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Abstract

It has recently emerged that the myogenic contribution of the epithelial mesenchymal transition plays a role in neoplastic
invasion and metastasis. Myocyte enhancing factor 2B (MEF2B) is the only MEF2 isoform expressed during early embryonic
development, and is herein proposed to transactivate the downstream target proteins of the epithelial myofibroblast
transition (EMyT). We have previously generated eight preneoplastic cell lines with spindle and cobblestone morphology
from human gingival mucosal keratinocytes immortalized by E6/E7 of human papillomavirus type 16. Spindle cells formed
tubulogenic morphogenesis on Matrigel and exhibited contractility, anchorage-independent growth and invasiveness to a
greater extent than cobblestone cells. Expression of MEF2B mRNA and myofibroblast proteins was higher in spindle cells
compared with cobblestone cells. Epidermal growth factor (EGF) treatment of cobblestone cells also induced expression of
these genes. Knockdown of MEF2B in a cobblestone cell line abolished EGF-induced upregulation of MEF2, vimentin and
non-muscle caldesmon proteins, but enhanced basal expression of mesenchymal vimentin and fibronectin. Differential
regulation of intermediate filaments revealed an unrecognized role of MEF2B in myogenic transformation of the epithelial to
a myofibroblast phenotype, which occurs as epithelioid variants in some soft tissue sarcomas.
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Introduction

During tumor progression, malignant cells exploit critical
developmental and tissue remodeling programs, often pro-
moting a plastic phenotype referred to as an epithelial
mesenchymal transition (EMT)." Neoplastic cells express a
different set of cytoskeleton-associated proteins, especially
intermediate filaments (IFs), to reflect their morphological
and functional differentiation. Carcinomas contain keratin
and sarcomas of muscle origin contain desmin. Vimentin,
which is primarily found in mesenchymal cells, may
coexist with other IFs in other tumors. The overlapped
expression of IFs associated with EMT and transdifferentia-
tion has been recognized.>> An epithelial myofibroblast
transition (EMyT) has been defined to indicate a myogenic
form of EMT.* Many studies indeed have demonstrated a
myogenic contribution in EMyT by overexpression of a
myogenesis master protein MyoD to a variety of differen-
tiated cell lines and fibroblast cell lines’ as well as skin
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keratilrlo’ccy’ces.6 In line with this notion, epithelial marker
keratins are co-expressed with myogenic genes in liposar-
coma,’ rnyxofibrosarc:oma,8 malignant human breast
tissue,” as well as myofibroblast lesions of skin and soft
tissue tumors' including rhabdomyosarcomas.” Among
soft tissue tumors, tumors of the oral cavity and gingiva
in myofibroma,'? leiomyosarcomas' and rhabdomyosar-
coma,'* are frequently presented with myogenic contri-
bution. These tumors involve spindle cell formation.
However, the knowledge on contribution of transcription
factors other than MyoD in EMyT has been very limited.
In addition to MyoD family proteins such as MyoD and
myogenin, the other family of myogenic transcription
factors consists of myocyte enhancing factor 2 (MEF2)
which belongs to the superfamily of MADS (MCMI1,
agamous, deficiens, serum response factor [SRF])-box tran-
scription  factors. Notably, SRF and its transcriptional
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co-activator myocardin-related transcription factor have been
shown to regulate smooth muscle actin («-SMA) expression*
as well as cytoskeletal dynamics and metastasis."> MEF2
has been induced by MyoD in non-muscle cells,'® and it
can indirectly be regulated by myogenin.'” These data
imply a possible role of MEF2 in mgfogenic activation of
EMyT and the myogenic phenotype®® which is supported
by its prevalence in nuclei of sarcoma cells,'® and fibroblastic
stromal cells of elastofibroma.'” MEF2 consists of four
members: MEF 2A, 2B, 2C and 2D. Among MEF2
members, MEF2B is herein proposed to be a candidate in
myogenesis of myofibroblast-involved tumors because it is
expressed in embryonic carcinoma cells,®® fibroblast cell
lines” and in skeletal muscle of early mouse embryo.”**
We had previously generated spindle and cobblestone
preneoplastic cell lines from human papillomavirus type
16 (HPV16) E6/E7-immortalized human gingival mucosal
keratinocytes (GM16).*** Those cell lines represented
model cells to investigate possible roles of MEF2B in
EMyT-related myogenic gene expression. Since soft tissue
tumors are sensitive toward epidermal growth factor
(EGF),® we performed EGF treatment of cobblestone kerati-
nocytes to induce EMyT. Here we showed that spindle cells
were more invasive than cobblestone cells concomitantly
with increased expression of MEF2B mRNA as well as myo-
fibroblast proteins, namely vimentin, a-SMA and low-
molecular-weight non-muscle caldesmon (I-CaD). EGF
treatment of cobblestone cells induced expression of myofi-
broblast proteins, morphological changes toward motile
elongated cells, and increased MEF2B mRNA and MEF2
protein. MEF2B knockdown experiments revealed that
MEF2B regulated myofibroblast proteins differently. Our
study indicates a unique role for MEF2B in EGF-induced
plasticity and EMyT of human gingival keratinocytes.

Materials and methods
Reagents and cell cultures

EGF was obtained from Sigma (Deisenhofen, Germany).
Cobblestone cell lines with spindle shape (FIB and NuB1)
and with epithelium-like shape (EPI, NuB2 and FuB1) were
generated from the same parental GM16 cells,”*** and were
cultured in Dulbecco’s modified Eagle’s medium (DMEM)
(PAA, Colbe, Germany) containing 4.5 g/L glucose, 10%
fetal calf serum (FCS), and penicillin and streptomycin.

Matrigel tubulogenicity, contractility,
anchorage-independent growth and invasion assays

Cellular tubulogenicity was tested by the detection of
differentiation-independent growth and tubule morphology
of cells cultured on Matrigel. Matrigel basement membrane
matrix (BD Bioscience, Heidelberg, Germany) of 100 uL was
used to coat 24-well plates. Cells were plated at 2.5 x 10* in
0.5mL serum-free DMEM and were photographed after
three days. A cellular contractility assay”®*’ was performed
by mixing 140 pL 20mg/mL collagen type I solution with
3 x10° cells in 1 mL DMEM containing 30 mmol/L. HEPES
at pH 7.0. A mixture of cells and collagen (500 nL) was
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allowed to gel for one hour in a 24-well plate in an incuba-
tor, and 500 n.L DMEM was added on top of the gels. After
two days in culture, collagen gels were released from the
culture dish to allow gel contraction. Gels were photo-
graphed and gel diameter was measured.

Using the procedure previously reported,” an anancho-
rage-independent growth assay was carried out by plating
cells on semi-solid agar. Phase-contrast pictures at 10x
magnification were taken after two weeks in culture. The
total number of colonies was an average of the number of
colonies counted from six to nine pictures randomly taken
with a microscope.

For invasion assays, a BD BioCoat Matrigel Invasion
Chamber system (BD Bioscience) was used in a 24-well
format with inserts containing 8-um-pore membranes. Cells
at 2.5 x 10* in 0.5 mL serum-free DMEM were added onto the
upper compartment with 1 mL. DMEM containing 10% FCS
in the lower compartment. After four days, cells that invaded
through membranes were fixed with methanol and stained
with 1% toluidine blue in 1% Borax. The total number of invad-
ing cells was an average of cells counted from four pictures ran-
domly taken with a light Olympus microscope (Hamburg,
Germany). The reproducibility of all functional assays was
obtained from at least two independent experiments.

Fractionation

NuB2 cells at 2-3 x10° cells were seeded in 10-cm dishes
overnight. Cells were treated with EGF (100 ng/mL) in
serum-free DMEM for 24 h. Cellular fractionation was per-
formed by using a Subcellular Proteoextraction kit from
Calbiochem (Darmstadt, Germany). Cytosol, nuclear and
cytoskeletal fractions were used at 7.5 ug protein for
Western blot analyses.

Western blotting

Cell lysates were prepared using lysis buffer (50 mmol/L
Tris.HCl, 1% Triton X-100, 40 mmol/L pB-glyceraldehyde,
100 mmol/L NaCl, 50 mmol/L NaF, 2 mmol/L ethylenedia-
minetetraacetic acid, 200 umol/L sodium orthovanadate
and 0.2 mmol/L phenylmethanesulfonylfluoride) containing
protease inhibitor cocktails (Calbiochem, Schwalbach,
Germany). Lysates were separated and electrotransfered
onto membranes. Blots were incubated with an antibody
overnight at 4°C. Primary antibodies with the indicated
clone in parentheses included vimentin (RV202), a-SMA
(C04018), fibronectin (F1), caldesmon (EP789Y) and
Ser’®-phospho-caldesmon  (E89) from Epitomics/Biomol
(Hamburg, Germany). Anti-MEF2 antibody was obtained
from Santa Cruz Biotechnology (Heidelberg, Germany).
The blots were incubated with secondary anti-rabbit or anti-
mouse antibodies. Blots were re-probed with B-actin or
B-tubulin antibody. Millipore ECL reagent (Schwalbach,
Germany) was used for detection.

MEF2B siRNA

For knockdown of MEF2B, NuB2 cells were plated for 24 h
prior to transfection. Cells were transfected in serum-free
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DMEM with 50 nmol/L control (siRNA negative control
#SR-CL0O00-005 from Eurogentec, Seraing, Belgium) or
MEF2B siRNAs (predesigned Silencer select siRNA #58650
from Ambion, Darmstadt, Germany) using Eurogentec
ICAFectin™ 442 transfection reagent for 18 h. Cells were
treated with EGF (100 ng/mL) for the indicated time period
and then harvested for Western blot and reverse transcrip-
tion polymerase chain reaction (RT-PCR) analyses.

RT-PCR

Total RNA was prepared from treated or transfected cells
using an RNeasy Mini kit (Qiagen, Hilden, Germany).
cDNA was synthesized from 2 ug RNA using a First
Strand c¢DNA synthesis kit (Fermentas, St Leon-Rot,
Germany). mRNA expression was analyzed in quadruplets
by realtime PCR using the Applied Biosystems TagMan
gene expression assays with TagMan® Universal PCR
Master Mix (Applied Biosystems, Darmstadt, Germany)
and run on an Applied Biosystem 7500 realtime PCR
machine by  using  assay-on-Demand  MEF2B
(Hs01021281_m1) and MYH9 (Hs01066381_m1) TagMan®
primers. The expression level of targets was calculated
using the A-C; transformation method and showed as a
ratio after having been normalized to the housekeeping
gene GAPDH (Hs99999905_m1). PCR results were obtained
from at least two independent experiments.

Results

Expression of IF proteins in model spindle
and cobblestone cell lines

As typical cobblestone keratinocytes, GM16 cells normally
proliferate well in keratinocyte growth medium.” GM16
cells were the precursor of the total eight cell lines which
were resistant to calcium/serum-induced differentiation and
were capable of proliferating in standard DMEM. EPI and
FIB were generated on chronic exposure to ethanol.”> NuB1,
FuB1 and NuB2 were among those generated as a result of
transfection with oncogenic promoter Nox1 (gp91phox
homolog NAPH oxidase 1).** FIB and NuB1 cells exhibited
spindle-elongated and fibroblast-like morphology (Figure 1a,
top). Similar to the parental GM16,” EPI, NuB2 and FuBl1
cells were cobblestone with epithelium-like morphology
(Figure 1a, bottom). Compared with cobblestone cells (with
[c] in figures), spindle cells (with [s] in figures) consistently
showed elevated expression of vimentin and «o-SMA
(Figure 1b), whereas expression of another IF fibronectin
was absent in all cell lines (data not shown). For a class of
myogenic IFs, expression of caldesmon (CaD) isoforms,
l-CaD (low Mr-form which is widely distributed in non-
muscle tissues and cells) and h-CaD (high Mr-form which
dominantly expressed in differentiated smooth muscle cells),
has been implicated to modulate EMyT phenotype.®®
Expression of unphosphorylated and Ser’*’-phosphorylated
I-CaD detectable at 75 kDa was increased in spindle FIB and
NuB1 cells compared with cobblestone EPI and FuB1/NuB2
cells, respectively (Figure 1b). Notably, the presence of
Ser’®-phosphorylated h-CaD detectable at 120 kDa was

found in both spindle FIB and NuBl1 cell lines (as well as
HeLa cells, not shown), but absent in cobblestone cells. This
phosphorylation may indicate that spindle cells had
adopted a phenotype of differentiated smooth muscle
cells.?®? Thus, «-SMA, 1-CaD, as well as phospho - and
h-CaD expression, were associated with spindle phenotype
of immortalized human gingival keratinocytes.

Preneoplastic characteristics of spindle and
cobblestone cell lines in vitro

The ability of preneoplastic cells to form branching morpho-
genesis in response to Matrigel has been used to determine
the morphogenetic re-programming potential of epithelial
cells.*® Spindle NuB1 and FIB cells were resistant against
Matrigel-induced differentiation by forming tubules with
branching morphogenesis (Figure 2a). Cobblestone EPI and
NuB2, and FuBl1 cells were differentiated by Matrigel to form
non-proliferative round cells. Tubules from spindle cells were
lacking in lumen. NuBl cells appeared to produce more exten-
sive meshwork with branching-tubule lengths longer than FIB
cells (Figure 2a). To identify a myofibroblast-like property
among spindle and cobblestone cell lines, we determined con-
tractility function by employing a collagen contraction
assay.”>” Collagen gels containing NuB1 or FIB cells were
able to contract immediately after detachment of gels from
the culture dish, resulting in reduced diameters of collagen
gels (Figure 2b). Cobblestone NuB2 cells did not contract.

Next, we determined the preneoplastic potential of our cell
lines by measuring anchorage-independent growth and inva-
siveness. We have previously reported that FIB cells exhibited
anchorage-independent growth.”® NuB1 cells exhibited
anchorage-independent growth with greater extent than FIB
cells (Figure 2c). For the invasion assay using a Boyden
chamber, we have previously shown that FIB cells are more
invasive than EPI cells.®® Similar to anchorage-independent
growth, NuBl cells were more superior to FIB cells
(Figure 2d). Cobblestone cells exhibited no anchorage-
independent growth and invasiveness. Taken together,
increased tubulogenesis, contractility, anchorage-independent
growth and invasiveness of spindle cells indicated enhanced
preneoplastic potentials compared with cobblestone cells.

To associate muscle-specific genes (Figure 1b) and preneo-
plastic characters (Figures 2a-d) to MEF2B, we next corre-
lated the spindle phenotype with mRNA expression of
MEF2B as well as non-muscle myosin heavy chain (MYH9)
which is an actomyosin contractile apparatus mediated by
SRF'® and MEF2.'® MyH9 has been shown to correlate with
cytoskeletal dynamics of metastasis'> and was therefore
used in our study as a positive transcription control for plas-
ticity and EMyT. Compared with cobblestone NuB2 and
FuBl cells, mRNA expression of MEF2B and MYH9 was
increased in NuB1 cells, indicating a correlation of MEF2B
with the spindle and EMyT phenotypes (Figure 2e).

EGF treatment of cobblestone cells induces
myofibroblast protein expression

It has been recognized that autocrine/paracrine signaling
due to tumor microenvironment cytokines, such as EGF,



Sun et al. MEF2B in epithelial myofibroblast transiton 181

Figure 1

Phospho h-CaD —p
(120 kDa)

I-CaD —» P- —
(75 kDa) - Phospho I-CaD —»

(75 kDa)

Tubulin = e ——————

Morphology, phenotypes and expression of intermediate filament proteins of human immortalized keratinocytes used in this study. (a) Two distinctive

phenotypes with fibroblast-like spindle-shape (FIB and NuB1 cells) and epithelium-like cobblestone (EPI, NuB2 and FuB1 cells) morphology were characterized in
this study. FIB and EPI cells were the paired cell lines generated from chronic ethanol treatment of GM16. NuB1, NuB2 and FuB1 were among cell lines generated
from overexpression of the E6/E7 oncogenes of human papillomavirus type 16 (HPV16) in GM16 cells with oncogenic promoter Nox1. The bar scale represents
200 um. (b) Protein expression of intermediate filaments was compared among spindle-shape (labeled with ‘s’ in brackets) and cobblestone (marked with ‘c’ in
brackets). Compared with cobblestone cells, spindle-shaped FIB and NuB1 cells showed increased expression of vimentin, a-smooth muscle actin («-SMA), non-
muscle caldesmon (I-CaD for low Mr caldesmon at 75kDa) and phosphorylated-I-CaD (Ser’®®phospho-I-CaD). Spindle cells also expressed
phospho-muscle-type h-caldesmon (h-CaD for high Mr caldesmon at 120 kDa). Direct comparison of protein expression could be made between EPI/FIB pair
and FuB1/NuB1 pair since these pairs were cultivated to the same passage number. Cobblestone NuB2 cells were at lower passages than FuB1 and NuB1

largely regulates the morphological and invasive phases of
the EMyT phenotype.*® After 24-h treatment of cobblestone
NuB2 and FuB1 cells with EGF (100 ng/mL), morphological
changes with multinucleated cells were observed showing
elongated projections correlating with features of plasticity
and motility (Figure 3a). EGF treatment of NuB2 and
FuBl1 cells significantly increased expression of vimentin
and fibronectin in cell lysates (Figure 3b). While not
observed in whole-cell lysates, expression of a-SMA,
phospho 1-CaD and fibronectin was increased in cyto-
skeletal fractions of EGF-treated NuB2 and FuB1 cells com-
pared with controls (Figure 3b). EGF combined with bone
morphogenic proteins was similarly capable of inducing
morphological changes and expression of these myofi-
broblast proteins (please see Supplementary Figure 1
at http://ebm.rsmjournals.com/lookup/suppl/doi:10.1258/

ebm.2011.011261/-/DC1). While antibody against MEF2B
is not available, anti-pan MEF2 could detect the translocation
of MEF2 from the cytosol to the nucleus upon EGF treatment
(Figure 3c). Thus, EGF treatment of cobblestone cells induced
plasticity toward the EMyT phenotype concomitant with
increased expression of myofibroblast proteins, and acti-
vation of MEF2 translocation to the nucleus.

Differential effects of MEF2B knockdown
on myofibroblast proteins

Because MEF2B is not specific to differentiated muscle cells
and is also present in embryonic carcinoma cells as well as
fibroblast cell lines,>*?! we next determined whether
MEF2B expression was correlated with EGF-induced plas-
ticity of cobblestone NuB2 cells. Indeed, increases in
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Figure 2 Characterization of preneoplastic potentials of spindle and cobblestone cell lines. (a) Ability of cells to form tubules (tubulogenesis assay) was com-
pared by plating cells on Matrigel and cultured in Dulbecco’s modified Eagle’s medium containing 1% fetal calf serum, and phase-contrast pictures were taken
three days later. Spindle FIB and NuB1 cells were de-differentiated when plated on Matrigel, showing extensive elongated and stretched morphology.
Cobblestone EPI, NuB2 and FuB1cells did not form elongated mesh network. Bar scale represents 200 um. (b) Contractility properties of spindle (morphology
labeled ‘s’) and cobblestone (morphology labeled ‘c’) cells were assessed by mixing them in collagen gel. Gel was detached from the culture dish, and collagen
gel shrinking was an indicator of contractility. The original diameter of collagen gels before detachment was 15 mm. The reduced diameter of gels containing FIB
or NuB1 cells demonstrated cellular contractility. Cobblestone NuB2 cells did not contract, maintaining ~15 mm gel diameter (mean + SD, *P < 0.05, n = 3).
Anchorage-independent growth and invasiveness of spindle and cobblestone cells are shown in (c) and (d), respectively. Spindle cells formed more colonies
on soft agar and were more invasive than cobblestone cells. Phase-contrast pictures shown in the insets were soft agar colonies and invading NuB1 cells. (e)
Spindle NuB1 cells expressed increased levels of myocyte enhancing factor 2B (MEF2B) mRNA as well as the known metastasis SRF-dependent transcription
factor MyH9 compared with those of cobblestone NuB2 and FuB1 cells. TagMan® realtime polymerase chain reaction (PCR) were representatives from two exper-
iments (*P < 0.05, mean + SEM, n = 4 for each PCR)

MEF2B and MyH9 mRNA were found upon EGF treatment
of NuB2 cells for two and four hours (Figure 4a); this was
confirmed by increased MEF2 protein in control transfected
cells (Figure 4b). To investigate whether MEF2B could regu-
late expression of myofibroblast proteins, we performed
MEF2B knockdown. Transfection of NuB2 cells with
MEF2B siRNA markedly reduced MEF2B mRNA (please
see Supplementary Figure 2 at http://ebm.rsmjournals.com/
lookup/suppl/doi:10.1258 /ebm.2011.011261/-/DC1)  with
only weak reduction of MEF2 protein (Figure 4b). In

control siRNA-transfected cells, EGF treatment increased
expression of MEF2 as well as all mesenchymal (vimentin
and fibronectin) and myogenic (I-CaD and a-SMA) proteins
(Figure 4b). Under basal condition, MEF2B knockdown unex-
pectedly increased expression of mesenchymal vimentin and
to a lesser extent fibronectin. However, MEF2B-knockdown
abolished EGF-induced upregulation of MEF2, vimentin
and 1-CaD proteins as well as 1-CaD activity (indicated by
phospho 1-CaD expression). MEF2B knockdown also
further enhanced fibronectin expression in EGF-treated
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Figure 3 Epidermal growth factor (EGF) treatment of cobblestone cells induces plasticity and motile morphogenesis. (a) NuB2 or FuB1 cells were treated with
EGF (100 ng/mL) for 24 h in serum-free medium. EGF induced motile, elongated and spiral morphology in some cells, indicating a transition towards spindle
phenotype. Bar scale represents 200 um. (b) EGF (100 ng/mL) treatment of NuB2 and FuB1 cells for 24 h induced increased protein expression of vimentin
and fibronectin in cell lysates. B-Tubulin was used as loading control. Increased expression of phospho I-CaD (low molecular weight non-muscle caldesmon),
a-smooth muscle actin («-SMA) and fibronectin proteins was more evident in the cytoskeleton fraction in NuB2 and FuB1 cells treated with EGF (100 ng/mL)
for 24 h. Cytoskeletal fraction of 7.5 ug protein of each treatment group was loaded for Western blot analysis. (c) After 24-h treatment of NuB2 cells, EGF
induced MEF2 activation as indicated by increased MEF2 in the nucleus concomitant with decreased MEF2 expression in the cytosol. No alteration of MEF2

expression in cell lysates was observed

cells. With or without EGF treatment, expression of a-SMA
was not affected by MEF2B knockdown. Hence, MEF2B
exhibited differential regulation in blocking expression of
vimentin and fibronectin, and, on the other hand, promoting
activation of 1-CaD.

Discussion

Despite the reports of the presence of MEF2B in embryonic
carcinoma cells?’ and fibroblasts,?! investigations into the
role of MEF2B in cell transformation, oncogenic potentials
and induction of EMyT have not been reported. Cell lines gen-
erated from immortalized gingival keratinocytes were used as
a model experimental system to study the contribution of
MEF2B to EMyT and cellular plasticity. Spindle cell lines
expressing increased myofibroblast proteins exhibited

increased tubulogenesis, contractility and anchorage-inde-
pendent growth, and were more invasive than cobblestone
cells. EGF treatment of cobblestone cells upregulated the
expression of MEF2B as well as myofibroblast proteins. We
also provided evidence that MEF2B blocked mesenchymal
vimentin and fibronectin expression, but promoted myogenic
I-CaD activation. Differential regulation of myofibroblast pro-
teins by MEF2B may determine cellular fates such as
migration and plasticity of human gingival keratinocytes.
Our HPV16 E6/E7-immortalized human gingival keratino-
cyte cell lines represent invaluable tools to investigate the
potential role of myogenic transcription factor MEF2B in
EMyT of keratinizing oral cells. A previous study has shown
that HPV16 E6/E7 transfection under the control of a-SMA
promoter produces immortalized cells which exhibit
anchorage-independent growth,® thus providing a support
for the feasible generation of our preneoplastic spindle cells
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Figure 4 Epidermal growth factor (EGF) induces myocyte enhancing factor
2B (MEF2B) expression and MEF2B differentially regulates myofibroblast pro-
teins. (a) EGF treatment of NuB2 cells for two or four hours increased mRNA
expression of MEF2B and MyH9. TagMan® realtime polymerase chain reac-
tion (PCR) data were representatives from two experiments (*P < 0.05,
mean + SEM, n=4 for each PCR). (b) EGF treatment increased protein
expression of MEF2, vimentin, I-CaD (low molecular weight non-muscle cal-
desmon), phospho I-CaD, a-smooth muscle actin («-SMA) and fibronectin in
control siRNA-transfected NuB2 cells. Upon MEF2B knockdown of NuB2
cells, the EGF effects were abolished in up-regulating MEF2, vimentin,
I-CaD and phospho [-CaD proteins. MEF2B knockdown did not affect
«-SMA but further increased fibronection expression. NuB2 cells were trans-
fected with 50 nmol/L control or MEF2B siRNAs for 18 h in Dulbecco’s modi-
fied Eagle’s medium (DMEM) + 10% fetal calf serum, and subsequently
treated with EGF (100 ng/mL) in serum-free DMEM for further 24 h

which exhibited increased myogenic gene expression. NuB1
and FIB cells also were more invasive. They also expressed
elevated levels of a-SMA and h-CaD which are markers of,
respectively, early and late differentiation in smooth muscle
development.** We found that h-CaD was also present in the
human cervical cancer Hela cell line. As h-CaD is expressed
in some soft tissue tumors of the skin,*®> h-CaD may thus be
ubiquitously expressed in soft tissue tumors of mucosa
origin. Cell contractility is commonly regarded as a feature
of mesenchymal cells and is acquired by cells that have under-
gone EMyT.* Spindle cell lines were thus classified as more
transformed than cobblestone cell lines. The expression of
vimentin, a-SMA, 1-CaD and h-CaD in our spindle cell lines
is consistent with a high frequency of myogenic genes in myo-
fibroblast lesions of skin and soft tissues,'*'" including myofi-
bromas and myosarcomas of the oral cavity.'*~**

The direct role of MEF2B on EMyT-associated proteins was
studied upon MEF2B knockdown of cobblestone NuB2 cells,
and differential effects were observed. Under basal conditions,

MEF2B knockdown increased both mesenchymal vimentin
and fibronectin protein expression. MEF2B knockdown
reversed EGF-induced upregulation of MEF2 protein,
suggesting that MEF2B may transactivate other MEF2s. With
EGF treatment, MEF2B knockdown inhibited vimentin but
further enhanced fibronectin expression. MEF2B'’s ability to
block expression of both mesenchymal proteins may reflect
an adaptive response mechanism in spindle cells and during
EGF treatment of cobblestone cells. The mechanism of this
negative regulation and differential effects between vimentin
and fibronectin requires further investigations. We speculate
that MEF2B knockdown may have removed an unknown
factor that inhibited transcription of vimentin and fibronectin.
However, we observed that EGF-induced upregulation of
vimentin was removed upon MEF2B knockdown, indicating
a positive regulation. This is consistent with positive regu-
lation of vimentin by MEF2A/C/D in regenerating skeletal
muscle.”” Because MEF2B was reported to bind to the canoni-
cal MEF2-binding site,”> MEF2B may also be able to transacti-
vate other MEF2 isoforms that are transcribed by the same
MEF2-binding site.®® Upon EGF treatment, MEF2B may
transactivate MEF2A/C/D activity, thereby upregulating
expression of vimentin.

MEEF2 is one of the key downstream effectors of mitogenic
signaling pathways via serum-inducible expression of c-jun
which positively regulates cell-cycle progression.*” This sup-
ports the role of MEF2 in mitogenesis of cancer cells as evi-
denced by the presence of MEF2 in carcinosarcomas'® and
fibromas.'® EGF treatment increased 1-CaD and its activity
was reversed by MEF2B knockdown. MEF2B, however,
did not regulate basal expression of 1-CaD. Increased
I-CaD and activity upon EGF treatment is consistent with
the physiological role of caldesmon on cell proliferation
and migration.” As MEF2B knockdown did not have any
effects on a-SMA, this suggested that other transcription
factors, such as myocardin-related transcription factors, 4
may regulate this protein.

In conclusion, we showed that MEF2B expression was corre-
lated with spindle phenotype and activation of myofibroblast
proteins by EGF. The role of MEF2B in cellular plasticity was
evident in two ways: one with blocking expression of mesench-
ymal proteins and the other way by proliferative activation of
I-CaD. On availability of anti-MEF2B antibody, it may be per-
tinent to determine MEF2B, vimentin and caldesmon
expression in cancer tissues, such as rhabsomyosarcoma'*
and soft tissue myxoma*’ of the gingiva.
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