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Background: Present study examines phytochemical preparation that uses berberine’s
plant source B. aquifolium root for availability of similar anti-cervical cancer (CaCx) and anti-
HPV activities to facilitate repurposing of the B. aquifolium based drug in the treatment
of CaCx.

Purpose: To evaluate therapeutic potential of different concentrations of ethanolic extract
of B. aquifolium root mother tincture (BAMT) against HPV-positive (HPV16: SiHa, HPV18:
HeLa) and HPV-negative (C33a) CaCx cell lines at molecular oncogenic level.

Materials andMethods: BAMT was screened for anti-proliferative activity by MTT assay.
Cell cycle progression was analyzed by flowcytometry. Then, the expression level of
STAT3, AP-1, HPV E6 and E7 was detected by immunoblotting, whereas nuclear
localization was observed by fluorescence microscopy. Phytochemicals reportedly
available in BAMT were examined for their inhibitory action on HPV16 E6 by in silico
molecular docking.

Results: BAMT induced a dose-dependent decline in CaCx cell viability in all cell types
tested. Flowcytometric evaluation of BAMT-treated cells showed a small but specific cell
growth arrest in G1-phase. BAMT-treatment resulted in reduced protein expression of key
transcription factors, STAT3 with a decline of its active form pSTAT3 (Y705); and
components of AP-1 complex, JunB and c-Jun. Immunocytochemistry revealed that
BAMT did not prevent the entry of remnant active transcription factor to the nucleus, but
loss of overall transcription factor activity resulted in reduced availability of transcription
factors in the cancer cells. These changes were accompanied by gradual loss of HPV E6
and E7 protein in BAMT-treated HPV-positive cells. Molecular docking of reported active
phytochemicals in B. aquifolium root was performed, which indicated a potential
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interference of HPV16 E6’s interaction with pivotal cellular targets p53, E6AP or both by
constituent phytochemicals. Among these, berberine, palmatine and magnoflorine
showed highest E6 inhibitory potential.

Conclusion: Overall, BAMT showed multi-pronged therapeutic potential against HPV
infection and cervical cancer and the study described the underlying molecular mechanism
of its action.

Keywords: Cervical cancer, Berberis aquifolium, Cell cycle, STAT3, AP-1, Oncoprotein, HPV16 E6, Molecular
Docking

INTRODUCTION

Berberis aquifolium commonly known as Oregon grape or Mahonia
is a widely used medicinal plant by native North American Indian
tribes, in Chinese medicine and in many other traditional medicines
(Duke and Ayensu 1985; Satyavathi et al., 1987; Moerman 1998).
The root and root bark is used as laxative, diuretic, cholagogue,
alterative, and blood tonic (Bown and Herb Society of America.
1995; Chevallier 1996). B. aquifolium root extracts are used to treat
psoriasis, syphilis, haemorrhages, gastric disorders, sore throats, and
bloodshot eyes. B. aquifolium is extensively used in alternative
medicine system (Boericke 2001). Mother tincture prepared from
B. aquifolium root is a remedy for the skin, chronic catarrhal
affections, secondary syphilis, hepatic torpor, and lassitude.

Briefly, CaCx is the fourth leading cancer of women with an
annual incidence of 570,000 and mortality 311,000 (Arbyn et al.,
2020). To make things worse, over 85% CaCx cases and resultant
deaths are reported from low resource countries. Contrastingly,
China and India alone collectively contributed more than a third
of the global burden. CaCx is caused by persistent infection of
high-risk HPV primarily HPV16 (> 50% cases) and followed by
HPV18 (∼15% cases) (IARC 2012). HPV codes for two key
oncoproteins E6 and E7 that drive cervical carcinogenesis by
physically interacting and targeting functions of p53 and pRB,
respectively (Yeo-Teh et al., 2018). Loss of p53 and pRb are both
key players in cell cycle dysregulation. Among these two, E6 plays
a more dominant role by making a complex with p53 in
association with host-derived E6-associated protein (E6AP)
(Scheffner et al., 1990; Huibregtse et al., 1991). 3D-structure of
co-crystallized E6-E6AP-p53 revealed binding of E6 to the
conserved domain of E6AP occurs via the LxxLL consensus
sequence (Martinez-Zapien et al., 2016). E6 and E6AP
together form a heterodimer that degrades p53.

Expression of E6/E7 is tightly controlled by early promoter
located downstream to an untranslated Upstream Regulatory
Region (URR) that contains cis-regulatory elements for
binding of viral regulatory protein E2 and host-derived
transcription factors like AP-1, STAT3, among several others
(Shishodia et al., 2018). AP-1 is a redox sensitive transcription
factor (Angel et al., 1987), whereas STAT3 is a pro-carcinogenic
and pro-inflammatory transcription factor (Bromberg et al.,
1999). Both the transcription factors are found overexpressed
and constitutively active in the cervical cancer cells and their
expression and activity increased with disease severity (Prusty
and Das 2005; Shukla et al., 2010). These transcription factors

played a functional regulatory role in the expression of viral
oncogenes (Shukla et al., 2013). Experimental targeting of E6/E7
activity/expression by targeting viral transcription using synthetic
pyrrolidine-dithiocarbamate (PDTC) (Rosl et al., 1997), or
natural anti-oxidants (curcumin, berberine or other
phytochemicals), anti-sense oligos, RNA interference or by
different genome targeting approaches induced remarkable
growth inhibition, cell cycle arrest and induction of apoptosis/
senescence in CaCx cells (reviewed in (Bhartih et al., 2018)).

Despite being a highly preventable disease due to viral
etiology, availability of prophylactic vaccines and substantial
understanding of the disease mechanism leading to several
preclinical leads (Bharti et al., 2018), there is no clinically-
available anti-HPV therapeutics as yet. Therefore, taking leads
obtained from berberine, we explored preparations in clinical
practice that may potentially contain berberine as one of the
constituent. In this regard, B. aquifolium mother tincture
(BAMT) which is an ethanolic extract of B. aquifolium root,
was studied in the current investigation. Apart from berberine, B.
aquifolium root contains several other medicinally-useful
constituents like berbamine, hydrastine, jatrorrhizine,
magnoflorine, oxyacanthine, columbamine, obamegine,
aromoline, and palmatine (USDA 1992-2016) that can
potentially act against HPV and/or CaCx. Therefore, in the
present investigation, we examined if phytomedicine based on
B. aquifolium could be repurposed for treatment of CaCx by
using well-established cell and molecular biology and
bioinformatics assays. We evaluated cell viability, cell cycle,
effects on transcription regulators of viral oncogenes, and
expression of oncoprotein E6 and E7. Further, we examined
the molecular interaction of constituent phytochemicals in
silico on HPV16 E6 and its ability to interact with
corresponding cellular targets that promote cervical
carcinogenesis.

MATERIALS AND METHODS

Chemical and Reagent
B. aquifolium MT (ethanol content 70% in water; batch
no.–UM180120 (3/2018)) were procured from authoritative
sources SBL–Sharda Boiron Laboratories Private Limited,
India; a GMP-certified firm. The alcohol (ethanol) utilized to
prepare the drug was used at corresponding concentration
uniformly as negative control. The cell culture media, trypsin-
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EDTA and penicillin-streptomycin solution were procured from
HiMedia (India). MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide), DAPI (4′,6-diamidino-2-
phenylindole) and all other reagents were of analytical grades
and were procured from Sigma-Aldrich Chemicals unless
specified.

Cell Culture
Human CaCx cell lines with known HPV positivity for HPV type
16 - SiHa and HPV type 18 - HeLa; and HPV negative C33a were
originally procured from ATCC and were maintained in DMEM/
MEM supplemented with 10% FBS and 1% antibiotic (penicillin
and streptomycin) as mycoplasma contamination-free cultures.
All cell lines were maintained in 5% CO2 incubator at 37°C. The
cell lines were tested for HPV positivity and genotype by using
HPV consensus L1 and HPV type-specific PCR periodically for
ensuring authenticity and rule out cross contamination
(Supplementary Figure SF1).

MTT Cell Viability Assay
Cell viability assay was performed as described earlier (Bharti
et al., 2003) with minor modifications. Briefly, CaCx cells (2 ×
103) were seeded in triplicate in a tissue culture grade 96-well
plate in a final volume of 0.1 ml overnight at 37°C in a CO2

incubator and subjected to drug treatment as indicated by
diluting in complete medium (10–0.01%). Ethanol at
corresponding strength was used uniformly as vehicle control
to treat CaCx cells. Thereafter, 0.025 ml of MTT (3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide)
solution (5 mg/ml in PBS) was added to each well. After 2 h
incubation at 37°C, the culture medium was removed and 100 µl
lysis buffer (20% SDS; 50% dimethylformamide) was added and
incubated overnight at 37°C for solubilisation of formazan
crystals. The optical density (OD) at 570 nm was measured
using a 96-well Multiscanner Autoreader (Biotek,
United States). BAMT was inherently colored and hence,
interfered with colorimetric assays at higher concentrations.
Therefore, cell-free reagent controls were uniformly used to
subtract reagent OD. The percentage of viable cells was
calculated using the following formula:

Percent Cell Viability � (OD of the experiment samples/OD of the control)

× 100.

Calculation of IC50 of the homoeopathic preparations: IC50 of
the drug was calculated with non-linear regression analysis on log
transformed normalized values of BAMT dosage points using
Prism (Version 8.0.2; GraphPad Software, CA, United States).

Cell Cycle Analysis by Flowcytometry
Cell cycle analysis was performed by RNase and propidium
iodide (PI) staining followed by flowcytometry as described
earlier (Bharti et al., 2003) with some minor modifications.
Briefly, CaCx cells were seeded into 6-well plates at a density
of 5 × 104 cells/well. Cells were treated with indicated
concentrations of BAMT or vehicle control. At completion of
treatment, the cells were harvested by trypsinization using 0.3 ml

of 1X Trypsin-EDTA solution, washed with PBS containing 10%
serum, fixed in 70% ethanol. After overnight incubation at −20°C,
cells were washed and stained with PI by suspending in staining
buffer (10 μg/ml (BD Biosciences, United States), 0.5% Tween-20;
0.1% RNAase) for 40 min at 4°C in dark. The cells were analysed
by FACSAriaIII equipped with FACSDiva software (BD
Biosciences). A total of 10,000 events were acquired for each
sample. For analysis, the cells were gated to exclude cell debris,
cell doublets and cell clumps to identify the single cell population
first using PI width vs. PI area. The gates were applied to the PI
histogram plot.

Immunoblotting
Levels of different proteins were evaluated by immunoblotting as
described earlier (Shukla et al., 2010). Briefly, CaCx cells (1 × 106

cells/100 mm plate) were treated as described. At the end of
treatment, the cells were scraped, collected and washed with ice
cold 1X PBS. Total cellular proteins were extracted by re-
suspending the pellet in the cell lysis buffer (20 mM Tris (pH
7.4), 250 mM NaCl, 2 mM EDTA (pH 8.0), 0.1% Triton X-100,
0.01 mg/ml aprotinin, 0.005 mg/ml leupeptin, 0.4 mM PMSF,
and 4 mM Na3VO4). Lysates were spun at 14,000 rpm in a
microfuge for 10 min to remove insoluble material and clear
supernatant for each sample was collected. The concentration of
proteins was determined by spectrophotometric method and the
proteins were stored in aliquots at −80°C till further use. Proteins
(40 μg/lane) were resolved in 10–12% polyacrylamide gel using
2X Laemmli buffer (100 mMTris-HCL pH 8.0, 20 mMEDTA pH
8.0, 4% SDS, 20% glycerol, 10% β-mercaptoethanol, 0.02%
bromophenol blue) and transferred to PVDF membranes
(0.22 µM; Millipore Corp, Bedford, MA, United States) by wet
transfer method. During PAGE, border lanes were loaded with
Precision Plus Protein Dual Color Standards (Bio-Rad,
United States; Catalog# 161–0374) protein pre-stained marker.
Blot was cut between 25 and 37 kDa bands. Upper blot (with
≥37 kDa proteins) was used for detection of transcription factors
and lower blot (with ≤25 kDa proteins) was used for detection of
HPVE6/E7 proteins. The membranes were blocked in 5% BSA
(prepared in 0.1% Tween-20 in Tris-Borate Saline) and probed
with specific antibodies in a probing-stripping-reprobing cycle.
Upper blot was first incubated overnight at 4°C in the pre-
standardized dilution of primary antibody against
pSTAT3(Y705), and subsequently re-probed with anti-STAT3,
anti-JunB, anti-c-Jun, and β-actin. Similarly, lower blot was
incubated first with HPV16/18 E6 and subsequently re-probed
with either HPV16 E7 or HPV18 E7 depending upon the cell type.
Antibodies and their specific dilution in the blocking solution
used in different assays are described in Supplementary Table S1.
Absence of leftover signal following stripping was ascertained
before the next reprobing cycle. During each probing, blots were
washed, incubated with horse reddish peroxidase (HRP)-
conjugated anti-mouse/rabbit IgG secondary antibodies and
visualized by Luminol detection kit (Santa Cruz Biotech,
United States) under Amersham Imager 600 (GE Life Sciences
ABI, Sweden). The western blot membranes were stripped at each
interval using mild stripping buffer (1.5% glycine, 0.1% SDS, 1%
Tween-20 pH-2.2) for 15 min at room temperature followed by
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re-blocking. β-actin expression was used as an internal control.
The quantitative densitometric analysis of the bands was
performed using ImageJ software (NIH, United States).

Immunocytochemistry and Fluorescence
Microscopy
Subcellular localization of various proteins was determined by
ICC as described earlier (Bharti et al., 2003) with minor
modifications. CaCx cells were seeded on coverslips in 6 well
plates at a density of 5,000 cells/well. After overnight incubation,
the cells were treated. When the treatment got over, the medium
was removed, and cells were rinsed with 1X PBS for 3 times. Cells
were fixed in 4% paraformaldehyde for 20 min and permeabilized
with 0.2% Triton X-100 in 1X PBS. Cells were blocked with 5%
BSA in 1X PBS for 1 h. Cells were incubated with primary
antibodies (Supplementary Table ST1) for 3 h followed by
incubation with fluorescently tagged secondary antibodies for
1 h. Counter staining was done with DAPI at a concentration of
50 ng/ml. Finally, the coverslips were mounted on a microscope
slide with Fluor mount as mounting media. Preparations were
visualized using a ZEISS ImagerZ2 microscope. Fluorescence
intensity analyses were performed using ImageJ software (U.S.
National Institutes of Health).

In Silico Molecular Docking of
Phytochemicals to HPV16 E6 Molecule
Preparation of HPV16 E6 Structures
Two recent protein structures of HPV16 E6 i.e. chain B of 6SJA (aa7-
158; resolution 1.5 Å) that represents native conformation of E6 (non-
p53 interacting) (Suarez et al. 2019) and chain F of 4XR8 (aa8-158;
resolution 2.25 Å) that represents p53-interacting conformation of E6
(Martinez-Zapien et al. 2016) were downloaded from RCSB PDB
website (http://www.rcsb.org/pdb/home/home.do). The analysable
part of Chain B (aa7-aa140) and chain F (aa7-aa143)
corresponding to aa14 -aa147 and aa14 -aa150, respectively in
UniProtKB Reference sequence for E6 P03126 were used for
analysis. Chain B of 6SJA differed from reference protein at
position 54 as it had ARG instead of PHE. The original crystal
structures were processed in PyMOL to remove non-E6 components
of the structure and chain B of 6SJA and chain F of 4XR8 structure
were isolated. Chain B of 6SJA and chain F of 4XR8 structure were
independently used to dock phytochemical ligands. Apart fromRCSB
PDB database, Online file format converting tools (https://cactus.nci.
nih.gov/translate/), NCBI (https://www.ncbi.nlm.nih.gov/), Online
Alignment Tool (http://www.ebi.ac.uk/Tools/psa/emboss_needle/)
and softwares AutoDock Tools 1.5.6 (ADT) (http://autodock.
scripps.edu/resources/adt), PyMOL (https://www.PyMOL.org/) and
Discovery Studio (http://accelrys.com/products/collaborative-science/
biovia-discoverystudio/visualization-download.php) were used in
present study. The protein structures were processed before
docking by ADT. The water molecules were deleted, non-polar
hydrogens added into carbon atoms of the E6 molecule and
Kollman charges were also assigned. Gasteiger charges were
assigned and torsions degrees of freedom were allocated by ADT.

Preparation of Ligands
The phytochemicals likely to be present in the root of Berberis
aquifolium were identified from Dr. Duke’s Phytochemical and
Ethnobotanical database (USDA 1992–2016). The molecular
structures of the phytochemicals were retrieved from NCBI
PubChem and converted to. pdb format using Online SMILES
Translator and Structure File Generator. For each docking, the
central atom and number of active bonds in ligand were detected
and saved as. pdbqt file.

Molecular Docking
E6 structure and ligandmolecules to be used for dockingwere defined,
and the search space (Grid box) was specified using AutoGrid (part of
the AutoDock package) around E6 molecule for a blind docking. A
grid of 126, 126, and 126 points in the x, y, and z directions and the
whole E6 molecule was centred by running the AutoGrid. Protein-
ligand docking studies were performed using the AutoDock 4.2
program. The Genetic Algorithm was applied to model the
interaction pattern between the E6 protein and the
phytochemicals. For all docking procedures, 10 independent
genetic algorithm runs with a population size of 150 were
considered for each molecule under study. A maximum number
of 2.5 × 105 energy evaluations, 27,000 maximum generations, a gene
mutation rate of 0.02, and a crossover rate of 0.8 were used. AutoDock
was run in order to prepare corresponding docking log file (.dlg) for
further analysis. The E6 as rigid molecule, ligand and docking
parameters were defined and AutoDock4 was launched. The
resultant log file was then used for further deriving the
information pertaining to Binding Energies (BE) and Inhibition
Constants (IC) of different conformations. The macromolecule and
ligand complex was saved in. pdb format to be analyse in PyMOL.

Visualization
The visualization of structure files was done using the graphical
interface of the ADT tool and the PyMol molecular graphics
system and Discovery Studio Visualizer.

Statistical Analysis
The data analysis was performed using the Microsoft Excel and
IC50 was calculated using Prism (GraphPad). All cell culture
experiments were carried out at least in 3 independent runs.
Statistical significance of difference between the 2 test groups was
analysed by the Student’s t-test and multiple comparisons versus
control group was assessed by analysis of variance. In all cases, p
value ≤ 0.05 was considered to be significant. The distribution of
data set was normalized using Shapiro-Wilk normality test (p >
0.05). Further, we performed One way ANOVA and post hoc test
for multiple comparisons.

RESULTS

BAMT Induced a Dose-dependent Decline
in CaCx Cell Viability
To assess the anti-cervical cancer response, cultures of CaCx cell
lines, C33a, SiHa and HeLa were incubated with increasing
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dilutions of the drug (BAMT) for 24 h and the cell viability was
evaluated by MTT assay. The BAMT-treated CaCx cell cultures,
irrespective of their HPV status, showed a dose-dependent loss of
cell viability >Figure 1). The cytotoxic response was also
observable at higher dilutions (0.01 and 0.1%) in all the cell
types and showed a distinct difference from the cytotoxicity
displayed by the VC (IC50: C33a (BAMT–0.17% vs.
VC–9.09%), SiHa (BAMT–0.65% vs. VC–14.12%) and HeLa
(BAMT–0.67% vs. VC–17.28%)).

BAMT Induces Cell Cycle Arrest at G0/G1
Checkpoint in CaCx Cells
Growth inhibitory effect of BAMT was investigated further to
assess the distribution of cells in different phases of the cell
cycle using flow cytometry. C33a SiHa and HeLa cells treated
with BAMT (1 and 10%) or corresponding VC for 24 h showed
a decline in the number of cells in S and G2/M phase and an
equivalent increase in G0/G1 phase of the cell cycle
(Figure 2A). Evaluation of changes in cell distribution in G1
phase in different experiments revealed a small but statistically
significant increase in G0/G1 phase (Figure 2B). These
differences were perceivable in live adherent cells at both the
concentrations of BAMT tested (1 and 10%) as compared to
cells treated with corresponding VC.

BAMT Downregulated Expression of
Oncogenic Transcription Factors in CaCx
Cells
Next, we examined the level of transcription factors, STAT3
and AP-1 proteins, JunB and c-Jun in BAMT-treated CaCx
cells. BAMT-treated cells irrespective of their infecting HPV
genotype showed a dose-dependent decline in the level of
pSTAT3(Y705) and STAT3 (Figure 3). However, it was
intriguing to note that overall STAT3 level that included
non-phosphorylated STAT3 declined sharply in contrast to
pSTAT3. Though, cells treated with VC also showed a similar
dose-response with reduced pSTAT3/STAT3 but the reduction

was of a lower magnitude. The pSTAT3/STAT3 levels of
treated HeLa cells were erratic and decline of pSTAT3/
STAT3 levels were seen at BAMT (5%). BAMT-treated SiHa
cells, on the other hand, failed to show significant changes in
JunB and c-Jun level with respect to untreated or VC-treated
cells and the response was inconsistent, whereas a specific
decline in JunB and c-Jun was recorded for BAMT-treated
HeLa cells.

Effect of BAMT on Nuclear Localization of
Oncogenic Transcription Factors in CaCx
Cells
BAMT-treated SiHa cells immune-stained for different
transcription factors were subjected to fluorescence
microscopy to visualize the localization of these
transcription factors within the cell and their translocation
into the nucleus (Figure 4). BAMT-treated SiHa cells showed
dose-dependent decline in overall pSTAT3 and STAT3
staining. Both pSTAT3, STAT3 staining in cytoplasm
significantly declined, whereas a relatively-reduced but still
prominent staining was detected in the nuclei. A concomitant
reduction in the nuclear size of many of the live cells in culture
was noted in some microscopic fields. Strong positivity of
JunB in the nuclei and a diffused positivity of c-Jun well
distributed in cytoplasm and nuclei was detected in control
cells. Following BAMT-treatment, a marked decline in JunB
and c-Jun was noted (Figure 4C). However, there was no
notable re-distribution of these AP-1 components was
observed in BAMT-treated cells at any strength of drug
tested (Figures 4A,B).

BAMT Reduced the Expression of HPV
Oncoproteins E6 and E7 in CaCx Cells
To assess the downstream effect of BAMT on level of viral
oncoproteins in treated cells, the lower part of the membranes
derived from immunoblotting experiments with proteins
≤25 kDa were used to measure transcription factor

FIGURE 1 | Effect of Berberis aquifoliummother tincture (BAMT) on the viability of different CaCx cell lines. Each panel shows percent cell viability of different HPV
negative (C33a) and HPV positive (SiHa and HeLa) CaCx cell lines treated with increasing concentrations (0.01, 0.1, 1 and 10%) of MT of B. aquifolium at 24 h. The cell
viability was measured by MTT assay as described in methods. Cells were similarly treated with succussed ethanol strength for MT- 70%) at corresponding
concentration of alcohol content in the drug as alcohol/vehicle control. The results are representative of three independent experiments with similar results, data
represent mean ± SD with *p values ≤ 0.05 with respect to control. #p values ≤ 0.05 compared to cultures treated with corresponding concentrations of vehicle control.
Solid lines represent drug and broken lines represent vehicle control.
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expression were probed for HPV16/18 E6 and E7 (Figures
5A,B). A dose-dependent decline of both HPVE6 and E7
proteins in SiHa and HeLa cells was noted, but the
response achieved statistical significance only at higher
concentrations (2.5 and 5%). The inhibition of E6 and E7
expression was stronger for HeLa cells and was only
marginally better than the VC in SiHa cells.
Immunocytochemical staining of SiHa cells further
confirmed the loss of E6 and E7 proteins (Figure 5C).

However, the nuclear positivity of E6 and E7 was not
affected in BAMT-treated cells.

Anti-Oncogenic Potential of
Phytochemicals Presents in BAMT on HPV
E6 Activity
The disparity between strong inhibitory effect of BAMT and
moderate effect on HPV16 E6 and E7 was investigated further

FIGURE 2 | Effect of BAMT on distribution of cervical cancer cells in different phases of the cell cycle. (A) Representative flowcytometric analysis showing
histograms of propidium iodide-stained nuclei from BAMT-treated CaCx cells. Cell were gated for G1, S and G2/M phases. (B). Cumulative analysis of total cell
population in G1 phase after treatment with BAMT or alcohol. Data represent mean ± SD with *p values ≤ 0.05 with respect to control. #p values ≤ 0.05 compared to
cultures treated with corresponding vehicle control (VC).
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using in silico molecular docking approach. Phytochemicals
reportedly present in root of B. aquifolium root were
downloaded and a blind molecular docking was performed
against two most recent high-resolution crystal structures of
HPV16 E6 present in PDB, 6SJA (chain B) and 4RX8 (chain
F) Supplementary Figures SF2A, SF2B. Molecular docking
characteristics of each phytochemical and the interacting
amino acid residues with potential binding partners in the

HPV16 E6 binding pocket were identified. The
carcinogenically-relevant amino acid residues were
determined using reported key interacting motifs and
participating amino acid residue for p53, E6AP, PDZ, and
Zn-binding domain (Supplementary Table ST2). Among the
top 10 confirmations obtained for each phytochemical from
docking experiments (Supplementary Tables ST3, ST4),
only the best-ranked docking conformation with lowest

FIGURE 3 | Effect of BAMT on expression of pSTAT3, STAT3 and AP-1 components, JunB and c-Jun. (A). Representative immunoblots of total cellular proteins
(40 µg/lane) isolated from BAMT-treated SiHa (A) or HeLa cells (B) separated on 10% SDS-PAGE were transferred on PVDF membrane and first probed for
pSTAT3(Y705), and then reprobed for STAT3, JunB, c-Jun and β-actin (upper panels). Graphs (Lower panels) show aggregated normalized fold change in band
intensities of pSTAT3, STAT3, Jun B and c-Jun obtained from densitometric analysis. Values are means ± S.D. (indicated as error bars) of the three independent
measurements. *p value <0.05 vs. control. #p value <0.05 vs. vehicle control (VC).
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binding energy are described in Table 1 Berberine showed a
strong interaction with 6SJA but showed a moderate binding
to 4XR8 structure. Notably, magnoflorine and palmatine
showed a stronger specific interaction with E6 than
berberine and manifested high negative binding energies
and low inhibition constants (Figure 6A). Most of the
interactions involved either p53 interacting pocket
(columbamine), or E6AP interacting pocket of E6
(obamegine and aromoline), or both (berbamine,
palmatine, jatrorrhizine, magnoflorine, oxyacanthine) with
different affinities (Table 1). In case of E6 conformation
4XR8, most of the interactions involved amino acid
residues that were common to p53 and E6AP binding
pockets, though the corresponding negative binding
energies were comparatively less than their respective
interaction in E6 (6SJA) (Table 1). Cumulative analysis of
all interacting amino acid residue revealed, L100 and R131 as
the most targeted residues of E6 in both the structures that

participated in interaction with p53 and E6AP, respectively
(Figure 6B).

DISCUSSION

In this report, we show the presence of anti-CaCx and anti-HPV
activity in the B. aquifolium-based herbal preparation. BAMT
induced a dose-dependent decline in the viable CaCx cells
irrespective of their HPV status. Remnant BAMT-treated cells
showed G1 phase growth arrest. BAMT induced a decline in
STAT3, JunB and c-Jun, however, their nuclear localization was
not affected. Reduction in STAT3/pSTAT3 level was more
consistent in SiHa cells, whereas, alterations in AP1 members
were consistent in HeLa cells suggesting different targets/
mechanisms of inhibition. Nevertheless, a decline in HPV E6/
E7 expression in CaCx cells irrespective of the cell type was noted
in association with loss of the transcription factors in BAMT-

FIGURE 4 | Localization of pSTAT3, STAT3, JunB and c-Jun in BAMT-treated SiHa cells. Representative fluorescence photomicrographs showing distribution of
indicated transcription factors in BAMT-treated and control cells by immunocytochemistry. Cells were fixed, stained with respective antibodies and detected with goat
anti-mouse IgG-Alexa-594 (for pSTAT3Y705 and STAT3; Red; (A) and goat anti-rabbit-IgG-Alexa-488 (Jun B and c-Jun; Green; (B) and counterstained with DAPI
(Blue). Arrow indicates nuclei with reduced size. The expression level was measured by ImageJ and plotted as mean ± SEM of the representative experiment out of
three independent experiments (C). Values were obtained by analyzing at least 30 cells per specimen. *p value < 0.05 vs. control. #p value < 0.05 vs. vehicle control (VC).
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treated cells. Using in silico molecular docking we show for the
first time presence of anti-HPV activity in phytochemicals of
BAMT that could strongly interfere with the normal function of
HPV16 E6 to bind p53 and E6AP. We identified leading BAMT-
constituent molecules showing highest negative free energy for
cooperative binding to HPV16 E6.

The cell viability study demonstrated that anti-CaCx activity
reported in berberine (Jantova et al., 2003; Mahata et al., 2011;
Chu et al., 2014; Saha and Khuda-Bukhsh 2014), is well
represented in BAMT. Early studies showed B. aquifolium
constituents to be effective in preventing cell growth of human
keratinocytes during psoriasis (Muller et al., 1995), a pro-
inflammatory hyperproliferative disease. However, direct effect
of BAMT on cervical cancer has not been reported. In a study

where HeLa cells were treated with B. aquifolium ethanolic
extracts that resembled BAMT, showed similar growth
inhibition with comparable IC50 values (Damjanović et al.,
2016). Interestingly, berberine specifically targeted HPV-
positive CaCx cells (Mahata et al., 2011), whereas, BAMT
could prevent the growth of both HPV-positive and HPV-
negative CaCx cells. The reasons behind broader spectrum of
BAMT’s response are not known. Besides berberine, ethanolic
extracts of B. aquifolium root are known to contain high
concentrations of other metabolites like berbamine, palmatine,
hydrastine, jatrorrhizine, oxyacanthine, columbamine,
obamegine, and aromoline (Godevac et al., 2018, USDA
1992–2016) that could possibly contribute to the anti-cancer
effects of BAMT. BAMT has been reported to contain high

FIGURE 5 | Effect of BAMT on expression of HPV oncoproteins E6 and E7 and localization. A. and B. Lower blot (with ≤25 kDa proteins) of the representative
experiment shown in Figure 3. BAMT-treated SiHa (A) or HeLa cells (B) were first probed for HPV E6, and then re-probed for HPV E7 (upper panels). *β-actin of
corresponding upper blot is reproduced for comparison. Graphs (Lower panels) show aggregated normalized fold change in band intensities of HPV E6 and HPV E7
obtained from densitometric analysis. Values are means ± S.D. (indicated as error bars) of the three independent measurements. C. and D. Representative
fluorescence photomicrographs showing distribution of HPV16 E6 and E7 in BAMT-treated and control SiHa cells by immunocytochemistry (C). Cells were fixed, stained
with HPV16/18 E6 and HPV16 E7 antibodies and detected with goat anti-mouse IgG-Alexa-594 (Red) and counterstained with DAPI (Blue). The expression level was
measured by ImageJ and plotted as mean ± SEM of the representative experiment out of three independent experiments (D). Values were obtained by analyzing at least
30 cells per specimen. *p value < 0.05 vs. control. #p value < 0.05 vs. vehicle control (VC).
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alkaloid content equivalent to 5.5 mg/ml of berberine but a net
content of berberine is only 0.5 mg/ml (Ungurean et al., 2018).
Therefore, the resultant effect seen in BAMT-treated CaCx cells
could be multifactorial and could be contributed by phytochemicals
other than berberine. Indeed, many phytochemical constituents like
berbamine (Wang et al., 2009), palmatine (Hagiwara et al., 2015; Liu
et al., 2020), hydrastine (Guo et al., 2016), jatrorrhizine (Liu et al.,
2013), magnoflorine (Sun et al., 2020; Wei et al., 2020), and
columbamine (Bao et al., 2012) have displayed anti-cancer
properties in different tumor models.

Induction of cell death is a major contributor to reduced cell
growth in BAMT-treated cells as observed in the MTT assay. We
were particularly interested in cell cycling state of BAMT-treated
cells, which survived BAMT and remained attached in cultures.
These cultures showed a small but significant increase in
proportions of CaCx cells in G1-phase in all cell types tested.

Berberine is known to induce cell cycle arrest predominantly in
G1-phase (Eom et al., 2008; Yan et al., 2011; Puthdeei et al., 2017;
Gu et al., 2020). However, G2/M arrest in berberine-treated
cancer cells is also reported (Lin et al., 2006; Mantena et al.,
2006; El Khalki et al., 2020) and the phenomenon was found to
vary with berberine’s dose and the cell type. Interestingly, when
berberine is used to treat Hela cells, G1 growth arrest was noted
(Gu et al., 2020). Apart from berberine, berbamine (Zhang et al.,
2018), jatrorrhizine (Liu et al., 2013) and hydrastine (Guo et al.,
2016) are reported to induce G1 arrest, whereas, columbamine
(Bao et al., 2012), palmatine (Liu et al., 2020) and magnoflorine
(Sun et al., 2020) induced cell growth arrest in G2/M phase in
different in vitro cell culture models. Despite variations in
mechanisms of cell cycle arrest, our study shows that BAMT-
induces G1 growth arrest that could be the resultant effect of
multifactorial inhibition of cellular growth on different

TABLE 1 |Molecular docking characteristics of various phytochemicals reportedly present in root of B. aquifoliumwith the 3D crystallographic structure of HPV16 E6 (6SJA
and 4XR8) available on PDB and their interacting amino acid residues with potential binding partners in the HPV16 E6 binding pocket.

S.
No

Ligand
namea

Activities
reported

Nature PubChem
CID

6SJA (chain B) (best ranked docking
conformation)

4XR8 (chain F) (best ranked docking
conformation)

BE
(kcal/
mol)

IC
(µM)

AA
residuesc

Known E6
interacting
partner(s)

BE
(kcal/
mol)

IC
(µM)

AA
residuesc

Known E6
interacting
partner(s)

1 Berberine 130 Alkaloid CID 2353 −6.6 13.7 L50, C51,
A61, V62,
L67, S71,
S74, R102,

R131

E6AP -5.1 193.4 L99, L100,
G130, R131

p53, E6AP

2 Berbamine 38 Alkaloid CID
275182

−6.1 31.7 K11, D49,
S97, S98,
L99, L100,
P109, L110,
S111, K115

p53, E6AP -3.9 1,460 R10, D98,
L99, L100,

R131

p53, E6AP

3 Palmatine 17 Isoquiniline
alkaloid

CID 19009 −6.7 12.6 L99, L100,
I101, G130,
R131, W132

p53,E6AP -5.7 66.4 F47, D49,
L50, C51,

L100, R102,
G130,

R131, W132

p53, E6AP

4 Hydrastine 16 Alkaloid CID
197835

−4.5 476.2 F45, L50,
C51, V62,
L67, R102

E6AP -4.0 1,220 K11, P13,
Q14, A46,
F47, D49

p53, E6AP

5 Jatrorrhizine 13 Protoberberine
alkaloid

CID 72323 −6.0 40.9 L100, R131,
W132

p53, E6AP -5.4 110.2 Q6, R10,
Q14, E18

p53, E6AP

6 Magnoflorine 11 Apophine
alkaloid

CID 73337 −7.1 6.5 Y92, L100,
R102, R131,

W132

p53, E6AP -5.6 80.9 Q6, R10,
Q14, E18

p53, E6AP

7 Oxycanthine 10 Alkaloid CID
442333

−6.1 36.7 L100, G130,
R131

p53, E6AP -3.9 1,500 D98, L99,
L100

p53

8 Columbamine 7 Berberine
alkaloid

CID 72310 −6.4 21.8 L12, P13,
C16, I23,

A46,
R47,D49

p53 -5.2 144.3 L99, L100,
R102, R131,

W132

p53, E6AP

9 Obamigine 4 Phenolic base CID
441064

−5.6 83.9 R129, G130,
R131

E6AP -4.2 831.3 K11, P13,
A46,

F47, D49

p53, E6AP

10 Aromaline 2 Alkaloid CID
362574

−6.2 30.5 R129, R131 E6AP -4.1 1,020 K94, D98,
L99, L100,
R131, W132

p53, E6AP

aFrom Dr. Duke’s Phytochemical and Ethnobotanical database (USDA 1992–2016)
bHigh negative binding energy is indicative of non-specific interaction.
cBold amino acid residues correspond to p53 binding pocket, italic amino acid residue corresponds to E6AP-binding pocket. BE: binding energy, IC: inhibitory constant.
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checkpoints, which could be less toxic as predicted earlier for
other phytochemicals (Singh et al., 2002).

Our data revealed for the first time that BAMT-induced
alterations in expression of STAT3 and AP-1 that control

expression of viral oncogenes E6 and E7 and thereby
contributing to BAMT’s anti-CaCx activity. Notably, STAT3
inhibition was prominent in SiHa, whereas AP-1 inhibition
prevailed in HeLa cells. BAMT-could not block the upstream

FIGURE 6 |Molecular docking of key phytochemicals reported in B. aquifolium root with HPV16 E6 and its impact of their binding on E6’s carcinogenic interaction.
(A). Best ranked docking pose (3D) and a 2D simplified representation of the binding pockets of three best leads, berberine, palmatine and magnoflorine, in association
with HPV16 E6 (based on 6SJA (left panel) or 4XR8 (right panel) crystal structure) showing interacting residues and non-covalent interactions. The hydrogen bonds are
shown as dashed lines. (B). Graphical representation of the cumulative data showing number of times an amino acid residue of HPV16 E6 (6SJA (left panel) or
4XR8 (right panel)) appeared in the binding pocket of different phytochemical ligands examined. The residues identified in molecular docking that are involved in key
carcinogenic interactions with p53 or E6AP are highlighted with different colored boxes.
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signalling that would have resulted in their cytoplasmic
retention. This shows that BAMT exerted its inhibitory
effects by different mechanisms in different cell lines.
Though, the mechanisms by which BAMT led to loss of
STAT3/pSTAT3 or JunB/c-Jun, are currently not known, but
can be attributed to the constituent phytochemicals. We earlier
showed that berberine inhibits AP-1 and STAT3 (Mahata et al.,
2011; Pandey et al., 2015), however, in those studies berberine
targeted the activation state of these transcription factors. A
number of studies showed a decline in pSTAT3(Y705) levels and
STAT3 activity that were stronger than the effect on total
cellular levels of STAT3 (Pandey et al., 2015; Zhu et al.,
2015; Puthdee et al., 2017). These studies showed moderate
effect of total STAT3 pools in the berberine-treated cells. Similar
targeting of STAT3 signaling was reported with berbamine (Hu
et al., 2019), and columbamine (Bao et al., 2012). The reasons
underlying enhanced degradation of unphosphorylated STAT3
compared to the pSTAT3 pool that usually get translocated to
the nucleus in BAMT-treated cells is not known presently.
However, a calcineurin-mediated enhanced proteasomal
degradation of cytoplasmic STAT3 is expected as reported

earlier (Murase 2013). Berbamine was shown to increase
intracellular calcium, which activates calcineurin.

Contrary to the BAMT’s effect on STAT3, two key
components of AP-1 signaling, JunB and c-Jun were severely
affected in BAMT-treated cells. Earlier we showed berberine
inhibited only c-Jun level particularly in HeLa cells (Mahatai
et al., 2011). Here, BAMT also downregulated c-Jun in HeLa cells.
However, in BAMT-treated SiHa cells the alteration in c-Jun was
not significant. The composition of AP-1 complex varies with cell
lines (Mahata et al., 2011), Under normal conditions, SiHa cell
line shows AP-1 complex with c-Fos, JunB, and JunD, while in
HeLa cells c-Jun participates actively in the AP1 complex making
the underlying variation a cause of differential response. In
contrast to berberine, magnoflorine was shown to induce AP-1
signalling by enhancing JNK activity in a different cell type (Sun
et al., 2020). Nevertheless, BAMT induced loss of expression of
key components of transcriptional machinery that translated into
their reduced availability to promote oncogenic transcription.
Further, we report here a decline in the expression of viral
oncoproteins E6 and E7 following BAMT treatment. These
observations are similar to our previous study on berberine

FIGURE 7 | Schematic representation of multifactorial action of BAMT on CaCx cells.
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(Mahata et al., 2011). However, the extent of inhibition was
relatively lesser and did not match to cytotoxic action of BAMT.
Moreover, nuclear localization of the oncogenes was noted
despite the loss of their gene expression. Nuclear localization
of HPV16 E6 due to 3 nuclear localization signals present on this
protein has been reported earlier (Tao et al., 2003). This suggests
that there could be alternate mechanisms other than targeting
expression of the viral oncogenes that are exerted by BAMT in
inducing growth arrest and cell death in CaCx.

To address the disparity, in the next part of the investigation we
examined potential interaction of BAMT constituents withHPV16E6
by molecular docking experiments to evaluate their cooperative
binding. Blind docking of these phytochemicals on two latest
HPV16 E6 crystal structures available on PDB (6SJA and 4XR8)
revealed a strong interaction of berberine, magnoflorine and
palmatine to E6 and the binding pocket overlapped aa residues
reportedly involved in E6’s interaction with p53 and E6AP (Zanier
et al., 2013; Martinez-Zapien et al., 2016). The results were consistent
irrespective of inherent structural differences due to their co-
crystallized chains, where 4XR8 showed a conformation with
slightly lower resolution (2.55 Å vs. 1.50 Å) compared to 6SJA, was
co-crystallized with p53 (Martinez-Zapien et al., 2016). On the other
hand, 6SJA co-crystallized with IRF3 LxxLL motif and possibly
represented p53 unbound form (Suarez et al. 2019). Global
alignment of the two E6 sequences show 98% identity with 2 gaps
and replacement of arginine at 49th position of 6SJA with
phenylalanine at 47th position of 4XR8. Both the structures had
mutations 4 cysteine residues that interacted with Zn. For the present
investigation, we specifically used GA algorithm in AutoDoc4. GA
algorithm is helps differentiate between false positives and true
negatives from the clusters as it gives more pose (conformers) and
hence better than LGA, which is frequently used recently by some of
the investigators (Kumar et al., 2015; Kolluru et al., 2019; Nabati et al.,
2020). Although the leads from docking experiments are extremely
valuable to support BAMT’s potential action on E6’s physiological
activity, detailed wet-lab experiments are essentially needed to validate
these results in the experimental setup. Though it is tempting to
speculate that similar inhibitions may also be observed in other HR or
LR-HPV E6 due to structural similarity, the current finding cannot be
used to extrapolate/predict the same for HR/LR-HPV types.

SUMMARY AND CONCLUSION

Phytochemicals and herbal preparations are globally recognized
as the second line of therapy after allopathy. These medicines are
economic and there are no known side effects of the therapy.
Taking these aspects into consideration, present study
demonstrates a multifactorial action of BAMTon CaCx cells.
BAMT induced cell death and G1 growth arrest in CaCx cells
irrespective of their HPV status. Molecularly, these
phytochemicals targeted oncogenically-relevant transcription
factors of STAT3 and AP-1 family that resulted in loss of
oncoprotein expression. Among various constituents,
berberine, magnoflorine and palmatine were found capable of
targeting E6 functions by strong cooperative binding Figure 7.
Collectively, these leads show that commercially-available BAMT

can be an effective and economic broad-spectrum therapeutic
option against cervical cancer.
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