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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 havebgsh doc
Lopinavir is a FDA approved protease inhibitor with known apoptotic activities. Dysregulated apoptosis is important fiatithe arfi
cancer while angiogenesis is required for cancer growth and development, this study therefore investigated the effectisinatianc
of lopinavir and curcumin on cell viability, apoptosis and the mRNA expression levels of key apoptotic and angiogenic genes; BA
BCL2 and VEGF165b in two human cervical cell lines; human squamous cell carcinoma cells - uterine cervix (HCS-2) and transforme
normal human cervical cells (NCE16lIA). The two human cervical cell lines were treated with physiologically relevant ciomseoftrat
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 loginavir a
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) bells only. T
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 @& cancer, have been emphasized (Bock & Lengauer, 2012;
cancer-related deaths around the world in spite of the maBgndeet al, 2016). As a result of the development of
progresses that have been made in its prevention (suchesistance against the available chemotherapeutic agents,
vaccinations against several strains of the oncogenie assessment of anticancer effects of several plant derived
Human papilloma virus) (Koht al, 2015). Cervical car- agents have received extensive attention (Arunkuehar
cinoma is the fourth most common cancer among womai, 2005; Holoharet al, 2013). Given the widespread
globally. But more significantly, cervical cancer has a mongsage of curcumin as a spice and in reflection of the absence
uneven global distribution because more than 85 % of alf toxicity even with high dosages, the use of the
cervical cancers and cervical cancer-related deaths ocpatyphenol for chemoprevention has been recommended
in developing countries (Sieget al, 2015; Thabethet for more investigation (Killiaret al, 2012). Curcumin,
al., 2015). shows chemo preventive and growth inhibitory activity

against several tumour cell lines due to its anti-oxidant

Following the success of antiretroviral therapy, thand anti-inflammatory activities (Noorafshan & Ashkani-
importance of combination therapy against conditions suésfahani, 2013).
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Apoptosis (programmed cell death) is mediated B(MATERIAL AND METHOD
intrinsic and extrinsic pathways (Chipet al, 2008;
Youle & Strasser, 2008). The mitochondrial apoptotic
pathway is regulated by pro-apoptotic genes like BAXells.Human cervical squamous carcinoma cells (HCS-2) were
and anti-apoptotic genes such as BCL2 (Chipukl, obtained from the cell bank of Japanese Collection of Research
2010). As a result, the ratio of pro-apoptotic to antBio-resources (JCRB) and cultured in Eagle's Minimal
apoptotic gene-expression regulates the sensitivity of céllssential Medium (EMEM) (Lonza, Verviers, Belgium)
to death signals (Bai & Wang, 2014), hence, the upupplemented with 15 % fetal calf serum (FCS) (Gibco,
regulation of BCL2 gene expression and/ofsermany) together with L-Glutamine (Gibco, Germany).
downregulation of BAX is one of the important hallmarkgransformed normal human cervical cells (NCE16IIA) were
of cancers (Green & Beere, 1999; Adefolefjal, 2015). also bought from JCRB and grown in Keratinocyte Basal
The effects of the combination of lopinavir and curcumiMedium KBM-GOLD (Lonza, Walkersville, MD USA) and
on this important pathway would provide better insiglrgupplemented with bovine pituitary extract, transferrin,
into their anticancer potentials and underlyindyydrocortisone, human recombinant epidermal growth factor,
mechanisms. insulin and epinephrine (Lonza, Walkersville, MD USA).

There are many reports alluding to the apoptotic Cells were cultured and sub-cultured according to
effects of the protease inhibitor-lopinavir (Batnerml, supplier’s instructions, available at;
2011; Kariyeet al, 2014). In a previous study (Adefolajuhttp://cellbank.nibio.go.jp/~cellbank/en/
et al, 2014), lopinavir demonstrated some (albeit naearch_res_det.cgi?ID=5979 (HCS-2)
statistically significant) cervical cancer growth inhibitionhttp://cellbank.nibio.go.jp/~cellbank/en/
at clinical concentrations after a 96 h exposure. The effesearch_res_det.cgi?ID=3303 (NCE16l1lA) and as described
of curcumin or its combinations (with lopinavir or anypreviously (Adefolajet al, 2014).
other anticancer agent) on the expression anti-angiogenic
VEGF165b have not been previously studied. Cells were cultivated as an adherent monolayer in
Angiogenesis - an important requirement for canceissue-culture dishes (Nunclon, Denmark) and were
growth is the development of a network of blood vesseilscubated at 37C in a 5 % CQhumidified environment.
that invade tumours and provide nutrients (Bateasl, Growth media were changed every 24 hrs.
2013; Adefolajuet al, 2017). The Vascular Endothelial
Growth Factor-A (VEGF-A) family has been shown tdrugs and Treatment. Lopinavir was purchased from
regulate angiogenesis and lymphangiogenesis (Batesloronto Research Chemicals (Ontario, Canada) while
al.; Adefolajuet al., 2017). VEGF- A can be generated asurcumin was obtained from Sigma (St Louis, MO, USA).
multiple isoforms by alternative splicing. one of suclBoth cell lines were exposed to il lopinavir and 2QUM
families of isoforms that have been described in humaosrcumin individually and in combination for 120 h. The
are pro-angiogenic isoforms VEGF-165a, and antdrugs were administered at physiologic concentrations as
angiogenic isoforms VEGF-165b (Woolaetlal, 2004; previously described (Adefolajet al, 2014; Zhouet al,
Bateset al). 2015) (KALETRA®, Abbott laboratories, 2010). Cells in
the untreated and vehicle control groups were administered
One of the aims of the present study was twith the growth medium and vehicle respectively (Table I).
investigate whether the expression of the anti-angiogenic
VEGF splice variant; VEGF165b could be altered in  Table I. Shows the treatment groups and drug
cancer cervical and normal cervical cells exposed to concentrations administered for each cell line.
lopinavir and curcumin, individually and/or in Group Treatment
combination. A down-regulation would imply that these Growth Medium

[N

agents have pro-tumour activities while an up-regulation g 2'5?1 ://‘I’ 'BMWSO
of VEGF165b would support their anti-tumour activities 1 >0 EM CUR
and further unveil their mechanisms of action. This study g 15 UM LPV +20 uM CUR

utilised physiologically relevant concentrations of the
agents and evaluated their effects in cancer and normatibodies, Kits and reagentsAcridine Orange (AO) and
cervical cells following a 120 h exposure with respect tine Neutral red TOX-4 kit, were purchased from Sigma
cell viability, Acridine Orange staining and the mRNAChemical Co. (St. Louis, MO, USA). Agarose D-1 LB®O-
expression levels of the apoptotic related BAX and BCL@QT was obtained from Conda Laboratories (Madrid, Spain).
and anti-angiogenic VEGF165b. The DNase I, O'GeneRuler Low Range DNA Ladder, RNase-
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free kit and GeneJET RNA Purification kit were obtained fromrand fragmented chromatin and membrane blebbing (Carfiete
Thermo Scientific (Pittsburgh PA. USA). cDNA Reverseet al, 2001; Adefolajet al, 2015). After AO staining, culture
Transcription Kit and Power SYBRGreen PCR Master mix dishes were inverted and fixed with formaldehyde vapour
were obtained from Life technologies (California, USA)for 1 min to prevent the photo-damaging effects of
Oligomnucleotides for quantitative real time PCR wereontinuous excitation on living cells due to the
purchased from IDT Inc. (Coralville, lowa, USA). photosensitizing effects of most fluorescent dyes. A total of

500 cells per group were counted from three independent
Neutral red viability assay. This assay evaluated theexperiments to determine the percentage of apoptotic cells.
viability of cancer cervical and normal cervical cells after
exposure to 15uM lopinavir and 20puM curcumin RNA Extraction, cDNA Synthesis, and qPCR Analysis.
individually and in combination for 120 h. TheRNA extraction was performed after treating both cell lines
manufacturer’s protocol was followed and as previouslior 120 h. RNA concentration, purity and integrity was
described (Adefolajet al, 2014). After 120 h of treatment, determined as previously described (Adefoidjal, 2014).
cells were rinsed in phosphate buffered saline and the n€&enomic DNA was removed from the extracted RNA using
tral red medium was added to each well. Plates wetlee DNase |, RNase-free kit following manufacturer’s
incubated for 2 h at 3C for the neutral red dye to be takeninstructions. Complementary DNA was synthesized using a
up by viable cells. The neutral red dye was subsequen@®eneAmp® PCR System 12000 Thermal Cycler for 10 min
extracted and solubilised with 1 % acetic acid in 50 % etharat 25°C, 120 min at 37C. cDNA aliquots were then utilized
for 10 min and the absorbance of the extracted dye wiasgPCR reactions for BAX and BCL2 and VEGF165b with
measured in a spectrophotometer (Anthos, Austria) atT8&P, RPLPO and TFRC used as the endogenous reference
wavelength of 540 nm. Background absorbance was readjahes. PCR reactions were amplified as described previously
690 nm and subtracted from the 540 nm measurement. pdefolaju et al, 2015, 2017). PCR amplification was
the experiments were conducted in replicates and repeapsaformed in a final volume of 20 ml using the Power
three times on three different days. SYBR® Green PCR Master mix with the ABI 7500 real-

time PCR machine. Primer sequences and PCR product sizes
Acridine Orange (AO) staining. Both cell lines were are shown in Table Il. To confirm the absence of nonspecific
routinely grown on 22 mm square coverslips placed into Zmplification, PCR products were separated on 3 % agarose
mm culture dishes (Costar, Cambridge MA, USA) andels, stained with ethidium bromide and images acquired
treated with 0.01 % DMSO and uM lopinavir and 2QuM  with the BioRad Gel Doc® XR (Model 170-8170 Segrate,
curcumin individually and in combination for 120 h. ThisMilan. Italy). Applied Biosystems ABI 7500 software was
procedure evaluated the induction of apoptosis in these agdled to plot the melt curves for each PCR product. As
lines. After 120 h, cells were stained with the AO dye mirescribed previously (Livak & Schmittgen, 2001; Hellemans
for 5 min. The dye mix was 100 mg/mL Acridine Orange iret al, 2007), the relative mRNA expression levels of target
PBS. Acridine Orange permeates all cells, making the nuctgnes in each sample and the expression stability of the
appear green. Live cells have a normal green nucleus; eadjerence genes were calculated using the (Basoft-
apoptotic cells have bright green nucleus with condensedware version 2.3 (Biogazelle, Zulte, Belgium).
fragmented chromatin; late apoptotic cells display condensed

Statistical Analysis.Absorbance values obtained from the
neutral red and the number of apoptotic
cells from the Acridine Orange experiments
; were captured as mean + standard
size ®P)  geviation. The normal distribution and the

Table II. Oligonucleotide sequences used for real time PCR.

L Product
Gene Sequences (5'-3' direction) rodu

F: CCT TTT CTA CTT TGC CAG CAA AC

148 homogeneity of the variance were verified
BAX R: GAGGCC GTC CCAACC AC . .
using an F test (P < 0.05), after which a
Fr ATGTGT GTG GAG AGC GTC AACC 122 one-way analysis of variance (where a
BCL2 R: GCA TCC CAG CCT CCG TTA TC - y | y P o008 t
VEGF165B F: CGC AGA CGT GTA AAT GTT CCT G 97 signiticance levet o .05 was set) was
R: TTC CTG GTG AGA GAT CTG CAA G used to compare the means. The
TBP F: TGA TGC CTT ATG GCA CTG GAC TGA 86 qBasé"“* software was used for the
R: CTG CTG CCT TTG TTG CTC TTC CAA analysis of variance (ANOVA), with
RPLPO F: TGC AGC TGA TCA AGA CTG GAG ACA 178 significance level set at p < 0.05 to deter-
R: TCC AGG AAG CGA GAA TGC AGA GTT mine whether the mRNA expression levels
TFRC F: GGC ACC ATC AAG CTG CTG AAT GAA 133 of the genes of interest differed
R: GTT GAT CAC GCC AGA CTT TGC TGA 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 Apoptotic response of cancer cervical and normal

HCS-2 and NCE16IIA cervical cell lines. Using the neutratervical cell lines to lopinavir and curcumin. Following a
red assay, we evaluated the viability of cancer cervical ad@0 h exposure to lopinavir and curcumin individually and
normal cervical cells after exposure tolM lopinavir and in combination, the response of cancer cervical (HCS-2) and
20pM curcumin individually and in combination for 120 h.normal cervical (NCE16l11A) cells to apoptosis was tested
Figure 1 showed that the combination significantly inhibitedmploying the Acridine Orange staining. The data obtained
the growth of HCS-2 cells without any significant inhibitiondemonstrated that the combination significantly induced
recorded individually. However, the viability of the normalapoptosis in the HCS-2 cells (Fig. 2). Apoptotic induction
cervical cells, were not significantly inhibited by neither thevas not statistically significant in the cancer cervical cells

1
0.9
0.8

Fig. 1. Effects of LPV (15uM) and
CUR (20uM) on the viability of cancer

\
|
0.7 ‘ . .
0.6 } i i i cervical HCS-2 and normal cervical
g 05 : - : NCE16lIA cells following 120 h of
3 g: \ i - g § exposure. Cells were incubated with the
g o2 | compounds at the indicated
2 o1 i - concentrations. Graphs show mean +
- o > 5 5 - o > 5 . _SEM from an average of three
= 2 =) o o % g = S o independent experiments. The
@ = s s = @ o s 2 x L -
£ ® 2 2 - g = 2 = g combination of LPV and Cur exhibited
- - - . . pe .
> 2 2 ~ > g = ~ significant** (P < 0.05) cytotoxic
CANCER CERVIX (HCS-2) NORMAL CERVIX (NCE1611A) effects on the cancer cell line.

y 20 pm

Fig. 2. Effects of LPV (1uM) and
CUR (20uM) on apoptosis in cer-
vical 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 determi-
ne 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 weee apoptotic genes BAX and BCL2 and also significantly
neither significantly induced in the normal cervical cellslown-regulated the mRNA expression of the antiangiogenic
exposed to the individual compounds nor the combinatio0tEGF165b in the cancer cervical HCS-2 cells (Fig. 4). LPV
(Fig. 3). alone seemed to increase the expression of BAX in the cancer
cells but the changes did not attain statistical significance
This study determined the mRNA expression level®<.001). Also, the combination of LPV and CUR seemed
of the pro-apoptotic BAX, anti-apoptotic BCL2 as well ago increase the expression of BAX in the normal cells but
the anti-angiogenic VEGF splice variant VEGF165b afterthe differences were not statistically significant (P<.001).
120 h treatment with lopinavir and curcumin (individuallyThe normal cancer cells did not demonstrate significantly
and in combination) in HCS-2 and NCE16IIA cervical cel(P<.001) altered levels of all the examined genes after a 120
lines. h treatment with lopinavir and curcumin individually and in
combination. Results were analysed with the qBé&3soft-
After 120 h, most significant was that the combinatiomare and normalised to the expression levels of TBP, TFRC
of LPV and CUR altered the mRNA expression patterns ahd RPLPO.

Fig. 3. Effects of LPV (15uM) and CUR (20uM) on apoptosis in normal cervical NCE16lIA 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 NCE16lIA cells (D).
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Fig. 4. Effects of LPV (1M) and CUR (2QuM) individually and in combination on the mRNA
expression of BAX, BCL2 and VEGF165b in HCS-2 and NCE16lIA 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 activapoptotic and antiangiogenic related genes that we studied
antiretroviral therapy, the importance of combination therapy both cancer and normal cervical cells. But the combination
against conditions such as cancer, have been emphasiakdurcumin with lopinavir paints a different picture.

(Bock & Lengauer; Livet al, 2015; Condest al; Bayat

Mokhtari et al, 2017). This project was thus designed to Curcumin has been shown to increase the sensitivity

evaluate the anticancer effects of a combination of lopinadf cancer cells to chemo and radio-therapy (Chesidil,

and curcumin at physiologically relevant concentration8004; Patekt al, 2010). For instance, a number of studies

against an in-vitro model of cervical cancer vis-a-vis theave documented the anticancer and chemo-preventive

normal cervical cells. effects of curcumin against colorectal cancer (Rbwl,
2013; Toderet al, 2015; Houet al, 2016). DU145 and

In a review of studies examining the therapeutic utility. NCaP cells of prostate origin exposed to curcumin led to
of curcumin, despite it's well documented cytotoxicityTNF-induced apoptotic death through the down-regulation
against cancer cell lines, Nelsenal. (2017) reported that of BCL2 and BCL-XL and the up-regulation of procaspases
"data on the effects of curcumin against normalMukhopadhyayet al, 2001; Bommareddsgt al,, 2013). It
(noncancerous) cell lines are sparse”. They noted one repsralso reported that the apoptotic effects of curcumin seem
(Kuttanet al, 1985) which showed that curcumin showedo be varied depending on the prostate cancer cell line
cytotoxicity against normal human lymphocytes, albeiégmployed (Holy, 2004; Bommaredey al). In this study,
infrequently and concluded based on the literature available used novel prostate cancer cells (HCS-2) of Asian origin.
to them that curcumin does not show a preference for ndierapies utilising the drug class of HIV protease inhibitors
mal versus cancerous cells (Nelsbral). Results from our are said to be an attractive new approach to cancer treatment
study supports this idea because at physiologand, due to their underlying mechanisms of action, are
concentrations of 20M, curcumin alone did not show any projected to successfully act against cancers that are
effects on the viability and mRNA expression levels of theefractory to existing treatment stratagems (Sato, 2015). The
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discovery of the apoptotic effects of HIV protease inhibitors Our findings show that the combination of curcumin

including lopinavir led to the idea that this FDA approvednd the FDA approved drug-lopinavir at clinically relevant

drug could be redirected towards targeting cancer celtmncentrations led to the inhibition of cervical cancer through
For instance, Kariy@t al. examined the effects of HIV their modulation of the apoptotic and angiogenic pathways.
protease inhibitors, lopinavir, ritonavir and darunavir on

primary effusion lymphoma (PEL) cell lines. They founqADEFOLAJU, G. A. & MWAKIKUNGA, A. Lopinavir y
that lopinavir and ritonavir, but not darunavir producegyrcumina alteran directamente los niveles de ARNm de BAX / BCL
caspase-dependent apoptosis and inhibited NF-kB activity VEGF 165 para suprimir el crecimiento de células de carcinoma
by blocking IKK phosphorylation in the PEL cells.cervical escamoso humantmt. J. Morphol., 37(2584-591, 2019.
However, the dosages of lopinavir used in their study were

much higher 25 - 4QM than physiologically relevant RESUMEN: Tras el éxito de la terapia antirretroviral alta-
concentrations mente activa, se investiga intensamente el potencial del régimen de

combinacion de multiples farmacos para el tratamiento del cancer.
) ) ~ Se han documentado los efectos anticancerigenos de la curcumina
In a series of studies to support the use of lopinawh algunas lineas celulares humanas. Lopinavir es un inhibidor de
for the treatment of HPV-related pre-cancerous lesions @bteasa aprobado por la FDA con actividades apoptéticas conoci-
the cervix, Batmaret al showed that, at the optimum das. La apoptosis disrregulada es importante para el inicio del can-
therapeutic dose range of &/, lopinavir had much Cen. mientras que la angiogénesis es necesaria para el crecimiento y

reduced toxicity in RNA-SEL siRNA transfected SiHa (cerd€sarrolio del cancer. Por lo tanto, este estudio investigo los efectos
de la combinacidon de lopinavir y curcumina sobre la viabilidad celu-

vical carcinoma) cells compared to better effects at highlgpl la apoptosis y los niveles de expresion del ARNm de genes

non'OPtimal_ dose of 3_QM- Their |a_b alsq preViOL_‘SW apoptéticos y angiogénicos clave: BAX, BCL2 y VEGF165b en dos
reported their observation that CaSki (cervical carcinomgyeas celulares cervicales humanas; células de carcinoma de células

cells were insensi-tive to lopinavir (Kiet al, 2010). escamosas humanas: cérvix uterino (HCS-2) y células cervicales
humanas transformadas (NCE16IIA). Las dos lineas celulares cervi-

After a literature search. no studies were founaales humanas se trataron con concentraciones fisiolégicamente re-

. A - . . levantes de los agentes durante 120 horas, después de lo cual la ex-
investigating the effects of the combination of lopinavir an resion de ARNm de BAX, BCL2 y VEGF165b se determiné me-

curcumin on any model of cancer. This study was therefojig,nie qPCR en tiempo real. También se realizé Ia tincién con naran-
designed to investigate the effects of the combination pfde acridina para la evaluacién morfolégica de células apoptéticas.
lopinavir and curcumin on cell viability, apoptosis and th&a combinacién de lopinavir y curcumina regulé incrementando BAX
mMRNA expression levels of key apoptotic genes such as BAXoapoptosicos y VEGF165b antiangiogénicos, pero reguld a la baja
and BCL2 in two human cervical cell lines: human squamoﬂ&s nivele,s de ARNm del BCL2 antiapopt6tico en c_élulas de carcino-
cell carcinoma cells - uterine cervix (HCS-2) and transformét;ﬂa de células escamosas humanas (HCS-2) nicamente. Los cam-

. . . . _blos en el pliegue fueron estadisticamente significativos. Las
normal human cervical cells (NCE16I1A) of Asian orlgln'microgr.slfl’as de la tincién con naranja de acridina mostraron eviden-

Our fin(_jings _Sh_OW that the combinatiorj of |0pif‘aVir andia caracteristica de apoptosis solo en las células del carcinoma de
curcumin at clinically relevant concentrations (which reflectélulas escamosas humanas (HCS-2). Los hallazgos reportados aqui
their steady-state peak plasma concentrations), altered shgieren que la combinacion de curcumina y el farmaco aprobado
mRNA expression levels of apoptosis related BAX and BCLROT 1a FDA lopinavir modulan la via apoptética y angiogénica hacia
2 in the cancer cell line alone. la inhibicién del cancer cervical.
. . . . . PALABRAS CLAVE: Lopinavir; Curcumina;
This ;tud_y a_ls_o mvestlgat_ed the e_ffec_ts of Iopmavw,EGFleb; BAX: BCL2: Cancer cervical.
and curcumin (individually and in combination) on a key
factor (VEGF165b) in the angiogenic pathway. Protease
inhibitors are consm_iered to be strongly ant'ang'oge”'ﬁEFERENCES
compounds (Sgadaeit al, 2002). Results from this study
showed that after 120 h, the combination of LPV and CUR
Slgnlflcamly qown_regmate_d the mRNA expressmn of thg\defolaju, G. A.; Scholtz, K. E. & Hosie, M. J. Antiangiogenic VEGF165b
antiangiogenic VEGF165b in the cancer cervical HCS-2 cells expression in human breast MCF-7 and MCF-10A cells exposed to
without a noticeable change in the expression of the samereverse transcriptase and protease inhibitet:s]. Morphol., 35(1)L48-
. o - . 56, 2017.
_genes in the normql cells. In addition, ApOptOSIS Wa_s m(_jucg\gefolaju, G. A.; Theron, K. E. & Hosie, M. J. Effects of HIV protease,
in the cancer cervical cells exposed to the combination of nucleoside/non-nucleoside reverse transcriptase inhibitors on Bax, Bcl-
lopinavir and curcumin but not in the individual compounds 2 and apoptosis in two cervical cell lindsiomed. Pharmacother.,
; : : : ; 68(2)241-51, 2014.
while apoptosis was not I_ndl_JC_ed in the normal cervical CeILSdefoIaju, G. A.; Theron, K. E. & Hosie, M. J. In-vitro effects of protease
exposed to both the individual compounds and the inhibitors on BAX, BCL- 2 and apoptosis in two human breast cell lines.
combination. South Afr. J. Sci., 111(11-12)9, 2015.
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