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Introduction 

Colorectal cancer is the second most frequent malig-
nancy and the second leading cause of death due to 
cancer globally (Walker et al., 2014). Colon cancer carci-
nogenesis has been reported to be associated with gene-
tic errors in genes involved in apoptosis and cell proli-
feration (Davies et al., 2005; Watson, 2006; Damaschke 
et al., 2013; Bharati et al., 2014). Genetic defects trigger-
ing aberrant activation of Wnt/β-catenin signalling are 
common and are reported in over 90% of sporadic cases 
of colon cancer (Miyaki et al., 1994; Clevers, 2006; Klaus 
and Birchmeier, 2008; Schon et al., 2014). The key effect-
tor of Wnt/β-catenin signaling pathway is β-catenin 
that upon activation of Wnt signal, translocates into the 
nuclear region forming a ternary complex with trans-
cription factors- TCF/Lef (T-cell factor, lymphoid en-
hancer factor) and activates genes involved in cell pro-

liferation as c-Myc and Cyclin D1 (Reya 

and Clevers, 2005; Espada et al., 2009).  

Cyclin-dependent kinase 8 (CDK8) is implicated in 
transcriptional regulation of key pathways involved in 
colon cancers such as Wnt/β-catenin (Kim et al., 2006), 
Notch (Fryer et al., 2004) and p53 (Donner  et al., 2007). 
The kinase activity of CDK8 is required for regulation 
of β-catenin dependent transcription and oncogenesis 
(Firestein et al., 2008; Morris et al., 2008). These observa-
tions suggest that therapeutic interventions targeting 
CDK8 and Wnt/β-catenin signaling pathway is of 
clinical value. 

Studies have demonstrated that phytochemicals are 
effective in modulating Wnt/ β-catenin signalling 
pathway (Zhang, et al., 2013; Kim et al., 2014). Ellagic 
acid, a dimeric derivative of gallic acid occurs naturally 
in fruits as- strawberry, raspberry, pomegranate, grapes 
and blackberries and in nuts (Thresiamma and Kuttan, 
1996; Talcott and Lee, 2002; Mullen et al., 2003). Anti-
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Abstract 

Colorectal cancer is one of the leading causes of death worldwide. Wnt/β-
catenin signalling pathway plays a central role in normal cellular responses, 
making it a potent target in cancer therapy. Study was taken to assess 
whether ellagic acid modulates Wnt/β-catenin pathway and CDK8 activity in 
colon cancer cells (HT 29 and HCT 116).  Ellagic acid caused significant 
decrease in viability of cancer cells and markedly down-regulated the 
expression of CDK 8, β-catenin, survivin, c-Myc and cyclin D1. siCDK8 
transfection resulted in marked reduction in the expression of survivin, c-Myc 
and cyclin D1 as well. Considerable up-regulation in the expression of p-β-
catenin, axin1 and 2  following ellagic acid exposure were observed. Ellagic 
acid was able to effectively reduce cell viability and modulate expressions of 
Wnt/β-catenin signalling cascade proteins and down regulate the activity and 
expression of CDK8 in HT 29 and HCT 116 cells. 
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oxidant, anticarcinogenic, and antiviral activities have 
been attributed to ellagic acid (Stoner and Gupta, 2001; 
Xu et al., 2003; Larrosa et al., 2006). The present study 
investigates the effectiveness of ellagic acid in regula-
ting Wnt/β-catenin signaling pathway and in modula-
ting CDK8 kinase activity in HCT 116 and HT 29 colon 
cancer cells. 

 

Materials and Methods 

Cell lines 

Human colon cancer cell lines - HT 29, and HCT116 
were obtained from Sigma-Aldrich, St. Louis, MO, 
USA. 

Antibodies and reagents 

Ellagic acid was procured from Sigma-Aldrich, St. 
Louis, MO, USA. Mouse anti-β-catenin and mouse anti-
β-actin were purchased from BD Biosciences. Rabbit 
anti-p-β-catenin (S45) was from Cell Signaling 
Technology, Danvers, MA, USA. Rabbit - anti-axin1, 
anti-axin2, anti-survivin anti-cyclin D1, anti-c-Myc and 
anti-CDK8 were purchased from Sigma-Aldrich, St. 
Louis, MO, USA. All other chemicals used in the study 
were purchased from Sigma-Aldrich, St. Louis, MO, 
USA unless otherwise mentioned. 

Cell viability assay 

The cell viability assay was performed as described 
previously (Pan et al., 2010; Zheng et al., 2010). The 
human colon cancer cells were seeded in 96-well 
microplates (2 x 105 cells/ well). After the cells reached 
70% confluence, the cells were treated with ellagic acid 
(10, 20, 30, 40 and 50 µM) and 50 µM, 5-fluorouracil (5-
FU) as positive control for 72 hours. The final 
concentration of DMSO in culture medium was 
maintained at 0.05% (Jaramillo et al., 2010; Pan et al., 
2010). Following 72 hours incubation, 10 µL of MTT (5 
mg/mL) in PBS was added to each well at a final 
concentration of 0.5 mg/mL and incubated for 4 hours. 
The supernatant was discarded and 100 µL of a solution 
containing 10% SDS (pH 4.8), HCl (0.01 M) and 5% 
isobutyl alcohol was added to each well and mixed 
thoroughly to dissolve the formazan crystals. Cell via-
bility was measured by reading the absorbance at 570 
nm using an enzyme-linked immunosorbent assay 
(ELISA) reader (RT6000, Guangdong, China). Viability 
was expressed as a percentage of absorbance values in 
treated cells to that in control cells: cell viability (%) = 
ODtest/ ODcontrol x 100%.  

Western blotting 

The human colon cancer cells (HCT 116 and HT 29) 
were incubated with ellagic acid (10 -50 µM) as 
described in cell viability assay. Total cell lysates 

following incubation with ellagic acid was prepared in 
RIPA buffer (50 mM Tris-HCl pH 8.0, 150 mM NaCl, 1% 
NP-40, 0.5% sodium deoxycholate, 0.1% SDS). Protein 
concentration was determined and equal amount of the 
protein samples were subjected to 13% SDS-PAGE. 
Separated proteins were transferred to PVDF mem-
branes (Millipore, Bedford, MA, USA). After blocking 
for 1 hour at room temperature in 5% bovine serum 
albumin in PBS-Tween 20, membranes were probed 
overnight at 4oC with the following antibodies: mouse 
anti-β catenin, mouse anti-β-actin, rabbit anti-p-β-
catenin (S45), anti-axin1, anti-axin2, anti-survivin, anti-
cyclinD1, anti-c-Myc and anti-CDK8. The membranes 
were incubated with corresponding secondary antibo-
dies for 2 hours at room temperature, and later visua-
lized with an enhanced chemiluminescence (ECL) 
detection kit (Lab Frontier, Suwon, Korea). The blots 
were analyzed by LAS4000 (Fuji Film Corp., Tokyo, 
Japan). Band intensity was measured using ImageJ 
software (National Institute of Health, USA). 

CDK8 siRNA transfection 

The cancer cells were seeded in 6-well plate at 1.5 × 105 

per well, cultured for 24 hours and then transfected 
with 20 pm siRNA (Santa Cruz Biotechnology, St. Louis 
Park, MN, USA) with 10 µL lipofectamine 2000 
(Invitrogen), and incubated for 24 hours at 37°C with 
ellagic acid. Cells were then rinsed with phosphate 
buffered saline, and then lysed and analysed for the 
expression of c-Myc, survivin and Cyclin D1 as 
described above by western blotting.  

Data analysis 

The obtained values were statistically analysed using of 
SPSS software version 17.0. The values are represented 
as mean ± SD, for three individual experiments. Values 
obtained at p<0.05 are considered significant as 
determined by ANOVA (one-way analy-sis of 
variance).  

 

Results 

The anticancer effect of ellagic acid at 10-50 µM on 
colon cancer cell lines were assessed by measuring cell 
viability by MTT assay. Ellagic acid brought about a 
dose-dependent decrease in the viability of HCT 116 
and HT 29 cells (Figure 1). Ellagic acid at 50 µM caused 
significant (p<0.05) multi-fold suppression in cell viabi-
lity percentage both in HCT 116 and HT 29 cells. At 10 
µM, the cell viability was observed to be 86.8% in HCT 
116 and 90.2% in HT 29 that gradually decreased to 
24.1% and 30.1% at 50 µM in HCT 116 and HT 29, 
respectively. 

The canonical Wnt signaling pathway has emerged as a 
critical regulator pathway of cell proliferation and 
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differentiation (Reya and Clevers, 2005). Since β-Cate-
nin is a key effector that determines the activity of 
Wnt/β-catenin signalling pathway, resulting in trans-

activation of cell proliferation, the expression levels of β
-catenin was assessed. Western blot analysis showed a 
remarkable decrease in the expression of β-catenin 
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Figure 1: Effect of ellagic acid on the cell viability of colon cancer cells  

Values are represented as mean ± SD; n=3; arepresents p<0.05 compared with control as determined by one-way ANOVA 
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Figure 2: Influence of ellagic acid on the expression of Wnt/β-catenin signaling pathway proteins  

Expression of Wnt/β-catenin signaling pathway proteins in (A) HT 29 and (C) HCT 116 cells treated with ellagic acid (10-50 µM). Relative expression 
of Wnt/β-catenin signaling pathway proteins in  (B) HT 29 and (D) HCT 116 cells. Values are represented as mean ± SD, n=3.  arepresents statistical 
significance at p<0.05 compared against control as determined by one-way ANOVA  
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(Figure 2A and B). Since phosphorylation is known to 
regulate β-catenin degradation, we also investigated the 
expression of phosphorylated β-catenin. The expression 
of p-β-catenin was observed to be increased in both 
HCT116 and HT 29 cells upon treatment with ellagic 
acid (10-50 µM). The expression levels of axin1 and 2 in 
HT55 and HCT 116 cells were up-regulated following 
exposure to ellagic acid (Figure 2C and D). However, 
the increase in axin expressions was not as high as p-β-
catenin.  

Upon activation of Wnt signal, β-catenin travels into 
nucleus where it binds the TCF/Lef family of transcrip-
tion factors, and activates the transcription of down-
stream target genes. To assess the effect of ellagic acid 
on TCF/Lef regulation, the protein expressions of 
known TCF targeted genes, such as c-Myc, survivin and 
cyclin D1 were determined. The data showed remar-
kable decrease of the proteins on exposure to ellagic 
acid in a dose-dependent manner compared to the 
expression in colon cancer cells not exposed to ellagic 
acid (Figure 3A-D).  

CDK8 has been reported to promote the proliferation of 
colorectal cancer cells through stimulating β-catenin-
mediated transcription. The effect of ellagic acid on 
CDK8 expression was studied. Ellagic acid at 50 µM 

caused a slight decrease in the levels of CDK8 (Figure 
4), lower concentrations of ellagic acid, however had 
not much effect on regulating the expression of CDK8.  

To further investigate the role of CDK8 in β-catenin/
TCF transcription, CDK8 expression in HCT116 and HT 
29 cells were silenced by RNA interference. The expre-
ssion of survivin, cyclinD1 and c-Myc were detected by 
western blotting. In CDK8 siRNA-transfected cells a 
decrease in the expressions of c-Myc, survivin and 
cyclin D1 was observed and similar data were obtained 
in ellagic acid (50 µM) treated cells (Figure 5A-C).  
 

Discussion 

Colon cancer is one of most frequent and best-studied 
malignancies. Despite recent advances in chemothera-
pies that have improved survival rate of patients, 
patients with late-stage disease still have poor prog-
nosis, with the overall mortality being around 40% (Luo 
et al., 2014). It has been reported that several signal 
pathways, including Wnt/β-catenin play critical roles 
in its pathogenesis (Chen and Huang, 2009). 

The Wnt signaling cascade plays various roles in stem 
cell maintenance, cell proliferation, differentiation, and 
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Figure 2: Influence of ellagic acid on the expression of Wnt/β-catenin signaling pathway proteins  (Cont.) 



 

apoptosis (Guo et al., 2014; Xing et al., 2014). Deregu-
lation of Wnt/β-catenin signaling is a hallmark of the 
majority of sporadic forms of colorectal cancer and 
results in increased stability of the protein β-catenin 
(Herbst et al., 2014). 

Dietary phytochemicals have conventionally been used 
as a health food for the prevention and therapy of can-
cer (Jaramillo et al., 2010). The inhibitory effects against 
cancer cells by phytochemicals have been suggested to 
be mediated by various  mechanisms of action such as i) 
regulation of  the expressions of oncogenes and tumor 
suppressor genes, ii) modulation or inhibition of signal 
transduction pathways involving MAPK, Nrf and AP-1, 
and iii) induction of cell-cycle arrest and apoptosis 
involving the p53, Bcl-2 and caspase families (Avila et 
al., 1994; Sarkar et al, 2009; Gadgeel et al., 2009; 
Jaramillo et al., 2010; Kim et al., 2010; Deep and 
Agarwal 2010). In recent years, much progress has been 
made on understanding Wnt/β-catenin signaling in 
respect to cancer development and their possible 
modulators, which could be useful in cancer prevention 
and therapy. Identification of compounds that specifi-

cally target Wnt signaling pathway thus is considered 
to be potential for treating colorectal cancers. In this 
regard, small molecules like flavonoids synthesized or 
from natural origin, have been identified as potential 
modulators of Wnt/β-catenin signaling pathway 
(Sarkar et al., 2009; Thorne et al., 2010). 

In the study, ellagic acid was found to effectively 
decrease the cell viability of HT 29 and HCT 116 colon 
cancer cells. The cell viability percentage was found to 
decrease multifolds with increase in concentration of 
ellagic acid, indicating the antiproliferative capacity.  

Since Wnt/β-catenin signaling plays a critical role in 
the regulation of colon tissue regeneration and the 
development of colon cancer (Schon et al., 2014), the 
expression of Wnt/β-catenin signaling proteins were 
assessed after exposure to ellagic acid. The expression 
of β-catenin was decreased significantly in HT29 and in 
HCT 116 cells treated with ellagic acid, however a 
marked increase in the expression of p-β-catenin levels 
was observed. 

Under physiological conditions, β-catenin activity is 
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tightly controlled. When Wnt signal is initiated and the 
pathway is cascaded, this causes β-catenin to shuttle 
into the nucleus where it activates the transcription of 
its target genes (Li et al., 2014).  

The level of β-catenin in the cells is regulated by β-
catenin phosphorylation and degradation by the APC 
complex (Klaus and Birchmeier, 2008). In most colon 
cancers, the β-catenin degradation system becomes 
abnormal, resulting in constant expression of β-catenin 
and resultant activation of downstream genes. 

The observed decrease in β-catenin levels and increase 
in p-β-catenin expression suggests that ellagic acid 
effectively inactivated β-catenin and promoted its 
degradation and thereby modulating Wnt/β-catenin 
signalling cascade. This is further supported by the 
expression levels of axins. Western blot analysis show-
ed that the protein level of axin1 and 2, one of the main 
components of destruction complex was increased on 
exposure to ellagic acid.  

Further the results of protein expressions of known TCF 
targeted genes such as c-Myc, survivin and cyclin D1 in 
HT 29 and HCT 116 cells exposed to ellagic acid were 
down regulated significantly with increase in concen-
tration is suggestive of effective down regulation of 

Wnt/β catenin cascade. CDK8, known as transcrip-
tional CDKs, is a nuclear serine-threonine kinase that is 
reported to be involved in regulating β-catenin 
(Firestein et al., 2008; Galbraith et al., 2010). 

In the present study, ellagic acid significantly down-
regulates the expression of CDK8 in a concentration 
dependent manner. The results suggest that this also 
could be a possible reason for the decrease in levels of β
-catenin as observed in HT 29 and HCT 116 cells 
exposed to ellagic acid.  

It has been previously reported that CDK8 affect the 
transcription activities of β-catenin through two possi-
ble ways. Firstly, CDK8 could possibly activate β-
catenin-mediated transcription as part of the CDK-
module. The β-catenin transactivation domain interacts 
with MED12 (Mediator of RNA polymerase II transcrip-
tion, subunit 12 homolog) via its C-terminal domain in 
mammalian cells and is able to recruit mediator to β-
catenin/TCF target genes in vivo (Kim et al., 2006). 
Another possible mechanism is that CDK8 directly 
phosphorylates E2F1 (Zhao et al., 2013). This phospho-
rylation by CDK8 decreases the ability of E2F1 to 
repress transcription of β-catenin/TCF-dependent 
genes, such as c-Myc, PPARγ and CD44 (Morris et al., 
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Figure 3:  Effect of ellagic acid on the expression of   β-catenin/TCF target proteins (Cont.) 



 

2008), or by up-regulating the expression of proteins 
that mediate β-catenin degradation, such as AXIN1/2 
(Hughes and Brady, 2005; Wu et al., 2011). 

The transfection with siCDK8 resulted in a marked 
decrease in the expression of c-Myc, survivin and cyclin 
D1 in the colon cancer cells. This is in line with the 
previous findings that CDK8 stimulates β-catenin-
mediated transcription. The expression levels of the c-
Myc, survivin and cyclin D1 in cells transfected with 
siCDK8 was similar to the levels in cells treated with 50 
µM ellagic acid. The observed decrease in expression on 
incubation with ellagic acid indicates that the com-
pound was able to efficiently either inactivate CDK8 
and/or suppress the expression of CDK8.  

To summarize, ellagic acid was found to efficiently 
inhibit the cell viability of colon cancer cells (HT29 and 
HCT 116) and down regulate the expression of β-
catenin and increase the degradation of β-catenin by 
raising the levels of p-β-catenin and axin 1 and 2. The 
suppression of CDK8, c-Myc, survivin and cyclin D1 
expressions in the colon cancer cells on treatment with 
ellagic acid suggests the effectiveness of the compound 
in therapy of colon cancer.  

 

Conclusion 

Our observations indicate efficient antiproliferative 
activity, regulation of β-catenin signaling and modula-
tion of CDK8 activity by ellagic acid suggesting the 
possibilities for exploitation in colon cancer therapy. 
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