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Abstract
Aims—Cardiac remodeling occurs in the infarcted heart (MI). The underlying regulatory
mechanisms are under investigation. Platelet-derived growth factor (PDGF) is a family of growth
factors that stimulates cell growth, differentiation and migration. Herein, we sought to determine
whether PDGF is involved in cardiac repair/remodeling following MI.

Methods and Results—The temporal and spatial expression of PDGF isoforms (A, B, C and
D) and PDGF receptor (PDGFR)-α and β as well as cell types expressing PDGF were examined
in the infarcted rat heart. Sham-operated rats served as controls. We found that the normal
myocardium expressed all PDGF isoforms, and cell types expressing PDGF were primarily
interstitial cells. Following MI, PDGF-A and D were significantly increased in the infarcted
myocardium during 6 weeks of the observation period and cells expressing PDGF-A and D were
primarily endothelial cells, macrophages and myofibroblasts (myoFb). PDGF-B and C expression
was, however, reduced in the infarcted heart. In the noninfarcted myocardium, PDGF-D
expression was increased in the late stage of MI and cells expressing PDGF-D were
predominantly fibroblasts. Both PDGFR-α and β were significantly increased in the infarcted
myocardium in the early and late stages of MI and in the noninfarcted myocardium in the late
stage of MI.

Conclusions—Enhanced PDGF-A, PDGF-D and PDGFR are coincident with angiogenesis,
inflammatory and fibrogenic responses in the infarcted myocardium, suggesting their regulation
on cardiac repair. Elevated PDGF-D in the noninfarcted myocardium suggests its involvement in
the development of interstitial fibrosis that appears in the late stage of MI.
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INTRODUCTION
The family of PDGF is a group of multifunctional proteins with a wide variety of effects.
PDGF is a key player in the processes of embryonic development and its signaling has been
implicated in stimulating angiogenesis by promoting cellular proliferation and
differentiation [1–3]. In addition, PDGF is a required element in cellular division for
fibroblasts and contributes to the maintenance of connective tissue in adults [4].

The PDGF family is composed of four different polypeptide chains, the traditional PDGF-A
and PDGF-B, and the more recently discovered PDGF-C and PDGF-D. The biologically
active PDGF protein forms disulfide-bonded dimers, including four homodimers PDGF-AA,
PDGF-BB, PDGF-CC and PDGF-DD, and one heterodimer, PDGF-AB. PDGFs exert their
biological activities by activating two structurally related tyrosine kinase receptors, PDGFR-
α and PDGFR-β, which activate overlapping signal transduction pathways including
phosphatidylinositol 3 kinase, Ras-MAPK, Src family kinases and phospholipase Cγ [5] .

Excessive activity of PDGF has been associated with several human disorders, including
atherosclerosis, organ fibrosis and tumorigenesis. A causal role for PDGF in atherosclerosis
has been supported by in vivo and in vitro studies [6, 7]. Numerous studies have implicated
PDGF working with transforming growth factor (TGF)-β in the development of organ
fibrosis [8–10]. Fibrosis results from excessive deposition of extracellular matrix primarily
by phenotypically transformed fibroblasts, termed myoFb [11]. PDGF plays a key role in
expansion of myoFb by stimulating their proliferation, migration and survival [12, 13].
Elevated levels of PDGF have been consistently demonstrated in the fibrotic lesions of
various organs. In pulmonary fibrosis, myoFb are the main source of PDGF-A [10, 14].
MyoFb also express elevated levels of PDGFR-α, suggesting that both paracrine and
autocrine modes of signaling operate in these cells [14]. PDGF is also the most prominent
mitogen contributing to fibrosis of the liver and kidney [15–17]. Additionally, PDGF has
long been implicated in cancer and is known to be involved in many biological processes,
particularly angiogenesis [2, 3, 18].

Following MI, extensive structural remodeling appears in the heart. Cardiac repair occurring
at the site of myocyte loss preserves structural integrity and is essential to the heart’s
recovery. Inflammation, fibrogenesis and angiogenesis are central to cardiac repair [19, 20].
Macrophages and myoFb are the major cells contributing to inflammatory and fibrogenic
response in the infarcted myocardium [19, 21]. In addition, interstitial fibrosis is developed
in the noninfarcted myocardium in the late stage of MI, which contributes to ventricular
dysfunction [19, 22]. Factors regulating cardiac repair/remodeling have drawn considerable
attention. Studies have shown that growth factors, such as fibroblast growth factors, TGF,
vascular endothelial growth factor, etc. play an important role in cardiac repair/remodeling
[23, 24]. However, the potential regulation of PDGF isoforms in the process of cardiac
repair and remodeling remain to be elucidated. To determine whether PDGF is involved in
cardiac repair and remodeling following MI, we tested the temporal and spatial gene and
protein expression of PDGF-A, B, C and D, and PDGFR-α and β in the infarcted heart.

METHODS
Animal Model

The study was approved by University of Tennessee Health Science Center Animal Care
and Use Committee. Left ventricular anterior transmural MI was created in 8-week-old male
Sprague-Dawley rats (Harlan, Indianapolis, IN) via permanent ligation of the left coronary
artery. Animals were anesthetized with 1.5% isoflurane, intubated and ventilated with a
rodent respirator. The heart was exposed via a left thoracotomy and the left anterior
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descending artery was ligated with a 6-0 silk suture. The chest was then closed and lungs
reinflated using positive end-expiratory pressure [25]. The surgery leads to free wall
infarction of the left ventricle. Sham-operated rats served as controls. Rats with MI were
sacrificed at postoperative day 1, 3, week 1, 2, 4 and 6 (n = 8 survived rats for each time
point). Hearts were removed and kept frozen at −80 °C until use.

RT-PCR
Total RNA was extracted from cardiac tissue using Trizol Reagent (Invitrogen, Carlsbad,
CA). The RNA was treated with DNase by using TURBO DNA-free kit (Ambion, Austin,
TX), and purified with RNeasy Mini Kit (Qiagen Inc. USA, Valencia, CA). The purification,
concentration and integrity of the RNA were examined with NanoDrop spectrophotometer
(Thermo Scientific, Wilmington, DE), and Angilent Bioanalyzer (Angilent Technologies,
Foster City, CA), respectively. cDNA was prepared from total RNA using a High Capacity
cDNA reverse transcriptase kit (Applied Biosystems Foster City, CA). The gene-specific
probes and primer sets for PDGF-A, B, C and D, PDGFR-α and β were deduced using
Universal ProbeLibrary Assay Design software (https://www.roche-applied-science.com).
PDGF-A, B, C and D, PDGFR-α and β mRNA levels were detected and analyzed on an
LightCycler 480 System (Roche, Indianapolis, IN) under the following cycling conditions: 1
cycle at 95ºC for 5 min and then 45 cycles at 95ºC for 10 seconds, 60ºC for 30 seconds, and
72ºC for 10 seconds. The PCR mix contained 0.2μl of 10μM primers, 0.1μl of 10μM
Universal library probe, 5μl of LC 480 master mix (2X), 2μl of template cDNA and RNase-
free water to 10μl. TATA box-binding protein has been selected as the endogenous quantity
control. Fold change was used to compare the different between groups [24].

Western Blotting
PDGF-A, B, C and D protein levels were measured by western blot. Briefly, the normal,
noninfarcted left myocardium (septum), border zone and infarcted myocardium were
dissected and homogenized. The supernatant was collected and separated by 10% SDS-
PAGE. After electrophoresis, samples were transferred to PVDF membranes and incubated
with antibody against PDGF-A, B (Santa Cruz Biotechnology, Santa Cruz, CA), PDGF-C
(R&D, Minneapolis, MN) and PDGF-D (Invitrogen, Carlsbad, CA). Blots were
subsequently incubated with peroxidase-conjugated secondary antibody (Sigma, St. Louis,
MO). After washing, the blots were developed with an enhanced chemoluminescence
method. The amount of protein detected was assessed by means of quantitative densitometry
analysis with a computer image analyzing system [24].

Immunohistochemistry
Cells expressing PDGF isoforms were detected by immunohistochemical labeling. Cryostat
coronal sections (6μm) were air-dried, fixed in 10% buffered formalin for 10 min, and
washed in phosphate-buffered saline (PBS). Endogenous peroxidase activity was blocked by
immersion of sections in 0.3% H2O2 for 10 min at room temperature. Sections were blocked
with 5% goat serum in PBS. Tissues were incubated with primary antibodies against PDGF-
A, B, C and D for 1 hr at room temperature. Sections were then incubated with peroxidase-
conjugated secondary antibody for 1 hr at room temperature, washed in PBS for 10 min, and
incubated with 0.5 mg/ml diaminobenzidine tetrahydrochloride 2-hydrate + H2O2 for 1 min.
Negative control sections were incubated with secondary antibody alone. Sections were then
dehydrated, mounted, and viewed by light microscopy [26].

Quantitative In Vitro Autoradiography
The localization and density of PDGFR were detected by quantitative in vitro
autoradiography. Cryostat 16μm coronal cardiac sections were preincubated for 15 min in
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PBS buffer containing 0.2% bovine serum albumin, then incubated for 1 hr in a fresh
volume of the same buffer containing 0.2μCi/mL 125I-PDGF-BB (PerkinElmer, Waltham,
MA), the ligand for both PDGFR-α and β. Non-specific binding was measured in the
presence of 1 μM unlabeled PDGF-BB. To characterize PDGFR subtypes, sections were
incubated with 125I-PDGF-BB in the presence of 1μM unlabeled PDGF-AA. Unlabeled
PDGF-AA displaces 125I PDGF-BB binding to PDGFR-α, but not PDGFR-β. After
incubation, sections were washed, dried and exposed to Kodak NMB-6 film. Quantifications
of PDGFR binding density and receptor subtypes were performed using a computer image
analysis system. PFGFR binding is expressed as optical density [25].

Statistical Analysis
Statistical analysis of data obtained from RT-PCR, western blot and in vitro autoradiography
was performed using analysis of variance. Values are expressed as mean±SEM with P<0.05
considered significant. Multiple group comparisons among controls and each group were
made by Scheffés F-test.

RESULTS
Cardiac PDGF-A Expression

As detected by RT-PCR, PDGF-A mRNA was significantly increased in the border zone,
i.e. the region between the infarcted and noninfarcted myocardium, in the first week postMI
and then declined to normal levels in the following weeks (Figure 1, panel A). PDGF-A
mRNA in the infarcted myocardium was unchanged in the first week postMI and then
significantly increased at week 2 and remained elevated thereafter (Figure 1, panel B). In
contrast, PDGF-A mRNA levels were unchanged in the noninfarcted myocardium compared
to controls.

As detected by western blot, PDGF-A protein levels at the border zone (Figure 1, panel C)
and infarcted myocardium (Figure 1, panel D) were significantly reduced at day 1, elevated
at day 3, peaked at week 2, and declined thereafter, but remained elevated compared to
controls.

By immunohistochemistry, we observed positive PDGF-A staining in the normal heart,
where cells expressing PDGF-A were primarily interstitial cells (Figure 2, panel A, brown
spots). In the infarcted heart, strong staining was observed at the border zone (Figure 2,
panel B) and infarcted myocardium (Figure 2, panel C), where cells expressing PDGF-A
were primarily inflammatory cells, myoFb, and vascular endothelial and smooth muscle
cells.

Cardiac PDGF-B Expression
Compared to controls, PDGF-B mRNA remained unchanged in the border zone (Figure 3,
panel A), while it declined in the infarcted myocardium in the late stage of MI (Figure 3,
panel B). PDGF-B mRNA remained unchanged in the noninfarcted myocardium in both
early and late stages of MI.

PDGF-B is normally expressed in the rat heart. Following MI, PDGF-B protein levels were
significantly reduced in the border zone (Figure 3, panel C) and infarcted myocardium
(Figure 3, panel D) in both early and late stages of MI.

Cardiac PDGF-C Expression
PDGF-C mRNA is detectable in the normal myocardium. Compared to controls, PDGF-C
mRNA was reduced in the border zone (Figure 4, panel A) and infarcted myocardium
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(Figure 4, panel B) for over the course of six weeks postMI. PDGF-C mRNA levels in the
noninfarcted myocardium were similar to controls.

Compared to controls, PDGF-C protein levels were significantly reduced in the border zone
(Figure 4, panel C) and infarcted myocardium (Figure 4, panel D) in both early and late
stages of MI.

Cardiac PDGF-D Expression
We observed PDGF-D mRNA in the control heart. Following MI, PDGF-D mRNA levels in
the border zone (Figure 5, panel A) and infarcted myocardium (Figure 5, panel B) were
significantly reduced at day 1 postMI, elevated at day 3 and became significantly increased
over the course of 6 weeks. Compared to controls (1±0.05), PDGF-D mRNA levels in the
noninfarcted myocardium were unchanged at day 1 and 3 (0.87±0.09 and 0.89±0.05), up-
regulated at week 1 (1.21±0.12) and remained elevated at week 2, 4 and 6 weeks
(1.53±0.21, 1.47±0.21, and 1.48±0.14, respectively).

Compared to controls, PDGF-D protein levels at the border zone (Figure 5, panel C) and
infarcted myocardium (Figure 5, panel D) were significantly reduced at day 1, elevated at
day 3, peaked at week 1, and then gradually declined but remained significantly elevated
compared to controls.

By immunohistochemistry, we found that cells expressing PDGF-D were primarily
interstitial fibroblasts in the normal heart (Figure 2, panel D). Following MI, strong staining
was observed at the border zone (Figure 2, panel E) and infarcted myocardium (Figure 2,
panel F), where cells expressing PDGF-D were primarily inflammatory cells, myoFb and
endothelial cells. Cells expressing PDGF-D in the noninfarcted myocardium were
predominantly fibroblasts.

Cardiac PDGFR Expression
PDGFR-α and β mRNAs were expressed in the control heart. After MI, PDGFR-α mRNA
in the border zone (Figure 6, penal A) and infarcted myocardium (Figure 6, penal B) was
reduced at day 1 postMI, significantly increased at day 3 and remained elevated thereafter.
PDGFR-α mRNA in the noninfarcted myocardium was unchanged in the early stage of MI,
and then elevated in the late stage of MI (Figure 6, penal C). Compared to the controls,
PDGFR-β mRNA levels were up-regulated in the border zone (Figure 6, panel D) and
infarcted myocardium (Figure 6, panel E) for the course of 6 weeks, while it was elevated in
the noninfarcted myocardium only in the late stage of MI (Figure 6, panel F).

The localization and density of cardiac PDGFR were detected by quantitative in vivo
autoradiography. The normal heart expressed PDGFR (Figure 7, panel A). Following MI,
PDGFR binding density was significantly increased in the infarcted myocardium at day 3
and remained elevated at week 1, 2, 4 and 6 (Figure 7, panels B–F). PDGFR binding density
was unchanged in the noninfarcted myocardium at day 3 and significantly increased
thereafter. PDGFR binding was partially displaced in the presence of unlabeled PDGF-AA
in both sham-operated and infarcted heart (Figure 7, panels G and H, respectively).

The quantitative binding densities of PDGFR and receptor subtypes in the infarcted and
noninfarcted myocardium are shown in Figure 8.

DISSCUSSION
This is the first study exploring the expression of PDGF isoforms and their receptors in the
normal and infarcted heart and their potential regulation on cardiac repair/remodeling.
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Our results have shown that all of four PDGF isoforms are normally expressed in the
myocardium, primarily expressed by interstitial fibroblasts. This observation indicates that
PDGF plays a role in the growth and function of fibroblasts and contributes to the
maintenance of connective tissue in the adult heart.

Following MI, cardiac repair occurs in the infarcted myocardium. Inflammatory response
starts at the border zone a few hours after MI and then extends into the infarcted
myocardium [26]. Monocyte-derived macrophages are the primary inflammatory cells
involved in cardiac repair [21, 27]. These cells serve as the major source of inflammatory/
fibrogenic cytokines and growth factors [27]. The inflammatory response is accompanied by
angiogenesis and fibrogenesis. Cardiac inflammatory and angiogenic responses are most
apparent in the first two weeks postMI [21, 26]. In addition, fibrous tissue formation is
activated in the infarcted myocardium. The fibrogenic component substitutes for lost
myocytes in the infarcted myocardium. Cells responsible for fibrous tissue formation at the
site of MI consist principally of myoFb, phenotypically-differentiated fibroblasts, which
contain the features of both smooth muscle cells and fibroblasts [28]. MyoFb are not
residential cells in the normal myocardium. They appear at the border zone and the infarct
site during the first week postMI, rapidly proliferate and are highly active in fibrous tissue
formation via their expression of type I and III fibrillar collagens. Collagen fibers are
morphologically evident at week 1 postMI, while an organized assembly of these fibers in
the form of scar tissue becomes evident at week 2. This assembly continues to accumulate
over 8 weeks [29].

Our study has shown that the expression of PDGF was changed in the infarcted heart
compared to controls. PDGF-A and PDGF-D were significantly increased in the border zone
and infarcted myocardium. Our immunohistochemical study has further revealed that
inflammatory, endothelial cells and myoFb were the cells responsible for the elevated
expression of cardiac PDGF-A and PDGF-D. The temporal and spatial activation of PDGF-
A and PDGF-D is coincident with inflammation, angiogenesis and fibrogenesis. These
findings suggest that PDGF-A and PDGF-D are involved in multiple responses during
cardiac repair.

The regulation of PDGF in inflammation, angiogenesis and fibrosis has been explored in
other pathological conditions. PDGF is a potent leukocyte chemoattractant and promotes
inflammatory cell infiltration during wound healing [30]. Sustained angiogenesis is
considered to be one of central hallmarks of cancer and PDGF serves as the predominant
regulator of the pathological angiogenic process. The anti-PDGF signaling system has been
considered an attractive therapeutic target for cancers [31]. PDGF have been also reported to
stimulate myoFb differentiation and proliferation, contributing to the development of
fibrosis in lung, kidney, liver and skin [10]. Factors activating PDGF expression have been
documented. The expression of PDGF is stimulated by proinflammatory cytokines and its
action is modulated by extracellular binding proteins and matrix molecules [10].

The differential expression of PDGF isoforms is observed in the infarcted heart - unlike
PDGF-A and PDGF-D, the expression of PDGF-B and PDGF-C is decreased in the
infarcted myocardium. The differential expression of PDGF isoforms have been also seen in
other pathological conditions. In mice with obstructive uropathy [32], expressions of PDGF-
D and PDGF-B were increased in the kidney, while PDGF-A or PDGF-C proteins remained
unchanged. The possible meaning of having different isoforms vary in their expressions
remains to be elucidated. Reduced PDGF-B and PDGF-C expression in the infarcted heart
suggest that these PDGF isoforms may be the least effective of the four isoforms in cardiac
repair.
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It has been reported that other growth factor isoforms are differentially expressed in certain
pathological condition. In myoFb of Crohn’s disease, TGF-β2 is enhanced, but TGF-β3 is
reduced [33]. Thus, although the actions of the different isoforms of growth factors on cells
are qualitatively similar in most cases, there might be distinct activities among isoforms.

Cardiac remodeling, characterized as interstitial fibrosis, is often developed in the
noninfarcted myocardium in the late stage of MI, particularly in the heart with large
infarction, and contributes to ventricular dysfunction. Our study has shown that PDGF-D
expression was elevated at week 2 postMI and remained elevated thereafter. Cells
expressing PDGF-D were primarily interstitial fibroblasts. These observations suggest the
regulation of PDGF-D on fibrous tissue formation in the noninfarcted myocardium.

The PDGF are inactive in their monomeric forms. They form dimers and stimulate cellular
responses by binding to PDGFR on the cell surface. [34]. These two receptor isoforms
dimerize upon binding the PDGF dimer, leading to three possible receptor combinations,
namely -αα, -ββ and -αβ. PDGF-DD binds to PDGFR-ββ with high affinity. PDGF-AA
binds only to PDGFR-αα, while PDGF-BB is the only PDGF that can bind all three
receptor combinations with high affinity. Our results have shown the normal heart contains
PDGFR. Our study has further shown that both PDGFR-α and PDGFR-β mRNA and
binding density are elevated at the border zone and infarcted myocardium. Cardiac PDGFR
binding is displaced by ∼60% in the presence of unlabeled PDGF-AA, suggesting that the
heart contains ∼60% of PDGFR-α and ∼40% of PDGFR-β. The enhanced PDGFR is co-
localized with PDGF-A and PDGF-D in the infarcted myocardium. These observations
imply that PDGF-A and PDGF-D play a role in cardiac repair in an autocrine/paracrine
manner. PDGFR-β mRNA and binding density are also significantly increased at the
noninfarcted myocardium in the late stage of MI, which is correlated with elevated PDGF-
D, further supporting the regulation of PDGF-D in the development of interstitial fibrosis.

In summary, the current study has explored the expression of PDGF isoforms and PDGFR in
the infarcted rat heart. PDGF-A, PDGF-D and PDGFR were up-regulated in the infarcted
myocardium, demonstrating the contribution of PDGF to cardiac repair and heart recovery.
Increased PDGF-D and PDGFR in the noninfarcted myocardium suggests that PDGF-D is
involved in the development of interstitial fibrosis. Further studies are required to determine
whether blockade of PDGFR in the late stage of MI suppresses cardiac fibrosis and
improves ventricular function.
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Highlights

• Platelet-derived growth factor (PDGF) is a family of growth factors;

• The study explored the involvement of PDGF in cardiac repair/remodeling
postMI;

• PDGF isofomes are differentially expressed in the infarcted heart;

• PDGF-A/D and PDGFR were elevated in the infarcted heart;

• We conclude that PDGF regulates myocardial remodeling.
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Figure 1.
Cardiac PDGF-A expression: Compared to controls, PDGFA mRNA was increased at the
border zone within the first week postMI (panel A) and the infarcted myocardium from day
7 to day 42 (panel B). PDGF-A protein levels at the border zone (panel C) and infarcted
myocardium (panel D) were significantly reduced at day 1, elevated at day 3, peaked at day
14, then declined but remained higher than in controls.
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Figure 2.
Cells expressing PDGF-A and PDGF-D in the normal and infarcted heart:
Immunohistochemistry showed positive PDGF-A (panel A) and PDGF-D (panel D) staining
in the interstitial cells of the normal heart. Following MI, strong PDGF-A and PDGF-D
staining was seen in the border zone (panels B and E, respectively) and infarcted
myocardium (panels C and F, respectively) at day 7, where cells expressing PDGF-A and
PDGF-D were primarily inflammatory cells (black arrow), myoFb (green arrow) and
vascular smooth muscle cells and endothelial cells (red arrow). Nec: necrotic myocardium.
X400
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Figure 3.
Cardiac PDGF-B expression: Compared to controls, PDGF-B mRNA remained unchanged
at the border zone (penal A), while levels decreased in the infarcted myocardium after week
2 (panel B). PDGF-B protein levels at the border zone (panel C) and infarcted myocardium
(panel D) were significantly reduced for over the course of 6 weeks.
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Figure 4.
Cardiac PDGF-C expression: Compared to controls, PDGF-C mRNA was decreased at the
border zone (panel A) and infarcted myocardium (panel B). PDGF-C protein levels at the
border zone (panel C) and infarcted myocardium (panel D) were also reduced for over the
course of 6 weeks of the observation period.
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Figure 5.
Cardiac PDGF-D expression: Compared to controls, PDGF-D mRNA in the border zone
(panel A) and infarcted myocardium (panel B) were decreased at day 1 postMI, significantly
increased at day 3 and remained elevated thereafter. PDGF-D protein levels at the border
zone (panel C) and infarcted myocardium (panel D) were significantly increased, peaking at
day 7.
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Figure 6.
Cardiac PDGFR gene expression: Compared to controls, PDGFR-α mRNA was
significantly increased in the border zone (panel A) and infarcted myocardium (panel C) in
both early and late stages of MI, whereas levels were only increased in the noninfarcted
myocardium in the late state of MI (panel E). Similarly, PDGFR-β mRNA was increased in
the border zone (panel B) and infarcted myocardium (panel D) in the early and late stage of
MI. PDGF-β mRNA was elevated in the noninfarcted myocardium after week 2 (panel F).
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Figure 7.
Cardiac PDGFR binding density and subtypes: As detected by quantitative in vitro
autoradiography, PDGFR was observed in the normal myocardium (panel A). Following
MI, PDGFR levels were increased in the infarcted myocardium at day 3 (panel B) and
remained elevated at day 7, 14, 28, and 42 (panels C–F). PDGFR in the noninfarcted
myocardium remained unchanged at day 3 and 7 and then increased from day 14 to 42.
PDGFR binding was partially displaced by PDGF-AA in the control (panel G) and infarcted
heart (panel H).
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Figure 8.
Quantitative PDGFR binding density and subtypes: PDGFR binding in the infarcted and
noninfarcted myocardium is shown in panels A and B, respectively. PDGFR subtypes
assessed by displacement assay are shown in panels C and D, respectively.

Zhao et al. Page 18

J Mol Cell Cardiol. Author manuscript; available in PMC 2013 April 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


