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Background: Withania somnifera (known as Ashwagandha) is a medicinal plant used in the ayurvedic medicines in India. Withaferin-A, 
a withanolide derived from the leaf extract of W. somnifera, has been reported to exhibit anti-tumor activity against various cancer 
cells, such as leukemia, breast cancer and colon cancer cells.
Methods: We investigated the anti-cancer effects of withaferin-A on the proliferation and migration of human colorectal cancer (HCT116) 
cells. And we evaluated the effects of withaferin-A on the transcriptional activity of STAT3 and the growth of HCT116 cells in xenograft 
mouse tumor model.
Results: In the present study, we found that withaferin-A inhibited the proliferation and migration of HCT116 cells in a concen-
tration-dependent manner. Treatment of HCT116 cells with withaferin-A attenuated interleukin-6-induced activation of STAT3, which 
has been implicated in the development and progression of colon cancer. To examine the effect of withaferin-A on HCT116 cells 
proliferation in vivo, we generated HCT116 cells xenograft tumors in Balb/c nude mice and treated the tumor bearing mice with or 
without withaferin-A intraperitoneally. Treatment with withaferin-A exhibited significant decrease in the volume and weight of tumors 
as compared to untreated controls.
Conclusions: The present study suggests that withaferin-A holds the potential to be developed as a small molecule inhibitor of STAT3 
for the treatment of HCT116.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common cancers in 

the world.1 According to global cancer statistics, CRC appears as 

the fourth leading cause of cancer-related deaths worldwide.2 

Although remarkable progress has been made in developing 

effective chemotherapeutic agents to treat early-stage CRC, 

emerging incidences of drug resistance often leads to chemo-

therapy failure, and impose high toxicity to bone marrow, 

gastrointestinal tract, and skin.3 Therefore, there is an increasing 

interest in searching for new treatment and/or prevention 

modalities for CRC.

In recent years, bioactive plant constituents have got much 

attention for the development of new therapeutic agents. A wide 

variety of phytochemicals are being screened for their anticancer 

potential. Withaferin-A (Fig. 1A), originally isolated from 

Withania somnifera, has long been used as traditional medicine 

for the treatment of various cancers.4,5 A good deal of research has 

already been done with withaferin-A as a potential cancer therapy 

over the last few years. For example, withaferin-A suppressed 

tumor growth through various mechanisms including reactive 

oxygen species (ROS) generation, proteasome inhibition, p53 

stabilization, induction of endoplasmic reticulum stress, 

inhibition of Akt phosphorylation, and p38 MAPK activation.6-11 

Withaferin-A also induced apoptosis in human breast cancer 

(MCF-7 and MDA-231) cells through the inhibition of Notch 
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Figure 1. Effect of withaferin A on the proliferation of human colorectal cancer (HCT116) cells. (A) The structure of withaferin-A. (B) Cell 
viability was analyzed using MTT cell proliferation assay kits. The proliferation of HCT116 cells treated with withaferin-A was significantly 
decreased in a concentration-dependent manner. (C) Cell proliferation pattern of HCT116 cells was measured by counting cells after exposure 
to 1 M withaferin-A during 8 days. At the last day of exposure, cells treated with withaferin-A (1 M) showed a dramatic decrease in 
cell proliferation when compared with the vehicle group. All data are presented as the means ± SE; t-test and ANOVA. *P ＜ 0.05 and 
**P ＜ 0.01.

signaling cascades.12 More recent studies demonstrated that 

withaferin-A induced apoptosis in human renal carcinoma (Caki) 

cells13,14 and inhibited the growth of neuroblastoma and multiple 

myeloma cells.15 The present study was designed to examine the 

effect of withaferin-A in CRC and to elucidate its underlying 

mechanisms.

Tumor promotion and progression involve inappropriately 

increased cell proliferation, evasion from apoptosis, induction of 

tumor angiogenesis, and increased migration, invasion and 

metastasis of cancer cells. Among various oncogenic signaling 

pathways, STAT3 plays a crucial role in CRC.16 It has been reported 

that persistent STAT3 activation enhances the proliferation of 

colon cancer cells in culture and the growth xenograft tumors of 

these cells when implanted in nude mice.17 Moreover, the 

blockade of STAT3 signaling led colon cancer cells to undergo 

apoptosis.18 Since abnormal activation of STAT3 signaling induces 

transcriptional activation the genes encoding various proteins 

involved in apoptosis, cell cycle progression, angiogenesis, 

invasion and metastasis, targeted inhibition of STAT3 signaling is 

a pragmatic approach in preventing CRC.19,20 Therefore, many 

studies are investigated to develop new therapeutic agents that 

are able to directly inhibit the activation of STAT3 signaling.21,22 In 

this study, we have investigated the effects of withaferin-A on the 

proliferation and migration of human colorectal cancer (HCT116) 

cells and the growth of these cell’s xenograft tumors in nude mice. 

Here, we report that withaferin-A inhibited the proliferation, 

migration and xenograft tumor growth of HCT116 cells by 

suppressing the STAT3 transcriptional activity in HCT116 cells. 

MATERIALS AND METHODS
1. Chemicals and reagents

Withaferin-A was purchased from Sigma Aldrich (St. Louis, 

MO, USA). Withaferin-A was dissolved in methanol at a stock 

concentration of 10 mM and diluted with medium prior to 

experimental procedures (final concentration of methanol ≤ 

0.01%). Methylthiazolyldiphenyl-tetrazolium bromide (MTT) and 

paraformaldehyde was purchased from Sigma Aldrich. Primary 
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antibody for interleukin-6 (IL-6) was from R&D Systems (Minnea-

polis, MN, USA) and that of proliferating cell nuclear antigen 

(PCNA) and secondary antibodies were from Cell signaling 

Technology (Beverly, MA, USA).

2. Cell culture 

HCT116 cells (ATCC, Rockville, MD, USA) were grown in the 

RPMI-1640 medium (GibcoⓇ; Life Technologies, Grand Island, NY, 

USA) supplemented with 10% FBS, 100 U/mL penicillin and 

streptomycin. Cells were maintained in an incubator at 37oC in 

5% CO2. For the treatment of cells with withaferin-A, cells were 

cultured in RPMI-1640 medium without FBS for 12 hours.

3. Cell viability assay

Cells were plated at a density of 1 × 104 cells per well into 

96-well plates and maintained at 37oC for 24 hours. Cells were 

treated with various concentrations of withaferin-A for 12 hours. 

Fresh medium containing 50 L of MTT solution (0.5 mg/mL) was 

then added to each well. After incubation for another 3 hours, the 

MTT formazan crystals were dissolved in dimethyl sulfoxide 

(DMSO) and viable cells were detected by measuring the absor-

bance at 570 nm using a microplate reader (Molecular Devices, 

Sunnyvale, CA, USA). 

4. Wound-healing assay

For a scratch wound healing assay, HCT116 cells were sub- 

cultured in 12-well plates and grown to 70% to 80% confluence. 

Monolayer of cells was scratched with a sterile 10-L micro-

pipette tip across center of the well. Cells were washed 3 times 

with PBS to remove cellular debris, and were exposed to medium 

containing withaferin-A. Cell migration was observed under a 

bright-field microscope (Olympus, Tokyo, Japan) at a magnifi-

cation of 100×. The migration velocity was calculated indepen-

dently in five randomly chosen fields of 6 scratches, and the 

percentage of inhibition was shown using control cells at 100%. 

5. STAT3 transcription factor assay

STAT3 luciferase-reporter gene assay was performed as described 

previously.23 Briefly, STAT3-luc constructs were stably transfected 

into HCT116 cells. Cells were plated at a density of 2 × 104 cells 

per well in 96-well plate in RPMI medium and treated with IL-6, 

withaferin-A or methanol (control). After incubation for another 

12 hours, cells were lysed by passive lysis buffer and incubated for 

15 minutes in orbital shaker. The luciferase activity was measured 

by dual-luciferase reporter assay kit (Promega, Madison, WI, USA) 

according to the manufacturer’s protocol.

6. Immunofluorescence staining

HCT116 cells were fixed with 3.7% paraformaldehyde for 10 

minutes and then permeabilized with 0.1% Triton X-100 (Sigma 

Aldrich). The cells were blocked for 1 hour with blocking buffer 

(5% bovine serum albumin in PBS). The subsequent incubations 

with primary antibodies and fluorescent-conjugated secondary 

antibodies were conducted at room temperature. Immunofluo-

rescence images were captured by a laser scanning confocal micro-

scope (ZEISS LSM 510 META; Carl Zeiss, Oberkoden, Germany).

7. Tumor xenograft models 

HCT116 cells (6 × 106 cells/200 L) were subcutaneously 

injected into the flank of the female athymic BALB/c nude mice at 

the age of 6 weeks. Seven days after the injection of cells, mice 

were randomized into treatment groups and control groups. The 

treatment groups were injected with withaferin-A (2 mg/kg of 

body weight, DMSO 0.1% v/v) every 2 days and the control groups 

were injected with vehicle (DMSO 0.1% v/v), intraperitoneally. 

Tumor diameters were measured 3 times a week, and tumor 

volumes were calculated according to the following formula 

(length × width2 × /6). After 32 days of treatment, the mice were 

sacrificed and the tumors were harvested, weighted, and fixed in 

fix solution (4% paraformaldehyde) for immunohistochemistry. 

8. Statistical analysis

Statistical analysis was performed by either two-tailed Student’s 

t-test or ANOVA test with post t-test using GraphPad InStat 

(GraphPad Software, San Diego, CA, USA). P-value less than 0.05 

was considered as significant. 

RESULTS
1. Withaferin-A inhibits the proliferation of HCT116 

cells

To investigate whether withaferin-A inhibits the proliferation 

and growth of HCT116 cells in culture, cells were treated with 

varying concentrations of withaferin-A for indicated periods and 

the levels of proliferation were measured. As shown in Figure 1, 

the MTT assay and cell counting revealed that withaferin-A 

significantly decreased the viability of HCT116 cells in concen-

tration- and time-dependent manner. Cell viability was signifi-

cantly decreased by treatment with withaferin-A at concen-

trations below 5 M, showing 69% reduction in the proliferation 

of HCT116 cells after 12 hour (Fig. 1B). To assess the effect of 

withaferin-A on the proliferation of HCT116 cells, we counted the 
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Figure 2. Effect of withaferin-A on the migration of human colorectal cancer (HCT116) cells. (A, B) Cells were treated with or without 
withaferin-A, and subjected to wound-healing assay as described in materials and methods. The area of the wound was measured at 0 
hour and 24 hours. The wound recovery was calculated and compared between untreated cells with that of withaferin-A-treated cells. The 
results of migrated cells were representative of three experiment each done in triplicate (A: ×20). (C, D) HCT116 cells were treated with 
0 or 1 M withaferin-A and 0.01% methanol (vehicle) for 48 hours and subjected to Transwell migration assay (C: Eosin staining, ×200).
Results represent three independent experiments and each experiment was done in triplicate. All data are presented as the means ± SE; 
t-test and ANOVA. **P ＜ 0.01.

cell at 2, 4, 6, and 8 days after treatment with 1 M withaferin-A. 

At the last day of treatment, the cells showed a dramatic decrease in 

cell proliferation when compared with the vehicle group (Fig. 1C).

2. Withaferin-A inhibits the migration of HCT116 cells

Since tumor cell migration is a critical step in the invasion and 

metastasis of cancer, we examined the effect of withaferin-A on 

the migration ability of HCT116 cells. Confluent cells were 

scraped across center of the well and the remaining cells were 

incubated to migrate into the gap in the absence or presence of 

withaferin-A (Fig. 2A). After 24 hours incubation, the wound gap 

was wider in the withaferin-A-treated groups (0.001-1 M) as 

compared to the untreated group, indicating that withaferin-A 

inhibits the motility of HCT116 cells (Fig. 2A and 2B). Next, we 

tested the effects of withaferin-A on cell migration by the 

Transwell chamber assay. As shown in Figure 2C, treatment with 

withaferin-A (1 M) significantly reduced cell migration measured 

as percent of control (Fig. 2D).

3. Inhibition of interleukin-6-induced STAT3 transcrip-
tional activity by withaferin-A in HCT116 cells

Since inappropriate induction of a variety of STAT3 target 

genes has been implicated in the development of CRC, we 

assessed the effects of withaferin-A on the transcriptional activity 

of STAT3. HCT116 cells were stably transfected with STAT3-luc 

constructs, and incubated with various concentrations (0.0625, 
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Figure 3. Effect of withaferin-A on interleukin-6 (IL-6)-induced STAT3 transcriptional activation. (A) STAT3 transcriptional activity assay 
using the nuclear extract from HCT116 cells treated with the indicated concentrations of withaferin-A with or without IL-6 (10 ng/mL) stim-
ulation for 12 hours. Results are representative of three individual experiments. All data are presented as the means ± SE; t-test and ANOVA. 
**P ＜ 0.01. (B) The nuclear translocation of STAT3 in HCT116 cells after treatment with IL-6 (10 ng/mL) was inhibited by withaferin-A. 
For immunofluorescence staining, cells were permeabilized and stained with anti-STAT-3 antibody after fixation (green). Anti-histone H4 
antibody was used to stain the cell nuclei B (red). (C) A schematic model showing a role of withaferin-A in the modulation of STAT3 signaling.

0.125, 0.5, or 1 M) of withaferin-A. As shown in Figure 3, 

incubation of cells with IL-6 induced the STAT3 reporter gene 

activity, which was blunted by treatment of cells with withaferin- 

A in a concentration-dependent manner. And, we assessed 

whether withaferin-A treatment induces nuclear translocation of 

STAT3. Immunofluorescence staining showed that IL-6-induced 

nuclear distribution of STAT3 in HCT116 cells significantly 

reduced by after treatment with 1 M withaferin-A.

4. Withaferin-A attenuates the growth of HCT116 
cells xenograft tumor in nude mice

We next evaluated the effect of withaferin-A on the growth of 

HCT116 cells in vivo by using a xenograft mouse tumor model. 

Athymic BALB/c nude mice were subcutaneously injected with 

HCT116 cells to generate xenograft tumors. Intraperitoneal admini-

stration of withaferin-A every 2 days for 32 days led to a significant 

decrease in the volume and weight of tumors as compared to 

untreated controls without affecting the mean body weight (Fig. 4). 

The mean tumor volume of withaferin-A-treated mice was 404.5 

± 67.6 mm3, which was approximately 1.44 fold lower compared 

with that in control mice (582.6 ± 42.6 mm3, P = 0.017) (Fig. 4B 

and 4C). As shown in Figure 4C, the average tumor weight was 

also significantly reduced by the treatment with withaferin-A. 

Immunohistochemical staining of sections of xenograft tumors 
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Figure 4. Effect of withaferin-A on the growth of human colorectal cancer (HCT116) cells tumor xenograft in nude mice. (A) HCT116 cells
were subcutaneously injected into the flanks of athymic BALB/c nude mice. At 1 week post tumor cell injection, withaferin-A was administered
by intraperitoneal injection every 2 days for 32 days. Representative images of the retrieved xenograft tumors at the endpoint. (B) Tumor 
volumes were measured with a caliper every 2nd day. Significant decrease in tumor size was observed in mice treated with withaferin-A 
as compared to those of control mice. (C) The average weight of the tumors from mice was analyzed. (D) For tumor cell proliferation analysis, 
sections of xenograft tumors from both withaferin-A-treated and untreated animals were subjected to immunohistochemical stating with 
an anti-proliferating cell nuclear antigen (PCNA) antibody (×20). (E) The corresponding body weight changes during the withaferin-A 
treatments. All data are presented as the means ± SE; t-test and ANOVA. **P < 0.01.

from mice treated with withaferin-A or untreated controls 

showed that withaferin-A treatment caused a marked inhibition 

of the expression of PCNA, which is a marker of tumor cell 

proliferation (Fig. 4D). 

DISCUSSION

Plant secondary metabolites always remain in the front line in 

the development of new therapeutic agents. In the context of 

emerging evidence of chemotherapy failure and growing trend of 

chemo-resistance, bioactive phytochemicals are given much 

importance for searching new anticancer therapeutics. Numerous 

preclinical studies have demonstrated the anticancer effects of a 

wide variety of plant polyphenols. Withaferin-A has been exten-

sively investigated for its diverse pharmacological activities.24 

Although the anticancer effects of withaferin-A has been reported 

in various preclinical studies,15,25,26 its molecular mechanism of 

action remains elusive. Our study has revealed that withaferin-A 

decreased the viability of HCT116 cells in a time- and concentration- 

dependent manner. It has also been reported earlier that 

withaferin-A induces apoptosis in various colon cancer cells 

including HCT116 cells by blocking Notch1-mediated prosurvival 
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signaling pathways.27 However, withaferin-A had no effect of cell 

viabilities in androgen sensitive normal human fibroblasts and 

prostate adenocarcinoma cells indicating that withaferin-A induces 

selective tumor death.28 Our study also revealed that withaferin-A 

inhibited the proliferation of HCT116 cells. 

Previous studies have demonstrated that withaferin-A induces 

apoptosis in various cancer cells by multiple mechanisms including 

the generation of ROS, mitochondrial dysfunction, cell cycle 

arrest, inactivation of prosurvival signaling molecules, such as 

extracellular signal-regulated kinase, c-Jun N terminal kinase, 

NF-B and STAT3.6,11,13,29 These prosurvival factors are also 

involved in the enhanced migration of cancer cells. Our findings 

that withaferin-A inhibited migration of HCT116 cells suggests that 

the compound might interfere with the cell signaling pathways 

those are involved in increased proliferation and migration of 

cancer cells. 

One of the major oncogenic signaling pathways is the STAT3 

signaling. The inappropriate activation of STAT3 contributes to 

the survival, proliferation, chemo-resistance, and metastasis of 

cancer cell, and is constitutively overexpressed in various cancer 

cells such as sarcoma, lymphoma, carcinoma and leukemia.30 It 

has been reported that STAT3 activation increased the rate of 

proliferation and growth of colon cancer cells,17 while inactiva-

tion of these gene induces apoptosis.18 Therefore, many small 

molecules have been discovered to directly inhibit STAT3 

activation. Although several small molecules such as alantoac-

tone, resveratrol and fluacrypyrim inhibit STAT3 signaling, most 

of these molecules block the STAT3 signaling by suppress STAT3 

upstream kinases indirectly.21-23 However, withaferin-A was 

reported to cause direct inhibition of STAT3 and induction of 

apoptotic cell death in various cancer cells.13,31,32

The activation of STAT3 is mediated through the phosphory-

lation of its tyrosine-705 residue followed by the formation of 

STAT3 dimer,33 which then translocates to the nucleus and binds 

to the gamma activated sites of genes encoding proteins engaged 

in increased cell proliferation and migration. These genes 

products include cell cycle regulatory proteins (e.g., cyclins and 

cyclin-dependent kinases), antiapoptotic proteins (e.g., Bcl-2, 

Bcl-xl), and cell proliferation markers (e.g., PCNA and survivin).34 

The phosphorylation of STAT3 at tyrosine-705 residue is 

mediated by the upstream kinases, such as JAK2.35 In a recent 

study, Yco et al.15 demonstrated that withaferin-A inhibited 

STAT3 phosphorylation, thereby blocked STAT3 dimerization by 

directly binding to the STAT3 Src homology (SH2). Our findings 

that withaferin-A attenuated the transcriptional activity of STAT3 

in IL-6 stimulated HCT116 cells were in good correlation with the 

report of Um et al.,13 who demonstrated that withaferin-A 

diminished IL-6-induced phosphorylation of JAK2 and STAT3 in 

renal carcinoma cells. Further in vivo experimental evidence of 

decreased xenograft tumor growth of HCT116 cells and the 

reduced expression of PCNA in tumor tissues upon administra-

tion of withaferin-A suggest the potential of this compound to be 

used for the prevention and/or therapy of cancer. In conclusion, 

withaferin-A is able to inhibit not only the proliferation of 

HCT116 cells but also attenuated the tumor growth in vivo by 

suppressing STAT3 signaling pathways. 
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