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Abstract

Background and aims—Neointimal cellular proliferation of fibroblasts and myofibroblasts is
documented in coronary artery restenosis, however, their role in peripheral arterial disease (PAD)
restenosis remains unclear. Our aim was to investigate the role of fibroblasts, myofibroblasts, and
collagens in restenotic PAD.

Methods—Nineteen PAD restenotic plaques were compared with 13 de novo plaques. Stellate
cells (H&E), fibroblasts (FSP-1), myofibroblasts (a-actin/vimentin/FSP-1), cellular proliferation
(Ki-67), and apoptosis (caspase-3 with poly ADP-ribose polymerase) were evaluated by
immunofluorescence. Collagens were evaluated by picro-sirius red stain with polarization
microscopy. Smooth muscle myosin heavy chain (SMMHC), IL-6 and TGF-f cytokines were
analyzed by immunohistochemistry.

Results—Restenaotic plaques demonstrated increased stellate cells (2.7 £ 0.15 vs. 1.3 + 0.15)
fibroblasts (2282.2 = 85.9 vs. 906.4 + 134.5) and myofibroblasts (18.5+ 1.2 vs. 10.6 £ 1.0) p=
0.0001 for all comparisons. In addition, fibroblast proliferation (18.4% + 1.2 vs. 10.4% £ 1.1; p=
0.04) and apoptosis (14.6% + 1.3 vs. 11.2% + 0.6; p= 0.03) were increased in restenotic plaques.
Finally, SMMHC (2.6 + 0.12 vs. 1.4 £ 0.15; p=0.0001), type 111 collagen density (0.33 £ 0.06 vs.
0.17 £ 0.07; p=0.0001), IL-6 (2.08 + 1.7 vs. 1.03 + 2.0; p=0.01), and TGF-p (1.80 £ 0.27 vs.
1.11 £ 0.18; p=0.05) were increased in restenotic plaques.

“Corresponding author. Icahn School of Medicine at Mount Sinai, Cardiovascular Institute, One Gustave Levy Place, New York, NY
%0029, USA. purushothaman.kothandaraman@mountsinai.org (K.-R. Purushothaman).
These authors contributed equally to this study.

Conflict of interest
The authors declared that they do not have anything to disclose regarding conflict of interest with respect to this manuscript.

Author contributions

Prakash Krishnan: planned and executed the study, reviewed and edited the manuscript; K-Raman Purushothaman and Meerarani
Purushothaman: conducted scientific experiments, researched data, wrote, reviewed and edited the manuscript; Irene Turnbull worked
in revised experiments and edited the revision; Usman Baber: analyzed the researched data; Arthur Tarricone, Miguel Vasquez,
Rheoneil A. Lascano and Sachin Jain helped in research data and specimen collections; Annapoorna Kini, Samin Sharma and Pedro
Moreno supervised the planning and execution of the clinical study, reviewed and edited the manuscript.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Krishnan et al. Page 2

Conclusions—Our study suggests proliferation and apoptosis of fibroblast and myofibroblast
with associated increase in type 111 collagen may play a role in restenotic plague progression.
Understanding pathways involved in proliferation and apoptosis in neointimal cells, may
contribute to future therapeutic interventions for the prevention of restenosis in PAD.
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1. Introduction

Symptomatic peripheral arterial disease (PAD) restenosis remains a frequent complication of
percutaneous intervention, increasing cardiovascular morbidity and mortality [1-5]. The
specific mechanisms and histopathological findings leading to PAD restenosis involve
inflammatory cell activation, cytokine production, smooth muscle cell (SMC) proliferation,
apoptosis and collagen production [6]. Inflammatory cells like macrophages are well studied
in coronary and peripheral arterial restenosis [7-9]. However, additional vascular cells may
play a role in this proliferative process. Conventionally, resident intimal SMC proliferation
plays a major role in restenosis [10]. SMCs include thin (a-actin positive) and thick (smooth
muscle myosin heavy chain- SMMHC) filaments [11]. Other non-resident cells like
fibroblast and myofibroblast, derived from the interstitial connective tissue beneath the
subintimal layer of the atherosclerotic plaque, may contribute to the restenotic process.
Fibroblasts and myofibroblasts may migrate into the neointima mediated by cytokines [12].
These cells along with the resident SMCs may proliferate and eventually undergo apoptosis
mediated by caspase-3, and also contribute collagen deposition and neointimal expansion.
Although caspase-3 plays a key role as effector in apoptosis, it also facilitates other cellular
events in cell differentiation and development [13]. Furthermore, downstream effect of
apoptosis is played by Poly (ADP-ribose) polymerase (PARP), DNA-binding enzyme which
detects and signals DNA strand breaks [14]. PARP is activated at an intermediate stage of
apoptosis and is then cleaved and inactivated at a late stage by caspase-3 and other proteases
[14]. The biological presence of PARP indicates the cleaved end products of apoptosis
mediated by caspase-3. In addition, interstitial fibroblasts and myofibroblasts synthesize the
cytokines IL-6 and TGF-p [15]. IL-6 is involved in the migration of fibroblasts, and
mediates signal transdifferentiation into myofibroblast [16,17]. In addition, TGF-f may
contribute to transdifferentiation of the fibroblast intomyofibroblast by inducing activation of
a-smooth muscle actin (a-SMA) [18]. These epithelial mesenchymal transdifferentiation
(EMT) from fibroblast to myofibroblast may contribute to extracellular matrix collagen
synthesis [19-22]. Furthermore, resident neointimal SMCs and stellate cells will enhance
neointimal collagen content. Therefore, neointimal fibroblast and myofibroblast may be
crucial in type 111 collagen synthesis, leading to neointimal expansion [23,24]. These cells
were extensively studied previously in coronary artery restenosis [25-29]. However, the role
of fibroblast and myofibroblast in PAD restenosis has not been well studied. This study
sought to investigate a possible association of increased fibroblast and myofibroblast
composition with type 111 collagen deposition in restenotic plaques from patients with PAD.
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2. Materials and methods

2.1. Tissue collection

A total of thirty-two plaque specimens were collected from twenty-four patients during
atherectomy procedures using the SilverHawk atherectomy device (Fox Hollow
Technologies, Redwood City, CA) at the cardiac catheterization laboratory, Mount Sinai
Hospital. Nineteen restenotic plaque specimens were procured from 12 patients (8 female
and 4 male) and thirteen control de novo plaques were procured from 12 patients (2 female
and 10 male). All plaque samples were collected from superficial femoral arterial branch,
and within 20 min, washed in saline and fixed in 10% buffered formalin and immediately
submitted for processing into paraffin blocks. This study was approved by the institutional
review board at the Icahn School of Medicine at Mount Sinai, New York. All the specimen
procurements were done after informed consent was obtained for experimentation in human
subjects. Also, this study conforms to the Declaration of Helsinki. Relevant demographic
and clinical profiles were collected from case records and analyzed.

2.2. Quantification of stellate cell grade

Stellate cells were quantified using hematoxylin & eosin staining by evaluating cells
resembling “stellate” shape appearance admixed in the loose myxoid and clear background
(representing active myofibroblast) and histologically graded for the presence of stellate
shaped cells per high-power field (HPF) as follows; Grade-1: scant to minimal stellate cells
(occupying < 25% of HPF), Grade-2: moderate stellate cells (occupying > 25%-75% of
HPF), and Grade-3: dense stellate cells (occupying > 75% of HPF), in the neointima. A total
of 10 randomly selected HPFs were used for the analysis.

2.3. Quantification of fibroblast content

Immunohistochemistry was performed using specific primary antibodies, rabbit polyclonal
FSP-1 (ab27957, Abcam Inc., MA, 1:100 dilution) as a pan fibroblast marker. Appropriate
secondary antibodies and positive (human skin) and negative (rabbit 1gG from Dako, CA)
controls were included to distinguish non-specific binding. Using FSP-1 immunostained
sections, the total number of positively stained FSP-1 in ten random HPF (20x) for each
plaque were enumerated. The total plaque area occupied in a HPF was measured in mm?
using a computerized planimetry system. The density of FSP-1 positive stained cells was
calculated by dividing the total number of FSP-1 positive stained cells by the total plaque
area measured per HPF.

2.4. Quantification of smooth muscle cell myosin heavy chain (SMMHC) content

Immunochemistry was performed using specific, non-cross reacting rabbit polyclonal
antibody against SMMHC (ab124679, Abcam, MA, 1:100 dilution). Appropriate positive
controls for SMMHC (human colon) and negative controls (rabbit 1IgG from DAKO, CA)
were included. Sections were examined under an Olympus BX 50 light microscope
(Olympus America, Center Valley, PA), and the expression of SMMHC was quantified in 20
random high-power fields (HPFs) using percentage of positive cells stained per HPF. Using
the intensity of cells immunostained with SMMHC, a semi quantitative score was used to
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grade as follows; grade 0: absent, grade 1: 25% stained, grade 2: 26%-50% stained, grade 3:
>50 stained.

2.5. Quantification of myofibroblast content

Myofibroblasts are histologically defined as a-SMA positive cells, co-expressing fibroblast
and vimentin markers. Myofibroblast cellular content was quantified using the percentage of
cells expressing all these three markers. To detect myofibroblasts, immunofluorescent
labeling with combined primary antibodies against the following antigens were adopted,
rabbit polyclonal FSP-1 (ab27957-Abcam, MA, 1:100 dilution), mouse monoclonal a-SMA
(a-SMA-FITC, F3777-Sigma Aldrich, MO, 1:500 dilution), and vimentin (ab45939-Abcam,
MA, 1:100 dilution). Secondary antibodies, donkey anti-mouse Alexa Fluor 488 or anti-
rabbit Alexa Fluor 594 (A-21202 and A-21207, respectively; Invitrogen, NY, 1:500 dilution)
were used. Mounting medium containing DAPI (H-1200-Vector Lab, CA) was then applied.
Quantification of the co-expression of a-SMA with FSP-1, and a-SMA with vimentin
(myofibroblast) were performed in a blinded fashion. Cellular co-expression of randomly
selected images captured at 20x magnification were quantified. Combined cellular co-
expression of a-SMA with FSP-1 and a-SMA with vimentin (myofibroblast) were analyzed
and scored as percentage of positive myofibroblast cell content. Images were acquired using
the Leica TCS SP5 DMI, inverted confocal laser scanning microscope at Mount Sinai’s
Shared Resource Facility and analyzed using Leica LAS AF lite software system.

2.6. Quantification of cellular proliferation and apoptosis

Subgroup analysis from the same group of plaques in restenosis and de novo was performed
for the intimal resident cells that proliferate and undergo apoptosis by quantifying the
number of FSP-1 and a-SMA expressing cells that co-express Ki67 and caspase-3 by
immunofluorescence staining and confocal microscopy. Primary antibodies against the
following antigens were used: rabbit polyclonal FSP-1 (ab27957-Abcam, MA), mouse
monoclonal a-SMA (FITC-F3777-Sigma Aldrich, MO, 1:500 dilution), rabbit monoclonal
Ki-67 (ab16667-Abcam, MA, 1:100 dilution), and caspase-3 (ab44976-Abcam, MA, 1:200
dilution). Additionally, controls were included in parallel by substituting the primary
antibody for 1gG or specific 1gG isotypes from the same species and at the same final
concentration as the primary antibody. Secondary antibodies donkey anti-mouse Alexa Fluor
488 or anti-rabbit Alexa Fluor 594 (A-21202 and A-21207, respectively; Invitrogen, NY,
1:500 dilution) were used. Mounting medium containing DAPI (H-1200-Vector Lab, CA)
was then applied. Quantification of FSP-1 expressing Ki-67 and caspase-3 was performed in
a blinded fashion. Cellular co-localization in randomly selected images captured at 20x
magnification was quantified. Images were acquired using Leica TCS SP5 DMI, inverted
confocal laser scanning microscope at Mount Sinai’s Shared Resource Facility and analyzed
using Leica LAS AF lite software system.

In addition, the cleaved end product of (caspase-3 mediated) apoptotic process, PARP was
detected as a surrogate marker that was identified in caspase-3 positive cells. Primary
antibodies against the rabbit polyclonal caspase-3 (ab44976-Abcam, MA, 1:200 dilution),
and mouse monoclonal anti-PARP antibody (ab110915-Abcam, MA, 1:100 dilution) were
used. Controls were included in parallel as mentioned above. Secondary antibodies anti-
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rabbit Alexa Fluor 594 or donkey anti-mouse Alexa Fluor 488 (A-21207 and A-21202,
respectively; Invitrogen, N, 1:500 dilution) were used. Immunofluorescence evaluations
were done using EVOS FL microscope (Thermo Fisher Scientific, MA). Analysis of the
percentage of signal co-expression was done using Image J-software (NIH).

2.7. Quantification of collagen density

Plaque tissue sections were stained with picro-sirius red and used to quantify type I collagen
and type 111 collagen as published previously [30]. The total plaque area was measured at
20x magnification by light microscopy. The same plaque area was then polarized and the
color intensities for type I collagen in the red polarized area and type 111 collagen in the
green/yellow polarized area were measured by planimetry using manual tracing of the color
intensities and calibrated using Zedec-Quantim software attached with a pre-calibrated
scale. The area occupied by individual type I and 111 collagen was quantified in the entire
intimal plaque area and divided by the total intimal plaque area in HPF and expressed as
collagen density per mm2.

2.8. Quantification of IL-6 and TGF-

Immunohistochemistry was performed using specific, non-cross reacting rabbit polyclonal
antibody against IL-6 (ab6672, Abcam, MA, 1:200 dilution) and mouse monoclonal
antibody against TGF-p (ab27969, Abcam, MA, 1:200 dilution). Appropriate positive
controls were used for IL-6 (human tonsil), and TGF-B (human liver) and negative controls
(rabbit and mouse 1gG from DAKO, CA) were included. Sections were examined under an
Olympus BX 50 light microscope (Olympus America, Center Valley, PA), and the
expression of IL-6 and TGF-f were quantified in 20 random high-power fields (HPFs) using
percentage of positive cells stained per HPF. Using a modified protocol of a previously
published methodology [13], a semi quantitative score was used to grade as follows: grade 0:
absent; grade 1: 1%-25%; grade 2: 26%-50%; grade 3: 50-100%.

2.9. Statistical analysis

Data are presented as mean £ SEM. For 2-group comparisons, Gaussian-distribution
samples were juxtaposed with the 2-tailed Student’s t-test and were preceded by a Levene F
test for equality of variances. Non-Gaussian-distribution samples were compared by the
Mann-Whitney nonparametric test. IBM SPSS/PASW 20.0 software (SPSS Inc., Chicago,
IL) was used for the analysis. A value of p=0.05 was considered statistically significant.

3. Results

Patient age was similar in both groups (o = 0.80). There were fewer males in restenotic
group compared to the de novo group (p = 0.02). With the exception of gender, body mass
index and rest pain in lower limbs, all other clinical parameters showed no significant
difference between the groups (Table 1). Our study infers an interesting pattern of gender
distribution, evidencing more female subjects in restenosis with 58% compared to 15% in de
novo control group, and the majority of the women were postmenopausal. While it is most
likely the interventional injury was the major trigger in inducing cellular and ECM changes
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in restenosis, female gender may also represent a potential risk group in cellular fibrosis as
observed recently [31].

3.1. Stellate cell, fibroblast, smooth muscle heavy chain and myofibroblast content

The mean stellate cell grade observed showed an increase in restenotic plaques compared to
de novo plaques (2.7 £ 0.15 vs. 1.3 £ 0.15; p=0.0001) (Fig. 1A-C). Fibroblast content was
significantly increased in restenotic plaques compared to de novo plaques (2282.2 + 85.9 vs.
906.4 + 134.5; p=0.0001) (Fig. 1D-F). The mean SMMHC grade observed was higher in
restenotic plaques compared to de novo plaques (2.6 + 0.12 vs. 1.4 + 0.15; p=0.0001) (Fig.
1G-I). The mean percentage of myofibroblast components evaluated using FSP-1 and a.-
SMA was increased in restenotic plaques compared to de novo plaques (18.5 + 1.2 vs. 10.6
+ 1.0; p=0.0001) (Fig. 2A-G). Similarly, the mean percentage of myofibroblast content,
assessed by counting cells co-expressing a-SMA and vimentin, was increased in restenotic
plaques compared to de novo plaques (23.3% + 1.9 vs. 17.9% + 1.5; p=0.04) (Fig. 2H-N).

3.2. Percentage of fibroblast proliferation (FSP-1/Ki67)

The mean percentage of fibroblast proliferation evaluated by counting cells co-expressing
FSP-1 and Ki-67 was significantly increased in restenotic plaques when compared to de
novo plaques (18.4% + 1.2 vs. 10.4% + 1.1; p=0.0001) (Fig. 3A-F).

3.3. Percentage of fibroblast apoptosis (FSP-1/Caspase-3)

The mean percentage of fibroblast apoptosis assessed by counting cells co-expressing FSP-1
and caspase-3 was increased in restenotic plaques compared to de novo plaques (14.6%
+1.3 v5. 11.2% £ 0.6; p=0.03) (Fig. 3G-L).

3.4. Percentage of smooth muscle cell proliferation (a-SMA/Ki-67)

The mean percentage of SMC proliferation as evaluated by co-expression of a-SMA and
Ki-67 was significantly increased in restenotic plaques compared to de novo plaques (24.1%
+2.1 vs5 17.52% £ 1.2; p=0.02) (Fig. 3SM-R).

3.5. Percentage of smooth muscle cell apoptosis (a-SMA/Caspase-3)

The mean percentage of SMC apoptosis assessed by counting cells that co-expressed a-
SMA and caspase-3 was significantly increased in restenotic plaques when compared to de
novo plaques (20.38% + 1.8 vs. 10.08% + 0.4; p=0.0001) (Fig. 3S—X). Furthermore, the
mean percentage of cells co-expressing caspase-3 and PARP was increased in restenotic
plaques compared to de novo plaques (28.7 £ 0.9 vs. 11.8 £ 0.6; p=0.0001) (Fig. 3A1-F1).

3.6. Collagen density

Type 111 collagen density was significantly increased in restenotic plaques compared to de
novo plaques (0.33 + 0.06 vs. 0.17 + 0.07; p=0.0001). In contrast, type I collagen density
was significantly reduced in restenotic plaques compared to de novo plaques (0.14 + 0.01 vs.
0.44 £0.02; p=0.0001) (Fig. 4A-D).
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3.7. Interleukin-6 and TGF-B grade

The presence of pro-inflammatory cytokine IL-6 and TGF-, measured by using a scoring
system assigning a grade as indicator of their abundance, resulted in a higher grade (2.08
+1.7vs51.03+£2.0,p=0.01and 1.80 +0.27 vs. 1.11 + 0.18; p = 0.05), in restenotic plaques
compared to de novo plaques (Fig. 5A-F).

4. Discussion

In this study, we have characterized differences in the histopathological phenotype of
restenotic versus de novo peripheral atherosclerotic plaques. In particular, an increased
proliferation of stellate cells, fibroblasts and myofibroblasts were seen in restenotic plaques.
In particular, we have noticed an enhanced proliferative and apoptotic activity of these cells
in restenosis compared to de novo plaques.

The classical and traditional pattern of the restenotic process involves resident SMCs in the
intima and the SMCs that transmigrated from the tunica media through the internal elastic
lamellar disruption (IELD) [32]. These cells may proliferate, synthesize collagen and
eventually undergo apoptosis under the regulation of macrophage-derived cytokines [33-35].
Similarly, fibroblast and myofibroblast derived from the subjacent tunica media/adventitia
may also transmigrate through IELD into the neointima [36,37]. Nevertheless, they have not
been well characterized histopathologically in human PAD restenosis. Fibroblasts are
phenotypically resident interstitial cells characterized by the expression of Fibroblast
Specific Protein-1 (FSP-1) [18]. The myofibroblasts can be immunohistologically
distinguished by co-expression of FSP-1/a-SMA with vimentin [38,39]. Using the specific
phenotype markers for fibroblast and myofibroblast, this study characterized the content of
these cells, and evidenced an enhanced proliferative and apoptotic activity in restenotic
plaques. In addition, IL6 may be associated with cell proliferation and apoptosis [40,41].
TGF-p has a complex role, its downstream effects involve both apoptosis and cell
proliferation, and these end results are cell type-dependent [42]. Increase in TGF-B, a-SMA
and collagen have been documented in fibrotic response [43]. When quantified in this study,
cytokines IL6 and TGF-f were significantly increased in restenotic plaques.

To measure the apoptotic pathway of cells in neointima, the catalytic enzyme caspase-3 was
used as marker. Furthermore, to specifically address the exact role of caspase-3 in apoptosis,
downstream pathway end product PARP was measured. PARP is one of the essential
substrates cleaved by caspase-3, an abundant DNA binding enzyme that detects and signals
DNA strand breaks [14]. The presence of cleaved PARP is one of the most useful diagnostic
tools for the detection of apoptosis in many cell types and indicative of caspase-3 activity
[44]. In this study we have demonstrated an increase in PARP cleaved proteins in restenotic
plaque compared to de novo plaque.

Finally, reparative type Il collagen density was significantly increased, whereas mature type
I collagen density was reduced in restenotic plaques. Previous studies documented collagen
production by fibroblasts [19] suggesting a role for these cells in human PAD restenosis.
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Migratory, non-resident mesenchymal cells like activated fibroblast and myofibroblast
characterized neointima in coronary artery restenosis [25-28,45]. However, it is unclear if
PAD restenosis also follows this pattern. Altered pathophysiological mechanisms and
phenotypic population of cellular and matrix constituents needed to be studied to clarify this
issue. Our present study provides observational evidence that suggests a role of fibroblast
and myofibroblast in PAD restenosis. Apoptosis of smooth muscle cells and possibly
fibroblasts was reported in a porcine model of coronary angioplasty; the type of cells and the
rate at which they underwent proliferation or apoptosis varied across vascular wall regions
and layers [46]. The role of fibroblasts in arterial restenosis has been evaluated in different
animal models; the degree in which myofibroblasts are implicated in neointima formation in
restenosis depends on the type of model and techniques used for cell identification among
others, with the majority of studies supporting an active participation of fibroblasts after
vascular injury, whereby they undergo differentiation and migration from the adventitia to
the neointima [47]. Understanding cell differences in neointima PAD composition may
contribute to future developments in therapeutic prevention of restenosis in PAD.

The number of patients in our study was limited. Since it is a retrospective study, fresh
tissues for quantification of gene or protein expression was not available. Given the cross-
sectional nature of our study design, we cannot infer a causal relationship between the
histopathological phenotype observed in restenotic plaques and luminal narrowing. Since
myofibroblasts represent a combination of cellular co-expression with a-SMA, fibroblast
and vimentin, proliferative and apoptotic activity evaluation was not performed as a distinct
myofibroblast single cell entity due to technical difficulty.

In conclusion, this study demonstrates increased stellate cell content, fibroblast,
myofibroblast proliferation and apoptosis, with type I11 collagen production in human PAD
restenosis. Furthermore, association of increased IL-6 and TGF-f cytokines may contribute
to cellular events mediating apoptosis and proliferation that may contribute to neointima
formation. In addition, fibroblast and myofibroblast involvement in neointimal proliferation
leading to luminal narrowing may contribute to the severity of the restenotic lesion
progression and clinical manifestations seen in symptomatic PAD. The underlying molecular
mechanistic pathways that may be associated with cellular proliferation including apoptosis
and type I11 collagen are under investigation.
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Fig. 1. Stellate cell, fibroblast and SMMHC distribution in restenosis
(A) H&E stain of the restenotic plague shows “stellate cells” in the neointima, with

increased cellularity compared to (B) the intima of de novo plaque (20x). (C) Significant
difference in stellate cell grade between restenosis and de novo plague. (D) Immunostained
section for fibroblasts with FSP-1 shows increased expression in restenotic plaque compared
to (E) de novoplaques (20x). (F) Significant increase in fibroblast density in restenotic
plaques. (G) SMMHC immunostained section in restenotic plaque shows increased protein
expression compared to (H) de novo plaque. (1) Significant increase in SMMHC in
restenotic plaque. Scale bar = 50 pm.
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Fig. 2. Myofibroblast a-SMA/FSP-1 co-expression in restenosis
(A) Upper column: immunofluorescence stain shows a-SMA (green) (A) and FSP-1 (red)

(B) with merge (C) image at 20x, and the inset shows the magnified view of cells that co-
express a-SMA and FSP-1 in restenotic plaques. Increased co-expression of a-SMA with
FSP-1 is seen in restenotic compared to de novo plaque, lower column (D-F). (G)
Comparison between percent of cells that co-express a-SMA and FSP-1 in restenotic
plaques versus de novo plaque. (B) Upper column: immunofluorescence stain shows a-SMA
(green) (H) and vimentin (red) (1) with merge (J) image at 20x, and the inset shows the
magnified view in restenotic plaque. Increased co-expression of a-SMA with vimentin is
seen in restenotic plaque compared to de novo plaque, lower column (K-M). (N)
Comparison between percent cells that co-express a-SMA and vimentin in restenotic
plaques versus de novo plague. Scale bar = 50 pm. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 3. FSP-1, a-SMA, co-expression with Ki67 and caspase-3 with PARP in restenosis
(A-F) Fibroblast proliferation: immunofluorescence shows FSP-1+ (green) exhibiting Ki-67

(red) expression. The inset is a magnified view. Increased co-expression of FSP-1 and Ki-67
is seen in restenotic plaques compared to de novo plaque. (G-L) Fibroblast apoptosis: the
immunofluorescence shows FSP-1 (green) exhibiting caspase-3 (red) expression. The inset
is a magnified view. Increased co-expression of FSP-1 and caspase-3 is seen in restenotic
plaques compared to de novo plaque. (M-R) SMC proliferation: immunofluorescence shows
SMC, a-SMA positive (green) exhibiting Ki67 (red) expression. The inset is a magnified
view. Increased co-expression of a-SMA with Ki67 is seen in restenotic plagues compared
to de novo plaque. (S—X) SMC apoptosis: immunofluorescence shows SMC, a-SMA
(green) exhibiting caspase-3 (red) expression. The inset is a magnified view. Increased co-
expression of a-SMA + SMC (green) and active caspase-3 (red) is seen in restenotic plaques
compared to de novo plaque. Scale bar = 50 um. (A1-F1) Immunofluorescence revealing
PARP+ (green) positive cells exhibiting caspase-3 (red) expression. The inset is a magnified
view. Increased co-expression of PARP+ and caspase-3 is seen in restenotic plaques
compared to de novo plaque. (G1) Significant increase in percentage of co-positive cells per
high power field (HPF) in restenotic plagues compared to de novo plaques in the
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corresponding profiles. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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Fig. 4. Collagen distribution in restenosis
(A) Collagens, stained by picro-sirius red stain, show increased type Il collagen, indicated

by an arrow (green), and reduced type | collagen, indicated by an arrow (red), in restenotic
plaques compared to (B) de novo plaque (20x). Significant increase in type 111 collagen in
restenotic (C) compared to de novo plaque (D). Scale bar = 50 pm. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this
article.)
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Fig. 5. Interleukin-6 and TGF-B distribution in restenosis
(A) Immunostained section for IL-6 shows increased expression in restenotic plaque

compared to (B) de novo plaque (20x). (C) Significant increase in IL-6 expression in
restenotic compared to de rnovo plaque. (D) Immunostained section for TGF-B shows
increased expression in restenotic plagque compared to (E) de novo plaque (20x). (F)
Significant increase in TGF-B expression in restenotic, compared to de novo plaque. Scale

bar =50 pm.
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Baseline characteristics stratified by presence or absence of restenosis.

Table 1

Variable Restenosis Denovo control  p-value
(n=12) (n=12)
Age, years 66.1+9.3 65.2£10.0 0.80
Male gender, % 42% 85% 0.02
Body mass index (kg/m?)  29.3+53  253%26 0.03
Coronary artery disease, %  74% 46% 0.11
Claudication, % 89% 100% 0.23
Rest pain, % 74% 31% 0.02
Smoking, % 68% 85% 0.30
Hypertension, % 100% 100% N/A
Total cholesterol (mg/dl) 159+53.9 161.7+42.6 0.88
Hemoglobin (gm/dl) 123+19 131+14 0.24
Diabetes mellitus, % 63% 46% 0.34
Serum creatinine (mg/dl) 11+07 12+04 0.50
Degree stenosis, % 89.5+10.1 82.7+88 0.06

Numbers represent mean + standard deviation or percentage.

n = number of subjects studied.
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