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Abstract
Purpose  Despite the fact that hyper-activation of Wnt/β-catenin signaling pathway has been seen in many cancers, including 
liver, colorectal and lung carcinoma, no small molecule inhibitors are available that specifically target this pathway. In this 
study, we analyzed the impact of dinactin (DA), an antibiotic ionophore produced by Streptomyces species, as an effective 
small molecule targeting Wnt/β-catenin signaling pathway in cancer cells.
Methods  We performed MTT assays to investigate cell viability and proliferation after exposure to small molecules. Protein 
expression analysis was carried out by western blotting. Top-Flash reporter assays were used to score for β-catenin signaling 
and cell cycle analysis was carried out by flow cytometry.
Results  In the first set of experiments, DA was seen to selectively inhibit the proliferation of HCT-116 and HepG2 cancer 
cells, unlike HEK-293 cells (a low tumorigenic cell line), in apoptosis-independent manner. Further, DA was seen to block 
the G1/S progression and decrease the expression of cyclin D1 in cancer cells. Since cyclin D1 is the downstream target gene 
of Wnt/β-catenin signaling, we examined the impact of DA on TCF-dependent β-catenin activity using Top-Flash reporter 
assay. Interestingly, DA significantly decreased Top-Flash activity at lower nano-molar concentrations when compared with 
salinomycin in HCT-116 and HepG2 cells.
Conclusion  We report the identification of dinactin as a natural product-based small molecule that effectively blocks the 
Wnt/β-catenin signaling pathway in cancer cells at nano-molar concentration. We anticipate that DA could be developed as 
a novel drug for anti-cancer therapy and for the management of neuropathic pain.
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Introduction

Most of the antibiotics isolated from Streptomyces usually 
target bacterial DNA replication, protein synthesis machin-
ery or inhibit cell wall synthesis [1]. However, many classes 
of antibiotics such as, salinomycin, bleomycins, enediynes 
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and mitomycins have strong antitumor activities [2]. We iso-
lated dinactin (DA), a macrolide antibiotic, from Streptomy-
ces puniceus AS13 and examined it for various activities [3]. 
The macrotetrolide antibiotics isolated from Streptomyces 
species are primarily considered as ionophoric compounds 
but have also been reported to show different bioactivities 
[4]. The nonactin, an ionophore molecule from macro-
tetrolide family [5, 6] has been found as efflux pump inhibi-
tor in drug-resistant cancers [7]. The antitumor property of 
macrotetrolides and mechanism of their antitumor action is 
not fully explored yet. Salinomycin, a carboxylic polyether 
antibiotic ionophore isolated from Streptomyces albus, is 
reported to show strong anti-cancer properties [8, 9]. Salino-
mycin is shown to induce cell death in cancer cells such as 
breast, lung and gastric cancers, etc. Lu et al. [8] showed that 
salinomycin inhibits Wnt signaling and induces apoptosis in 
chronic lymphocytic leukemia cells. Wnt/β-catenin signaling 
plays defining roles in cell proliferation, differentiation and 
in embryonic development and maintenance of organs and 
tissues during various stages of development. Aberrant acti-
vation of Wnt/β-catenin signaling pathway is preferentially 
involved in progression of different types of cancers includ-
ing colon, liver, lung and ovarian ones [10–12]. Recently, 
studies on Wnt/β-catenin signaling pathway has been shown 
to play critical roles in the induction and maintenance of 
chronic neuropathic pain [13, 14]. Accordingly, small mole-
cules targeting Wnt/β-catenin pathway have gained immense 
promise for the development of anti-cancer drugs, and for 
the management of neuropathic pain.

Here in this study, we report the identification of dinactin 
as an effective cytostatic anti-cancer agent that inhibits the 
proliferation of human cancers without inducing cell death. 
In addition, dinactin showed a strong inhibitory effect on 
TCF-dependent β-catenin-mediated signaling activity in 
HCT-116 and HepG2 cells indicating that dinactin could be 
developed as an anti-cancer drug, and an effective agent for 
the management of neuropathic pain.

Materials and methods

Chemicals, antibodies and reagents

Anti-parp (SC-8007), anti-caspase-3 (SC-271028), anti-
cyclin D1 (SC-753), anti-cyclin B1 (SC-752), anti-p21 
(SC-6246), HRP-conjugated anti-mouse (SC-2005) and 
anti-goat (SC-2354) antibodies were procured from Santa 
Cruz Biotechnology; anti-β-actin (Cat. No., 4970S) antibody 
was procured from Cell Signaling Technology (Danvers, 
MA). Salinomycin, paraformaldehyde, propidium iodide, 
DAPI 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT), 2′,7′-dichlorofluorescin diac-
etate (H2DCFDA) dye, DMSO, proteinase K, eukaryotic 

protease inhibitor cocktail, growth medium (RPMI-1640 
and DMEM), fetal bovine serum, phosphate buffer saline 
(PBS), trypsin–EDTA, penicillin, streptomycin were pur-
chased from Sigma. Dinactin was isolated from culture broth 
of Streptomyces puniceus strain AS08 as described previ-
ously with complete spectral description (the molecule was 
isolated as sticky brown oil HR-ESIMS: m/z 764).

Cell culture, growth conditions and treatment

HEK-293 and HCT-116 cells were obtained from Ameri-
can Type Culture Collection (ATCC), while HepG2 cells 
were obtained from Sigma. HEK-293 and HepG2 cells were 
grown in DMEM, and HCT-116 cells were grown in RPMI-
1640 containing 10% FBS in CO2 incubator with 5% CO2 
and 98% humidified conditions at 37 °C. Cells were treated 
with different doses of test compounds dissolved in DMSO 
while the DMSO was used as control for the experiments.

Cell proliferation by MTT assay

Cell proliferation was determined by using MTT assay. 
Briefly, 6000–8000 cells/well were seeded in 96-well plate, 
and next day, were treated with different concentrations of 
test compounds and incubated for 24, 48 and 72 h at 37 °C 
in CO2 incubator. After 24, 48 and 72 h post-treatment, 20 µl 
of MTT solution (2.5 mg/ml) was added to each well to form 
the formazan crystals and incubated for 4 h at 37 °C. Media 
was removed and DMSO (150 μl/well) was added to dissolve 
the crystals, and the absorbance was recorded at 570 nm 
in the micro-plate reader. The values were later evaluated 
to calculate the IC50 of the molecules by using GraphPad 
Prism5 software.

Assessment of nuclear morphology

HCT-116 cells (0.3 × 106) were seeded in 6-well plates and 
grown overnight at 37 °C in CO2 incubator. Next day the 
cells were treated with different concentrations of DA and 
grown further for 24 h. Then, cells were trypsinized and 
centrifuged at 1600 rpm for 5 min at 4 °C and washed with 
PBS. Cells were then fixed with methanol for 30 min at 
4 °C and finally suspended in 500 μl PBS. 1 μg/ml DAPI, 
a nuclear stain, was added to cell suspension for 10 min 
followed by centrifugation. The pellet was resuspended in 
50 μl of mountant fluid (PBS:glycerol in the ratio 1:1). For 
microscopy, 10 μl cell suspension was spread on glass slide, 
coverslips were placed carefully and sealed with nail polish 
under dark conditions [15]. Nuclear morphological altera-
tions were observed using inverted fluorescence microscope 
(Olympus 1 × 70, magnification 30 ×) by UV excitation.
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Measurement of intracellular reactive oxygen 
species (ROS)

ROS generation was measured using DCFH-DA [16]. 
Briefly, HCT-116 cells seeded in 96-well plates (5000–10000 
cells/well) were treated with different concentrations of DA 
for 24 h. Thereafter, cells were washed with PBS and treated 
with 10 μM DCFH-DA diluted in RPMI medium for 30 min 
(at 37 °C, 5% CO2). The cells were washed three times with 
PBS and finally resuspended in PBS (200 μl) and kept in 
dark for 30 min. Fluorescence intensity of DCFH-DA was 
measured at an excitation wavelength of 504 nm and emis-
sion wavelength of 529 nm.

Preparation of whole cell lysates 
for immunoblotting

HCT-116 and HepG2 cells (0.3 × 106/well) seeded in 6-well 
plates were treated with different concentrations of test com-
pounds. After 24 h treatment, the cells were harvested and 
washed with cold PBS. The cell pellets were resuspended 
in cold RIPA lysis buffer (50  mM Tris–HCl, 150 mM 
NaCl, 5 mM EDTA, 1% triton X-100, 0.1% SDS, 30 mM 
Na2HPO4, 50 mM NaF, 0.5 mM NaVO4, 2 mM PMSF sup-
plemented with 1% protease inhibitor cocktail) for 40 min 
with a vortex of 10 s after every 10 min on ice. The cell 
lysates were centrifuged at 14000 rpm at 4 °C for 20 min. 
Supernatants transferred to fresh tubes were estimated for 
protein concentration by Bradford assay. After determining 
the protein concentration, the samples were denatured in 
5X lysis buffer (100 mM Tris–HCl, 4% SDS, 0.1% bromo-
phenol blue, 20% glycerol and 200 mM β-mercaptoethanol) 
for 10 min at 100 °C, and the lysates were stored at − 80 °C 
for further use.

Western blotting analysis

Equal quantity of proteins (70 μg) were resolved on SDS-
PAGE (8-12%) at 100 V for 2–3 h, followed by electro-trans-
fer to PVDF membrane (Immobilon-P Transfer Membrane 
Millipore) at 110 V for 2 h at chilled conditions. Membranes 
were either blocked with 5% BSA or skimmed milk (fat free) 
in TBST (20 mM Tris–HCl pH 7.4, 150 mM NaCl, 0.1% 
Tween 20) solution for 1 h at room temperature. Blocked 
membranes were incubated with respective primary anti-
bodies at dilution of 1:500–1:1000 overnight at 4 °C on a 
dancing rocker. Next day, the blots were washed three times 
with TBST buffer after 5 min interval. This was followed 
by incubation with corresponding (anti-mouse or anti-rabbit 
or anti-goat) secondary antibody (with conjugated Horse-
radish Peroxidase tag) for 1–3 h on a dancing rocker. The 
blots were then again washed three times with TBST, each 
for 5 min. Blots, in dark room, were poured with enhanced 

chemiluminescence (ECL) substrate and the signal was cap-
tured on X-ray film in a hypercassette. The X-ray film were 
developed in developing solution till the signal appears, and 
immediately fixed in fixing solution under dark conditions. 
The bands are analyzed by Image J 1.49 software for densi-
tometric analysis.

Cell cycle analysis

Cells (0.3 × 106/well) were grown in 6-well plates and treated 
with different concentrations of DA for 24 h, the cells were 
harvested by centrifuging at 1000 rpm for 5 min at 4 °C, 
followed by washing with PBS. The cells were then fixed 
in 70% ethanol and kept overnight at 4 °C. Next day, the 
cell suspension was centrifuged and washed with ice-cold 
PBS. Cells were resuspended in 200 μl of PBS, digested with 
100 µg/ml RNase (at 37 °C for 90 min). The cells were then 
stained with propidium iodide (PI, 10 µg/ml) immediately 
and incubated in dark for 30 min. Finally PBS was added to 
make final volume to 500 µl. All the samples were analyzed 
for cell cycle by using FACS BD Calibur. Data was analyzed 
by using MOLT FIT software.

TOP‑Flash reporter assays

Wnt/β-catenin-mediated transcription was determined by 
TOP-Flash reporter assay. Briefly, cells (0.3 × 106 cells/
well) were seeded in 6-well plates and grown overnight at 
37 °C in CO2 incubator. Next day, the cells were transfected 
with plasmids expressing TOP or FOP and Renilla plas-
mids using Lipofectamine 2000 (Invitrogen). Herein, the 
Lipofectamine was incubated with serum-free medium in a 
centrifuge tube in the laminar hood for 5 min and added to 
plasmid DNA in a drop-wise manner to form a lipo–plasmid 
mix, which was incubated for 30 min. In the meantime, the 
overnight media of cells was replaced by serum-free media, 
and exactly after 30 min the plasmid–lipo mix was added 
to cells in a drop-wise manner, and grown at 37 °C in CO2 
incubator. After 4 h of transfection, cells were treated with 
DMSO and different concentrations of DA, and grown over-
night at 37 °C in CO2 incubator. After 24 h post-transfection, 
cells were washed with PBS and lysed with 1X Lysis buffer 
(Promega). The lysates were pelleted by mini spin, and the 
supernatant was used for measuring the luciferase activity. 
Relative luciferase activity of cells was measured using the 
Dual-Luciferase Reporter Assay System (Promega) accord-
ing to the manufacturer’s instructions. The relative luciferase 
activities (TOP-Flash values) of each well were calculated 
by determining the ratio of the Luciferase signal to Renilla 
signal. Three independent transfections were carried out in 
duplicate for each of the concentrations tested.
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NF‑κB reporter assay

NF-κB reporter assays were performed in HepG2 cells. 
Briefly, cells (at 0.3 × 106 cells/well) were transfected with 
800 ng of NF-κB or pGL3 vector and 200 ng of Renilla 
DNA. Four hours after transfection, cells were treated with 
DA and supplemented with complete media. Cells were pro-
cessed and luciferase readings were measured in the similar 
way as discussed for TOP-Flash Reporter assays. Each con-
dition was assayed in triplicate, and each experiment was 
carried out at least three times.

Statistical analysis

MOLT FIT, Adobe Photoshop 7.0, ImageJ, and GraphPad 
Prism5 software were used for data analysis. Student’s t 
test and analysis of variance (ANOVA) were used to evalu-
ate the differences between means. Data are expressed 
as mean ± SEM. Statistical significance was accepted at 
P < 0.05.

Results

Dinactin shows anti‑proliferative activity 
against the cancer cells in apoptosis‑independent 
manner

Streptomycetes synthesize compounds that are reported 
to show antibacterial, anti-inflammatory, antifungal, and 
antitumor activity [17, 18]. Recently, we isolated din-
actin from streptomyces puniceus and characterized its 
structure [3]. Since, DA is an ionophore antibiotic, we 

got interested to study its antitumor activities in order to 
understand its mode of action. In our previous study, we 
analyzed the effect of DA (0.1–100 µM) against a panel of 
cancer cell lines, including PC-3, MIA PaCa-2, MOLT-4, 
HL-60, OVCAR-5, HCT-116, MCF-7, T47D, A549 and 
HepG2 cells, to investigate its relative growth inhibition 
using MTT assay. Interestingly, DA showed marked inhi-
bition of HCT-116 cell growth with an IC50 of 1.1 µM 
[3]. Although DA was found to be a profound inhibiter of 
cancer cells, it showed no significant impact on the growth 
of non-tumor cells (HEK-293 cells). In order to evalu-
ate whether the anti-proliferative effect of DA is medi-
ated through apoptosis in HCT-116 cells, we carried out 
the immunoblotting to check the expression of apoptotic 
markers. Interestingly, DA treatment of HCT-116 cells 
for 48 h could not induce the cleavage of PARP-1 and 
caspase-3 proteins, the hallmark proteins of intrinsic and 
extrinsic pathways of apoptosis, respectively (Fig. 1a). 
Also, no cleavage of PARP or caspase-3 was detected 
at with higher doses of DA (5 µM) treatment in HCT-
116 cells. We then analyzed the nuclear morphology of 
HCT-116 cells by DAPI staining, and found that indeed 
there is no nuclear shrinking or apoptotic nuclei upon the 
DA treatment even up to 5 µM concentrations (Fig. 1b). 
Next, owing to antimicrobial nature of DA, the involve-
ment of the ROS-dependent damage within the cells was 
determined using 2′,7′-dichlorofluorescin diacetate (DCF-
DA). Although we found production of intracellular ROS 
in comparison to untreated control, it was concentration 
independent and did not induce cell death as determined 
by microscopy (Supplementary Fig. 1). Taken together, 
these results suggested that anti-proliferative role of DA in 
cancer cells is occurring independent of apoptosis.

A B

DMSO DA (1µM)

DA (2µM) DA (5µM)

100µM  100µM  

100µM  

Parp-1

Caspase-3

β-Ac�n

DA - 0.5µM         1µM          2µM          5µM
116 kDA
89 kDA

32 kDA

42 kDA

100µM  

100µM  

Fig. 1   Analyzing induction of apoptosis by dinactin in HCT-116 
cells. a HCT-116 cells were treated with dinactin at indicated con-
centrations for 24  h, whole cell lysates were analyzed for cleaved 
PARP-1 and caspase-3 by western blot. β-actin was used as a loading 

control. (data are representative of three independent experiments). b 
HCT-116 cells were treated with dinactin at indicated concentrations 
and nuclear staining was done with DAPI. In treated cells no nuclear 
shrinking or apoptotic nuclei was observed
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Dinactin induces cell cycle arrest at G1/S phase 
in HCT‑116 cells

Deregulation in the cell cycle control is one of the funda-
mental characteristics of cancers [18]. So, to examine the 
mechanism(s) through which DA blocks cellular prolifer-
ation, we determined its effect on cell cycle progression. 
HCT-116 cells were treated with various concentrations of 
DA and analyzed using flow cytometry. We observed signifi-
cant accumulation of HCT-116 cells in G1 phase (Fig. 2a, b). 
In untreated HCT-116 cells, 45–50% population were found 
in G1 phase, 43.34 in S phase and 10.05 in G2 phase, while 
as in DA-treated HCT-116 cells, 75–85% of population were 
in G1 phase, thus inhibiting the progression of cells to S 
phase. The cell cycle arrest at G1/S phase was observed even 
at 0.5 μM for 24 h, showing the potency of DA as an anti-
cancer molecule. These results indicate that DA treatment 
induces G1 phase arrest in HCT-116 cells, thus inhibiting 
the progression of cells to S phase. 

Dinactin decreased cyclin D1 expression 
in a concentration‑dependent manner

Cyclins are known to regulate the cell cycle progression, 
and their relative levels help to understand cell cycle phases. 
Thus, to delineate the molecular mechanism of DA-mediated 
G1 arrest, we explored the expression of cyclins by western 
blotting. Upon the treatment of HCT-116 cells with DA, we 
observed a marked decrease in the expression of cyclin D1 
in a dose-dependent manner while there was no significant 
change in the expression levels of cyclin E (Fig. 3a, b). p21 
is a negative regulator of cyclin D1, thus negatively regu-
lates the G1 transition. Interestingly, the immunoblotting and 
densitometry analysis of p21 showed a significant increase 
in the levels of p21 expression in a dose–dependent man-
ner suggesting that DA modulates G1 cell cycle regulatory 
proteins in HCT-116 cells which subsequently leads to cell 
cycle arrest at G1/S phase that corresponds to inhibition of 
cell proliferation.

Fig. 2   Effect of dinactin (DA) on cell cycle phase distribution in 
HCT-116 cells. a HCT-116 cells were treated with indicated concen-
trations of dinactin for 24 h. Cells were stained with PI and analyzed 
for cell populations using flow cytometry as described in “Materi-
als and Methods”. Data are representative of one of the three similar 

experiments. b Bar graph represents  the percentage of cells  in vari-
ous phases of cell cycle. For analysis, Student’s  t test was used, bar 
graphs are mean ± s.e.m. In  vitro  data are the means of three inde-
pendent experiments. ***P < 0.001
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Dinactin inhibits Wnt/β‑catenin signaling 
in HCT‑116 and in HepG2 cells at nano‑molar 
concentrations

Since DA treatment resulted in a significant decrease in the 
levels of cyclin D1, a downstream target protein of Wnt/β-
catenin pathway, we speculated the reduced levels of cyclin 
D1 are due to the inhibition of Wnt/β-catenin signaling by 
DA treatment in these cells. Thus, we performed the Top-
Flash luciferase reporter assay that monitors the β-catenin-
mediated transcription of target genes. Interestingly, sig-
nificant inhibition of Top-Flash activity upon DA treatment 
in HCT-116 cells was observed, DA at 500 nM inhibited 
β-catenin transcriptional activity to half in HCT-116 cells 
(Fig. 4a). We demonstrated in our recent study that HepG2 
cells harbor a β-catenin deletion responsible for its enhanced 
β-catenin-mediated transcriptional activity [19, 20]. This 
leads us to explore the potential of DA as an inhibitor of 
hyperactivated β-catenin signaling in HepG2 cells as well. 
We performed Top-Flash reporter assay in presence of DA 
and salinomycin, a known ionophore antibiotic which inhib-
its Wnt/β-catenin signaling, in HepG2 cells, a standard cell 
line for assessing β-catenin signaling activity [21]. While 
comparing the potential of DA and salinomycin to inhibit 
the Wnt/β-catenin signaling, DA inhibited the Top-Flash 
reporter activity at lower doses than salinomycin in HepG2 
cells. While salinomycin at 20 µM inhibited the Wnt/β-
catenin activity to half, DA showed almost similar effect at 
100 nM in HepG2 cells, making it a suitable natural product-
based molecule of choice to target the hyperactive Wnt/β-
catenin signaling pathway in different cancers (Fig. 4b). In 
order to validate these results, we performed these experi-
ments using NF-κB reporter assay as well. Interestingly, no 
change in NF-κB reporter activity was observed upon DA 
treatment at different concentrations, indicating that DA 

specifically inhibits Wnt/β-catenin signaling in HepG2 cells 
(Supplementary Fig. 2).

Inhibition of Wnt/β‑catenin by dinactin in HepG2 
cells occurs through a similar mechanism 
like in HCT‑116 cells

Since DA was involved in inhibiting Wnt/β-catenin sign-
aling in HepG2 cells, we also explored the mechanism of 
its inhibition in these cells. Interestingly, like in HCT-116 
cells, DA inhibited proliferation of HepG2 in an apoptosis-
independent manner, as demonstrated by immunoblotting 
of the apoptotic marker proteins (Fig. 5a). Similarly, DA-
treated HepG2 cells were unable to enter into the S phase of 
cell cycle due to the G1 arrest. Nearly 70% of the cells were 
arrested in G1 phase at 100 nM dose of DA (Fig. 5c, Sup-
plementary Fig. 3). Also, the cell cycle arrest was mediated 
through the down-regulation of cyclin D1 as confirmed by 
immunoblotting (Fig. 5d). Taken together, the DA-mediated 
inhibition of the Wnt/β-catenin signaling causes the down-
regulation of cyclin D1 which results in arresting these cells 
in G1 phase of cell cycle thus inhibiting their proliferation.

Discussion

The highly conserved Wnt/β-catenin signaling pathway 
is closely connected to development of cancers and is 
involved in the management of neuropathic pain [13, 14, 22]. 
β-Catenin, the pivotal element in the canonical Wnt signal-
ing pathway is considered as an attractive therapeutic target 
for carcinogenesis [23, 24]. Upon ligand-mediated activa-
tion of canonical Wnt pathway, β-catenin proteins is stabi-
lized and then it translocates into the nucleus where it acts 
as a transcriptional co-activator and binds to transcription 

Fig. 3   a Influence of dinactin (DA) on the expression of proteins 
involved in cell cycle regulation in HCT-116 cells. HCT-116 cells 
were treated with the indicated concentrations of dinactin for 24  h. 
Whole cell protein lysates were prepared for western blotting and the 
detection of the indicated proteins. β-actin was used as an internal 

loading control. Data are representative of one of two similar experi-
ments. b Densitometric analysis of cyclin D1, cyclin E, p21 protein 
expression in treated HCT-116 cells. All the experiments were done 
in triplicates. For analysis one-way ANOVA was used, bar graphs are 
mean ± s.e.m. ***P < 0.001, and ns means non-significant
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factors- lymphoid enhancer-binding factor (LEF) and T-cell 
factor (TCF), that consequently leads to the expression of its 
target genes including cyclin D1 [25, 26]. Cyclin D1 pro-
motes mitosis and has a prominent role in cell proliferation 
and survival [27]. Since dysregulation of Wnt/β-catenin 
signaling pathway has been observed in many cancers, small 
molecules that inhibit Wnt/β-catenin pathway are pursued 
for developing them as anti-cancer agents [28]. Many syn-
thetic and natural product-based small molecules have been 
reported to inhibit Wnt/β-catenin signaling in in vitro model 
systems. Natural products such as salinomycin, nigericin, 
silibinin and prodigiosin have been shown to inhibit Wnt/β-
catenin signaling in cancer cell lines [8, 29, 30].

Recently, we isolated dinactin from Streptomyces 
puniceus and analyzed its anti-cancer effects. Dinactin 
and salinomycin are both ionophore antibiotics. Since, 
salinomycin is shown to inhibit Wnt/β-catenin signaling 
and down-regulate the expression of Wnt target genes, we 

anticipated dinactin might be inhibiting Wnt/β-catenin 
signaling as well. Thus, in our first set of experiments, 
we determined the anti-proliferative effects of dinactin 
on a panel of cancer cell lines. Dinactin exhibited potent 
growth inhibitory activity against human cancer cell lines 
in a dose-dependent manner; however, we did not observe 
any cell death in a normal cell line, HEK-293 cells, even 
up to 80 µM. We then analyzed the mechanism of dinactin-
mediated cell death in HCT-116 cells by immunoblotting 
caspase-3 and parp-1 proteins, and showed the effect was 
independent of apoptosis. Furthermore, we observed that 
the growth inhibitory effects of dinactin were mediated 
by cell cycle arrest of HCT-116 cells in G1 phase. The G1 
arrest by dinactin correlated with the down-regulation of 
cyclin D1 and a significant increase in the levels of p21—a 
negative regulator of G1 transition and also a negative 
regulator of cyclin D1. Since dinactin treatment caused 
a significant decrease in cyclin D1 activity and the fact 

Fig. 4   Dinactin inhibits β-catenin/Wnt signaling pathway in HCT-116 
and HepG2 cells. Reporter assays were performed using TOP-Flash 
luciferase assay. TOP-Flash activity after 24 h was determined upon 
co-transfection of TOP-Flash or FOP-Flash and Renilla plasmids 

into in a HCT-116 cells and b HepG2 cells, followed by treatment 
of DA in a dose-dependent manner as indicated. All the experiments 
were done in triplicates. For analysis one-way ANOVA was used, bar 
graphs are mean ± s.e.m. **P < 0.01, ***P < 0.001
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that cyclin D1 is a direct target gene of Wnt/β-catenin 
signaling. We analyzed the impact of dinactin on Wnt/β-
catenin activity in colon and liver cancer cells, two cancers 
primarily resulting from dysregulated Wnt/β-catenin sign-
aling. Thus, we carried out Top-Flash reporter activities 
in HCT-116 and HepG2 cells to examine the impact of 
dinactin on Wnt/β-catenin signaling activity. While the 
salinomycin significantly decreased Top-Flash activity in 
micro-molar concentrations, dinactin treatment caused a 
dose-dependent decrease in the Top-Flash reporter activ-
ity in lower nano-molar concentrations in both these cell 
lines suggesting that decreased cyclin D1 might be prob-
ably through inhibition of Wnt/β-catenin signaling. These 
data suggest that dinactin could be developed as an effec-
tive drug for the management of neuropathic pain and as 

prospective anti-cancer agent to substantially reduce the 
β-catenin activity and expression of its downstream pro-
tein cyclin D1.
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Fig. 5   Dinactin inhibits proliferation of HepG2 cells through a simi-
lar mechanism as in HCT-116 cells. a Immunoblotting of HepG2 cell 
lysates using parp-1 and caspase-3 antibodies, β-actin was used as 
a loading control. b Densitometric analysis of protein expression. c 
HepG2 Cells were treated with dinactin for 24 h. Cells were stained 
with PI and analyzed for cell populations using flow cytometry as 

described in “Materials and methods”. d Immunoblotting of HepG2 
cell lysates using cyclin D1 antibodies, β-actin was used as a load-
ing control. All the experiments were done in triplicates in HepG2 
cells. For analysis one-way ANOVA was used, and bar graphs are 
mean ± s.e.m. ***P < 0.001, ns denotes the non-significant
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