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Abstract

Despite considerable advances made in understanding of lung cancer biology, there has been meek
improvement in lung cancer treatment outcome with 4% to 5% increase in 5-year survival rates in
the last four decades. Underlying problem of lung cancer recurrence and poor prognosis is
attributed to the presence of cancer stem cells (CSCs) which possess the potential to differentiate,
proliferate and trigger chemo-resistance, tumor progression and metastasis, despite initial
elimination of the tumor. To address specific targeting of CSCs, we investigated the effects of a
small molecule Verrucarin J (VJ) on lung cancer cell lines A549 and H1793. VJ significantly
inhibited cell proliferation of both cell lines, with ICsq values of approximately 10 nM for A549
and 20 nM for H1793 respectively after 48 h of treatment. A549 cell line when treated with VJ,
induced cell apoptosis with concomitant down regulation of key CSC specific genes- ALDH1,
LGR5, OCT4 and CD133 in a dose-dependent manner. To delineate the molecular mechanism by
which VJ targets lung cancer cells and CSCs, we determined the effects of VVJ on CSC self-
renewal pathways Wnt1/B-catenin and Notchl. Treatment of A549 cell line with VJ inhibited
significantly both the signalling pathways, suggesting inhibition of expression of CSC genes by VJ
through the inhibition of CSC self-renewal signalling pathways. Taken together, our results
suggest that VJ may serve as a potent anticancer drug to target cancer cells and CSCs.
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INTRODUCTION

Lung cancer is the leading cause of cancer mortality in the United States for both genders,
thus posing a major global health issue [1, 2] with estimated ~2,22,500 new cases diagnosed
in 2017 alone [1]. Two major subtypes of lung cancer are classified as non-small cell lung
cancer (NSCLC) and small cell lung cancer (SCLC). NSCLC is the most common type
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accounting for 85% of lung cancer [3]. SCLC is a more aggressive form and constitutes 15%
of the lung cancer. Last four to five decades witnessed strides in therapeutic advancement in
lung cancer, with FDA approvals for several drugs including etoposide, carboplatin,
paclitaxel, vinorelbine, Gem, Pem, docetaxel, gefitinib, erlotinib, bevacizumab, and
topotecan catering to both SCLC and NSCLC [4]. Surgery, radiation and chemotherapy
being the mainstay of primary oncological treatment modality, these strategies have proven
to be effective for early stage of lung cancer, but fail to curb the advanced stage disease [5]
(https://www.cancer.gov/about-cancer/treatment/types) which could be due to the presence
of tumor initiating CSCs.

CSCs constituting a small sub-fraction of the tumor bulk are reported to be a major
contributor to onco-therapeutic resistance thus permitting lung cancer recurrence and tumor
progression [6-9] with a low 5-year survival rate of only 18% [1]. It has been demonstrated
that CSCs resist current treatments due to their activation of anti-apoptotic pathways,
increased telomere length, increased membrane transporter activity and CSC ability to
migrate and metastasize [10, 11]. A varied repertoire of cell surface and other biomarkers
have been reported in lung cancer with CSC specific genes such as CD44, CD90, CD117,
BMI-1, EpCAM, FZD, SP and ALDH in NSCLC. Other gene signatures defining
pluripotent characteristics such as OCT4, NANOG and SOX2 particularly in CD44*
populations in NSCLC were depicted [12]. Up-regulated expression of mesenchymal
markers N-Cadherin and Vimentin, in addition to stem cell markers as a hallmark feature of
CD44%/CD90* sub-population in NSCLC has been reported [13]. Several characteristics
including spheroid formation, chemotherapy (cisplatin)-resistance, cellular expansion, and in
vivo tumorigenic potential of CSCs in lung cancer leading to poor prognosis and overall
poor patient survival have been demonstrated by several investigators [14]. Moreover the
stem cell/cancer stem cell compartment within cancer cells is dynamic, fluctuating and
transit [15-17] and lack of effective therapeutics faithfully targeting those, poses a serious
bottleneck [18].

To date, none of the commonly used treatment modalities including targeted therapies such
as immunotherapy have witnessed sufficient success in targeting of lung CSCs, and
ultimately avoiding tumor metastasis and relapse. [4, 19].Therefore, there is urgent unmet
need for more potent and efficacious drugs that target both tumor bulk cells as well as CSCs
to avoid tumor progression and recurrence. Previous study from our lab revealed that a
Myrothecium verrucaria fungus metabolite “Verrucarin J” (VJ) effectively targeted ovarian
cancer cells and CSCs both [20]. This quest led us to examine the anti-cancer activity of VJ
in lung cancer and to understand the underlying molecular mechanisms operating therein.
Our studies revealed that VJ specifically inhibited cell proliferation of lung cancer cells,
induced cell apoptosis, and suppressed CSC gene expression by inhibiting canonical WNT/
[-catenin and Notch1 signaling pathways.

MATERIALS AND METHODS

Human NSCLC cell lines A549 and H1793 were obtained from Dr. Mariusz Ratajczak,
University of Louisville. Cell lines were cultured and maintained according to instructions
from American Type Culture Collection (ATCC). Verrucarin J was purchased from
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AnalytiCon Discovery and dimethyl sulfoxide (DMSQO) was purchased from
MilliporeSigma. Verrucarin J was dissolved in DMSO.

Cell Proliferation Assay:

Lung cancer cell lines, A549 and H1793 growing in log phase were rinsed with phosphate-
buffered saline (PBS) (MilliporeSigma) and trypsinized and seeded into 96 well plates as
described previously [19]. After 24 h of plating, cells were treated with different
concentrations of \VJ (final concentrations 0, 1, 5, 10, 20 or 50 nM) and incubated for 24 h,
48 h or 72 h at 37°C in a cell culture incubator. Cell proliferation was measured at each time
point using MTT reagent [3-(4, 5-dimethylthiazol-2-yl)-2H-tetrazolium bromide] from
Promega. The formazan product after incubation for 30 to 60 min was analysed by an
ELISA reader at 490 nm as described previously [20].

Apoptosis assay by measuring Annexin V using flow cytometry:

Since, both A549 and H1793 cell lines provided similar results in response to VJ with
respect to inhibition of cell proliferation, therefore, we selected A549 cell line for
subsequent analysis. Apoptosis assays were conducted to determine if VJ induced apoptosis
in lung cancer cells. For this purpose A549 cells were plated into T-75 flasks and incubated
at 37°C for 24 h. Cells were treated with VJ at concentrations 0, 5, 10, 20 or 50 nM for 24 h
and were harvested by centrifugation at 1,500 rpm for 5 min and re-suspended in Annexin V
binding buffer from FITC conjugated Annexin V Apoptosis Detection Kit (BD Pharmingen)
according to supplier’s instructions. To ensure a single cell suspension and to avoid clumps,
cells were passed through a 40 um nylon mesh and diluted to a final concentration of 107
cells/ml. Each sample was analysed using 100 uL of cell suspension. For each concentration
of VJ, an independent control was used. To each sample except controls, 2 uL of Annexin V
was added, and incubated for 15 min at room temperature in dark. After completion of
incubation, 400 pL of binding buffer was added and immediately analysed by FACS analysis
using the FACSCalibur (BD Biosciences). The stained and unstained cells were plotted and
analysed using FlowJo software as described previously [20].

Gene expression analysis by real-time PCR:

To determine targeting of CSC genes by VJ, we examined the expression of CSC genes
(ALDH1, LGR5, OCT4 and CD133) by real-time PCR. A549 cells were plated into T-75
flasks. After 24 h of plating, cells were treated with \VJ to a final concentration of 10 nM or
20 nM. After 48 h of treatment, cells were harvested and total RNA was purified and
quantitated using Nanodrop spectrophotometer (Thermo Fisher). First strand cDNA was
synthesized from 1 ug of RNA from each sample using iScript cDNA synthesis kit from
BioRad. First strand cDNA was subjected to amplification for each gene by real-time PCR
(Applied Biosystem) using the standard protocol as described previously [20]. C; values
were normalized with C; values for GAPDH used as an internal control. The specific primers
used for each gene are listed in Table 1.
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Determine the effect of VJ on CSC self-renewal mechanisms:

To determine if VVJ regulates the CSC gene expression through the regulation of CSC self-
renewal pathways, we studied the effect of VJ on Wntl/B-catenin and downstream signalling
gene TCF-4. Wntl/p-catenin self-renewal pathway is reported to be one of the major
pathway in regulating the expression of CSC genes [21]. In the off state, Wnt1/p-catenin
pathway results in phosphorylation of p-catenin by GSK-3p leading to degradation of 8-
catenin. In contrast, activation of Wnt1/ B-catenin pathway results in inhibition of
phosphorylation of B-catenin, which then translocates to the nucleus and activates the
expression of TCF4/LEF and other downstream signaling genes including CSC genes [21].
We treated the A549 cells with two concentrations of VVJ (10 nM or 20 nM) and determined
the expression of Wntl, p-catenin and TCF-4 genes. To confirm the involvement of GSK-3f
in regulation of Wnt1/p-catenin pathway, we treated the A549 cells with various
concentrations of GSK-3p-specific inhibitor Chir99021 (MilliporeSigma) alone or in
combination with VVJ and determined the expression of p-catenin, TCF-4, Cyclin D1 and
LGRS using specific primers (Table 1) by employing real-time PCR.

In an independent experiment, we also determined the effect of VVJ on Notchl (another self-
renewal mechanism). We treated the A549 cells with VVJ (10 nM or 20 nM) for 24 h and
determined the expression of Notchl and its downstream signalling gene Hey1 using
specific primers in real-time PCR.

Statistical analysis:

Student’s t-test was performed to assess the significance between controls and the treated
groups. Difference between the two groups was considered statistically significant at p <
0.05, and highly significant at p < 0.001. Standard deviation (SD) of three independent
experiments was calculated using GraphPad software (version 4.03, San Diego California
USA, http://www.graphpad.com)

RESULTS

Inhibition of cell proliferation in A549 and H1793 cell lines by VJ:

The potency and efficiency of VJ to target lung cancer cells (A549 and H1793) was tested
by performing cell viability/proliferation assays. Treatment of cells with VVJ at
concentrations of 0, 1, 2, 5, 10, 20, or 50 nM for 24 h, 48 h or 72 h showed a significant
dose- and time-dependent inhibition of cell proliferation of both lung cancer cell lines (Figs.
1, 2). A549 and H1793 cell lines revealed 1C5q values of approximately 10 nM and 20 nM
respectively after 48 h of treatment. These results suggest profound anti-proliferative effect
of VJ on lung cancer cells thus highlighting its anti-cancer potential.

Induction of apoptosis in A549 cells by VJ:

While apoptosis or programmed cell death is a process that regulates cellular development.
Cancer cells often reveal deregulation of such apoptotic pathways that allow uncontrolled
cell proliferation [22]. Essentially anti-cancer drugs are known to induce apoptosis in cancer
cells, but fail to stop tumor progression by sparing tumor initiating CSCs. To determine the
induction of apoptosis by VJ, we performed apoptosis assays as described previously [20].
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Treatment of A549 cells with various concentrations of VVJ showed a significant increase in
the percentage of apoptotic cells. VVJ at a concentration of 10 nM was found to be saturated
and resulted in approximately 22% apoptotic (FITC labeled) cells after 24 h of treatment
detected by flow cytometry. These results (Fig. 3) suggested that VVJ induced apoptosis in
lung cancer cells (A549) in a dose-dependent manner similar to that in ovarian cancer cells
[20].

Inhibition of expression of CSC genes:

To determine if VJ targets CSCs in lung cancer, we determined the expression of CSC genes
(ALDH1, LGR5, OCT4 and CD133) in lung cancer cell line (A549) by exposing the cells to
VJ at final concentrations of 10 nM or 20 nM for 48 h. RNA was purified and subjected to
gene amplification by employing real-time PCR. As indicated in Fig. 4, VJ significanlty
inhibited the expression of ALDH1, LGR5, OCT4 and CD133 at both the concentrations. VJ
concentration of 20 nM was found to be more potent in inhibiting the expression of ALDH1
expression compared to 10 nM. These results clearly suggest that VJ targets CSC
populations by regulating expression of CSC genes at transcriptional level.

Inhibition of expression of CSC genes and self-renewal pathways by VJ:

Differentiation and self renewal are the basic characteristics of both stem cells and CSCs.
Some of these self-renewal mechanisms include Wnt1/B-catenin, Notchl, Sonic Hedgehog
(SHH), STAT3 and NFkp [23-29]. Several signaling pathways form complex signaling
networks to contribute to stem cell diversity during development of organism as well in CSC
biology by co-operative inter pathway interaction of various ligands and gene targets [30,
31]. Wntl/p-catenin signaling pathway plays critical roles in development, tissue
homoeostasis and self-renewal of stem cells/CSCs. To determine if the regulation of CSC
genes (shown in Fig. 4) is through the regulation of Wnt1/p-catenin pathway, we determined
the effect of Wntl, B-catenin and downstream effector gene (TCF-4) (Fig. 5) using specific
primers (Table 1) employed in real-time PCR analysis. Our results revealed that VJ inhibited
Whntl, B-catenin and TCF-4 (transcription) factor expression in a dose dependent manner,
suggesting that inhibition of expression of ALDH1, LGR5, OCT4 and CD133 CSC genes
could be achieved through the inhibition of Wnt1/B-catenin self-renewal pathway.

As depicted in Fig. 6, Wnt1/B-catenin signaling pathway, in its off state shows APC, Axin,
GSK-3p and p-catenin complex formation which leads to phosphorylation and subsequent
degradaton of B-catenin. In the, on state however, B-catenin fails to undergo phosphyrylation
and is translocated to the nucleus in order to regulate the transcription of TCF-4/LEF
(transcription factors) and other genes including CSC genes, Cyclin D1 and c-Myc [21].
GSK-3 (glycogen synthase kinase 3) is known to regulate transcription and cell proliferation
via B-catenin and the Wnt canonical pathway [32]. Hence, blocking the acivity of GSK-3
with specific inhibitor CHIR99021 revealed upregulation of p-catenin regulatory genes
(TCF-4, c-Myc, Cyclin D1 and LGR5) (Fig. 7) thus confirming the importance of GSK-3p
in regulating Wntl/B-catenin signaling pathway. To delineate if the effect of VJ is mediated
through the regulation of GSK-3p activity, we treated A549 cells with 10 nM VJ, 1 uM or 3
uM of CHIR99021, 1 pM CHIR99021 plus 10 nM VJ or 3 uM CHIR99021 plus 10 nM VJ.
As expected, VJ induced a significant inhibition of expression of TCF-4 and Cyclin D1,
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whereas CHIR99021 upregulated the expression of both TCF-4 and Cyclin D1 (Fig. 8).
Treatment of A549 cells with VVJ in combination with CHIR99021 attenuated the effect of
CHIR99021, suggesting that regulation of CSC genes by VJ is achieved through the
inhibition of Wntl/p-catenin self-renewal pathway. These results are very interesting and to
the best of our knowledge, the first observation being reported, indicating the regulation of
CSC population via the Wntl/B-catenin signaling mechanism by VJ thus strongly crediting
its anti-cancer property being regulated via self-renewal pathways.

Inhibition of Notch1l self-renwal pathway by VJ:

Notchl signaling pathway is associated with regulation of cell fate at several distinct
developmental stages and is one of the most important pathways involved in cancer initiation
and progression and CSC regulation in a variety of human cancers [33—-39]. Notchl
signaling is also involved in the process of EMT and hence responsible for conferring
stemness property and drug resistance [40, 41]. In addition, deregulation of the Notch
pathway is known to promote tumorigenesis and upregulation of genes such as Notchl and
Hey1 [42]. Treatment of A549 cell line with VJ resulted in a significant down regulation of
expression of Notchl and its downstream signaling gene Hey1 (Fig. 9), suggesting
regulation of Notch1 signaling pathway by VJ. However, the comprehensive expression
pattern of Notchl signaling genes and their relationship with CSCs remains yet to be
determined. A significant decrease in expression of CSC specific genes by VJ suggested that
VJ could certainly target both cancer cells and CSCs.

DISCUSSION

CSCs within a tumor share their enormous capacity for self-renewal, regeneration and
differentiation with the normal stem cells in adult tissues, embryonic stem cells and induced
pluripotent stem cells [14, 43] besides core attributes of chemo- and radio-resistance and
those that contribute to malignant progression, metastasis and cancer relapse [44]. Besides,
tumor micro-environment, stem cell related signal transduction pathways including Wnt/p-
catenin, Hedgehog, Notch are implicated in the phenomenon of EMT and metastasis, while
CSCs are closely associated with these cellular attributes [19, 44-46]. Moreover
conventional onco-therapy modalities and regimes have proven obsolete in terms of
complete disease free survival while avoiding relapse. Hence, targeting of these cardinal
signaling pathway components while considering the CSC subsets is of prime importance
[47].

Under this backdrop of CSC biology in lung cancer and inadequate information regarding
anti-metastatic effect of naturally occurring small molecule inhibitors/drugs/compounds
targeting CSCs, it was envisaged to evaluate VJ over conventional chemotherapeutic drugs
[48] known to impart chemo-resistance. An in vitro model comprising of advanced
malignant phenotype of NSCLC A549 and H1793 cells were employed initially to
determine cell viability under the influence of VVJ using MTT assays and to assess their 1Cgq
values. 1Csq of VJ was ~10 nM for A549 and 20 nM for H1793 respectively after 48 h of
treatment (Figs. 1, 2). Subsequently, in order to reveal how VJ reduced proliferation of these
cells in a dose-and time-dependent manner, cell apoptosis was assessed by Annexin V/PI
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method using flow cytometry based analysis. VVJ very prominently induced inhibition of cell
proliferation and reduced cell viability in lung cancer cell lines A549 and H1793 through the
induction of apoptosis. Increasing concentrations of VVJ increased the number of apoptotic
cells which substantiated the anti-cancer property of VVJ (Fig. 3). Further VJ resulted in a
dose dependent suppression of various CSC specific MRNA transcripts including ALDH1,
LGR5, OCT4 and CD133 (Fig. 4) as assessed by real-time PCR, thus suggesting the
targeting of varied CSC populations. These results are consistent with our earlier published
results for ovarian cancer [20].

Interestingly our results revealed down-regulation of key CSC genes, and hence we were
intrigued to investigate relevant self-renewal pathways such as Wnt1/B-catenin and Notch1,
besides the expression of CSC specific gene transcripts representing varied CSC subsets in
Ab549 lung cancer cells. Recently, the significance of CSC specific biomarkers such as
ALDH1, OCT4, Sox2, Nanog, BMI1, CD133, CD44, CD166, ABCB5, AGR2, TAZ in
elucidating the clinical characteristics manifested by tumors at different stages of
tumorigenesis and metastasis and as prognostic determinants in multiple tumor types was
reported [49]. ALDHL1 is a metabolic marker involved in retinoid signaling, and is related to
stemness, self-renewal, differentiation and self-protection of normal stem and CSCs both
and possesses role in drug resistance [50, 51] and radio-resistance [52]. It is expressed in
putative lung epithelial stem cell niches and implicated in poor overall survival outcome and
disease-free survival in lung cancer and advanced stage of the disease [53]. CD133 is
involved in glucose and transferrin uptake, autophagy, membrane—-membrane interaction,
matrix metalloproteinase functions, self-renewal, proliferation and differentiation during
damage repair and responsible for tumor metastasis, chemo-resistance, radio-resistance and
recurrence [54]. Besides Nanog and Sox2, OCT4 is core homeodomain transcription factor
of POU family required to maintain stemness, self-renewal and pluripotency of embryonic
stem cells, adult tissue stem cells, and essential for somatic cell reprogramming [55].
Overexpression of OCT4 is associated with tumorigenicity, metastasis and relapse in certain
cancers [19, 56]. OCT4 expressing bronchio-alveolar stem cell-like cancer cells detected in
lung adenocarcinoma reveal worse clinical outcomes [57]. LGR5, a member of G-protein-
coupled receptor superfamily is a CSC surface marker initially reported in colon cancer and
a target gene of Wnt signaling pathway and is implicated in tumor growth, invasion and poor
prognosis and recently detected in a subset of lung adenocarcinoma [58]. Taken together,
inhibition of expression of ALDH1, LGR5, OCT4 and CD133 by VJ suggests that it may
possess the potential to inhibit drug-resistance and recurrence of cancer, through the
regulation of expression of CSC genes, hence CSC populations. Recent research has
witnessed unprecedented increase in the exploration of phytochemicals in their potential to
directly influence CSC activity thus posing as attractive targets for developing CSC specific
therapeutics. Currently no clarity prevails with respect to the molecular mechanisms
involved and the identity of heterogeneous CSC populations being targeted which
collectively warrant further comprehensive investigation [59-63].

Whnt/B-catenin signaling pathway is crucial for cell development, proliferation,
differentiation, tissue homeostasis, self-renewal of stem cells and CSCs. Activation of Wnt1/
B-catenin pathway steers the B-catenin from cytoplasm to the nucleus which further binds
with T-cell factor/Lymphoid enhancer factor (TCF4/LEF) in the nucleus to regulate the
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expression of related target genes including Cyclin D1, c-Myc and several CSC specific
genes [21, 64]. A schematic representation (Fig. 6) depicts crucial steps involved in the
signaling mechanism and their respective on/off state functions. Wnt activation is reported in
various malignancies including breast, lung and hematopoietic system, and implicated in
chemo-resistance and tumor recurrence. Overexpression of c-Myc and Cyclin D1 is
implicated in tumorigenesis. On account of the cross talk of Wnt signal transduction
pathway with that of Notch and Sonic Hedgehog, Wnt signaling effectors and inhibitors may
provide huge implications for therapeutic interventions in various cancers [21]. To define the
mechanism involved in current study, a GSK-3 inhibitor (CHIR99021) was employed,
whereas in the combination treatment group, cells were exposed first to the inhibitor at
concentrations of 1 uM or 3 uM followed by VJ at concentration of 10 nM after 2 hours to
prevent p-catenin from being targeted which allowed p-catenin to accumulate and enter the
nucleus for transcription to be activated (GSK-3 is an inhibitor of Wnt pathway). Results
revealed that increased concentration of GSK-3 inhibitor (i.e. inhibitor of Wnt pathway
inhibitor), increased the expression levels of WNT1 as well as key WNT target genes
downstream, including c-Myc, TCF-4, p-catenin, Cyclin D1 and LGRS (Fig. 7). To reiterate,
combination group of lung cancer cell response reflected a significant destruction of self-
renewal mechanism and increased vulnerability/sensitivity to VJ in vitro (Fig 8), suggesting
that VJ may inhibit CSC gene expression through the regulation of Wnt1/B-catenin self-
renewal pathway.

Another important signaling pathway responsible for regulating self-renewal of stem cells
and CSCs is “Notchl signaling” which is known to regulate cell fate determination,
specification, proliferation, differentiation, apoptosis, stem cell maintenance, homeostasis of
multicellular organism and angiogenesis in normal physiology [65-67]. Notch1 signaling
regulates tumorigenesis, progression and therapeutic resistance of NSCLC and is linked with
CSC self-renewal and angiogenesis. Its up-regulation is associated with chemo- and radio-
therapy resistance, EMT, tumor progression and poor prognosis in NSCLC [68]. Hey1 being
a Hes-related transcriptional factor is a downstream effector gene in regulating Notch
signaling pathway [64]. Unscheduled cell cycle division in lung cancer progenitor cells
directed by Cyclin D1 activation is significantly associated with NSCLC tumor development
[69, 70]. Besides Wnt1/p-catenin pathway, a prominent inhibition of Notchl and Heyl
genes in response to VJ treatment was noted in current study (Fig. 9). VJ thus reflects
potential to be utilized further as a potent chemotherapeutic drug either alone and/or in
combination to target CSCs thus strongly validating that Wnt1/B-catenin as well as Notchl
self-renewal pathways both were involved and were activated. Targeting of specific CSC
subsets by the small molecule drug VJ is the mainstay of current study and will pave novel
paths in future towards personalized and precision medicine for lung cancer patients with
more effective outcome. Recently bioengineered tumor models have initiated a revolution in
anti-cancer drug validation process by serving as predictive models for testing drug safety
and efficacy [71]. Thus the current interesting findings in addition to those in ovarian cancer
[20] may lay the foundation for establishing 3D tumor model platforms for CSC targeted
drug screening and discovery.
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Figure 1. Effect of VJ on cell viability of A549 cells:
Lung cancer cells (A549) were treated with various concentrations of VJ for 24, 48 or 72

hours. Cell viability was determined by using MTT assays. Data shown is mean + S.D
(standard deviation) for three independent experiments. * represents significant (P < 0.05)
and ** represent highly significant (p < 0.001). ICsq value after 48 hours of treatment with
VJ was 10 nM.
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Figure 2. Effect of VJ on cell viability of H1793 cells:
Lung cancer cells (H1793) were treated with various concentrations of VVJ for 24, 48, or 72

hours. The data shown is mean + S.D (standard deviation) of three independent experiments.
* represents significant (p < 0.05) and ** represent highly significant (p < 0.001) values.
1C5q value after 48 hours of treatment was 20 nM.
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Figure 3. Effect of VJ on apoptosis of lung cancer cells (A549):
Induction of apoptosis after 24 hour of treatment of lung cancer cells (A549) with VJ at

concentrations of 0, 5, 10, 20 and 50 nM was examined by A) FACS analyses. Data in B
represents quantitative analysis. Cells gated in blue (in A) represent apoptotic cells
(Annexin-FITC*/PI*7). The data shown is mean + S.D. (std. deviation) of two independent
experiments plotted using GraphPad. * indicates significance (p < 0.05).
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Figure 4. Effect of VJ on expression of CSC genes:

Lung cancer cells (A549) were treated with 10 nM or 20 nM of VJ for 48 hour. Total RNA
was purified and subjected to real-time PCR for amplification of CSCs genes using specific
primers. The data shown is fold changes compared to control (vehicle treated cells) and is

mean + S.D for three independent experiments. * represents significant (p < 0.05).
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Figure 5. Effect of VJ on Wntl/p-catenin signaling:
Lung cancer cells (A549) were treated with 10 nM or 20 nM of VJ for 48 hour. Gene

expression was performed using real-time PCR using the specific primers for each gene.
Whntl/B-catenin signaling genes were evaluated for their expression in response to VJ
treatment. * represents significance (p < 0.05).
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Figure 6: Schematic of Wntl/B-catenin signaling pathway:
A. In the absence of stimuli (off-state), B-catenin undergoes phosphorylation at specific

residues by the GSK3p and CK1 kinases. Phosphorylated p-catenin undergoes proteosomal
degradation, therefore does not translocate to the nucleus. B. In the presence of Wnt ligands
(on-state), LRP5/6 and Fz, allowing Axin-Dv1 binding and the disassembly of the p-catenin
degradation complex. B-catenin is released in the cytoplasm and translocated to the nucleus.
In the nucleus B-catenin binds to TCF/LEF and activates several downstream genes. The
figure is reproduced from Bello et al [72]. Appropriate credit is provided by provided the
reference as per Creative Commons Attribution license (http://creativecommons.org/
licenses/by/4.0/).
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Figure 7. Effect of GSK3p inhibitor CHIR99021 on downstream signaling genes of Wnt1/p-

catenin pathway and LGRS5:

Lung cancer cells (A549) were treated with various concentrations of GSK3p inhibitor
CHIR99021 for 48 h. Effect of VVJ on downstream signaling genes (B-catenin, TCF-4, and
Cyclin D1, c-Myc) and LGR5 was evaluated using real-time PCR and specific primers for
each gene. CHIR99021 at a concentration of 3 pM was found to be significant. * indicates
significance (p <0.05). The data shown is mean £ S.D for three independent experiments. *
indicates significance (p <0.05).

Stem Cell Rev. Author manuscript; available in PMC 2020 August 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Udoh et al. Page 20
1.5+ 1.5+
TCF-4 Cyclin D1
o o
2 1.04 2 1.0
@ ©
T =
O o
T T
© 0.54 © 0.5+
N ¥ 1N
0.0- 0.0-
0\ Qb 0\ 4) N N
c‘[-"’;\’6 (‘é ‘b&ﬂ;\ Q@'{’\ x $ xﬁ\?‘ 0‘)66 g\é X Q@q’ x'\Q x'bQ
S & & &8 S §
C o <& i S & Q Q
“\o& \‘ok § N 5 o D >
N oR .&“ .bsi“

Figure 8. Effect of VJ (10 nM), GSK3p inhibitor CHIR99021 (1 uM, 3 pM) and combination of
GSK3B inhibitor CHIR99021 and VJ on downstream signaling genes (TCF-4 and Cyclin D1):

Lung cancer cells (A549) were treated with various concentrations of GSK3p inhibitor
CHIR99021 or VJ or combination of both for 48 h. Expression of downstream signaling
genes TCF-4 and Cyclin D1 was evaluated by real-time PCR using specific primers. *
indicates significance (p <0.05).
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Figure 9. Effect of VJ on Notch1 signaling:

Lung cancer cells (A549) were treated with VJ at a final concentration of 10 nM or 20 nM
for 48 hour. The data presented is gene expression (fold change) analyzed by real-time PCR
employing specific primers for each gene. * represents significance (p < 0.05).
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Table 1.

Primers sequences for various genes employed in real-time PCR

Gene Sense (Forward) Anti-Sense (Reverse)

WNT1 CTCTCTTCTTCCCCTTTGTC AACTCGTGGCTCTGTATCC

B -catenin | TGGATGGCCTGCCTCCAGGTGAC | ACCAGCCCCTCGAGCCC

TCF-4 TATGCTCCATCAGCAAGCACTG TGGATGCAGGCTACAGTAGCTG
Notch 1 TCAGCGGGATCCACTGTGAG ACACAGGCAGGTGAACGAGTTG
HEY1 TGGATCACCTGAAAATGCTG TTGTTGAGATGCGAAACCAG
LGR5 GCAAACCTACGTCTGGACAA TGATGCTGGAGCTGGTAAAG
ALDH1 GCACGCCAGACTTACCTGTC CCACTCACTGAATCATGCCA
Oct-4 CGCTGGCTTATAGAAGGT ACAGGTGTCATAAGAATGGATA
CD133 AGTGGCATCGTGCAAACCTG CTCCGAATCCATTCGACGATAGTA
c-Myc GGACGACGAGACCTTCATCAA CCAGCTTCTCTGAGACGAGCTT
CyclinD1 | GCATGTTCGTGGCCTCTAAGTA TCGGTGTAGATGCACACAGC
GAPDH TGATGACATCAAGAAGGTGGT TCCTTGGAGGCCATGTGGGCC
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