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Abstract

AIM: To determine the functional significance of TC21
in esophageal squamous cell carcinoma (ESCC).

METHODS: TC21 siRNA transfection was carried out
using Hyperfectamine to knock down TC21, and tran-
scripts were analyzed by reverse transcription-poly-
merase chain reaction and protein by Western blotting.
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We demonstrated the effect of TC21 downregulation
of cell signaling in esophageal cancer cells by assess-
ing the phosphorylation status of its downstream tar-
gets, phosphoinositide 3-kinase (PI3K), phosphatase
and tensin homolog (PTEN), protein kinase B (pAkt),
nuclear factor-xB (NF-«xB) and cyclinD1 using specific
antibodies. Cell survival analysis after cisplatin treat-
ment was carried out by cell viability assay and cell
cycle analysis using flow cytometry.

RESULTS: TC21 knockdown in human ESCC cell line
TE13 cells, showed only a marginal increase (14.2%)
in cell death compared with control cells. The expres-
sions of the signaling proteins PI3K and pAkt, transcrip-
tion factor NF-xB, and cell cycle protein cyclin D1 were
markedly decreased in response to TC21 downregula-
tion, whereas the level of pPTEN, an antagonist of PI3K,
was increased. In addition, we evaluated the potential
of TC21 as a putative target for sensitizing ESCC cells
to the chemotherapeutic agent cisplatin. Increased cell
death (38.4%) was observed in cells treated with cis-
platin after TC21 knockdown compared with cells which
were treated with cisplatin alone (20% cell death).

CONCLUSION: Results suggest that TC21 mediates its
effects via the PI3K-Akt pathway, NF-xB and cyclin D1, and
enhances chemoresistance in esophageal cancer cells.

© 2012 Baishideng. All rights reserved.

Key words: TC21; Esophageal squamous cell carci-
noma; siRNA; Cisplatin; Chemosensitivity

Peer reviewer: Itaru Endo, Professor, Gastroenterological Sur-
gery, Graduate School of Medicine, Yokohama City University,
3-9 Fukuura, Kanazawa-ku, Yokohama 2360004, Japan

Hasan MR, Chauhan SS, Sharma R, Ralhan R. siRNA-mediated
downregulation of TC21 sensitizes esophageal cancer cells to cis-
platin. World J Gastroenterol 2012; 18(31): 4127-4135 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v18/i31/
4127.htm DOL: http://dx.doi.org/10.3748/wjg.v18.131.4127

August 21, 2012 | Volume 18 | Issue 31 |



Hasan MR et a/. TC21 enhances TE13 cell resistance

INTRODUCTION

HEsophageal cancer is one of the most aggressive ma-
lighancies of the gastrointestinal tract, ranking as the
sixth most common cancer among males and ninth most
common cancer among females globally. Esophageal
squamous cell carcinoma (ESCC) is the predominant
histological subtype of esophageal cancer in India, char-
acterized by a high mortality rate and strong association
with dietary habits and lifestyle!"”. It is the second most
common cancer among males and fourth most common
cancer among females in India". Despite advances in
multimodality therapy, because of its insidious symp-
tomatology, late stage of diagnosis and poor efficacy
of treatment, the prognosis of patients with ESCC still
remains poor, with an average 5-year survival of < 10%
globally™ and 12% in India"®".

TC21/R-Ras2 is the only member of the R-Ras
subfamily for which overexpression or mutants were
detected in human tumor cells, including cells derived
from uterine sarcoma, ovarian cancer” and mammary
tumors!’, Increased expression of TC21 was found in
breast cancer cells'" ™. Our laboratory identified TC21
overexpression in human oral squamous cell carcino-
mas using differential display and verified its increased
expressions independently in oral cancer'; as well as
in esophageal carcinomas''”. These clinical studies sug-
gested that deregulated TC21 activity might contribute
to human oncogenesis, however like R-Ras, the func-
tions of TC21 are not completely understood.

The R-Ras family of Ras-related proteins, including
R-Ras, TC21 (R-Ras2), and M-Ras (R-Ras3), share 55%
amino acid identity with H-Ras, including identical core
effector regionsm. Besides H-, K-, and N-Ras, TC21 is
the only Ras superfamily member known to transform
epithelial and fibroblast cell lines", and induce tumor
formation i vivo". Despite their similarities, R-Ras and
TC21/R-Ras2 exhibited differential transforming prop-
erties in a variety of cell lines. In NIH 3T3 fibroblasts,
'TC21/R-Ras2 induced foci formation and tumor growth
more efficiently than R-Ras"¥, TC21/R-Ras2 also po-
tently transformed Rat-1 fibroblasts and various epithe-
lial cell lines, including MCF-10A, RIE-1, and EpH4"**,
In comparison, R-Ras was unable to transform Rat-1
fibroblasts, but promoted tumor growth in cervical
epithelial cells*"*, Phosphoinositide 3-kinase (PI3K) is
the predominant effector of R-Ras and TC21/R-Ras2
transforming activity; however, these oncogenes also
activate Rafl, Ral-GDS, extracellular signal-regulated
kinase (ERK) 1/2, c-Jun NH2-terminal kinase, and p38
mitogen-activated protein kinase (MAPK) in a cell type-
specific manner™ !, Previous reports suggested that
TC21 induces its effects in multiple ways in different
cell types, for example TC21 has been shown to activate
p38 MAPK in Cos7 cells"”, and p38 MAPK activation is
important for TC21-induced ureteric bud cell prolifera-
tion™ therefore, TC21-mediated signaling is tissue spe-
cific® " We have eatlier identified TC21 to be over-
expressed in ESCC!", but its role in ESCC is not well
understood. This study was designed to determine the
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functional significance of TC21 protein in esophageal
cancer. Further, we aimed to analyze the effect of TC21
downregulation on the sensitivity of ESCC cells to che-
motherapeutic agents using cisplatin as a prototype.

MATERIALS AND METHODS

Reagents

Cisplatin, propidium iodide and protease inhibitor cock-
tail were procured from Sigma-Aldrich (St. Louis, MO,
United States); protein assay reagent was obtained from
Bio-Rad Laboratories (Hercules, CA, United States); li-
pofectamine, TC21 small interfering RNA (siRNA) and
scrambled sequence siRNA from Qiagen, RPMI 1640
(Invitrogen); primary antibodies directed against pro-
tein kinase B [pAkt, (Ser 473)], pAkt (Thr 308), protein
Glycogen synthase kinase 33 [pGSK3f (Ser9)], total
Akt, phosphatase and tensin homolog [pPTEN, (Ser
380)], and protein Phosphoinositide-dependent kinase-1
[pPPDK1 (Ser 241)] were procured from Cell Signaling
Technology (Beverly, MA, United States); cyclin D1 and
GSK3[ were obtained from Santa Cruz Biotechnol-
ogy Inc., (California, United States), B-actin (AC-15),
GAPDH (Abcam Inc. Cambridge, MA, United States).
Secondary antibodies, alkaline phosphatase conjugated
goat anti-mouse IgG, goat anti rabbit IgG or rabbit anti-
goat IgG, were from Cell Signaling Technology (Beverly,
MA, United States). Enhanced chemiluminescence (ECL)
Western blotting detection reagents were obtained from
Santa Cruz Biotechnology Inc., CA, United States.

Cells and cell culture

A human ESCC line, TE13, were grown in RPMI-1640
supplemented with 10% heat inactivated fetal bovine
serum, 100 units/mL penicillin and 100 ug/mL strepto-
mycin. Cells were incubated at 37 'C in 5% humidified
CO:2 enriched atmosphere and routinely sub-cultured
every 2 d by trypsinization.

Cisplatin treatment and cell viability assay

Cells were seeded and grown to 60%-70% confluence in
triplicates prior to addition of cisplatin. The cells were
treated with varying doses of cisplatin (0-10 pg/ml.)
for 24 h. Thereafter, the cells were harvested and 1.LD50
was determined by measuring the cell viability using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) reagent according to the manufacturet's
instructions. The conversion of MTT to formazan by mi-
tochondrial dehydrogenases was measured at wavelength
570 nm in a microtiter plate reader. The percentage cell
death was calculated individually for each dose as follows:
(Acontrol-Atreated/Acontrol) X 100, as desctibed eat-
lier™. For further experiments, the cisplatin concentra-
tion required to inhibit cell growth by 50% (LD50) was
determined by interpolation from dose-response curves.

RNA interference
TE13 cells were seeded and grown to 70% confluence
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Figure 1 Small interfering RNA-targeting TC21/R-Ras2 was transfected
in TE13 cells. A: Reverse transcriptase-polymerase chain reaction (RT-PCR)
analysis: Small interfering RNA (siRNA)-targeting TC21/R-Ras2 was trans-
fected in TE13 cells in a dose-dependent manner. After 48 h and 72 h, cells
were lysed, RNA was isolated and the mRNA level was determined semiquan-
titatively by RT-PCR using TC21-specific primers; B: Bar diagram showing fold
change in level of TC21 transcripts after TC21 knockdown.

in growth medium without antibiotics. Transfection was
carried out using Hyperfectamine according to the man-
ufacturer’s instructions, using TC21 siRNA or scrambled
sequence siRNA at final concentrations of 20 nmol/L
and 10 nmol/L, respectively. After 24 h, 48 h and 72 h
cells were harvested for reverse transcription-polymerase
chain reaction (RT-PCR) and Western blotting analysis
for detection of TC21. For cisplatin treatment the cells
were transfected with TC21 siRNA for 48 h, followed by
cisplatin treatment for 24 h and compared to untreated
cells as controls, transfected with a scrambled sequence
siRNA (negative control), or with the transfection re-
agent alone (mock). At least three independent experi-
ments were performed with reproducible results. MAPK
siRNA was used as a positive control and was detected
by Western blotting for ERK.

RNA isolation

Total RNA was isolated from TE13 cells (untreated and
TC21 siRNA transfected cells) using Qiagen kit following
the manufacturer’s instructions or the standard protocol.
DNase I treatment of RNA was carried out using the
Message Clean Kit (Gen Hunter Corp., Brookline, MASS,
United States). RNA was quantified using formaldehyde
agarose gel and by measuring spectrophometrically the
absorbance at 260 nm and 280 nm (ND-1000 UV-Vis
Spectrophotometer from NanoDrop Technologies).
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RT-PCR analysis

Briefly, cDNA was prepared using 1 pug of total RNA
and Moloney murine leukemia virus reverse transcrip-
tase (Gibco BRL, Life Technologies Inc., Gaithersburg,
MD, United States) with oligo dT as the primer. Primers
used for amplification of TC21-specific sequences were
forward 5-CCTTAGACCAAGAAGCTGGC-3’ and
reverse 5’-CAGGCATTTGGTATTTTGGC-3’. The
PCR cycling parameters were initial denaturation at 94 C
for 5 min; 30 cycles of 94 C for 1 min, 54 'C for 1 min
and 72 C for 2 min and final extension at 72 ‘C for 10
min. PCR for B-actin was reverse transcribed for all the
samples to check for the quality and quantity of the initial
RNA used. The PCR-amplified products were electro-
photesed on 1.2% agarose gels and bands were visualized
by ethidium bromide staining;

Protein extraction and Western blotting

After the above described TC21 siRNA treatment with or
without cisplatin, TE13 cells were harvested and protein
extracts were made by lysing cells in buffer, containing
50 mmol Tris-HCI, pH 7.5, 150 mmol NaCl, 1% Triton
X-100, 10% glycerol, 1 mmol DTT, 10 mmol NaF, sup-
plemented with 1 mmol activated NasVOs and 1 X pro-
tease inhibitor cocktail. Protein concentration was mea-
sured using Bradford reagent (Sigma) and bovine serum
albumin as standard. Proteins were separated by Sodium
Dodecyl Sulfate Polyacrylamide Gel Electrophoresis
(SDS-PAGE) and transferred to polyvinylidene fluoride
membranes by electroblotting. Membranes were blocked
with phosphate-buffered saline containing 1% bovine
serum albumin, followed by incubation with primary
and secondary antibodies. Detection of antibody-protein
complexes was done using an ECL Western blotting kit
according to the manufacturet’s instructions.

Flow cytometry

TE13 cells were transfected with TC21 siRNA, cispla-
tin alone, or a combination of siRNA and cisplatin for
specific time intervals as described above, cells were
harvested and resuspended in phosphate-buffered saline.
For cell cycle analysis, cells were fixed in 70% ethanol
overnight at -20 “C and stained with propidium iodide (20
ug/mL) and RNaseA (10 pg/mL). All flow cytometric
analyses were done using a FACS Caliber flow cytometer
(San Jose, CA, United States). The acquired data were
analyzed using BD FACS Diva software. For each mea-
surement 10 000 cells were analyzed.

Statistical analysis

The Western blotting data were subjected to statistical
analyses using SPSS 10.0 software (Chicago). Densitom-
etry analysis of Western blotting was carried out using
Chemilmager 4400 software. The integrated density
value was compared with the loading control. The pro-
tein expression of 4 different groups (mock, scrambled
sequence, TC21siRNA 48 h treatment and TC21siRNA

72 h treatment) were compared using one-way analysis

August 21, 2012 | Volume 18 | Issue 31 |



Hasan MR et a/. TC21 enhances TE13 cell resistance

Mock Scram siRNA48h  siRNA 72 h

TC21 i e
o -

S ) RS
B [0 Mock

1.2 Ml Scrambled

' @ siRNA 48h

1.0 + I O siRNA 72h
S 08
c
5
< 0.6 -
£

04 -

0.2 -

0

1 2 3 4

C
Mock SiRNA MAPK
ERK2
42 kDa -
36 kDa
D E Mock
12 - [0 siRNA MAPK
L0 t
g o8 ¢
©
S 06 |
ey
2
04 |
02
0
1 2

Figure 2 TC21 protein and extracellular signal-regulated kinase 2 level. A: Western blotting was carried out using specific antibody; the panel shows inhibition
of TC21 protein compared with cells without transfection or transfection with a negative control siRNA (scrambled sequence); B: Bar diagram showing more than
95% decrease in TC21 protein level after TC21 knockdown compared with untreated mock and nonspecific scrambled sequence; C: Western blotting analyses
show inhibition of ERK2 protein by targeted siRNA as positive control; D: Bar diagram showing more than 98% decrease in ERK2 level after MAPK knockdown
compared with untreated mock and nonspecific scrambled siRNA sequence. ERK: Extracellular signal-regulated kinase; MAPK: Mitogen-activated protein kinase;

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

of variance (ANOVA). ANOVA was applied for statisti-
cal analysis with the post hoc (Bonferroni) multiple range
test. P < 0.05 was considered to be significant.

RESULTS

TC21/R-Ras2 gene silencing using siRNA

Evaluation of TC21 mRNA and protein levels 48 h and
72 h post-transfection of TC21 siRNA revealed an 80%
reduction in mRNA levels and a 95% reduction in TC21
protein levels as compared with the respective controls
transfected with scrambled siRNA (negative control)
or with transfection reagent alone (mock) as shown in
Figure 1A, B and Figure 2A, B. MAPK siRINA was used
as a positive control and its detection was carried out by

Western blotting for ERK (Figure 2C, D).

TC21 activates the Akt pathway in ESCC

Since TC21 has been shown to activate PI3K, we inves-
tigated the role of the PI3K pathway in TC21-mediated
esophageal tumorigenesis. siRNA-mediated TC21 down-
regulation resulted in a significant decrease in the expres-
sion of phosphorylated Akt/PKB with P < 0.001 (Ser
473, Thr 308 showed equal reduction) and phosphorylat-
ed glycogen synthase kinase-33, pGSK3[ (Ser 9), without
any change in the levels of total Akt (Figure 3A, B). A sig-
nificant increase in expression of PTEN was observed
in TC21 siRNA-treated TE13 cells compared with con-
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trols (P < 0.001). Since PTEN is a PI3K antagonist and
inhibits downstream signaling through Akt, its upregu-
lation in siRNA-treated cells suggests the involvement
of PI3K in TC21-mediated esophageal tumorigenesis.
Moteover, knockdown of TC21 resulted in a significant
decrease in PDK1 expression which may be responsible
for the dectease in the expression of pAkt/PKB, result-
ing in reduced levels of pGSK3f (Figure 3A, B).

TC21 activates the anti-apoptotic factor nuclear factor-
kB and cyclin D1

Western blotting analysis of whole cell lysates from TC21-
knockdown TE13 cells probed with antibodies specific for
the p65 subunit of nuclear factor-kB (NF-kB) and cyclin
D1 showed significant decrease in NF-kB and cyclin D1
proteins compared with untransfected controls (Figure 3A,
B). Our results suggest that NF-kB targeting the growth
promoting protein cyclin D1, may be the downstream tar-
gets of TC21 signaling through the PI3-K/Akt pathway,

thereby increasing survival of esophageal cancer cells.

TC21 knockdown does not affect P-Raf protein

There was no significant change in phosphorylated
Raf protein expression observed in TC21-knockdown
esophageal cancer cells for 72 h of transfection in com-
parison with control cells, but there was a decreased
P-Raf protein level observed in TC21 siRNA treated for
48 h (Figure 3A, B).
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Figure 3 Expression of proteins in esophageal squamous cancer cells TE13 and compared with control. A: Expression analysis of protein kinase B (pAkt),
total Akt, protein Glycogen synthase kinase 33 (pGSK3p), pRaf, protein Phosphoinositide-dependent kinase-1 (pPDK1), phosphatase and tensin homolog (pPTEN),
nuclear factor-kB (NF-«xB) and cyclin D1 proteins compared in esophageal squamous cancer cells TE13. Lane 1: Mock; Lane 2: Scrambled (non-target siRNA); Lane
3: TC21 siRNA transfected for 48 h; Lane 4: TC21 siRNA transfected for 72 h; B: Bar diagram showing relative levels of proteins in comparison with control protein
GAPDH. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Experimental parameters

SubGO (%)

G1 (%)

S (%)

G2/M (%)

Untreated TE13' cells for 24 h 5.7
Cisplatin treatment (8 pg/mL) for 24 h 17.8
Untreated TE13 cells for 48 h 7.9
TC21 siRNA” (20 nmol) transfection for 48 h 14.2
Untreated TE13 cells for 72 h 103
TC21 siRNA transfection (20 nmol) for 48 h followed 384

37

30.6
34.7
228
36.7
23.8

21
11.8
10
122
27.7
119

34.8
38.2
41

423
25.8
12.8

by cisplatin treatment for 24 h (total time of treatment is 72 h)

"Esophageal squamous cell carcinoma cells; *Small interfering RNA.

Knockdown of TC21 results in decreased G1/S
population

TC21-knockdown TE13 cells resulted in a marginal
increase (14.2%) in the subGO population (cell death)
compared with the mock control cells (7.9%), while the
G1/S population decreased from 44% to 35% in the
siRNA-treated cells (Figure 5A-2, B and Table 1).

Effect of cisplatin treatment on TE13 cells

The TE13 cells were treated with varying doses of cis-
platin (0-10 pg/mL) for 24 h and LD50 was calculated
by measuring the cell viability using MTT (Figure 4).
LD50 was found to be 9 pug/mL. TE13 were treated
with 8 pg/mL cisplatin for 24 h and flow cytometric
analysis was performed to determine the cell cycle distri-
bution. Cisplatin-treated TE13 cells showed a marginal
increase in cell death (17.8%) compared with untreated
cells (5.7%). There was a decrease in the S phase (11.8%)
compared with 21% in the untreated control cells (Figure
5A-4, B and Table 1).

Knockdown of TC21 sensitizes TE13 cells to cisplatin
treatment

The combined effect of TC21 siRNA and cisplatin treat-
ment on TE13 cells was determined. In TC21 siRNA-
transfected TE13 cells, 38.4% cell death was observed
after exposute to 8 pg/mL cisplatin compared with
10.3% cell death in the untreated controls; 23.8% cells
were found in the Gi1 phase compared with 36.7% in the
controls. Further, a decrease in S phase fraction (11.9%)
was observed compared with the untreated control cells

(27.7%) (Figure 5A-6, B and Table 1).

DISCUSSION

This study was focused on the effect of TC21 down-
regulation on cell signaling in ESCC and its effect on
the cisplatin response by downregulation of TC21 tar-
gets, both individually and in combination. In our study,
TC21 protein expression correlated with cisplatin sen-
sitivity. Eatlier studies have shown that overexpression
of TC21 resulted in cisplatin resistance to apoptosism]
Therefore, we investigated whether TC21 downregula-
tion would sensitize TE13 cells to cisplatin. Our results
demonstrated that TC21 downregulation resulted in a
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Figure 4 Cell viability assay. TE13 cells were treated with cisplatin in a dose-
dependent manner for 24 h. Cell viability was determined using the MTT assay,
LD50 was found to be 9 pg/mL. Further treatment with cisplatin was carried out
at less than the LD50 dose.

significant reduction in the expression of the Akt path-
way components, supporting that Akt pathway proteins
serve as important downstream targets of TC21. Akt, an
oncogenic protein implicated in human cancer develop-
ment, is a key component of the PI3-K signaling path-
way”"". Knockdown of TC21 decreased the expression
of pAkt/PKB (antibodies specific for Ser 473 and Thr
308 showed similar effects), while the total Akt/PKB
levels remained unaffected.

Furthermore, TC21 knockdown decreased the NF-
kB levels. The TC21 oncogenic signals are mediated
via the PI3K/Akt, NF-xB pathway, whereas the role of
TC21 in activation of the extracellular signal-regulated
kinase/MAPK pathway is less clear™.

Significant down-regulation of pGSK3B (Ser 9) in
TC21-knockdown cells suggests a role of GSK3f3 down-
stream from Akt in TC21-mediated esophageal cancer.
TC21 knockdown also suppressed the phosphorylation
of the upstream kinase PDK1 (P-Serine 241). The phos-
phorylation of the p85 subunit of another upstream ki-
nase, PI3K was also suppressed upon TC21 knockdown
(data not shown). Suppression of Akt by TC21 siRNA
led to the suppression of phosphorylation of GSK3p,
the substrate for Akt. The serine/threonine kinase Akt,
a key target of PIP3, is activated by TC21%, resulting in
increased cell proliferation, transformation and survival

August 21, 2012 | Volume 18 | Issue 31 |
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Figure 5 Cell cycle analyses. A: TC21-knockdown cells (20 nmol siRNA for 48 h) were treated with cisplatin (8 pg/mL) for 24 h and cell cycle analysis was performed
by labeling cells with DNA binding dye propidium iodide. The panel shows 1: DNA histograms of mock-transfected TE13 cells for 48 h; 2: TE13 cells transfected with
TC21 siRNA for 48 h showing increased cell death; 3: TE13 cells without transfection for 24 h; 4: TE13 cells were treated with cisplatin alone for 24 h; 5: TE13 cells with-
out transfection for 72 h; 6: TE13 cells were transfected with TC21siRNA for 48 h for optimal knockdown followed by cisplatin at 8 pg/mL for 24 h; B: Stacked bar graph
depicts the cell cycle distribution. Data presented here as mean of percentage events from 3 independent experiments.

through numerous effectors, including Bad, GSK-3f3
and mTOR. Notably, a significant increase in pPTEN
expression was observed in TC21 siRNA-treated esoph-
ageal cancer cells compared with controls. Since pPTEN
is a PI3K antagonist and inhibits downstream signaling
through Akt, its upregulation in siRNA-treated cells
suggests the involvement of PI3K in TC21-mediated
esophageal tumorigenesis, suggesting that the PI3K/Akt
is a downstream target of TC21.

TC21-knockdown esophageal cancer cells did not
affect the level of P-Raf, suggesting that the TC21 path-
way is independent of Raf. Our results support the pre-
vious report that TC21 is regulated similar to Ras except
that it does not interact with full-length Raf 1, B raf,
and A raf, suggesting that TC21 uses a Raf-independent
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4133

pathway to induce oncogenic transformation™. Tt also
interacts with Ral GDS 7 vitro, which may be responsible
for the Raf-independent pathway".

Cyclin D1 is a major regulator of the progression
of cells into the proliferative stage of the cell cycle™.
Interestingly, TC21 knockdown resulted in reduced ex-
pression of cyclin D1, suggesting TC21 may increase
cell survival of esophageal cancer by targeting cyclin
D1. Thus cyclin D1 may be a target of TC21 signaling
through the PI3K/Akt/NF-kB/cyclin D1 pathway. We
observed that TC21 gene knockdown by RNAI alone in-
duces an increase in the subGO population of TE13 cells
and a decrease in cyclin D1. Cell cycle progression from
GO0/GT1 to the S phase requires cyclin/cyclin-dependent
kinase (CDK) complexes and hyperphosphorylated reti-

August 21, 2012 | Volume 18 | Issue 31 |



Hasan MR et a/. TC21 enhances TE13 cell resistance

noblastoma protein (Rb). In the early G1 phase, the cy-
clin D1/CDK 4 complex phosphotylates Rb, triggering
a cascade of events, including the dissociation of E2F
from hyperphosphorylated Rb, the activation of E2F
transcription, and progression to the S phase™. Keep-
ing in view the above discussed facts it is possible that a
TC21 knockdown-induced decrease in cyclin D1 expres-
sion may block transition from G1 to the S phase.

Overexpression of TC21 activated its downstream
targets resulting in translocation of NF-kB to the nu-
cleus and stimulated the transcription of anti-apoptotic
genes including cyclin D1. Low cellular levels of cyclin
D1 have been reported to potentially contribute to in-
creased cisplatin sensitivity in human breast cancer cells
CAL-148"", Our results suggest that TC21 may enhance
cell survival against cisplatin-induced cell death through
activation of the PI3-K/Akt/NF-xB/cyclin D1 signal-
ing pathway in esophageal cancer cells. Knockdown of
TC21 sensitized TE-13 cells to cisplatin treatment and
resulted in an increase in the subGO population (cell
death), a decrease in G1/S-phase and an increase in G2/
M-phase populations. Further studies are needed to re-
veal new downstream targets of NF-kB responsible for
TC21-mediated cell survival.

In summary, cyclin D1 is a downstream target for
TC21 and TC21 may be a candidate marker for predic-
tion of cisplatin treatment outcome in esophageal cancer
patients. Our study draws attention to the relevance of
TC21 in the context of cisplatin pharmacogenetics of
esophageal cancer.

COMMENTS

Background

Esophageal cancer is one of the most aggressive malignancies of the gastroin-
testinal tract, ranking as the sixth most common cancer among males and ninth
most common cancer among females globally. Esophageal squamous cell car-
cinoma (ESCC) is the predominant histological subtype of esophageal cancer
in India, characterized by high mortality rate and strong association with dietary
habits and lifestyle.

Research frontiers

TC21/R-Ras2 is the only member of the R-Ras subfamily for which overexpres-
sion or mutants were detected in human tumor cells, including cells derived
from uterine sarcoma, ovarian cancer and mammary tumors. Increased expres-
sion of TC21 was found in breast cancer cells.

Innovations and breakthroughs

The effect of TC21 downregulation on cell signaling in esophageal cancer cells
was determined by assessing the phosphorylation status of its downstream
targets, phosphoinositide 3-kinase, phosphatase and tensin homolog, protein
kinase B, nuclear factor-xB (NF-kB), and cyclin D1 using specific antibodies.
Cell survival analysis after cisplatin treatment was carried out by a cell viability
assay and cell cycle analysis using flow cytometry.

Applications

Cyclin D1 is a downstream target for TC21 and TC21 may be a candidate
marker for prediction of cisplatin treatment outcome in esophageal cancer
patients. The study draws attention to the relevance of TC21 in the context of
cisplatin pharmacogenetics of esophageal cancer.

Peer review

This is a good descriptive study in which authors determine the functional
significance of TC21 in ESCC. The results are interesting and suggest that
that TC21 mediates its effects via PI3K-Akt pathway, NF-«B and cyclin D1 and
enhances chemoresistance in esophageal cancer cells.
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