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In a wide range of human cancers, increased levels of
heat shock protein 27 (Hsp27) are closely associated
with tumorigenesis, metastasis, resistance to antican-
cer therapeutics, and thus poor prognosis. In this study,
we evaluate the radiosensitizing effects of Hsp27 gene
silencing using OGX-427, a second-generation anti-
sense oligonucleotide (ASO), on the radioresistant head
and neck squamous cell carcinoma (HNSCC) SQ20B
cells. In vitro, the downregulation of Hsp27 significantly
enhanced radiation-induced apoptotic and clonogenic
death, and promoted Akt inactivation. In vivo, combin-
ing OGX-427 with local tumor irradiation (5 x 2Gy) led
to a significant regression of SQ20B tumors related to a
high rate of apoptosis and decreased levels of glutathi-
one antioxidant defenses. Increasing the total radiation
dose (15 x 2 Gy) significantly amplified the radiosensitiz-
ing effect of OGX-427. Treatment of tumors with OGX-
427 plus radiation resulted in a decrease in angiogenesis
associated with a reduced activation of the Akt pathway.
Furthermore, the combined treatment enhanced the
survival of SQ20B-bearing mice and showed no signs
of acute and delayed toxicity. Our findings demonstrate
for the first time that Hsp27 knockdown enhances the
cytotoxic effects of radiotherapy in vivo and provide pre-
clinical proof of principle for clinical trials using Hsp27
antisense technology in the treatment of patients with
HNSCC radioresistant cancers.
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INTRODUCTION

Head and necksquamous cell carcinoma (HNSCC) is the sixth most
frequently occurring cancer in the world. Radiotherapy plays an
important role in the management of affected patients and has for
along time been the primary treatment offered to those with inop-
erable disease. New therapeutic strategies have recently emerged

including improved radiotherapy techniques (fractionated and
intensity-modulated radiotherapies), alternating or concurrent
chemoradiotherapy regimens, and the integration of targeted
biological therapy.'! Despite these significant improvements, the
5-year survival rate of 35% is one of the lowest associated with the
main cancers, owing to the frequent relapse of the disease after
primary therapy. New therapeutic concepts are therefore much
needed to overcome the HNSCC resistance to anticancer treat-
ments. One option involves the inhibition of physiological pro-
teins with antiapoptotic properties, such as heat shock protein 27
(Hsp27). High levels of its expression have been detected in many
human cancers including those of the prostate,? breast,’ gastric,*
and bladder.* Hsp27 was also recently identified as one of 41 pro-
teins commonly overexpressed in tumors from HNSCC patients.®
Moreover, Hsp27 overexpression has been widely associated with
metastasis,” poor prognosis,® and short survival duration.® By its
chaperone and antiapoptotic properties, Hsp27 contributes to the
resistance of tumor cells to chemotherapy and radiotherapy.”! In
particular, Hsp27 can protect tumor cells against oxidative stress
through a glucose-6-phosphate-dehydrogenase dependent abil-
ity to increase and maintain glutathione in its reduced form and
also through its in vivo chaperone activity against oxidized pro-
teins.'? Thus, reducing antioxidant defenses of tumors by Hsp27
inhibition should increase cytotoxic efficiency of radiotherapy
and improve clinical outcome. Furthermore, Hsp27 is involved in
the regulation of the serine/threonine kinase Akt, an important
signaling molecule for cell survival.

We previously reported the absence of significant apoptosis
in response to irradiation® and the overexpression of Hsp27 pro-
tein in the basal state or after irradiation' in SQ20B cells, a radio-
resistant HNSCC cellular model. We further demonstrated the
radiosensitizing effects of Hsp27 gene silencing in HNSCC, glio-
blastoma (U87), and prostate cancer cells (PC3), thus illustrating
the clinical potential of Hsp27 inhibition as an adjuvant of radio-
therapy. In this study, we propose a preclinical proof of principle
for the use of Hsp27 gene silencing by OGX-427 associated with
radiotherapy in the treatment of radioresistant HNSCC.
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RESULTS

Hsp27 knockdown by OGX-427 sensitizes SQ20B

cells to y-irradiation by increasing apoptotic and
clonogenic cell death, and decreasing Akt activation
Before undertaking in vivo studies, we investigated the capacity
of OGX-427 to improve the cytotoxicity of radiation in SQ20B
cultured cells. SQ20B cells were incubated during 4 hours, for 2
consecutive days, with 200 nmol/l of either OGX-427 or mismatch
oligonucleotide (MS) as a control, and then irradiated at differ-
ent doses. As depicted in Figure 1a, western blot analysis revealed
a transient overexpression of Hsp27 of 45 and 82%, respectively,
at 30 minutes and 1 hour following 10 Gy irradiation in SQ20B-
control and SQ20B-MS cells while it returned at a basal level until
48 hours postirradiation. A 90% decrease of Hsp27 expression was
measured in SQ20B-OGX-427 cells compared to SQ20B-MS-
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control cells (Figure 1b). Thus, OGX-427 treatment inhibits both
constitutive and radiation-induced expression of Hsp27.

Finally, no significant variation of Hsp70 and Hsp90 protein
expression levels was observed in SQ20B-MS-control and OGX-
427 transfected cells.

To test the radiosensitizing effect of OGX-427, cell survival
curves were then established after irradiation of SQ20B-OGX-427
and SQ20B-MS-control cell lines at doses varying between 0.5 and
8 Gy. Transient transfection with OGX-427 increased the clono-
genic cell death revealed in Figure 1c by an exponential decrease
in the percentage of surviving cells. The survival fraction at 2 Gy,
used as an index of radiosensitivity, shifted from 0.72 in SQ20B-
MS-control cells to 0.48 in SQ20B-OGX-427 cells. Hsp27 inhibi-
tion was also associated with an increase of apoptotic cell death, as
demonstrated by total caspase activation (Figure 1d) reaching up
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Figure 1 Knockdown of Hsp27 by OGX-427 sensitizes SQ20B cells to irradiation. (@) Immunoblot analysis of Hsp27 expression in response to 0
or 10Gy irradiation of SQ20B-MS-control and SQ20B-OGX-427 cells. (b) Immunoblot analysis of Hsp27, Hsp70, and Hsp90 protein expression in
response to 0 or 10 Gy irradiation. Protein (10 ug) was loaded on the gels. Glyceraldehyde-3-phosphate-deshydrogenase (GAPDH), as loading con-
trol. (c) Cell survival after exposure of SQ20B-MS-control and SQ20B-OGX-427 cell lines to radiation at doses varying between 0 and 8 Gy. Colonies
with >64 cells were scored after six cell divisions following irradiation. (d) Total caspase activity quantified by flow cytometry. Each value represents
the mean + SD of two experiments performed in triplicate. **P < 0.005, ***P < 0.001 versus irradiated SQ20B-MS-control cells. Nonirradiated con-
trols represent the mean of results (triplicate) obtained in basal conditions for each transfected cell line. (e) Fluorescent DAPI staining examined
48 hours postirradiation. Apoptotic cells appear with characteristic disintegrated chromatin in the nuclei (white arrows) (original magnification x40).
(f) Immunoblot analysis of the phosphorylated active form of Akt (pAkt) in response to 0 or 10 Gy irradiation of SQ20B-MS-control and SQ20B-OGX-
427 cells. DAPI, 4’-6-diamidino-2-phenylindole-dihydrochloride; GAPDH, glyceraldehyde-3-phosphate-dehydrogenase; Hsp, heat shock protein.
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to 205% over MS-control irradiated cells (P < 0.001) at 48 hours
postirradiation. These data were confirmed by the morphologic
apoptotic changes shown by using 4’-6-diamidino-2-phenylindole-
dihydrochloride staining at 48 hours postirradiation (Figure 1e).

Because Hsp27 can activate the pro-survival kinase Akt'>'
through its phosphorylation on Ser"” by the phosphatidylinosi-
tol-3-kinase,'”'® we next investigated whether Hsp27 knockdown
could lead to a reduced expression of the phosphorylated active
form of Akt (pAkt). According to our hypothesis, we observed
a decrease of pAkt in OGX-427 transfected cells whether irradi-
ated or not (Figure 1f).

Thus, these preliminary in vitro results indicate that OGX-
427 treatment sensitizes SQ20B cultured cells to irradiation by
increasing apoptotic and clonogenic cell death, and by decreasing
activation of the Akt survival pathway.

Hsp27 knockdown enhances radiation-induced

regression of SQ20B xenograft tumors without

significant toxicity, and increases mice survival

Figure 2a shows the tumor evolution in the six groups of mice
from experiment I and illustrates the absence of a significant
effect of MS treatment. Compared to the progressive and mas-
sive increase in tumor volume observed in the control groups
[phosphate-buffered saline (PBS)-alone, MS-control], 10 Gy radi-
ation stabilized tumor evolution between the second and the third
week. The tumors then started to develop again with a growth
curve resembling that of the control groups. In contrast, the com-
bination of OGX-427 with 10 Gy radiation drastically enhanced
the sensitivity of SQ20B tumors to the irradiation. At the end of
treatment (week 6), the mean tumor volume had decreased by
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485% compared to the control group and by 350% compared to
irradiated control groups (P < 0.001). In our experimental condi-
tions using high tumor volume (300-400 mm?®) as starting point
for the treatment, OGX-427 alone had an almost insignificant
effect on tumor growth.

To check whether the extension of radiotherapy treatment
was associated with the improved effectiveness of the combined
treatment, we conducted a second experiment (experiment II)
in which the total radiation dose was increased to 30 Gy. In the
absence of significant differences in tumor evolution observed
during the first experiment between the control groups, the sec-
ond experiment was conducted on three groups of mice only:
PBS-alone, PBS + 30 Gy, and OGX-427 + 30 Gy.

Increasing the total dose of radiation in combination with
OGX-427 resulted in an even greater inhibition of tumor growth
(Figure 2b). At the end of week 6, the mean reduction in tumor
volume was 720 and 500% (P < 0.001) compared, respectively, to
the PBS-control and only irradiated tumors. These results are illus-
trated in Figure 2c by photos of one representative tumor taken
from each group at week 6. Increasing the radiation dose delayed
the restart of tumor growth, as shown by a tumor volume at the
end of week 11 comparable to that at week 7 in the first study.

Western blot analysis at the end of treatment (week 6) revealed
a significant downregulation of Hsp27 expression in OGX-427
treated tumors by up to 65% compared to the untreated control
group (Figure 2d). No significant variation in the levels of Hsp70
and Hsp90 protein in tumors from all groups of the two experi-
ments was observed.

An increase in the overall survival of mice, as represented by
the Kaplan—-Meyer curves for mice from experiment II, confirmed
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Figure 2 Combined treatment of OGX-427 with irradiation enhances the regression of SQ20B xenografted tumors. Mice bearing SQ20B
tumors were randomly selected for treatment with PBS, 10 mg/kg of MS-control or OGX-427 injected once daily for 5 consecutive days (week 1)
then three times per week for 5 weeks, associated or not with local tumor irradiation for a total dose of 10 or 30 Gy delivered at a daily dose of 2 Gy.
(@) Tumor evolution after treatment with PBS, MS-control or OGX-427 oligonucleotides associated or not with 10 Gy radiation (week 2, experiment I).
(b) Tumor evolution after treatment with PBS associated or not with 30 Gy irradiation, and OGX-427 plus 30 Gy (weeks 2, 3, and 4, experiment Il).
Tumor volume was measured once weekly and results were expressed as mean * SD relative to that measured at the beginning of treatment. (c) Tumor
specimen photos representative of each group of mice at the end of the treatment (experiment Il). (d) Immunoblot analysis of Hsp27, Hsp70, and
Hsp90 proteins in SQ20B xenografted tumors at the end of treatment for all experimental groups (two different tumors from each group). Protein
(2pg) was loaded on the gels. GAPDH, glyceraldehyde-3-phosphate-dehydrogenase; Hsp, heat shock protein; PBS, phosphate-buffered saline.
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the efficacy of the treatment. The viability was followed up to week
24 following the beginning of treatment. None of the mice from
the untreated group survived after the 14th week whereas 30 Gy
treatment prolonged the lifespan to the 18th week and the com-
bined treatment to past the 24th week (Figure 3a).

To determine the systemic toxicity of the various treatments,
body weight was recorded among all experimental groups of the two
studies. As shown in Figure 3b,c, only the untreated groups showed
a mild loss in body weight (<15% of the pretreatment value). The
irradiation alone or combined with OGX-427 was well tolerated and
showed no sign of acute and delayed toxicity. The tissue morphol-
ogy of liver, lung, brain, and skeletal muscle surrounding the tumor,
performed with hematoxylin-phloxine-saffron staining, was similar
between the different groups of treated mice (Figure 3d).

The overall results demonstrate that Hsp27 knockdown by
OGX-427 treatment markedly improves the response of HNSCC
tumors to radiotherapy without significant toxicity.

Combined treatment by OGX-427 and radiation
increases apoptotic cell death and decreases
glutathione levels and angiogenesis

Terminal nucleotidyl transferase-mediated nick end labeling
staining (Figure 4a) of tumor sections confirmed the results
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obtained in vitro. No significant induction of apoptosis was dis-
played in SQ20B xenografts treated with either OGX-427 alone
(Figure 4a) or the MS-control (data not shown). Radiation alone
led to only a slight increase in the number of apoptotic cells
whereas the combined treatment of OGX-427 and radiation
resulted in large fields of apoptosis. Increasing the total dose of
radiation from 10 to 30 Gy without changing the OGX-427 treat-
ment led to an even greater increase in the apoptotic rate. These
results were confirmed in experiment IT by immunostaining of the
cleaved-caspase-3. The proportion of active-caspase-3 expressing
cells was higher in tumors treated with the combination of OGX-
427 and irradiation compared to those only irradiated.

Because Hsp27 protects tumor cells against oxidative stress by
increasing levels of glutathione and maintaining it in its reduced
form, we further verified that the tumor glutathione levels were
affected by the combined treatment with OGX-427 and radiation.
The combined treatment led to a significant decrease in intra-
tumoral total glutathione levels, most pronounced at the high-
est dose of radiation, of 68 and 59%, respectively, compared to
the untreated and 30 Gy irradiated alone mice groups (*P < 0.05)
(Figure 4b).

Finally, we investigated any association between tumor
growth inhibition and an alteration of tumor proliferation and

PBS alone PBS + 30 Gy

OGX-427 + 30 Gy

Figure 3 Combined therapy increases the survival of mice without significant toxicity. (a) The Kaplan-Meyer survival curves represent the
percentage of mice alive at the indicated time points for each group of the experiment Il. (b) Body weight monitoring of mice after treatment with
PBS, MS-control, or OGX-427 oligonucleotides associated or not with 10 Gy irradiation (experiment I). (c) Body weight monitoring after treatment
with PBS associated or not with 30 Gy irradiation, and OGX-427 + 30 Gy (experiment II). Body weight was measured once weekly and results were
expressed as mean + SD relative to that measured at the beginning of treatment. (d) Tissue morphology of liver, lung, brain, and muscle surrounding
tumors assessed on paraffin-embedded tissue sections after hematoxylin, phloxine, and saffron staining (week 6, experiment Il). Magnification x100.

PBS, phosphate-buffered saline.

1390

www.moleculartherapy.org vol. 17 no. 8 aug. 2009



© The American Society of Gene & Cell Thera . e
/ » Hsp27, a New Target for Tumor Radiosensitization

a Experiment | Experiment Il
TUNEL TUNEL Active caspase-3

PBS alone

PBS alone

OGX-427 +10 Gy PBS + 10 Gy
OGX-427 +30 Gy PBS + 30 Gy

Week 4 Week 6
(end of radiation) (end of treatment)

OGX-427

=3 Experiment | (10 Gy)
W Experiment Il (30 Gy)

150

Week 2 Week 6
(end of radiation)  (end of treatment)

Total glutathione &

(nmol/ug protein)
=)

o o o

Ej

PBS OGX- PBS 0GX-427
alone 427 + radiation + radiation

Experiment | Experiment I

1 Experiment | (10 Gy)

12} N

= m
§ % % 100 Experiment Il (30 Gy)
o S 2 &0
8 Q % 60
* * s 40

= ~
© 20
: 4
& & e 0
2 8
+ & +
(] (]
Jus}
E o e}
> - %
6} 19} 2
3 3 S
x N s
8 g _ PBS OGX- PBS  OGX427
x100 alone 427 + radiation + radiation
N Week 6
; (end of treatment)
o
° d
pAk’(f —— ————— = 60 kd
Week 6
(end of treatment) GAPDH ¥ 38

0Gy 10Gy 30Gy 0Gy 10Gy 30Gy

N PBS T oGx-427
Week 6 (end of treatment)

Figure 4 Hsp27 knockdown by OGX-427 combined with irradiation induces apoptosis, decreases intratumoral glutathione levels and
angiogenesis, without altering cell proliferation. (a) Detection of apoptosis using TUNEL and active-caspase-3 staining on paraffin-embedded
tumor sections (x400 or x100 magnification). (b) Total glutathione levels measured by HPLC on tumors collected at the end of treatment from
both experiments. Each value represents the mean + SD of triplicate samples for each collected tumor. *P < 0.05 versus 30 Gy irradiated tumors.
(c) Detection of tumor cell proliferation and angiogenesis using respectively Ki-67 and CD31 immunostaining on tumors taken at the end of treat-
ment from both experiments (x100 or x200 magnification). The proliferative index was calculated as the percentage of Ki-67 positive cells counted
in 20 random fields at x400 magnification for each tumor. The MVD (microvessel density) was quantified by counting the number of microvessels
in 10 random fields at x200 magnification for each tumor. *P < 0.05 versus 30 Gy irradiated tumors. (d) Immunoblot analysis of the phosphorylated
active form of Akt (pAkt) in SQ20B xenograft tumors at the end of treatment (two different tumors per group). Protein (10 ug) was loaded on the gels.
GAPDH, glyceraldehyde-3-phosphate-dehydrogenase; HPLC, high-performance liquid chromatography; Hsp, heat shock protein; PBS, phosphate-
buffered saline; TUNEL, terminal nucleotidyl transferase-mediated nick end labeling.
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vascularization using, respectively, Ki-67 and CD31 immunos-
taining of tumors taken at week 6. Despite a tendency to a lower
proliferation index was deduced from microscopic observation,
the quantitative analysis with the Histolab-Microvision Image
Analysis software (Microvision Instruments, Evry, France) showed
no significant variation of the proliferative index (% of Ki-67 posi-
tive cells) between all treatment groups from both experiments
(Figure 4c).

In contrast, immunohistochemical staining for CD31 revealed
a significant decrease in vessel count in tumors from the combi-
nation therapy group of OGX-427plus radiation, most evident
following the 30 Gy associated treatment (38% compared to only
irradiated mice group, *P < 0.05). Mice that received radiation or
OGX-427 alone exhibited a slight decrease in tumor angiogenesis
(Figure 4c). Because Akt can promote angiogenesis by regulating
the expression of vascular endothelial growth factor and because
Hsp27 knockdown inhibits Akt activation in cultured cells, we
investigated whether the decrease of angiogenesis observed in
xenograft tumors treated with OGX-427plus radiation could
be explained by a decrease in Akt activity. Western blot analy-
sis revealed a decrease of the phosphorylated active form of Akt
(pAkt) in tumors treated with OGX-427 associated or not with
irradiation compared to those receiving no OGX-427 treatment
(Figure 4d).

Thus, OGX-427 downregulation of Hsp27 in combination
with radiation significantly enhances apoptosis associated with a
decrease of both antioxidant defenses and tumor vascularization.

DISCUSSION

Modulation of the expression of antiapoptotic proteins by spe-
cific antisense oligonucleotides (ASOs) in association to current
cancer therapies seems a promising therapeutic approach. Hsp27
overexpression in tumors, coupled with its role in resistance to
chemotherapy and radiation therapy-induced apoptosis, makes it
an interesting target for anticancer therapy.

The highly dynamic formation of oligomers of up to 1,000kd
seems to play a central role in regulating the chaperone' and
tumorigenic® activities of Hsp27. Through its chaperone activ-
ity, Hsp27 regulates apoptosis by its ability to interact with key
components of the apoptotic signaling pathways.*! It inhibits the
cytochrome c release,” prevents the formation of the apoptosome,
and the subsequent activation of procaspase-9 and procaspase-3
(refs. 23,24). In addition, Hsp27 maintains the actin network
integrity and hence prevents the translocation of pro-apoptotic
factors such as activated Bid (tBid) onto the mitochondrial
membrane.”® Hsp27 can also block Daxx-mediated apoptosis by
preventing its translocation to the plasma membrane and thus
inhibiting its interaction with Fas and Ask-1 (ref. 26). Havasi et al.
have recently shown that Hsp27 is also able to antagonize Bax-
mediated mitochondrial injury and apoptosis by promoting Akt
activation via a phosphatidylinositol-3-kinase-dependant mecha-
nism.'® Thus, the knockdown of Hsp27 expression would affect
multiple pathways implicated in cancer cell survival and the resis-
tance to chemotherapy and radiotherapy treatment. Conversely,
increasing the expression of Hsp27 protein might be useful in
the therapeutic strategy of certain forms of neurodegenerative
diseases, as it has been identified as a potent protective factor in
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neuronal cells.” Furthermore, mutations of Hsp27 gene have been
associated to mild clinical form of Charcot-Marie-Tooth disease
and to hereditary motor neuropathy type II.%

In this study, we evaluated, in vivo, the potential radiosensi-
tizing effect of the 2’-methoxyethyl modified phosphorothioate
ASO OGX-427 on SQ20B tumors. In SQ20B cultured cells, the
knockdown of Hsp27 by OGX-427 combined with irradiation
led to increased levels of apoptotic and clonogenic cell death, and
decreased activation of the Akt survival pathway. In vivo, compared
with untreated control, the administration of OGX-427 combined
with tumor irradiation resulted in a drastic regression of SQ20B
tumors and enhanced survival of SQ20B-bearing mice without
significant tissue damage or toxicity. The significant decrease of
tumor growth is due in large part to the high level of induction
of radiation-induced apoptosis after OGX-427 treatment, closely
associated with a decrease in the antioxidant defenses. We have
demonstrated for the first time that, in vivo, knockdown of Hsp27
in combination with irradiation leads to a significant decrease
in intratumoral glutathione levels. Our results confirm previous
observations' demonstrating the ability of Hsp27 to enhance the
antioxidant defenses of tumor cells by maintaining cellular gluta-
thione content. They also clearly show that the induction of apop-
tosis is a critical determinant of tumor radiosensitivity.

Rocchi et al. have shown that treatment with Hsp27 antisense
delays the tumor progression of androgen-independent® and
androgen-sensitive®® prostate xenografts. In prostate cancer, the
anticancer effect of OGX-427 treatment on tumor growth occurs,
in part, via inhibition of cooperative interaction between ligand-
activated androgen receptor and Hsp27 (ref. 31). Contrary to these
results, treatment by OGX-427 alone or combined with radiation
exhibited no effect on SQ20B tumor proliferation, as no difference
in the proliferative index (% Ki-67 positive cells) was observed
between all treatment groups.

However, we described a significant decrease of angiogen-
esis in tumors treated with OGX-427 associated with irradia-
tion. Hsp27 has been described as a potential positive regulator
of vessel growth.”> On the other hand, Pore et al. have recently
described a decrease of angiogenesis in SQ20B xenografts
treated with irradiation plus nelfinavir, an inhibitor of the
phosphatidylinositol-3-kinase/ Akt pathway.” Moreover, the phos-
phatidylinositol-3-kinase/Akt pathway has been implicated in the
regulation of vascular endothelial growth factor expression and
consequently of tumor angiogenesis. Because Hsp27 regulates Akt
activation in stressed cells* and because we have confirmed the
absence of Akt activation in Hsp27 under-expressing tumors, we
can postulate that the decrease of tumor vascularization observed
in tumors treated with OGX-427 may result from a decrease in
vascular endothelial growth factor promoter activation.

Our results are in good agreement with those found in bladder
cancer reported by Kamada et al., showing the efficiency of the
Hsp27 inhibiting strategy with OGX-427 treatment in combina-
tion with chemotherapy.®® This study represents the first in vivo
demonstration of the efficacy of Hsp27 antisense in combination
with radiation for cancer therapy.

Inhibition of other antiapoptotic proteins such as survivin®
and X-linked inhibitor of apoptosis protein®” by ASOs has also
proved successful in reducing tumor growth and increasing the
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rates of apoptosis of different xenograft tumors. The ASO target-
ing Bcl-2 antiapoptotic protein has also been successfully used
in this fashion against cancers in both human xenograft tumor
models and cancer patients.’®** Despite the somewhat disappoint-
ing results of recent antisense oncology trials, ongoing progress
in ASO technology with improvements in tumor targeted deliv-
ery have raised new hopes of enhancing clinical efficacy.** The
2’-methoxyethyl modified second-generation phosphorothioate
ASOs have already proved their efficiency in cancer therapy. In
this way, OGX-011, an ASO targeting clusterin, has been evalu-
ated in several phase I and II clinical trials in combination with
docetaxel for the treatment of prostate, lung, and breast cancers.*!
A phase I clinical study evaluating OGX-427 combined with doc-
etaxel in patients with advanced cancers has also just begun.

In light of our results, Hsp27 knockdown using OGX-427 in
combination with radiotherapy seems to be another viable thera-
peutic approach for clinical application. These results provide a
basis for the clinical utility of the Hsp27 antisense approach asso-
ciated to y-radiation in the treatment of patients with cancers
resistant to radiotherapy such as HNSCC.

MATERIALS AND METHODS

In vitro treatments. The HNSCC SQ20B cells were established from a
patient with recurrent squamous cell carcinoma of the larynx after radia-
tion therapy* and cultured as previously reported.*

Cells were irradiated at room temperature on a Clinac C/D-600
(Varian Medical Systems, Palo Alto, CA) at a general dose of 10Gy
delivered at a dose rate of 2 Gy/min with photon energy of 6 MV.

The second-generation 2’-O-(2-methoxyethyl) ASO against Hsp27
(OGX-427) was kindly supplied by Oncogenex Technologies (Vancouver,
British Columbia, Canada). The sequence of OGX-427 corresponds
to the human Hsp27 translation initiation site (5'-GGGACGCGGCG
CTCGGTCAT-3"). An MS (5-CAGCGCTGACAACAGTTTCAT-3")
was used as control. Cells were treated for 2 days with 200 nmol/l OGX-
427 or MS-control after a preincubation for 20 minutes with 3.5ug/ml
oligofectamine (Invitrogen, Carlsbad, CA) in serum-free OPTI-MEM
(Invitrogen).

Clonogenic assay. Cell survival curves were generated by means of a
standard colony formation assay, as previously described.* The survival
fraction at 2 Gy was determined as an index of radiosensitivity.

Cell apoptosis. Total cellular caspase activity was quantified by flow cytom-
etry after labeling with the CaspACE FITC-VAD-FMK in Situ Marker
(Promega, Charbonniéres, France). Apoptotic cellular morphologic char-
acteristics were visualized by means of 4’-6-diamidino-2-phenylindole-
dihydrochloride staining as previously described."

In vivo treatments. A suspension of 3 x 10° SQ20B cells in 200 ul of PBS
was subcutaneously inoculated in the right flank region of 5-week-old
female athymic nude mice (Charles River Laboratories, LArbresle, France)
via a 23-gauge needle under ketamine/xylazine anesthesia. All animal
procedures were performed according to local guidelines on animal care.
When the tumor reached 300-400 mm® in volume, mice were randomly
selected for treatment. Two successive experiments were conducted in
which the administered treatment differed by the total dose of irradiation.
Ten mg/kg of OGX-427 or MS-control were injected intraperitoneally once
daily for 5 successive days (week 1), then one injection every 2 days during
the 5 following weeks. Local tumor irradiation was performed under
ketamine/xylazine anesthesia from the beginning of week 2 at a dose rate
of 2Gy/min. A 2 Gy dose was delivered daily for 5 days (10 Gy total) in the
first study (experiment I), with the protocol repeated during weeks 3 and 4
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(30 Gy total) for the second (experiment II). The 5 x 2 Gy fractionated radi-
ation dose was used to mimic the protocol classically applied to a patient
for a week of treatment. Experiment I consisted of 6 groups of 10 mice:
PBS-alone, MS-control, OGX-427, PBS + 10Gy, MS + 10Gy, and OGX-
427 + 10 Gy. Experiment II included three groups of 16 mice: PBS-alone,
PBS + 30 Gy, and OGX-427 + 30 Gy. Clinical observations were carried out
daily alongside weekly measurements of body weight and tumor volume,
which was calculated according to the formula: 0.5236 (L x W?), where L
and W are, respectively, the length and width diameters. For each mice
group, histological and biochemical analyses were performed on tumors
taken after being killed at the end of irradiation (week 2 for experiment
I, week 4 for experiment II) and at the end of treatment (week 6 for both
experiments). Mice were killed at desired time points. Several aliquots of
tumors were immediately frozen in liquid nitrogen or fixed in 4% forma-
lin for 24 hours and embedded in paraffin. Mice were killed when tumors
reached a considerable size.

Biochemical analyses. Immunoblot analysis of protein extracts was per-
formed as described previously.”® The primary monoclonal antibodies were
anti-Hsp27, anti-Hsp70, and anti-Hsp90 (Santa-Cruz Biotechnologies,
Santa-Cruz, CA), anti-pAKt (pS473) (Epitomics, Burlingame, CA), and
antiglyceraldehyde-3-phosphate-dehydrogenase (Biodesign-International,
Saco, ME). The horseradish-peroxidase (HRP)-conjugated secondary
antibodies were from Santa-Cruz. Densitometric analysis was performed
using 1DScan-EX3.1 software (Scanalytics, Fairfax, VA).

Total glutathione was quantified from tumor extracts prepared
as previously described and separated by high-performance liquid
chromatography with fluorimetric detection.*

Histological analyses. The tissue morphology of liver, lung, brain,
and muscle surrounding the tumors was assessed on formalin-fixed,
paraffin-embedded tissue sections after hematoxylin, phloxine, and saf-
fron staining.

Immunohistochemical analyses.

Terminal nucleotidyl transferase-mediated nick end labeling: Terminal
nucleotidyl transferase-mediated nick end labeling staining was carried
out on formalin-fixed, paraffin-embedded tissue sections (5pum) with the
DeadEnd Fluorometric TUNEL System (Promega) according to the manu-
facturer’s instructions. Slides were examined using an Olympus-BX41 micro-
scope (Olympus America, Center Valley, PA) and images taken at x100 or
%400 magnification using a Nikon digital camera (Nikon, Melville, NY).

Cell proliferation and expression of cleaved-caspase-3: Tumor sections
(5um) were hydrated through xylene and graded ethanol and equili-
brated in PBS before undergoing antigen retrieval. Endogene peroxidase
activity was quenched and tissue sections were incubated with a mouse-
monoclonal anti-Ki-67 (clone-MIB1; DAKO, Glostrup, Denmark) for
cell proliferation study, or a rabbit-monoclonal antiactive-caspase-3
(Epitomics) at a dilution of 1/50 for 1 hour at room temperature. The
appropriate secondary antibodies were HRP-conjugated for Ki-67 and
rhodamine-conjugated for cleaved-caspase-3. HRP detection was achieved
with 3,3’-diaminobenzidine substrate (Sigma, St Quentin Fallavier, France)
and counterstained with hematoxylin (Sigma). The proliferative index was
calculated as the percentage of Ki-67 positive cells counted in 20 random
fields at X400 magnification for each tumor (one slide/mouse, 2 or 3 slides/
group) on an Eclipse-E400 microscope (Nikon) equipped with a three-
chip-charge coupled device color video camera (DXC-390P; Sony, Tokyo,
Japan) and Histolab-Microvision Image Analysis software.

Tumor angiogenesis: Tumor angiogenesis was analyzed on 7-pm freshly
cut sections of frozen tumors. After fixation in cold acetone, endogene
peroxidase activity was quenched and tissue sections were incubated with
a rat-anti-mouse CD31 (clone MEC-13.3; BD Pharmingen, San Diego,
CA) at a dilution of 1/50. After incubation for 30 minutes each with
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biotin goat-anti-rat IgG, and HRP-conjugated Ultra-Streptavidin (BD
Pharmingen), HRP detection was achieved as described above and coun-
terstained with hematoxylin. The microvessel density was quantified by
counting the number of microvessels in 10 random fields at X200 magnifi-
cation for each tumor (one slide/mouse, 2 or 3 slides/group).

Statistical analysis. All results are expressed as the mean + SD. Statistical
significance was tested using Student’s ¢-test (Excel-Microsoft, Courtaboeuf,
France); degree of statistical significance: P < 0.05 was considered signifi-
cant. *P < 0.05; **P < 0.005; ***P < 0.001.
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