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Abstract
Chemotherapeutic resistance post-surgical management may be linked to an efficient DNA repair
mechanism and survival of cancer stem cells. We report the presence of cancer stem cell like Side
Population and their survival and enrichment post treatment with bleomycin in HCT116 cell line.
The Side Population exhibited spheroidal characteristics and efficient repair of DNA damage foci
compared to the parental HCT-116 cells. We report upregulated expression of β-catenin, TRF2,
hTERT, CD44, CD24 and Oct4 genes in parental and clonospheres in a DNA damage
environment. Comparative gene expression studies of parental and clonospheric HCT-116 cells
revealed significant upregulation (p<0.01) of TRF2 gene in clonospheres. TRF2 which is a
Telomere shelterin component is mainly involved in telomere maintenance and DNA repair. We
report a role of TRF2 in cancer stem cell maintenance and efficient DNA repair in the clonospheric
sub-population of HCT 116 cell line. Silencing of TRF2 gene significantly downregulated β-catenin,
CD44, CD24, Oct4 and reduced the size of the clonospheres (4.448μm) when compared to
scrambled non-silenced control (11.7273μm). TRF2 Silenced HCT116 parental cells reported
compromised DNA repair and 2-fold increase in the number of DSBs as well as γH2Ax foci in the
presence of a DSB generating agent Bleomycin, when compared to scrambled non-silenced
control. In this study, we confirm a definitive role of TRF2 in stemness of cancer cells and DNA
damage response and repair which is an extra-telomeric function and may have therapeutic
implications in management of tumor recurrence.
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Introduction
General clinical treatment regimen targets all
cancer cells with an assumption that they have equal
malignant potential. Current cancer treatment
strategies are capable of targeting the bulk of the
tumour cells but often fail to target the cancer stem
cells, resulting in the recurrence of tumours [1].

Functional telomeres play a key role in
maintenance of genome integrity, DNA damage
response and repair [2, 3]. Functionality of the
telomere in turn is maintained by a six member
shelterin complex [4]. TRF2 (Telomerase Repeat
binding Factor-2), an important shelterin component,
http://www.oncm.org
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not only protects the telomere [5, 6] but also exhibits
extra-telomeric functions [7, 8]. TRF2 has been
reported to play a major role in DSB repair [9, 10]
where it interacts with repair proteins like MRN
complex, Ku70, WRN and BLN [11]. Apart from
involvement in DNA repair, TRF2, has been reported
to interact with β-catenin which is a transcription
factor and also a developmental gene [12]. However,
not many reports are available regarding the
mechanism of TRF2 mediated DNA damage response
and its role in tumour stem cells.
Tumorspheres are three dimensional floating
spheroid colonies grown in anchorage independent
conditions in serum free medium [13, 14].
Tumorspheres, also known as tumour inducing cells,
have been reported to exhibit properties of stem cells,
like self- renewal, high proliferation rate, drug
resistance properties and high tumorigenicity in vivo
[13, 15, 16] along with expression of a higher
percentage of stem cell markers like CD44 and
ALDH1 [13, 14, 16]. Recently, tumorspheres derived
from non-small cell lung cancer (NSCLC) cells
showed altered DNA repair signalling possibly
contributing
to
chemotherapy/radiotherapy
resistance
and
subsequent
maintenance
of
tumorigenicity [17].
There is another report by Bai et al which
showed the role of TRF2 in maintenance of
neurospheres in glioblastoma multiforme (GBM) [18].
In the current study we confirm a definitive role
of TRF2 in maintaining stemness of cancer cells and
efficient DNA damage response and repair in
HCT-116 colon cancer cells in the presence of a
Double Strand Break inducing drug, Bleomycin.

Materials and Methods
Reagents
Bleomycin was obtained from Biochem
Pharmaceutical Industries Ltd and a working solution
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of 10mM in distilled water was prepared and stored at
-20oC. HCT-116 (Homo sapiens colorectal carcinoma)
was
acquired
from
Imgenex
Laboratories
(Bhubaneshwar, Odisha, India) and maintained in
DMEM (Himedia) supplemented with 10% (w/v) FBS
(Himedia), and 100units/ml Penicillin-streptomycin-L Glutamine antibiotic (Himedia).

Clonospheres generation and maintenance
Single cell suspension of HCT-116 was plated in
6 well ultra-low attachment plates in serum deprived
conditions in 37°C incubator with 5% CO2. Spheres
formed after 10 days were collected by gentle
centrifugation
(Eppendorff)
(700rpm,
5min),
enzymatically dissociated with 0.5% Trypsin-EDTA
(HiMEDIA) for 5min at 37°C, aspirated to form single
cell suspension with a 22G needle (8 strokes) and
sub-cultured at a density of 1200cells/ml in low
attachment plates in DMEM (HiMEDIA) containing
1% antibiotic, supplemented with 0.1% FBS
(HiMedia). For maintenance, media was changed
once every eight days.

FACS analysis of Side Population and stem cell
percentage
Bleomycin treated cells were harvested by
trypsinization, washed twice and stained with
Hoechst 33342 dye (final concentration 5μg/ml) and
incubated at 37°C for 90 minutes. Cells were
counter-stained with PI (1μg/ml) for 20 minutes at
room temperature (RT). Suitable compensation
controls for Hoechst and PI were taken. Confirmation
of CD44 positive population post treatment was
performed by incubating cell suspension with CD44
primary antibody (Abcam) (1:500 dilution) followed
by FITC/TRITC tagged secondary antibody (Abcam)
(1:1000 dilution). Flow cytometric analysis was
performed using BDLSR Fortessa. Data was analysed
using FlowJo software.

Table 1. Table listing the primer sequences for β-catenin, hTERT, TRF2, CD44, CD24, Oct4 and β-actin genes used for real time
quantitative PCR
Genes

Forward Primer

Reverse Primer

β-catenin

5’-GCTTTCAGTTGAGCTGACCA-3’

5’- CAAGTCCAAGATCAGCAGTCTC-3’

hTERT

5’-GCGTTTGGTGGATGATTTCT-3’

5’- CAGGGCCTCGTCTTCTACAG-3’

TRF2

5’- GTACCCAAAGGCAAGTGGAA-3’

5’- TGACCCACTCGCTTTCTTCT-3’

CD44

5’-CGGACACCATGGACAAGTTT-3’

5’-CCGTCCGAGAGATGCTGTAG-3’

CD24

5’-GCTCCTACCCACGCAGATTT-3’

5’-GAGACCACGAAGAGACTGGC-3’

Oct-4

5’-CCTGAAGCAGAAGAGGATCA-3’

5’-CCGCAGCTTACACATGTTCT-3’

β-actin

5’-TCACCCACACTGTGCCCATCTACGA-3’

5’-CAGCGGAACCGCTCATTGCCAATGG-3’
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γ-H2Ax foci analysis
HCT-116 cells grown on coverslips were treated
with Bleomycin (20-80µM) for 4 hrs followed by 2 hrs
of recovery. Coverslips were washed, fixed in
Methanol:Acetone (1:1), permeabilized by 0.25% PBST
(1x PBS, 0.25% Triton-X100), blocked in 2.5% BSA in
PBST for 1 hour at RT and probed overnight with
γH2Ax primary antibody (1:2000 dilutions).
FITC/TRITC
fluorophore
tagged
secondary
antibodies (1:4000 dilutions) was added for 1 hour at
RT in dark. Coverslips were counterstained with 4,
6-diamidino-2-phenylindole (DAPI), mounted, sealed
and observed. For clonospheres, single cell
suspension post treatment were cytospun (Zettrek) on
poly-l-lysine coated slides at 1100 rpm for 7 min at RT,
fixed for 15 minutes with 4% paraformaldehyde and
immunostained as mentioned above. Imaging was
done using Olympus (BX 61) fluorescent microscopy
and images were captured using ImagePro Express
software. Number of γ-H2Ax foci/nuclei was counted
using FociCounter software. A total of 100 nuclei was
counted per concentration.

Single Cell Gel Electrophoresis (Comet Assay)
Treated cell suspensions were over-layered in
agarose coated slides as described [19]. Gel
electrophoresis was performed at 300mA current for
30 minutes at room temperature in dark. Slides were
stained with PI (1μg/ml), cover slipped and imaging
was done using Olympus (BX 61). Images were
captured by ImagePro Express software. Comets were
scored by CometScore software. Average olive tail
moment [Olive Tail Moment = (Tail.mean Head.mean) X Tail%DNA/100] was used to construct
a comparative graph using GraphPad Prism 6
Software.

Real Time PCR
Real time PCR was performed by laboratory
established protocol as described previously [20].
Primers used are mentioned in Table 1. Quantification
was performed using the 2ΔΔCT method [21]. Statistical
analysis was performed using the GraphPad Prism 6
software.

Selective gene silencing of shelterin
component
Cells were transfected with DharmaFECT
transcription reagent (Dharmacon) for transient
siRNA silencing for a period of 48 hrs. Scrambled
siRNA (siGENOME, Dharmacon) and TRF2 siRNA
(siGENOME Human TERF2, Dharmacon) (Table 2)
were used. Silencing was confirmed by RT-PCR
analysis of extracted cDNA. Silenced cells were
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treated with Bleomycin and DSB signatures were
analysed by γH2Ax assay as described earlier.
Table 2. Table listing the siRNA used and the target sequences
siRNA

Target Sequences

siGENOME Human TERF2

GAAGUGGACUGUAGAAGAA
GGAAGCUGCUGUCAUUAUU
GGAUCAGCUAUACAAUGUG
GAAGACAGUACAACCAAUA

SiGENOME Non-Targeting siRNA UAGCGACUAAACACAUCAA

Sphere formation assay
Transient TRF2 silencing was done in HCT-116
cells at 50-60% confluence as described previously.
Scrambled siRNA was used as transfection control.
Post silencing, cells were introduced to serum free
environment and monitored for sphere formation.
Images of Spheroids were captured by Olympus
CKX41 inverted microscope. Spheroid size was
calculated using automated particle size counting
method by ImageJ software as described
(http://mesa.ac.nz/2013/03/particle-sizing-using-im
agej/). Number of spheres formed per 1000 cells
seeded per well was also counted at 4 days and 7 days
post seeding.

Immunocytochemistry
siTRF2 transfected cells were treated with
increasing concentrations of Bleomycin sulphate
(0µM, 40µM and 80µM) and immunocytochemistry
was performed as per laboratory standardized
protocols [22]. Cells were probed with CD44 primary
antibody (1:2000 dilutions) overnight at 4°C followed
by TRITC tagged secondary antibody (1:4000
dilutions) for 90 min at room temperature in dark.
Slides were counterstained with DAPI (4,
6-diamidino-2-phenylindole), mounted, sealed and
observed. Imaging was done by Olympus BX 61
Fluorescent microscope and images were captured by
Image Pro Express software.

Statistical Analysis
Statistical analysis of One-way Analysis of
Variance (ANOVA) and Two-way Analysis of
Variance (ANOVA) was carried out for comparing
two data groups using GraphPad Prism 6 software for
all experiments conducted in duplicates. Unpaired
student’s t-test was used to compare average sphere
sizes of silenced and control cells. Unpaired student’s
t-test was also used to compare gene expression
variation in siTRF2 silenced versus non silenced
scrambled siRNA HCT116 cells in the presence of
http://www.oncm.org
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bleomycin sulfate. All values of P<0.05 were
considered as significant.

Results
Prevalence of a side-population of cells with
stem cell like characters with increasing
dosage of Bleomycin
A significant population of cells was observed to
efflux Hoechst 33342 dye when treated with
increasing concentration of Bleomycin (20, 40, 60, 80
μM) (Fig 1a and 1b). This small subpopulation of cells
called Side Population (SP) increased with increasing
concentration and then stabilized to a uniform
percentage at higher concentrations. To further
characterize the stem cell like properties of SP cells we
treated HCT116 with increasing concentrations of
Bleomycin and observed variation in CD44
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percentage. Flow cytometry analysis revealed a
significant increase in CD44 positive population
(p<0.001) with increasing concentration of Bleomycin
(20, 40, 60, 80 μM) when compared to untreated
control (Fig 1c and 1d).

Increasing DNA damage as seen through
γH2Ax immunocytochemistry (ICC)
To check for the extent of DSB generation, we
treated HCT-116 with increasing concentrations of
Bleomycin and quantified the formation of γH2Ax
foci. Mean γH2Ax foci/nuclei was observed to
significantly increase (p<0.05) with increasing
concentrations of Bleomycin (20, 40, 60, 80 μM) in
parental HCT-116 (Fig 1e and 1f). Increased foci are
indicative of increasing DNA damage.

Figure 1. Comparative DNA damage profile and SP enrichment post Bleomycin sulphate treatment. a) Graph showing dose dependant (20, 40, 60,
80 µM) increase of number of enriched Side Population of HCT 116 post treatment with Bleomycin b) Representative FACS analysed FlowJo images showing
enriched side population post treatment with Bleomycin. c) Graph showing dose dependant (20, 40, 60, 80 µM) increase in CD44 enriched cells post treatment with
Bleomycin sulphate (p<0.001). d) Representative FACS image of enriched CD44 positive population post treatment with Bleomycin sulphate. e) Representative
Immunocytochemistry (ICC) images of γH2Ax foci showing dose-dependent increase in DSB foci post treatment with Bleomycin treatment. f) Graph showing
dose-dependent (20, 40, 60, 80 µM) increase in DSB foci post treatment with Bleomycin sulphate (p<0.05).
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Figure 2. Differential gene expression in parental and clonospheric HCT116. a) Comparative images showing dose dependant γH2Ax foci formation in
parental and clonospheric HCT116. b) Graph showing comparative frequency of γH2Ax foci/nuclei in parental and clonospheres (p<0.05). c) COMET showing DNA
damage tails and Olive Tail Moment in 40 and 80 μM of dose in parental v/s clonospheric HCT 116. d) Graph showing quantitative average olive tail moment in
parental and clonospheres post DNA damage with 40 and 80 μM of Bleomycin. e) Graph showing differential gene expression of TRF2, hTERT and β-catenin in
parental HCT116 (p<0.001). f) Graph showing overexpression of TRF2, hTERT and β-catenin in clonospheric HCT116 (p<0.01).

Clonospheres treated with Bleomycin showed
low γH2Ax signals than parental HCT116
To analyse the extent of DNA damage response
(DDR) in resistant phenotype, we treated spheroidal
clonospheres with specific concentrations of
Bleomycin. With increasing dosage of Bleomycin,
significantly low foci per nuclei (p<0.05) was observed
in clonospheres as compared to that in parental
HCT-116 (Fig 2a and 2b). Very low foci per nuclei
indicate low DNA damage which is consistent with
drug resistance.

Reduced COMET tail length in Bleomycin
treated clonospheric HCT116
DNA damage, in terms of average olive tail
moment, was observed to increase with increasing
concentration of Bleomycin in Parental HCT 116 cells.
No significant change in average olive tail moment

was observed in clonospheres at the same
concentrations (Fig 2c and 2d). Furthermore, tail
length in clonospheres was significantly less than
their parental counterpart (p<0.01) indicating less
DNA damage.

Upregulated TRF2 expression in treated
clonospheric HCT116
Comparative gene expression analysis revealed a
significant overexpression of TRF2, β-catenin and
hTERT genes (p<0.01) in clonospheres at high
Bleomycin concentration (80μM) (Fig 2f). However in
parental HCT116, TRF2 and related genes were
observed to be significantly down regulated (p<0.001)
(Fig 2e) at the same concentration (80μM).
Corresponding to upregulated TRF2 expression at
80μM, stem cell markers like CD44 and Oct4 were also
observed to be upregulated in Clonospheric HCT116
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as compared to Parental HCT116 (Fig. 3a and 3b)
Decreasing CD24 expression in clonospheric HCT116
was observed which correlated well with increased
stem cell expression (Fig. 3b). Elevated TRF2
expression in clonospheres at high concentration of
Bleomycin may contribute to increased expression of
stem cell factors.

siTRF2 silenced HCT116 cells showed reduced
repair capacity
Transient siTRF2 silencing was successfully
achieved as shown in Fig 3c. Following which TRF2
silenced cells were treated with Bleomycin and
γH2Ax assay was performed. With increasing
concentration, a significant 2-fold increase in number
of γH2Ax foci (green dots) in siTRF2 silenced HCT116
cells was observed compared to those formed in
scrambled transfected HCT116 cells (p<0.01) (Fig 3d
and 3e). Transient silencing of TRF2 hampers the
DDR capacity of parental HCT116 cells.
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siTRF2 silenced HCT116 cells also showed
reduced stemness and sphere formation
capacity
Differential
gene
expression
showed
significantly downregulated βcatenin, CD44, CD24
and Oct4 expression in siTRF2 silenced HCT116 cells
(p<0.001) as compared to Scrambled transfected
control
(Fig.
3f).
TRF2
silencing
caused
downregulation of developmental as well stem cell
like factors.
Seven days post silencing, siTRF2 silenced cells
showed significantly reduced average sphere size
(~4.448μm) (Fig 3g) than Scrambled control
(~11.7273μm) (p<0.0001). Number of spheres formed
per 1000 cells seeded was also significantly lower in
siTRF2 silenced cells than in the scrambled (p<0.05)
(Fig 3h). Phase contrast microscopic images of spheres
at Day 4 and Day 7 post silencing shows larger size
and higher number of spheres in scrambled than in
siTRF2 silenced HCT116 (Fig 3i).

Figure 3. DNA damage profile and reduced sphere formation in siTRF2 silenced HCT116. a) Graph showing differential stem cell expression (CD44,
CD24 and Oct4) in Bleomycin treated Parental HCT116 (p<0.001) b) Graph showing significant overexpression (p<0.0001) of CD44, Oct4 and downregulation of
CD24 in clonospheric HCT116 cells with increasing concentration of Bleomycin (0µM, 40µM, 80µM). c) Graph showing expression of TRF2 post silencing in siTRF2
transfected cells respect to Scrambled siRNA transfected cells in HCT 116 (p<0.05). d) Graph showing higher frequency of γH2Ax foci/nuclei at 40 and 80 μM dose
of Bleomycin post silencing in siTRF2 silenced cells compared to Scrambled transfected HCT-116 cells (p<0.05). e) Representative images of γH2Ax foci/nuclei at 40
and 80 μM dose of Bleomycin post silencing in siTRF2 silenced cells compared to Scrambled HCT116. f) Differential gene expression showing significant
downregulation of βcatenin, CD44, CD24 and Oct4 genes in siTRF2 silenced HCT116 cells as compared to scrambled transfected HCT116 cells (p<0.005). g) Graph
showing significant variation (p<0.0001) in the average size of the spheres in siTRF2 transfected cells (~4.4µm) when compared to scrambled (~11.72μm). h) Graph
showing reduced number of spheres formed in siTRF2 silenced cells after 7 days post silencing as compared to Scrambled transfected HCT116 (p<0.05). i)
Representative phase contrast microscopic images at 40x magnification showing comparative size of spheres formed in siTRF2 silenced cells as compared to
Scrambled.

http://www.oncm.org
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Figure 4. Reduced stem cell like population in absence of TRF2 expression when exposed to Bleomycin: a) Graph showing significant downregulation
of β-catenin in Bleomycin treated siTRF2 silenced HCT116 cells as compared to Bleomycin treated scrambled transfected cells (p<0.05). b) Graph showing significant
downregulation of CD44 in Bleomycin treated siTRF2 silenced HCT116 cells as compared to Bleomycin treated scrambled transfected cells (p<0.05). c) Graph
showing significant downregulation of CD24 in Bleomycin treated siTRF2 silenced HCT116 cells as compared to Bleomycin treated scrambled transfected cells at
80µM concentration (p<0.05). d) Immunocytochemistry analysis showing reduced CD44 expression in siTRF2 silenced HCT116 post treatment with Bleomycin
sulphate when compared to scrambled transfected HCT116 post treatment with Bleomycin.

Furthermore, siTRF2 silenced HCT116 cells
when treated with increasing concentrations of
Bleomycin (0μM, 40μM, 80μM) showed a significant
downregulation of CD44 (p<0.05) and β-catenin
(p<0.05) genes as compared to Scrambled transfected
HCT116 cells (Fig 4 a-c). CD24 was also significantly
reduced in siTRF2 transfected cells at 80µM of
Bleomycin dosage (Fig. 4c). Immunocytochemistry
also confirmed reduced expression of CD44 in siTRF2
silenced HCT116 cells as compared to Scrambled
siRNA when treated with increasing concentration of
Bleomycin (Fig 4d).

Discussion
Solid tumours are reported to possess a sub set
of cells called Side Population expressing various
stem like cell markers, self-renewal capacity and
ability to give rise to differentiated cells [23, 24]. These
resistant populations undergo various cellular and
genetic adaptations such as dormancy, efficient DNA
repair mechanism, overexpression of multi drug
resistance transporters, surpassing apoptosis and
drug inactivation or its efflux from the cell [25]. To
check for the presence of this subpopulation of SP
cells,
we
exposed
HCT116
to
increasing
concentrations of Bleomycin and performed Hoechst
efflux assay. Bleomycin is a DSB inducing drug that
has been widely used as a chemotherapeutic agent

[26]. An increase in the percentage of Hoechst
negative cells were observed with increasing
concentration of Bleomycin (Fig 1a and 1b). Presence
of a biologically significant amount of SP cells in the
parental population is indicative of the presence of
cells with efficient DNA repair capacity. A significant
increase in stem cells in terms of CD44 positive
population was observed with higher Bleomycin
concentration (p<0.001) (Fig 1c and 1d) . This indicates
exposure to DNA damaging environment induces
enrichment of stem cell like population. Measuring
the number of γH2Ax foci per nucleus gives the extent
of DSB sites formed on exposure to DSB generating
agent [27]. As shown in Fig 1f, significant increase in
γH2Ax foci per nucleus in higher concentration of
bleomycin treated HCT116 indicates the presence of
multiple DSB sites in parental HCT-116 (p<0.05).
Following the DSB generation in parental, we
compared the DSB generation profile in spheroids
(clonospheres). Response of clonospheres was
observed only at 40 and 80µM concentration of
bleomycin sulphate. Hence, for further analysis, the
drug concentrations of 40 and 80µM were used. On
treatment with specific concentrations (40 and 80µM)
of the drug, the frequency of γH2Ax foci formed in
clonospheres was also significantly lower than those
formed in parental HCT-116 (p<0.05) as shown in Fig
2b. Low number of γH2Ax foci formed/clonospheric
http://www.oncm.org
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nuclei post exposure to high concentrations (80μM) of
bleomycin is indicative of rapid repair of DSBs. The
average olive tail moment obtained by COMET assay
was significantly less in clonospheres when compared
to their parental counterpart (p<0.001) (Fig 2d). To our
knowledge, this is the first direct report of efficient
DSB repair in cancer stem cell clonospheres.
β-catenin, a transcription factor, has been known
to crosstalk with several developmental pathways
[28] and is reported to play a role in DNA damage
repair [29, 30]. Previously we reported importance of
β-catenin in prognosis of oral cancer and its
overexpression in clonospheres along with hTERT
and TRF2 [20, 22]. In the present study, we observed a
significant overexpression of β-catenin, TRF2 and
hTERT at 40µM concentration and low expression
was observed at 80µM concentrations compared to
the untreated control (p<0.001) in parental HCT-116
(Fig 2e). In clonospheres, an overexpression of all the
genes was observed at increasing concentration of
Bleomycin compared to the untreated control (p<0.01)
as seen in Fig 2f. Amongst the genes considered, TRF2
was seen to correlate well with the DNA damage
status of parental and clonospheric HCT-116. Low
TRF2 expression was observed at a concentration of
80μM (Fig 2e) whereas high DSB was observed in the
same concentration in parental HCT-116 (Fig 2b). In
contrast, high TRF2 expression observed at higher
concentration (80μM) in clonospheres (Fig 2f)
corresponded to the presence of low DSB foci in
clonospheres (Fig 2b). Since TRF2 is involved in DSB
repair [9, 10], TRF2 overexpression in clonospheres is
indicative of its involvement in an efficient damage
repair mechanism. Furthermore, on treatment with
80μM bleomycin, a significant (p<0.05) increase in
expression of stemness genes like CD44, Oct 4 and a
significant downregulation of CD24 gene (p<0.05) was
observed in clonospheric HCT116 when compared to
Parental HCT116 (Fig. 3a and 3b). CD44, CD24 are
both stem cell markers that are linked to spheroidal
phenotype [31-33]. High CD44 coupled with low
CD24 expression is indicative of stem cell phenotype
in clonospheres. Oct-4 is a transcription factor which
has been reported to be involved in various cancers
and is also marker for cancer stem cell like population
[34, 35]. High expression of TRF2 also corresponded
with increased stem cell like expression of CD44 and
Oct 4 in clonospheres which is indicative of the
involvement of TRF2 in CSC maintenance.
To confirm the importance of TRF2 in imparting
efficient DSB repair and CSC maintenance, we
silenced TRF2 in parental HCT-116 (Fig 3c) and
observed DSB repair response. γH2Ax assay revealed
a significant increase (p<0.05) in number of
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foci/nuclei in siTRF2 cells compared to scrambled
(Fig 3d and 3e). Absence of TRF2 resulted in increased
DSB sites which led us to conclude that TRF2 is
indispensable for efficient DSB repair in cancer cells.
A significant (p<0.005) downregulation of CD44 and
Oct4 was also observed in siTRF2 treated cells
compared to untreated Scrambled HCT116 (Fig 3f).
Apart from the stem cell markers, β-catenin was also
observed to be downregulated in siTRF2 silenced cells
(Fig. 3f). Furthermore, when subjected to sphere
formation, siTRF2 transfected HCT 116 cells formed
significantly smaller (p<0.0001) and fewer number of
spheres compared to that of scrambled (Fig 3g-i) over
a period of 7 days. β-catenin, as a transcription factor
is reported to interact with TRF2 [12] and is also
reported to be involved in maintenance of spheroidal
phenotype [14, 36]. Loss of function of TRF2 resulted
in decreased β-catenin expression which was reflected
in reduced sphere formation efficiency and decreased
spheroid size over a period of 7 days. With the
absence of TRF2, stem cell like characters in terms of
CD44, CD24 and Oct4 were also downregulated
which correlated well with reduced spheroidal
population. To confirm this observation, on treatment
of siTRF2 HCT116 cells with increasing Bleomycin
concentrations (0μM, 40 μM and 80 μM), we observed
a significantly reduced expression of CD44 and
β-catenin genes compared to that of scrambled
transfected HCT116 cells (Fig. 4a-c). At 80µM
concentration, significantly reduced CD24 expression
was observed (p<0.05) in siTRF2 transfected HCT116
as compared to Scrambled siRNA transfected cells.
Silencing of TRF2 results in downregulation of CD24
along with CD44 and β-catenin in the presence of a
DNA damaging environment. Reduced expression of
CD44 was also observed by immunofluorescence in
Bleomycin treated siTRF2 transfected cells (Fig. 4D).
Recently, TRF2 deficiency was reported to
radiosensitize human Mesenchymal Stem cells
through destabilization of the telomere [37]. In the
present work, our observations led us to conclude that
inhibition of TRF2 abrogates the formation and
maintenance of the spheroidal phenotype and loss of
TRF2 results in down regulation of CSC
characteristics when exposed to DNA damaging
environment in HCT116 colon cancer cell line. Hence
TRF2 expression is indispensable for spheroid
formation and CSC maintenance.
In conclusion, we speculate that functional TRF2
is involved in an extra-telomeric activity of imparting
efficient DSB repair in the spheroidal population in
the presence of a DNA damaging environment.
Furthermore, expression of TRF2 also plays an
integral part in the formation and maintenance of the
http://www.oncm.org
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spheroidal phenotype including enrichment of the
CSC phenotype, the mechanism of which needs to be
elucidated.
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