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Abstract

Purpose—We recently reported that curcumin attenuates radiation (IR) induced survival
signaling and proliferation in human neuroblastoma (NB) cells. Also, in endothelial system, we
demonstrated that NFxB regulates IR-induced telomerase activity (TA). Accordingly, we
investigated the effect of curcumin in inhibiting IR-induced NF«xB dependent hTERT
transcription, TA and cell survival in NB cells.

Methods and Materials—SK-N-MC or SH-SY5Y cells exposed to IR, treated with curcumin
(10nM-100nM) with or without IR were harvested after 1h through 24h. NFxB dependent
regulation was investigated either by luciferase reporter assays using pNF«kB-, pGL3-354-,
pGL3-347-, pUSE-IxBa-Luc, p50/p65 or RelA siRNA transfected cells. NFkB activity was
analyzed using EMSA and hTERT expression using QPCR. TA was determined using TRAP
assay and, cell survival using MTT and clonogenic assay.

Results—Curcumin profoundly inhibited IR-induced NF«B. Consequently, curcumin
significantly inhibited IR-induced TA and hTERT mRNA at all time points investigated.
Furthermore, IR-induced TA is regulated at the transcriptional level by triggering TERT promoter
activation. Moreover, NFkB becomes functionally activated after IR and mediates TA
upregulation by binding to the kB-binding region in the promoter region of the TERT gene.
Consistently, elimination of NFkB-recognition site on telomerase promoter or inhibition of NFkB
by IkBo mutant compromises IR-induced telomerase promoter activation. Significantly, curcumin
inhibited IR-induced TERT transcription. Consequently, Curcumin inhibited hTERT mRNA and
TA in NFxB overexpressed cells. Furthermore, curcumin enhanced the IR-induced inhibition of
cell survival.

Conclusions—These results strongly suggest that curcumin inhibits IR-induced TA in an NFxB
dependent manner in human NB cells.
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INTRODUCTION

The enzyme telomerase maintains the telomeric ends of chromosomes and is intimately
involved in the proliferative potential of both normal and malignant cells (1). Telomerase is
a ribonucleoprotein complex composed of: (i) telomerase RNA component (2); (ii)
telomerase-associated proteins (3); and (iii) the most important catalytic subunit, telomerase
reverse transcriptase (TERT) (4). Using hTR as a template, hnTERT adds tandem repeats of
DNA sequence TTAGGG to chromosome termini, elongating the telomeres. Loss of
telomerase in differentiating cells and up-regulation of telomerase in cancer cells has been
associated with the synthesis of h\TERT mRNA (1,4). Studies have demonstrated that
expression of h\TERT mRNA is essential for activation of telomerase in cancer cells (5). In
fact, hnTERT expression parallels TA in cancer cells suggesting a transcriptional mechanism
of telomerase regulation (4). To that end, activation of a telomere maintenance mechanism
seems to be indispensable for the immortalization of human cells (6). Given the prevalence
of telomerase in tumors and its absence in normal cells, TA has been widely studied as a
biomarker for the diagnosis and prognosis of various adult and childhood neoplasms
including NB (7).

NB is one of the most frequent extra cranial solid tumors in children that accounts for 8—
10% of all childhood cancers (8) and 15% of childhood cancer fatalities (9). NB exhibit a
remarkable heterogeneity with respect to clinical behavior, ranging from spontaneous
regression or differentiation with favorable outcome to a rapid progression with poor
outcome, despite multimodal therapy. Recently, TA was shown to be a prognostic indicator
of unusual predictive strength in NB (7). Evidently, studies have demonstrated that TA may
discriminate between prognostically different subsets of NB (7,10) and emerged as an
independent predictor of clinical outcome with greater prognostic impact than even clinical
stage (11).

lonizing radiation (IR) delivered to NB sites has several well-recognized applications.
Event-free survival was significantly improved (76%) with radiotherapy, compared to
chemotherapy alone (46%) (12). Traditionally, IR is delivered in 2Gy fractions (5 days/
week) to total doses of 50 to 75Gy in ~5—7 weeks. In this context, studies have shown that
IR can induce TA (13). To that end, regulation of hnTERT appears to be influenced by
different transcription factors (TF) in various cellular contexts (5). The promoter region of
TERT contains the recognition sequence for several TFs including AP1, AP2, AP4, NFkB
(14), SP1, Myc/Max and CRE. More recently, we demonstrated that IR induces NF«B in
human NB cells (15,16) and NFxB mediates the IR-induced TA (17). Therefore inhibition of
IR-induced NFxB may inhibit TA and associated clonal expansion in NB cells.

Curcumin is known to suppress NFxB (15) and down-regulate the expression of NFxB-
regulated genes involved in survival, proliferation, angiogenesis, invasion, and metastasis.
This phytochemical has been shown to modulate various mechanisms linked with
radioresistance, such as quenching ROS, down-regulating COX-2, MRP, Bcl-2, and survivin
expression, inhibiting PI3K/AKT activation, suppressing growth factor signaling pathways,
and inhibiting STAT3 activation (18-20). Moreover, in clinical trials, cancer patients have
not shown adverse effects with doses from 2000 to 8000 mg/day (21). In addition, it has
been demonstrated that curcumin injected peripherally crossed the blood-brain barrier (22).
Furthermore, studies have demonstrated that curcumin inhibits TA and induced apoptosis in
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human cancer cell lines (23). We recently demonstrated that curcumin inhibits NFKB
mediated radioprotection by reverting IR modulated apoptosis related genes in human NB
cells (15). Accordingly, in this study we investigated whether curcumin can inhibit IR-
induced NFKB dependent TA and thereby confers radiosensitivity in NB cells.

MATERIALS AND METHODS

Cell Culture; Curcumin treatment and Irradiation experiments

SK-N-MC cells were cultured as reported in our earlier studies (15,16). SH-SY5Y cells were
maintained as monolayer cultures in DMEM/F-12 50/50 supplemented with NEAA, MEM
vitamins and 10% FBS. Curcumin (Sigma-Aldrich, St.Louis, MO) stock (500mM in DMSO)
solution was further diluted in plain media to a ‘working’ concentration of 50uM. For
curcumin treatment, cells were treated with 10, 20, 50,200nM curcumin and allowed to
incubate for 24h. To determine the effect of curcumin on IR-induced modulations, cells
treated with curcumin (3h) were then exposed to IR (2Gy) using Gamma Cell 40 Exactor
(Nordion International Inc, Ontario, Canada) at a dose rate of 0.81 Gy/min. Mock irradiated
cells were treated identical except that cells were not subjected to IR. Irradiated cells were
incubated for additional 1 through 72h. All experiments were repeated at least three times in
each group.

Plasmid preparation, DNA Transfection and Luciferase reporter assay

The plasmid constructs, pGL3-354-Luc, pGL3-347-Luc, pUSE-1kB(S32A/s36A)_| ¢, pTAL-
Luc, pNFkB-Luc and pCRE-Luc were amplified, purified and transfected as described
earlier (17). Furthermore, NFxB overexpression studies were performed as described in our
earlier studies (24). Cell lysates were assayed for luciferase activity as per the
manufacturer’s protocol (Biovision Research Products, Mountain View, CA).

Electrophoretic Mobility Shift Assay

Nuclear protein extraction, EMSA and supershift assays were performed as described earlier
(15,25).

Immunoblotting

Total protein extraction and immunoblotting was performed as described earlier (26) using
rabbit anti-p65, anti-p50 (Biolegend, San Diego, CA), anti-1kBa or mouse anti-a-tubulin
(Santa Cruz Biotechnology Inc., Santa Cruz, CA) polyclonal antibodies.

Telomerase Assay

Telomerase repeat amplification protocol (TRAP) was performed as described earlier (17).
Telomerase extended products were amplified using QPCR and the relative quantity was
assessed after background (heat-inactivated) subtraction and calculating the ratio of
telomeric extended products to that of 36bp internal control. Values were then normalized to
mock-IR control and expressed as fold change. Group-wise comparisons were made using
ANOVA with Tukey’s post-hoc correction.

Cell survival by MTT and clonogenic assay

Cell survival was analyzed using MTT and clonogenic assays as described in our previous
studies (20).
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IR-induced NF«B dependent regulation of hTERT mRNA expression was analyzed by
QPCR using hTERT primers (5’-TGACACCTCACCTCACCCAC-3’; 5’-CAG
TGTCTTCCGCAAGTTCAC-3’). We used B-actin (5’-
ATGACCCAGATCATGTTTGA-3’; 5-TACGACCAGAGGCATACA G-3’) as a positive
control and a negative control without template RNA was also included. QPCR was
performed as described earlier (20).

RESULTS
Curcumin inhibits IR-induced NFkB-DNA binding activity

Previously we established a decreasing NF«kB activity with increasing concentration of
curcumin in SK-N-MC cells (15). Consistently, in this study we observed a dose dependent
decrease (P<0.001) in NF«B activity in SH-SY5Y cells exposed to Curcumin (Fig. 1A) with
a maximal inhibition after 100nM (Fig. 1C). Furthermore, we have shown a dose dependent
suppression of IR-induced NF«B with Curcumin in SK-N-MC cells (15). Herein, while SH-
SY5Y cells exposed to IR showed a significant NFkB induction (Fig 1B), we observed a
complete suppression of IR-induced NF«xB with increasing concentrations of curcumin (Fig.
1C). Finally, we investigated the kinetics of the curcumin influenced inhibition of IR-
induced NF«B in SK-N-MC and SH-SY5Y. IR significantly induced NF«B at all time
points investigated in these cells (Fig. 1D&E) and this induced NF«B activity is persistently
suppressed (P<0.001) with curcumin (Fig. 1F). Competitively reduced NFxB (to 47% and
36.4%) with 0.02 and 0.2pmol of homologous unlabeled NF-«B specific-double stranded
oligonucleotide (Fig. 1G) confirm the specificity of the shifted band observed.

Curcumin inhibits IR-induced functional activation of NFkB

Furthermore, to determine whether IR initiates transcriptional activation of NF«kB, and
curcumin reverts this induced response, SH-SY5Y cells were transfected with a pNFxB-Luc
plasmid construct, exposed to 2Gy with or without Curcumin, and analyzed for luciferase
activity after 24h. Compared to mock-IR, 2Gy induced 2.9-fold increase in luciferase
activity, indicating that IR could specifically initiate transcriptional activation of NFxB (Fig.
2A). Furthermore, curcumin significantly reduced IR-induced luciferase activity almost to
the basal levels (1.2 fold) demonstrating its potential in attenuating IR-induced NF«xB
transcription.

Curcumin inhibits IR-induced hTERT mRNA

Curcumin significantly (P<0.001) inhibited hTERT mRNA levels (Fig. 3A) in NB cells.
Conversely, IR significantly (P<0.001) induced hTERT mRNA in these cells (Fig. 3B) with
a robust induction in SK-N-MC cells. However, curcumin profoundly (P<0.001) induced a
dose dependent inhibition of IR-induced hTERT mRNA (Fig. 3B). Analyzing hTERT
MRNA kinetics in this setting, IR-associated (P<0.001) persistent induction of hTERT
MRNA in both SK-N-MC and SH-SY5Y cells was significantly inhibited in the presence of
Curcumin (Fig. 3C&D).

Curcumin inhibits IR-induced TA

As a stand-alone compound Curcumin significantly (P<0.001) decreased TA with increasing
concentrations (Fig. 4A&B). However, IR markedly (P<0.001) induced TA in NB cells (Fig.
4C). Conversely, we observed a significant (P<0.001) and dose-dependent inhibition of IR-
induced TA levels with curcumin (Fig. 4D). Furthermore, IR persistently and significantly
(P<0.001) induced TA in SK-N-MC (Fig. 4E) and SH-SY5Y (Fig. 4G) cells. Conversely,
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curcumin attenuated the IR-induced TA to the basal levels or even to much lesser degree in
both cell lines (Fig. 4F&H).

Curcumin inhibits IR-induced hTERT transcription

SH-SY5Y cells transfected with pGL3-354-Luc plasmid, which contains TERT promoter
with recognition sequences for several transcription factors including NFxB, were exposed
to 0 Gy or 2 Gy. Luciferase activity revealed a significant (P<0.001) hTERT transcription
increase in cells exposed to 2Gy (Fig. 2B). Parallel experiment with pCRE-Luc showed no
such induction (Fig. 2B), suggesting that the observed hTERT induction may not reflect a
general increase in transcription following IR. More importantly, curcumin profoundly
(P<0.001) reverted IR-induced hTERT transcription in these cells (Fig. 2B).

IR induced NFkB regulates TA

To examine the effect of ecotopic expression of IkBa on the hTERT transcription, SH-
SY5Y cells transfected with pUSE-1B(S32A/S36A) were first confirmed with
immunoblotting for increased expression of 1kB(S32A/S36A) (Fig. 2C). EMSA analysis
showed complete inhibition of IR-induced NF«B activity (data not shown). Furthermore,
SH-SYS5Y cells were co-transfected with pGL3-354 and pUSE-1kB(S32A/S36A) and exposed
to 2Gy. Ectopic expression of 1kBa(S32A/S36A) completely shutdown IR-induced hTERT
transcription (Fig. 2D). In contrast, cells co-transfected with pGL3-354 and a non-specific
pTAL-LUC did not show such suppression of telomerase promoter activation.

Purging NFkB recognition site on the telomerase promoter compromises transcriptional
induction by IR

SH-SY5Y cells transfected with pGL3-347, a derivative of pGL3-354 lacking a functional
NF«B recognition motif (19), or pGL3-354 were exposed to 2 Gy. Cells transfected with
pGL3-354 plasmid showed a significant (P<0.001) increase in telomerase transcription after
2Gy (Fig. 2E). Deleting NFxB binding site (pGL3-347 plasmid) led to a significant
reduction (p<0.001) in the ability of IR to induce telomerase transcription (Fig. 2E).

Blocking NFkB inhibits IR-induced hTERT mRNA, TA and cell survival

Forced inhibition of NFkB with RelA siRNA significantly inhibited IR-induced NF«xB
activity (Figs. 5A,C&D). Consistently, muting NF«B resulted in a significant (P<0.001)
inhibition of IR-induced hTERT mRNA levels (Fig. 6A). More importantly, we observed
that NFxB inhibition resulted in a profound (P<0.001) inhibition of IR-induced TA (Fig.
6B-C) and further reduced IR-inhibited cell survival (Fig. 6D&E).

Curcumin attenuates IR-induced hTERT mRNA, TA and cell survival by targeting IR-
induced NFkB

Robust induction of NF«B activity observed in NF«xB overexpressed cells serves as the
positive controls for the study (Fig. 5A,C&D). Supershift analysis with p50 and p65
antibodies confirmed that the gel shifted bands are indeed NF«B (Fig. 5B). Furthermore,
immunoblotting validated a profound increase in p50 and p65 in these cells (Fig. 5E).
Conversely, curcumin significantly (P<0.001) inhibited overexpressed NF«B activity. Like-
wise, while NF«kB overexpression induced hTERT mRNA, curcumin markedly (P<0.001)
reverted NF«B-induced transcription of hTERT (Fig. 6A). TRAP showed an induced TA in
NF«B overexpressed cells (Fig. 6B) and this induced TA was completely inhibited with
curcumin (Fig. 6C). Furthermore, NFkB overexpression induced cell survival (Fig. 6D) and
clonal expansion (Fig. 6E) was markedly reduced with curcumin.
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DISCUSSION

The fact that most tumors rely on telomerase for immortalization and genomic stabilization
makes this enzyme an attractive target for cancer therapy. Telomerase is a ribonucleoprotein
reverse transcriptase that is suppressed in normal somatic cells and is activated in cancer
cells and immortalized cell lines (28). hTERT acts as a limiting factor for TA. Expression of
hTERT mRNA closely coincides with the presence of TA in cancer (29). Inhibition of
hTERT expression results in loss of telomere and limits the growth of cancer cells. To that
end, studies have clearly demonstrated that IR profoundly induced hTERT expression and
TA in a number of tumor types (30). Our group has recently demonstrated that IR induced
TA in normal human aortic endothelial cells (17). More importantly, concordant studies
have shown that selective inhibition of TA enhances radiosensitization (31,32). Consistently,
here we demonstrate that IR significantly induced hTERT expression and TA and, selective
inhibition of IR-induced TA profoundly inhibited the cell survival and clonal expansion. To
that note, we observed a maximum induction of R TERT mRNA and TA levels at 24h after
IR exposure, consistent with ours (17) and other studies and serves as positive controls for
the study.

In addition, we have clearly shown that NFkB mediates IR-induced hTERT expression,
transcription and TA and, subsequent cell survival. Regulation of TA is known to occur at
various levels, including transcription, mMRNA splicing, maturation and modification of
hTER and hTERT, transport and sub-cellular localization of each component, and assembly
of active telomerase (33). Among the several components of telomerase, only the abundance
of hTERT mRNA strongly correlated with the TA (4). Expression of hTERT in human cells
is regulated primarily at the level of transcription (33). Results demonstrating the key role of
NF«B in the transcriptional control of hTERT presented in the current study suggests that
NF«B activates the hTERT promoter. Furthermore, we have demonstrated that IR-induced
functionally activated NF«kB mediates the upregulation of TA by binding to the kB-binding
region in the promoter region of the TERT gene. Consistently, several studies have
demonstrated that NFxB regulates the transcriptional activation of hTERT (14). However,
this current study, the results clearly provide evidence that IR-induced NF«B is responsible
for the induced hTERT transcription and subsequent TA in human NB cells. IR-induced
telomerase activation might then possibly play a role in extending cellular lifespan. In
support of this hypothesis, the association of NFkB with telomerase-mediated survival
advantage has been shown in a number of earlier studies (34).

A number of different therapeutic strategies targeting telomerase are currently in various
stages of development and testing. The major strategic paradigm for exploiting telomerase
therapeutically is to capitalize on a tumor's dependence on telomerase enzymatic activity. To
that note, the relative level of TA carries prognostic information that is particularly
accentuated in NB (7) with an ability to discriminate between different subsets (7,10). In this
regard, telomerase inhibitory approaches including antisense oligonucleotides, dominant
negative hTERT, nucleoside analogues, dietary polyphenols, G-quadruplex interactive
agents, and small molecule inhibitors are being explored. However, one should consider the
facts that (a) unlike other anti-cancer agents, telomerase inhibitors exhibit a delayed
response proportional to telomere lengths of the tumor cells, (b) long-term administration of
the agent may be required depending on the telomeric reserves in the tumor and (c) potential
for adverse side effects in highly proliferative normal tissues that possess some level of TA.
To that end, curcumin has been demonstrated to have antitumor effects by modulating many
potential molecular targets (35). Because of its use as a food additive and its potential for
cancer chemoprevention, curcumin has undergone extensive toxicological screening and
preclinical investigation in rats, mice, dogs, and monkeys (36). Curcumin has been
demonstrated to inhibit NFkB by directly interacting with IKK (35). Consistently, herein, we
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have shown that curcumin exerts a dose dependent inhibition of IR-induced NF«B activity.
Concordantly, the results have clearly demonstrated that curcumin inhibits telomerase
transcription and TA in human NB cells. Few previous studies have elucidated the efficacy
of curcumin in inhibiting TA in tumor cells (23,37). However, we present here that
curcumin effectively attenuate the IR-induced hTERT transcription, TA and subsequent cell
death. More importantly, NF«xB overexpression studies clearly delineate the sequential
regulation of IR-induced NF«xB with curcumin that regulates IR-induced hTERT expression,
TA, cell survival and clonal expansion.

Taken together, we demonstrate, for the first time in this study, the potential efficacy of
curcumin and a sequential molecular link that is involved in inhibiting IR-induced NF«xB
dependent TA and clonal expansion in human NB cells. Firstly, exposing human NB cells to
low-LET IR induces TA. Secondly, IR-induced TA appeared to be regulated at the
transcriptional level by activation of the telomerase catalytic subunit promoter TERT. Next,
IR-triggered activation of NF«B is critical for nTERT transcription and activation of
telomerase. Purging NF«B recognition site on the telomerase promoter compromises
transcriptional induction by IR. Curcumin treatment inhibits IR-induced NF«kB transcription
and activity. Inhibiting IR-induced NF«B effectively compromised the IR-induced TA and
clonal expansion. Consequently, curcumin inhibited IR-induced hTERT transcription in
these cells. These findings provide an important insight into the mechanisms involved in
local failure of cancer control after radiotherapy. Furthermore, understanding the efficacy of
curcumin in targeting and selective manipulation of Rel proteins in induced radioresistance
and clonal expansion provide us the platform to the development of a potential “deliverable”
to mitigate local failure of NB control after radiotherapy.
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Figure 1.

NF«B DNA-binding activity in SH-SY5Y cells (A) treated with curcumin (10, 20, 50,
100nM); (B) treated with curcumin 3h prior to 2Gy exposure and harvested after 24h. (C)
Densitometry showing reduction in NFkB activity by curcumin in a dose dependent manner
compared to either Mock-IR or 2Gy exposure. NFkB DNA-binding activity in (D) SK-N-
MC and (E) SH-5YSY cells exposed to 2Gy with or without curcumin (100nM for 3h) and,
harvested after 1-24h. (F) Densitometry revealing curcumin associated significant inhibition
of IR-induced NF«B activity in NB cells. ANOVA with tukey’s post-hoc correction was
used to compare between groups (G) Specificity of NFkB-DNA binding activity. Nuclear
protein obtained from SK-N-MC cells exposed to IR and harvested after 3h was incubated in
the absence (lane 1) or presence (lanes 2 and 3) of increased concentrations of homologous
unlabelled competitor for five minutes and then probed with [y-32P]-ATP labeled NFkB
specific oligonucleotide.
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Figure 2.

(A) Luciferase assay showing curcumin inhibits IR functionally activated NFkB. SH-SY5Y
cells were transfected with pNFkB-Luc and then exposed to 2 Gy with or without Curcumin
(100nM). (B) SH-SY5Y cells transfected with pCRE-Luc or pGL3-354 were mock
irradiated, exposed to 2Gy or treated with Curcumin and exposed to 2Gy. The transfected
cells were further incubated for 24h, and then lysed for the luciferase assay. (C) The ectopic
expression of 1«Ba(S32A/S36A) SH-SY5Y cells were transiently transfected with the
indicated plasmid and incubated for 24h. (D) A luciferase reporter assay showing the
inhibitory effect of ectopically expressed 1kBa(S32A/S36A) on |R-induced transcription of the
telomerase gene. Cells co-transfected with either pGL3-354 and a non-specific construct
pTAL, or pGL3-354 and pUSEI-1«Ba(S32A/S36A) \vere mock irradiated or exposed to 2Gy.
(E) Deleting NF«B binding site on the telomerase promoter attenuates 2Gy induced
transcriptional activation. SH-SY5Y cells transfected with mutant (pGL3-347) or wild-type
(pGL3-354) construct and incubated for 16h were mock irradiated or exposed to 2Gy. Cells
were then harvested at 24h post-irradiation. Data shown represent mean and standard
deviation (SD) of three independent experiments. Significant decrease in luciferase activity
(P<0.001) in the absence of an intact NFkB binding site.
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Figure 3.

(A) hTERT mRNA expression in SK-N-MC and SH-5YSY cells following treatment with
different concentrations of curcumin (10, 20, 50, 100nM) alone or (B) in combination with
IR (2Gy). Compared to control or 2Gy irradiated groups, curcumin significantly reduced the
hTERT mRNA levels in a dose dependent manner. Sustained inhibition (1h through 24h) of
IR-induced hTERT mRNA by curcumin (100nM) in (C) SK-N-MC and (D) SH-SY5Y cells.
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Figure 4.

(A) Representative gel showing TA in SH-SY5Y cells treated with 10, 20, 50, 100nM
Curcumin. (B) Densitometry analysis showing curcumin-induced dose dependent inhibition
of TA in SH-SY5Y cells. (C) Representative gel showing TA in SH-SY5Y cells exposed to
either mock-IR, IR (2Gy) or treated with Curcumin (10, 20, 50 or 100nM) and exposed to
IR. (D) Densitometric analysis showing a dose dependent inhibition of IR-induced TA by
Curcumin. (E & F) Representative gel pictures showing TA in (E) SK-N-MC and (F) SH-
SY5Y cells exposed to either mock-IR, IR (2Gy) or treated with Curcumin (100nM) and
exposed to IR. TA was assessed after 1, 3, 6, 24, 48 and 72h post-IR. (G & H)
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Densitometric analysis showing IR persistently activates TA in NB cells. Curcumin
treatment persistently and significantly inhibited IR-induced TA.
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Figure 5.

(A) NFkB-DNA binding activity in SH-SY5Y and SK-N-MC cells either exposed to 2Gy,
transiently transfected with NFxB (p50/p65 subunits) with or without curcumin or
transfected with RelA siRNA and exposed to IR. (B) Identification of NF«B subunits by
supershift assay. The addition of antibodies directed against potential components of NFxB
complex resulted in supershift when antibodies of p50 or p65 were used. (C&D)
Densitometry analysis showing inhibition of IR-induced NFxB DNA binding activity in
RelA siRNA transfected cells and, curcumin associated complete suppression of NFkB-
DNA binding activity in p50/p65 overexpressed (C) SH-SY5Y and (D) SK-N-MC cells. (E)
Representative immunoblot showing robust induction of p50 and p65 protein levels in NFxB
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(p50, p65 subunits) overexpressed cells. a-tubulin was used to validate equal loading of
samples.
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Figure 6.

(A) hTERT mRNA expression in SH-SY5Y cells. Transfection with RelAsiRNA
significantly reduced IR-induced hTERT mRNA. Similarly, curcumin treatment significantly
suppressed NF«xB overexpression-induced hTERT mRNA. (B) TA in SH-SY5Y cells
exposed either to 2Gy, treated with curcumin and exposed to 2Gy, transfected with p50/p65
with or without curcumin and transfected with Rel AsiRNA and exposed to 2Gy. (C)
Densitrometric analysis showing significant inhibition of either 2Gy or p50/p65 induced TA
by RelA siRNA and Curcumin respectively. (D) MTT cell survival analysis showing
curcumin-associated inhibition of IR-induced and/or NF«kB overexpression-induced cell
survival in SH-SY5Y cells. Muting NFkB with RelA siRNA significantly reduced IR-
induced cell survival. (E) Clonogenic assay showing IR-induced clonal expansion in SH-
SY5Y cells. Curcumin (100nM) treatment completely suppressed IR-induced clonal
expansion in NB cells. Also, Curcumin significantly suppressed clonal expansion in NFxB
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overexpressed cells. Furthermore, muting NFxB with RelA siRNA showed a significant
inhibition of IR-induced clonal expansion in SH-SY5Y cells.
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