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Antiangiogenic VEGF165b Expression in Human Breast MCF-
7 and MCF-10A Cells Exposed to Reverse Transcriptase and
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SUMMARY: The combined antiretroviral therapy (CART), a multidrug combination regimen, usually consisting Nucleoside
Reverse Transcriptase Inhibitors, non- Nucleoside Reverse Transcriptase Inhibitors and Protease Inhibitors has alteiddythe morb
pattern affecting HIV-infected individuals to include non-AIDS-defining malignancies (NnADMs). The speculation is rife; ddes cAR
induce or promote the progression of nADMs such as breast cancer? This study was therefree tddsigestigate of the effects of
some antiretroviral drugs (at clinically relevant concentrations) on the expression of anti-angiogenic gene; VEGF165miantweehst
cell lines; MCF-7 and MCF-10A by Real Time gPCR and immuno-fluorescence. All of the antiretroviral drugs and combinations teste
produced patterns of slight up or downregulation of VEGF165b mRNA expression but the alterations did not attain stati§taatsig
They also did not alter VEGF165bprotein localisation in both cell lines. The findings reported here suggest that antihetgsviralbably
do not influence the angiogenic pathway in the development of breast cancer in patients uondaitreriantiretroviral regimen.
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INTRODUCTION

The combined antiretroviral therapy (cART), a The overall effect of CART on the risk for Non AIDS
multidrug combination regimen, has increased the lifdefining malignancies (NADM), including breast cancer has
expectancy of HIV-infected individuals while the incidencéot been clearly established. An HIV/AIDS cohort conducted
of AIDS-defining malignancies and opportunistic infectiongh England (Powlest al,) showed that a rise in the risk for
has dramatically decreased (Nachegal, 2004; Sikorat Non-AIDS defining Malignancies significantly accompanied
al., 2010). cART is currently the treatment of choice in SouART treatment. Engelst al (2008) found that non-AIDS
Africa; the nation with the highest number of HIV infectedlefining cancers comprise 58 % of all cancer deaths post-
patients (Maqutet al, 2011). The original development of HAART (1996-2002) in comparison to 31. 4 % in the pre-
the antiretroviral drugs was focused primarily on reducingAART era (1991-1995). Whilst other risk factors may play
mortality (Blas-Garciat al, 2010). Focus has since shifteda part, the suggestion that antiretroviral drugs may influence
from the primary considerations to the long-term unwantegncer development and progression is currently explored
effects induced by this treatment regimen (Blas-Gatia (Adefolajuet al, 2014; Silverberg & Abrams, 2007).
al.). It has not been clearly shown whether or not
antiretroviral compounds are oncogenic (Powdésal., Angiogenesis, the formation of new blood vessels
2009). Torret al (2007) suggested that the clinical use ofrom pre-existing vasculature is required for cancer growth
NRTI drug pairs may “lead to additive or synergistic effectand development (Bates al, 2002). It is the growth and

compounding long-term risk for cancer gene mutations amaultiplication of a system of blood vessels that invades
potential carcinogenesis”. tumors, supplying nutrients and oxygen serving to remove
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wastes (Batest al) Tumor angiogenesis begins when canceat al). Recent reports indicate that the control of alternative
cells release factors that convey signals to neighbouring neplicing by growth and splicing factors represents an important
mal host cells and tissue. This process triggers specific geis¢ep in influencing the comparative expression of
in the host cells that consequently synthesize proteins thmbangiogenic as against antiangiogenic VEGF isoforms
promote the development of new blood vessels (Bxtal. (Nowaket al; Qiuet al; Rennekt al, 2009). Since the amino
The creation of new blood vessels is a complicated processd configuration of antiangiogenic VEGF165b is 95 % to
that involves more than 50 co-dependent growth factor86 % similar to that of VEGF165 (Qat al; Woolardet al),
cytokines, enzymes and receptors (Carmeliet, 2000), atite majority of past studies that have investigated VEGF
several of them are reported to be from the vascular endothesiapression could not differentiate between these proangiogenic
growth factor A (VEGFA), angiopoietin and ephrin families.and antiangiogenic VEGF isoforms. It is noted that the majority
The VEGFA family perform important functions in of these studies were conducted before the discovery of
vasculogenesis, angiogenesis and lymphangiogenesis. Thaméangiogenic VEGF isoforms or used in situ hybridization
are five members of the human VEGF family: VEGF (oriboprobes, antibodies, and ELISAs that detect both
VEGF-A), VEGF-B, VEGF-C, VEGF-D, and placental growthVEGF165 and VEGF165b isoforms (Manettal, 2011). The
factor (PIGF) (Acheret al, 1998; Ferrara, 2004; Hoeben aim of the present study therefore, was to investigate whether
al., 2004; Joukowt al., 1996; Olofssoret al, 1996). the expression of the anti-angiogenic VEGF splice variant;
Alternative gene splicing of the respective human VEGF pr&EGF165b could be altered in human breast cell lines exposed
MRNAs produces several isoforms of each gene. VEGRA different classes of antiretroviral drugs, individually and in
signalling denotes a complex but crucial rate-limiting phaseombination. We hypothesised that, for antiretroviral drugs to
in angiogenesis and as a result is the subject of concentrabedmote tumor angiogenesis, VEGFA165b mRNA might be
research (Nowakt al, 2008). The VEGFA gene consists ofdown-regulated.

8 exons set apart by 7 introns and spans 14 kilo bases (Houck

et al, 1991). VEGF pre-mRNA is differently spliced to

generate mRNAs that encode about 12 isoforms that have b&ATERIAL AND METHOD

researched widely, some possessing pro-angiogenic and others

possessing anti-angiogenic properties (Hoeickl; Nowak

et al; Perrinet al, 2005). One of the isoforms is VEGF165,Cells.Human breast carcinoma MCF-7 cells (American Type
with 165 amino acids in its complete structure. However, rece@ulture Collection Rockville, MD, USA) were cultured in
evidence indicates that two families of VEGF proteins al®@MEM medium (Gibco BRL, Gaithersburg, MD, USA)
formed by alternative splice-acceptor-site assortment in tieentaining 10 % Fetal Bovine Serum (Gibco, USA).

3¢ untranslated region (UTR) within the terminal exon 8 to

give 2 different C-terminal sequences that differ in only 6 Immortalized human breast epithelial cells, MCF-10A
amino acids (Batest al; Qiuet al, 2009). Proximal splice- (American Type Culture Collection Rockville, MD, USA)
acceptor-site selection in exon 8 results in classiwere cultured in Mammary Epithelium Growth Medium
proangiogenic VEGFxxx isoforms that contain the exon 8@EGM) (Lonza, Walkersville, MD USA) containing human
sequence, whereas distal splice-acceptor-site selection prodicombinant epidermal growth factor, hydrocortisone, insulin
ces antiangiogenic VEGFxxxb isoforms that contain the exand bovine pituitary extract (Lonza, MD USA).

8b sequence (with xxx denoting the number of amino acids)

(Qiuetal). The proangiogenic isoforms encode a terminal 6— Cells were cultivated as a stationary monolayer in
amino acid sequence of Cys-Asp-Lys-Pro-Arg-Arg, while thplastic tissue-culture dishes (Nunclon, Denmark) and were
antiangiogenic isoforms encode Ser-Leu-Thr-Arg-Lys-Aspncubated at 3TC in a 5 % CQhumidified environment. The
The most widely studied VEGFxxxb isoform is VEGF165bcells were incubated with the drugs individually and in
but other isoforms have also been identified at both the mRNmbination at the indicated physiologically relevant
and protein levels (Qiet al). There is an extensive expressiorconcentrations for 96 hours.

of the VEGF165b transcript and protein in majority of normal

human tissues and in nonangiogenic tissues @ial). Drugs and Treatment. Drugs were administered at
VEGF165b has dimerization and receptor-binding regionspncentrations which reflect their steady-state plasma peak
therefore, it functions as a competitive inhibitor of VEGF165¢oncentration. FTC and TDF were dissolved in distilled water,
such that it binds to the receptor but fails to trigger the comhile EFV, LPV and RTV were dissolved in methanol. The
plete tyrosine phosphorylation of VEGF Receptor-2 and theells were incubated with the drugs individually and in
subsequent signaling provoked by VEGF165 (Wootdi@l, combination at the indicated concentrations (Table ) for 96
2004). VEGF165b therefore is said to be an intrinsibours. Normal and vehicle control groups were exposed to
antiangiogenic agent produced by alternate splicing (Woolagidowth medium and vehicle respectively (Groups 1 and 2).
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Table | Shows the treatment groups and drug  were purchased from Life technologies (California, USA).

concentrations administered for each cell line. Oligos for gPCR were purchased from Integrated DNA
GROUP TREATMENT Technologies, Inc. (Coralville, lowa, USA). Agarose D-1 Low
1 Growth Medium EEO-GQT was purchased from Conda Laboratories (Madrid,
2 0.01 % Methanol Spain).
3 0.3 pg/ml TDF
4 1.8 pg/ml FTC Total RNA Extraction, cDNA Synthesis, and Real-Time
5 4.07 pg/ml EFV gPCR Analysis.The Cells were treated with different classes
6 TDF+FTCHEFV (ATRIPLA) of ARVs for 96 hours and total RNA was extracted and its
7 9.8 pg/ml LPV concentration, purity and integrity ascertained as described
g 104}?\?/%/ &TEYTR A) previoqsly (Adefolangt al). According to the manufacturer’s
10 TDF+FTC+LPV/r instructions, genomic DNA was removed from total RNA

using the DNase |, RNase-free kit. The DNAase | treated RNA
was again cleaned with the GeneJET RNA Purification kit, re
quantified and stored at -8D until used. According to the
The cells were exposed to 0.3 mg/ml TDF; 1.8 mg/mhanufacturer’s instructions, cDNA was synthesized using the
FTC; 4.07 mg/ml EFV individually (Groups 3-5) and inMultiScribe™ Reverse Transcriptase from 700ng RNA. The
combination (Group 6) as recommended by the South Africagverse transcriptase reaction was carried out in a GeneAmp®
antiretroviral treatment guideline and as in ATRIPLA®. CellCR System 9600 Thermal Cycler for 10 min &t@5120
were also exposed to 9.8 mg/ml LPV (Group 7) and LPVHin at 37C and then the enzyme was deactivated for 5 min at
(Kaletra®). Even though the absolute bioavailability oB85°C. The cDNA aliquots were then utilized in gPCR
Ritonavir had not been determined in humans at the time i@factions for VEGF165b, with TBP, RPLP0 and TFRC used
this study (Drug information, NORVIR® Abbott laboratories),as the endogenous reference genes. PCR reactions were
across studies, administration of Kaletra® 400/100 mg daifymplified as described previously (Adefolagtial). PCR
yields mean steady-state lopinavir plasma concentrations dfmplification was performed in a final volume of 20 ml using
to 20 times higher than those of ritonavir in HIV-1 patientthe Power SYBR® Green PCR Master mix with the ABI 7500
(Drug information, KALETRA® Abbott laboratories, 2013). real-time PCR machine. Primer sequences and PCR product
Therefore a 9.8 mg/ml LPV: 0.6 mg/ml RTV ratio of lopinavirsizes are shown in Table II. To confirm the absence of
to ritonavir was used. In group 8, cells received 0.6 mg/mbnspecific amplification, PCR products were separated on 3
RTV only. Another group of cells (Group 10) received &b agarose gels, stained with ethidium bromide and images
combination of TDF, FTC and LPV/r; recommended as a 2ratquired with the BioRad Gel Doc® XR (Model 170-8170
line regimen in the South African antiretroviral treatmen§egrate, Milan. Italy). Melt curves were generated for each
guideline. PCR product using the Applied Biosystems ABI 7500 soft-
ware. The relative mRNA expression levels of target genes in
Antibodies, Kits and reagents:Primary antibody- polyclonal each sample were calculated using the gbasePLUS software
rabbit anti-human VEGF165b and secondary antibody- Go@iogazelle, Zulte, Belgium). The expression stability of the
anti-rabbit Rhodamine conjugated were purchased frofeference genes was evaluated using gbasePLUS version 2.3.
ABCAM (Cambridge, UK). The GeneJET RNA PurificationThis software uses a pair-wise comparison model to calculate
kit, DNase |, RNase-free kit and O'GeneRuler Low Rangge stability of each reference gene, and selects the two or
DNA Ladder were purchased from Thermo Scientifienore most stable genes from a panel of reference genes for
(Pittsburgh PA. USA). High Capacity cDNA Reversenormalisation (Hellemaret al, 2007). Genes are ranked based
Transcription Kit and Power SYBR® Green PCR Master mign a gene stability parameter M, where a low M value

Table Il Oligonucleotide sequences used for gPCR

Gene Sequences (5'-3' direction) Product size (bp)
VEGF165B F: CGC AGA CGT GTA AATGTTCCT G 97
R: TTC CTG GTG AGA GAT CTG CAA G
TBP F: TGA TGC CTT ATG GCA CTG GAC TGA 86
R: CTG CTGCCT TTG TTG CTC TTC CAA
RPLPO F: TGC AGC TGA TCA AGA CTG GAG ACA 178
R: TCC AGG AAG CGA GAA TGC AGA GTT
TFRC F: GGC ACC ATC AAG CTG CTG AAT GAA 133

R: GTT GAT CAC GCC AGA CTT TGC TGA
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indicates high expression stability. To further indicat
how stable a gene is expressed th
gbasePLUS software also calculates a coefficient
variation (CV). PCR base line Cq values wer
exported from the ABI 7500 software as an Excel fil
(Microsoft, Redmond, WA) and imported into the
gbasePLUS software. The data was analysed with t
default settings and the arithmetic mean of replicate
was used. Data from standard curve experinfenmts
the ABI 7500 software, imported into the gbasePLU
software, was used to generate amplification efficienci
and standard errors that are used downstream by t
gbasePLUS software to determine normalised ge
expression levels. The relative quantity of each targqy_
sample combination was scaled to the average Cq
corresponding target (scale set to untreated control
the gbasePLUS software). The relative expression
specific genes in the experiment were normalised a
ratio to the amount of the two most stably express
reference genes according to the —-CT method of Liva
& Schmittgen(2001).
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MCF-7 and MCF-10A cells following a 96 hour treatment. Cells were incubated with the drugs at indicated concentrationsrd hersignificant (p<0.05) alterations to

VEGF165b gene expression in both cell lines. Data are CNRQ, representative of 3 independent experiments for RNA extraction.
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Immunocytochemistry of VEGF165b.The effects
of the antiretroviral drugs on VEGF165b localisationg
was determined by immuno-flourescence. Th

ABCAM® double labelling procedure was followed %
for immunofluorescence analysis as previously;
described (Adefolajeet al). Cells were incubated @
overnight with polyclonal rabbit anti-humanw
VEGF165b (5 mg/ml) (ABCAM). The cells were thenw
PBS washed and incubated for 2 hours with %
Rhodamine-conjugated goat anti-rabbit antibodg_’
(1:1000 ABCAM) in the dark. Slides were rinsed 7

nuclei counterstained in 4',6-diamidino-2-2
phenylindole, dihydrochloride (DAPI) 300 nM for 5 &
mins, rinsed and mounted with fluoromount (Sigma); =
Negative control groups were set up to ensure that
the secondary antibody was specific for the pnmarE
antibody. The primary antibody was substitute

with 0.1 % BSA\PBS and the normal protocol were-
carried out. In a second negative control, the cells wekg
treated in the same way as the experimental ind&g,
but the secondary antibodies were substituted witf
PBS. These controls were set up to ensure that crog-
reactivity was not taking place. Cells were visualizedg
using a Zeiss Laser Scanning Confocal M|croscop§
780 under a Zeiss 100 X oil immersion objective. Faoff
digital image analysis, ZEN 2010 software was use
The image acquisition settings remained constant
all exposures. Images were taken and using the Z
2010 (Carl Zeiss, Germany) image analysis softwareg
the intensity of the fluorescence of each micrograph
was analysed to determine whether there was af§
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protease inhibitors showed no significant (p < 0.05) effectsflect their steady-state peak plasma concentrations), do not
on the mRNA expression of VEGF165b in both breast callter the mRNA expression of the VEGF165b gene, neither
lines (Fig. 1B). In response to LPV, VEGF165b levels werdo they alter the localization of their proteins in the human
decreased in the normal breast cells only (Figure 1B), whitgeast cancer cell line MCF-7 and non tumorigenic
in response to LPV/r, VEGF165b levels were increased immortalised breast cell line MCF-10A.
the breast cancer cell line, but again, the increase did not
achieve statistical significance (Fig. 1B). The combinations Studies investigating the effects of antiretroviral drugs
of TDF/FTC/LPV/r also did not alter the levels of theon the mRNA expression of the VEGF splice variant
angiogenesis related gene VEGF165b in both cell lines afEGF165b, in-vitro, in-vivo or even in other cell lines were
a 96 hour exposure (Fig. 1B). Results were analysed witlet found in literature. In a glioblastoma cell line, HIV
the gBASEPLUS software and normalised to the expressiBnotease Inhibitors — Nelfinavir and Amprenavir reduced
levels of TBP, TFRC and RPLPO. the expression of vascular endothelial growth factor (VEGF)
and hypoxia inducible factor-alpha (P@teal, 2006). The
Immunocytochemistry of antiangiogenic VEGF 165b same drugs however, did not produce any decrease in VEGF
protein in MCF-7 and MCF10-A cells exposed to expression in immortalized human astrocytes.
antiretroviral drugs. The antiangiogenic VEGF165b
protein is expressed and localised in the nuclei and Cancer development, invasion, and spread require
cytoplasms of MCF-7 (Fig. 2A) and MCF-10A (Fig. 3A)that cancer cells possess the ability to proliferate and invade
cells. Exposing both breast cell lines to the differertissues when the extracellular matrix is compromised.
antiretroviral drugs individually and in combination for 96Inflammatory and stromal cells entering tumours take part
hours showed no differences in the localisation of VEGF165h these processes by producing paracrine factors, matrix
(Fig. 2B-J and Fig. 3B-J). Figs. 2B-J are representativretalloproteinases and other proteases that increase cancer-
images illustrating the effect of the antiretroviral drugs onell growth and extracellular-matrix degradation (Carmeliet
expression of VEGF165b in MCF-7 cell cultures. Figure& Jain, 2000; Egeblad & Werb, 2002). As a result, the
3B- J are representative images illustrating the effect of thevasion, spread and proliferation of cancer cells, together
antiretroviral drugs on expression of VEGF165b in MCFwith extracellular matrix and basement membrane
10A cell cultures. degradation are needed for angiogenesis and progression of
tumours (Carmeliet & Jain; Egeblad & Werb). Protease
inhibitors are considered to be strongly antiangiogenic
DISCUSSION AND CONCLUSION compounds (Sgadast al, 2002; 2003). Sgadagi al (2002),
demonstrated that Pls inhibited Kaposi sarcoma growth with
the histological characteristics of treated mice showing that
This study investigated the possibility that the use dhe regression of lesions was because the Protease Inhibitors
antiretroviral drugs could be a risk factor for the initiatiomestricted the formation of new blood vessels. Because
or development of breast cancer in patients receiving cCARdaposi sarcoma is hastened by angiogenic factors secreted
An analysis of the incidence of non-AIDS defining cancersy Kaposi sarcoma cells in human or mice lesions, they
in HIV-infected patients suggests that the incidence @&xamined the effects of Protease Inhibitors - Indinavir or
NADM in these patients has significantly increased sincaquinavir on angiogenesis stimulated by subcutaneous
the introduction and implementation of the combinethjection of bFGF and VEGF in nude mice. Treatment with
antiretroviral therapy (Shiekt al, 2009), creating the need protease inhibitors was shown to block the formation of
to effectively establish or rule out the possibility thatesions and significantly reduce the amount of bFGF-induced
candidate antiretroviral drugs may promote breast cancangio-proliferative macroscopic lesions. Under microscopic
To promote cancer, we hypothesized that the antiretroviramination, the sites of bFGF injection showed significantly
drugs, either individually or in combination at the clinicallyreduced angiogenesis and spindle-cell growth in mice treated
relevant concentrations tested would down-regulate the antiith protease inhibitors compared to control animals treated
angiogenic related splice variant VEGF165b mRNA and avith saline. The Pls (at concentrations similar to those present
protein, which are important factors regulating tumoin plasma from treated patients) were also found to block
angiogenesis. Testing the effects of different classes afigiogenesis induced by both bFGF and VEGF individually
antiretroviral drugs (individually and in combination), ouiin the chorioallantoic membrane—an established in vivo
findings show that the antiretroviral drugs; Tenofovimethod for determining angiogenesis and evaluating the
Disoproxil Fumarate, Emtricitabine, Efavirenz, Atripla,potency of anti-angiogenic agents. The Protease Inhibitors
Lopinavir, Ritonavir, Kaletra and a combination of TDFAndinavir and Saquinavir however were not shown to
FTC/LPV/r; all at clinically relevant concentrations (whichsignificantly affect bFGF-promoted multiplication, growth,
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