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Abstract
The role of the RhoA/Rho kinase (ROCK) signaling pathway in cell survival remains a very
controversial issue, with its activation being pro-apoptotic in many cell types and anti-apoptotic in
others. To test if ROCK inhibition contributes to tumor cell survival or death following
chemotherapy, we treated cisplatin damaged neuroblastoma cells with a pharmacological ROCK
inhibitor (Y27632) or sham, and monitored cell survival, accumulation of a chemoresistant
phenotype, and in vivo tumor formation. Additionally, we assayed if ROCK inhibition altered the
expression of genes known to be involved in cisplatin resistance. Our studies indicate that ROCK
inhibition results in increased cell survival, acquired chemoresistance, and enhanced tumor
survival following cisplatin cytotoxicity, due in part to altered expression of cisplatin resistance
genes. These findings suggest that ROCK inhibition in combination with cisplatin chemotherapy
may lead to enhanced tumor chemoresistance in neuroblastoma.
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Introduction
Neoplastic resistance is one of the major obstacles preventing the successful
chemotherapeutic treatment of tumors. While the incidence of anti-cancer drug resistance
varies greatly between tumor types, one clinical observation remains consistent, once a
tumor displays properties of chemotherapy resistance, patient survival rates are considerably
diminished. Cis-diamminedichloro-platinum (cisplatin) and its derivatives have become
some of the most important therapies in the clinical management of tumors over the last
several decades, acting as cytotoxic agents by forming covalent platinum adducts with
DNA. These adducts are subsequently detected by the cell's DNA damage response
machinery, leading to cell cycle arrest, or, if the DNA damage is not sufficiently repaired,
activation of the apoptotic cascade. Cisplatin demonstrates good clinical efficiency in
patients whose tumors possess functional apoptotic pathways; however relatively lower
efficiency is observed in those with drug-resistant tumors where the major apoptotic
pathways are disrupted. While the hallmark of classical tumor drug resistance is often
deregulation of cell survival/apoptotic pathways, cisplatin-resistance can be gained through
several other mechanisms including reduced drug uptake, enhanced drug efflux, increased
metabolic drug inactivation, and enhanced adduct repair.
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Numerous reports have implicated deregulation of the Rho-GTPase family of proteins in
cancer, and because of their essential functions in regulating the cytoskeleton, Rho-GTPase
proteins and their effectors are promising and actively researched targets for the
development of novel anti-cancer drugs. Rho-proteins are significantly elevated in a variety
of tumors (1-5), and are reported to strongly contribute to the metastatic behavior of some
cancers (6,7). For instance, studies utilizing in vitro models have suggested that RhoA and
its downstream effector Rho-kinase (ROCK) regulate migration, invasion, proliferation, and
survival of cancer cell lines. Moreover, ROCK inhibition has been shown to block invasion
of prostate tumors (8), increase apoptosis in glioma tumors (9), inhibit melanoma tumor
growth (10), and, in combination with Cidofovir, block metastasis of human papilloma virus
positive tumor cells to the lung (11). Conflicting reports have addressed the role of ROCK
proteins in cell survival, with activation of ROCK being pro- or anti-apoptotic in a cell-type
dependent manner (12). Interestingly, caspase cleavage of ROCK leads to its constitutive
activation, and this process is reportedly necessary for apoptosis (13). Furthermore, ROCK
activity has been shown to drive apoptotic membrane blebbing, cell fragmentation, and
phagocytosis of apoptotic bodies (14,15). In contrast, ROCK reportedly phosphorylates
phosphatase and tensin homologue (PTEN) and induces its negative regulation of the pro-
survival phosphoinositol-3-kinase (PI3K) pathway (16). The mechanism balancing this dual
role of ROCK proteins in regulating survival versus apoptosis is largely unknown, and given
that ROCK inhibitors are of interest clinically for tumor treatment, we sought to determine if
ROCK signaling is involved in mediating chemotherapeutic resistance. In this study we
demonstrate that pharmacological inhibition of ROCK with the small molecule inhibitor
Y27632 leads to increased survival of human neuroblastoma cells and tumors following
cytotoxic chemotherapeutic treatment. Our data demonstrate that a combination of increased
cell proliferation and alteration in the expression of genes previously established to be
involved in cisplatin resistance in tumors account for the chemoresistant phenotype observed
in ROCK inhibited cells.

Materials and methods
Cell lines and treatments

SK-N-SH, SHEP, and NGP human neuroblastoma cells (a generous gift from Dr Rani
George, Harvard Medical School) were cultured in DMEM supplemented with 10% fetal
bovine serum, 100 U penicillin, and 100 μg streptomycin. The working concentrations of
chemicals used in this study are as follows: Y27632 (10 μM), cisplatin (10 μM), paclitaxel
(5 μM), busulfan (10 μM), 3% hydrogen peroxide (diluted 1:10,000), α-pifithrin (30 μM),
verapamil (20 μM), and NG123 (10 μM). Cells were treated with ultraviolet-C (UV) at 50 J/
m2. Cisplatin, paclitaxel, busulfan, and hydrogen peroxide were added to the cells for 24 h
and then removed via washing. Y27632, α-pifithrin, verapamil, and NG123 were maintained
throughout the length of the experiment. The double thymidine block to arrest cells at the
G1/S transition was performed as previously reported (17).

Analysis of data
All assays were performed in triplicate and repeated via independent experiments. Data are
presented as the average plus or minus the standard deviation. Statistical significance was
set at p<0.05, determined by Student's t-test.

Fluorescence activated cell sorting (FACs)
Cells were trypsinized, washed in PBS, and fixed overnight at 4°C in 70% ethanol in PBS.
Cells were washed two times in PBS and resuspended in PBS with 50 μg/ml propidium
iodide and 50 μg/ml RNase A. Cells were incubated at 4°C overnight and analyzed using
FACs.
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Semi-quantitative reverse transcriptase polymerase chain reaction (RT-PCR)
RNA was extracted using TRIzol reagent (Invitrogen) according to the manufacturer's
instructions. RNA was converted to cDNA using Verso cDNA kit (Thermo Scientific)
according to the manufacturer's instructions. Oligo dT's were utilized in the cDNA
conversion for all mRNAs except histones, for which random hexamers were used. PCR
amplification of specific cDNAs was performed using primers designed by Primer Blast.
GAPDH was always used as a control.

Proliferation and survival assays
For proliferation and survival assays, manual cell counts and indirect measurements using 3-
(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays (Cayman
Chemical) were performed. MTT assays were performed according to the manufacturer's
instructions.

Single cell gel electrophoresis assay
Single cell gel electrophoresis assay was performed as previously reported (18). Hydrogen
peroxide (3%) of cells for 30 min prior to harvesting was used as a positive control.

Glutathione-S-transferase (GST) assay
The conjugation of 1-chloro-2,4-dinitrobenzene (CDNB) with reduced glutathione was
measured at 340 nm as previously reported (19).

Chorioallantoic membrane (CAM) assay
CAM assays were performed as previously described (20). NGP neuroblastoma cells
(100,000) per gelatin implant were utilized since SK-N-SM cells failed to form tumors in the
CAM assay. Every two days, 100 μl of sham or 100 μl of a 10 μM solution of Y27632 was
added to the implanted sponge.

Results
ROCK inhibition protects human neuroblastoma cells from cytotoxic cell death

The ROCK signaling pathway has previously been reported to enhance cell survival in some
cell types, while increasing apoptosis in others. The mechanism behind this apparent
contradiction is largely unknown. To determine what role ROCK signaling plays in
neuroblastoma cell survival, we treated sham or Y27632 treated SK-N-SM human
neuroblastoma cells with cisplatin, paclitaxel, busulfan, hydrogen peroxide, or ultraviolet
light and measured cell survival 72 h post treatment. As indicated in Fig. 1, pharmacological
ROCK inhibition led to significantly increased cell survival in all treatments.

To determine if this trend is replicated in other neuroblastoma cell lines, we challenged SK-
N-SM, SHEP, and NGP human neuroblastoma cell lines with cisplatin treatment plus the
presence or absence of Y27632, and quantified cell survival in each condition after 5 days.
Y27632 treatment resulted in a significant increase in the number of remaining cells
compared to the control for all neuroblastoma cell lines tested (Fig. 2A and B, first
treatment). We then pooled the surviving cells from each treatment for further culture, and,
upon replenishment of the cell population, these cells were subjected to subsequent rounds
of 10 μM cisplatin to select for cisplatin-resistant neuroblastoma lines. By the second round
of cisplatin treatment the large majority of the Y27632 treated cells from all cell lines
remained viable following treatment, compared to <30% of the control cells (Fig. 2A and B,
second treatment). Though a portion of the control cells survived the second round of
cisplatin treatment, these surviving cells failed to undergo proliferation and recovery even
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after 3 weeks of culture. In contrast, following the second round of cisplatin treatment, a
significant population of the Y27632 treated cells began to proliferate within one week,
suggesting Y27632 shortened the recovery time after the cytotoxic insult. By the third round
of 10 μM cisplatin treatment, Y27632 treated cells appeared unaffected by cisplatin injury
and remained largely in a proliferative state (data not shown).

Cisplatin treated sham and Y27632 treated neuroblastoma cells were collected 48 h post-
treatment for cell cycle analysis using flow cytometry. As indicated in Fig. 2C (data shown
only for SK-N-SM cells, similar results in the other cell lines), cisplatin treatment resulted in
a substantial sub-G1 apoptotic population which was ablated by Y27632 treatment.
Interestingly, cisplatin treated Y27632 cells demonstrated a markedly different pattern of
cell cycle progression compared to cisplatin treatment alone. Collectively, these data
indicate that ROCK signaling in neuroblastoma cell lines is proapoptotic, and
pharmacological inhibition of this pathway increases cell survival and drug resistance
following cytotoxic insult.

Rho-kinase inhibition alters expression of intrinsic and extrinsic apoptotic regulators in
SK-N-SM cells

To determine the molecular mechanism by which the Rho/ROCK pathway modulates
neuroblastoma cell death in response to cisplatin, we focused our efforts on SK-N-SH cells.
The steady state mRNA expression levels of DNA damage response genes (p53 and p21),
intrinsic apoptotic regulators (Bik, Bad, and Bcl2), and extrinsic apoptotic regulators (Fas,
Fas ligand (FasL), and Trail) were analyzed using semi-quantitative RT-PCR in control and
Y27632 treated SK-N-SH cells which were incubated for 24 h with either sham or cisplatin.
Compared to control cells in both the sham and cisplatin treatments, pharmacological ROCK
inhibition resulted in down-regulation of the steady state mRNA levels of the cell cycle
inhibitors p53 and p21, up-regulation of the pro-survival Bcl2, and down-regulation of the
pro-apoptotic Bik, Bad, Fas, FasL, and Trail (Fig. 3A). These data suggest that ROCK
modulation of apotosis impinges on altering the expression levels of both intrinsic and
extrinsic apoptotic mediators.

p53 activation and its subsequent up-regulation of expression is an essential component of
the intact DNA-damage response following cytotoxic treatment. To determine if p53
signaling is involved in ROCK-mediated modulation of apoptosis, we treated cisplatin or
cisplatin + Y27632 treated SK-N-SH cells with the p53 inhibitor α-pifithrin, which
reversibly blocks p53-dependent transcriptional activation and apoptosis induction, and
measured cell survival 5 days post-treatment. As expected, p53 inhibition via α-pifithrin
addition to cisplatin treated SK-N-SH cells significantly increased cell survival (Fig. 3B).
Interestingly, p53 inhibition of cisplatin + Y27632 treated cells resulted in a small but
significant decrease in survival compared to cisplatin + Y27632 treated cells with a
functional p53 pathway. These data suggest that the increase in cell survival observed in
Y27632 treated cells following cisplatin addition utilizes, but is not wholly dependent, on a
functional p53 signaling pathway, and thus may partly employ initiation of the DNA
damage response machinery to be fully effective.

ROCK inhibition enhances SK-N-SM cell survival following cisplatin treatment via
promotion of cell proliferation, upregulation of DNA damage repair systems, and
modulation of cisplatin uptake/efflux

Recent studies have explicitly defined alterations in cell cycle progression, expression/
activity of nucleotide excision repair (NER) genes, activity of glutathione-S-transferase
(GST), expression of copper transporter 1 (CTR1) (a copper transporter which serves as the
cellular cisplatin import protein), and expression of a handful of ABC-binding cassette
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(ABC) multidrug efflux pumps as being commonly mis-regulated during cisplatin resistance
across a number of cell lines and tumor types (21).

Cell cycle analysis of control and Y27632 treated SK-N-SM cells indicated that
pharmacological ROCK-inhibition markedly altered the pattern of cell cycle progression in
both cisplatin treated (Fig. 2C) and proliferating cultures (Fig. 4A). Indeed, Y27632
treatment of SK-N-SM cells resulted in a significant increase in cell proliferation compared
to control cells (Fig. 4B). To confirm that Y27632 treatment alters progression through the
cell cycle phases, we arrested SK-N-SM cells at the G1/S transition using a double
thymidine block. Cells were then treated with control or Y27632, released from the block to
progress through the cell cycle, and collected at 1.5-h intervals for cell cycle analysis (Fig.
4C). We acknowledge that interpretation of the cell cycle plots from this experiment is
compounded by the fact that this cell line contains a significant portion of multinucleated
cells (as indicated by the numerous right shifted peaks present in Figs. 2C and 4A, and the
lack of a single G1 peak in Fig. 4C due to this issue (4), therefore the G2/M peak is
composed of single nucleated cells in G2/M as well as double nucleated cells in G1.
However, it is clear from the data that Y27632 treated cells progress through the cell cycle at
a more rapid rate than control cells as evidenced by the swift reduction in the G1 peak by 1.5
h after the release in the Y27632 treated cells, with a similar cell cycle plot not seen until 6 h
after the release in the control cells. Analysis of cyclin expression in cisplatin treated sham
or Y27632 SK-N-SM cells demonstrated increased cyclin A, B, D, and E steady state
mRNA expression levels in Y27632 treated cells (Fig. 4D), corroborating our proliferation
data. As a control, no change in histone steady state mRNA expression was observed for
either condition. To determine if the observed increase in proliferation rate and alteration in
cell cycle progression in Y27632 treated cells (Fig. 4A-C) contributes to increased cisplatin
resistance, we arrested SK-N-SM cells at the G1/S transition using a double thymidine
block, treated the cells with cisplatin or cisplatin + Y27632, and subsequently measured
survival. Y27632 + cisplatin treated cells which were arrested at the G1/S transition (and
could not proliferate for the duration of the experiment) still demonstrated a survival
advantage over cisplatin treatment alone, however this advantage was significantly less than
the level observed in cisplatin + Y27632 treated cells that were freely progressing through
the cell cycle (Fig. 4E). The data suggest that Y27632 treatment increases proliferation of
SK-N-SM cells, and this increased proliferation rate partially contributes to the survival
advantage of Y27632 treated cells following cisplatin insult.

To determine if ROCK inhibition leads to alterations in DNA damage repair, single cell gel
electrophoresis assays measuring DNA breakage were performed on cisplatin and cisplatin +
Y27632 treated SK-N-SM treated cells. As demonstrated in Fig. 5A, Y27632 treatment
significantly shortened tail length of cisplatin treated cells compared to cisplatin treatment
alone, suggesting that ROCK inhibition leads to either a reduction in DNA damage or an
increase in DNA damage repair. To determine the molecular mechanism behind this
observation, we tested the effects of pharmacological ROCK inhibition on established
targets involved in cisplatin resistance through expression or biochemical activity analysis of
cisplatin or cisplatin + Y27632 treated SK-N-SH cells cultured for five days after the initial
cisplatin insult. Our data indicate that Y27632 upregulates the expression of several NER
genes (XPA, XPC, XPD, XPG, RPA, and ERCC1) and drug efflux pumps (ATPB2 and
MRP2), while reducing expression of CTR1 (Fig. 5B-D). No change was observed in GST
activity between cisplatin and cisplatin + Y27632 treated cells. These data indicate that
Y27632 treatment potentially alters the intracellular accumulation of cisplatin as well as
enhances DNA repair following cisplatin injury to the DNA. To test the contribution of each
of these Y27632 induced cisplatin resistance mechanisms to cell survival, we treated
cisplatin or cisplatin + Y27632 treated cells with sham, verapamil (a general ABC-efflux
pump inhibitor), or NG123 (a DNA repair inhibitor) and measured cell survival post-
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treatment. As demonstrated in Fig. 5E, inhibition of cisplatin efflux with verapamil
treatment had no effect on Y27632 induced survival following cisplatin treatment; however
blocking DNA repair with NG123 reduced Y27632 mediated cell survival to the level of
cisplatin treatment only. These data suggest that, in addition to enhanced proliferation rates
and altered cell cycle progression, Y27632-mediated survival following cisplatin treatment
is dependent on intact DNA damage repair machinery. Moreover, Y-27632 induced drug
efflux following cisplatin treatment plays a minor, if any, role in this process.

ROCK inhibition leads to increased NGP neuroblastoma tumor volume
To address the relevance of our in vitro findings, we utilized a CAM tumor model. NGP
neuroblastoma cells were pretreated overnight prior to implantation with cisplatin or
cisplatin + Y27632, and delivered to the CAM via an implanted gelatin sponge. The
growing tumors were supplemented every two days with sham or Y27632. After 5 days,
tumors were removed, photographed, and weighed. Y27632 formed larger tumors with a
statistically significant increase in weight (Fig. 6). The data suggest that Y27632 treatment
leads to rapid recovery and enhanced tumor formation following cisplatin cytoxicity.

Discussion
In this study, we demonstrate that inhibition of Rho/ROCK signaling using the
pharmacological inhibitor Y27632 in a panel of human neuroblastoma cells leads to
enhanced cell survival following cytotoxic insult and increased chemoresistance following
cisplatin treatment. Moreover, our data indicate that alterations in the expression of cell
cycle progression and key cisplatin resistance genes are responsible for the observed
survival advantage of Y27632 treated cells. These findings are the first to examine the role
of the Rho/ROCK signaling pathway in the regulation of cell survival following
chemotherapy, and have direct implications for cancer therapy considering the growing
interest in targeting Rho-GTPase signaling as a potential chemotherapeutic treatment of a
number of tumor types.

While Rho-GTPases have been suggested as prognostic markers in some tumors and their
activity strongly contributes to the metastatic behavior of cancers (22), our current
understanding of the contribution of the Rho/ROCK signaling pathway to cell survival/
apoptosis is abysmal at best. This pathway has been shown to play both pro-apoptotic and
pro-survival roles in a number of normal and tumor cells, with few consistent underlying
mechanisms explaining this confounding dual role to date. For example, Rho/ROCK
signaling has been shown to promote cell survival in melanoma (10,23), gastric (24), and
colorectal cancers (25). In contrast, Rho/ROCK signaling promotes apoptosis in prostate
cancer (26,27), gastric cancer (28), chronic myelogenous leukemia (29), and lymphoma
(30). Moreover, membrane blebbing and nuclear disintegration during apoptosis is
dependent on ROCK-mediated regulation of the actin myosin cytoskeleton (31,32). Some
laboratories have written these obvious discrepancies off as being tissue and cell type
dependent, however even within a category of cells such as neurons, obvious contradictions
are reported with Rho/ROCK signaling being pro-survival (33-36) or pro-apoptotic (37-43)
depending on the reporting group.

Numerous studies have indicated that ROCK activity is essential for programmed cell death.
For instance, ROCK activation during apoptosis, in part via caspase-mediated cleavage of
ROCK proteins, is essential for apoptotic membrane blebbing, chromosome condensation,
Golgi body fragmentation, and eventual phagocytosis via immune cells (13-15,32,44-46).
Moreover, ROCK activity promotes a feedback loop which perpetuates caspase-3 activation
and leads to enhancement of apoptosis (27). ROCK has also been shown to initiate apoptosis
via PTEN activation (16), a p53-independent induction of p21 expression (26), JNK
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activation (29), and via Fas/FasL activation (23,27,47,48). While numerous studies have
indicated that ROCK serves a pro-apoptotic function, only a handful of reports have shed
light on the anti-apoptotic role of ROCK. ROCK signaling reportedly upregulates anti-
apoptotic family members and inhibits caspase activation (25,49). Moreover, ROCK
promotes cadherin-mediated cell survival through activation of protein kinase D (PKD) and
nuclear factor kappa-B (NFκB) (50). Our data suggest that in cisplatin treated neuroblastoma
cells, ROCK serves a pro-apoptotic role in part through regulation of cell cycle regulation,
p53 signaling, intrinsic and extrinsic apoptotic gene expression, and modulation of cisplatin
resistance genes.

While numerous laboratories are designing and utilizing small molecule inhibitors of ROCK
for disruption of the metastatic cascade that occurs in malignant tumors, the obvious lack of
understanding regarding this signaling pathway's role in the decision between survival and
apoptosis should concern both scientists and clinicians. Rho/ROCK inhibition in tumors
may very well block tumor cell invasion and metastasis as is strongly reported in the
literature (51), but if resistance to anti-tumor therapeutics is markedly increased by this
inhibition, then patient survival could be grim even if tumor spread is decreased. We feel the
findings of this report may serve as a warning that a better understanding of the
multifaceted, complex roles employed by this signaling pathway are needed before
implementation of its clinical use as an anti-cancer agent.
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Figure 1.
ROCK inhibition leads to enhanced survival of neuroblastoma cells following cytotoxic
treatment. SK-N-SH neuroblastoma cells were treated with 10 μM cisplatin (cis), 5 μM
paclitaxel (tax), 10 μM busulfan (bus), 1:10,000 dilution of 3% hydrogen peroxide (H2O2),
or 50 J/m2 ultraviolet light (UV) plus the presence (Y) or absence of Y27632. The number
of surviving cells was measured after 72 h. Data are displayed as the fold change in survival
compared to the control.
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Figure 2.
Y27632 treatment leads to survival and chemoresistance in cisplatin-treated neuroblastoma
cells. (A) SK-N-SH (photographed in B), SHEP, and NGP human neuroblastoma cells were
treated with 10 μM cisplatin plus the presence (Y) or absence (C) of Y27632 and the number
of surviving cells was measured by MTT assay after five days (1st treatment). The surviving
cells from the first treatment were then pooled and expanded. These cells were then
subjected to a second round of 10 μM cisplatin, and the number of surviving cells was
measured by MTT assay after 5 days (2nd treatment). (B) Representative images of SK-N-
SM cells 5 days after treatment from (A). (C) Flow cytometric cell cycle analysis of
propidium iodide stained SK-N-SH cells collected 48 h following 10 mM cisplatin plus the
presence (Cis + Y) or absence (Cis) of Y27632. Locations of the cell cycle phases are
diagrammed in the upper panel. The arrow indicates the lack of a sub-G1 population in the
Y27632 treated cells.
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Figure 3.
Y27632 treatment of neuroblastoma cells alters the expression of pro- and anti-apoptotic
genes. (A) Semi-quantitative RT-PCR analysis measuring steady state mRNA expression of
DNA damage response genes (p53 and p21), intrinsic apoptotic regulators (Bik, Bad, and
Bcl2), and extrinsic apoptotic regulators (Fas, FasL, and Trail) in control and Y27632
treated SK-N-SH cells which were incubated for 24 h following the indicated treatment. (B)
SK-N-SM cells were treated with indicated combinations of cisplatin (cis), Y27632 (Y), or
the pharmacological p53 inhibitor α-pifithrin (AP), and survival was measured after 5 days.
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Figure 4.
Enhanced cisplatin resistance of Y27632 treated SK-N-SM neuroblastoma cells is due in
part to changes in cellular proliferation. (A) Flow cytometric cell cycle analysis of
propidium iodide stained steady state SK-N-SH cells treated with sham or Y27632. (B)
Proliferation assay of sham vs. Y27632 treated SK-N-SM cells. C. SK-N-SM cells were
arrested at the G1/S transition with a double thymidine block. Cells were released from the
block and samples were taken at the indicated time-points to analyze progression through
the cell cycle using flow cytometric cell cycle analysis. (D) Semi-quantitative RT-PCR
analysis measuring steady state mRNA expression of cycle cycle regulated genes in cisplatin
(cis) vs. Y27632 (Y) treated SK-N-SM cells. (E) Survival of cisplatin treated SK-N-SM
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cells, either in steady state or arrested at the G1/S transition using a double thymidine block
(G1/S arrest) was determined using an MTT assay 3 days post-treatment.
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Figure 5.
Y27632 treatment of SK-N-SM neuroblastoma cells induces alterations in the expression of
known cisplatin resistance genes. (A) Single cell gel electrophoresis assay of cisplatin vs
cisplatin + Y27632 treated SK-N-SM cells. H2O2 was used as a positive control. (B-D) RT-
PCR expression analysis of DNA damage repair genes (B), glutathione-S-transferase
activity (C), and RT-PCR expression analysis of cisplatin influx/efflux modulators (D)
expressed in cisplatin vs cisplatin + Y-27632 treated SK-N-SM cells. (E) Survival of
cispatin (cis) vs. Y-27632 (Y) treated SK-N-SM cells in the presence or absense of the
cisplatin exflux inhibitor verapamil (V) or the DNA repair inhibitor NG123 (N).
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Figure 6.
Y27632 treatment of NGP neuroblastoma tumors enhances CAM tumor growth. (A) NGP
neuroblastoma CAM tumors were grown as indicated above. Cisplatin (cis) and cisplatin +
Y27632 (cis + Y) treated tumors were harvested 5 days post-implantation. Scale bar equals
0.25 cm. (B) Quantification of tumor weight.
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