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ABSTRACT OF THE THESIS

CTLA4-Ig disrupts muscle fibrosis in the mdx mouse model of Duchenne muscular dystrophy
by
Pranav Kannan
Master of Science in Physiological Science
University of California, Los Angeles, 2021

Professor James G Tidball, Chair

Despite advancements in our understanding of the immunobiology of Duchenne muscular
dystrophy (DMD), previous findings were not translated into improvements in clinical practice.
The standard clinical treatment for DMD includes administration of non-specific anti-
inflammatory corticosteroids that provide limited benefits for patients and produce non-target
effects that impair muscle regeneration. Thus, the search for an efficacious immunotherapy
without adverse effects remains imperative. Because DMD pathology is exacerbated by fibrotic
mechanisms mediated by myeloid and fibrogenic cells, we examined the effect of an immune
suppressing fusion protein consisting of cytotoxic T-lymphocyte-associated protein4 and
immunoglobulin G (CTLA4-1g) in the mdx murine model of DMD. We found that CTLA4-Ig
ameliorates pathology, via the disruption of fibrotic mechanisms, as treatment reduced collagen
accumulation and expression in dystrophic muscle. These findings indicate that CTLA4-Ig
treatment has inhibitory effects on profibrotic cells that exacerbate DMD pathology and could

potentially serve as a promising treatment option for patients with DMD.
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Introduction

Duchenne muscular dystrophy (DMD) is a lethal, X-linked recessive disorder, that is
characterized by progressive muscle degeneration, inflammation, and fibrosis (Jennekens et al.
1991). DMD is caused by mutations in dystrophin, a gene that encodes protein that links the
muscle cytoskeleton to the extracellular matrix (ECM) (Hoffman et al. 1987). The absence of
functional dystrophin increases susceptibility to contraction-induced injury (Petrof et al. 1993)
leading to an influx of immune cells that play major roles in DMD pathology (McDouall et al.

1990).

Leukocyte cell populations contribute significantly to muscle necrosis and fibrosis in the mdx
mouse model of DMD in which the progression of pathology is represented by an acute phase,
regenerative phase, and progressive phase. The acute phase of pathology occurs at 4-weeks of
age and is characterized by muscle inflammation and damage (Villalta et al. 2011). Regenerative
and progressive phases are characterized by muscle regeneration and fibrosis and are observed in
12-week and 1-year mdx mice, respectively (Villalta et al. 2011). Among these leukocyte
populations, macrophages dominate inflammatory lesions and can achieve concentrations up to
30,000 cells/mm? in dystrophic muscle (Wehling et al. 2001). However, macrophages occur in a
spectrum of phenotypes that extend from classically-activated, M1 macrophages to alternatively-

activated, M2 macrophages (Mills 2012).

M1 macrophages are pro-inflammatory and peak in the mdx model during the acute stage of
pathology (Villalta et al. 2011). They are activated by, and secrete pro-inflammatory cytokines,

including interferon gamma (IFNy) (Pace et al. 1983, Philip et al. 1986). M1 macrophages also



contribute to muscle cell lysis via the release of free radicals such as nitric oxide (NO) (Villalta
et al. 2009). Macrophage depletions in dystrophic muscle lead to substantial reductions in
myofiber damage, indicating that these myeloid populations contribute significantly to muscle

damage in dystrophic muscle (Wehling et al. 2001).

Anti-inflammatory M2 macrophages are the predominate leukocyte population in the
regenerative and progressive stages of mdx pathology. In part, the shift of macrophages to the
M2 phenotype in dystrophic muscle is mediated by the anti-inflammatory cytokine IL-10, which
deactivates the M1 phenotype (Villalta et al. 2011). M2 macrophages then promote myogenesis
and muscle regeneration via the release of factors including Klotho and insulin-like growth
factor 1 (IGF-1) (Tonkin et al. 2015, Wehling-Henricks et al. 2018). Despite these beneficial
effects, M2 macrophages also increase muscle fibrosis in dystrophic muscle (Wehling-Henricks
et al., 2010). This worsens pathology, since excessive accumulation of connective tissue impairs
myofiber function leading to perturbations in cardiac and respiratory muscle function. Thus,
DMD patients die prematurely by their late 20s following cardiac and/or respiratory failure
arising from muscle fibrosis (Ishikawa et al. 2011, Walcher et al. 2011). M2 macrophages
contribute to fibrogenesis by providing substrate for collagen synthesis (Wehling-Henricks et al.,
2010) and by release of transforming growth factor beta (TGF-beta) (Desguerre et al. 2009, Song
et al. 2019). Additionally, M2 macrophages also influence the activity and differentiation of
fibro-adipogenic progenitor cells (FAPs) that also increase fibrosis in muscular dystrophy
(Lemos et al. 2015). FAPs reside in muscle in a quiescent state, however they are activated by
muscle injury, after which they release factors that promote muscle regeneration. FAPs

subsequently differentiate into myofibroblasts and promote ECM production and fibrosis



(Contreras et al. 2016). FAP apoptosis is blocked by TGF-beta synthesis (Lemos et al. 2015) thus

indicating that M2 macrophages play a critical role in inducing FAP survival and fibrosis.

The adaptive immune system also plays a role in the mdx pathology as CD8* cytotoxic T-
lymphocytes (CTLs), and CD4* helper T cells (Spencer et al. 1997, 2001), are present in madx
muscles, although at much lower number than macrophages. CTLs are capable of directly killing
infected cells following antigen presentation via major histocompatibility complex | (MHC-1) on
the surface of antigen presenting cells (APCs) (Hahn et al. 1994). In mdx mice, CD8* T-cells
promote myonuclear apoptosis and necrosis through perforin-mediated cytotoxicity (Spencer et
al. 1997). CTL depletions lead to large reductions in apoptotic and necrotic mdx muscle tissue
(Spencer et al. 1997). CD4* T-cells are also a source of several cytokines that influence the
differentiation and activation of leukocyte populations that play a role in mdx pathology. For
example, a subpopulation of helper T-cells known as Thl cells secrete pro-inflammatory
cytokines including IFNy, to activate M1 macrophages and CTLs (Ma et al. 2003, Green et al.
2013). Similar to CD8* T-cells, CD4* T-cell depletions in mdx mice leads to improvements in
muscle pathology, while the transfer of mdx splenocytes to wild-type, healthy mice increases

muscle damage in these recipients (Spencer et al. 2001).

Other subsets of CD4* T-cells, including FOXP3* T-regs, influence muscle regeneration and play
a role in immunoregulation. (Villalta et al. 2014) T-regs are immunosuppressive cells, and they
reduce pathology in the mdx model (Villalta et al. 2014). Due to their high expression of the anti-
inflammatory cytokine, 1L-10, concentrations of T-regs are directly correlated with reductions in

myofiber damage. (Villalta et al. 2014). The depletion of T-regs in mdx muscle increases the



number of inflammatory infiltrates, and IFNy expression, leading to increased proportions of
injured myofibers (Villalta et al. 2014). T-regs therefore play a major role in regulating the
progression of dystrophic pathology by influencing macrophage activation and suppressing an

M1-biased inflammatory response.

Although most of our knowledge of the immunobiology of muscular dystrophy is based on the
mdx mouse model of DMD, our current understanding of DMD pathology indicates that
immunoregulatory interventions may provide new strategies to treat the disease in humans.
DMD pathology is progressive, and many of the leukocyte populations that are involved in mdx
pathology are also found in DMD muscle. DMD biopsies reveal the presence of mononuclear
cells that surround individual myofibers (McDouall et al. 1990). The predominant cell types
found in the muscle biopsies of DMD patients include CD4* and CD8* T-cells, as well as
macrophages, although natural killer (NK) cells and dendritic cells (DCs) are also present
(McDouall et al. 1990). FOXP3* T-regs are also elevated in DMD patients (Villalta et al. 2014).
These findings provide evidence that inflammatory infiltrates also play significant roles in DMD
pathophysiology. Accordingly, the standard care for patients with DMD has been anti-
inflammatory corticosteroids, including prednisone. Prednisone prolongs ambulation and
maintains muscle strength in patients (Yilmaz et al. 2004) by potentially inhibiting muscle
proteolysis (Kawai et al. 1993). Treatment also reduces leukocyte populations in mdx mice, thus
confirming its anti-inflammatory effect (Wehling-Henricks et al. 2004). These effects are
potentially due to decreased expression of cellular adhesion molecules necessary for leukocyte
extravasation, including selectins and ICAM-1, following prednisone treatment in mdx mice

(Wehling-Henricks et al. 2004). Prednisone treated mdx mice also exhibit reduced sarcolemmal



membrane damage (Wehling-Henricks et al. 2004). Despite this, there are several off-target, non-
immunosuppressive effects associated with treatment. For example, prednisone affects
myogenesis in patients and also induces atrophic pathways in muscle tissue (Quatrocelli et al.
2017). Patients also experience increased weight gain and declined growth rates (Merlini et al.
2003). Because Prednisone can diminish pro-regenerative immune responses and produce
several non-target effects in patients, immunomodulatory therapies that lack these negative side

effects could have tremendous therapeutic potential in advancing the treatment of DMD.

The goal of this project was to identify a therapy that could modulate the immune response in
dystrophic muscle to reduce mdx pathology, considering the knowledge gaps described above.
We sought an existing immunomodulatory drug that lacked the off-target effects that impair
muscle regeneration. The activity of several immune cells relies upon costimulatory molecules
that induce myeloid and lymphoid cell activity. Interactions such as these could serve as critical
mediators of DMD pathology. For example, T-cell activation relies upon antigen presentation,
from APCs such as macrophages, in which the T-cell receptor (TCR) binds to antigen and is
presented on MHC expressed on the surface of the APC following antigen processing
(Birmingham et al. 1982) (Fig. 1). This interaction alone is not sufficient to initiate an immune
response. Costimulatory interaction between members of the B7 family (e.g., CD80 and CD86)
interacting with T-cell surface molecule CD28, is required as a ‘‘second signal’’ to induce an
immune response (Lenschow et al. 1996) (Fig. 1). Failure of costimulatory interactions results in
T-cell anergy, a state in which T-cells are functionally inactive and unable to respond to antigen
(Harding et al. 1992). Aside from CD28, cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)

serves as a potent negative regulator of immune system activity (Walunas et al. 1994). CTLA-4



and CD28 are homologous receptors expressed on T cells that play opposing roles on T-cell
activation (Walunas et al. 1996). Because the binding affinity of CTLA4 greatly exceeds the
binding affinity of CD28 for CD80 and CD86, CTLA-4 blocks CD80/86:CD28 interaction,

thereby preventing costimulation (Cross et al. 1995) (Fig. 1).

Based on our understanding of costimulatory interactions between leukocyte populations, and the
potential of such interactions regulating DMD pathology, we tested a recombinant fusion protein,
CTLA4-Ig, that consists of extracellular CTLA4 bound to the Fc portion of IgG (Nafajian et al.
2000) (Fig. 1). CTLA4-1g has been approved for the treatment of patients as young as two years
of age for juvenile idiopathic arthritis (Ruperto et al. 2008). Since DMD s a disease of the
childhood, treatments must begin at an early age. The U.S. FDA approval of CTLA4-1g for
juvenile arthritis is an indication of safety and tolerability of the drug in children. These findings
were the motivation for our study. Furthermore, there now exists several reports that indicate that
CTLA4-1g may have direct effects on fibrogenic and pro-fibrotic myeloid cells upon B7 receptor
binding (Cutolo et al. 2009, Cutolo et al. 2018) (Fig. 1). Interestingly, these effects may occur
independent of T-cell costimulation. Since these cells play a major role in DMD pathology, we
investigated the effects of CTLA4-Ig treatments on fibrosis in in vivo and in vitro models
pertaining to DMD. We hypothesized that CTLA4-1g could reduce fibrosis in mdx mice and thus,
serve as a potential therapeutic intervention for DMD. The findings of this study could possibly
lead to the future use of CTLA-4 targeted therapies in the effective treatment of muscular
dystrophy and could provide therapeutic insight for similar conditions and diseases for further

applications.



Materials and Methods

Animals

All animal experimentation complied with guidelines established by the UCLA Animal Research
Committee. Mdx and C57BL/6J mice were purchased from the Jackson Laboratory and bred and
housed in a pathogen-free vivarium. Further details of animal care and maintenance have been

described elsewhere (Welc et al. 2019).

Mdx mice were treated with either 1IgG (BioXCell) or CTLA4-1g (BioXCell) intraperitoneally at
a dosage of 10 ug, 25 g, or 50 pg per gram body weight on days 23, 25, and 27 following birth.
The mice were later sacrificed at either 4-weeks or 3-months of age. The hind limb muscles of

the right leg were frozen in liquid nitrogen-cooled isopentane for histological analysis. The hind

limb muscles of the left leg were frozen in liquid nitrogen for gPCR analysis.

Immunohistochemistry

Macrophage density as well as collagen types I, 111, and V accumulation in 4-week and 3-month
mdx quadriceps muscles. Cross sections (10-pum thickness) of quadriceps muscles were taken

from the mid-belly of muscle tissue frozen in isopentane.

The cross sections were fixed in cold acetone for ten minutes and then allowed to air dry for ten
minutes. Sections were immersed in phosphate buffered saline solution (PBS) and then incubated
in 0.3% hydrogen peroxide in PBS for ten minutes to quench endogenous peroxidase activity.
Sections were again washed in PBS and then immersed in solution consisting of 3% bovine

serum albumin (BSA), 0.2% gelatin, and 0.05% Tween-20, (blocking buffer), for 30 minutes.



The sectioned tissues were subsequently washed with PBS and then incubated overnight at 4°C
in rat anti-CD68 (Serotec 1:100), rat anti-CD206 (BioRad 1:50), rabbit anti-collagen type |
(Chemicon, 1:50), goat anti-collagen type 111 (Southern Biotech, 1:50), or goat anti-collagen type
V (Southern Biotech, 1:50) diluted in blocking buffer solution. Following the primary antibody
incubation, the sections were washed in PBS. The sections were incubated in their respective
biotinylated antibody diluted in PBS (Vector, 1:200) for 30 minutes, followed by a PBS wash
and then incubated in streptavidin-horseradish peroxidase (HRP) diluted in PBS (1:1000) for 30
minutes, followed by a final PBS wash. The sections were then developed with a 3-amino-9-

ethylcarbazole (A.E.C.) Peroxidase Substrate Kit (\VVector).

Macrophages were quantified in sections by observations through an Olympus BH2 microscope
(Center Valley, PA, USA) using a 20x objective lens, with the sections overlaid with a 10 x 10
eyepiece micrometer grid. The number of cells per volume was determined by a stereological
technique, determined by counting the number of grid intercepts overlying tissue in the field and
multiplying this value by section thickness. The numbers of immunolabeled macrophages were

counted and expressed as the number of cells per unit volume in the section.

Collagen accumulation was quantified in sections observed through an Olympus BX50
microscope using a 20x objective lens and an eyepiece micrometer grid. The number of total grid
intercepts overlying tissue in the field and the number of intercepts overlying tissue positively
stained with collagen types I, 111, or V were counted. The number of collagen-positive grid

intercepts was divided by the total number of intercepts to calculate percent area of collagen.



Immunofluorescence

Qualitative and quantitative analysis on CD80* and HSP47* cells in muscle sections using
antibodies to CD80 and the collagen chaperone, heat shock protein 47 (HSP47). Cross sections
of quadriceps tissues from 4-week and 3-month treated mdx mice were fixed in cold acetone for
10 minutes and then allowed to air dry for 10 minutes. Sections were then blocked with a
blocking buffer solution for 30 minutes at room temperature and subsequently washed with PBS,
incubated overnight at 4°C with either a hamster anti-CD80 (Biolegend, 1:50) or recombinant
rabbit anti-Hsp47 antibody (Abcam, 1:100) in blocking buffer. Following primary antibody
incubation, sections were washed in PBS and incubated with biotinylated anti-hamster (Vector
1:100) for CD8O0 stained sections or anti-rabbit Dylight 488 (Vector, 1:75) for HSP47 stained
sections for 30 minutes followed by three PBS washes. The CD80 sections were subsequently
incubated with streptavidin 594 (Vector, 1:500) for 30 minutes and washed with PBS. All
sections were mounted with ProLong™ Gold Antifade Mount with DAPI and cover slipped. The
immunostained sections were quantified using a 20x objective lens using an Olympus BH2
microscope. For cell quantification, previous stereological technique was used to determine the

number of cells per unit volume in the section.

Fibro-adipogenic progenitor cells (FAP) and fibroblast isolation

FAPs were isolated using a method described previously by Welc et al (2019). Fibroblasts were
isolated from three-month old C57BL/6J wild-type mice. Quadriceps and hamstring muscles
were dissected and rinsed in PBS and minced into a fine slurry then digested in 3 ml of enzyme
buffer (Dulbecco’s Modified Eagle Medium [DMEM, Sigma], 1% penicillin/streptomycin [P/S],

2.4 U/ml dispase Il (Invitrogen), and 1% collagenase, type Il (Gibco) per gram of muscle at 37°C



for 40 minutes with gentle shaking and frequent trituration. Sample volumes were raised to 10 ml
with DMEM and passed through a 100 um cell strainer (Falcon). The digestates were then
pelleted at 350 g for 5 minutes. Cells were resuspended in 5 ml of fibroblast isolation medium
(DMEM, 1% P/S, and 10% fetal bovine serum [FBS]) and pre-plated in collagen- and gelatin-
coated culture dishes. The cells were then incubated at 37°C in 5% COz2 for one hour to allow
fibroblasts to adhere to the plate. After the one-hour incubation, plates were washed with PBS to
remove non-adherent cells, and 3 ml of fibroblast growth medium were added (DMEM with 1%
P/S, and 20% FBS). The cells were incubated at 37°C in 5% CO: and fed three times a week
with fresh fibroblast growth medium until confluent. When cells were 100% confluent, they

were collected for RNA isolation.

L929 Fibroblast Assay

To assess fibrotic gene expression of fibroblasts treated with CTLA4-1g, murine L929 fibroblasts
were grown in Eagle’s Minimum Essential Medium (EMEM, ATCC) containing 20% FBS at
37°C in 5% CO2. The cells were fed three times per week with fresh fibroblast growth medium
until 95% confluent. When cells were 95% confluent, they were treated with either 100 pg/ml
IgG (BioXCell) or 100 pg/ml CTLA4-1g (BioXCell) for three-hour incubation at 37°C in 5%

CO: followed by harvesting of cells for RNA isolation.
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RNA isolation

RNA was isolated from 50 mg of frozen quadriceps muscles after homogenization in Trizol (Life
Technologies). Homogenized samples were centrifuged at 12,000 g for 10 minutes at 4°C to
pellet insoluble material. The supernatant containing the RNA was incubated at room
temperature for five minutes to allow the dissociation of nucleoprotein complexes. Chloroform at
20% of the original Trizol volume was added to each sample and incubated for three minutes at
room temperature. The samples were centrifuged at 12,000 g for 15 minutes at 4°C to fractionate
them into three distinct layers: organic, phenol-CHCIs phase (red and located at the bottom),
protein phase (white and located in the middle), and aqueous RNA phase (clear and located at
the top). The top aqueous layer containing the RNA was drawn and transferred into a new tube,
where an approximately 50% of the original Trizol volume of isopropyl alcohol was added. The
samples were mixed by inversion and then incubated at room temperature for 10 minutes. The
samples were then centrifuged at 12,000 g for 15 minutes at 4°C, to yield an RNA pellet. The
pellet was resuspended in 1 ml of 75% ethanol and centrifuged at 12,000 g for 10 minutes at
4°C. After centrifugation, the supernatant was removed, and the pellet was air dried on ice. Dried
pellets were resuspended in RNase-free water. RNA samples were purified with RNeasy Mini
Kit (Qiagen). RNA concentrations were determined using a Beckman DU730 spectrophotometer
(Beckman Coulter) at wavelengths of 260 nm and 280 nm. All samples had a 260/280 ratio

greater than 2.0; RNA quality was assessed via 1.2% agarose gel electrophoresis.

To isolate RNA from FAPs and fibroblasts, growth medium was removed, and cells were
washed with cold DPBS. Cells were then replaced with 1 ml of Trizol per sample and were

detached with a cell scraper and lysed using a 23-gauge syringe. All subsequent steps for RNA

11



isolation starting from centrifugation to pelleting insoluble material and resuspension of RNA
pellets with RNase-free water were similar to those described above. RNA from FAPs and
fibroblasts isolated from quadriceps muscles were purified with RNeasy Mini Kit (Qiagen)
according to manufacturer’s instructions. RNA concentrations were determined using a Beckman
DU730 spectrophotometer (Beckman Coulter) at wavelengths of 260 nm and 280 nm. All
samples had a 260/280 ratio greater than 2.0, and RNA quality was assessed via 1.2% agarose

gel electrophoresis.

Quantitative real-time polymerase chain reaction (qPCR)

Briefly, to generate cDNA, a master-mix consisting of Oligo(dT)12-18 primer (Invitrogen) and 10
mM dNTPs was added to the samples containing either 1 or 2 ug of RNA and then incubated at
65°C for five minutes. Then a reverse transcriptase master-mix consisting of SuperScript™ Il RT
(Invitrogen), First-Strand Buffer (Invitrogen), 0.1 M dithiothreitol (Invitrogen), and nuclease-
free H20 was added to each sample. The samples were then incubated at 42°C for 50 minutes
then at 70°C for 50 minutes to heat inactivate the enzyme. The final cDNA sample was diluted

1:1 in sterile water and stored at -20°C.

gPCR analysis was performed using 96-well plates with each well containing 2 ul of cDNA and
23 ul of a master mix (autoclaved water, SYBR® Green Supermix (Bio-Rad) and the
corresponding forward and reverse primers for the genes of interest (Table 1). Reference genes
used were Srp14 and Rpl13a for all tissue and cell samples. Experiments were performed on a

Quantstudio 5 Real-Time PCR System (Thermo Fisher).
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Statistical analysis

All statistical analyses were performed using unpaired Student t-tests or one-way ANOVA with

differences considered significant at p < 0.05. All graphs display mean + standard error of the

mean (SEM).
Gene 5’ to 3’ Sequence
Arginase 1 F CAATGAAGAGCTGGCTGGTGT
Arginase 1 R GTGTGAGCATCCACCCAAATG
Arginase 2 F GAAGTGGTTAGTAGAGCTGTGTC
Arginase 2 R GGTGAGAGGTGTATTAATGTCCG
TGFbl F CTCCACCTGCAAGACCAT
TGFblR CTTAGTTTGGACAGGATCTGG
CD80 F CTCTTTGTGCTGCTGATTCGTC
CD80R GTTTCCCAGCAATGACAGACAG
CD86 F CTCTTTCATTCCCGGATGGTG
CD86 R GAGGGCCACAGTAACTGAAGCTG
Collal F TGTGTGCGATGACGTGCAAT
Collal R GGGTCCCTCGACTCCTACA
Col3al F ATCCCATTTGGAGAATGTTGTGC
Col3al R GGACATGATTCACAGATTCCAGG
Col5a3 F CGGGGTACTCCTGGTCCTAC
Col5a3 R GCATCCCTACTTCCCCCTTG
CTGFF GGACACCTAAAATCGCCAAGC
CTGFR GGCACAGGTCTTGATGAACATC
FN F GCTCAGCAAATCGTGCAGC
FN R CTAGGTAGGTCCGTTCCCACTG
PDGFRa F CACGTTTGAGCTGTCAAC
PDGFRa R CTGGCCAAAACTGTCCACG
Rnpsl (HKG) F AGGCTCACCAGGAATGTGAC
Rnpsl (HKG) R CTTGGCCATCAATTTGTCCT
Srpl4 (HKG) F AGAGCGAGCAGTTCCTGAC
Srpl4 (HKG) R CGGTGCTGATCTTCCTTTTC

Rpl13a (HKG) F
Rpl13a (HKG) R

CCTGCTGCTCTCAAGGTTGTT
CGATAGTGCATCTTGGCCTTT

Tptl (HKG) F
Tptl (HKG) R

Table 1. Primer sequences

GGAGGGCAAGATGGTCAGTAG
CGGTGACTACTGTGCTTTCG

13



Results

Dose-dependent effects of CTLA4-Ig on muscle inflammation.

We first examined the effects of a range of CTLA4-Ig doses on inflammation in mdx muscle,
based on dosing used previously in other pre-clinical models of chronic inflammation. Treatment
effects were determined by assaying effects on expression of cytokines that play important roles
in promoting damage (IFNg) or repair (IL10) of mdx muscle (Villalta et al. 2011). Our results
showed that the low dose (10 pg/g) produced no significant differences in IFNy and IL-10
expression in quadriceps muscles of CTLA-4 treated mice compared to control 1gG-treated mice.
At the intermediate dosage (25 pg/g) CTLA4-Ig produced a significant 25% reduction in IFNy
expression, and a strong trend for a 50% increase in 1L-10 expression. At the highest dosage (50
ug/g), significant reductions in the expression of IFNy (40%) and 1L10 (50%) occurred in

CTLAA4-Ig treated mice.

Because CTLA4-1g treatment may also directly affect the activity of macrophages (Cutolo et al.
2009), we examined the effect of CTLA4-Ig in vivo on macrophage cell numbers in mdx skeletal
muscle. At each dose, CTLA4-1g treated mice had significantly fewer pro-inflammatory CD68*
macrophages (p<0.05) (Fig. 2A-C). We also examined the number of anti-inflammatory,
CD206* M2 macrophages in quadriceps of mdx mice treated with CTLA4-1g. Muscles of mice
treated with 10 pg/g CTLAA4-Ig contained significantly more CD206" macrophages than 1gG
treated mice (p<0.05). However, there was no significant effect on numbers of CD206*
macrophages between CTLA4-1g and IgG treated mdx mice at doses of 25 and 50 ug/g (p>0.05)
(Fig. 3A-C). Based on these findings, we performed subsequent experiments using 25 pg/g,
because that concentration reduced IFNy expression, tended to increase IL10 expression, and

reduced numbers of CD68+ macrophages without reducing CD206+ macrophage numbers.

14



CTLA4-Ig treatments reduce pro-fibrotic macrophages and reduce muscle fibrosis.

Fibrosis is a pathological hallmark of DMD. We thus performed quantitative
immunohistochemistry to examine whether CTLA4-1g had any effect on macrophages associated
with fibrosis in dystrophic muscle. CD163, a macrophage activation marker associated with
fibrogenesis, was used to identify pro-fibrotic M2 macrophages in mdx muscle (Kazankov et al.
2014). Our findings showed that CTLA4-1g significantly reduced the number of CD163*
macrophages in 4-weeks of treatment compared to controls (p<0.05) (Fig. 4A and C). A
downward trend in CD163* density was also found even after 3-months of CTLA4-1g treatment
in mdx mice, although this reduction in CD163* numbers was not statistically different from I1gG
treated mice at 25 pg/g (p = 0.14) (Fig. 4B). Because macrophages promote fibrosis in mdx
dystrophy (Wehling-Henricks et al. 2010), these reductions in numbers of CD163* cells suggest

that CTLA-4 could potentially reduce fibrosis in dystrophic muscle.

We then examined the effect of CTLA4-1g treatments on collagen accumulation in mdx skeletal
muscle. In the 4-weeks treatment group, no difference was observed in the percent area of
collagens I, 111, or V, between IgG and CTLA4-Ig treated mdx mice (p>0.05) (Fig 5A-F).
However, following 3-months of treatment, a significant reduction in collagens | and V

accumulation was found in CTLAA4-Ig treated mice (p<0.05) (Fig 6A-F).
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Reductions in collagen accumulation in muscles of CTLA4-1qg treated mice are not reflected by
reductions in collagen expression in muscle.

We then examined the expression of fibrogenic genes in CTLA4-Ig treated mdx mouse muscle.
We measured relative gene expression of fibrotic genes in quadriceps whole muscle by gPCR
analysis. No statistically significant differences were found in the expression of collagen genes |
or 11 in muscles of 4-week mdx mice treated with CTLA4-1Ig (Fig. 11A, B), but a downward
trend in collagen V expression was observed (p=0.08) (Fig. 11C). In 3-month old mdx mice, we
similarly found a significant reduction in collagen V expression in CTLAA4-1g treated mice (Fig.
12C), although the expression of collagen genes I and 111 was not significant between treated and

control mice (Fig. 12A,B)

CTLA4-Ig treatments do not affect arginase or TGFb expression in dystrophic muscles.

Arginase in macrophages drives fibrosis in mdx muscles via the production of pro-fibrotic
molecules (Wehling-Henricks et al. 2010). Additionally, TGFf, which is also expressed by
macrophages, is a well-characterized pro-fibrotic cytokine in dystrophic muscle (Song et al.
2019). We used gPCR analysis to assay relative expression of the arginases and TGF-f3 in mdx
muscles to assay whether CTLA4-Ig treatments reduced the expression of any of those
profibrotic enzymes. We did not find significant differences in arginase 1 or 2 expression in
CTLAA4-1g treated mice at either 4-weeks and 3 months compared to 1gG controls (Fig. 7
A,B,D,E). However, we did identify a trend for a 25% reduction of TGF-3 expression in 4-week,
CTLA4-Ig treated mice (p = 0.15) (Fig. 7 C,F). Overall, the results indicate that the CTLA4-Ig
effects on fibrosis are not attributable to inhibition of arginase or TGFf expression by

macrophages.
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Fibroblasts and FAPs express CD80 at levels comparable to expression levels by macrophages
in vitro.

We extended our analysis to other fibrogenic cell populations that may possibly express
costimulatory molecules bound by CTLA-4. Because fibroblasts and FAPs are the primary
sources of connective tissue in muscle, we assessed their expression levels of CD80 and CD86
relative to macrophages. We first assayed for expression levels of CD80/86 using bone marrow-
derived macrophages (BMDMs) as a positive control for expression. Our results show that
cultured fibroblasts express levels of CD80 that are comparable to BMDMs (p>0.05) (Fig 8A).
However, CD86 expression on fibroblasts was only 0.2% the level that occurred in BMDMSs
(p<0.05) (Fig. 8B). We also compared relative levels of CD80/86 between cultured fibroblasts
and FAPs. We found no significant difference in CD80 expression, and FAPs expressed even
lower levels of CD86 than occurred in cultured fibroblasts (Fig. 8C,D). These results show that
both fibroblasts and FAPs express levels of CD80 that are comparable to well-established

antigen presenting cells and indicate that they would be capable of binding CTLA4-Ig.

Fibroblasts within inflammatory lesions in dystrophic muscles express CD80.

Immunofluorescence analysis confirmed that cells expressing heat shock protein 47 (HSP47),
also express the CTLA4-Ig binding ligand, CD80 (Figure 9). HSP47, a procollagen chaperone
protein in collagen synthesis, is commonly used marker for collagen producing cells (Ito et al.
2017). Although detection was rare, we found that the majority of HSP47/CD80 co-labeled cells
were present in large inflammatory lesions in mdx muscle (Figure 9). Nonetheless, these
observations indicate that HSP47 expressing fibroblasts, may be targets of CTLA-4 mediated
reduction of fibrosis. We thus looked into the mechanisms of these effects by assaying the

number of collagen producing HSP47* cells in dystrophic skeletal muscle, to further our
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observations. We found no significant difference in HSP47* cell densities in the quadriceps of
CTLA4-Ig treated mice compared to 1gG control in both time points of 4-weeks, and 3-months

mdx mice (Fig. 10A-C).

CTLA4-Ig treatments of fibroblast in vitro reduces their expression of connective tissue proteins.

Because fibroblasts in dystrophic muscle express CD80 and CTLA4-Ig reduces the expression of
some connective tissue proteins in dystrophic muscle, we assayed whether direct treatment of
fibroblast in vitro with CTLAA4-1g affected their expression of connective tissue genes. We
compared relative fibrotic gene expression of L929 fibroblasts stimulated with Thl cytokines
after three-hour incubation with either 100 pg/ml I1gG control or CTLA4-Ig. We found that
CTLA4-Ig treated fibroblasts expressed significantly lower levels of collagen type Il and
fibronectin (p<0.05) (Fig. 13B,F), however we found no significant trends in relative expression
of collagens | or V (Fig. 13A,C). These findings suggest that the reduction in fibrosis of muscles
of CTLA4-Ig treated mdx mice, may be in part mediated through CTLA4-1g binding by

fibroblasts.
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Discussion

The significance of this study lies in the discovery of a potential therapeutic approach to manage
pathology in dystrophic muscle by disrupting fibrotic mechanisms. Several therapeutic
approaches have been tested in the past; however, none of them have been effective in directly
modulating the activity of both immune and fibrogenic cells in dystrophic muscle. The CTLA4-
Ig fusion protein was selected as our molecule of interest since it has been proven to be safe in
the treatment of juvenile joint disorders, and also due to its ability to regulate the immune
response upon direct binding to leukocytes (Cutolo et al. 2009, Ko et al. 2010, Ruperto et al.
2010). Although the exact mechanisms by which CTLAA4-Ig reduces pathology in mdx muscles
are still unknown, the results of this study provide further insights into the role of immune and

fibrotic cells in dystrophic muscle.

A primary finding in our investigation is that CTLA4-1g disrupts the accumulation of
macrophages in dystrophic muscle. Although we have not identified the mechanisms leading to
this result, previous investigations provide potential mechanistic insights. For example, CTLA4-
Ig treatment greatly reduces the expression of chemokines associated with macrophage
infiltration such as chemokine ligand 2 (CCL2) in rat models of collagen induced arthritis, and
cultured human monocytes (Kliwinski et al. 2005, Bozec et al. 2018). The CCL2-CCR2 axis
plays a significant role in the recruitment of monocytic populations to sites of muscle injury, and
the genetic ablation of CCL2 receptor leads to considerable defects in muscle regeneration
following acute injury (Warren et al. 2004). Additionally, the genetic ablation of CCL2 receptor
reduces macrophage infiltration in mdx muscle (Mojumdar et al. 2014). Thus, decreased CCL2

expression following CTLA4-1g treatment may cause reductions in macrophage accumulation in
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our model. Additionally, reports have also shown that CTLA4-Ig treatment leads to three-fold
increases in apoptotic macrophages in vitro (Tono et al. 2017). Thus, further studies in our
laboratory will explore the exact mechanisms involved in the reduction of macrophages

following CTLAA4-Ig treatment.

Our findings not only show that CTLA4-Ig treatment affects macrophage numbers, but treatment
may also directly influence the prevalence of distinct macrophage populations. This effect on
macrophage subpopulations could have major impacts on mdx pathology. For example, at acute
stages of pathology, inflammatory infiltrates are comprised mostly of CD68* M1 macrophages
that promote muscle cell lysis, whereas at later regenerative stages, the macrophage populations
shift predominantly to CD206+ M2 macrophages that promote tissue regeneration (Villalta et al.
2011). Because CD68* M1 macrophages promote tissue damage, the observed reduction in
accumulation could potentially ameliorate dystrophic pathology. In contrast, our results show
that CD206* M2 macrophages increased significantly at low doses (10 pg/g) of CTLA4-Ig
treatment, but there was no treatment effect at higher doses (25 pg/g and 50 pg/g). These results
are consistent with reports that CTLA4-Ig treatment can polarize macrophages towards the M2
phenotype in adipose tissue and athosclerotic lesions (Egen et al. 2002, Fujii et al.2013, Leitinger
et al. 2013). However, although Fuijii et al. suggest that CTLA4-1g treatment induces CD163
expression, we found that CTLA4-Ig treatment reduced CD163* numbers in dystrophic muscle.
The varying treatment effects on M2 macrophage subpopulations may be due to differences in
the activation of CD163* and CD206* M2 macrophages. CD163* expression is increased in
response to IL-10 stimulation, whereas CD206" expression is upregulated by IL-4 and I1L-13

(Mosser et al. 2008). Nonetheless, the reduction in CD163* macrophages is important in the
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context of dystrophic muscle since this subpopulation of M2 macrophages is associated with
tissue fibrosis (Villalta et al. 2009). Altogether, our findings suggest that CTLA4-1g treatment
may support muscle regeneration through the expansion of CD206* macrophage populations,

while concurrently reducing muscle fibrosis due to the reduction in CD163* macrophages.

Our findings that CTLA4-1g treatment reduced the accumulation of fibrillar collagens are
significant, since fibrosis plays a major role in the lethality of DMD (Klinger et al. 2012). In our
study, we found reductions in collagens | and V in 3-month old mdx mice. Previous studies
showed that CTLAA4-Ig treatments reduced collagen content and induced regression of pre-
existing fibrosis in mouse models of dermal fibrosis (Ponsoye et al. 2016). These findings may
be consistent with the observations in our model, since treatment reduced collagens | and V
between 4-week and 3-month old mice, while there was no significant difference in collagens
between these ages in IgG treated mice (data not shown). Additionally, in 3-month old mdx
mice, a significant reduction in collagen V expression by gPCR analysis was observed in
CTLAA4-Ig treated mice. This result was consistent with our collagen % area analysis that
showed a reduction in collagen V accumulation. However, reductions in collagen | accumulation
were not consistent with our gPCR results following treatment. Since there was no effect on
collagen I expression, the result could be due to the observed decreases in collagen V following
treatment. Interactions between collagen V and collagen I are critical to regulating fibrillogenesis
(Birk et al. 1990). Thus, the reduction in collagen V could potentially lead to diminished
structural integrity of type I collagens, and this provides a possible explanation for our observed
results on collagen I accumulation. In summary, our findings indicate that CTLA4-Ig treatment

can potentially ameliorate pathology by reducing muscle fibrosis in dystrophic muscle.
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The observed effects on fibrosis could once again be due to CTLA4-1g mediated inactivation of
monocytic populations in dystrophic muscle. Macrophages contribute to fibrosis by the
production of metabolites and cytokines that induce connective tissue accumulation. For
example, arginase activity by macrophages promotes muscle fibrosis via these mechanisms in
mdx muscle (Wehling-Henricks et al. 2010). Additionally, macrophages secrete TGF-f during
wound healing (Zhu et al. 2017). TGF-f is highly correlated with pro-fibrotic processes and is
significantly upregulated in DMD muscle (Bernasconi et al. 1997). However, we did not find
changes in arginase and TGF-f expression following CTLA4-Ig treatment in 4-week and 3-
month old mdx mice. These results suggest the possibility of other pro-fibrotic and fibrogenic

cells potentially affected by CTLAA4-Ig binding, in reducing muscle fibrosis in our study.

The activity of non-leukocyte cell populations that contribute to fibrosis may also be influenced
by CTLAA4-Ig treatment. Although APCs such as macrophages are best characterized for
expressing CTLAA4 ligands, fibroblasts also express CD80 when stimulated with IFNy and TNFa
in vitro (Pechold et al. 1997). This suggests that these cells may be a potential target for reducing
fibrosis in our model. We thus extended our analysis to fibrogenic cell populations such as
fibroblasts and FAPs and confirmed their expression of CTLA-4 binding ligands. Additionally,
our in vivo observations showed that HSP47/CD80 double-positive cells were present in
inflammatory lesions that have robust expression of pro-inflammatory cytokines, including IFNy
and TNFa (Villalta et al. 2011). Consistent with these findings, unpublished data from our
laboratory has also suggested that FAPs express high levels of costimulatory molecule, CD80.

Collectively, these findings highlight that fibrogenic cells could be targets of the CTLA4-Ig

22



fusion protein and this suggests a possible mechanism for reductions in collagen accumulation,

since these cell populations are associated with collagen production (Wahl et al. 1978).

According to their expression of CTLA-4 binding ligands, we sought to determine if the CTLA4-
Ig mediated reduction in fibrosis was due to targeted effects on fibroblasts; however, we found
no differences in fibroblast numbers between control and treated mdx mice. Although no
significant reductions were found in HSP47* cell densities at either 4-weeks or 3-months of age
with treatment, investigations show that CTLAA4-Ig treatments reduced myofibroblasts based on
alpha-smooth muscle actin (SMA) content in murine models of dermal fibrosis (Ponsoye et al.
2016). The differences in findings between the two studies could be attributable to the disease
models, dosing, as well as markers for fibroblast/myofibroblast identification. Ponsoye et al.
utilized a model for dermal fibrosis induced by bleomyocin injections and dosed mice with
CTLA4-1g at 100 ug/mice. Additionally, Ponsoye et al. used aSMA, a well-characterized marker
of myofibroblasts (Desmouliere et al. 1993), whereas we used HSP47 as a marker of fibroblasts
based on its role as a pro-collagen chaperone protein. Fibrocytes infiltrate inflammatory areas
where they differentiate into fibroblasts/myofibroblast via CXCR4/CXCL12 interaction (Liu et
al. 2017). A previous study showed that fibrocytes treated with CTLA4-1g in vitro had no effect
on CXCR4 expression. Thus, this result is consistent with the HSP47* cell densities we observed

in CTLAA4-Ig treated mdx mice.

The therapeutic potential of CTLA4-Ig was further elucidated by comparing our in vivo results
on fibrotic gene expression to in vitro results in which CTLA4-1g reduced the expression of

certain fibrotic genes in L929 fibroblasts in vitro. Our study showed reductions in collagen I11
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and fibronectin expression and trends for reduced expression of collagens I and V. Nevertheless,
several inconsistencies were noted between Cutolo et al. and our study. The steady reductions in
collagen I expression observed in Cutolo et al. were found in fibrocytes isolated from human
systemic sclerosis patients. In our study, CTLA4-1g treatments were performed on a murine
fibroblast cell line. Although fibroblasts are derived from fibrocytes, functional and

physiological differences, including discrepancies in the in vitro models could explain
inconsistencies in results between the two studies. Cutolo et al. observed no changes in
expression in collagen | and fibronectin expression in patient fibroblasts stimulated for 24 and 48
hours (Cutolo et al. 2018). Nonetheless, our findings suggest that CTLA4-1g treatment reduces of
expression of fibrillar collagen and basement ECM components, suggesting that this may be a

mechanism of action of CTLA4-1g mediated disruption of fibrosis.

Although our study has made several novel findings, the results need to be interpreted in the light
of some limitations. Since we found reductions in collagens | and VV accumulation, as well as
reductions in collagen V expression in vivo, we hypothesized that the direct binding of CTLA4-
Ig to murine fibroblasts in culture would correlate to those in vivo observations. Additionally,
large variations that led to non-significant trends in arginase expression prevent us from drawing
conclusive evidence that macrophages may also mediate such effects on fibrosis. This translates
to the challenge of reproducing results of in vivo conditions with in vitro cultures. Since we
observed trends in collagens 1 and V expression in CTLA4-Ig stimulated L929 fibroblasts, future
studies will be conducted to assess other CTLA-4 concentrations and stimulation periods to
enhance the robustness of our findings. In vitro experiments will also be performed to investigate

the effects of CTLA4-1g treatments on pro-fibrotic gene expression in stimulated macrophages.
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In conclusion, these findings are an essential step toward discovering a new therapeutic approach
for DMD. The results of this study provide evidence that the CTLA4-Ig fusion protein may be an
effective remedy in reducing excess ECM deposition by inhibiting fibrotic mechanisms, and

therefore ameliorates pathology in dystrophic muscle.
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Figure 1

Antigen
Presenting T-lymphocyte
Cell (APC)

CTLA4-Ig

CD80 ’(

Figure 1. CTLA4-1g disrupts costimulation during naive T-cell activation. The blockade of
CD28-B7 results in increased cell death and anergy of T-cells. The direct binding of CTLA4-Ig
to B7 expressed on antigen presenting cells (APCs), including macrophages, may potentially
have similar inhibitory effects on these cells, independent of T-cell involvement. These potential
effects could play a major modulatory role in the progression of dystrophic pathologies.
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Figure 2
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Figure 2. CTLA4-1g treatment reduces pro-inflammatory macrophage numbers in mdx mice
quadriceps muscle A-C) CD68* macrophage density in the quadriceps muscles of 4-week mdx
mice treated with (A) 10 pg/g, (B) 25 pg/g or (C) 50 ug/g CTLA4-Ig compared to 1gG treatment
at corresponding doses (* indicates p < 0.05, ** indicates p < 0.01) D) Representative images of
quadriceps muscle of 4-week old 10 pg/g 1gG treated mice (top) and 10 ug/g CTLA4-Ig treated
mice (bottom); showing vast accumulation of macrophages surrounding necrotic myofibers in
IgG treated mice compared to lower density in CTLA4-Ig treated mice. Arrows indicate CD68*
cells. Data are presented as mean =+ sem. P values are based on unpaired two-tailed t-test. Scale
bar = 100 um
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Figure 3
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Figure 3. CTLA4-1g treatment does not affect anti-inflammatory macrophage numbers in mdx
mice quadriceps muscles of intermediate (25 pg/g), and high-dose (50 pg/g) treatment A-C)
CD206* macrophage numbers increased at low-dose CTLA4-Ig treated mdx quadriceps
compared to low-dose 1gG treated mdx quadriceps (A). CD206* cell density was not affected at
the intermediate, and high-dose treatments of 25 pg/g and 50 pg/g, respectively (B,C) D)
Representative images of mice quadriceps muscle at 4-weeks of age, 50 ug/g 1gG treated mice
(top) and 50 pg/g CTLAA4-1g treated mice (bottom) showing similar distribution of macrophages
between control and CTLA4-1g treated mice. Arrows indicate CD206" cells. Data are presented
as mean + sem. P values are based on unpaired two-tailed t-test. Scale bar = 100 um
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Figure 4
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Figure 4. CTLA4-1g treatment reduces pro-fibrotic CD163* macrophage numbers in 4-week old
mdx mice A-B) CD163* macrophage density reduced in CTLA4-1g treated mdx quadriceps
compared to 1gG control (A). Additionally, a downward trend in CD163" cell density was found
in 3-month old mdx CTLA4-1g treated mice compared to control (B) C) Representative images
of quadriceps muscle of 4-week IgG treated mice (left) and CTLA4-1g treated mice (right). Data
are presented as mean =+ sem. P values are based on unpaired two-tailed t-test. Scale bar = 100

pum
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Figure 5
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Figure 5. CTLA4-1g does not affect collagen accumulation in 4-week old mdx mice. Cross
sections of mdx mice quadriceps tissue were immunolabeled with anti-collagen type | (A-B),
anti-collagen type 111 (C-D), and anti-collagen type V (E-F). Percent area analysis was
conducted in 4-week old mdx quadriceps treated with 25 ng/g IgG or CTLA4-1g for collagen
type I (A), type 111 (C), and type V (E). Representative cross sections of IgG immunolabeled
tissue (top) and CTLA4-1g labeled tissue (bottom) are included for collagen type I (B), type I11
(D), and type V (F). Data are presented as mean + sem. P values are based on unpaired two-tailed

t-test. Scale bar = 100 pm
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Figure 6
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Figure 6. CTLA4-1g treatment reduced collagens | and V accumulation in 3-month old mdx
mice. Cross sections of mdx quadriceps tissue were immunolabeled with anti-collagen type | (A-
B), anti-collagen type 111 (C-D), and anti-collagen type V (E-F). Percent area analysis was
conducted in 3-month old mdx quadriceps treated with 25 pg/g 19G or CTLA4-Ig for collagen
type I (A), type 111 (C), and type V (E) showed significant reductions in collagens | and V
accumulation in CTLAA4-Ig treated tissue. Representative cross sections of IgG immunolabeled
tissue (top) and CTLA4-1g labeled tissue (bottom) are included for collagen type | (B), type IlI
(D), and type V (F). (* indicates p < 0.05, *** indicates p < 0.001.) Data are presented as
mean + sem. P values are based on unpaired two-tailed t-test. Scale bar = 100 um
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Figure 7
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Figure 7. Relative mRNA expression of genes associated with fibrosis in macrophages is not
affected by CTLAA4-Ig treatment in quadriceps of 4-week and 3-month old mdx mice A-F) gPCR
analysis of 4-week (A-C) and 3-month (D-F) old mice mdx quadriceps muscles showing no
significant difference between IgG and CTLA4-Ig treated mice for relative gene expression
including Arginase 1 (A,D), Arginase 2 (B,E), and TGF-$ (C,F). Data are normalized to 1gG
control, set at “1” for each gene assayed. Data are presented as mean + sem. P values are based
on unpaired two-tailed t-test.



Figure 8
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Figure 8. Fibrogenic cells express costimulatory molecules A-B) Relative CD80/86 mMRNA
expression levels between bone marrow-derived macrophages (BMDMs) and cultured
fibroblasts showing that cultured fibroblasts express comparable levels of CD80 to macrophages,
while they do not express CD86. C-D) gPCR analysis showing that cultured fibroblasts express
high levels of CD86 compared to FAPs (** indicates p < 0.01, *** indicates p < 0.001). Data are
normalized to control, set at “1” for each gene assayed. Data are presented as mean + sem. P
values are based on unpaired two-tailed t-test.
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Figure 9

Figure 9. HSP47* cells express CTLA-4 binding ligand CD80. Confocal image shows that
HSP47 expressing cells also express CD80 in mdx inflammatory lesions, suggesting that
CTLA4-1g could potentially modulate the activity of HSP47 expressing cells, such as fibroblasts.
Scale bar = 50 pum
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Figure 10
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Figure 10. CTLAA4-Ig treatment has no effect HSP47+ cell numbers in mdx mice. A-B)
Quadriceps cross sections were immunolabeled with anti-HSP47, and cell densities were
analyzed in both 4-week (A) and 3-month (B) old mdx mice tissue. Cross sections (C) of anti-
HSP47 labeled tissue are included from 4-week old mdx mice. Arrows indicate HSP47* cells.
Data are presented as mean + sem. P values are based on unpaired two-tailed t-test. Scale bar =
50 um
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Figure 11
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Figure 11. Relative mRNA expression of fibrotic genes is not affected by CTLA4-Ig treatment
in quadriceps of 4-week old mdx mice A-F) gPCR analysis of 4-week old mdx quadriceps
muscles shows no significant difference between IgG treated and CTLAA4-Ig treated mice for
relative fibrotic gene expression including collagen type I (A), type 111 (B), type V (C),
connective tissue growth factor (D), fibronectin (E), and PDGFR-a (F). Data are normalized to
IgG control, set at “1” for each gene assayed. Data are presented as mean + sem. P values are
based on unpaired two-tailed t-test.
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Figure 12
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Figure 12. Collagen V relative expression is reduced in quadriceps of CTLA4-Ig treated mdx
mice. gPCR analysis of 3-month old mdx mice quadriceps muscles shows a significant reduction
in collagen V expression in CTLA4-Ig treated mice compared to 1gG treated mice (C). Other
genes assayed for relative fibrotic gene expression include collagen type | (A), type 111 (B),
connective tissue growth factor (D), fibronectin (E), and PDGFR-a (I). Data are normalized to
IgG control, set at “1” for each gene assayed. (* indicates p < 0.05) Data are presented as

mean + sem. P values are based on unpaired two-tailed t-test.
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Figure 13. Collagen 111 and fibronectin relative expression is reduced in L929 fibroblasts treated
with CTLA4-1g. gPCR analysis of treated L929 fibroblasts shows a significant reduction in
collagen 111 (B) and FN expression (F) in CTLA4-1g treated fibroblasts compared to 1gG treated
fibroblasts. Other fibrotic genes showed trends with CTLAA4-Ig treatment for relative fibrotic
gene expression include collagen type I (A), collagen type V (C), TGF-p (D), and connective
tissue growth factor (E). Data are normalized to IgG control, set at “1” for each gene assayed. (*
indicates p < 0.05) Data are presented as mean + sem. P values are based on unpaired two-tailed
t-test.
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