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Abstract

Radiation-induced pulmonary fibrosis is a severe complication of
patients treatedwith thoracic irradiation.Wehavepreviously shown that
syndecan-2 reduces fibrosis by exerting alveolar epithelial cytoprotective
effects. Here, we investigate whether syndecan-2 attenuates radiation-
induced pulmonary fibrosis by inhibiting fibroblast activation. C57BL/6
wild-typemice and transgenicmice that overexpress human syndecan-2
inalveolarmacrophageswere exposed to14Gywhole-thoracic radiation.
At 24 weeks after irradiation, lungs were collected for histological,
protein, and mRNA evaluation of pulmonary fibrosis, profibrotic gene
expression, and a-smooth muscle actin (a-SMA) expression. Mouse
lung fibroblasts were activated with transforming growth factor (TGF)-
b1 in the presence or absence of syndecan-2. Cell proliferation,
migration, and gel contraction were assessed at different time points.
Irradiation resulted in significantly increased mortality and pulmonary
fibrosis in wild-type mice that was associated with elevated lung
expressionofTGF-b1downstream target genes and cell death compared
with irradiated syndecan-2 transgenic mice. In mouse lung fibroblasts,
syndecan-2 inhibited a-SMA expression, cell contraction, proliferation,
and migration induced by TGF-b1. Syndecan-2 attenuated
phosphoinositide 3-kinase/serine/threonine kinase/Rho-associated
coiled-coil kinase signaling and serum response factor binding to the

a-SMA promoter. Syndecan-2 attenuates pulmonary fibrosis in mice
exposed to radiation and inhibits TGF-b1–induced fibroblast–
myofibroblast differentiation, migration, and proliferation by
down-regulating phosphoinositide 3-kinase/serine/threonine
kinase/Rho-associated coiled-coil kinase signaling and blocking
serum response factor binding to the a-SMA promoter via CD148.
These findings suggest that syndecan-2 has potential as an
antifibrotic therapy in radiation-induced lung fibrosis.
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Clinical Relevance

Radiation-induced pulmonary fibrosis is a severe complication
of patients treated with thoracic irradiation and is associated
with significant morbidity and mortality. Here, we show that
syndecan-2 attenuates pulmonary fibrosis in mice exposed to
radiation and inhibits fibroblast activation via CD148. These
findings suggest that syndecan-2 has potential as an antifibrotic
therapy in radiation-induced lung fibrosis.

Radiation therapy is a mainstay of treatment
for thoracic malignancies, yet its use is
complicated by lung toxicity, particularly
fibrosis. Radiation-induced pulmonary

fibrosis, which typically develops months
after irradiation and can progress for
years, has no effective treatment and is
associated with significant morbidity

and mortality (1). This often limits
the depth, dose, and, ultimately,
effectiveness of radiation that can be
delivered (1, 2).
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Despite substantial progress made in
understanding the pathogenesis of fibrotic
diseases, the mechanisms underlying
radiation-induced pulmonary fibrosis
remain poorly understood. Irradiation
activates a number of signaling
pathways that involve recruitment of
immune cells, production of inflammatory
cytokines, and generation of reactive oxygen
species that result in cell death and
pathologic tissue remodeling (3, 4).
Transforming growth factor (TGF)-b1
is a pleiotropic cytokine that promotes the
differentiation of fibroblasts into
myofibroblasts and plays a major role in
fibrosis (5, 6). Myofibroblasts contribute to
the excessive deposition of extracellular
matrix and stress fiber formation by
producing contractile proteins, including
a-smooth muscle actin (a-SMA), a marker
of myofibroblast differentiation (6). There
is a need to further characterize the factors
that interact with TGF-b1 signaling and
develop therapies to productively
counteract them.

Syndecans are a family of four
transmembrane heparan-sulfate
proteoglycans that are expressed in multiple
cell types, and may play a protective role in
pulmonary fibrosis (7, 8). Syndecan-1
interacts with CXCL8 to promote
resolution of experimental lung injury,
whereas syndecan-4 has been shown to
reduce pulmonary fibrosis by inhibiting
fibroblast migration (9, 10). Our
group has previously demonstrated that
syndecan-2 expression is elevated in
alveolar macrophages from subjects with
idiopathic pulmonary fibrosis (IPF) and
that overexpression of human syndecan-2
(hsdc2) in transgenic (TG) mice reduces
bleomycin-induced lung fibrosis (11).
Syndecan-2 appears to exert its
antifibrotic effects in epithelial cells by
promoting internalization and
degradation of TGF-b receptor 1, thereby
inhibiting TGF-b1 downstream
signaling and protecting alveolar
epithelial cells from TGF-b1–induced
apoptosis (11).

In the present study, we used a murine
model to determine the role of syndecan-2
in the development of radiation-induced
lung fibrosis. We hypothesized that
syndecan-2 would reduce TGF-b1–
mediated fibroblast proliferation and
differentiation into myofibroblasts, and,
ultimately, attenuate radiation-induced
pulmonary fibrosis.

Methods

For additional details regarding materials and
methods, please see the data supplement

Animals and Radiation Treatment
C57BL/6 wild-type (WT) mice were
purchased from NCI. Syndecan-2 TG mice,
described previously (11), were generated
using a transgene containing the hsdc2
coding sequence under the control of the
scavenger receptor A enhancer/promoter
(SREP), a kind gift from Dr. Jeanine
D’Armiento (Columbia University, New
York, NY). Only female mice were used in
this study, as it has previously been
demonstrated that they are more susceptible
to radiation fibrosis than males (12). Mice
were irradiated with 14 Gy of whole-thoracic
radiation at 8–11 weeks of age (n = 10 in each
respective group). Mice were anesthetized
before radiation exposure with 2, 2, 2
tribromoethanol (Avertin, 300 mg/kg; Sigma)
via intraperitoneal injection and positioned in
a multianimal Plexiglas holder. The mice
were shielded in lead with the exception of a
163 16-mm window above each animal’s
entire thorax. A Philips RT 250 X-ray
orthovoltage therapy unit (Philips) was used
to deliver 14 Gy to the thorax at a rate of
101.5 cGy/min. Dose rate was calibrated daily
by use of an ionization chamber and
Condenser R-Meter (Victoreen/Fluke).
Dosimetry was confirmed by TLD or
nanoDot dosimeters (Landauer).
Nonirradiated mice were anesthetized, but
did not receive any radiation. All animals

were housed in shoebox-type plastic cages
with hardwood chip bedding; food and water
were provided ad libitum. The Animal Care
and Use Committee of Lovelace Respiratory
Research Institute approved all animal
protocols.

Hydroxyproline Assay
To quantify collagen deposition, the left
lung from each mouse was hydrolyzed in
HCl 6 N for 24 hours at 1108C, and
hydroxyproline levels were quantified as
previously described (11). Each sample was
tested in triplicate. Data are expressed as
micrograms of hydroxyproline per left lung.

Fibroblast Collagen Gel Contraction
Assay
Cell pellets of mouse fibroblasts were mixed
with eight volumes of rat tail type I collagen
suspension, one volume of31-concentrated
PBS, and one volume of reconstitution
buffer (2% sodium bicarbonate and 4.77%
Hepes dissolved in 0.05 N NaOH) at a
concentration of 23 106 cells/ml. Cell-
populated collagen solution was
immediately poured into a 24-well plate
(0.5 ml/well) and incubated at 378C for
1 hour to permit complete gelation. After
2 days, gels were gently released from the
plate with a spatula and overlaid with
culture media. Gel images were taken at 0,
12, 24, and 36 hours.

Fibroblast Wound Healing Assay
Fibroblast migration was assessed using a
“scratch wound” assay, as described
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Figure 1. Overexpression of syndecan-2 increases survival in transgenic (TG) mice 24 weeks
after radiation exposure. C57BL/6 wild-type (WT; n = 10) and scavenger receptor A
enhancer/promoter–human syndecan-2 (hsdc2) TG mice (n = 10) with macrophage-specific
overexpression of hsdc2 were exposed to a single dose of 14 Gy radiation delivered to the thorax by a
Philips RT 250 X-ray therapy unit at 8–11 weeks of age. Survival was 100% in TG mice at Day 168
(Week 24) compared with 40% in irradiated WT (WT Rad) mice (P, 0.001). Survival for WT versus
TG mice (P, 0.001); data are presented as a Kaplan–Meier survival curve.
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previously (13). Fibroblasts were seeded on
a six-well plate to a final concentration of
53 105 cells/ml. Once confluent, a cell-free
area was created with a pipette in each well.
Cells were then treated with either TGF-b1
(10 ng/ml) or TGF-b1 along with
recombinant hsdc2 (0.5 mg/ml) for
24 hours. Wound closure and fibroblast
migration was evaluated at 0, 4, 8, 12, 16,
20, and 24 hours after treatment.

Statistical Analyses
Data are expressed as mean (6SEM).
Comparisons of mortality were made by
analyzing Kaplan–Meier survival curves,
and then log-rank tests to assess for
differences in survival. For comparisons
between two groups, we used Student’s
unpaired t test, and statistical significance
was defined as P less than 0.05. One-way
ANOVA, followed by Newman–Keuls or

Tukey’s post-test analysis, was used for
analysis of more than two groups. The
numbers of samples per group (n), or the
numbers of experiments, are specified in
the figure legends.

Results

Overexpression of Syndecan-2
Improves Survival in Mice Exposed to
Thoracic Radiation
To examine the effects of syndecan-2 in a
murine model of radiation-induced
pulmonary fibrosis, female C57BL/6 WT
and TG mice that overexpress hsdc2 were
exposed to a single dose of 14 Gy radiation at
8–11 weeks of age. These TG mice have
macrophage-specific overexpression of
hsdc2 (scavenger receptor A
enhancer/promoter–hsdc2) and have been

previously described in detail (11). The two
exposure groups were then followed for a
total of 24 weeks (Figure 1). Irradiated WT
mice began dying at 112 days (16 wk) after
radiation exposure. Among irradiated
groups, WT mice experienced 60%
mortality at the end of 24 weeks, in contrast
to TG mice, which had no mortality.
Nonirradiated WT and TG mice had no
mortality during 24 weeks as well (data not
shown).

Overexpression of Syndecan-2
Reduces Radiation-induced
Pulmonary Fibrosis
To determine the effect of syndecan-2
overexpression on radiation-induced
pulmonary fibrosis, lung sections of subsets
of WT and TG mice were stained with
hematoxylin and eosin, trichrome, and
collagen-1a1 antibody 16 weeks after

B

H
yd

ro
xy

pr
ol

in
e 

(u
g/

m
L/

Lo
be

) *

TGWT

100

150

50

0

NR

Rad

†

A

NR

WT

TG

Rad

WT

TG

H&E Trichrome Col1a1

Figure 2. Overexpression of syndecan-2 significantly attenuates radiation-induced pulmonary fibrosis. (A) Lung sections of WT and syndecan-2–
overexpressing TG mice 24 weeks after radiation exposure were stained with hematoxylin and eosin (H&E), trichrome, and collagen-1a1 (Col1a1)
antibody. Pulmonary fibrosis and inflammatory cell infiltration were decreased in TG radiated (Rad) mice compared with WT Rad mice. (B) Hydroxyproline
content (left lung) was measured in the left lung of TG and WT mice (n = 20) 24 weeks after irradiation. TG Rad mice had significantly less hydroxyproline
compared with WT mice (n = 8–10; WT nonirradiated [NR] versus WT Rad, *P, 0.05; WT Rad versus TG Rad, †P, 0.05).
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radiation exposure. Hematoxylin and eosin
staining demonstrated less interstitial
thickening and inflammation in irradiated
TG (TG Rad) mice compared with their WT
counterparts (Figure 2A). Staining for
trichrome and collagen1a1 demonstrated
less collagen deposition in the lung
interstitium of TG mice. Collagen content
was quantified using a hydroxyproline
assay (Figure 2B). Lungs from TG Rad mice
had significantly less hydroxyproline
compared with irradiated WT mice
(73.596 20.56 versus 118.256 41.40
mg/ml/lobe). Apoptosis of alveolar
epithelial cells plays a key role in the
development of pulmonary fibrosis, and is
induced by a variety of injuries, including
thoracic irradiation (14, 15). Irradiated
mouse lungs had increased terminal
deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) staining compared
with nonirradiated lungs at Week 16, but
those from TG mice had significantly fewer
TUNEL-positive cells (P, 0.01; see Figure
E1 in the data supplement). Moreover,
syndecan-2 overexpression significantly
attenuated apoptosis only in lung epithelial
cells. There was a trend toward decreased
apoptosis in endothelial cells that did not

reach statistical significance. No differences
were observed in fibroblasts/myofibroblasts
compared with WT mice after irradiation
(Figure E2). Immunoblots of whole-lung
homogenates 16 weeks after radiation
exposure showed decreased expression of
caspase-9 in TG mice compared with WT
mice (Figure E3). Finally, we measured total
cell count in BAL fluid and found that TG
mice had fewer cells after radiation injury
compared with WT mice (Figure E4). Taken
together, these findings demonstrate that
overexpression of syndecan-2 attenuates
development of radiation-induced injury and
pulmonary fibrosis in mice.

Overexpression of Syndecan-2
Reduces Expression of TGF-b1
Target Genes in Radiation-induced
Pulmonary Fibrosis
TGF-b1 plays a central role in the induction
of fibrogenesis caused by radiation (16, 17).
We therefore investigated the effect of
syndecan-2 on TGF-b1 activity by
evaluating the expression of known TGF-b1
target genes with real-time PCR. Gene
expression of fibronectin-1, collagen 1a1,
tissue inhibitor of metalloproteinase-1, and
plasminogen activator inhibitor 1 (Pai1) in

whole-lung homogenates 16 weeks after
radiation exposure was significantly
decreased in TG Rad mice compared with
WTmice, consistent with decreased TGF-b1
activity (Figure 3A).

Overexpression of Syndecan-2
Reduces Radiation-induced
Fibroblast-to-Myofibroblast
Differentiation
Fibroblast-to-myofibroblast differentiation
is a hallmark of fibrogenesis, the latter cell
type functioning to produce contractile
proteins, such as a-SMA. Immunoblotting
and immunohistochemistry demonstrated
that lung tissue from TG mice had
significantly less a-SMA compared with
WT mice in response to radiation
(Figure 3B), suggesting that in vivo
expression of syndecan-2 inhibits
fibroblast-to-myofibroblast differentiation.

Syndecan-2 Decreases TGF-b1–
induced Fibroblast Contraction,
Migration, and Proliferation
Given the importance of fibroblast-to-
myofibroblast differentiation in the
development of lung fibrosis (6, 18–20), we
next sought to determine the extent to
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Figure 3. Overexpression of syndecan-2 inhibits transforming growth factor (TGF)-b1 target gene and a-smooth muscle actin (a-SMA) expression in the
lungs of irradiated mice. (A) Gene expression, as measured by quantitative PCR, of fibronectin-1 (Fn1), Col1a1, tissue inhibitor of metalloproteinase-1
(Timp1), and plasminogen activator inhibitor 1 (Pai1) was significantly downregulated in lungs of TG mice compared with WT mice 16 weeks after radiation
lung injury (**P, 0.01 for all four genes). (B) a-SMA protein levels were decreased in TG Rad mice compared with WT Rad mice. (C) Relative levels of
a-SMA were determined by densitometry (n = 8–10; WT NR versus WT Rad, **P, 0.001; and WT Rad versus TG Rad, †P, 0.05).
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which syndecan-2 regulates fibroblast-to-
myofibroblast differentiation in vitro. To
investigate the direct effects of syndecan-2
on these processes, we treated a mouse lung
fibroblast cell line (MLg2908) with TGF-b1
in the presence or absence of recombinant
hsdc2. Myofibroblast differentiation was
determined by measuring a-SMA
expression in fibroblasts. As expected,
TGF-b1–induced expression of a-SMA in
fibroblasts was abrogated by concurrent
administration of recombinant hsdc2 in a
dose-dependent fashion (Figure 4A). We
also evaluated the effect of syndecan-2 on
cell contractility by culturing fibroblasts on

a three-dimensional collagen gel. Cell
contractility was significantly decreased in
fibroblasts exposed to both TGF-b1 and
syndecan-2 compared with those exposed
to TGF-b1 alone (P, 0.05; Figure 4B).
Next, we observed that syndecan-2 inhibits
migration without affecting cell proliferation
at 24 hours after TGF-b1 stimulation,
whereas significant differences in cell
proliferation were observed at 3 and 4 days
after induction. (Figures 4C and 4D).
Consistent with our results in MLg2908 cells,
syndecan-2 treatment also inhibited a-SMA
expression in primary mouse lung fibroblasts
after TGF-b1 stimulation (Figure E5). These

data suggest that syndecan-2 potently inhibits
TGF-b1–induced lung fibroblast migration
and proliferation, and myofibroblast
differentiation.

Syndecan-2 Attenuates TGF-
b1–induced Fibroblast-to-
Myofibroblast Differentiation by
Regulating Phosphoinositide 3-
Kinase/Serine/Threonine K/Rho-
associated Coiled-Coil Kinase
Signaling via CD148
It has been shown that TGF-b1 can activate
phosphoinositide 3-kinase (PI3K)/serine/
threonine kinase (Akt) and Rho-associated
coiled-coil kinase (ROCK) signaling
proteins to induce the expression of a-SMA
and myofibroblast transformation (21, 22).
Interestingly, it has also been shown that
syndecan-2 can bind to and activate
phosphatase activity of membrane-bound
protein tyrosine phosphatase eta
(PTPRj/CD148) (23, 24). We thus
examined whether syndecan-2 inhibits lung
fibroblast activation via CD148. TGF-
b1–induced a-SMA expression was
significantly reduced by syndecan-2 in
scramble-transfected cells, but not in short
hairpin (sh)CD148 cells, suggesting that
CD148 plays an important role in
syndecan-2–mediated antifibrotic effects
(Figure 5A). Syndecan-2 also significantly
attenuated the activation of PI3K/Akt and
ROCK proteins in CD148-expressing
fibroblasts, but not in CD148 knockdown
cells (Figures 5A and 5B). In addition,
PI3K/Akt inhibitors, wortmannin and
Ly294002, significantly downregulated
ROCK activity in TGF-b1–induced lung
fibroblasts (Figure 5B), suggesting that
PI3K/Akt signaling is upstream of ROCK
activation, as previously described (25).

It has been demonstrated that increased
ROCK activity may lead to serum response
factor (SRF) activation (26, 27), which, in
turn, binds to serum response elements in
the promoter regions of the human and
rodent a-SMA gene (28). We observed that
Rho/ROCK pathway inhibition
downregulates a-SMA expression in lung
fibroblasts after TGF-b1 stimulation
(Figure E6) (21). Thus, we asked whether
inhibition of PI3K/Akt/ROCK signaling by
syndecan-2 via CD148 regulates SRF
binding to the a-SMA promoter. Using a
chromatin immunoprecipitation assay, we
found that TGF-b1 stimulated binding of
SRF to the a-SMA promoter in mouse lung
fibroblasts. Syndecan-2 significantly
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Figure 4. Syndecan-2 reduces mouse fibroblast contractility, migration, and proliferation induced by TGF-
b1. (A) Lung fibroblasts were treated with TGF-b1 (10 ng/ml) in the presence or absence of syndecan-2
(SDC2; 0.1, 0.5, 1 mg/ml) for 24 hours and were then harvested for Western blot analysis. Fibroblasts
treated with syndecan-2 had significantly less a-SMA expression. P , 0.05; significant comparisons:
* versus untreated control cells; † versus cells treated with TGF-b1 alone. (B) Fibroblast contractility assays
were performed. Syndecan-2 significantly attenuated gel contraction in fibroblasts exposed to TGF-b1 at 24
and 36 hours (*P, 0.05). Con= control. (C) Syndecan-2 significantly reduced fibroblast migration in an
in vitro model of wound healing. (D) Fibroblasts were plated and stimulated with TGF-b1 (10 ng/ml) in
the presence or absence of syndecan-2 (0.5 mg/ml). At different time points, cell proliferation was measured
by counting of live cells using trypan blue exclusion assay. The data are presented as mean
(6SEM), n=3/group, with testing by one-way ANOVA (P,0.05; significant comparisons: * versus
untreated control cells (con) and † versus cells treated with TGF-b1 alone at the corresponding time point).
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attenuated this binding in scramble, but
not in short hairpin (sh)CD148-transfected
cells (Figure 5C).

Taken together, these findings
suggest that syndecan-2 modulates
PI3K/Akt/ROCK signaling via CD148,
thereby reducing SRF binding to the a-SMA
promoter and inhibiting lung fibroblast-to-
myofibroblast differentiation.

Discussion

More than half of cancer patients receive
radiation therapy during their treatment
course. Pulmonary fibrosis is a frequent
complication of radiation therapy for
thoracic malignancies, most commonly
non–small-cell lung cancer and breast
cancer. Incidental irradiation of normal

lung tissue is unavoidable, but can
severely compromise lung function,
often preventing delivery of the dose
and field of radiation necessary to
effectively treat tumors. Ionizing radiation
stimulates a number of molecular
pathways that lead to generation of reactive
oxygen species, release of proinflammatory
and profibrotic cytokines, and,
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Figure 5. Syndecan-2 inhibits phosphoinositide 3-kinase (PI3K)/serine/threonine kinase (Akt)/Rho-associated coiled-coil kinase (ROCK)/serum response factor
(SRF) signaling and a-SMA expression in TGF-b1–stimulated mouse lung fibroblasts via CD148. MLg2908 fibroblasts were transfected with scramble (scr) or short
hairpin (sh)CD148 using lentiviral particles. After puromycin selection, cells were treated with TGF-b1 (10 ng/ml) for 24 hours. Knockdown of CD148 reversed the
inhibitory effects of syndecan-2 on (A) expression of a-SMA, phosphorylated (p)-PI3K (p-p85), and phosphorylated (p)-Akt, (B) ROCK activity, and (C) binding of SRF
to the a-SMA promoter in TGF-b1–stimulated fibroblasts. TGF-b1–stimulated scr cells were treated with PI3K/Akt inhibitors Ly294002 (5 mM) and wortmannin
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chromatin immunoprecipitation; OD=optical density.
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ultimately, replacement of normal lung
parenchyma with fibrotic tissue (29).
Radiation fibrosis is largely refractory to
medical therapy (30), and there is an
unmet need to develop therapies
that can prevent or minimize its
development.

In this study, we investigated the
potential therapeutic role of syndecan-2 in
radiation-induced pulmonary fibrosis.
Previous work done by our group
demonstrated that syndecan-2 expression is
elevated in alveolar macrophages of IPF
lungs, and that syndecan-2 overexpression
may be protective against bleomycin-
induced pulmonary fibrosis in mice.
Furthermore, exogenous administration of
recombinant hsdc2 abrogated lung fibrosis
in WT mice by inhibiting alveolar epithelial
apoptosis, highlighting its cytoprotective
effects and therapeutic potential (11). Here,
we demonstrate that TG Rad mice with
macrophage-specific overexpression of
syndecan-2 have improved survival and less
pulmonary fibrosis compared with their
WT irradiated counterparts. Lungs of
syndecan-2–overexpressing mice exhibited
reduced expression of profibrotic TGF-b1
target genes, less cell death, and decreased
a-SMA in response to radiation.

In contrast to radiation-induced
fibrosis, which is usually preceded by an
acute phase of intense inflammation
initiated by a definitive insult (1), no single
etiologic agent has been identified in IPF,
and its histopathologic pattern, usual
interstitial pneumonia, is characterized by
the absence of significant inflammation
(26). Nonetheless, both diseases share
fibrosis as a common endpoint, with up-
regulation of TGF-b1 signaling pathways
leading to aberrant fibroblast proliferation,
differentiation into myofibroblasts, and
excessive production of extracellular matrix
(16–18). In vitro, syndecan-2 was
previously shown to promote caveolin-1–
dependent internalization of TGF-b
receptor 1, thereby inhibiting TGF-b1
signaling and alveolar epithelial apoptosis
(11). However, the effect of syndecan-2 on
specific downstream events in lung

fibrogenesis, including fibroblast
proliferation and migration, were
previously unknown.

A recent report has shown that shed
syndecan-2 can bind to the receptor-type
protein tyrosine phosphatase eta
(PTPRj/CD148) and trigger its phosphatase
activity (23, 24). De Rossi and colleagues
(24) demonstrated that shed syndecan-2
inhibits blood vessel formation through
CD148 binding in vascular endothelial cells.
CD148 dephosphorylates tyrosine residues
in b1-integrin and inhibits pro-angiogenic
signaling (24). It is thought that CD148
exerts tumor suppressor activity due to its
ability to dephosphorylate and inactivate
cell surface growth factor receptors and
inhibit critical downstream signaling events
associated with cell survival (31, 32). In
addition, it has been shown that CD148 can
directly interact with and dephosphorylate
the regulatory subunit of PI3K (p85),
which, in turn, results in inhibition of
PI3K/Akt signaling (33).

Hyperactivation of PI3K/Akt plays an
important role in the profibrotic phenotype
of IPF-derived lung fibroblasts by
promoting cell proliferation and migration
and myofibroblast differentiation (34, 35).
PI3K/Akt signaling is critical for ROCK
activation (25, 36), which has been
implicated in hepatic, cardiac, and lung
fibrosis. Pharmacological ROCK inhibition
has been shown to significantly reduce
experimental lung fibrosis induced by
bleomycin or radiation (21, 37–40).

These observations led us to investigate
whether syndecan-2 exerts its antifibrotic
effects via CD148 and by modulating
PI3K/Akt/ROCK signaling. We found that
syndecan-2 significantly attenuated
phosphorylation of PI3K (p85 subunit) and
activation of the Akt and ROCK pathway in
TGF-b1–activated lung fibroblasts, but this
effect was lost in CD148-deficient cells. We
then demonstrated that syndecan-2 inhibits
TGF-b1–mediated effects of SRF binding to
the a-SMA promoter in lung fibroblasts.

SRF is a multifaceted transcription
factor, encoded by a single gene that is
abundantly expressed in most cell types

(41). SRF binds with high affinity to the
palindromic CC(A/T)6GG DNA sequence
(called the CArG-box), and more than 200
SRF target genes have been identified (42).
Such versatile transcriptional activity can
be dictated by SRF’s ability to bind
different cofactors, such as the ternary
complex factor subclass of Ets-type
cofactors and the myocardin family of
coactivators (myocardin and myocardin
related transcription factors) (43–45). In
the current study, syndecan-2 inhibits SRF
binding to a-SMA promoter region by
down-regulation of PI3K/Akt/ROCK
signaling. However, future studies
could focus on elucidating the effect
of syndecan-2 on SRF cofactors, such as
ternary complex factor and MRTF.

Importantly, activated ROCK can
directly affect actin filament assembly and
cell contraction through phosphorylation
and inactivation of myosin light-chain
phosphatase, which, in turn, leads to
phosphorylation and activation of myosin
light chain (46). Further investigation is
necessary to identify how syndecan-2
regulates other key features of fibrogenesis,
such as actin filament assembly, stress fiber
formation, and cell contraction.

In conclusion, we have demonstrated
that syndecan-2 significantly attenuates
radiation-induced pulmonary fibrosis in
mice and reduces lung fibroblast-to-
myofibroblast differentiation, proliferation,
and migration induced by TGF-b1 through
CD148-mediated signaling. These findings
build upon our prior work in which
syndecan-2 reduces bleomycin-induced
fibrosis, and highlight its therapeutic
potential in the prevention and treatment
of pulmonary fibrosis. n
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