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VEGF165b mRNA Levels to Suppress Human Squamous
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SUMMARY: Following the success of the highly active antiretroviral therapy, the potential of multidrug combination regimen
for the management of cancer is intensely researched. The anticancer effects of curcumin on some human cell lines have been documented.
Lopinavir is a FDA approved protease inhibitor with known apoptotic activities. Dysregulated apoptosis is important for the initiation of
cancer while angiogenesis is required for cancer growth and development, this study therefore investigated the effects of the combination
of lopinavir and curcumin on cell viability, apoptosis and the mRNA expression levels of key apoptotic and angiogenic genes; BAX,
BCL2 and VEGF165b in two human cervical cell lines; human squamous cell carcinoma cells - uterine cervix (HCS-2) and transformed
normal human cervical cells (NCE16IIA). The two human cervical cell lines were treated with physiologically relevant concentrations of
the agents for 120 h following which BAX, BCL2 and VEGF165b mRNA expression were determined by Real Time qPCR. The
Acridine Orange staining for the morphological evaluation of apoptotic cells was also performed. The combination of lopinavir and
curcumin up-regulated pro-apoptotic BAX and antiangiogenic VEGF165b but down-regulated the mRNA levels of anti-apoptotic BCL2
mRNA in the human squamous cell carcinoma (HCS-2) cells only. The fold changes were statistically significant. Micrographs from
Acridine Orange staining showed characteristic evidence of apoptosis in the human squamous cell carcinoma (HCS-2) cells only. The
findings reported here suggest that the combination of curcumin and the FDA approved drug-lopinavir modulate the apoptotic and
angiogenic pathway towards the inhibition of cervical cancer.
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INTRODUCTION

Cervical cancer is still one of the leading causes of
cancer-related deaths around the world in spite of the many
progresses that have been made in its prevention (such as
vaccinations against several strains of the oncogenic
Human papilloma virus) (Koh et al., 2015). Cervical carcinoma is the fourth most common cancer among women
globally. But more significantly, cervical cancer has a more
uneven global distribution because more than 85 % of all
cervical cancers and cervical cancer-related deaths occur
in developing countries (Siegel et al., 2015; Thabethe et
al., 2015).
Following the success of antiretroviral therapy, the
importance of combination therapy against conditions such
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as cancer, have been emphasized (Bock & Lengauer, 2012;
Conde et al., 2016). As a result of the development of
resistance against the available chemotherapeutic agents,
the assessment of anticancer effects of several plant derived
agents have received extensive attention (Arunkumar et
al., 2005; Holohan et al., 2013). Given the widespread
usage of curcumin as a spice and in reflection of the absence
of toxicity even with high dosages, the use of the
polyphenol for chemoprevention has been recommended
for more investigation (Killian et al., 2012). Curcumin,
shows chemo preventive and growth inhibitory activity
against several tumour cell lines due to its anti-oxidant
and anti-inflammatory activities (Noorafshan & AshkaniEsfahani, 2013).
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Apoptosis (programmed cell death) is mediated by
intrinsic and extrinsic pathways (Chipuk et al., 2008;
Youle & Strasser, 2008). The mitochondrial apoptotic
pathway is regulated by pro-apoptotic genes like BAX
and anti-apoptotic genes such as BCL2 (Chipuk et al.,
2010). As a result, the ratio of pro-apoptotic to antiapoptotic gene-expression regulates the sensitivity of cells
to death signals (Bai & Wang, 2014), hence, the upregulation of BCL2 gene expression and/or
downregulation of BAX is one of the important hallmarks
of cancers (Green & Beere, 1999; Adefolaju et al., 2015).
The effects of the combination of lopinavir and curcumin
on this important pathway would provide better insight
into their anticancer potentials and underlying
mechanisms.

MATERIAL AND METHOD

There are many reports alluding to the apoptotic
effects of the protease inhibitor-lopinavir (Batman et al.,
2011; Kariya et al., 2014). In a previous study (Adefolaju
et al., 2014), lopinavir demonstrated some (albeit not
statistically significant) cervical cancer growth inhibition
at clinical concentrations after a 96 h exposure. The effects
of curcumin or its combinations (with lopinavir or any
other anticancer agent) on the expression anti-angiogenic
VEGF165b have not been previously studied.
Angiogenesis - an important requirement for cancer
growth is the development of a network of blood vessels
that invade tumours and provide nutrients (Bates et al.,
2013; Adefolaju et al., 2017). The Vascular Endothelial
Growth Factor-A (VEGF-A) family has been shown to
regulate angiogenesis and lymphangiogenesis (Bates et
al.; Adefolaju et al., 2017). VEGF- A can be generated as
multiple isoforms by alternative splicing. one of such
families of isoforms that have been described in humans
are pro-angiogenic isoforms VEGF-165a, and antiangiogenic isoforms VEGF-165b (Woolard et al., 2004;
Bates et al.).

Cells were cultured and sub-cultured according to
supplier’s instructions, available at;
http://cellbank.nibio.go.jp/~cellbank/en/
search_res_det.cgi?ID=5979 (HCS-2)
http://cellbank.nibio.go.jp/~cellbank/en/
search_res_det.cgi?ID=3303 (NCE16IIA) and as described
previously (Adefolaju et al., 2014).

One of the aims of the present study was to
investigate whether the expression of the anti-angiogenic
VEGF splice variant; VEGF165b could be altered in
cancer cervical and normal cervical cells exposed to
lopinavir and curcumin, individually and/or in
combination. A down-regulation would imply that these
agents have pro-tumour activities while an up-regulation
of VEGF165b would support their anti-tumour activities
and further unveil their mechanisms of action. This study
utilised physiologically relevant concentrations of the
agents and evaluated their effects in cancer and normal
cervical cells following a 120 h exposure with respect to
cell viability, Acridine Orange staining and the mRNA
expression levels of the apoptotic related BAX and BCL2
and anti-angiogenic VEGF165b.

Cells. Human cervical squamous carcinoma cells (HCS-2) were
obtained from the cell bank of Japanese Collection of Research
Bio-resources (JCRB) and cultured in Eagle's Minimal
Essential Medium (EMEM) (Lonza, Verviers, Belgium)
supplemented with 15 % fetal calf serum (FCS) (Gibco,
Germany) together with L-Glutamine (Gibco, Germany).
Transformed normal human cervical cells (NCE16IIA) were
also bought from JCRB and grown in Keratinocyte Basal
Medium KBM-GOLD (Lonza, Walkersville, MD USA) and
supplemented with bovine pituitary extract, transferrin,
hydrocortisone, human recombinant epidermal growth factor,
insulin and epinephrine (Lonza, Walkersville, MD USA).

Cells were cultivated as an adherent monolayer in
tissue-culture dishes (Nunclon, Denmark) and were
incubated at 37 °C in a 5 % CO2 humidified environment.
Growth media were changed every 24 hrs.
Drugs and Treatment. Lopinavir was purchased from
Toronto Research Chemicals (Ontario, Canada) while
curcumin was obtained from Sigma (St Louis, MO, USA).
Both cell lines were exposed to 15 µM lopinavir and 20 µM
curcumin individually and in combination for 120 h. The
drugs were administered at physiologic concentrations as
previously described (Adefolaju et al., 2014; Zhou et al.,
2015) (KALETRA®, Abbott laboratories, 2010). Cells in
the untreated and vehicle control groups were administered
with the growth medium and vehicle respectively (Table I).
Table I. Shows the treatment groups and drug
concentrations administered for each cell line.
Group
1
2
3
4
5

Treatment
Growth Medium
0.01 % DMSO
15 µM LPV
20 µM CUR
15 µM LPV + 20 µM CUR

Antibodies, Kits and reagents. Acridine Orange (AO) and
the Neutral red TOX-4 kit, were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Agarose D-1 Low EEOGQT was obtained from Conda Laboratories (Madrid, Spain).
The DNase I, O'GeneRuler Low Range DNA Ladder, RNase-
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free kit and GeneJET RNA Purification kit were obtained from
Thermo Scientific (Pittsburgh PA. USA). cDNA Reverse
Transcription Kit and Power SYBR® Green PCR Master mix
were obtained from Life technologies (California, USA).
Oligomnucleotides for quantitative real time PCR were
purchased from IDT Inc. (Coralville, Iowa, USA).
Neutral red viability assay. This assay evaluated the
viability of cancer cervical and normal cervical cells after
exposure to 15 µM lopinavir and 20 µM curcumin
individually and in combination for 120 h. The
manufacturer’s protocol was followed and as previously
described (Adefolaju et al., 2014). After 120 h of treatment,
cells were rinsed in phosphate buffered saline and the neutral red medium was added to each well. Plates were
incubated for 2 h at 37 °C for the neutral red dye to be taken
up by viable cells. The neutral red dye was subsequently
extracted and solubilised with 1 % acetic acid in 50 % ethanol
for 10 min and the absorbance of the extracted dye was
measured in a spectrophotometer (Anthos, Austria) at a
wavelength of 540 nm. Background absorbance was read at
690 nm and subtracted from the 540 nm measurement. All
the experiments were conducted in replicates and repeated
three times on three different days.
Acridine Orange (AO) staining. Both cell lines were
routinely grown on 22 mm square coverslips placed into 35
mm culture dishes (Costar, Cambridge MA, USA) and
treated with 0.01 % DMSO and 15 µM lopinavir and 20 µM
curcumin individually and in combination for 120 h. This
procedure evaluated the induction of apoptosis in these cell
lines. After 120 h, cells were stained with the AO dye mix
for 5 min. The dye mix was 100 mg/mL Acridine Orange in
PBS. Acridine Orange permeates all cells, making the nuclei
appear green. Live cells have a normal green nucleus; early
apoptotic cells have bright green nucleus with condensed or
fragmented chromatin; late apoptotic cells display condensed
Table II. Oligonucleotide sequences used for real time PCR.
Gene
BAX
BCL2
VEGF165B
TBP
RPLP0
TFRC

586

Sequences (5'-3' direction)
F: CCT TTT CTA CTT TGC CAG CAA AC
R: GAG GCC GTC CCA ACC AC
F: ATG TGT GTG GAG AGC GTC AAC C
R: GCA TCC CAG CCT CCG TTA TC
F: CGC AGA CGT GTA AAT GTT CCT G
R: TTC CTG GTG AGA GAT CTG CAA G
F: TGA TGC CTT ATG GCA CTG GAC TGA
R: CTG CTG CCT TTG TTG CTC TTC CAA
F: TGC AGC TGA TCA AGA CTG GAG ACA
R: TCC AGG AAG CGA GAA TGC AGA GTT
F: GGC ACC ATC AAG CTG CTG AAT GAA
R: GTT GAT CAC GCC AGA CTT TGC TGA

and fragmented chromatin and membrane blebbing (Cañete
et al., 2001; Adefolaju et al., 2015). After AO staining, culture
dishes were inverted and fixed with formaldehyde vapour
for 1 min to prevent the photo-damaging effects of
continuous excitation on living cells due to the
photosensitizing effects of most fluorescent dyes. A total of
500 cells per group were counted from three independent
experiments to determine the percentage of apoptotic cells.
RNA Extraction, cDNA Synthesis, and qPCR Analysis.
RNA extraction was performed after treating both cell lines
for 120 h. RNA concentration, purity and integrity was
determined as previously described (Adefolaju et al., 2014).
Genomic DNA was removed from the extracted RNA using
the DNase I, RNase-free kit following manufacturer’s
instructions. Complementary DNA was synthesized using a
GeneAmp® PCR System 12000 Thermal Cycler for 10 min
at 25 °C, 120 min at 37 °C. cDNA aliquots were then utilized
in qPCR reactions for BAX and BCL2 and VEGF165b with
TBP, RPLP0 and TFRC used as the endogenous reference
genes. PCR reactions were amplified as described previously
(Adefolaju et al., 2015, 2017). PCR amplification was
performed in a final volume of 20 ml using the Power
SYBR® Green PCR Master mix with the ABI 7500 realtime PCR machine. Primer sequences and PCR product sizes
are shown in Table II. To confirm the absence of nonspecific
amplification, PCR products were separated on 3 % agarose
gels, stained with ethidium bromide and images acquired
with the BioRad Gel Doc® XR (Model 170-8170 Segrate,
Milan. Italy). Applied Biosystems ABI 7500 software was
used to plot the melt curves for each PCR product. As
described previously (Livak & Schmittgen, 2001; Hellemans
et al., 2007), the relative mRNA expression levels of target
genes in each sample and the expression stability of the
reference genes were calculated using the qBasePLUS software version 2.3 (Biogazelle, Zulte, Belgium).
Statistical Analysis. Absorbance values obtained from the
neutral red and the number of apoptotic
cells from the Acridine Orange experiments
Product
were captured as mean + standard
size (bp)
deviation. The normal distribution and the
homogeneity of the variance were verified
148
using an F test (P < 0.05), after which a
122
one-way analysis of variance (where a
significance level of P < 0.05 was set) was
97
used to compare the means. The
qBase PLUS software was used for the
86
analysis of variance (ANOVA), with
significance level set at p < 0.05 to deter178
mine whether the mRNA expression levels
of the genes of interest differed
133
significantly across the groups.
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RESULTS

individual compounds nor their combination after 120 h of
exposure.

Effects of lopinavir and curcumin on the viability of
HCS-2 and NCE16IIA cervical cell lines. Using the neutral
red assay, we evaluated the viability of cancer cervical and
normal cervical cells after exposure to 15 µM lopinavir and
20 µM curcumin individually and in combination for 120 h.
Figure 1 showed that the combination significantly inhibited
the growth of HCS-2 cells without any significant inhibition
recorded individually. However, the viability of the normal
cervical cells, were not significantly inhibited by neither the

Apoptotic response of cancer cervical and normal
cervical cell lines to lopinavir and curcumin. Following a
120 h exposure to lopinavir and curcumin individually and
in combination, the response of cancer cervical (HCS-2) and
normal cervical (NCE16IIA) cells to apoptosis was tested
employing the Acridine Orange staining. The data obtained
demonstrated that the combination significantly induced
apoptosis in the HCS-2 cells (Fig. 2). Apoptotic induction
was not statistically significant in the cancer cervical cells
Fig. 1. Effects of LPV (15 µM) and
CUR (20 µM) on the viability of cancer
cervical HCS-2 and normal cervical
NCE16IIA cells following 120 h of
exposure. Cells were incubated with the
compounds at the indicated
concentrations. Graphs show mean +
SEM from an average of three
independent experiments. The
combination of LPV and Cur exhibited
significant** (P < 0.05) cytotoxic
effects on the cancer cell line.

Fig. 2. Effects of LPV (15 µM) and
CUR (20 µM) on apoptosis in cervical cancer HCS-2 cells. A:
Untreated control HCS-2 cells. B.
LPV treated HCS-2 cells. C. CUR
treated HCS-2 cells. Apoptosis was
assessed using acridine orange
staining. Cells undergoing apoptosis
show apoptotic bodies with the
characteristic feature of membrane
blebbing. A total of 500 cells per
group were counted from 3
independent experiments to determine the percentage of apoptotic cells.
LPV+CUR has significant apoptotic
in HCS-2 cells (D).
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exposed to the individual compounds and apoptosis was
neither significantly induced in the normal cervical cells
exposed to the individual compounds nor the combination
(Fig. 3).
This study determined the mRNA expression levels
of the pro-apoptotic BAX, anti-apoptotic BCL2 as well as
the anti-angiogenic VEGF splice variant VEGF165b after a
120 h treatment with lopinavir and curcumin (individually
and in combination) in HCS-2 and NCE16IIA cervical cell
lines.
After 120 h, most significant was that the combination
of LPV and CUR altered the mRNA expression patterns of

the apoptotic genes BAX and BCL2 and also significantly
down-regulated the mRNA expression of the antiangiogenic
VEGF165b in the cancer cervical HCS-2 cells (Fig. 4). LPV
alone seemed to increase the expression of BAX in the cancer
cells but the changes did not attain statistical significance
(P<.001). Also, the combination of LPV and CUR seemed
to increase the expression of BAX in the normal cells but
the differences were not statistically significant (P<.001).
The normal cancer cells did not demonstrate significantly
(P<.001) altered levels of all the examined genes after a 120
h treatment with lopinavir and curcumin individually and in
combination. Results were analysed with the qBasePLUS software and normalised to the expression levels of TBP, TFRC
and RPLP0.

Fig. 3. Effects of LPV (15 µM) and CUR (20 µM) on apoptosis in normal cervical NCE16IIA cells. A:
Untreated control NCE16IIA cells. B. LPV treated NCE16IIA cells. C. CUR treated NCE16IIA cells.
Apoptosis was assessed using acridine orange staining. Cells undergoing apoptosis did not show apoptotic
bodies with the characteristic feature of membrane blebbing. A total of 500 cells per group were counted
from 3 independent experiments to determine the percentage of apoptotic cells. LPV+CUR has significant
apoptotic in NCE16IIA cells (D).
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Fig. 4. Effects of LPV (15 µM) and CUR (20 µM) individually and in combination on the mRNA
expression of BAX, BCL2 and VEGF165b in HCS-2 and NCE16IIA cervical cells following a 120
h treatment. The combination of LPV and CUR significantly (**) (P<.001) altered the mRNA
expressions of all the examined genes in the cancer cervical cell line alone. Data are fold changes
and are representative of 3 independent experiments for RNA extraction.

DISCUSSION

Building upon the successes of the highly active
antiretroviral therapy, the importance of combination therapy
against conditions such as cancer, have been emphasized
(Bock & Lengauer; Liu et al., 2015; Conde et al.; Bayat
Mokhtari et al., 2017). This project was thus designed to
evaluate the anticancer effects of a combination of lopinavir
and curcumin at physiologically relevant concentrations
against an in-vitro model of cervical cancer vis-à-vis the
normal cervical cells.
In a review of studies examining the therapeutic utility
of curcumin, despite it's well documented cytotoxicity
against cancer cell lines, Nelson et al. (2017) reported that
"data on the effects of curcumin against normal
(noncancerous) cell lines are sparse". They noted one report
(Kuttan et al., 1985) which showed that curcumin showed
cytotoxicity against normal human lymphocytes, albeit
infrequently and concluded based on the literature available
to them that curcumin does not show a preference for normal versus cancerous cells (Nelson et al.). Results from our
study supports this idea because at physiologic
concentrations of 20 µM, curcumin alone did not show any
effects on the viability and mRNA expression levels of the

apoptotic and antiangiogenic related genes that we studied
in both cancer and normal cervical cells. But the combination
of curcumin with lopinavir paints a different picture.
Curcumin has been shown to increase the sensitivity
of cancer cells to chemo and radio-therapy (Chendil et al.,
2004; Patel et al., 2010). For instance, a number of studies
have documented the anticancer and chemo-preventive
effects of curcumin against colorectal cancer (Roy et al.,
2013; Toden et al., 2015; Hou et al., 2016). DU145 and
LNCaP cells of prostate origin exposed to curcumin led to
TNF-induced apoptotic death through the down-regulation
of BCL2 and BCL-XL and the up-regulation of procaspases
(Mukhopadhyay et al., 2001; Bommareddy et al., 2013). It
is also reported that the apoptotic effects of curcumin seem
to be varied depending on the prostate cancer cell line
employed (Holy, 2004; Bommareddy et al.). In this study,
we used novel prostate cancer cells (HCS-2) of Asian origin.
Therapies utilising the drug class of HIV protease inhibitors
are said to be an attractive new approach to cancer treatment
and, due to their underlying mechanisms of action, are
projected to successfully act against cancers that are
refractory to existing treatment stratagems (Sato, 2015). The
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discovery of the apoptotic effects of HIV protease inhibitors
including lopinavir led to the idea that this FDA approved
drug could be redirected towards targeting cancer cells.
For instance, Kariya et al. examined the effects of HIV
protease inhibitors, lopinavir, ritonavir and darunavir on
primary effusion lymphoma (PEL) cell lines. They found
that lopinavir and ritonavir, but not darunavir produced
caspase-dependent apoptosis and inhibited NF-kB activity
by blocking IKK phosphorylation in the PEL cells.
However, the dosages of lopinavir used in their study were
much higher 25 - 40 µM than physiologically relevant
concentrations.
In a series of studies to support the use of lopinavir
for the treatment of HPV-related pre-cancerous lesions of
the cervix, Batman et al. showed that, at the optimum
therapeutic dose range of 25 µM, lopinavir had much
reduced toxicity in RNA-SEL siRNA transfected SiHa (cervical carcinoma) cells compared to better effects at higher
non-optimal dose of 30 µM. Their lab also previously
reported their observation that CaSki (cervical carcinoma)
cells were insensi-tive to lopinavir (Kim et al., 2010).
After a literature search, no studies were found
investigating the effects of the combination of lopinavir and
curcumin on any model of cancer. This study was therefore
designed to investigate the effects of the combination of
lopinavir and curcumin on cell viability, apoptosis and the
mRNA expression levels of key apoptotic genes such as BAX
and BCL2 in two human cervical cell lines; human squamous
cell carcinoma cells - uterine cervix (HCS-2) and transformed
normal human cervical cells (NCE16IIA) of Asian origin.
Our findings show that the combination of lopinavir and
curcumin at clinically relevant concentrations (which reflect
their steady-state peak plasma concentrations), altered the
mRNA expression levels of apoptosis related BAX and BCL2 in the cancer cell line alone.
This study also investigated the effects of lopinavir
and curcumin (individually and in combination) on a key
factor (VEGF165b) in the angiogenic pathway. Protease
inhibitors are considered to be strongly antiangiogenic
compounds (Sgadari et al., 2002). Results from this study
showed that after 120 h, the combination of LPV and CUR
significantly down-regulated the mRNA expression of the
antiangiogenic VEGF165b in the cancer cervical HCS-2 cells
without a noticeable change in the expression of the same
genes in the normal cells. In addition, Apoptosis was induced
in the cancer cervical cells exposed to the combination of
lopinavir and curcumin but not in the individual compounds
while apoptosis was not induced in the normal cervical cells
exposed to both the individual compounds and the
combination.
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Our findings show that the combination of curcumin
and the FDA approved drug-lopinavir at clinically relevant
concentrations led to the inhibition of cervical cancer through
their modulation of the apoptotic and angiogenic pathways.
ADEFOLAJU, G. A. & MWAKIKUNGA, A. Lopinavir y
curcumina alteran directamente los niveles de ARNm de BAX / BCL
2 y VEGF 165 para suprimir el crecimiento de células de carcinoma
cervical escamoso humano. Int. J. Morphol., 37(2):584-591, 2019.
RESUMEN: Tras el éxito de la terapia antirretroviral altamente activa, se investiga intensamente el potencial del régimen de
combinación de múltiples fármacos para el tratamiento del cáncer.
Se han documentado los efectos anticancerígenos de la curcumina
en algunas líneas celulares humanas. Lopinavir es un inhibidor de
proteasa aprobado por la FDA con actividades apoptóticas conocidas. La apoptosis disrregulada es importante para el inicio del cáncer, mientras que la angiogénesis es necesaria para el crecimiento y
desarrollo del cáncer. Por lo tanto, este estudio investigó los efectos
de la combinación de lopinavir y curcumina sobre la viabilidad celular, la apoptosis y los niveles de expresión del ARNm de genes
apoptóticos y angiogénicos clave: BAX, BCL2 y VEGF165b en dos
líneas celulares cervicales humanas; células de carcinoma de células
escamosas humanas: cérvix uterino (HCS-2) y células cervicales
humanas transformadas (NCE16IIA). Las dos líneas celulares cervicales humanas se trataron con concentraciones fisiológicamente relevantes de los agentes durante 120 horas, después de lo cual la expresión de ARNm de BAX, BCL2 y VEGF165b se determinó mediante qPCR en tiempo real. También se realizó la tinción con naranja de acridina para la evaluación morfológica de células apoptóticas.
La combinación de lopinavir y curcumina reguló incrementando BAX
proapoptósicos y VEGF165b antiangiogénicos, pero reguló a la baja
los niveles de ARNm del BCL2 antiapoptótico en células de carcinoma de células escamosas humanas (HCS-2) únicamente. Los cambios en el pliegue fueron estadísticamente significativos. Las
micrografías de la tinción con naranja de acridina mostraron evidencia característica de apoptosis solo en las células del carcinoma de
células escamosas humanas (HCS-2). Los hallazgos reportados aquí
sugieren que la combinación de curcumina y el fármaco aprobado
por la FDA lopinavir modulan la vía apoptótica y angiogénica hacia
la inhibición del cáncer cervical.
PALABRAS CLAVE: Lopinavir;
VEGF165b; BAX; BCL2; Cáncer cervical.
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