia
characterized by diminished T cells in lymphoid
tissues®®; unilateral ventricular enIarg[ement64

Mice without mDia2 impairs cytokinesis during fetal
erythropoiesis, leading to severe anemia and die in
utero by embryonic day 12.55”

mDia1/3 double-KO impairs tangential migration of
cortical and olfactory inhibitory interneurons, mDia1/3-
deficient neuroblasts exhibit reduced separation of the
centrosome from the nucleus and retarded nuclear
translocation”®

DAAM1-deficient mice exhibit embryonic and neonatal
lethality due to cardiac abnormalities”®

Depletion of FMNL1 in cytotoxic lymphocytes abrogate
cell-mediated killing activity since a loss of FMNL1
reduces microtubule-organizing center polarization’*

FMN1-deficient mice exhibit a reduction of digits from 5
to 4, a deformed posterior metatarsal phalangeal soft
tissue fusion as well as the absence of a fibula’®;
formin 1 KD affects Sertoli cell actin microfilament
organization, perturbing Sertoli cell tight junction
barrier function, and disrupting the transport of
spermatids and phagosomes in the seminiferous
epithelium®’

KD of INF1 leads to reduced level of acetylated
microtubules (i.e., more stabilized and aged
microtbules) and reduced microtubule bundles in
multiple mammalian cells””

*There are 15 known members of formins to date,?*>>*' however, none of these proteins have been studied in the testis functionally except a recent report on
formin 1 (FMN1).”” There are 2 other earlier studies, reporting the identification of mDia1, mDia2 and mDia3 and their involvement in the acroplaxome-man-
chette complex in spermatids during spermiogenesis.”®’° In short, the functional significance of formins in spermatogenesis remains unknown. Thus, not all
the members of formins are listed herein, selected members are listed which are likely to be involved in spermatogenesis based on their studies in other
epithelia. Abbreviations used: DIAPH1/DIA1, diaphanous-related formin 1, also known as mDia1 which is the mouse version of the diaphanous homolog 1 of
Drosophila; DIAPH3, diaphanous-related formin 3 or mDia2 which is also a Rho-regulated actin nucleator; DIAPH2, diaphanous-related formin 2 or mDia3;
DAAMT, disheveled-associated activator of morphogenesis 1; ES, ectoplasmic specialization; FMNL1, formin-like protein 1; FMN1, formin 1; INF1/FHDC1,
inverted formin1/FH2 domain containing 1, a microtubule-associated formin; KD, knock down; KO, knock out.
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that confers and promotes actin
assembly35’36 (Fig. 2A). FH2 is
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GTPase-binding domain; MTB, microtubule binding domain.

Figure 2. Functional domains of members of formin family. (A) The functional domains of members of the for-
min family (upper panel). Formins are activated by Rho GTPase following its binding onto the GBD domain,
which can also be auto-inhibited by DAD via its action onto DID domain. The functional domains of formin 1
are also shown (lower panel). (B) Two formin polypeptide chains are recruited together at their CC and DD
domains, and dimerized via their FH2 domains by creating a functional formin molecule which is capable of
nucleating actin microfilament at its barbed end/+ (plus) end by adding actin monomers using the G-actin/
profilin complexes. This thus promotes actin polymerization, forming long stretches of actin microfilaments
rapidly, necessary to create bundles of actin microfilaments at the ES. Abbreviations used: CC, coiled-coil
domain; CID, catenin interacting domain; DAD, diamphanous autoregulatory domain; DD, dimerization
domain; DID, diaphanous inhibitory domain; FH, formin homology; FSI, Formin Spir interaction motif; GBD,

which binds to profilin-actin to
accelerate elongation of actin
filaments at the plus—end37
(Fig. 2A). FHI1 also interacts
with a variety proteins, includ-
ing profilin, SH3 (Src homol-
ogy 3) domain proteins, and
WW (domain with two con-
served Trp (W) residues, also

cell junction assembly, actin- and tubulin-based cytoskeletal
organization in multiple epithelia, and Drosophila oocyte polar-
ity.”**’ TInitial studies have shown that mutation of murine
limb deformity (/) gene led to limb deformation, and it was
shown that the /4 gene produced multiple proteins collectively
called formins via alternative splicing of mRNA transcripts in
the 1990s.°**® Studies have shown that formins are actin-
based cytoskeleton organizing proteins, but subsequent studies
illustrate  that involved in tubulin-based

also they are
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known as rsp5-domain®® or

WWP repeating motif®”** that

binds to proline-rich peptide
motifs) domain proteins. In fact, all formins, including those
from Dictyostelium, fungi, Drosophila, rodents and humans,
with the exception of formin 1, display a common GBD/
FH3-FH1-FH2-DAD (GBD, GTPase binding protein; FH3,
formin homology 3; DAD, Diaphanous auto-inhibition
domain) architecture in their primary sequence*' (Fig. 2A).
Once formins are activated by Rho GTPases, formins form
dimers with their FH2 domains, which then interacts with
other nucleation cofactors and profilin-actin complexes near
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the C-terminus to promote the progressive addition of actin
monomers onto the plus-end of a growing actin filament??
(Fig. 2B). This process as depicted in Figure 2B thus assem-
bles linear actin filaments that can be bundled to create micro-
filament bundles unique to the ES in the testis. Since formins
remain attached to the growing plus (4) end of actin microfi-
laments, sometimes for minutes without being dissociated,
they can form stretches of microfilaments as long as
>50 wm,””*3* such as those necessary to maintain the actin
filament bundles at the ES. Besides localized at or near the
plasma membrane, formins are also found in cell cytosol and
also nucleus in particular mDial and mDia2 (Table 1). A
recent report has shown that formins, such as mDia, that are
responsible for the assembly of the nuclear actin network is
also involved in transcriptional regulation,46 illustrating the
growing list of physiological function regulated by this family
of actin nucleators. In this Commentary, we highlight some
interesting aspects of formin 1 during spermatogenesis using
the rat testis as a study model.

Formin 1 and spermatogenesis

Introduction

Formin 1 (also known as limb deformity protein) is a 1466-
amino acid protein in the mouse, which is also known to be
involved in adherens junction (A]) assembly and polymerization
of actin filaments, serving as an actin nucleator.*®** From its N-
terminus, formin 1 has a microtubule-binding domain (MTB),
to be followed by an a-catenin-interacting domain (CID) which
overlaps with a coil-coiled domain, an FH1 and an FH2 domain
near its C-terminus (Fig. 2A). FH2 domain is the site where for-
min 1 promotes nucleation of an actin microfilament that grows
rapidly at its barbed end (Fig. 2A). Thus, due to the presence of
MTB and CID, formin 1 is known to interact with o-catenin
and also tubulin.*>*® Besides localized at the AJ, formin is also

49:50 such as in Sertoli cells.*”

found in cell cytosol and nucleus,
Formin 1 is present in the kidney, testis, limb, ovary, brain, small
intestine, and salivary gland.*®*” At least 5 isoforms of formin 1
are known to date — isoforms 1, 2 and 5 are detected in skin and
keratinocytes, and isoform 5 is abundant in the embryo.?* In
the rat testis, formin 1 is a 180 kDa protein, and its expression
by Sertoli cells is induced during the assembly of the functional
TJ-permeability barrier in vitro,”” illustrating its involvement in
the formation of actin microfilament bundles at the basal ES
since its knockdown by RNAI leads to truncation and disorgani-

zation of actin microfilaments in Sertoli cells.?”

Formin 1 is a regulatory component of actin microfilament
bundles at the basal and apical ES

Formin 1, due to its intrinsic activity of inducing actin fila-
ment polymerization, is localized at the F-actin-rich basal and
apical ES in the seminiferous epithelium as anticipated.47 As
such, formin 1 can regulate actin microfilament organization at
the ES. However, formin 1 displays restrictive spatiotemporal
expression at the ES during the epithelial cycle. For instance, for-
min 1 is highly expressed at the basal ES/BTB during stage III-
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VI of the cycle, and mildly diminished by VII, and virtually non-
detectable by stage VIIL*” This is understandable, since long
stretches of actin microfilaments are needed at the basal ES/BTB
in stage III-VII tubules to maintain the BTB integrity. However,
extended actin microfilaments are no longer needed in stage VIII
tubules at the basal ES/BTB when the immunological barrier
undergoes extensive remodeling, in which F-actin network at the
site assumes an un-bundled and branched conformation induced
by the Arp2/3 complex to support the transport of preleptotene
spermatocytes at the BTB. This notion is supported by findings
that Arp3 is highly expressed at the basal ES/BTB in stage VIII
tubules.'” At the apical ES, formin 1 is highly expressed but lim-
ited only to stage VII of the epithelial cycle and confined to the
concave (ventral) side of spermatid heads.?” This is also the site
called apical tubulobulbar complex (TBC)>" which is known to
have extensive endocytic vesicle-mediated trafficking events to
take place at stage VII,”"** such that “old” apical ES proteins can
be endocytosed, transcytosed, and recycled for the assembly of
“new” apical ES when step 8 spermatids arise in stage VIII
tubules."**® Formin 1 also co-localizes with TJ protein ZO-1
and basal ES protein N-cadherin at the basal ES, as well as Apr3
and Eps8 at the apical ES.*” Furthermore, formin 1 structurally
interacts with Arp3, actin and tubulin in the testis as demon-
strated by immunoprecipitation,47 illustrating it is working in
concert with Arp3 to regulate actin microfilament organization at

the ES.

Formin 1 confers Sertoli cell tight junction (TJ)-permeability
barrier function by regulating actin microfilament bundling
activity

When the expression of formin 1 in Sertoli cell epithelium
with an established functional TJ-barrier is silenced by ~70%
using RNAi, a knockdown of formin 1 with specific siRNA
duplexes is shown to associate with a disruption of the Sertoli cell
TJ-permeability.”” This is likely due to changes in the organiza-
tion of actin microfilaments at the basal ES as noted by trunca-
tion and defragmentation of actin microfilaments in Sertoli cells,
mediated by changes in the localization of both Arp3 and Eps8,
thereby impeding the localization of basal ES proteins, such as
N-cadherin and B-catenin, but not TJ proteins (e.g., occludin,
7Z0-1), at the Sertoli cell-cell interface.*” This thus destabilizes
the TJ-barrier, perturbing the barrier function. Subsequent bio-
chemical analysis has shown that a knockdown of formin 1 also
impedes the ability of Sertoli cells to bundle actin microfilaments
besides a reduced actin nucleation activity.”” This finding is also
consistent with earlier reports that forminl possesses intrinsic F-
actin bundling activity besides promoting barbed end actin
nucleation,**>* illustrating formin 1 is intimately related to ES
homeostasis during the epithelial cycle of spermatogenesis.

Formin 1 regulates spermatid transport and protein
distribution at the BTB

Actin microfilaments, similar to microtubules, are polarized
ultrastructures, which are known to be involved in preleptotene
spermatocyte transport at the BTB, and also the transport of
developing spermatids during spermiogenesis at the adluminal
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compartment.””>” Thus, it is not unexpected that the knock-
down of formin 1 by RNAI in the testis in vivo would impede
spermatid transport, such as at stage VII of the epithelial cycle
when formin 1 expression at the apical ES is high.47 For instance,
some step 19 spermatids were found to be entrapped deep inside
the seminiferous epithelium in late stage VIII tubules, and a few
were even detected in stage XI tubules when all elongated sper-
matids should have undergone spermiation.”” Furthermore, the
transport of residual bodies that have already been integrated
into phagosomes was also found to be disrupted since some phag-
osomes remained in the adluminal compartment in stage IX
tubules®” when they should have been transported to the base of
Sertoli cells near the basement membrane for lysosomal degrada-
tion.”® This is likely due to the mis-localization of F-actin at the
ES, perturbing proper cell adhesion and intracellular transport
function at the ES, thereby impeding spermatogenesis, causing
defects in spermiation as well as spermatid polarity.*”

Formin 1 regulates endocytic vesicle-mediated trafficking
and spermatid adhesion/transport at the ES during
spermatogenesis

Since formin 1 is predominantly expressed at the concave side
of spermatid heads at stage VII of the epithelial cycle — the site of
apical TBC where extensive endocytic vesicle-mediated traffick-
ing takes place. We speculate that formin 1 is heavily involved in
F-actin organization at this site to facilitate the events of endocy-
tosis, transcytosis and recycling as depicted in Figure 3A. Formin
1 is also involved in conferring integrity of the BTB at stage III-
VII of the epithelial cycle to maintain the network of actin micro-
filament bundles at the basal ES/BTB, perhaps in collaboration
with other actin cross-linking and bundling proteins such as
Eps8, palladin, ezrin and fascin 1 (Fig. 3B). For instance, it is
likely that the timely up-regulation of formin 1 at the concave
(ventral) side of spermatid head known as the apical TBC at stage
VII of the cycle”” that is concomitant with expression of Arp3 at
the same site'” are being used to facilitate the extensive endocytic
vesicle-mediated protein trafficking events — which are also the
core function of the TBC>">? (Fig. 3A). On the other hand, for-
min 1 is also being used to generate the long stretches of actin
microfilaments at the rear end of the preleptotene spermatocytes

that are being transported across the BTB to facilitate the assem-
bly of “new” BTB, which take place before the Arp2/3 complex-
mediated “old” BTB is degenerated”’ (Fig. 3B).

Concluding remarks and future perspectives

As briefly discussed herein, formins are a growing class of
barbed end nucleation proteins that are capable of forming rela-
tively long stretches of actin microfilaments used for the assembly
of filopodia and stress fibers in motile mammalian cells, as well as
actin microfilaments at the ES in Sertoli cells in the testis. While
Sertoli cells are not motile cells in vivo, such as macrophages,
fibroblasts or neutrophils, Sertoli cells need to generate many
cytoplasmic processes which are inter-digitally linked to develop-
ing germ cells to provide the structural, nutritional and paracrine
supports across the entire seminiferous epithelium. In order for
this to occur, long stretches of microfilaments are continuously
formed and re-organized so that germ cells can be transported
across the epithelium in response to the stages of the epithelial
cycle. Based on its intrinsic actin nucleation and bundling activi-
ties, formins, such as formin 1, confer actin microfilaments their
bundled configuration at the ES to maintain adhesion function
during spermatogenesis. However, formins also are working in
concert with other branched actin inducing proteins, such as the
Arp3/3 complex, and possibly actin bundling proteins such as
palladin, plastins, fascins, and Eps8 to modulate F-actin organi-
zation at the ES in responses to the stages of the epithelial cycle.
There are several outstanding questions remain to be addressed.
For instance, what is the mechanism(s) and/or involving mole-
cule(s) that regulate the spatiotemporal expression of formin 1 at
the apical ES (limited to stage VII) and the basal ES/BTB (lim-
ited to I-VII)? Does other formin family members are involved
in apical and basal ES function in other stages of the epithelial
cycle when formin 1 is not expressed? Does the mechanism and/
or molecule that regulate formin 1 spatiotemporal expression
also plays a role in coordinating the expression of other actin
bundling proteins, such as palladin and Eps8? Does formin 1 reg-
ulates Sertoli cell microtubulin-based cytoskeletal function? What
are the roles of testosterone and cytokines in these events since
these are known regulators of cell adhesion in the testis? The
answers to these outstanding questions will help us to better

Figure 3 (See previous page). A hypothetical model that illustrates the involvement of formin 1 in regulating actin microfilament organization at the ES.
(A) At the apical ES (left panel), formin 1 is not expressed in any stage of the epithelial cycle such as at stage VI in which bundles of actin microfilaments
serve as the attachment sites for adhesion protein complexes, such as laminina-333/a6@1-integrin and nectin 2/nectin 3 adhesion protein complexes.
However, formin 1 is robustly expressed at the concave side of spermatid heads at stage VII (right panel) in an ultrastructure known as the apical TBC,
representing giant endocytic vesicles (see enlagred view in the boxed area). This endocytic vesicle-mediated protein trafficking event is facilitated by
changes in the organization of actin microfilaments via the concerted efforts of the Arp2/3 complex and formin 1 (note: both Arp3 and formin 1 are
highly expressed and localized to the same site in stage VIl tubules) which, in turn, facilitate the events of endocytosis, transcytosis and recycling so that
apical ES proteins can be recycled to assemble “new” apical ES for the newly derived step 8 spermatids that appear in stage VIl of the cycle. (B) Formin 1
is also robustly expressed at the BTB in stages V-VII, likely being used to maintain the actin microfilaments and to facilitate their organization into a bun-
dled configuration to serve as attachment sites for adhesion protein complexes (left panel). At stage VIlI, formin 1 expression at the basal/BTB is consider-
ably diminished, and the Arp3 expression is up-regulated at the site. The intrinsic activity of Arp2/3 complex thus induces branched actin
polymerization, converting the microfilament bundles into a branched/unbundled configuration to facilitate the events of endocytosis, transcytosis and
recycling so that the “old” BTB adhesion proteins can be recycled to assemble a “new” BTB behind the preleptotene spermatocyte being transported
across the immunological barrier (right panel). In short, actin microfilaments at the apical ES and the basal ES/BTB can be rapidly re-organized, through
the unique and stage-specific spatiotemporal expression of formin 1, Arp3, and possibly other actin bundling proteins (e.g., Eps8, fascin 1, palladin)
known to be expressed at the site.
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