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Hormones, cytoskeletal proteins and cell shape
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Recently attention has been focussed on the molecu-
lar mechanisms involved in cell shape changes
brought about by chemical signals through cell sur-
face proteins. The shape of any given cell type is
maintained by various components of the cytoskele-
ton (microfilaments, intermediate filaments and mi-
crotubules), the extracecllular matrix, the plasma
membrane and associated proteins. Hormones and
erowth factors regulate the expression and post-
translational modifications of these proteins which in
turn depend on the phenotype of the cell. Action of
hormones and growth factors on cells is also depend-
ent on various factors such as phase and age of the
cell, ion gradient and presence or absence of specific
receptors at the right sites. The cause and effect in
regulation of ccll shape is not yet very clear.,

THE change in cell shape can be considered as a primary
adaptation of the cell to suit altered physiological de-
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mands. Cell shape changes are manifestations 1n many
of the cellular events such as division, differentiation,
transformation and death. A variety of observations sug-
gest that ccll shape changes exert specific effects on
gene expression'. The exact mechanisms by which
changes in cell shape affect the pattern of gene expres-
sion are not yet very clear but the cytoskeleton secms to
play a key role in this proccssH. To understand ftunc-
tional and spatial relationship of the ccll in a given
tissue, it is necessary to know how the local microenvi-
ronment acts on the cell to regulate its phenotype. Cell
phenotype is controlled by restructuring the cytoskeletal
framework which in turn depends on interactions with
ncighbouring cells and extracellular matrix (ECM)YP, A
host of extracellular and intracellular proteins are in-
volved in shaping the celtular architecture, The extracel-
lular matrix proteins such as collagen, fibronectin,
laminin, protcoglycans and fibrinogens’, the transmem-
brane proteins such as integrins, cadhierins®, the cyto-
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plasmic cytoskeletal proteins, microfilaments (MFs),
intcrmediate filaments (IFs) and 1n some instances mi-
crotubules (MTs) which are sites {or immobilizing sig-
naling molecules, regulatory enzymes and metabolic
substrates transduce the message to the nucleus''. Vari-
ous factors namely hormones, growth factors (GFs),
tumour promoters are known to regulate the expression
and/or the activity of many of the above mentioned
proteins. These hormonally regulated proteins modulate
cytoarchitecture of the target cells'™"°. Altering the cy-
toskeletal structure may in turn change the availability
of regulatory and catalytic sites of key signal transduc-
ing molecules.

During the various physiological processes, the cells
undergoing altered cell morphology receive signals from
the exogenous chemical factors and through different
cell-signalling molecules present at the membrane and in
the cytoplasm the information is transmitted to the nu-
cleus where in coordination with internal signals, induc-
tion of specific gene expression takes place'®!.

The study of mechanisms involved in the regulation of
cell shape change and gene expression by various factors
1s an active field of research. Hormones and GFs are known
to affect the expression, synthesis and post-translational
modifications of cytoskeletal proteins. Plasma mem-
brane fluidity is also known to change due to hormone
treatment and change in fluidity 1s known to affect sur-
face projections and regions of attachment of cytoskele-
tal elements to plasma membrane'®'”. Modulation of

cytoskeletal proteins and plasma membrane constituents

by hormones is responsible for change in cell shape.

followed by altered gene expression. In attempting to
understand the genomic effect brought about by cy-
toskeletal proteins, Puck and Krystosek™ have shown
that during reverse transformation there is an increased
sensitivity of DNA to hydrolysis by DNase I in the pres-
ence of the factors such as cyclic AMP, retinoic acid
and nerve growth factor (NGF). They observed in the
ovary derived normal fibroblasts and cyclic adenosine
monophosphate (CAMP) reverse transformed chinese
hamster ovary cells (CHO-K1) a clear region of DNase I
sensitive DNA around the nuclear periphery. In malig-
nant cells specific differentiation genes were seques-
tered and therefore could not function and exposed
regions were not observed. It was also found that the
cytoskeletal disorganizing agents such as colcemid and
cytochalasin B prevented the basic feature of reverse
transformation in enhanced genome exposure, that is
closely linked to the transcriptional activation of certain
genes. Cytoskeletal proteins such as the IFs and nuclear
lamins seem to be actively involved in increased genome
exposure, bringing about altered cell morphology.

The various factors (such as hormones) affecting cy-
toskeletal organization and the non-genomic and
genomic pathways involved in bringing about alterations
in cell shape are briefly described in this review.
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Regulators of cell shape

An analysis of mechanism of shape determination re-
veals that the ECM and cytoskeleton are the principal
determinants of cell shape™”*?!. The ECM by itself can
influence the shape of a cell. Cells grown on ECM sub-
strate have cell shapes, proliferation rates and responses
to GFs which differ from cells grown on plastic or
glasszz. For instance, granulosa cells cultured on plastic
become flattened in shape and develop stress fibres but
when grown on ECM the cells become round and
closely resemble their counterparts in vivo'’. Similarly
mouse mammary epithelial cells become cuboidal and
increase milk protein synthesis when grown on floating
collagen gels® as compared to cells on plastic or colla-
gen coated plastic®’. It is now generally accepted that
there is a physical link between the extracellular matrix
and the cytoskeleton. The link is established with the
interactions of the ECM via their cell surface receptors
to the actin cytoskeleton. Many of the receptors for
ECM proteins such as collagen®%°, fibronectin and their
receptors integrins'® and laminin®’ have been isolated
and these receptors are linked to the actin cytoskeleton
within the cell. Fibronectin and collagen are known to
be involved in hormone-induced responses®®?’.

Changes in cell shape also involve reorganization of
the cytoskeletal elements — MFs, MTS and IFs. The use
of inhibitors of cytoskeletal protein polymerization such
as c¢ytochalasins, colcemid, vinblastine and nocodazole
has proved beyond doubt that MFs and MTs are actively
involved in change in cell morphologyw’H. Many hor-
mones, growth factors and tumour promoters are known
to alter cell morphology by affecting the assem-
bly/disassembly of cytoskeletal proteinsu‘”'”‘”.

The ability of actin to polymerize/depolymerize en-
ables the cell to rearrange the MF organization. Anchor-
age-dependent cells adhere tightly to the underlying
substratum through focal adhesions. In many cultured
cells, large bundles of MFs are prominent at focal adhe-
sion points™, Many characteristics reveal that they are
structurally and functionally equivalent to adhesions
made by the cell to ECM in vivo ®. The actin cytoskele-
ton is linked to plasma membrane proteins, adhesion
plaque proteins and to cytoskeletal proteins (Figure 1).
Factors affecting actin or actin-associated proteins can
also bring about change in organization of the cell.

The rounding of granulosa cells on treatment with
follicle stimulating hormone (FSH) was reported to be
associated with down-regulation of synthesis of ad-
herens junction proteins, namely «-actinin, actin and
vinculin!Z, Lomri and Marie'*** found that parathyroid
hormone (PTH) elicited an increase in synthesis of actin
in cultured mouse osteoblastic cells. Actin assem-
bly/disassembly was found to be regulated by the ex-
pression of actin and vinculin by a feedback loop in 3T3
and HeLa cell lines. In cells which showed elevated
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levels of depolymerized actin, the actin mRNA was
found to be reduced”’’.

The IFs are also known to be involved in cell shape
changes. For example, upon stimulation of MCF-7 cells
(human breast cancer cell line) by estradiol an increase
in the keratin filament network results into cytoplasmic
ridges on the cell surface’””. In primary cultures of rat
vaginal epithelial cells (VEC) on addition of estradiol, Vi-
jaysaradhi et al.** found long microridges on the cell sur-
face which are characteristic of cornified cells indicating
increased keratin network just below the plasma membrane.
Phorbol esters known to mimic hormone action also bring
about cell shape changes during transformation. A reor-
ganization of cytokeratins along with disruption of junc-
tional complexes was observed when Madin-Darby bovine
kidney (MDBK) cells were treated with tetradecanoyl
phorbolacetate (TPA)*'. Microtubular rearrangement was
found in rat phaeochromocytoma cells upon activation by
NGF*. Tubulin synthesis increased by two-fold in response
to NGF whereas the synthesis of microtubule associated

Nucleus
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protein (MAP) and Tau increased 20-fold. Increased syn-
thesis of tubulin and other MAP proteins are associated
with changes in organization of MTs™. These studies Sug-
gest a link between changes in cell growth, differentiation,
configuration and cytoskeletal protein synthesis.

Regulation of cytoskeleton and associated
proteins

Extracellular and membrane proteins

The cytoskeletal elements are in close association and
are capable of intcracting with each other and with the
transmembrane proteins. The ECM transduces a series
of signals to the nucleus through cytoskeletal elements.
This mechanism of signal transduction may be the result
of mechanochemical and/or biochemical processes. In
the mechanochemical process the cytoskeleton may
regulate gene expression by interacting with the nuclear
matrix which may lead to physical expansion of nuclear
pores, thereby increasing the rate of nuclear transport in

ot a

cadherin

Figure 1. Schematic diagram of two cells depicting the association between cytoskeleton and ECM at focal adhesions; the dusnmsm_nus whh.:h
form another link between two adjacent cells are connected to the cytokeratin IF. Integrins, the receptors for ECM proteins such as f:bmncct}rl
are connected to actin filaments through two distinct linkages. Talin-vinculin—tensin form one bridge while a-actinin focms another. The aetin
filarments appear to be connected to IFs and MTs via the MAPs and IFAPs (plectin). The cadherins which connect two gctls are linked to aetin
via the B-catenin/plakoglobin-a-catenin and a-actinin. FAK, focal adhesion kinase; PY, phosphotyrosine; IF, intr:rmedimtt: l:llﬂlllﬂrll; MT, mi-
crotubule; MAP, microtubule associated proteins; Pg, Plakoglobin; cat, B-catenin; acat, d-catenin; A, «-actimn; V, vinculin.
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spreading cells*'. Signals from the ECM reach the nu-
cleus by a sertes of enzymatic events at the plasma
membrane level which in turn 1nvolve cytoskeletal ele-
ments to convey the message to the nucleus. Among the
prominent plasma membrane proteins associated with
actin are the cadherins and integrins. Cadherins, calcium
dependent-cell adhesion molecules, are transmembrane
proteins that interact with cytoplasmic proteins called
catenins (o0 and B-catenins). Catenins link cadherins to
the actin cytoskeleton® (for more details, see the legend
of Figure 1). It 1s evidenced by the fact that the cells
which express cadherins but lack catenins are of non-
adherent type™®?’. Cadherins through interactions with
catenins form adhcerens type cell junctions in epithelial
cells™* B-catenin or plakoglobin constitutes a bridge
between cadherins and N-terminal domain of o-catentn.
a-catenin then connects this membrane-associated
complex with actin cytoskeleton etther directly or indi-
rectly via a-actinin’ . It is suggested that the control of
equilibrium levels between free and bound pools of cat-
enins could play a role in regulating cellular responses
to extra-cellular signals for cell-cell adhesion or cell
proliferation. It seems the phosphorylation and dephos-
phorylation of catenins regulate the ratio of free and
actin bound cadherin—catenin complexes, thereby regu-
lating the adhesive forces of cadherins’'. Desmosomal
cadherins, the desmocollin and desmoglein are con-
nected to the IFs via desmplakin and band 6 protein in
contrast to other cadherins which are connected to actin
filaments directly”®.

Integrins which act as receptors for many extracellular
protcins, such as collagens, laminin, entactin, fi-
bronectin, vitronecuin and fibrinogen, are associated
with the actin cytoskeleton inside the cell’”. Integrins
appear to be connected to actin filaments through two
distinct linkages. Talin, vinculin and the actin-capping
protein tensin form one bridge, while the actin filament
cross-linking protein a-actinin forms another (Figure 1;
see refs 52, 53). The integrins are essential for cell ad-
hesion both in vitro and in vivo >, Integrins have a role
as signalling receptors where they effect the release of
second messengers due to hydrolysis of phosphotidyli-
nositol 4,5 biphosphate (PIP,) which requires both ad-
hesion of cells to ECM and binding of platelet derived
growth factor (PDGF) to its receptors. Clustering of
integrins in focal adhesions triggers activation of a
phosphoudylinositol phosphate (PIP)-5-kinase that ca-
talyses phosphorylation of PIP to PIP, and clustering of
PDGF receptors by PDGF triggers the activation of
phospholipase C (PLC). When cells receive both these
sttmull, significant breakdown of PIP, occurs, causing
release of second messengers such as inositol triphos-
phate (IP;) and diacylglycerol (DAG) (Figure 2)°%3¢.
Streuli er al’’ demonstrated that mouse mamimmary
epithelial cells can direct B-casein gene expression in
the presence of prolactin (PRL) and laminin, a compo-
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nent of the basement membrane. A cooperative signal-
ling through integrins and PRL receptor is necessary for
the differentiated phenotype. These examples demon-
strate that adhesion to ECM proteins enhances respon-
siveness of certain cells to hormones.

Adhesion plaque proteins

The expression and post-translational modifications of
adhesion plaque proteins such as vinculin and o-actinin
regulate cell adhesiveness. Decreased expression of vin-
culin or its phosphorylation may result in an inefficient
assembly of adhesion plaque proteins leading to de-
creased adhesion'>”®. On the other hand, increased syn-
thesis of vinculin may facilitate more efficient
recruitment and assembly of adherens junction proteins
leading to increased tightness of adhesion and decreased
motility of the cell®”. a-actinin known to cross-link MFs
1S also 1nvolved in binding actin filaments to the mem-
brane. Increased level of a-actinin at the junctions leads
to more stable MF-membrane interaction and hence
increased tightness of adhesion®.

Many extracellular factors induce phosphorylation of
focal adhesion proteins at tyrosine residues®"®?, For ex-
ample, binding of cells to fibronectin and stimulation by
neuropeptides results in tyrosine kinase p125™*F (focal
adhesion kinase) phosphorylation®. Substrates for acti-
vated p125™* include paxillin and tensin, the COmMpO-
nents of focal adhesion plaques. Overexpression of
FAK-C-terminal domain suggests that FAK may regu-
late focal adhesion assembly via protein—protein inter-

. 65
actions®*®.

Microfilament proteins

Cell surface appendages like microvillt and microridges
are supported mainly by MF proteins such as actin, Ac-
tin MFs are prominent at focal adhesions and are linked
to integrins in the plasma membrane via talin, vinculin,
tensin, o-actinin and zyxin®*®®. Structural changes in
actin and plasma membrane components during cell di-
vision, transformation and cell death bring changes in
cell shape. Luciano et al.®’ have shown that during the
apoptotic programme of enterocytes, the MFs supporting
the microvilli at the terminal web region and zonula ad-
herens are withdrawn due to depolymerization of actin
and therefore bands of microvilli are detached from
main cell body and cell attains a rounded morphology.

During the G-1 phase of the cell cycle, certain types
of cells in culture show large number of microvilli,
blebs and ruffles which diminish on the onset of S phase
and finally the cells become relatively smooth. The mi-
crovilli increase 1n number during G2 phase as cells
thicken in anticipation of rounding up for mitosis. MFEs
reorganize as cells round up for mitosis and provide

CURRENT SCIENCE, VOL. 71, NO. 10, 25 NOVEMBER 1996
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Figure 2. The various signal transduction pathways regulating actin cytoskeleton in Swiss 3T3 fibroblast cells. The ligand-receptor complex
transduces the message to the rho family of small GTP-binding proteins via specific kinases. Some of these kinases are phosphotidylinositol 3-
kinase (PI3K), protein kinase C (PKC) and tyrosine kinase. a, Adhesion of cells to ECM via the clustering of integrins triggers PIP kinase
resulting in increased levels of PIP;; b, Binding of PGDF to its receptor activates PLC resulting in calcium mobilization and PKC activation.
Rho may be present downstream of PKC regulating actin polymerization; ¢, PGDF and insulin stimulate rac via PI3K which affects actin po-
lymerization at the region of membrane ruffles; d, Lysophosphatidic acid (LPA) regulates rho via tyrosine kinase which affects actin polymeri-

zation at the region of stress fibres; e, Bradykinin (BD) acting via cdc42 affects actin in ﬁlﬂpﬂdia?g

. Upstream of each rho family member

guanine nucleotide exchange factors are needed which keep them in active form and the GTPase activating proteins (GAP) negatively regulate

their activity.

contractile force during cytokinesis®®. So also mitogenic
hormones such as estradiol prepare the cells to divide by
causing the cells to shed off microvilli and cells round
off in the basal layer of vaginal epithelium of rat*®.
During the process of differentiation, cuboidal basal
cells transform to flattened cells with an increase in
fluidity of the plasma membrane’’. During both the
processes, cell division and cell death, cell surface ap-
pendages are withdrawn, the contact points between
plasma membrane and actin fibres are reduced and MF
network collapses’ . The levels of cholesterol and pro-
teins on the membranes are reduced and membrane be-
comes more fluid’?

In in vitro experiments, stimulation of quiescent se-
rum starved Swiss 3T3 fibroblast cells by various GFs,
bradykinin or lysophosphatidic acid result in rearrange-
ment of F-actin’. Such kind of cellular responses at the
plasma membrane seem to constitute distinct signalling
pathways controlled by Rho family of small GTP-
binding proteins such as rho, rac or cdc42 inducing for-
mation of stress fibres, membrane ruffles or filopodia
(Figure 2)"*. There is an evidence that stimulation of rac
by PDGF and insulin is mediated by PI3 kinase™. A
tyrosine kinase appears to be required downstream of
rho since rho-mediated induction of stress fibre forma-
tion in Swiss 3T3 cells is inhibited by tyrosine kinasc
inhibitor genistein’>'?, Rho is also found to regulate
enzymes such as phosphoinositide-3-kinase and phos-

CURRENT SCIENCE, VOL. 71, NO. 10, 25 NOVEMBER 1996

photidyl inositol-4-phosphate-5 kinase. Hence rho is
involved in regulation of actin cytoskeleton through the
formation of phospholipid intermediates®

Thus several signals induced by growth factors, hor-
mones and tumour promoters have been implicated In
regulating actin cytoskeleton. The classic second mes-
sengers IP; and DAG produced by hydrolysis of PIP,
seem to play a role in the signalling cascade. DAG
stimulates protein kinase C (PKC) and pharmacological
activators of PKC, phorbol esters stimulate actin reot-
ganization in fibroblasts’"®!. One of the isoforms of
PKC® and various other kinases of the src family and
PLC have also been localized to adherens junctions.
Events like PKC activation by hormones or GFs involve
reorganization of vinculin, depolymerization of actin
and phosphorylation of certain proteins that are impor-
tant for stabilization of the MF-membrane interaction
(Figure 2). Woods et al.®? have found that PKC activa-
tion may play an important role in focal adhesion for-
mation in the human embryo fibroblasts. IP; stimulates
rclease of calcium from intraceliular stores and the ac-
tivity of several actin binding proteins in vitro has been

shown to be regulated by calcium concentration®™. PIP;
itself binds to a numbcr of actin-binding proteins in vitro
and inhibits their interaction with actin® leading to the
proposal that altcrations m PIP; levels could modulate
actin organization in vitro™®, A linkage between actin-
binding proteins and PIP, palhway has also been sug-
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gested by Ben-Ze'ev'. Extracellular factors alter adeny-
late cyclase activity leading to change in the level of
cAMP and modulating activity of protein kinase A
(PKA). Activators of PKA stimulate the dissolution of
stress fibres in fibroblasts, suggesting another signalling

pathway in actin organization®’.

Intermediate filament proteins

In the foregoing discussion, the actin cytoskeleton is
viewed extensively as a signal transducer, the organiza-
tion/disorganization of which leads to changes in cell
morphology and altered gene expression. It is also well
known that the three cytoskeletal elements the MFs, IEs
and MTs are interconnected to form a cytoplasmic net-
work. The intermediate filament-associated protein
(IFAP), plectin, has been shown to localize to focal ad-
hesions where it seems to function as a cross-linker be-
tween IFs and actin®®.

Various experiments demonstrate that the organization
of IFs is affected by hormones and growth factors, re-
sulting in altered cell morphology and gene expression.
Keratin IFs generally expressed in cells of epithelial
origin, represent the most complex group of proteins in
IF family. In vivo studies done in our laboratory suggest
that the aggregation and dispersion of keratin filaments
during the differentiation of rat VEC in the presence of
estradiol is a consequence of successive cycles of phos-
phorylation and dephosphorylation of keratin polypep-
tides’. Modulation in intracellular levels of calcium
depends on estradiol levels®”° and the association of
calcium-dependent cross-linking enzyme transglu-
taminase (TGase) with the IFs’!. Keratins become rela-
tively rigid due to phosphorylation which may facilitate
cross-linking of the assembled keratins by disulphide
linkages and Z(t-glutamyl) lysine bonds leading to ter-
minal differentiation of keratinocytes which assumes
flattened morphology®®”. Several other groups’>* have
demonstrated the involvement of filaggrin in the aggre-
gation of phosphorylated keratins into filament bundles
in epidermal cells.

Retinoids and progesterone diminish features of ter-
minal differentiation and convert the cell to the secre-
tory type. Removal of retinoids prepares the cells for
terminal differentiation by inducing keratin expression
at transcriptional level”™’. Many growth factors also
act as modulators of IF network. EGF, transforming
growth factor (TGF), keratinocyte growth factor (KGF)
and cytokines can also induce alterations in cytoarchi-
tecture. NGF 1s a known inducer of neurofilaments
(NFs) and peripherin expression in developing neurons.
Phosphorylation of NFs plays an important role in de-
velopment, cross-linking and stability of the filament
network with axons, this in turn regulates interactions of
IFs with each other or with other cell components®”’.
Vimentin also undergoes alternate phosphorylation and
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dephosphorylation with a looser network resulting from
phosphorylation. In MCF-7 cells, a looser network of
vimentin type IF is seen on estradiol treatment. It has
been shown that norepinephrine induces conversion of
flat sertoli cells into stellate morphology resulting from
phosphorylation of vimentin'®. Ben-Ze'ev*' followed
the regulation of synthesis of cytokeratin and desmo-
plakin, the proteins involved in the construction of des-
mosomal junctions. Along with the disruption of the
desmosomes and reorganization of cytokeratins there
was a dramatic decrease 1n the synthesis of cytokeratins
and desmoplakin in the TPA-treated MDBK cells. How-
ever, Gupta et al.* found that during keratinization of
VEC, cellular connections were many fold higher in
estradiol primed immature rats with increased keratin
synthesis in the intermediate layers. The regulation of
vimentin type IF which is coexpressed in MDBK cells
was different from that of keratins and this may be due
to spreading of cell on the substrate. .

Microtubule proteins

Rosette and Karin'®' have provided.evidence to show
that MT depolymerizing agents activate sequence-spe-
cific transcription factors such as NF-kappa B (NF-KB)
and induce NF-KB dependent gene expression in Hela
cells. In the unstimulated Hel.a cells they found that
majority of the NF-KB resided in the cytoplasm as a
complex with 1ts inhibitor I kappa B (IKB). Upon
stimulation with nocodazole the NF-KB translocates to
the nucleus with a concomitant degradation of IKB. It is
known that NF-KB activity is induced in presence of
TPA IL-1 and certain growth factors'®? and all these
agents are also known to reorganize the cytoskeleton'™.
Hence there 1s a possibility that selective depolymeriza-
tion of MTs by any of these agents could be an inter-
mediate in the signalling pathway, leading to activation .
of NF-KB in turn modulating gene expression to give a

differentiated phenotype.

Possible interaction between cytoskeletal
proteins and genes

Recently a few authors have described the probable
mechanism of mammalian gene regulation by the cy-
toskeletal elements*®'**. Gene regulation in mammalian -
cells seems to operate at two levels. The first step 1s the
activation of tissue-specific genes in their conversion
from the sequestered to the exposed state. This involves
the transfer of the appropriate DNA from the interior of
the nucleus to the region of the nuclear periphery and
the necessary conformational changes and specific pro-
tein interactions that render such DNA susceptible to
hydrolysis by DNase I, this in turn make genes also vul-
nerable to inducers, repressors and other transcriptional
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factors. The second step regulates the transition of the
exposed genes between active and inactive states as a
result of interaction with appropriate effector . molecules
in the surrounding medium. About 30% of the genes in
mammalian cells 1s converted from sequestered to ex-
posed state in a single action by cAMP, retinoic acid
and NGF on transformed cells. Puck and Krystosek us-
ing Chinese hamster ovary cells®® have shown that cy-
toskeleton network 1S a necessary structure in producing
the specific genome exposure pattern for each cell type.
It should also be noted that genome exposure is neces-
sary but not sufficient condition for gene activation.

The mammalian cell cytoskeleton thus becomes part
of an i1nformation transmission system extending from
the c€ll membrane to its specific receptor sites through
“the cytoplasm and terminating in specific points on each
chromosome so that specific domains of exposure and
sequestration result.

Conclusion

The structural and functional integrity of a cell 1s main-
tained by the cytoskeletal network, cytoskeletal-
associated proteins and the extracellular matrix proteins.
Fibronectin, laminin, collagen which are regulated by
hormones are connected to the actin cytoskeleton via
their transmembrane receptors. The actin network is in
turn linked to IFs and MTs. A coordination between
these various components 1s necessary to maintain a
definite cell shape 1n a given physiological condition.
For instance, disruption of cytoskeletal-ECM linkage in
skeletal muscle leads to sarcolemmal instability, muscle
cell necrosis resulting 1n muscular dystrophyms. In ex-
periments with xenopus embryos, introduction of mutant
E-cadherins into embryos resulted in ectodermal lesions
at the beginning of gastrulation, later causing disrup-
tions in early epidermal development'®®. Expression of
mutant N-cadherin (N-neural) lacking the ectodomain
resulted in general inhibition of adhesive interaction in
the embryo'®’. Similarly disruption of cytokeratin ex-
pression during development of Xenopus embryo re-
sulted 1n defective gastrulation. Blessing et al 19519
have shown that correct IF can be of critical importance
for the function and stability of a given cell type.
Hormones affect their target cells during cell growth,
division, differentiation, transformation and apoptosis.
The mechanism involved in the cell shape change during
these processes is still not clear, however, hormones are
known to regulate ECM proteins which effect cytoskele-
tal membrane interaction bringing about altered cell
morphology. The cytoskelctal associated proteins help
in the polymerization/depolymerization of the cytoskele-
ton elements. The cytoskeleton network is an active site
for signal transduction pathways. The various molecules
involved in these pathways are coming to light and a
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clear-cut pathway involved in hormone-induced cell
shape changes is yet to be identified. However, the role
of cytoskeleton, their associated proteins and ECM is
well established, but how these different components
coordinate to maintain a definite cell shape in a given
environmental milieu is still an active field of research.
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