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Abstract

Shelterin complex and its associated molecules are imperative for proper functioning and maintenance of human telomeres.
These molecules in association with human telomerase have been found altered in most cancers including multiple myeloma
thereby proposed them as suitable therapeutic targets. Further, due to aggressive and recurring behavior of myeloma novel,
efficacious and safe therapeutic agents for disease prevention are primary requirements for treatment of this disease. This
maiden attempt evaluated the anti-proliferative properties of tanshinone I (Tanl) alone or in combination with lenalidomide
(Len) on myeloma cancer cell lines (RPMI8226 and U226). Further, after drug treatment levels of telomerase activity (TA)
and molecular expression (NRNA & protein) of shelterin complex and its associated molecules have also been investigated.
Results demonstrated that, Tanl significantly inhibited proliferation of myeloma cells in dose and time dependent manner
as observed through cytotoxicity assay. Additionally, induction of apoptosis by Tanl and in combination with Len was
observed in myeloma cells through propidium iodide (PI) staining, annexin V-FITC/PI staining, TUNEL and caspase-3/7
activity assays. Further, drug treatment significantly decreased (p <0.01) TA and molecular expression of ACD, TERF2IP
and TANK1 in comparison to vehicle control (0.1% DMSO) myeloma cells. Thus, this maiden in-vitro study provided initial
evidences of therapeutic potential of Tanl alone or in combination with chemotherapeutic agent Len as novel anticancer
agents in myeloma cells which need further evaluation in future. Lastly, down-regulation of TA and decreased expression
of these molecules underscores their potential as plausible therapeutic targets.
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Introduction

Multiple myeloma (MM) is a plasma cell malignancy which
involves excessive proliferation of atypical plasma cells
infiltrating exclusively in the bone marrow microenviron-
ment. They are further characterized by secretion of atypical
monoclonal proteins in blood and urine, renal dysfunction,
anemia etc. MM is represented by 13% of hematological
malignancies and 1% of total neoplastic diseases [1, 2].
Despite several advances in treatment of myeloma, majority
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patients relapse after successful remission of the disease [3].
Therefore, this further prompts us to continue our search for
novel therapeutics.

Telomeres are nucleoprotein entities, which safeguards
chromosomal ends from nucleolytic degradation, end to end
fusion and repair/recombination mechanisms [4]. In human,
length of this telomeric DNA is maintained by human tel-
omerase reverse transcriptase (htert), a ribonucleoprotein,
which sequentially adds TTAGGG telomeric repeats to chro-
mosomal ends [5]. Normal somatic cells display minimal
levels of telomerase activity (TA) causing telomere short-
ening with progressive cell divisions, thus leading to cel-
lular senescence [6], whereas majority cancers (> 85% of
cancers) demonstrate very high TA due to reactivation of
telomerase which provides them uncontrolled proliferative
potential by preventing telomere shortening with every cell
division [7]. Few studies stated that higher TA correlated
significantly with lower progression free survival [8—10].
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One of our published reports in MM showed that high TA
correlated positively with disease severity and can be used
in better prediction of disease progression [10]. Further,
due to shorter telomere length of malignant cells than nor-
mal somatic cells, they are more prone to earlier apoptosis
following telomerase inhibition. Multiple approaches such as
G-quadruplex interacting agents, siRNAs targeting hTERT
have shown significant apoptosis and/or senescence in vari-
ety of human immortal and cancer cells including MM, in-
vitro studies [8, 9]. Thus, this property of human telomerase
reverse transcriptase holds great potential to be used as suit-
able therapeutic target.

Further, telomeres are wrapped around by group of pro-
teins essentially known as Shelterin complex. The core of
complex is made up of six proteins namely telomeric repeat
binding factor 1 and 2 (TERF1, TERF2), protection of tel-
omeres 1 (POT1), adrenocortical dysplasia homolog (ACD),
telomeric repeat-binding factor 2-interacting protein 1
(TERF2IP) and TERF1 & TERF2 interacting nuclear factor
2 (TIN2) which in association with other proteins; Tanky-
rase 1 (TANK1) and PIN2/TERF1 interacting, telomerase
inhibitor 1 (PINX1); prevents telomeres from undergoing
recombination, repair and end-to-end fusion, thus facilitates
telomere length maintenance and its regulation [11]. In our
previous study, we have shown alteration in expression lev-
els of shelterin complex and its associated molecules in MM
patients with special emphasis on TERF2 [10]. Further, a
crucial molecule ACD plays critical role in telomere length
maintenance by recruiting telomerase at telomeres and acts
as positive regulator of telomere length [12]. Few studies
reported that molecular expression of ACD was significantly
higher in HepG?2 resistant cells and its overexpression in
HCT116 colorectal cancer cells increased radio-resistance
whereas its down-regulation promotes apoptosis [13, 14].
Next, TERF2IP is a crucial molecule reported to play sig-
nificant role in regulating TERF2-mediated DNA damage
response in gastric cancer cells treated by etoposide [15].
In addition, two shelterin complex associated molecules,
TANKI1 which is an ADP ribosylation protein, promotes
elongation of telomere length by telomerase [16] and
PINX1, negatively regulates telomere length by prevent-
ing telomerase from elongating telomere length [17]. Both
molecules play significant roles in regulating tumorigenesis
[16, 17]. Thus, these studies emphasized importance of these
molecules in tumor causation and progression. In addition
to telomerase, significant involvement of shelterin complex
and its associated molecules in cancer can be exploited as
suitable therapeutic targets.

Recent advancements in development of novel agents
such as proteasome inhibitor bortezomib (BTZ) and
immunomodulator lenalidomide (Len) have significantly
improved the outcome of disease. Still prognosis is not in
favor of patients and complete remission is out of reach
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[18]. Moreover, these drugs show significant side-effects
which weakens the overall quality-of-life of patients [19].
Therefore, identification of novel therapeutic agents which
decreases toxicity caused due to these drugs and will
improve the clinical outcome of MM is required.

Natural products are rich resources for identifying new
lead compounds as anti-cancer agents [20, 21]. Among vari-
ous types of molecules with anti-cancer activities, terpenes
and terpenoids have been well documented. Further, tanshi-
none I (Tanl) an important component of Chinese herb Sal-
via miltiorrhiza was earlier used for treatment of cardiovas-
cular diseases and has recently demonstrated significant anti
proliferative and cytotoxic potential in different cancer types
[22, 23]. Additionally few studies unraveled the potential of
Tanl along with other tanshinones in decreasing telomerase
expression in cancer cells thus provided impetus to inves-
tigate its effect in myeloma cancer cells [24, 25]. Further,
we also investigated the effect of combination of Tanl and a
chemotherapeutic drug Len on anti-proliferative properties
of myeloma cells.

This maiden attempt aimed to study the anti-proliferative
effects of Tanl, Len alone and their combination on myeloma
cells. Further, effects of Tanl and its combination with Len
on levels of TA and molecular expression of above discussed
molecules have also been investigated. This study will make
an attempt to establish an association between apoptosis
induction with alteration of TA and molecular expression
of shelterin complex molecules in myeloma cells.

Materials and methods
Chemicals and reagents

Tanl and Len were purchased from AdooQ biosciences
(Irvine, CA). Stock solutions were made in DMSO and
stored at — 20 °C until used. MTT (3-(4, 5-dimethyl thizol-
2-yl)-2, 5-diphenyl tetrazolium bromide), dimethyl sulfoxide
(DMSO), RPMI-1640 medium, JC1, RNase, and Propidium
Iodide (PI) were purchased from Sigma-Aldrich Co. (St.
Louis, MO). Annexin-V FITC/PI apoptosis detection kit
from BioLegend (San Diego, CA) and Caspase-3/7 activity
kit from Promega (Madison, WI) were procured. Primary
and secondary antibodies were purchased from Santa Cruz
Biotechnologies (Dallas, TX) and Abcam (Cambridge, UK).
All other chemicals were of culture grade and commercially
available.

Cell culture
RPMI8226 and U266 cell lines were obtained from ATCC

(American type culture collection, Manassas, VA). Cells
were grown in RPMI-1640 medium containing 2.0 mM



Molecular Biology Reports (2018) 45:2429-2439

2431

L-glutamine, 10.0 mM HEPES, 1.0 mM sodium pyruvate,
4.5 g/L glucose, and 1.5 g/L. sodium bicarbonate at 37 °C
humidified incubator with 5.0% CO,. Media was comple-
mented with 10% and 15% fetal bovine serum (Himedia,
Maharashtra, India) for RPMI8226 and U266 cell lines
respectively and 1x Pen-Strep (Thermo Fisher Scientific,
Waltham, MA) was added to medium to inhibit microbial
growth.

Cytotoxicity assessment using MTT

Myeloma cells (RPMI8226 and U266) were seeded in quad-
ruplets in 96-well plate at a density of 1.0 x 10> cells/mL
and 1.5x 103 cells/mL respectively and treated with differ-
ent concentrations of Tanl (0.625, 1.25, 2.5, 5 uM) and Len
(15.125, 31.25, 62.5, 125, 250 uM) for 24 h, 48 h and 72 h
duration. After incubation is over, 10.0 uL of MTT (5.0 mg/
mL) was added and incubated at 37 °C for 4 h. Crystals were
dissolved in 100 pL of DMSO and read at 595 nm wave-
length using spectrophotometer. Percentage survival was
calculated as function of concentration keeping untreated
cells as 100% viable.

Cell cycle analysis

Cell cycle distribution was analyzed by flow cytometry using
PI staining. Briefly, 1.0 x 10° cells/mL and 1.5 x 10° cells/
mL of RPMIg8226 and U266 respectively of myeloma cells
were synchronized in RPMI-1640 medium supplemented
with 1% FBS for 12 h and then treated with different con-
centrations of Tanl, Len and their combination for 24 h in
complete medium (RPMI 1640 medium complemented with
10% FBS). After incubation, cells were washed twice and
fixed with 70% ethanol overnight at — 20 °C, then stained
with 200 puL of PI (100 pg/mL) for 20 min in darkness.
Stained cells were acquired using BD FACSCanto (Franklin
lakes, NJ) flow cytometer and analyzed with BD FACSDiva
software.

Annexin-V/propidium iodide assay

Similarly in this assay about 1.0x 103 cells/mL and
1.5% 10° cells/mL of RPMI8226 and U266 respectively of
myeloma cells were synchronized in RPMI-1640 medium
supplemented with 1% FBS for 12 h and then after drug
treatment, cells were harvested, washed twice with ice-
cold 1x PBS and stained with Annexin-V FITC/PI dyes in
Annexin V-FITC buffer and incubated for 30 min in dark-
ness. The percentage of apoptotic cells were acquired using
BD FACSCanto flow cytometer and analyzed by BD FAC-
SDiva Software.

Terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) assay

Furthermore in TUNEL assay, approximately 1.0x 10° cells/
mL and 1.5 x 103 cells/mL of RPMI8226 and U266 respec-
tively of myeloma cells were synchronized in RPMI-1640
medium supplemented with 1% FBS for 12 h and then
treated with drugs for 24 h. After incubation is over cells
were harvested, fixed and permeabilised with 0.1% Triton
X-100 in ice cold PBS. Cells were stained with FITC-tagged
terminal deoxynucleotidyl transferase enzyme and incubated
for 30 min in dark. Negative and positive controls were
used with treatment groups. In here, positive control means
both myeloma cells (RPMI8226 & U266) populations were
treated with DNase I recombinant enzyme (30 U/mL; Fer-
mentas, Thermo Fisher Scientific, Waltham, MA) for 10 min
at room temperature and then stained as per the manufac-
turer’s instruction for further analysis. Cells were acquired
and then analyzed in BD FACSDiva software.

Caspase-3/7 activity assay

Caspase-3/7 activity was detected using a luminometry
based assay. In brief, 1.0x 10° cells/mL and 1.5 x 10° cells/
mL of RPMI8226 & U266 myeloma cells respectively were
plated in 96-well plate and treated with different concentra-
tions of Tanl, Len and their combination for 24 h. After
incubation, equal volume of premixed Apo-Glo™ assay rea-
gent was added to each well and incubated in dark at 25 °C
for 1 h. Samples were treated in triplicates. Luminescence
was measured using luminometer (BioTek, Winooski, VT).
Their activity was calculated and expressed in AU (arbitrary
units).

Telomerase activity (TA)

After treatment is over, cells were harvested, lysed using
lysis buffer and quantified using Bradford reagent with
minor modifications [26]. TA was performed and analyzed
using TeloTAAGGG Telomerase PCR ELISAP'YS (Roche,
Basel, Switzerland) kit following protocol described in our
previously published research article [10].

Real time PCR

Briefly, myeloma cells were drug treated for 24 h and then
harvested for RNA isolation. Rest of experiments beginning
from primers selection to real time PCR assay were per-
formed and analyzed in accordance to protocols mentioned
in our previous paper [10].
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Western blot

After treatment of myeloma cells for defined duration, rest of
experiments were performed and analyzed in accordance to
protocols explained in our previous paper [10]. Experiments
were repeated three times using f-Actin as loading control.

Statistical analysis

Unless otherwise indicated, all experiments were repeated
at least three times and the differences were determined
by two tailed Student’s ¢ test. When statistical differences
between more than 2 groups were analyzed, one-way
ANOVA followed by Dunnett’s test was performed. Results
were presented as mean + standard deviation (SD) of three
independent experiments. p value < 0.05 was considered as
statistically significant.

Results

Anti-proliferative effects of Tanl and Len
on myeloma cells

To determine efficacies of Tanl and Len as anti-proliferative
agents, we assessed the effects of Tanl and Len on viability
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Fig. 1 Determination of ICy, of Tanl and Len on myeloma cell lines:
Different concentrations of Tanl and Len were given to RPMI8226,
U266 myeloma cells for 24 h, 48 h and 72 h in 96 well plates. After
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of myeloma cells using MTT dye for 24 h, 48 h and 72 h
duration. Tanl demonstrated significant decrease (p < 0.05)
in survival of these myeloma cells in both time and dose
dependent manner in comparison to vehicle (0.1% DMSO)
treated cells at all time points. Inhibitory concentration
(ICs) of Tanl was determined as 2.0 uM for RPMI8226 and
2.5 uM for U266 cells at 24 h. Len is an immuno-modulatory
drug that did not show any cytotoxicity on myeloma cells at
all time points. Hence, we have used 10.0 uM of Len for all
future experiments. Therefore, these results demonstrated
that Tanl significantly inhibited growth of myeloma cells
while Len did not show significant effects (Fig. 1).

Effects of Tanl, Len alone or in combination on cell
cycle analyses in myeloma cells

Effects of Tanl, Len and their combination on cell cycle pro-
gression were studied in RPMI8226 and U266 myeloma cell
lines using PI staining. As shown in Fig. 2, after treatment
for 24 h in RPMI8226 myeloma cells, significant apopto-
sis was observed at both doses; Tanl 1.7 uM (20.6 +3.0%;
p<0.05) and TanI 2.0 uM (32.6 +3.1%; p <0.05), in com-
parison to vehicle treated cells, whereas combination of
Tanl 2.0 ukM +Len 10.0 uM (35.9 +5.4%; p <0.05) dem-
onstrated significantly increased apoptosis. Similarly, in
U266 myeloma cells, significant increase in cell death was

100

®
2
>
; 50 1 —4&—24h
x —@—48h
—&—72h
o v T
o] 1 2 3 4 s
Drug concentration (uM)
(b) Tanshinone I - U266
i N ——
= L
2
Z 50
3 ——24 h
® —m—48h
—&—72h

o] ' v ' ' 1
0 50 100 150 200 250

Drug concentration (uM)

(d) Lenalidomide - U266

incubation is over, MTT dye was added and ICy, was calculated from
the graph plotted for percentage (%) survival versus drug concentra-
tion in both myeloma cells
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Fig.2 Effects of Tanl and Len alone or their combination treatment
on cell cycle analysis of myeloma cells. a, ¢ Represents histograms;
b, d bar graphs showing cell cycle analyses in RPMI8226 and U266
myeloma cells respectively after treatment with Tanl and Len alone

observed only at Tanl 2.5 uM (15.0 +2.1%; p <0.05) dose
in comparison to vehicle treated cells. Len alone did not
show significant change in apoptosis i.e. sub Gy/G; phase of
cell cycle. Thus, our results revealed that Tanl dose-depend-
ently increased the percentage of cells in sub-Gy/G, phase in
treatment group cells. Combination of Tanl and Len did not
show much difference in cells population in sub-G,/G, phase
compared to Tanl treatment alone. Further, this dramatic
increase in percentage of cells in sub G/G, phase prompted
us to check apoptosis in these cells.

Combination of Tanl and Len induced apoptosis
in myeloma cells as detected by AnnexinV-FITC/PI
and TUNEL assay

Similarly to cell cycle assay, significantly increased
(p <0.01) percentage of apoptotic cells were seen with
increasing dose of Tanl in comparison to vehicle treated
myeloma cells. In RPMI8226 cells at 1.7 uM of Tanl
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or their combination for 24 h and analyzed using propidium iodide
staining assay. Values are presented as mean + SD of three independ-
ent experiments. *p <0.05 versus vehicle (0.1% DMSO) treated cells

(24.4+1.2%; p<0.05) and 2.0 uM Tanl (40.0+3.9%;
p <0.05) percentage of apoptotic cells were observed after
24 h drug treatment. Similarly, in U266 cells at 2.0 uM Tanl
(10.4+3.2%; p<0.05) and at 2.5 uM Tanl (20.5 +3.9%;
p <0.05) percentage of apoptotic cells were observed after
24 h. Additionally, combination of Tanl and Len further
increased the percentage of apoptotic cells in both myeloma
cells (RPMI8226: 46.1 +3.1%; U266: 30.4 +5.6%) (Fig. 3).

Further, to prove apoptotic effects of Tanl and Len on
myeloma cells, we studied apoptosis through TUNEL assay.
These results demonstrated that, both single and combina-
tion of drug treatment, significantly increased (p <0.05)
the percentage of TUNEL-FITC positive cells (as observed
through mean fluorescence intensity) in comparison to
vehicle treated cells (Fig. 4). These TUNEL positive cells
demonstrated presence of DNA fragmentation and indicated
population of cells undergoing apoptosis. Taken together,
combination treatment approach induced apoptosis more
potentially than single drug approach in myeloma cells.
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Fig.3 Effects of Tanl and Len alone or their combination treat-
ment on apoptosis of myeloma cells and analyzed using Annexin
V/PI assay. a, ¢ Representative scatter plots; b, d bar graphs show-
ing percentage of RPMI8226 and U266 myeloma cells respectively
undergoing apoptosis after treatment with Tanl and Len alone or their

Hence, these results provided evidences that mechanism of
cells undergoing death was predominantly apoptosis.

Effects of Tanl, Len and their combination
on Caspase-3/7 activity in myeloma cells

To further substantiate the effects of drug treatment on
apoptosis of myeloma cells, caspase-3/7 activity was stud-
ied in a luminescence based assay. Results revealed that
significantly increased (p < 0.05) caspase-3/7 activity was
observed with increasing dose of Tanl in RPMI8226 (TanI
1.7 uM: 9236 +521.2; Tanl 2.0 uM: 13,769.5 +940.3) in
comparison to vehicle cells (5078 + 128.3). Similar results
were observed with U266, (Tanl 2.0 uM: 6679 +446.4;
Tanl 2.5 uM: 7551 +365.3) in comparison to vehicle treat-
ment (2095 + 117.3). Further, Len treatment alone could
not significantly changed caspase-3/7 activity while com-
bination treatment of Tanl and Len increased (RPMI8226
Tanl 2.0 uM 4+ Len 10.0 uM: 14197 +621.2; U266 Tanl
2.5 uM + Len 10.0 uM: 7823 + 199.2) their activity
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versus vehicle (0.1% DMSO) treated cells

compared to when Tanl used as single drug regime in both
myeloma cells (Fig. 5a, b).

Inhibition of telomerase activity by Tanl, Len
and their combination in myeloma cells

TA measured in myeloma cells after drug treatment
revealed that with increasing dose of Tanl significantly
reduced (p < 0.05) TA from 100% (vehicle treated) to 85%
at 1.7 uM Tanl and 72% at 2.0 uM Tanl in RPMI8226
cells, whereas in U266 cells, TA was reduced to 83% and
75% at 2.0 uM and 2.5 uM Tanl respectively in compari-
son to vehicle treated cells. Further, Len alone did not
show significant change in TA in both myeloma cells,
whereas combination of Tanl and Len, displayed signifi-
cant decrease (p <0.05) in TA (RPMI8226: 65%, U266:
68%) in both myeloma cells (Fig. 5¢, d). Thus combination
of drug was much more potent in decreasing TA compared
to Tanl or Len alone.
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Effects of Tanl, Len and their combination

on molecular expression (MRNA & protein)

of shelterin complex & its associated molecules
in myeloma cells

Shelterin complex plays significant role in regulating access
of telomerase on telomere, thereby helps in maintaining and
regulating telomere length in cancer cells. Thus, we fur-
ther checked the effects of these drugs alone or in combina-
tion on mRNA and protein expression of shelterin complex
along with its associated molecules in both myeloma cells.
It was observed that both TanI alone or in combination with
Len demonstrated significantly decreased (p <0.05) rela-
tive mRNA and protein expression of ACD, TERF2IP and
TANKI1 genes in RPMI8226 cells in comparison to vehicle
treated cells. Similarly in U266 cells, only ACD and TANK1
showed significant decrease (p <0.05) in mRNA and protein
expression in comparison to vehicle control. Additionally,
significantly increased (p <0.05) relative mRNA expression
of PINX1 was observed in both cell lines with increasing
dose of Tanl and combination of Tanl and Len respectively.
The representative image of relative mRNA and protein

ment with Tanl and Len alone or their combination for 24 h. Val-
ues are presented as mean=+SD of three independent experiments.
*p <0.05 versus vehicle (0.1% DMSO) treated cells

expression of all studied molecules after drug treatment have
been shown in Figs. 6a, b and 7a—f respectively.

Discussion

In the present study we have revealed that Tanl, a component
of Chinese herb, Salvia miltiorrhiza, displayed significant
anti-proliferative and cytotoxic potential on myeloma can-
cer cells through induction of apoptosis, in-vitro. Apoptotic
properties of Tanl on myeloma cells were visualized through
different techniques including PI staining, TUNEL assay,
caspase-3/7 activity and annexin V/PI staining assays. Fur-
ther, this maiden study showed that TanI alone or in com-
bination with Len significantly down-regulated TA and
modulated expression of shelterin complex molecules thus
indicated their involvement in apoptosis induction after drug
treatment in myeloma cells.

Various mechanistic studies demonstrated that Tanl
inhibited growth of cancer cells either by cell cycle arrest or
apoptosis induction [22, 23]. Our results are in concordance
with previous reports demonstrating apoptosis induction as
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Fig.5 Determination of caspase-3/7 enzymatic activity and telom-
erase activity after treatment of myeloma cells with Tanl, Len alone
or in combination for 24 h. a, b Bar graphs showed the caspase-3/7
activity in RPMI8226 and U266 myeloma cells respectively. ¢, d
Bar graphs showed telomerase activity (TA) in both myeloma cells

one of the molecular mechanisms in inhibiting myeloma
cells growth [21, 27, 28]. Our study showed significantly
increased caspase-3/7 activity and enhanced DNA frag-
mentation which is in accordance with previous studies
performed on breast and prostate cancer cells [21, 29].
Telomerase reactivation has been observed in majority
of cancer cell types and its role as potential therapeutic tar-
get has been extensively studied in the last decade [6, 7].
Several studies reported telomerase repression to apopto-
sis induction in both solid and hematological malignancies
including MM [29-31]. Liu et al. showed that Tanl down-
regulated TA and up regulated levels of caspase-3 accom-
panied with significant apoptosis in monocytic leukemic
cells [24]. Further Song et al. reported that TanlI inhibited
cell proliferation by decreasing TA in leukemic cells [32].
Additionally our previous study showed that TA correlated
positively with disease progression [10]. Thus, these reports
prompt us to investigate anti-proliferative effects of Tanl
on myeloma cells via modulation of TA. Present study dis-
played that Tanl dose-dependently increased the apoptosis
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resented in RLU. Experiment was performed in triplicates and
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cence unit; p <0.05 versus vehicle (0.1% DMSO) treated cells

with simultaneous decrease in TA in both myeloma cells,
thus suggesting involvement of TA axis in mediating cell
death in myeloma cells. Further combination of Tanl and
Len significantly down-regulated the TA. Thus, our results
are in concordance with previously published reports and
suggest that reduction in TA might play crucial roles in
apoptosis induction and further proposed its prospects as
suitable therapeutic target.

Recent studies have mentioned significant involvement of
shelterin complex along with its associated molecules in dis-
ease progression in multiple cancers including MM [10-14],
thus we investigated effects of Tanl alone and in combina-
tion with Len on their expression levels. Our results showed
that Tanl dose dependently decreased mRNA and protein
expressions of ACD, TERF2IP and TANKI1 in both mye-
loma cells with simultaneous increase in apoptosis. Other
molecules showed insignificant change in their expression.
Similarly studies on human laryngeal and colorectal carci-
noma reported that silencing the expression of ACD leads
to decreased cells proliferation and drug resistance in these
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Fig.6 Relative mRNA expres- 2.5
sion determination of shelterin
complex and its associated
molecules using real time PCR
analysis. Effects of Tanl, Len
alone or their combination treat-
ment for 24 h on relative mRNA
expression in a RPMI8226 and
b U266 myeloma cells was
studied. GAPDH was used for
gene expression normaliza-

tion. Values are presented as
mean + SD of three replicates.
*p <0.05 versus vehicle (0.1%
DMSO) treated cells. TERF]
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cells [12, 13]. In addition to that, studies also illustrated
that silencing TANKI1 in lung adenocarcinoma cells inhib-
ited their proliferation by inducing apoptosis and reducing
their migration [15]. Thus, our results are in accordance with
these reports and substantiated them as potential therapeutic
targets.

Len is an immuno-modulatory drug that demonstrates
its anti-myeloma effects through several mechanisms such
as anti-angiogenic, pro-apoptotic, anti-proliferative and
immuno-modulation [33]. Recent study on myeloma cells
reported that combination of Len with arsenic trioxide sig-
nificantly sensitizes these cells to apoptosis than Len alone
by up-regulating cereblon expression [34]. Our results
confirmed that combination of Len and Tanl significantly
induced cell death compared to Len alone. Also effects were
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E=3 Tanl2.0uM
oom  Len 10.0uM
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TANK1

visible through modulation in TA and expression levels of
shelterin complex molecules.

In conclusion, present study demonstrated that Tanl
induces significant dose dependent anti-proliferative and
cytotoxic effects in myeloma cells. In vitro results showed
that combination of Tanl with standard chemotherapeutic
drug Len, potentiates cell death in myeloma cells sug-
gesting crosstalk in signaling pathways which needs fur-
ther evaluation. Further, apoptosis is the main pathway
followed by Tanl for inhibiting myeloma cells growth.
Apoptotic effects of Tanl alone or in combination with
Len were accompanied with decreased in TA and molecu-
lar expression of ACD, TERF2IP and TANKI1 in myeloma
cells, thereby identified them as prospective therapeutic
targets. This maiden attempt substantiated the therapeu-
tic potential of Tanl in myeloma cells which needs to be
established by preclinical studies in future.
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Fig. 7 Effects of Tanl, Len alone or their combination of drug treat-
ment on protein expression of shelterin complex and its associated
molecules in myeloma cells. Representative images of western blots
in a, b for RPMI8226; d, e for U266 myeloma cells and ¢, f showed
bar graphs demonstrating relative fold change in expression of pro-
teins in RPMI8226 & U266 myeloma cells respectively. Cell lysate
containing equal amounts of total cell protein were resolved on 10%
SDS-PAGE and processed downstream for western blotting using
anti-TERF1, anti-TERF2, anti-POT1, anti-TIN2, anti-ACD, anti-
TERF2IP, anti-TANK-1, anti-PINX1, and anti-B-Actin antibodies.
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