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PDES5 inhibitors enhance the lethality of standard
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We determined whether clinically relevant phosphodiesterase 5 (PDE5) inhibitors interacted with clinically relevant
chemotherapies to kill medulloblastoma cells. In medulloblastoma cells PDE5 inhibitors interacted in a greater than
additive fashion with vincristine/etoposide/cisplatin to cause cell death. Knockdown of PDE5 expression recapitulated
the combination effects of PDE5 inhibitor drugs with chemotherapy drugs. Expression of dominant negative caspase
9 did not significantly inhibit chemotherapy lethality but did significantly reduce enhanced killing in combination with
the PDES5 inhibitor sildenafil. Overexpression of BCL-XL and c-FLIP-s suppressed individual and combination drug toxici-
ties. Knockdown of CD95 or FADD suppressed drug combination toxicity. Treatment with PDE5 inhibitors and chemo-
therapy drugs promoted autophagy which was maximal at ~12 h post-treatment, and in a cell type-dependent manner
knockdown of Beclin1 or ATG5 either suppressed or enhanced drug combination lethality. PDE5 inhibitors enhanced the
induction of chemotherapy-induced DNA damage in a nitric oxide synthase-dependent fashion. In conclusion, our data
demonstrate that the combination of PDES5 inhibitors with standard of care chemotherapy agents for medulloblastoma
represents a possible novel modality for future treatment of this disease.

Introduction

Medulloblastoma is a highly malignant central nervous sys-
tem tumor that predominantly affects children and adolescents.
They are the most common primary central nervous system
malignancies in children and adolescents, accounting for 18%
of primary CNS tumors in this age group."> Medulloblastomas
occur predominantly in the cerebellum or posterior fossa of the
brain and are commonly associated with the fourth ventricle.
Due to the anatomical location, children often present with
symptoms of obstructive hydrocephalus and intracranial hyper-
tension. Symptoms and signs include headache, nausea, vomit
ing, depressed level of consciousness, dysphagia, dysarthria, and
ataxia. Current treatment options including aggressive surgical
resection followed by high dose chemotherapy and adjuvant
neuraxis radiotherapy provide a 5-y progression free survival rate
aslow as 50%."? Post-surgical treatments demonstrate significant

*Correspondence to: Paul Dent; Email: pdent@vcu.edu

toxicities to patients. Thus there remains an unmet need for more
targeted, potent, well tolerated therapies.

The erection dysfunction drugs sildenafil (Viagra), varde-
nafil (Levitra), and tadalafil (Cialis) inhibit phosphodiesterase 5
(PDES5), the predominant phosphodiesterase enzyme in the cor-
pus cavernosum, which is essential for vascular smooth muscle
contraction through elevation of cGMP levels.* PDE5 inhibi-
tors also protect the heart against ischemia/reperfusion injury
and doxorubicin-induced cardiomyopathy. The cardioprotective
effect of PDES5 inhibitors is attributed to suppressing apoptosis
and necrosis. Downstream of reduced PDES5 function, the effects
of elevated cGMP levels include enhanced expression of nitric
oxide synthase (NOS) enzymes, particularly endothelial NOS
(eNOS) and inducible NOS (iNOS) and activation of protein
kinase C isoforms and protein kinase G

PDES5 expression is also increased in multiple human car-
cinoma cell types including breast, colon, bladder, and lung
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At high non-physiologic levels sildenafil and varde-
nafil suppress tumor cell growth and induce caspase-dependent
apoptosis in B-CLL cells.” The PDES inhibitors sildenafil and
vardenafil are also multidrug resistance transporter inhibitors
suggesting they may be useful in the treatment of CNS-localized
diseases where drug penetration across the blood-brain barrier
is an issue.'® More recently in collaboration we have shown in
prostate cancer cells and flank tumors that high concentrations
of PDES5 inhibitors enhance doxorubicin lethality, and protect
the heart from doxorubicin toxicity.” Mitochondrial reactive
oxygen species (ROS) is one key component of anti-tumor activ-
ity of doxorubicin in tumor cells. In prostate cancer cells ROS/
reactive nitrogen species (ROS/RNS) levels in doxorubicin- and
sildenafil-treated cells were greater than those in either PDE5
inhibitor alone or doxorubicin alone.

The present studies were designed to determine whether and
how PDE5 inhibitors interacted with standard of care chemo-
therapeutic agents to kill medulloblastoma cells.

Results

Initial studies examined whether there was a lethal interaction
between PDES5 inhibitors and standard of care chemotherapeu-
tic agents for medulloblastoma. In short-term cell killing assays,
sildenafil enhanced the lethality of vincristine, cisplatin, and
etoposide in two established and two primary medulloblastoma
cell lines (Fig. 1A-D). Similar data to that using sildenafil were
obtained using the chemically unrelated PDES5 inhibitor tadalafil
(Fig. 1E). In long-term colony formation assays transient expo-
sure to sildenafil enhanced the lethality of etoposide in a dose-
dependent fashion; combination index values for the interaction
between sildenafil and etoposide were less than 0.70 indicative of
a synergy of interaction (Fig. 1F).

We then determined whether the PDES inhibitors were acting
in an on-target manner; knockdown of PDE5 enhanced chemo-
therapy toxicity arguing for an on-target PDE5-dependent effect
(Fig. 1G). Similar data were obtained in the primary HOSS1
cell isolate (data not shown). One mechanism by which PDE5
inhibitors are thought to act is via cGMP-induced expression
of nitric oxide synthase (NOS) and increase intracellular levels
of the second messenger NO. Incubation of cells with the NOS
inhibitor L-NAME suppressed cell killing, collectively arguing
that a cGMP/nitric oxide axis was being stimulated as part of the
killing process (Fig. 1H).

We next attempted to determine the molecular mechanisms
by which the drug combination of sildenafil and etoposide killed
tumor cells e.g., caspase 9/intrinsic pathway, caspase 8/extrinsic
pathway, autophagy, and necrosis. Incubation of cells with the
pan-caspase inhibitor ZVAD suppressed cell killing by sildenafil
and etoposide (Fig. 2A). Inhibition of caspase 9 or inhibition of
caspase 8 using small molecule inhibitors also suppressed cell kill-
ing by sildenafil and etoposide. Expression of a dominant nega-
tive caspase 9 protein in a cell type-dependent manner reduced
overall killing but did not prevent sildenafil enhancing chemo-
therapy toxicity (Fig. 2B—E). Overexpression of either the mito-
chondrial protective protein BCL-XL or the caspase 8 inhibitor
c-FLIP-s more consistently prevented sildenafil/PDE 5 inhibitor
enhancing chemotherapy toxicity across the cell lines. The data
with the caspase 8 inhibitor ¢-FLIP-s and the mitochondrial pro-
tective protein BCL-XL suggests both death receptor and mito-
chondrial signaling as part of the combinatorial killing process.
The combination of sildenafil with chemotherapies increased
plasma membrane surface levels of the death receptor CD95 and
knockdown of CD95 expression or Fas-associated death domain
protein (FADD) expression suppressed the toxic interaction
between sildenafil and etoposide (Fig. 2F, data not shown).

We then determined whether changes in autophagy played
any role in sildenafil + chemotherapy-induced killing. Combined
exposure of cells to sildenafil and etoposide resulted initially in
enhanced LC3-GFP vesicularization indicative of early autopha-
gosome formation that was temporally followed by LC3-RFP
vesicularization indicative of endosome acidification, that cor-
related with enhanced LC3II protein levels and reduced protein
levels of the protein p62 and the protein LAMP2 suggesting
that autophagic protein degradation was occurring (Fig. 3A-C).
Knock down of the autophagy regulatory proteins Beclinl or
ATGS protected DAOY and D283 cells from drug combination
toxicity (Fig. 3D and E). However, to our surprise, we found that
inhibition of autophagy in HOSSI cells was protective as judged
by increased killing with sildenafil and sildenafil + etoposide
in cells lacking expression of either ATGS5 or Beclinl (Fig. 3F).
Thus the appearance of autophagy following sildenafil + etopo-
side cannot simplistically be associated with being a “toxic” or a
“protective” observation.

Multiple protein kinases regulate the formation of autophagic
vesicles, most notably the kinase mTOR; a kinase downstream of
PI3-kinase and AKT. Treatment of cells with sildenafil + etopo-
side caused inactivation of AKT, mTOR and p70 S6K (Fig. 4A).

Overexpression of an activated form of the kinase mTOR

control.

Figure 1 (See next page). PDE5 inhibitors interact with established cytotoxic chemotherapy agents to kill multiple medulloblastoma cell lines.
(A-D) D283, DAQY, HOSS1, and VC312 cells were treated with chemotherapy drugs and sildenafil, as indicated. Cells were isolated after 24 h and viabil-
ity determined by trypan blue exclusion (n = 3, £ SEM) *P < 0.05 greater than corresponding value in vehicle control. (E) DAQY cells were treated with
chemotherapy drugs and tadalafil, as indicated. Cells were isolated after 24 h and viability determined by trypan blue exclusion (n = 3, + SEM) *P < 0.05
greater than corresponding value in vehicle control. (F) DAQY cells, plated as single cells were treated with etoposide and/or sildenafil for 24 h. Colonies
were permitted to form (n = 3, £ SEM) *P < 0.05 less than ETO alone value. (G) DAOY cells were transfected with scrambled siRNA or to knock down
expression of PDE5. Thirty-six hours after transfection cells were treated with increasing doses of etoposide. Cells were isolated after 24 h and viability
determined by trypan blue exclusion (n = 3, £ SEM) *P < 0.05 greater than corresponding value in siSCR control. (H) HOSS1 cells were pre-treated with
PBS vehicle (VEH) or the iNOS inhibitor L-NAME (10 .M). Thirty minutes later cells were treated with vehicle, etoposide, sildenafil, or the drugs in com-
bination. Cells were isolated after 24 h and viability determined by trypan blue exclusion (n = 3, £ SEM) #P < 0.05 less than corresponding value in VEH
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Figure 2. The toxic interaction between PDE5 inhibitors and chemotherapy is blocked by overexpression of BCL-XL or c-FLIP-s. (A) DAOY cells were
treated with zVAD, LEHD, or IETD (all 50 M) followed by drugs and viability determined by trypan blue exclusion (n = 3, £ SEM). (B-E) HOSS1, D283, and
DAOY cells were infected with empty vector adenovirus (CMV) or three other viruses to express dominant negative caspase 9 (dn casp 9), BCL-XL, and
c-FLIP-s respectively. Thirty-six hours after infection cells were treated with drugs and viability determined by trypan blue exclusion (n = 3, £ SEM) *P
< 0.05 less than corresponding value in CMV control. (F) DAOY cells were transfected with scrambled siRNA (siSCR) or siRNA molecules to knock down
expression of CD95 or FADD (siCD95, siFADD). Thirty-six hours after infection cells were treated with drugs and viability determined by trypan blue
exclusion (n = 3, £ SEM) *P < 0.05 less than corresponding value in siSCR control.

suppressed drug-induced autophagy and inhibited cell killing
(Fig. 4B, data not shown). Expression of activated p70S6K also
suppressed cell killing, as did expression of an activated form of
AKT, but not of MEK1 (Fig. 4B and C). Etoposide treatment
activated the JNK1/2 pathway within 6 h, an effect that was pro-
longed in cells treated in combination with sildenafil (Fig. 4D,
upper blot). Inhibition of JNK1/2 signaling protected cells from
etoposide and sildenafil toxicity (Fig. 4D, lower graph).

www.landesbioscience.com

Standard of care chemotherapy agents for the treatment of
medulloblastoma are known to cause DNA damage as part of their
killing mechanism. Sildenafil rapidly and significantly enhanced
the amount of DNA damage caused by etoposide as judged in
Comet assays (Fig. 5A, images, and B, quantified tail moments).
The drug combination increased the phosphorylation of the
histone YH2AX 6 and 12 h after exposure (Fig. 5A). The phos-
phorylation of YH2AX is thought to be regulated via the ataxia
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Figure 3. Sildenafil and chemotherapy-induced lethality is mediated through increased autophagy. (A and B) DAOY cells were transfected to express
LC3-GFP-RFP. Twenty-four hours after transfection cells were treated with drugs and cells were examined 6 h and 12 h after treatment using a fluores-
cent microscope and the mean number of LC3-GFP* and LC3-RFP* vesicles determined in >40 cells (n = 3, + SEM). *P < 0.05 greater than vehicle control.
(C-F) DAQY, D283, and HOSS1 cells were transfected with scrambled siRNA (siSCR) or siRNA molecules to knock down expression of ATG5 or Beclini
(SiATG5, siBeclin1). Thirty-six hours after transfection cells were treated with drugs and viability determined by trypan blue exclusion (n = 3, £ SEM)
#P < 0.05 less than corresponding value in siSCR control. (C upper) DAQY cells were treated with drugs as indicated. Cells were isolated 12 h after treat-
ment and immunoblotting performed to examine the expression of the indicated proteins (n = 3).

telangiectasia mutated (ATM) protein. As previously published by
ourselves and others, knock down of ATM reduced drug-induced
vYH2AX phosphorylation (data not shown). Inhibition of NO
production, using L-NAME, suppressed the effect of sildenafil on
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the tail lengthening (DNA damage) caused by etoposide but did
not fully obviate the effect (Fig. 5C). Knockdown of ATM mod-
estly increased the toxicity of etoposide and further enhanced the
toxicity of sildenafil combined with etoposide (Fig. 5D and E).
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Figure 4. Modulation of cell signaling pathways controls etoposide and sildenafil lethality. (A) DAOY cells were treated with drugs for 24 h before isola-
tion, SDS PAGE, and determination of the phosphorylation and total expression of the indicated proteins. (B and C) DAOY cells were transfected with
empty vector plasmid (CMV) or plasmids to express: an activated form of mTOR (ca-mTOR), an activated form of p70S6K (ca-p70), an activated form of
MEK?1 (caMEK1), and an activated form of AKT (caAKT). Thirty-six hours after transfection cells were treated with drugs and viability determined by try-
pan blue exclusion (n = 3, + SEM) P < 0.05 less than corresponding value in CMV control. (D) DAOY cells were treated with vehicle or the JNK inhibitory
peptide (JNK-IP, 10 wM). Thirty minutes later cells were treated with drugs and viability determined by trypan blue exclusion (n = 3, + SEM) #P < 0.05 less

Discussion

The present studies were performed to determine whether
clinically relevant PDE5 inhibitors interacted with standard of
care chemotherapy agents to kill medulloblastoma cells. PDE5
inhibitors interacted with multiple standard of care chemother-
apy agents in a greater than additive fashion to kill medulloblas-
toma cells. One initial concern over our studies was that PDE5
inhibitors were enhancing the toxicity of multiple chemothera-
pies, implying that we may be observing an off-target phenome-
non with respect to PDES5 inhibitor action; however, knockdown
of PDE5 argued that loss of PDE5 function was responsible
for enhancing chemotherapy toxicity. The interaction between
PDES5 inhibitors and standard of care chemotherapy agents was

www.landesbioscience.com

dependent on activation of the extrinsic pathway/death receptors.
However, although inhibition of caspase 8, through c-FLIP-s,
or mitochondrial protection using BCL-XL abolished the drug
interaction, inhibition of caspase 9 only partially reduced overall
killing in a cell type-dependent fashion. Molecular inhibition of
autophagy was protective in some cell isolates, but in others toxic.
Thus, the ability of PDES5 inhibitors to facilitate cytotoxic che-
motherapy killing—Xkilling that acts through mitochondrial dys-
function—utilizes the caspase 8 pathway downstream of death
receptors.

A frequent mode of cell killing by “traditional” cytotoxic
chemotherapies involves the damaging of DNA, and the subse-
quent inability of cells to fully repair this DNA damage. With
etoposide we used two read-outs for DNA damage, the Comet
assay and yH2AX phosphorylation. By both measures, drug
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Figure 5. Sildenafil increases and prolongs chemotherapy-induced DNA damage; knockdown of ATM enhances drug combination toxicity. (A) DAOY
cells were grown in soft agar, and treated as indicated with drugs for 6 h and 12 h. Cells were subjected to electrophoresis and stained. Images are
a representative (n = 4). Blot: DAQY cells were treated with drugs and were isolated 6 h and 12 h after exposure and the phosphorylation of yH2AX
determined, with the fold increase in phosphorylation shown (n = 3, = SEM). (B) Graph: The tail moments of cells imaged in (A) were measured and
plotted (n = 4, + SEM) *P < 0.05 greater than corresponding value in vehicle-treated cells. (C) HOSS1 cells were grown in soft agar, in the presence or
absence of L-NAME (10 mM), and treated as indicated with drugs, as indicated, for 6 h and 12 h. Cells were subjected to electrophoresis and stained. The
tail moments of cells were measured and presented below each image (n = 4, £ SEM) *P < 0.05 less than corresponding value in vehicle-treated cells.
(D and E) DAOY cells and HOSS1 cells were transfected with scrambled siRNA (siSCR) or to knock down expression of ATM (siATM). Thirty-six hours after
transfection cells were treated with drugs and viability determined by trypan blue exclusion (n = 3, £ SEM) *P < 0.05 greater than corresponding value
in siSCR control.
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treatment caused DNA damage. The amount of damage caused
by the chemotherapeutic drug was enhanced and prolonged
by sildenafil. Sildenafil itself weakly altered the DNA damage
read-out as judged by YH2AX phosphorylation, and chemically
this drug would not be expected to damage DNA. It is known
that protein nitration can alter the formation of DNA repair
complexes as well as regulate the phosphatases which regulate
protein complex formation and our data argues that sildenafil
treatment results in greater levels of DNA damage that are not
repaired over time. In general agreement with this hypothesis
we note that the amount of cell killing observed in colony for-
mation assays is much greater than that observed in short-term
death assays at 24 h, indicating that prolonged DNA damage is
resulting in an inability of cells to form colonies. Further stud-
ies beyond the scope of the present manuscript will be required
to define how changes in protein repair complex formation are
altered by sildenafil co-exposure.

The ATM protein controls multiple aspects of cell biology
after DNA damage including cell cycle arrest, activation of sig-
naling pathways, activation of apoptosis pathways, and DNA
repair protein complex formation (and, as previously described,
ROS production). We noted that YH2AX phosphorylation was
increased by the drug combination of sildenafil and etoposide
compared with DNA damaging agent alone. In general it is
believed that, beyond a certain threshold, DNA damage-induced
activation of ATM in a cell switches from an arrest/survival out-
come to a programmed cell death outcome. For example, genis-
tein can induce apoptosis through ATM signaling.** In T cells
etoposide treatment through ATM can also cause apoptosis.?
ATM signaling can also facilitate liver damage in already dam-
aged fibrotic livers.” Further studies will be required to define
how ATM regulates cell viability after sildenafil + DNA damag-
ing agent treatment.

Changes in cell signaling were also important for modulat-
ing the lethality of the drug combination. The drug combination
reduced mTOR, p70S6K, and AKT activity. Expression of acti-
vated forms of these proteins protected cells from the toxic effects
of drug combination exposure. At least one portion of the mecha-
nism by which these molecules protected cells was via inhibition
of autophagy (see below). The drug combination also enhanced
the activity of JNK1/2, a signaling pathway normally associated
with tumor cell killing. Inhibition of JNK1/2 protected cells
from the toxic effects of the drug combination. Further studies
beyond the scope of the present manuscript will be required to
understand precisely how PDES5 inhibitors modulate cell signal-
ing processes after exposure to DNA damaging chemotherapy
agents.

The role of autophagy in the biology of tumor cells has become
an intensely investigated and somewhat controversial area over the
last few years. It is now well known that chemotherapy agents can
induce autophagy that could be linked to senescence responses
that are protective for tumor cells. In our studies we found that
sildenafil enhanced etoposide-induced autophagy that was evi-
dent within 6 h of drug treatment; based on data examining the
expression of p62, LAMP2, and the appearance of GFP*/RFP*
vesicles we assume both autophagosome and acidic endosome
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formation with protein digestion occurred. Knockdown of either
Beclinl or ATGS suppressed GFP*/RFP* vesicle formation and
in DAOY and D283 cells reduced the lethality of the sildenafil
+ etoposide drug combination. To our great surprise we found
that in HOSS!1 cells autophagy protected cells from the drug
combination. Thus in our system the appearance of autophagic
vesicles cannot simply be regarded as a “toxic” or “protective”
observation; this fact may have general applicability. The molec-
ular reasons why we observe either a protective or a toxic effect of
autophagy based on the cell line will require considerable detailed
examination that is beyond the scope of the present studies. The
precise mechanisms by which sildenafil regulates autophagy in
our system(s), possibly by modulating cGMP and NO levels, will
also need to be investigated in a future manuscript.

In conclusion, our findings strongly argue that at physiologic
concentrations clinically relevant PDE5 inhibitors enhance the
lethality of multiple well established chemotherapy agents against
established and primary pediatric CNS tumor cells. The drug
interaction was dependent in part on expression of death recep-
tors and was observed in multiple medulloblastoma cell types.
Further laboratory based and clinical studies will be required to
understand more fully the mechanisms of drug interaction and
the clinical utility of this therapeutic approach.

Materials and Methods

Materials

Phospho-/total antibodies were purchased from Cell Signaling
Technologies and Santa Cruz Biotech. All drugs were purchased
from Selleckchem. Commercially available validated short hair-
pin RNA molecules to knock down RNA/protein levels were
from Qiagen. Antibody reagents, other kinase inhibitors, caspase
inhibitors cell culture reagents, and non-commercial recombi-
nant adenoviruses have been previously described.?**” DAOY and
D283 cells were obtained from the ATCC where they were previ-
ously authenticated. De-indentified VC312 and HOSS! cells are
MCVH-VCU patient derived medulloblastomas obtained after
informed consent and surgery, and were not further authenti-
cated beyond the initial post-operative pathology assessment.

Methods

Cell culture and in vitro exposure of cells to drugs

All cancer lines were cultured at 37 °C (5% v/v CO,) in vitro
using RPMI supplemented with 5% (v/v) fetal calf serum and
10% (v/v) Non-essential amino acids. For short-term cell kill-
ing assays and immunoblotting, cells were plated at a density of
3 x 10° per cm? and 24 h after plating were treated with various
drugs, as indicated. Cells were not cultured in reduced serum
media during any study. Unless otherwise stated in the figure leg-
end, cells as indicated in each panel were treated with vincristine
(VINCA 100 nM), cisplatin (CDDP, 3 M), etoposide (ETO,
100 nM), and/or sildenafil (SIL, 2.0 wM) or tadalafil (TAD,
2.0 uM).

Colony formation assay

Tumor cells plated as single cells (250-4000 cells/well) in
sextuplicate were treated with etoposide (ETO 100-300 nM)
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and/or sildenafil (SIL, 1.0-3.0 wM) for 24 h, after which the
media was removed and replaced with drug free media. Colonies
were permitted to form for the following 10-14 d. Colonies were
fixed, stained, and counted (>50 cells per colony).

Cell treatments, SDS-PAGE, and western blot analysis

Cells were treated with various drugs, and isolated at the
indicated time points. SDS PAGE and immunoblotting was per-
formed as described in refs. 24-27.

Recombinant adenoviral vectors—infection in vitro

We generated and purchased previously noted recombinant
adenoviruses as per references 24-27. Cells were infected with
these adenoviruses at an approximate m.o.i. as indicated in each
specific figure/legend (usually an m.o.i. of 50). Cells were incu-
bated for 24 h to ensure adequate expression of transduced gene
products prior to drug exposures.

Detection of cell death by trypan blue assay

Cells were harvested by trypsinization with trypsin/EDTA
for ~10 min at 37 °C. Harvested cells were combined with the
culture media containing unattached cells and the mixture cen-
trifuged (800 rpm, 5 min). Cell pellets were resuspended in PBS
and mixed with trypan blue agent. Viability was determined
microscopically using a hemocytometer.**” Five hundred cells
from randomly chosen fields were counted and the number of
dead cells was counted and expressed as a percentage of the total
number of cells counted. Cell killing was confirmed using the
Sceptor instrument (Millipore) with a 60 pwm tip, which mea-
sured tumor cell size/sub G, DNA as an indication of tumor cell
viability.

Assessment of autophagy

Cells were transfected with a plasmid to express a green and
red fluorescent protein (GFP, REP) tagged form of LC3 (ATGS).
Twenty-four hours after transfection cells were treated with drugs
for 6h and 12h, as indicated. For analysis of cells transfected with
the GFP-LC3-RFP construct, the GFP-LC3-RFP-positive vesic-
ularized cells were examined under the 40x objective of a Zeiss
Axiovert fluorescent microscope.

Plasmid transfection

Plasmids

Cells were plated as described above and 24 h after plating,
transfected. Plasmids (0.5 wg) expressing a specific mRNA or
appropriate vector control plasmid DNA was diluted in 50 pL
serum-free and antibiotic-free medium (1 portion for each sam-
ple). Concurrently, 2 pL Lipofectamine 2000 (Invitrogen) was
diluted into 50 pL of serum-free and antibiotic-free medium.
Diluted DNA was added to the diluted Lipofectamine 2000
for each sample and incubated at room temperature for 30 min.
This mixture was added to each well/dish of cells containing
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