
Primary Cardiomyocyte Targeted Bioreducible Polymer for
Efficient Gene Delivery to the Myocardium

Hye Yeong Nam, Arlo McGinn, Pyung-Hwan Kim, Sung Wan Kim, and David A Bull

1. Introduction
A diverse range of non-viral gene delivery carriers has been developed and studied as
alternatives to viral gene delivery carriers. The advantages of non-viral gene delivery carriers
include: non-immunogenicity, flexibility in DNA cargo capacity, convenience in handling and
manufacture, and effectiveness in therapeutic gene incorporation [1–3]. There are also potential
drawbacks to non-viral gene delivery carriers including: lower in vivo transfection efficiency,
cytotoxicity, and lack of cell-specific targeting [4,5]. These potential drawbacks have
previously limited the adoption of non-viral gene delivery carriers for in vivo gene therapy. To
address these potential drawbacks, a new generation of polymeric gene carriers has been
developed. Biodegradable linkages and cell-penetrating peptide modifications have been
introduced to non-viral gene carriers to improve transfection efficiency and cell viability [6–
15]. These modifications, however, do nothing to improve cell-targeting specificity. This lack
of cell-targeting specificity has been a major obstacle to the application of polymeric gene
carriers to the treatment of cell-type specific diseases, including central nervous system and
cardiovascular diseases. Previous studies have suggested that it may be possible to develop
specific ligand-modified gene delivery carriers which would offer some degree of cell
selectivity [16,17].

PCM is an isolated phage that displays a 20 amino acid peptide
(WLSEAGPVVTVRALRGTGSW) and binds primary cardiomyocytes 180 times more avidly
than control phages [18,19]. For this study, the PCM peptide sequence was used as a specific
cardiomyocyte targeting ligand for the delivery of genes for the potential treatment of
cardiovascular disease. Cardiovascular disease is the leading cause of death in the United
States. Cardiomyocyte apoptosis is a central pathophysiologic mechanism which underlies the
development of cardiovascular disease [20]. The Fas gene has been identified as an inducer of
cardiomyocyte apoptosis, and many studies using Fas siRNA have demonstrated that inhibition
of Fas in turn inhibits cardiomyocyte apoptosis without immune stimulation [21–25]. In this
study, we describe the ability of our newly synthesized PCM-modified bioreducible polymer
carrier containing Fas siRNA to down regulate Fas gene expression and inhibit cardiomyocyte
apoptosis.

Recently, we demonstrated that disulfide-linked bioreducible polymers are more efficient than
PEI for the intracellular delivery of siRNA [26,27]. This increased efficiency is likely due to
enhanced decomplexation of the siRNA/bioreducible polymer polyplexes as a result of
degradation of the disulfide bonds in the reductive environment of the cytoplasm. In this study,
the synthesis of PCM-modified bioreducible poly(CBA-DAH), (PCD) and its characterization

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Biomaterials. Author manuscript; available in PMC 2011 November 1.

Published in final edited form as:
Biomaterials. 2010 November ; 31(31): 8081–8087. doi:10.1016/j.biomaterials.2010.07.025.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



were reported. The specific cardiomyocyte targeting of the PCM modification was evaluated
as compared to NIH 3T3 fibroblasts, and the higher cellular binding and uptake toward
cardiomyocytes was examined using competition assay with free PCM peptide. To investigate
Fas siRNA delivery into cardiomyocyte, gene silencing and the anti-apoptotic effects were
measured by real-time RT PCR and FACS analysis.

2. Materials and Methods
2.1. Materials

Hyperbranched poly(ethylenimine) (bPEI, Mw = 25 kDa), tert-butyl-N-(6-aminohexyl)
carbamate (N-Boc-1,6-diaminohexane, N-Boc-DAH), trifluoroacetic acid (TFA),
triisobutylsilane (TIS), and 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide
(MTT) were purchased from Sigma-Aldrich (St. Louis, MO). N, N′-Cystaminebisacrylamide
(CBA) was purchased from PolySciences, Inc. (Warrington, PA). The plasmid pCMV-Luc,
containing a firefly luciferase reporter gene, which was inserted into a pCI plasmid vector with
the CMV promoter (Promega, Madison, WI), was amplified in E. coli DH5R and isolated using
a standard Maxiprep kit (Invitrogen, Carlsbad, CA). The Luciferase assay system and reporter
lysis buffer were purchased from Promega (Madison, WI). All cell culture products including
fetal bovine serum (FBS), Dulbecco’s phosphate buffered saline (PBS), antibiotics, trypsin-
EDTA and Dulbecco’s modified Eagle’s medium (DMEM) were obtained from Invitrogen
(Gibco BRL, Carlsbad, CA). For FACS analysis, YOYO-1 iodide (1 mM solution in DMSO)
and PI staining solution (1.0 mg mL) were also purchased from Invitrogen. Cysteine-terminated
PCM peptide (NH2CWLSEAGPVVTVRALRGTGSW-CONH2, Mw ~2,245 Da) was
synthesized and purified by HPLC by the Health Sciences Center core research facilities at the
University of Utah (Salt Lake City, UT). siRNAs were chemically synthesized and supplied
by Dharmacon Co. (Lafayette. CO). The target sequence used for rat Fas siRNA was ACA
CGG ACA GGA AAC ACT A. Green fluorescent protein (GFP) siRNA (target sequence:
GCA CGA CTT CTT CAA GTC C) was used as the control siRNA without sequence homology
to the Fas gene.

2.2. Synthesis of the PCM-Conjugated Polymer, PCM-poly (CBA-DAH) (PCM-PCD)
Poly(CBA-DAH), (PCD) was synthesized as described previously [28]. Briefly, PCD was
synthesized by Michael reaction of equivalent moles of N-Boc-DAH and CBA in aqueous
MeOH (9:1, v/v) at 60 °C for 4 days. The reaction was terminated with 10% mole excess of
N-Boc-DAH and further reacted for one day. After precipitation with diethyl ether, the Boc
groups were de-protected by the reagent solution (TFA:triisobutylsilane: H2O= 95: 2.5: 2.5,
v/v) in an ice bath for 30 min. The crude product was then dialyzed against ultrapure water
with dialysis membrane (MWCO=1,000 Da), followed by lyophilization. The synthesized PCD
had an average molecular weight of 6,250 Da (polydispersity index, 1.13), which was
determined by size exclusion chromatography (SEC, Superose 12 column) with standard poly
[N-(2-hydroxypropyl) methacrylamide].

PCD was activated with 2.5 molar equivalents of the hetero-bifunctional linker, SM (PEG)2
(Pierce, Rockford, IL), per 10 DAH groups of the PCD in anhydrous DMF for 4 h at room
temperature and purified with a desalting column. Cysteine-terminated PCM (-SH) was added
to the activated polymer and the reaction mixture was stirred overnight at room temperature.
The crude product was purified with precipitation and dialysis (MWCO=3,000 Da). After
lyophilization, the synthesis of PCM-PCD was confirmed by 1H NMR (400 MHz, D2O), SEC
and UV/Vis spectrophotometery.
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2.3. Polyplex Formation and Characterization
The plasmid DNA or siRNA condensing ability of PCM-PCD was examined by agarose gel
electrophoresis. Polyplexes were prepared in HEPES Buffered Saline (HBS, 10 mM HEPES,
1 mM NaCl, pH 7.4) at various weight ratios. An agarose gel (1.0%, w/v) containing a SYBR
gel staining solution was prepared in TAE (10 mM Tris/HCl, 1% (v/v) acetic acid, 1mM EDTA)
buffer. After 30 min of incubation at room temperature, the samples were electrophoresed at
100 V for 30 min, and the migration of DNA bands was visualized with a UV illuminator using
a Gel Documentation System (Bio-Rad, Hercules, CA).

For particle size measurement, a fixed amount of DNA (5 μg) and siRNA (3 μg) were
complexed with different amounts of polymers in 0.4 mL HBS buffer. After 30 min incubation
at room temperature, the polyplex solution was diluted 10-fold with deionized water. Zeta-
potential values and average sizes of the polyplexes were examined using a Zetasizer 3000HS
(Malvern Instruments, USA) with a He–Ne Laser beam, 633 nm fixed scattering angle of 90°
at 25 °C.

2.4. Cytotoxicity
The cytotoxicity of the polyplexes was measured by MTT assay. The cells, NIH 3T3 and H9C2,
were seeded in 24-well plates at a density of 5.0 × 104 cells/well and incubated for 24 h in
DMEM medium containing 10% FBS at 37 °C. Polyplexes were formed with plasmid DNA
(0.5 μg/well) at different weight ratios and incubated for 30 min. The cells were treated with
the formed polyplexes for 4 h in serum-free DMEM, followed by 24 h further incubation in
DMEM medium with 10% FBS. The MTT solution (50 μL, 2 mg/mL) was then added and
cells were further incubated for 2 h at 37 °C. After the medium was removed, DMSO (300
μL) was added to each well. The absorption was measured at 570 nm using a microplate reader
(model 680, Bio-Rad Laboratory, Hercules, CA). The cell viability was determined as a
percentage relative to untreated control cells. All experiments were performed in triplicate.

2.5. In Vitro Transfection Study
2.5.1. Luciferase Assay—For the Luciferase assay, the NIH 3T3 and H9C2 cells were
seeded in 24-well plates at a density of 5.0 × 104 cells/well and incubated for 24 h in DMEM
medium containing 10% FBS at 37 °C. Plasmid DNA (0.5 μg/well) was complexed with
polymer at different weight ratios and incubated for 30 min. The cells were treated with the
polyplexes for 4 h in serum-free media and then further incubated for 2 days in DMEM medium
containing 10% FBS. The cells were rinsed with DPBS and treated with 200 μL of reporter
lysis buffer, followed by shaking for 30 min at room temperature. Luciferase activity was
measured by using 100 μL of luciferase assay reagent on a luminometer (Dynex Technologies
Inc., Chantilly, CA). All experiments were performed in triplicate.

2.5.2. Fas Gene Silencing and Apoptosis Assay—H9C2 cells were seeded in a 6-well
plate at a density of 1.0 × 105 cells/well and maintained for 24 h in DMEM medium containing
10% FBS. Fas siRNA (1.0 μg) was complexed with polymer at different weight ratios and
incubated for 30 min. The cells were treated with polymer:Fas siRNA polyplexes for 4 h in
serum-free media and then further incubated for 24 h in fresh DMEM medium containing 10%
FBS. For hypoxic conditions, the cells transfected with Fas siRNA polyplexes were incubated
in a hypoxia chamber (BD GasPak EZ system, San Diego, CA), which catalytically reduces
oxygen to undetectable levels within 150 min [29]. The media was also changed to a hypoxic
DMEM medium with low glucose that had been placed in the GasPak chamber 24 h before the
experiments. Then, the cells were stimulated with 1 μg anti-Fas antibody/ml (MBL
International Corporation, Watertown, MA) to induce Fas-mediated apoptosis. The cells were
incubated under hypoxic conditions for 48 h at 37 °C. For surface Fas detection, the cells were
collected and washed twice with washing buffer (PBS containing 2% FBS) and then incubated
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with anti-Fas antibody (MBL International Corporation) at 4 °C for 1 h and washed with
washing buffer. FITC-labeled anti-mouse IgG (MBL International Corporation) was added to
the cells for 30 min at 4 °C. The extent of Fas expression by the cells was detected by flow
cytometry on the FL1 channel (FACS Caliber, Becton-Dickinson, Mountain View, CA) using
Cell Quest software. A total of 10,000 events were acquired for each analysis.

2.5.3. Quantitative Real-Time PCR—Total RNA was isolated from the transfected H9C2
cells using TRIzol® Reagent (Invitrogen, Carlsbad, CA), according to the manufacturer’s
instructions. A reverse transcription reaction was performed with 1 μg pure total RNA using
SuperScript™ III (Invitrogen, Carlsbad, CA), and quantitative realtime PCR was performed
using a 7500 Fast Real-Time PCR System(Applied Biosystems, Foster City, CA, USA). 2μl
of cDNA and Gene expression PCR Master Mix (Applied Biosystems) was used for PCR.
Quantification of Fas gene expression in H9C2 cells was performed with Taq-Man Gene
Expression Assays® (Applied Biosystems). All reactions were done in a 20 μl reaction volume
following the manufacturer’s instructions. The PCR amplification reaction was carried out at
50°C for 2 min, at 95°C for 10 min, followed by 40 cycles of 95 °C for 15 s and at 60 °C for
1 min. The level of target gene Fas expression was determined by the comparative Ct method,
whereby relative amounts of Fas mRNA were normalized to GAPDH mRNA.

To measure apoptotic cells, the apoptotic cell fraction (sub-G0/1) was measured by flow
cytometry using PI staining after 48 h incubation. The cells were collected, washed twice with
cold PBS and fixed with a 70% EtOH solution for 30 min at −20 °C. The cells were stored in
PI staining solution (Invitrogen) for 4 h at 4 °C in the dark according to the manufacturer’s
protocol. The fluorescence profiles of the PI-stained cells were collected on the FL2 channel
by flow cytometry.

2.6. Cellular Binding and Uptake and Competition Assay using Flow Cytometry
NIH 3T3 and H9C2 cells were seeded at a density of 2.0 × 105 cells/well in a 6-well plate in
DMEM medium containing 10% FBS and grown for 24 h. pDNA was labeled with YOYO-1
iodide (1 molecule of the dye per 20 base pairs of nucleotide) 30 min before use. The polyplexes
were prepared with YOYO-1 labeled plasmid DNA (pDNA 1.0 μg) and polymers. After 30
min incubation, the cells were treated with polyplex for 3 h at 37 °C in serum-free medium.
For the competition assay, the polyplexes were co-incubated with free PCM peptide. After
removing the medium, the cells were washed with PBS, trypsinized and collected by
centrifugation. The collected cells were suspended in 1 mL PBS, and cellular uptake was
examined using a BD FACScan analyzer.

2.7. Statistical analysis
Results are expressed as mean values ± standard deviation (SD). Differences between groups
were assessed by one-way analysis of variance (ANOVA) using SPSS 12.0 software (SPSS
Inc., Chicago, IL, USA). One-way ANOVA followed by Tukey post hoc analysis was used to
identify significance between groups.

3. Results and Discussion
3.1. Development and Evaluation of Peptide-Modified Polymers

The sequence of PCM, (a 20 amino acid peptide, WLSEAGPVVTVRALRGTGSW) selected
by in vitro bio-panning, showed a high selectivity for cardiomyocytes. PCM modification was
performed by conjugating a cysteine-terminated PCM to an activated poly(CBA-DAH) using
a SM(PEG)2 cross-linker. PCM conjugation to PCD was confirmed and determined by UV/
Vis and 1H-NMR spectrophotometry. The presence of the PCM peptide and PEG spacers on
PCD was confirmed by the NMR peaks of tryptophan (W, aromatic ring, 5.9–6.9 ppm) and
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PEG (CH2CH2O, 3.6 ppm). The molar ratio of PCM peptide conjugated to PCD was
determined by quantifying absorbance at 280 nm using UV/Vis spectrophotometry. The
conjugation ratio through NMR and UV/Vis spectrophotometry was found to be, on average,
1 PCM per 6 DAH amines of PCD. The average molecular weight of PCD-PCM was also
measured by an FPLC-SEC system (SEC, Superose 12 column). The molecular weight of
PCM-PCD was estimated to be 15 kDa and its polydispersity index was 1.19.

3.2. Complex Formation and Characterization of Polyplexes
Cationic polymers formed complexes with polyanionic DNA (or siRNA) by self-assembly.
Complex formation with PCM-modified PCD was examined by agarose gel electrophoresis
(Figure 1). The polyanionic genes were condensed with the positively charged polymer at
increasing weight ratios and studied for electrophoretic mobility in a gel retardation assay.
PCM-PCD alone was not able to complex genes and demonstrated the native plasmid DNA
(or siRNA) band in the gel retardation assay migrating uninhibited up to a weight ratio of 10.
For more precise analysis and confirmation of complex formation, DLS was used to assess
polyplex sizes. PCM-PCD/DNA alone was not able to form stable and compact nanoparticles,
with nanoparticle sizes greater than 400 nm for all weight ratios, too large for efficient gene
delivery [30]. The inability of PCM-PCD to form compact polyplexes may be due to the loss
of cationic charge necessary for interaction with polyanionic genes, caused by the conjugation
of PCM to the polymer via amine functional groups.

The overall percentage of conjugation of PCM to the primary amines of PCD was 20%. PCM
modification of PCD results in a loss of positively charged primary amines and increased
rigidity of PCD due to the presence of the additional PCM peptides. The decrease in cationic
charge of the PCD with the addition of the PCM was detected by the potential values of the
polyplex, for which the zeta potentials of the PCM-PCD/plasmid DNA polyplexes were
significantly lower (+23.3 mV) than the measured potential of the unmodified PCD polyplexes
(+38.1 mV) at the same weight ratio. To overcome this problem, PCM-PCD was mixed with
unmodified PCD. By mixing DNA and siRNA with both PCM-conjugated PCD and
unconjugated PCD, stable polyplexes could be formed. As shown in Figure 1, the extra cationic
character added by unconjugated PCD enabled the PCD/PCM-PCD (1:1, w/w) mixture to
completely condense plasmid DNA into particles with diameters less than 200 nm at a weight
ratio of over 40:1. For siRNA, polypex formation followed a similar pattern (data not shown).
These results show that the PCM modified bioreducible polymer can be formulated to complex
with polyanionic genes efficiently, and the size of that complex is appropriate for effective
gene delivery.

3.3. Cell Selectivity and Specific Binding to Cardiomyocytes
Luciferase assay and flow cytometry was used to quantify the specificity of PCM-modified
polymer/pDNA (or siRNA) for gene delivery to cardiomyocytes. The transfection experiments
with PCM-modified PCD were performed in H9C2 and NIH 3T3 cells. The PCM-PCD showed
significantly increased reporter gene expression compared to the expression observed
following transfection with unmodified PCD at weight ratios of greater than 40:1 in H9C2
cells, but there was no significant difference between the two polymers when transfecting NIH
3T3 cells (Figure 2). In addition, in vitro cytotoxicity by MTT assay showed good cell viability
after transfection using PCM-PCD polyplexes, similar to that seen with nontoxic bioreducible
PCD alone (Figure 2).

The binding and uptake by H9C2 cells of PCM-PCD nanoparticles mixed with PCD was
investigated by FACS analysis using YOYO-1 labeled DNA. There was no difference in
cellular uptake in non-cardiomyocyte NIH 3T3 cells. However, PCM-modified nanoparticles
displayed significantly greater cellular binding and uptake in H9C2 cells than in NIH 3T3 cells.
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The PCM-PCD nanoparticles also showed greater binding and uptake than PCD in H9C2 cells
(Figure 3). These results indicate that a bioreducible polymer conjugated with PCM residues
has the ability to differentiate between cardiomyocyte and non-cardiomyocyte cell types.
Specific cellular binding of PCM peptide was further confirmed by competition experiments
through co-incubation with an excess of free PCM ligand. As shown by FACS analysis (Figure
3), the presence of the excess free PCM peptide blocked the uptake of the PCD modified with
PCM peptide. Binding and cellular uptake was decreased from 75% to 33% in the presence of
the PCM competitive ligand. These transfection experiments and cellular uptake studies
indicate that the PCM-conjugated polymer is able to bind specifically to H9C2 cells,
demonstrating the specific cardiomyocyte targeting ability which can be achieved with the
addition of PCM to PCD.

3.4. Fas siRNA Delivery to H9C2 Cells Using Peptide-Modified Carriers
3.4.1. Fas Gene Silencing Evaluation—The cardiomyocyte-targeting PCM-conjugated
polymer was evaluated for Fas siRNA delivery to cardiomyocytes for prevention of
cardiomyocyte apoptosis. The ability of Fas gene silencing by PCM-polymer/Fas siRNA
polyplexes to inhibit apoptosis under hypoxic conditions was verified in H9C2 cells by flow
cytometry [31]. FACS demonstrated that Fas was expressed in 65% of all cells under hypoxic
conditions, as compared to being expressed in only 10% of cells under normoxic conditions.
Fas expression was decreased by Fas siRNA delivered by the bioreducible polymers PCD and
PCD/PCM-PCD. We have previously reported efficient siRNA delivery using bioreducible
polymers [27]. There was an improvement in Fas gene silencing with the PCM-modified PCD
carrier compared to the unmodified PCD carrier (P<0.05) (Figure 4).

Real-time-PCR was performed to confirm Fas gene silencing in H9C2 cells (Figure 4C). The
mRNA expression of Fas was significantly reduced in H9C2 cells transfected with Fas siRNA
using PCD and PCM-PCD as compared to GFP siRNA-transfected or non-transfected
cardiomyocytes. Quantitative real-time PCR analysis demonstrated a 77% reduction in Fas
gene expression in H9C2 cells treated with Fas siRNA delivered using the PCM-PCD/PCD
carrier compared to non-transfected control cells. This Fas gene silencing as measured by
FACS analysis and real-time PCR appears to be due to the targeted delivery of PCM-PCD/Fas
siRNA polyplexes into cardiomyocytes.

3.4.2. Anti-Apoptotic Effect—The cardiomyocyte-targeted anti-apoptotic effects of PCM-
conjugated polymer with Fas siRNA were evaluated in H9C2 cells after exposure to hypoxia.
Propidium iodide (PI) flow cytometric assays and MTT assays were performed after
transfection with Fas siRNA and exposure to hypoxic conditions (Figure 5). Under normoxic
conditions, cells were healthy and few were in the sub-G0/1 phase (apoptotic and necrotic cells,
5.72 ± 1.3%), whereas the percentage of apoptotic cells under hypoxic conditions was 34.8 ±
2.3%. Incubation with PCD/PCM-PCD Fas siRNA under hypoxic conditions displayed
significantly higher cell viability (69.6 ± 2.9%, P<0.05) for transfected cells than non-
transfected cells. The sub-G0/1 population was also reduced significantly in transfected cells,
to 17.8 ± 3.9%, compared to the non-transfected cells under hypoxic conditions. There was no
significant difference in apoptotic populations between cell groups under normoxic conditions.
These results suggest that the PCM-modified bioreducible polymer/Fas siRNA polyplexes
facilitate Fas gene silencing and inhibit apoptosis in cardiomyocytes under hypoxic conditions.

4. Conclusion
In this study, we report the development of a cardiomyocyte-targeting polycationic polymer
for siRNA delivery to silence Fas gene expression and inhibit cardiomyocyte apoptosis.
Cardiomyocyte apoptosis is a pathophysiologic mechanism underlying a number of forms of
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heart disease. The synthetic PCM peptide is an especially promising moiety for targeting
cardiomyocytes. PCM modified polymers can efficiently and specifically bind
cardiomyocytes, improving transfection efficiency without significant cytotoxicity. We
believe that PCM modification is a promising approach for cardiomyocyte-targeted siRNA
delivery to inhibit cardiomyocyte apoptosis.
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Figure 1.
Polyplex formation assay. (A) Agarose gel electrophoresis retardation assay of plasmid DNA
(a) and siRNA (b) by PCM-PCD/PCD (1:1). Plasmid DNA or siRNA only (0. 5 μg, lane 1),
Weight ratios of polymer/DNA = 1, 2, 5, 10 and 20 (lanes 2, 3, 4, 5 and 6, respectively). (B)
Polyplex size measurement with plasmid DNA at various weight ratios (n=3).
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Figure 2.
Transfection efficiency and cytotoxicity of polymers/pDNA in H9C2 and NIH 3T3 cells. Each
data point represents the mean ± standard deviation (n = 3). (A) For luciferase activity, cells
were differentiated for 2 days. Results were expressed as RLU/well at various weight ratios.
(B) Relative cell viability at various weight ratios of polyplexes was evaluated by MTT assay.
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Figure 3.
Cellular binding or uptake assay and competition experiment by flow cytometry. (A)
Fluorescence histogram intensity of averaged cellular binding and uptake with YOYO-1-
labeled pDNA in NIH 3T3 cells and H9C2 cells, and plotted as fluorescence intensity vs. count
plot. For competition assays with free ligand to H9C2 cells, excess free ligand was incubated
with the cells before treatment with nanoparticles. (B) Cellular binding % gated in M1 region
in H9C2 cells. Each data point represents the mean ± standard deviation (n = 3). ** = P < 0.01
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Figure 4.
Cardiomyocyte-targeted Fas gene silencing of PCM modified bioreducible polymer. (A) The
representative histogram of Fas expression in H9C2 cells transfected by Fas siRNA
formulations under normoxic or hypoxic conditions. The Fas expressed cells were measured
by flow cytometry. (B) The graph indicates the results of Fas expressed H9C2 cells gated by
M region. * = P < 0.05 vs all other groups. (C) The relative FAS expression level under hypoxia
was normalized to that in non-treated H9C2 cells (control, 100%). * = P < 0.05 vs all other
groups

Nam et al. Page 12

Biomaterials. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Anti-apoptotic effect of PCM modified bioreducible polymer H9C2 cells. (A) Cell viability
was determined by MTT assay. (B) The graph indicates the sub-G1 cell fractions of apoptotic
cells after PI staining after 48 h. All experiments were performed in triplicate. The data are
expressed as the mean ± SD. * = P < 0.05 compared to untreated and scrambled si-RNA (GFP
si-RNA) under hypoxia.
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