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Abstract

Background: More than the two decades, the question of whether vitamin D has a role in cancer frequency, devel-
opment, and death has been premeditated in detail. Colorectal, breast, and prostate cancers have been a scrupulous
spot of center, altogether, these three malignancies report for approximately 35% of cancer cases and 20% of cancer
demises in the United States, and as such are a chief public health apprehension. The aim was to evaluate antitumor
activity of Vitamin D-Nanoemulsion (NVD) in colorectal cancer cell lines and HCT116 xenograft model in a compre-
hensive approach.

Methods: Two human colorectal cancer cell lines HCT116 and HT29 (gained from College of Pharmacy, King Saud
University, KSA were grown. 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazoliumbromide protocol were performed
to show the impact of NVD and [3-catenin inhibitor (FH535) on the viability of HCT116 and HT29 cell lines. Apopto-
sis/cell cycle assay was performed. Analysis was done with a FACScan (Becton-Dickinson, NJ). About 10,000 cells

per sample were harvested and Histograms of DNA were analyzed with ModiFitLT software (verity Software House,
ME, USA). Western blotting and RT-PCR were performed for protein and gene expression respectively in in vitro and
in vivo.

Results: We found that NVD induced cytotoxicity in colorectal cells in a dose-dependent manner and time depend-
ent approach. Further, our data validated that NVD administration of human colorectal cancer HCT116 and HT29
cells resulted in cell growth arrest, alteration in molecules regulating cell cycle operative in the G2 phase of the cell
cycle and apoptosis in a dose dependent approach. Further our results concluded that NVD administration decreases
expression of 3-catenin gene, AKT gene and Survivin gene and protein expression in in vitro and in vivo.

Conclusion: Our findings suggest that targeting 3-catenin gene may encourage the alterations of cell cycle and cell
cycle regulators. Wnt/B-catenin signaling pathway possibly takes part in the genesis and progression of colorectal can-
cer cells through regulating cell cycle and the expression of cell cycle regulators.
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Introduction

Colorectal cancer (CRC) is an all-inclusive problem with
a yearly frequency of roughly 1 million reports and a
yearly death of more than 100,000 [1, 2]. The utter num-
ber of cases will rise over the subsequently 2 decades as a
consequence of aging and growth of populations all over
countries. The danger for this malignancy differs from
region to region and/or inside countries. The jeopardy
also fluctuates among individual people depend on diet,
lifestyle, and genetic factors. In Europe, Colorectal cancer
(CRC) is the second main public cancer and subsequent
foremost source of cancer death after lung cancer, with
an approximated overall frequency of 447 per 100,000
[3, 4]. 1,25(0OH), D, interferes with numerous signal-
ing pathways, which could partly intercede its antitu-
moral activity. Various observations have illustrated that
1,25(0OH),D, hampers the WNT/P -catenin pathway and
the commencement of its candidate genes in colorectal
cancer cells, which play a crucial part in inhibition of cell
propagation and upholding of the distinguished pheno-
type [5, 6]. 1, 25(OH),D; hampers the WNT/B-catenin
pathway via numerous mechanisms. Primary, it swiftly
raises the sum of Vitamin D receptor (VDR) attached to
[B-catenin, therefore tumbling the association involving
B-catenin and the transcription factors of the TCF/LEF
family. Thus resulting to the suppression of its candidate
genes [5]. An observation demonstrated the VDR/p-
catenin association and exemplified the involved protein
domains. Whereas another study illustrated that wildtype
APC boosts the reticence of [-catenin/TCF tran-
scriptional effect by 1,25(0OH),D; [7, 8]. Subsequently,
1,25(0OH),D4 persuades B -catenin nuclear export allied
to E-cadherin increase at the plasma membrane adher-
ent junctions [5]. Lastly, it persuades the expression of
DKK1, an extracellular WNT inhibitor [9]. Besides that,
1,25(0OH),D; hampers the creation of IL1p by THP-1
monocytic leukemia cells and, if extrapolated to tumor-
allied macrophages, this would symbolize one more
mechanism of prevention of B-catenin/TCF-dependent
gene commencement in CRC cells, as IL1 B hampers
[-catenin phosphorylation and tagging for deprivation
by GSK-3 B [10]. Therefore, 1,25(0OH),D; applies a com-
posite set of dogmatic activities resulting in the preven-
tion of the WN'T/B-catenin pathway. Since this pathway
is deviantly triggered in most adenomas and colorectal
tumors and is known as the chief element in this neopla-
sia, its reticence is doubtless critical for the anti-tumoral
activity of 1,25(0OH),D; in CRC. Moreover, 1,25(0OH),D,
sensitizes CRC cells to the growth inhibitory activity of
TGE-B by up-regulating the expression of its type I recep-
tor (TGFBR1) [11]. Furthermore, 1,25(OH),D; hampers
the stimulation of cell propagation by Epidermal growth
factor (EGF) through the attenuation of EGF receptor
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(EGFR) expression and the stimulation of its internali-
zation after ligand binding [12]. 1,25(OH),D; may also
hamper EGFR action by enhancing the expression of
E-cadherin [5] and by suppressing that of SPROUTY-2
[13], which are uncooperative and confirmatory regu-
lators of EGFR effect, respectively [14, 15]. Similarly,
1,25(OH),D, hinder the growth-stimulatory activity of
insulin growth factor 2 (IGF2) via the inhibition of IGF2
discharge and the enunciation of the expression of vari-
ous genes encoding IGF-binding proteins (IGFBP) [16,
17].

In spite of frequent studies suggesting the cytotoxic-
ity of 1, 25(OH),D; in countless cancer cell lines, the
mechanism of action of the 1,25(0OH),D, throughout
tumor decline is predominantly veiled. Consequently, our
study, investigated the anticancer properties of vitamin
D-Nano-emulsion (NVD) in an efficient approach, using
in vitro and in vivo model systems. It was seen that NVD
encourages frequent fold advanced intensity of cytotoxic-
ity in malignancy. Auxiliary, we showed growth obstruc-
tion and initiation of apoptosis in CRC cells encouraged
by NVD, down regulation of Wnt/S-catenin signal trans-
duction pathway, Anti-proliferative effect of administra-
tion of NVD, B-catenin Inhibitor (FH535) in HCT116 and
HT?29 cells, Flow cytometric analysis of colorectal cancer
cells after NVD treatment for apoptosis and cell cycle,
Inhibition of colony formation in HCT116 and HT29
cells after administration with NVD and amendment
in CTNNBI1 protein intensity after NVD administra-
tion. Therefore our data specify that NVD may possibly
be developed further as a prospective anti-cancer agent,
both in conventional and combination therapy.

Materials and methods

Ethical declaration

Athymic nude mice studies were carried out according
to the Institutional principles for the concern and use
of animals. The experimental protocol was approved
(BAS#0256) by the ethical board of Quaid-i-Azam Uni-
versity, Islamabad, Pakistan and College of Pharmacy
(Committee dealing animal care and use), King Saud
University, Riyadh, KSA. Before onset of the experiment
on human colorectal cancer cell lines HCT116 and HT29
(ATCC® CCL-247 ™ and ATCC® HTB-38 ™ respectively)
purchased in July 2017 from American Type Culture Col-
lection (MD, USA), ethical approval was taken from eth-
ics committee of preclinical studies, college of Pharmacy,
King Saud University, KSA.

Cell culture

Two human colorectal cancer cell lines HCT116 and
HT29 (obtained from College of Pharmacy, King Saud
University, KSA) were cultured in a 5% CO, atmosphere
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at 37 °C in medium containing Dulbecco’s Modified
Eagle’s Medium (DMEM) (ATCC® 30-2002™), 10% fetal
bovine serum (FBS, Gibco) as well as 1% penicillin/strep-
tomycin. NVD and p-catenin inhibitor (FH535) dissolved
in DMSO was applied for cell treatment. Cells with 70%
confluency were induced with NVD and B-catenin inhib-
itor at 10-100 uM for 48 h in cell culture medium and
the dilution of DMSO applied for each treatment was
0.1% (V/V).

Cell viability assay/MMT assay

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium-
bromide protocol was carried out to show the effect of
NVD and B-catenin inhibitor (FH535) on the viability
of HCT116 and HT29 cell lines. The cells were plated
(1 x10* cells per well) in 1 ml of culture medium con-
sisting of 10-200 uM dilution of in 24-well microtiter
plates. Cells were kept in a humidified incubator for 48 h
at 37 °C, 200 pl of 3-94,5-dimethylthiazol-2-yl)-2,5-di-
phenyl tetrazoliumbromide (5 mg/ml phosphate buffer
saline, PBS) was supplemented to each well and kept for
2 h, 200 pl of DMSO was added to each plate which was
then spun (1800 x g for 5 min at 4 °C). The readings at
540 nm wavelength were noted on a microplate reader
(Elx 800). Impact of NVD and FH535 [-catenin inhibitor
on inhibition of growth was calculated as % cell viability
as DMSO-treated cells were kept as control. Absorbance
numbers of media containing wells were subtracted from
test sample values.

Cell viability

Absorbance of Sample — Absorbance of Blank

_ 100
Absorbance of DMSO — Absorbance of Blank x

HCT116 cells and HT29 cells were collected conse-
quently to treatments with active NVD for 48 h. Cells
were suspended in a fresh medium, cell number was
determined, and 500 cells (HCT116) or 1000 cells (HT29)
were plated in triplicate into 35 mm cell culture dishes.
After 7 days in culture, colonies were stained with
0.5% crystal violet as described [18]. Cell colonies were
counted under dark field using a cubic colony counter
(AO scientific). The number of cells in each colony was
determined by phase contrast microscopy, and colony
sizes were measured on images using Adobe Photoshop
software. Data was represented as colony number in
NVD group relative to expressed as mean 4 SEM of three
separate tests.

Cell cycle analysis

All HCT116 and HT29 were administrated with NVD
(20-60 pM, 48 h) in inclusive medium were trypsinized.
Then fixed in 1% paraformaldehyde:1xpbs. Then washed
twice with cold PBS and spun. Chilled 70% ethanol was
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used to suspend cell pellet and incubated overnight.
The cells were spun for 5 min at 1000 rpm and the pel-
let obtained was washed twice with Chilled PBS to
remove ethanol then finally cells are labeled with FITC
and propidium iodide (PI) using the Apo-Direct Kit (BD
Pharmagen, CA). the analysis was done with a FACScan
(Becton—Dickinson, NJ). About 10,000 cells per sample
were harvested and Histograms of DNA were analyzed
with ModiFitLT software (Verity Software House, ME,
USA).

Extraction of protein and Western blot analysis

SDS-PAGE and western blot investigations were per-
formed by previously developed protocol with slight
modifications [19, 20]. Briefly, after 24 h, and 48 h of
treatments with NVD at vital doses, HCT116 and HT29
cells were lysed in DMEM augmented with freshly added
protease and phosphatase inhibitor cocktail 1:100 (Santa
Cruz, CA) and protein concentration were estimated by
Bradford assay [21]. For western blotting 8—12% poly-
acrylamide gels were used to resolve 40 uM of protein,
transferred on to a nitrocellulose membrane, probed
with appropriate monoclonal primary antibodies, and
detected by super signal west Pico, Dura or Femto
Chemiluminescence Reagent (Thermo Scientific, USA).
Quantification of protein bands was done through meas-
uring band density using Image J software. The densities
of the bands (normalized to actin) relative to that of the
untreated control (designated as 1.00) were presented as
mean + SEM of three separate experiments.

Gene expression analysis
Whole RNA was extracted (RNeasy Mini Kit (Cat No./
ID: 74104) from the cells using the following method.
RNA dilution was determined by using a spectropho-
tometer at 260 NM and cDNA was prepared by following
the manufacturer protocol (BioLabs E6300) using the kit.
The reaction mixture was prepared containing 10 ul Fast-
Start Universal SYBR Green Master (Roche, Germany),
6 uM reverse primers, and 10 pg cDNA, with RNAase
free water added to a total volume of 20 pl. The amplifica-
tion and real time analysis were done for 40 cycles with
following factors; 95 °C (10 min) in order to activate of
FastStart Tag DNA polymerase; 60 °C (1 min) for amplifi-
cation and real-time analysis. The gene expression levels
were determined using 27T, Primer sequences used
were;

CTNNBI Sense 5-TGTGAATCCCAAGTACCAGTGT-3’

CTNNBI1 Antisense 5-CGTCAGACAAGGAGAAAC
ATT-3’

B-Actin Sense 5-CCTCTTCCTCAATCTCGCTC-3’

B-Actin  Antisense 5-GCTCAATGTCAAGGCAGG
AG-3’
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Imunofluorescence microscopy

HCT116 and HT29 cells were cultured in a two cham-
ber tissue culture glass slides and were administrated
with 40 uM of NVD at 75% confluence for 24 h. Once
the chamber was removed, Phosphate buffer was used to
rinse the slides, 2% paraformaldehyde was used to fix the
cells and permeablized in methanol. Slides were rinsed
with phosphate buffer and 2% serum was used as a block-
ing agent. Incubation with primary antibody overnight
was followed by incubation with appropriate fluoro-
phore-tagged secondary antibody. For mounting antifade
4, 6-diamidino-2-phenylindole, dihydrochloride (DAPI)
(invitrogen NY) was used to apply and hematoxylin for
counter staining. The analysis was done by using Bio-
Rad Radiance system (2100 MP Rainbow) for imaging at
the college of pharmacy, King Saud University, KSA. To
detect apoptotic and necrotic cells, the Annexin-V-fluos
staining Kit (Roche, Switzerland) was used according to
the kit’s procedure. Zeiss 410 confocal microscopy was
used to measure fluorescence. Annexin V and propidium
iodide were used to stain the cells. The unstained cells in
a selected field were calculated to determine the level of
necrosis as well as apoptosis.

Development and characterization of pea
protein-stabilized nanoemulsions and protein vitamin
D-pectin nanocomplexes (NVD)

Pea protein (3 g) with 90% pea protein (dry basis) was
added to 100 ml deionized water. Stirred for 30 min at
room temperature (23 °C). Pea protein dispersion was
adjusted to pH 12 with 2 M NaOH. Ultrasound was
applied using a laboratory scale mano-thermo-sonication
(MTS) system. A VC-750 ultrasound generator at 20 kHz
(Sonics & Materials) was used to deliver acoustic energy
to a probe (12.5 mm diameter) placed in a specially
designed sonoreactor. Different ultrasound techniques
will be applied after pH-shifting to pH 12 for 1-5 min,
including manosonication (MS), thermosonication (TS),
and mano-thermosonication (MTS). After ultrasound
treatment, samples were held 1 h (room temp) prior to
the adjustment to pH 7 with 2 M HCL. Protein dispersion
without treatment was served as the control. Neutral-
ized protein dispersions were centrifuged (1200g, 15 min,
20 °C). Supernatants were collected for further analyses,
including protein content, mean particle size (d;, and
d,3), and sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE).

Nano-emulsions were prepared with vitamin D (VD)
and pea protein modified with above-mentioned meth-
ods as an emulsifier. VD concentrations are 0.5, 1.0, and
2.0% (v/v) in the nano-emulsions. A set dose of soluble
pea protein (2.0%, w/v) was utilized. The VD and soluble
pea protein were assorted (5 min), followed by sonication
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(1-5 min) and/or homogenizing by IKA Labor Pilot col-
loidal mill to obtain the nanoemulsion. Pectin (0.01—
0.5%, w/v) was added to nanoemulsion as a stabilizer.
Nanoemulsion without pectin was prepared as a control.
Pea protein—VD-pectin nanocomplexes were prepared
at different protein: VD ratios. VD was slowly added to
soluble pea protein with strong stirring at the determined
optimum protein to VD molar ratios. The pH values of
the nanoemulsion and nanocomplex pH was accustomed
from 3 to 7. Particle size (dj, and d,3) and stability of
the nanoemulsions and nanocomplexes were calculated.
Centrifugation was done to measure the Physical stability
of nanoemulsions.

In vivo tumor xenograft model

Athymic male mice were acquired from King Faisal Hos-
pital and research center, Riyadh, KSA, were homed
under contamination free environment (12 h day/12 h
night schedule), and nourished with a sterilized food
adlibitum. HCT116 cells were selected for evaluating the
in vivo impact of NVD and B-catenin inhibitor (FH535)
as they generate fast tumors in mice. Cells were har-
vested, suspended in complete DMEM. Tumor xeno-
grafts HCT116 cells in mice were established by injecting
cells (1 x 10°) subcutaneously mixed with Matrigel (Col-
laborative Biomedical Products, Bedford, MA) in a ratio
of 1:1.

Thirty mice were categorized into three groups.

Groupl Served as Control Group, consisting six
mice, received DMSO intra-peritoneally (i.p).
Group?2 Divided into two subgroups; Group 2a and
2b consisting of six animals each. Received NVD (15
and 25 mg/kg) intra-peritoneally (i.p) respectively,
twice weekly.

Group3 Divided into two subgroups; Group 3a and
3b consisting of six animals each. Received FH535
(15 and 25 mg/kg) intra-peritoneally (i.p) respec-
tively, twice weekly.

Throughout the study, body weight of animals, food
and water expenditure were documented twice a week.
Tumor volume was measured by digital caliper and
calculated using the formula: L1 xL2xH x0.5238,
where (Ll1=long diameter L2=short diameter and
Height =height of the tumor).

Tumor sizes were recorded twice weekly. At the
end of the experiment when tumor volume reached
to ~ 1200 mm? animals were sacrificed by CO, inhalation
was used as anesthesia. Tumors were resected, weighed
and frozen at —80 °C for subsequent western blotting,
RNA extraction and immunohistochemistry.
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Immunohistochemistry
The immunohistochemistry was done by following the
protocol described in our previous work [20].

Data analysis

Densitometry of western blot images was performed
using an image analysis program (Image J 1.41; National
Institutes of Health). Data of in vitro assays were ana-
lyzed GraphPad Prism 5 software to determine ICg, val-
ues. Level of significance between different treatments
groups relative to control was estimated by oneway anal-
ysis of variance followed by Tukey’s multiple comparison
tests. Comparison between more than one parameter
was accomplished using two way analysis of variance
(ANOVA) followed by Bonferroni multiple compari-
son test. p<0.05 was considered statistically significant.
Where required correlation analysis was done and R val-
ues were calculated.

Results

Vitamin D-Nanoemulsion (NVD) and FH535 inhibits growth
and viability of colorectal cancer cells

To scrutinize the anti-proliferative prospective of NVD
and FH535, we executed 3-(4, 5-dimethythiazol-2-yl)-2,
5-diphenyl tetrazolium bromide (MTT) assay against
HCT116 and HT29 colorectal cancer cells. It was observed
that NVD and FH535 treatment (0-100 pM for 24 h and
48 h) to CRC cells results in inhibition of cell growth in a
concentration and time-dependent manner. Time course
scrutiny revealed CRC cells respond to NVD and FH535
treatment within 48 h. The ICj, values of NVD and FH535
-treated HCT116 were 40.6 and 40.1 and 25.5 and 24.6 uyM
at 24 h and 48 h respectively while IC50 values of NVD and
FH535 -treated HT29 cells were 50.1 and 43.5 at 24 h and
30.3 and 26.2 uM at 48 h (Fig. 1, Table 1). The data suggested
that NVD and FH535 treatment showed a significant poten-
tial in inhibiting proliferation of HCT116 and HT29 cells.

Inhibition of clonogenecity in colorectal cancer cell lines
To conclude the consequence of NVD treatment on the
clonogenicity of HCT116 and HT29 cells, clonogenicity
assay was performed. HCT116 and HT29 cells were pre-
treated with NVD at 40 and 60 pM doses substantiated
a concentration dependent reticence of colonogenicity
with deference to untreated control cells. Our results
illustrate the clonogenicity of HCT116 and HT29 cells
after treatment with NVD was patently condensed as
compared to the control (Fig. 2).

Vitamin D-Nanoemulsion administration caused cell cycle
arrest by flow cytometric analysis

To investigate whether NVD administration will cause
the cell arrest, the flow cytometric analysis carried
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on HCT116 and HT29 cells administrated with NVD
showed a noticeable dose- dependent boost of the cell
population in the G2 state of the cell cycle. The G2-phase
cell cycle distribution for HCT116 was 30.1% and 44.3%
and for HT29 was 40.5%, and 48.3% at 40 and 60 uM
doses of NVD respectively. This rise in the G2 state of the
cell population was followed by a simultaneous decrease
in the Go/G1 and S phase cell population (Fig. 3).

NVD administration promotes apoptosis—flow cytometric
Analysis

Apoptosis and cell cycle arrest are associated. To quan-
titatively examine whether NVD induces apoptosis of the
HCT116 and HT29 cells, the analysis was performed by
flow cytometry. Results showed a prominent concentration
dependent boost in a population of dead cells, as a result
of NVD treatment in HCT116 and HT29 cells. The percent
apoptosis in HCT116 cells observed was 26.7% and 54%
and for HT29 was 17.8% and 32.8% at a concentration of 40
and 60 uM of NVD respectively (Fig. 3, Table 2).

Effect of NVD on the expression of cell cycle regulators,
caspases and Bcl-2 family

To explore the molecular mechanisms of growth arrest
induced by NVD, the cell cycle monitors were analyzed
by western blotting for their expression levels. Results
showed decreased protein expression of Cyclins A, Bl,
E2 and also decrease in Cdc25c levels after treatment
of NVD in a dose-dependent manner in HCT116 and
HT29. P21 showed increased expression levels (Fig. 4a,
b).

The expression levels of proteins allied to apoptosis
were analyzed by immune- blotting. Pro-apoptotic pro-
teins, Bak and Bax, demonstrated an increase in treated
as well as in control. Apoptosis in HCT116 and HT293
cells was accompanied by loss of Bcl-xL protein expres-
sion, and results indicated that NVD induced notewor-
thy (p<0.001) inhibition of Bcl-xL protein after 24 h of
administration. The inhibitory effect of NVD against
Bcl-2 protein expression was also decreased as like as
Bcl-xL (Fig. 5a). In the NVD-administrated cells, the
cleavage of PARP (Poly (ADP-ribose) polymerase and
Caspases was measured. PARP is a crucial feature of early
events in apoptosis and caspases are important proteases
in mitochondria-mediated apoptosis. After treatment of
NVD in HCT116 and HT29 cells for 24 h and 48 h, dose
and time dependent cleavage of PARP (Poly (ADP-ribose)
polymerase, caspase 7, 9 and 3 was observed. Enhanced
cleavage of these proteins was seen at 48 h treatment. The
enhanced cleavage appeared to correspond well with the
increased apoptotic rate (Fig. 4c, d).
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Fig. 1 Inhibition of cell growth in colorectal cancer. 3-(4, 5-dimethythiazol-2-yl)-2, 5-diphenyl tetrazoliumbromide assay was carried out on two
colorectal cancer cell lines HCT116 and HT29 cells in order to gauge the effect of NVD and FH535 administration on growth of these colorectal
cancer cell lines ***P <0.001 and **P <0.01 vs. control. % cell viability of HCT116 and HT29 cells were determined. Each value represents a

10010~ 241

% Cell inhibition
(Relative to Untreated)

0 20 40 60 80 100
FH535 uM

100'_._ 24h

% Cell inhibition
(Relative to Untreated)

0 T T T T T
0 20 40 60 80 100

FH535 uM

Table 1 IC 50 value of NVD against HCT 116 and HCT 29
cells in cell viability assay

Treatment HCT 116 HCT 29

24h 48h 24h 48h
NVD 406 255 50.1 303
(IC50 pM)
FH 535 40,1 246 435 26.2
(IC50 pM)

NVD administration induces a decrease in B-catenin
expression

Molecular, genetic and clinical data in humans are scant
but they recommended that vitamin D is having a shield-
ing effect against colon cancer [22]. Results showed a
marked decrease in expression of the B-catenin protein
in a concentration dependent approach on HCT116 and
HT?29 cells after administration with NVD (20, 40 and 60

uM) for 48 h by immunoblotting (Fig. 5b). To investigate
whether the observed drop off in -catenin protein was
the consequence of diminished transcription of S-catenin
gene, the mRNA expression of 3-catenin gene was evalu-
ated by administration of NVD in HCT116 and HT29
cells. A marked decrease was observed in mRNA expres-
sion in a dose dependent approach (Fig. 6a).

At a dose of 60 uM of NVD (treated), HCT116 and
HT?29 cells illustrated a decrease in -catenin expression
when compared with control (untreated) by immuno-
fluorescence staining. Significant Alexa fluor staining of
[-catenin (nucleus) of both cell lines (green fluorescence)
(counter stain used was DAPI, blue fluorescence) was
experiential in control, while the expression of -catenin
as specified by staining was noticeably decreased in NVD
treated cells as shown in Fig. 7.

FH535 B-catenin inhibitor prevents survivin and Akt
phosphorylation resulting down regulation of -catenin
protein expression. Compared with NVD treatment
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Fig. 2 Inhibition of cologenecity in colorectal cancer cells by NVD. (Clonogenic assay; 7 days). a, b NVD administration (40 and 60 uM) of HCT116
and HT29 cells inhibiting colony formation. Each value represents a mean£SD (n=3)

(60 uM), pre-incubation of HCT116 and HT29 cells with  Signaling pathways and endurance proteins amended
FH535 B-catenin inhibitor (20 uM) for 2 h before NVD by NVD administration

treatment resulted in noteworthy decline in the protein =~ Western blot analyses were executed to assess the conse-
expression of B-catenin, p-Akt, and survivin as observed  quence of NVD on signaling pathways engaged in cancer
by Immunoblot analysis (Fig. 6b). cell endurance and propagation. HCT116 and HT29 cells
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(See figure on next page.)

Fig. 3 a, b NVD treatment on HCT116 and HT29 cells resulted in accumulation of cells at the G2-phase and growth inhibition and apoptosis. After
24 h incubation of NVD treated cells and staining with propidium iodide, DNA content was analyzed by flow cytometry. ¢, d NVD treatment on
HCT116 and HT29 cells resulted in accumulation of cells at the G2-phase. After 24 h incubation of NVD treated cells and staining with propidium
iodide, DNA content was analyzed by flow cytometry. Percentage of cell population in G2-phase of the cell cycle is shown. Experiments were

performed in triplicate

were administrated with 20, 40 and 60 uM of NVD. The
effects of NVD on various signaling pathways in colorec-
tal cancer cells were studied.

NVD effect on CK2 and NFkB p65

Protein kinase CK2 (formerly referred to as casein kinase
II) is an evolutionary conserved, highly pleiotropic, a
ubiquitous protein kinase with multi- substrates control-
ling a wide range of cellular processes. CK2 a expression
plays a crucial role in cellular as well as in organismal
endurance. HCT116 and HT29 cells administrated with
NVD for 24 h drastically diminished expression of the
CK2a protein in a dose-dependent approach (Fig. 8a).
Nuclear factor-kB (NF-kB) includes the family of tran-
scription factors that play significant roles in inflamma-
tion, immunity, cell proliferation, differentiation, and
survival. Aberrant NFkB regulation leads to constitutive
cell survival by avoiding program cell death in various
malignancies. Inducible NF-kB commencement depends
on phosphorylation-induced proteasomal degradation of
the inhibitor of NF-«B proteins (IkBs), which retain inac-
tive NF-kB dimers in the cytosol in unstimulated cells.

In HCT116 and HT29 Cells administrated with NVD
inhibited the expression of both NFkB p65 P-Ser529 and
total NFkB p65 protein in a dose and time dependent
approach. Moreover, protein expression of phospho-IkBa
Ser32/Ser36 was significantly declined in a concentration
and time dependent approach following NVD treatment
(Fig. 8a, b).

Impact of NVD on further signaling pathways

Numerous actions of the Ras/Raf/MEK/ERK and Ras/
PI3-K/Akt/mTOR pathways on apoptosis are transition-
ally by ERK or Akt phosphorylation of key apoptotic
effector molecules. The figure of ERK 1/2 phosphoryla-
tion targets are more than hundreds, thus suppression of
MEK and ERK activities will have a reflective influence
on cell growth. Results showed that NVD administra-
tion appreciably decreased phosphorylation of Akt and
ERK1/2 in HCT116 and HT29 cells (Fig. 8b). The NVD
administration on the expression of JAK-STAT signaling
showed prominent loss of JAK2 protein expression in a
time-dependent approach with a significant (p<0.001)
suppression of protein expression was exhibited after
administration for 48 h. Prominent STAT3 has been
allied with the growth, progression, and maintenance

of many human tumors. Results showed that treatment
with NVD for 48 h significantly declined phospho-STAT3
Tyr705. Also, NVD led to noteworthy inhibition of total
STATS3 protein expression (Fig. 8a).

In vivo studies

NVD and FH535 B-catenin inhibitor administration results

to momentous diminution in tumor volume

Colorectal cancer developed athymic (nu/nu) male nude
mice were used for appraising antitumor effects of NVD.
On the 8th day of injection of HCT116 cells, when an evi-
dent tumor was noticeable, nude mice were administered
NVD (15 mg/kg and 25 mg/kg), intraperitoneally (i.p),
twice weekly. The particular concentration of compound
was chosen based on a pilot study. Result illustrated a
notable diminution in tumor volume when administrated
with NVD in contrast to untreated control animals bear-
ing tumor after 15-17th day of administration. Though,
the decrease in tumor size was more noteworthy in a case
of 25 mg/kg NVD administrated mice.

Administration of NVD induce no toxicity in xenografts mice
No death was witnessed in NVD and FH535 treated (15
and 25 mg/kg) tumor bearing mice during the experimen-
tal period. Whilst untreated control nude mice survived
for a maximum of only~50 days, the NVD and FH535
administrated groups led to ~ fourfold amplification in the
lifespan for at least 43% of mice. The organs from NVD and
FH535 revealed no obvious variations in histo-architecture
(Additional file 1). This corroborated that administration
of NVD and FH535 results no side effects. Thus, our sta-
tistics illustrated that NVD and FH535 administration in
nude mice decreases the tumor load, boost survival. On
tumor section of control, NVD and FH535 administrated
nude mice at 38th days of treatment, histopathology was
carried out by hematoxylin and eosin staining (Fig. 9¢).

In control tumor sections, high nuclear staining by
hematoxylin revealed the presence of a large number of
proliferating cells in contrast to treated tumor sections
(Fig. 9¢).

Caspases mediate confrontation to apoptosis

by administration of NVD and FH535 in xenograft tumors
The result of NVD and FH535 on cleavage of Caspase
3 was reviewed sequentially to differentiate whether
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Table 2 Percentage of cell population after administration
of NVD

NVD (uM) % Apoptosis

HCT116 HT29
0 035+0.02 1.924+0.01
40 26.74+0.03 17.8+0.21
60 544+0.14 328+0.16

Mean + SD of experiments performed in triplicate is shown

the growth inhibition of cells is due to the initiation
of apoptosis (Fig. 10). The morphology of NVD and
FH535administrated cells also illustrated support of cell
death. Immunostaining of tumor sections from NVD
and FH535 administrated groups showed an increase in
cleaved Caspase-3 staining. Results confirmed that treat-
ment with NVD encouraged apoptosis as the dead cells
number amplified in a concentration-dependent man-
ner (Fig. 10b, c). Western blot data demonstrated more
cleavage in NVD treated group in contrast to control
(Fig. 10a).

NVD and FH535 baskets propagation in xenograft tumors
Cyclins are a family of dogmatic proteins that systematize
the advance of the cell cycle. Cyclins make active cyclin-
dependent kinases (CDKs), which manage cell cycle pro-
cesses through phosphorylation. Dysregulation of cyclin
D1 gene expression or function contributes to the loss of
normal cell cycle control during tumorigenesis. Immu-
noblot analysis illustrated downregulation of cyclin D
in NVD and FH535 treated group (25 and 15 mg/kg) as
compared to a control group. A marked difference was
observed among NVD, FH535 treated (25 and 15 mg/kg)
and control in an expression of cyclin D in immunohisto-
chemistry analysis (Fig. 11a, b).

NVD and FH535 administration diminish B-catenin

and survivin expression in xenograft tumors

Effect of NVD and FH535 (15 and 25 mg/kg) on B-catenin
and survivin expression in HCT116 xenograft tumors
was corroborated by immunoblotting, immunohisto-
chemical staining, and RT-PCR. An outstanding sink in
expression was seen. The xenograft tumors (HCT116)
revealed inclined levels of B-catenin protein. The dose-
dependent effect of NVD and FH535 on HCT116 xeno-
graft tumors confirmed an outstanding sink in -catenin
and survivin protein intensity at 2.5 and 1.25 mg doses
(Fig. 12a). A prominent decrease in -catenin expression
in NVD and FH535 treated group in contrast to con-
trol group was seen by immunohistochemical staining
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of HCT116 xenograft tumors in athymic nude mice
(Fig. 12b). To explore, either the experimental decrease
in B-catenin protein was owing to decreased transcrip-
tion of S-catenin gene, alteration of p-catenin expres-
sion by NVD induction in HCT116 xenograft, a marked
decrease in mRNA expression by employing RT-PCR,
was observed to be in dose dependent manner. At 15
and 25 mg/kg of NVD, a significant decline in -catenin
expression was observed (Fig. 12c).

NVD and FH535 inhibits Akt phosphorylation in HCT116
xenografts in athymic nude mice

Akt and B-Catenin signaling pathways are a vital watch-
dog in cell proliferation, differentiation, and growth.
AKT phosphorylation encourages -Catenin transcrip-
tional activity and hence AKT and B-Catenin association
plays a vital role in tumor progression and invasion. The
HCT116 xenografts administrated with NVD and FH535
in a dose-dependent approach buckets AKT phosphoryl-
ation. Immunoblotting showed down regulation of AKT
protein expression by administration of NVD and FH535
(15 and 25 mg/kg), which in turn hampers proliferation.
The control and treated groups illustrated prominent dif-
ferences in AKT protein expression (Fig. 12a).

Discussion

The chief herald lesions for CRC are adenomas, and a
meta-analysis of the occurrence of adenomas among
U.S. adults has anticipated a range from 22% to over
50%, with a pooled frequency of approximately 30%
[23]. Among individuals in whom an adenoma has
been spotted and detached, 10-15% per year will go
on to develop another, recurrent, adenoma [24]. Con-
sequently, probing the role of vitamin D in colorectal
adenoma frequency and recurrence provides signifi-
cant information concerning its prospective position
for thwarting colorectal malignancies during the earlier
steps in the carcinogenesis pathway.

HCT116 and HT29 cells consequent from human
colorectal adenocarcinoma at the metastatic stage are
a generally used cell model for advanced metastatic
colorectal cancer, which presently have no efficient alle-
viate. A perfect therapeutic loom is to develop drugs
that are confined to aim tumors while scanting normal
tissues.

Moreover, the studies working with breast cancer,
lung cancer, prostate cancer, squamous cell carci-
noma (SCC) illustrated that 1a, 25(OH),D; or vitamin
D analogues, showed a prominent anticancer effect.
This effect of 1a, 25(0OH),D, and its derivatives, acts
through the VDR to control proliferation and apopto-
sis. The study related to SCC cells revealed that treat-
ment of 1,25 (OH),D5 induces GO/G1 cell-cycle arrest



Razak et al. Cell Biosci (2019) 9:15 Page 11 of 23
HT29
a HCTI6
Cyclin A——> w8 == o e =~ 4kDa
Cycind ———p - —— e ———— HkDa
Cyclin Bl ——» o s - T5kDa Cyclin L e s et T
Cyclin E2—» #= »=  48kDa
PR s [ — e . yelin o on =~ = g .
Podd(yrls) SN e fs o W Se 0D, G2 — | e 34kDa
Cikl — ';e- - - e e D
KD PP —* ' '
e — WS WWw " P2 Wafticipt—s ™ C R N
PPl —— -
: — - 30kDa
Pwaflicil) —— - - PActin —p  w—— e erarwy kD2
PActa —> et ete— | %D
0 0 @ 0 0 0 (M NVD - 20 40 60 20 40 60 »M
24h 48h 24 48
e HCTIIE
PARP et [ s s e e || V16D HI2)
deed PARP —> — | 36iDa PARP  —  [ae w4 G === 0 Bw s
. —p
N s [ e T R A B Cleaved PARP 86kDa
Winrid eyl —* = MWD T STy [ P p———Y )
Cleaved caspase 7 —» — 28kDa
Cleaved caspase’ —+ 20kDa
:u:p“g vﬁ_’ --—---?: :f:;: Cleaved caspase 7 — 20kDa
eaved caspased —»
Procaspase ] ——b A ———— 15D Procaspase) ——> N W S . - - = 45kDa
cleaved caspase 9 o 17kDa
Cleared j— i
i fActn  ——p - — ——— - $2kDa
PAca  — - w— | 42kD2 ND - 20 4060 - 20 40 60 mMm
swp - 20 40 60 20 40 60 pM
3
24h an u 8

Fig. 4 Effect of NVD treatment of HCT116 and HT29 (a, b) cells on protein expression of cdc2, WAF1/p21, cdk 2, 4 cyclin A, B1, E2 and (¢, d) showing
active Caspase 3, 7,9 and PARP. Cells were administrated with NVD (20, 40 and 60 uM) for 24 h and 48 h and harvested. Total cell lysates were
prepared and 40 uM proteins was subjected to SDS page followed by immunoblot analysis and chemiluminescence detection. Equal loading

of protein was verified by stripping the Immunoblot and again probing it for Actin. The immunoblots shown here are representative of three

individual experiments with similar results

because of the transcriptional activation of CDKN1B
subsequent pRb hypophosphorylation [25-29].

Reports revealed that treatment of la,
25(OH),D,; downregulates BCL2 expression in MCEF-7
breast tumor and HL-60 leukemia cells and increase
protein expression of BAX and BAK in prostate can-
cer, colorectal adenoma, and carcinoma cells. Also

1a,25(0OH),D; has exposed to standardize protein expres-
sion of BCL2 family and illustrated that 1a,25(OH),Ds,
might trigger caspase effector molecules [30]. Keeping
all effects of VD in view we formulated protein-vitamin
D-pectin nano-emulsion (NVD) to explore its anticancer
activity.
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representative of three independent experiments with similar results

Cellular propagation consequential in tumor pattern
might occur due to the alteration in cell cycle regula-
tion [31, 32]. A vital primary origin of cancer succes-
sion is recognized to speedy and candid propagation
results to series and expansion of tissue accrual. Results
of MMT assay specified that NVD is definite in its
activity and efficient against cell cancer cell lines from
different derivation. Cell growth in both HCT116 and
HT29 cells is altered by NVD. Treatment with NVD
resulted in the arrest of cellular proliferation in a con-
centration-dependent approach; magnification in the
hammering of cell viability was experiential with ampli-
fying in the concentration of dose.

P21 and p27, as members of the Cip/Kip family, have
general structures and activities. Their mechanisms
for cell cycle reticence may differ. In the current study,
appraisal of apoptosis encouraged in HCT116 and
HT29 cells demonstrated that NVD is extremely com-
petent inducers of apoptosis in dose-dependent man-
ner. Also our study revealed downregulation of Cyclin
B1, D1, A and E, and Cdk-2, 4 and 6 expression and
accompanied upregulation of cdk inhibitors WAF1/
p21 and KIP1/p27 expression in NVD treated cells. In
addition, NVD administrated CRC cells demonstrated
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arrest in the G2 phase of the cell cycle. These results are
momentous since cell cycle regulation is a fundamental
target for expectancy against CRC.

PARP, a characteristic caspase substrate, is a central
player of DNA repair against environmental stress and
in the prolongation of cell viability. Cleavage of PARP is
a feature of apoptosis [33]. PARP cleavage ensues con-
comitantly with cleavage of procaspase 3, 7, and 9 in a
concentration-dependent manner, signifying that NVD
encouraged apoptosis in HCT116 and HT29 cells is
mediated in the course of an central apoptosis pathway.

Frequent studies have demonstrated that PARP-1
is overexpressed in various human tumors [34-36].
Besides, it was exhibited that PARP-1 take crucial part in
colon cancer expansion [37, 38] since its expression was
noticeably elevated in colon cancer and was allied with
tumor size and histopathology [38]. Above results rein-
forced our results revealing elevated expression of PARP
in NVD administrated cells in contrast to control.

Bcl-2 family connections are the principal overseer of
apoptosis. Their overexpression stalwartly hampers apop-
tosis owing to cytotoxic injuries by the eradication of free
radicals, preclusion of mitochondrial passage pattern,
and the liberation of cytochrome c [39, 40]. Bcl-2 known
as an apoptosis suppressor which is upstream effector in
the cell death network is extremely expressed in a most of
human malignancies. A heterodimer complex is formed
by bax and Bcl-2 consequently deactivate the proapop-
totic effects of the bax [41]. Hence, the expression levels
of these apoptotic proteins were assessed in this study.
Bcl-2 and Bcl-xL, the anti-apoptotic proteins, illustrated
downregulated expression in NVD treated cells as com-
pared to control cells in dose-dependent manner. The
pro-apoptotic proteins, Bax and Bak, pro-apoptotic pro-
teins, showed upregulated expression in NVD admin-
istrated HCT116 and HT29 cells in contrast to control
cells. Hence our study anticipated that NVD arbitrated
incline in the expression of Bax and down regulation of
Bcl2 expression possibly will be potent route through
which NVD induces apoptosis in CRC. Furthermore,
NVD showed potential to target Bcl-xI and Bak signifying
its pleiotropic effect on the apoptotic signaling pathway.

Studies illustrated that phosphorylation of B-catenin
at Ser552 by protein kinase AKT results to its ampli-
fied transcriptional activity [42] and also revealed that
overexpression of both a constitutively dynamic and a
dominant negative form of AKT had analogous effects to
those originate with the wild-type and dominant negative
types of CK2q, respectively [43]. In Present study, AKT
and P-catenin illustrated downregulated expression by
treatment of NVD in HCT116 and HT29 CRC cells in
contrast to control cells. Immunofluorescence staining
of HCT116 and HT29 cells confirmed a downregulation
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in p-Akt expression and [B-catenin at a concentration
of 60 pM of NVD administrated in contrast to control.
Momentous Alexa fluor staining of p-akt (cytoplasm)
of both cell lines (green fluorescence) were pragmatic
in control, whereas the expression of p-Akt as specified
by staining was significantly diminished in NVD treated

cells. Additional current data demonstrated that NVD
induction of HCT116 and HT29 cells resulted in apop-
tosis through reticence of B-catenin and p-Akt. While
FH535 B-catenin inhibitor baskets Akt phosphorylation
which in turn reduces 3-catenin protein expression. NVD
treatment to [-catenin inhibitor induced cells auxiliary



Razak et al. Cell Biosci (2019) 9:15

Page 14 of 23

a CONTROL (HCT116)

¢ CONTROL (HT29)

DAPI (blue fluorescence) were observed

Fig. 7 Imunofluorescence staining of HCT116 (b) and HT29 (d) demonstrating expression of 3-catenin in both NVD treated (60 uM) as compared to
control HCT116 (@) and HT29 (c) cells (untreated). Alexa fluor staining of B-catenin of both cell lines (green fluorescence) and counter stained with

b NVD (60uM)

d NVD (60pM)

augmented diminishes of -catenin expression, support-
ing the fact that these modifications are arbitrated by
protein kinase B (Akt). Our data support the involvement
of AKT in encouraging the transcriptional activity of
[-catenin and also proposed that CK2a may be involved
in this event. Sustaining this involvement, studies have
illustrated that CK2 hyper triggers AKT by phospho-
rylation at Ser129. Captivatingly, mutation of Ser129 to
alanine results in a prominent decline in catalytic activ-
ity of AKT in vivo and also declined phosphorylation of
Thr308 in vitro [44].

The results obtained in our study support a mecha-
nism of CK2a-dependent regulation of B-catenin tran-
scriptional activity that may bypass the negative complex

formed by axin/APC/GSK3Db, but it still deems numerous
phosphorylation steps. One occurs at residue Thr393 of
B-catenin by CK2 in a region of the ARM domain where
APC interrelates to encourage -catenin deprivation [45,
46]. The phosphorylation may be carried out by CK2«a
subunit alone and probably in the nucleus where the
CK2a have been detected and also, remarkably, where
APC interrelates with B-catenin to encourage its nuclear
export [47]. Our study also supports a mechanism of
CK2a dependent up-regulation of P-catenin transcrip-
tional activity and cell viability arbitrated by phospho-
rylation of AKT. Conversely, this is an essential event for
such regulation, because further phosphorylations may
be also crucial. Akt being the most decisive downstream
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Fig. 8 Western blot analysis of cellular lysates prepared from HCT116
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antibodies were shown. Actin blots are shown as loading controls.
Data based on three different experiments, each carried out in

triplicate

effector of CK2 and phosphatidylinositol 3 kinase (PI3-
K). Once triggered by phosphorylation, AKT encour-
ages cell endurance through hampering pro-apoptotic
proteins [48]. The initiation of PI3K/Akt can prompt the
canonical Wnt signaling during the phosphorylation of
GSK-3p by the phosphorylated Akt1/2, blocking the pat-
tern of B-catenin destroying complex (28). Consequently,
the upregulation of PTEN may basket the canonical Wnt
signaling by activating the deficit of f-catenin. Whereas
present data revealed that treatment of NVD to HCT116
and HT29 colon cells decreases the phosphorylation of
PI3 k, AKT and diminished the protein expression of
[-catenin. Recently it was demonstrated that the effect
might not be from the decreased phosphorylation of
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GSK-3pB by PTEN/PI3 K/Akt cascade. As it is susceptible
to mutation of B-catenin in HCT116 cells, the -catenin
can’'t be marked by the destruction complex in this colon
cancer cells [49]. Additional we examined that treatment
of NVD inhinit the mRNA expression of f-catenin. Thus
our study stalwartly demonstrated that NVD has con-
vincing anti-proliferation activity in human colon cancer
cells, encouraging apoptosis and the anti-proliferation
effect of NVD may be mediated by PI3 K/Akt signal-
ing by blocking Wnt/B-catenin signaling transduction,
through inhibiting the B-catenin expression respectively.

Because of critical roles in crucial cellular processes,
including the homeostasis, growth control, and regenera-
tion of cells, the two signaling pathways, Wnt/B-catenin
and RAS-ERK must be firmly synchronized [50-52].
Unusual activations may lead to types of cancer including
CRC.

The communication between Wnt/p-catenin and RAS/
ERK pathways has been confirmed. Studies illustrated
that RAF-1-MEK-ERK pathway is instantaneously trig-
gered by recombinant Wnt3a administration in NIH3T3
and L cells, specifies direct relations of the Wnt/B-catenin
and RAF-1-MEK-ERK pathways [53]. The P13K and ERK
are too triggered by Wnt3a, and that is allied with cellular
propagation [54, 55]. Auxiliary numerous observations
have been confirmed control of the RAF-1-MEK-ERK
signaling cascade by the Wnt/B-catenin signaling [56—
58]. Additionally, GSK3p, chief player of Wnt/B-catenin
pathway, is controlled by RAS-MAPK and PI3 K-Akt
signaling cascades, and the cross-talk between GSK3f
and RAS-MAPK or PI3K/AKT/mTOR signaling path-
ways is implicated in the pathogenesis of HCC and pan-
creatic cancer [59, 60]. These observations support our
results illustrating patent reticence of MAPK i.e. ERK %
phosphorylation, that could be a potential mechanism for
NVD mediated cell death and apoptosis in HCT116 and
HT29 cells.

Earlier study has proved that overexpressed B-catenin
can actually interact with NF-xB indirectly and ham-
per its activity, signifying a narrative mechanism for
B-catenin-mediated oncogenesis; namely, B-catenin ham-
pers NF-kB activity, which may permit cancer cells to flee
immune scrutiny and also the study stalwartly proposed
that B-catenin is a chief mediator for the cross regulation
of NF-kB by the GSK-3p pathway [61]. The commence-
ment of NFkB entails phosphorylation; results demon-
strated that the transcription factor was not triggered
due to inhibition of its phosphorylation by NVD which in
turn results in hampering of cancer cell endurance. These
observations recommended that inactivation of NF«B via
inhibition of its phosphorylation at p65 P-Ser529 might
be one of the mechanisms by which NVD induce growth
arrest in HCT116 and HT29 cells.
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Fig.9 Consequence of NVD administration on HCT116 tumor growth in athymic nude mice. a Average tumor volume of water fed, 15 and 25 kg/
mg NVD injected mice plotted over days after tumor cell inoculation. Values represent mean 4 SD of six mice. *p <0.01 (25 mg/kg); **p <0.05
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An observation illustrated that the significant interac-  treatment with PI3K inhibitor results to nuclear translo-
tion and proficient inhibition of NF-kB by B-catenin in  cation of NF-kB and membrane retention of B-catenin.
colorectal cancer cells involves phosphatidylinositide  On the contrary, it is veiled whether PI3K directly serves
3-kinase (PI3 K) [62]. Impediment of PI3 K by chemical as an alliance player between B-catenin and NF-kB or
inhibitors overturns the pattern of B-catenin and NF-kB  alternatively plays a role in [-catenin-arbitrated sup-
protein complexes. In dormant colorectal cancer cells, pression of NF-«B set off by diverse stimuli. Present data
[-catenin and NF-kB are confined in the cytoplasm, and  suggested that reticence of overexpression of B-catenin
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three independent experiments with similar results

N

(See figure on next page.)

Fig. 12 Effect of NVD and FH535 administrated on HCT116 xenograft tumors for protein expression. a Expression of Akt, 3-Catenin and Survivin
protein by immunobloting in NVD administrated and control group, experiment performed in triplicate. b Effect of NVD and FH535 administrated
on protein expression of 3-Catenin and control as detected by immunohistochemical staining. Data are presented as the mean =+ SD. **P <0.01.
(Scale bar, 100 um). ¢ Effect of NVD on expression of mRNA of 3-Catenin by RT-PCR

by treatment of NVD in HCT116 and HT29 results in Genetic deviation in the JAK/STAT/SOCS-signaling
decreased protein expression of NF-kB and PI3 K, hence  pathway emerges to be allied with a colon as well as a
this may be one of the potential mechanism cell death  rectal cancer risk. The JAK/STAT/SOCS-signaling path-
and apoptosis. way has a vital part in immune defense and control of
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inflammation specified its indispensable association with
cytokine signaling. Furthermore, the machinery of the
pathway, such as STATS3, is involved in promoting unin-
hibited cell growth and survival in the course of dysregula-
tion of gene expression responsible for apoptosis, cell-cycle
regulation, and angiogenesis [63]. JAK1, JAK2, and STAT3
have been allied with colorectal cancer development [64].
In addition of commencement of NF«B, there is an incen-
tive of assorted other pro-survival pathways during series
of cancer, including MAPK (ERK, JNK) and STAT3, usu-
ally not hampered by proteasome inhibitor therapy in
tumors or cell lines. Any drug affecting numerous path-
ways might be used as an efficient chemotherapeutic [65].
CK2 is also compulsory for cytokine and growth hormone
prompted incentive of the JAK-STAT signaling pathway
so we assume that inhibition of CK2 catalytic subunit
may be accountable for hampering JAK-STAT signaling
pathway in colorectal cancer. Conversely, in HT29 cells,
JAK2 protein expression was appreciably hampered with a
prominent alteration in STAT3 phosphorylation, hence we
assume that may be a potential mechanism for NVD arbi-
trated cell death and apoptosis in HT29 cells.

Survivin (BIRC5), an allies of the inhibitor of apop-
tosis (IAP) protein family, is a allot anti-apoptotic pro-
tein which enhances tumor cell growth [66]. Survivin is
copiously expressed during fetal growth in humans but
is infrequently there in adult tissues [67], though, most
human cancer cells articulate survivin, including colo-
rectal cancer cells and CRC cells express up to 68% as
reported [68]. Studies also revealed that survivin expres-
sion allies with advanced disease, shoddier endurance,
and chemotherapy and radiation confrontation [69, 70].
Hence, survivin is of emergent concern as a possible ben-
eficial target to hinder cancer rise [71]. Survivin boosts
tumor proliferation by revamping various momentous
cell signaling pathways. Our results evidently revealed
remarkable reticence of an anti-apoptotic protein sur-
vivin expression in both HCT116 and HT29 cells by
treatment of NVD. Therefore NVD is predictable to pro-
vide more influential potential to restrain tumor incur-
sion and metastasis, representing as a novel tool for
potential future CRC treatment.

We confirmed related finding in in vivo system,
Athymic mice implanted with HCT116 xenografts
with NVD and FH535 f-catenin inhibitor, adminis-
tration induced a dose-dependent downregulation of
[B-catenin, surviving, and Akt phosphorylation. Akt is a
crucial element of signaling cascades for cell strength
and propagation throughout growth and series of
malignancy. Currently, protein expression of 3-catenin,
Survivin, and FH535 [-catenin inhibitor p-Akt was
assessed in NVD and FH535 administrated against an
untreated control group.

Page 20 of 23

Our results displayed, for the foremost time, the in
vivo potential of NVD and FH535 in reducing the
HCT116 xenograft expansion. In tissue specimens from
xenografts, the decreased expression of f-Catenin, and
down-regulation of Cyclin D1 and caspase 3 cleavage
symbolize an encouraging validation of the NVD and
FH535 potential in vivo in tumors inhibition and pre-
sent adequate direct confirmation for the reticence of
the canonical Wnt/S-Catenin pathway and of -Catenin
target genes by NVD and FH525 in human CRC.
Results demonstrated stimulation of p-Akt protein
and cyclin D expression in the control group as com-
pared to both groups encouraged with NVD and FH535
administration. The decline in protein expression is in
support of reticence of propagation in groups by NVD
and FH525 administration. A Manifest discrepancy was
present between expressions of p-Akt and cyclin D in
control verses NVD and FH535 administrated group
when checked by staining (Immunohistochemistry).
The expression of Cyclin D and p-Akt was downregu-
lated in NVD and FH535 administrated group as con-
trast to the control group. The decline in tumor growth
and volume with a simultaneous decrease in -catenin
and survivin proteins expression levels were seen in
the NVD and FH535 administrated groups by western
blot analysis, may have various therapeutic significance.
Further mRNA expression was checked by RT-PCR,
revealed a decline in B-catenin gene expression in NVD
and FH535 group as compared to control. The conclu-
sion of the current observation can have a construc-
tive suggestion and translational impact to colorectal
cancer subjects as it demonstrates that NVD can affect
tumor succession, which could amplify the continued
existence and superiority lifespan of the subjects suffer-
ing from colorectal carcinoma.

Furthermore, the conclusion of the current study
is that the NVD hold ability for maturity as a possible
therapeutic and chemopreventive agent against colo-
rectal cancer. While auxiliary experiments are consid-
ered necessary to entirely scrutinize the association of
NVD with Wnt/B-Catenin pathway, we suppose that
to attain significant clinical results in the treatment
of colorectal cancers harboring a stabilizing mutation
of B-catenin, NVD could symbolize a superior prospect
to amplify the efficacy of therapies.

The present study proposed that NVD act as an
inhibitor of the Wnt/B-catenin pathway has the pro-
spective to restrain tumor invasion and metasta-
sis in both in vitro (HCT116 and HT29 cells) and in
vivo (Xenograft) CRC models: NVD demonstrated evi-
dent and constant reticence of colorectal cancer cell
proliferation. This prospective to restrain CRC invasion
and metastasis were evident by cell cycle regulators and
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apoptotic proteins (Pro apoptotic and ant apoptotic
proteins). The anticancer effect of NVD has been rec-
ognized to the inhibition of B-catenin and AKT protein
expression. Additionally to this, we observed that NVD
diminish the expression of an anti-apoptotic protein
survivin. Survivin encourages tumor proliferation by
way of modulating multiple critical cell signaling path-
ways. Consequently, NVD is predictable to offer more
powerful prospective to restrain tumor invasion and
metastasis, representing as a promising strategy for
future CRC treatment.

Based on our finding, we recommend a mechanism
by which NVD elicits its effect on CRC. We chiefly took
under consideration different pathways like Wnt/[3-
catenin, Erk and PI3K/Akt. As reported NVD decrease
protein expression of -catenin, AKT and also reduces
protein expression of survivin, the downstream target of
Wnt/B-catenin signaling, consequently, we proposed that
NVD may act as a -catenin inhibitor.

Additional file

Additional file 1. Figure S1. A) Mice weight was taken twice weekly and
values represent mean=SD of six mice. **, p < 0.02 (25 mg/kg),*, p < 0.01
(15mg/kg) vs control group;**, p < 0.001. (B) H&E staining of kidney brain,
heart, liver and lung of NVD treated mice vs. control for toxicity studies.
Table S1. Slide review: preliminary observations.

Abbreviations

NVD: vitamin D-Nanoemulsion; CRC: colorectal cancer; CSCs: cancer stem
cells; DMSO: dimethyl sulfoxide; DMEM: Dulbecco’s Modified Eagle’s; PI:
propidium iodide; DAPI: 4/ 6-diamidino-2-phenylindole, dihydrochloride; DAB:
diamminnobenzidine; VDR: vitamin D receptor; uM: micro molar; EGF: epider-
mal growth factor; EGFR: epidermal growth factor receptor; IGFBP: IGF-binding
proteins; DMEM: Dulbecco’s Modified Eagle’'s Medium; FBS: fetal bovine serum;
PBS: phosphate buffer saline; MTS: mano-thermo-sonication; PARP: poly (ADP-
ribose) polymerase.

Authors’ contributions

SR designed the study, conceived the study and analyzed the results, TA and
AA conceived an initial part of the study, performed the experiment, histology
and helped in compiling the results. SR and TA performed experiment. AA and
SJ helped in writing the results. SR, TA and SJ wrote the paper with input from
all other authors SJ, SR, TA and AA made substantial contribution in interpreta-
tion of data and revising the manuscript for intellectual content. All authors
read and approved the final manuscript.

Author details

! Department of Animal Sciences, Faculty of Biological Sciences, Quaid-i-Azam
University, Islamabad, Pakistan. 2 Department of Community Health Sciences,
College of Applied Medical Sciences, King Saud University, Riyadh, Kingdom
of Saudi Arabia.

Acknowledgements

We are grateful to Dr. Javid Dar and Dr. Maria Shabbir who helped in designing
the experiment. Furthermore we are grateful to the Deanship of Scientific
Research at King Saud University for its funding of this research through
Research Group Project number 193.

Page 21 of 23

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
All the data is contained in the manuscript.

Consent for publication
Not applicable.

Ethics approval and consent to participate

Athymic nude mice studies were performed according to the Institutional
principles for the concern and use of animals and the experimental protocol
was approved (BAS#0256) by the ethical board of Quaid-i-Azam University,
Islamabad, Pakistan and Committee dealing animal care and use, college of
Pharmacy, King Saud University, Kingdom of Saudi Arabia.

Funding
We are grateful to the Deanship of Scientific Research at King Saud University
for its funding of this research through Research Group Project number 193.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 27 October 2018 Accepted: 23 January 2019
Published online: 01 February 2019

References

1. LinJ, Piper M, Perdue L. Screening for colorectal cancer: a systematic
review for the US preventive services task force. Rockville (MD): Agency
for Healthcare Research and Quality (US); 2016.

2. Siegel R, DeSantis C, Jemal A. Colorectal cancer statistics, 2014. CA Cancer
J Clin. 2014,64(2):104-17.

3. Amnold M, Karim-Kos HE, Coebergh JW, Byrnes G, Antilla A, Ferlay J,
Renehan AG, Forman D, Soerjomataram |. Recent trends in incidence of
five common cancers in 26 European countries since 1988: analysis of the
European Cancer Observatory. Eur J Cancer. 2015;51(9):1164-87.

4. Holleczek B, Rossi S, Domenic A, Innos K, Minicozzi P, Francisci S, Hackl
M, Eisemann N, Brenner H, Group E-W. On-going improvement and
persistent differences in the survival for patients with colon and rectum
cancer across Europe 1999-2007—results from the EUROCARE-5 study.
Eur J Cancer. 2015;51(15):2158-68.

5. Palmer HG, Gonzalez-Sancho JM, Espada J, Berciano MT, Puig |, Baulida J,
Quintanilla M, Cano A, de Herreros AG, Lafarga M. Vitamin D3 pro-
motes the differentiation of colon carcinoma cells by the induction
of E-cadherin and the inhibition of 3-catenin signaling. J Cell Biol.
2001;154(2):369-88.

6. Gonzélez-Sancho JM, Larriba MJ, Mufioz A. Vitamin D and Wnt/B-catenin
signaling. In: Vitamin D. 3rd ed. UK: Academic Press; 2011. p. 235-250.

7. Shah'S, Islam MN, Dakshanamurthy S, Rizvi |, Rao M, Herrell R, Zinser G,
Valrance M, Aranda A, Moras D. The molecular basis of vitamin D receptor
and [3-catenin crossregulation. Mol Cell. 2006;21(6):799-809.

8. Egan JB, Thompson PA, Vitanov MV, Bartik L, Jacobs ET, Haussler MR, Ger-
ner EW, Jurutka PW. Vitamin D receptor ligands, adenomatous polyposis
coli, and the vitamin D receptor Fokl polymorphism collectively modulate
B-catenin activity in colon cancer cells. Mol Carcinog. 2010;49(4):337-52.

9. Aguilera O, Pefa C, Garcfa JM, Larriba MJ, Ordéfiez-Moran P, Navarro D,
Barbachano A, Lépez de Silanes |, Ballestar E, Fraga MF. The Wnt antago-
nist DICKKOPF-1 gene is induced by 1a, 25-dihydroxyvitamin D 3 associ-
ated to the differentiation of human colon cancer cells. Carcinogenesis.
2007;28(9):1877-84.

10. Kaler P, Augenlicht L, Klampfer L. Macrophage-derived IL-1{ stimulates
Wnt signaling and growth of colon cancer cells: a crosstalk interrupted by
vitamin D3. Oncogene. 2009;28(44):3892-902.

11. Chen A, Davis BH, Sitrin MD, Brasitus TA, Bissonnette M. Transforming
growth factor-B1 signaling contributes to Caco-2 cell growth inhibi-
tion induced by 1, 25 (OH) 2 D 3. Am J Physiol Gastrointest Liver Physiol.
2002,283(4).G864-74.


https://doi.org/10.1186/s13578-019-0277-z

Razak et al. Cell Biosci

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

(2019) 9:15

Tong W-M, Hofer H, Ellinger A, Peterlik M, Cross HS. Mechanism of antimi-
togenic action of vitamin D in human colon carcinoma cells: relevance
for suppression of epidermal growth factor-stimulated cell growth. Oncol
Res Featuring Preclin Clin Cancer Ther. 1999;11(2):77-84.

Barbédchano A, Ordériez-Mordn P, Garcia JM, Sdnchez A, Pereira F, Lar-

riba MJ, Martinez N, Hernandez J, Landolfi S, Bonilla F. SPROUTY-2 and
E-cadherin regulate reciprocally and dictate colon cancer cell tumouri-
genicity. Oncogene. 2010;29(34):4800-13.

Andl CD, Rustgi AK. No one-way street: cross-talk between E-cadherin
and receptor tyrosine kinase (RTK) signaling—a mechanism to regulate
RTK activity. Cancer Biol Ther. 2005;4(1):35-8.

Cabrita MA, Christofori G. Sprouty proteins, masterminds of receptor
tyrosine kinase signaling. Angiogenesis. 2008;11(1):53-62.

Palmer HG, Sanchez-Carbayo M, Ordénez-Moran P, Larriba MJ, Corddn-
Cardo C, Muhoz A. Genetic signatures of differentiation induced by

1q, 25-dihydroxyvitamin D3 in human colon cancer cells. Can Res.
2003;63(22):7799-806.

Oh'YS, Kim EJ, Schaffer BS, Kang YH, Binderup L, MacDonald RG, Park

JH. Synthetic low-calcaemic vitamin D 3 analogues inhibit secretion

of insulin-like growth factor Il and stimulate production of insulin-like
growth factor-binding protein-6 in conjunction with growth suppression
of HT-29 colon cancer cells. Mol Cell Endocrinol. 2001;183(1):141-9.
Qaiser F, Trembley JH, Kren BT, Wu JJ, Naveed AK, Ahmed K. Protein kinase
CK2 inhibition induces cell death via early Impact on mitochondrial func-
tion. J Cell Biochem. 2014;115(12):2103-15.

Trembley JH, Unger GM, Tobolt DK, Korman VL, Wang G, Ahmad KA,
Slaton JW, Kren BT, Ahmed K. Systemic administration of antisense
oligonucleotides simultaneously targeting CK2a and o’ subunits reduces
orthotopic xenograft prostate tumors in mice. Mol Cell Biochem.
2011;356(1-2):21-35.

Razak S, AfsarT, Ullah A, Almajwal A, Alkholief M, Alshamsan A, Jahan S.
Taxifolin, a natural flavonoid interacts with cell cycle regulators causes
cell cycle arrest and causes tumor regression by activating Wnt/@-catenin
signaling pathway. BMC Cancer. 2018;18(1):1043.

Kruger NJ. The Bradford method for protein quantitation. In: The protein
protocols handbook. Totowa, NJ: Humana Press; 2009. p. 17-24.

Pereira F, Larriba MJ, Mufioz A. Vitamin D and colon cancer. Endocr Relat
Cancer. 2012;19(3):R51-71.

Heitman SJ, Ronksley PE, Hilsden RJ, Manns BJ, Rostom A, Hemmel-

garn BR. Prevalence of adenomas and colorectal cancer in average risk
individuals: a systematic review and meta-analysis. Clin Gastroenterol
Hepatol. 2009;7(12):1272-8.

Winawer SJ, Zauber AG, Fletcher RH, Stillman JS, O'Brien MJ, Levin B,
Smith RA, Lieberman DA, Burt RW, Levin TR. Guidelines for colonos-

copy surveillance after polypectomy: a consensus update by the US
Multi-Society Task Force on Colorectal Cancer and the American Cancer
Society. CA Cancer J Clin. 2006;56(3):143-59.

McElwain MC, Dettelbach M, Modzelewski R, Russell D, Uskokovic M,
Smith D, Trump D, Johnson C. Antiproliferative effects in vitro and in vivo
of 1, 25-dihydroxyvitamin D3 and a vitamin D3 analog in a squamous cell
carcinoma model system. Mol Cell Differ. 1995,3:31-50.

Zhang X, Jiang F, Li P, Li C, Ma Q, Nicosia SV, Bai W. Growth suppression of
ovarian cancer xenografts in nude mice by vitamin D analogue EB1089.
Clin Cancer Res. 2005;11(1):323-8.

Nakagawa K, Kawaura A, Kato S, Takeda E, Okano T. 1q, 25-Dihydroxyvita-
min D 3 is a preventive factor in the metastasis of lung cancer. Carcino-
genesis. 2005;26(2):429-40.

Wang X, Studzinski GP. Activation of extracellular signal-regulated kinases
(ERKs) defines the first phase of 1, 25-dihydroxyvitamin D3-induced dif-
ferentiation of HL60 cells. J Cell Biochem. 2001:80(4):471-82.
Hershberger PA, Modzelewski RA, Shurin ZR, Rueger RM, Trump DL,
Johnson CS. 1, 25-Dihydroxycholecalciferol (1, 25-D3) inhibits the growth
of squamous cell carcinoma and down-modulates p21Waf1/Cip1 in vitro
and in vivo. Can Res. 1999;59(11):2644-9.

Ylikomi T, Laaksi I, Lou YR, Martikainen P, Miettinen S, Pennanen P, Pur-
monen S, Syvala H, Vienonen A, Tuohimaa P. Antiproliferative action of
vitamin D. Vitam Horm. 2002;64:357-406.

Gupta S, Afag F, Mukhtar H. Involvement of nuclear factor-kappa B, Bax
and Bcl-2 in induction of cell cycle arrest and apoptosis by apigenin in
human prostate carcinoma cells. Oncogene. 2002;21(23):3727-38.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Page 22 of 23

Adhami VM, Ahmad N, Mukhtar H. Molecular targets for green tea in
prostate cancer prevention. J Nutr. 2003;133(7):24175-24S.

Oliver FJ, de la Rubia G, Rolli V, Ruiz-Ruiz MC, de Murcia G, Ménissier-de
Murcia J. Importance of poly (ADP-ribose) polymerase and its cleav-

age in apoptosis Lesson from an uncleavable mutant. J Biol Chem.
1998;273(50):33533-9.

Biéche |, De Murcia G, Lidereau R. Poly (ADP-ribose) polymerase gene
expression status and genomic instability in human breast cancer. Clin
Cancer Res. 1996;2(7):1163-7.

Shimizu S, Nomura F, Tomonaga T, Sunaga M, Noda M, Ebara M, Saisho H.
Expression of poly (ADP-ribose) polymerase in human hepatocellular car-
cinoma and analysis of biopsy specimens obtained under sonographic
guidance. Oncol Rep. 2004;12(4):821-5.

Ghabreau L, Roux JP, Frappart PO, Mathevet P, Patricot LM, Mokni M,
Korbi S, Wang ZQ, Tong WM, Frappart L. Poly (ADP-ribose) polymerase-1,
a novel partner of progesterone receptors in endometrial cancer and its
precursors. Int J Cancer. 2004;109(3):317-21.

ldogawa M, Yamada T, Honda K, Sato S, Imai K, Hirohashi S. Poly (ADP-
ribose) polymerase-1 is a component of the oncogenic T-cell factor-4/(3-
catenin complex. Gastroenterology. 2005;128(7):1919-36.

Nosho K, Yamamoto H, Mikami M, Taniguchi H, Takahashi T, Adachi Y,
Imamura A, Imai K, Shinomura Y. Overexpression of poly (ADP-ribose)
polymerase-1 (PARP-1) in the early stage of colorectal carcinogenesis. Eur
J Cancer. 2006;42(14):2374-81.

Borner C.The Bcl-2 protein family: sensors and checkpoints for life-or-
death decisions. Mol Immunol. 2003;39(11):615-47.

Kroemer G, Reed JC. Mitochondrial control of cell death. Nat Med.
2000;,6(5):513.

Oltersdorf T, Elmore SW, Shoemaker AR, Armstrong RC, Augeri DJ, Belli BA,
Bruncko M, Deckwerth TL, Dinges J, Hajduk PJ. An inhibitor of Bcl-2 family
proteins induces regression of solid tumours. Nature. 2005;435(7042):677.
Fang D, Hawke D, Zheng Y, Xia Y, Meisenhelder J, Nika H, Mills GB, Kob-
ayashi R, Hunter T, Lu Z. Phosphorylation of 3-catenin by AKT promotes
B-catenin transcriptional activity. J Biol Chem. 2007,282(15):11221-9.
Ponce DP, Maturana JL, Cabello P, Yefi R, Niechi |, Silva E, Armisen R,
Galindo M, Antonelli M, Tapia JC. Phosphorylation of AKT/PKB by CK2 is
necessary for the AKT-dependent up-regulation of 3-catenin transcrip-
tional activity. J Cell Physiol. 2011;226(7):1953-9.

Di Maira G, Salvi M, Arrigoni G, Marin O, Sarno S, Brustolon F, Pinna L, Ruz-
zene M. Protein kinase CK2 phosphorylates and upregulates Akt/PKB. Cell
Death Differ. 2005;12(6):668.

Song DH, Sussman DJ, Seldin DC. Endogenous protein kinase CK2
participates in Wnt signaling in mammary epithelial cells. J Biol Chem.
2000;275(31):23790-7.

Song DH, Dominguez I, Mizuno J, Kaut M, Mohr SC, Seldin DC. CK2 phos-
phorylation of the armadillo repeat region of B-catenin potentiates Wnt
signaling. J Biol Chem. 2003;278(26):24018-25.

Fabbro M, Henderson BR. Regulation of tumor suppressors by nuclear-
cytoplasmic shuttling. Exp Cell Res. 2003;282(2):59-69.

Zhou G, Myers R, Li Y, Chen'Y, Shen X, Fenyk-Melody J, Wu M, Ventre J,
Doebber T, Fujii N, et al. Role of AMP-activated protein kinase in mecha-
nism of metformin action. J Clin Investig. 2001;108(8):1167-74.

LiuY-Z, Wu K, Huang J, Liu Y, Wang X, Meng Z-J, Yuan S-X, Wang D-X, Luo
J-Y, Zuo G-W.The PTEN/PI3 K/Akt and Wnt/B-catenin signaling pathways
are involved in the inhibitory effect of resveratrol on human colon cancer
cell proliferation. Int J Oncol. 2014;45(1):104-12.

van Amerongen R, Nusse R. Towards an integrated view of Wnt signaling
in development. Development. 2009;136(19):3205-14.

Pinto D, Clevers H. Wnt control of stem cells and differentiation in the
intestinal epithelium. Exp Cell Res. 2005;306(2):357-63.

Anastas JN, Moon RT. WNT signalling pathways as therapeutic targets in
cancer. Nat Rev Cancer. 2013;13(1):11.

Yun M-S, Kim S-E, Jeon SH, Lee J-S, Choi K-Y. Both ERK and Wnt/(3-
catenin pathways are involved in Wnt3a-induced proliferation. J Cell Sci.
2005;118(2):313-22.

Kim S-E, Choi K-Y. EGF receptor is involved in WNT3a-mediated prolifera-
tion and motility of NIH3T3 cells via ERK pathway activation. Cell Signal.
2007;19(7):1554-64.

Kim S-E, Lee W-J, Choi K-Y. The PI3 kinase-Akt pathway mediates Wnt3a-
induced proliferation. Cell Signal. 2007;19(3):511-8.



Razak et al. Cell Biosci

56.

57.

58.

59.

60.

61.

62.

63.

64.

(2019) 9:15

Jeon SH, Jeong W-J, Cho J-Y, Lee K-H, Choi K-Y. Akt is involved in the
inhibition of cell proliferation by EGF. Exp Mol Med. 2007;39(4):491.

Jeon SH, Yoon J-Y, Park Y-N, Jeong W-J, Kim S, Jho E-H, Surh Y-J, Choi K-Y.
Axin inhibits extracellular signal-regulated kinase pathway by Ras degra-
dation via B-catenin. J Biol Chem. 2007;282(19):14482-92.

Park K-S, Jeon SH, Kim S-E, Bahk Y-Y, Holmen SL, Williams BO, Chung K-C,
Surh Y-J, Choi K-Y. APC inhibits ERK pathway activation and cellular prolif-
eration induced by RAS. J Cell Sci. 2006;119(5):819-27.

Cervello M, Augello G, Cusimano A, Emma MR, Balasus D, Azzolina A,
McCubrey JA, Montalto G. Pivotal roles of glycogen synthase-3 in hepato-
cellular carcinoma. Adv Biol Regul. 2017,65:59-76.

Hermida MA, Kumar JD, Leslie NR. GSK3 and its interactions with the

P13 K/AKT/mTOR signalling network. Adv Biol Regul. 2017,65:5-15.

Deng J, Miller SA, Wang H-Y, Xia W, Wen Y, Zhou BP, Li Y, Lin S-Y, Hung M-C.
{-catenin interacts with and inhibits NF-kB in human colon and breast
cancer. Cancer Cell. 2002;2(4):323-34.

LiuJ, Liao Y, Ma K, Wang Y, Zhang G, Yang R, Deng J. PI3K'is required

for the physical interaction and functional inhibition of NF-kB by
B-catenin in colorectal cancer cells. Biochem Biophys Res Commun.
2013,434(4):760-6.

Hsieh F-C, Cheng G, Lin J. Evaluation of potential Stat3-regulated genes in
human breast cancer. Biochem Biophys Res Commun. 2005;335(2):292-9.
Xiong H, Zhang Z-G, Tian X-Q, Sun D-F, Liang Q-C, Zhang Y-J, Lu R, Chen
Y-X, Fang J-Y. Inhibition of JAK1, 2/STAT3 signaling induces apoptosis, cell

65.

66.

67.

68.

69.

70.

71

Page 23 of 23

cycle arrest, and reduces tumor cell invasion in colorectal cancer cells.
Neoplasia. 2008;10(3):287-97.

Steelman LS, Chappell WH, Abrams SL, Kempf RC, Long J, Laidler P,
Mijatovic S, Maksimovic-lvanic D, Stivala F, Mazzarino MC, et al. Roles

of the Raf/MEK/ERK and PI3K/PTEN/Akt/mTOR pathways in controlling
growth and sensitivity to therapy-implications for cancer and aging.
Aging. 2011;3(3):192-222.

Lee J, Choi J, Joo C. TGF-B1 regulates cell fate during epithelial-mesen-
chymal transition by upregulating survivin. Cell Death Dis. 2013;4(7).e714.
Ambrosini G, Adida C, Altieri DC. A novel anti-apoptosis gene, survivin,
expressed in cancer and lymphoma. Nat Med. 1997;3(8):917.

Sarela A, Macadam R, Farmery S, Markham A, Guillou P. Expression of the
antiapoptosis gene, survivin, predicts death from recurrent colorectal
carcinoma. Gut. 2000;46(5):645-50.

Altieri DC. Validating survivin as a cancer therapeutic target. Nat Rev
Cancer. 2003;3(1):46.

Zaffaroni N, Pennati M, Colella G, Perego P, Supino R, Gatti L, Pilotti S,
Zunino F, Daidone M. Expression of the anti-apoptotic gene survivin
correlates with taxol resistance in human ovarian cancer. Cell Mol Life Sci.
2002;59(8):1406-12.

Altieri DC. Survivin, cancer networks and pathway-directed drug discov-
ery. Nat Rev Cancer. 2008;8(1):61.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

B BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Growth inhibition and apoptosis in colorectal cancer cells induced by Vitamin D-Nanoemulsion (NVD): involvement of Wntβ-catenin and other signal transduction pathways
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Ethical declaration
	Cell culture
	Cell viability assayMMT assay
	Cell cycle analysis

	Extraction of protein and Western blot analysis
	Gene expression analysis
	Imunofluorescence microscopy
	Development and characterization of pea protein-stabilized nanoemulsions and protein vitamin D-pectin nanocomplexes (NVD)
	In vivo tumor xenograft model
	Immunohistochemistry
	Data analysis

	Results
	Vitamin D-Nanoemulsion (NVD) and FH535 inhibits growth and viability of colorectal cancer cells
	Inhibition of clonogenecity in colorectal cancer cell lines
	Vitamin D-Nanoemulsion administration caused cell cycle arrest by flow cytometric analysis
	NVD administration promotes apoptosis—flow cytometric Analysis
	Effect of NVD on the expression of cell cycle regulators, caspases and Bcl-2 family
	NVD administration induces a decrease in β-catenin expression
	Signaling pathways and endurance proteins amended by NVD administration
	NVD effect on CK2 and NFкB p65
	Impact of NVD on further signaling pathways
	In vivo studies
	NVD and FH535 β-catenin inhibitor administration results to momentous diminution in tumor volume
	Administration of NVD induce no toxicity in xenografts mice
	Caspases mediate confrontation to apoptosis by administration of NVD and FH535 in xenograft tumors
	NVD and FH535 baskets propagation in xenograft tumors
	NVD and FH535 administration diminish β-catenin and survivin expression in xenograft tumors
	NVD and FH535 inhibits Akt phosphorylation in HCT116 xenografts in athymic nude mice


	Discussion
	Authors’ contributions
	References


