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Abstract 

Ocular surface squamous neoplasia (OSSN) is a common cancer that has recently increased in incidence in 

HIV-1 infected patients. The rise has been more transparent in sub-Sahara Africa. Our recent publications 

showed the association of OSSN with multiple viral, bacterial and parasitic infections. Here we show through 

transfection with different viral constructs, the changes taking place in the primary conjunctival cells which 

involve some of the important markers associated with initiation and maintenance of the cancer. 

We transfected primary conjunctival cells with different oncogenic viral genes (HPV16-E6, HPV16-E7, 

HPV16-E6/E7, KSHV-LANA, and EBV-EBNA1) that have been associated with transformation of infected cells. 

The cells were tested for expression of different markers linked to oncogenesis. We used RT PCR to determine 

the expression of the markers. The level of expression was determined in each case. We also performed 

immunohistochemistry (IHC) on the primary cells using specific antibodies. 

The transfected conjunctival cells were demonstrated to be epitheliod as determined by expression of 

Cytokeratin-19 (C-19) and Vimentin markers. The primary conjunctival cells were efficiently transfected with 

the specific viral oncogenes resulting in expression of different cytokines, chemokine, cell cycle markers, and 

growth factors. The different constructs elicited expression and/or suppression of p53, p21, pRB, IL-10, IL-13, 

cyclinD1, TNF, TNF13B, and VEGF in specific transfected conjunctival primary cells.  

Our findings indicate that the viral oncogene expression in primary conjunctival cells contributed to the 

production of inflammatory cytokines, chemokines and dysregulation of cell cycle proteins in primary 

conjunctival tissues. This mirrors the transformation process in OSSN pathogenesis. Further studies should 

follow to identify pathways dysregulated that can be targeted for therapy or vaccine development.  

Keywords: primary conjunctival cells, transfection, OSSN, EBV, HPV, KSHV 

1. Introduction 

It has been reported that approximately 20% of cancers can be attributed to infectious agents such as 

Helicobacter pylori (HP), Epstein Barr virus (EBV), Kaposi sarcoma-associated herpesvirus (KSHV), Human 

papilloma virus (HPV), Hepatitis B (HBV) and C (HCV) viruses. These viruses contribute to stomach cancer, 

Burkitt’s lymphoma, Kaposi’s sarcoma, cervical cancer, and liver cancer respectively (Parkin, 2002). Several 

studies have associated the cancers with these oncogenic viruses (Parkin, 2002; Tesfalul et al, 2014; Gichuhi, 

Ohnuma, Sagoo, & Burton, 2014; Gichuhi, Sagoo, Weiss, & Burton 2013, Simbiri et al., 2010; Risse, 

Massaro-Giordano, Marshall, Lavker, & Jensen, 2002). Ocular surface squamous neoplasia (OSSN) and other 

conjunctival carcinomas are increasing in incidence since the advent of HIV-1/AIDS. We have shown the 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ohnuma%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25447808
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sagoo%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=25447808
http://www.ncbi.nlm.nih.gov/pubmed/?term=Burton%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=25447808


http://cco.ccsenet.org Cancer and Clinical Oncology Vol. 5, No. 2; 2016 

7 

 

association of OSSN with EBV, KSHV, and HPV infection (Simbiri et al., 2010). In our recent publications, we 

have also shown the association of OSSN with multiple viral, bacterial, and parasitic infections (Simbiri & 

Robertson, 2012). 

OSSN is a conjunctival or corneal neoplastic growth that covers simple dysplasia, conjunctival intraepithelial 

neoplasia (CIN), and invasive squamous cell carcinoma (Maho et al., 2014; Kiire & Dhillon, 2006). Recent 

studies have shown strong association of OSSN with the HIV pandemic, and colinearity in incidence with HIV-1 

infection has been observed in many cases (Wabinga, Parkin, Wabwire-Mangen, & Nambooze, 2000; Parkin, 

Nambooze, Wabwire-Mange & Wabinga, 2010). Some studies have indicated that preceding the HIV-1 pandemic 

OSSN predominantly occurred in the elderly for whom it is the third most common oculo-orbital tumor after 

melanoma and lymphoma (Parkin, Nambooze, Wabwire-Mange & Wabinga, 2010; de Koning et al., 2008). 

Other risk factors linked to its pathogenesis have included ultraviolet light B rays (de Koning et al., 2008), 

mutation of the p53 tumor suppressor gene (Tornesello et al., 2005), immunosuppression in organ transplant 

recipients (Vajdic et al., 2007), cigarette smoking, and human papillomavirus (HPV) infection (de Koning et al., 

2008; McDonnell J, McDonnell P, Mounts Wu, & Green, 1986). In sub-Sahara Africa, OSSN is increasing in 

prevalence, aggressiveness, and affects predominantly young people who are HIV-1 positive, a majority of 

whom are women (Waddell, Downing, Lucas & Newton, 2006). 

Cytokines and chemokines are significant factors in innate immunity, apoptosis, angiogenesis, cell growth, and 

differentiation (Chopra, Dinh & Hannigan, 1998). They are involved in a vast array of diseases including cancer, 

and can enhance or modulate these processes by their inflammatory activities (Chopra, Dinh & Hannigan, 1998). 

Inflammatory cytokines and chemokines such as tumor necrosis factor alpha (TNF-α), transforming growth 

factor beta (TGF-β), interferon gamma (IFN-ɤ), interleukin 1 beta (IL-1β), interleukin 6 (IL-6), and interleukin 8 

(IL-8) were shown to be involved in inflammatory activities associated with development of HPV linked cancers 

(Chopra, Dinh & Hannigan, 1998).  

Studies with cervical cancer have shown an increased level of IL-1β, IL-6, IL-8, IL-10, TNF-α, IFN-α, and β, 

that are believed to enhance pathogenicity associated with HPV in cervical cancer (Mindiola et al., 2008; 

Gasperini, Sakakibara & Tosato, 2008). Similar findings have also been noted with Kaposi’s sarcoma (Samanta, 

Iwakiri & Takada, 2008), and Burkitt’s lymphoma ( Aggarwal, 2003). TNF has been shown to be involved in 

dysregulation of a number of major signaling pathways important for development of cancer when secreted into 

the circulation (Woodworth, McMullin, Iglesias & Plowman, 1995). IL-1, IL-6, IL-8, and IL-18 can mediate 

different pathways that lead to cancer. For example IL-1 promotes cervical cancer growth (Aggarwal, 2003) 

while IL-6 is a paracrine growth factor for non-Hodgkin’s lymphoma (Klein et al., 1989). 

Chemokines such as stromal cell derived factor 1 alpha (SDF-1α) and macrophage inflammatory protein 3 alpha 

(MIP-3α) are involved in cancer progression, including angiogenesis, inflammation, cell recruitment, migration, 

and in recruitment and guiding of leukocytes to sites of inflammation (Charo & Ransohoff, 2006).  

The identification of the oncogenic viruses; HPV, KSHV, and EBV in OSSN tissue samples suggest that these 

biological cofactors may be involved in the development of this malignancy in the HIV population by partly 

eliciting the activities of cytokines, chemokines, and growth factors expressed or recruited by cancer cells 

required for proliferation (Simbiri et al., 2010).  

Based on these findings and other studies (Kiire & Dhillon, 2006; Basti & Macsai, 2003), our aim in this study 

was to use primary conjunctival cells transfected with specific oncogenic DNA constructs to investigate if these 

cells are transformed and indeed express specific factors associated with oncogenesis.  

2. Materials and Methods 

2.1 Initiating Primary Conjunctival Cells 

We obtained fresh conjunctival biopsies from patients undergoing routine cataract surgery after they signed a 

written consent approved by the University of Pennsylvania Institutional Review Board (IRB protocol # 805049). 

The University of Pennsylvania IRB committee approved the study and consent procedure. The study followed 

the tenets of the Declaration of Helsinki adhering to informed consent from the subjects. The biopsies were 

retrieved by sticking the tissues on a socked WECK CEL (Beaver-Visitec International, Inc, Walthan, MA) 

sponge which was then placed in a sterile container with 2-3ml Balanced Salt Solution (BSS) Sterile Irrigating 

Solution (Alcon Laboratories, Inc. Forth Worth, Texas). One ml of Hank’s Balanced Salt Solution (HBSS) 

(Gibco Inc., Grand Island, NY) without Ca2+/Mg2+ + 25% dialyzed fetal calf serum (FBS) (Hyclone Inc., Logan, 

UT) was added into a 35mm petri dish and brought to room temperature. In a 60mm petri dish covered with 25% 

HBSS the tissue was placed stroma side down and cut using a rocking motion into smaller portions (1x1mm in 
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size) by using forceps and scalpel. The 1ml HBSS+25% FBS was removed and the tissues layered with the 

stroma side down in the 35mm petri dish. We carefully added 300-500 l of Molecular Cellular and 

Developmental Biology (MCDB) medium (Sigma, St Louis Inc., MO) with 1mM Ca2+ and 10% dialyzed FBS 

around the tissue pieces. The plates were incubated at 370C and 5% CO2 for 2-3 days while keeping them moist 

by adding additional media. Migratory fronts began to appear and once migratory fronts were established on 

most tissues, the media was changed to Dulbecco’s Modified Eagle’s Medium (DMEM) (Gibco Inc., Grand 

Island, NY), 1% Pen/Strep (Gibco Inc., Grand Island, NY) and 10% FBS. When the tissue growth reached 80% 

confluency they were trypsinized (Trypsin, 0.5% trypsin/5.3mM EDTA Gibco Inc., Grand Island, NY) and set in 

T-25 or T-75 tissue culture flasks containing 3-8 ml of media (Risse, Massaro-Giordano, Marshall, Lavker, & 

Jensen, 2002). 

2.2 Transfecting Primary Conjunctival Cells 

Primary conjunctival cells were grown in T-150 flasks to 90% confluency. 2 -3 million cells in 10ml DMEM+ 

10% FBS were plated in 100mm petri dishes and grown overnight. When the cells reached >70% confluency the 

cells were transfected. 

All the samples and reagents were brought to room temperature. Into each plate with an 80-90% confluence, the 

media was removed and replaced with 10 ml 10% FBS DMEM. Master transfection media containing HIV-Rev 

protein (Rev), HIV gag-pol protein (Gp) and vesicular stomatitis virus G glycoprotein (VSVG) that have been 

shown to increase transfection efficiency were applied to the plates. Purified DNA of expression constructs 

Latency associated nuclear antigen (KSHV-LANA) (1.0µg/µl), Epstein-Barr nuclear antigen 1 (EBV-EBNA1) 

(0.5µg/µl), HPV16 -E6/E7 (1.0µg/µl), HPV16-E6 (1.0µg/µl), and HPV16-E7 (1.0µg/µl) were then added to each 

specific plate and the volume brought up to 500 µl with H20 (autoclaved and .22 filter sterilized). 2M CaCl2 and 

2X HEPES-buffered saline (HBS) was added slowly to each sample and incubated for 30min at RT to precipitate 

the DNA. Five minutes prior to transfection 6µl of 50mM Chloroquine was added into each plate and uniformly 

mixed. After the samples were added into specific plates they were incubated for no more than 24 hours due to 

Chloroquine cytotoxicity. The transfected primary conjunctival cells were monitored for transfection efficiency 

by Green fluorescent protein (GFP) under immunofluorescence microscopy. The transfection efficiency was over 

50% (Figure 3). The confluent cells were trypsinized, grown in T-75 flasks with several passages. The cells were 

frozen at -80c and -140c until experimentation. 

2.3 Quantitative Real Time-PCR 

RNA was extracted from primary conjunctival cells, transfected primary conjunctival cells and cell line controls, 

and cDNA prepared accordingly (Applied Biosystems Inc., Foster City, CA). Expressions of cytokines, 

chemokines, and growth factors were determined by RT-PCR using a Step One Plus Real Time PCR System 

(Applied Biosystems Inc., Foster City, CA). The cDNA was DNase treated, amplified using Power SYBR green 

PCR master mix (Applied Biosystems Inc., Foster City, CA), each primer designed across exons (Table 1). 

Thirty-five cycles of PCR (1 cycle consisting of 1 min at 940C, 30s at 480C to 620C, depending on the primer, 

and 40s at 720C), followed by 60s at 720C. Relative quantitation was calculated by the ΔΔCt method (Cai, Verma, 

Choi, Ma, & Robertson, 2010). All experiments were performed in triplicate. 

Table 1. Primers used in RT-PCR. 

Gene  Type Sequence 

TNF13B FP 5’-TACGCCATGGGACATCTAATTCAGA-3’ 

 

RP 5’- GTTTCAGGCATATTTTGAATAC-3’ 

TNF FP 5’- CACCCATGTGCTCCTCACCCA-3’ 

 RP 5’- AGATAGATGGGCTCATAC-3’ 

IL-10  FP 5’-TGTCATCGATTTCTTCCCTGTGA-3’ 

 

RP 5’-TCTCTTGGAGCTTATTAAAGGC-3’ 

Il-13 FP 5’-AGAAGGCTCCGCTCTGCAAT-3’ 

 

RP 5’-AAAACTGCCCAGCTGAGACCTTG-3’ 

VEGF FP 5’- ACATCACCCATCCCACTC-3’ 

 RP 5’- ACATCACCCATCCCACTC-3’ 

p53 FP 5’-GCTCGACGCTAGGATCTGAC-3’ 

 

RP 5’-GCTTTCCACGACGGTGAC-3’ 

pRB FP 5’-CCTTCTCGGTCCTTTGATTG-3’ 

 

RP 5’-CAGAAGGCAACTTGACAAGAGA-3’ 

CyclinD1 FP 5’-TGCCCTCTGTGCCACAGATG-3’ 

 

RP 5’-TCTGGAGAGGAAGCGTGTG-3’ 

p21 FP 5’-GTTCCTTGTGGAGCCGGAGC-3’ 

 

RP 5’-GGTACAA GACAGTGACAGGTC-3’ 
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The table shows the list of specific primer sequences used in the quantitative Real Time-PCR experiments. 

Thirty-five cycles of PCR (1 cycle consisting of 1 min at 940C, 30 s at 480C to 620C, depending on the primer, 

and 40 s at 720C), followed by 60 s at 720C. Ct values for the relative quantitation were calculated by the ΔΔCt 

method. Transcript quantification results were again normalized against GAPDH DNA content. The experiments 

were performed in triplicate. 

2.4 Immunocytochemistry 

Initially in this study we needed to verify that the cells we isolated and used in the experiments were of 

keratinocyte conjunctival cell lineage that have been associated with OSSN. Therefore we screened for specific 

markers using commercial antibodies for cytokeratin-19 (C-19) (Auw-Haedrich et al., 2011; Rosellini, Papini, 

Giannarini, Nardi & Revoltella, 2007; Baudouin, Brignole, Pisella, Becquet & Philip, 1997),(ABCAM, MA), 

and vimentin (Baudouin, Brignole, Pisella, Becquet & Philip, 1997; Garcia-Posadas, Arranz-Valsero, 

Lopez-Garcia, Soriano-Romani & Diebold, 2013) (ABCAM, MA), markers for keratinocytes that are widely 

distributed in these cell types according to the product protocols (Auw-Haedrich et al., 2011; Rosellini, Papini, 

Giannarini, Nardi & Revoltella, 2007; Baudouin, Brignole, Pisella, Becquet & Philip, 1997). 

2.5 Data Analysis 

In this study we had the data collected in Excel and imported into a statistical software program for analysis 

which encompassed determination of proportions (MedCalc Software bvba MedCalc Software, Ostend, 

Belgium). 

3. Results 

We investigated the effects of plasmid constructs from identified oncogenic viruses on reproducing results in 

primary conjunctival cells similar to that seen in OSSN pathogenesis. We obtained conjunctival tissues from 

adults visiting an eye clinic and generated primary conjunctival cells from the tissues obtained.  

3.1 Primary Conjunctival Cells are of Keratinocyte Lineage 

Each of the initiated primary cells was screened for markers associated with conjunctival cells. University of 

Pennsylvania Institutional review board approved the study (protocol # 805049). The study complies with the 

declaration of Helsinki and consent was obtained from participants. Our results showed that the primary 

conjunctival cells were of keratinocyte lineage being positive for both cytokeratin-19 and vimentin (Figure 1 & 

2).  

 

Figure 1. Shows representative primary conjunctival cells stained with antibody against Cytokeratin-19 with the 

brown staining showing the presence of the marker (NC-Negative control). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Rosellini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17939121
http://www.ncbi.nlm.nih.gov/pubmed?term=Papini%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17939121
http://www.ncbi.nlm.nih.gov/pubmed?term=Giannarini%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17939121
http://www.ncbi.nlm.nih.gov/pubmed?term=Nardi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17939121
http://www.ncbi.nlm.nih.gov/pubmed?term=Revoltella%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=17939121
http://www.ncbi.nlm.nih.gov/pubmed?term=Baudouin%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9154386
http://www.ncbi.nlm.nih.gov/pubmed?term=Brignole%20F%5BAuthor%5D&cauthor=true&cauthor_uid=9154386
http://www.ncbi.nlm.nih.gov/pubmed?term=Pisella%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=9154386
http://www.ncbi.nlm.nih.gov/pubmed?term=Becquet%20F%5BAuthor%5D&cauthor=true&cauthor_uid=9154386
http://www.ncbi.nlm.nih.gov/pubmed?term=Philip%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=9154386
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Figure2. Shows the presence of Vimentin marker using anti-Vimentin antibody. We observe the presence of the 

marker in all the representative cells shown by the brown positive staining (NC-Negative control). 

3.2 The Primary Conjunctival Cells were Efficiently Transfected 

To confirm efficient transfection of the primary cells we utilized GFP transfection of 293-cell line and 

LVX-GFP-C1 transfection as positive controls, and primary conjunctival cells without any construct DNA 

(empty vector) and VSVG as negative controls. We observed robust transfection efficiency in the 293-cell line 

positive control and LVX-GFP-C1 control compared to primary conjunctival cell samples transfected with the 

oncogenic constructs that nevertheless were still greater than 70 % and was reproducible in multiple 

transfections (Figure 3A-E, 4A-F).  

 

Figure3. Shows the strong GFP fluorescence of the LVX-GFP-C1 positive control; 3B shows the negative GFP 

fluorescence in the VSVG negative control; 3C shows the GFP fluorescence in the positive GFP-transfected 293 

cell line control; 3D shows 293 cell line negative control; and 3E shows a transfected conjunctival primary cell. 
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10X 10X 10X 10X 

10X 10X 10X 10X 

 

Figure 4. Shows primary conjunctival cells transfected with different plasmids. 

In each figure we show the bright field sections observed in the transfectants and the bright field section merged 

with GFP, clearly showing localization of GFP in the transfected cells; 4A-GFP; 4B- HPV16-E6-GFP; 4C- 

HPV16-E6/E7-GFP; 4D- HPV16-E7-GFP; 4E EBNA1-GFP; and 4F-KSHV-LANA-GFP. 

3.3 We were Able to Efficiently Transfect the Primary Conjunctival Cells with the Oncogenic Viral Genes 

Having shown that we could efficiently transfect the primary conjunctival cells with GFP we preceded to 

transfect the cells with different viral oncogenic plasmids. We observed efficient transfection of the primary cells 

(Figures 4A-F) showing the bright light and fluorescent component of the same cells. We have used two 

representative primary conjunctival cells (Case #21 and #23) for these figures. Among the many samples 

initiated some were more robust and more stable through the several passages, #21 and #23 are representative of 

the samples under this category and were thus used for the experiments. On the whole transfection efficiency 

was similar for all plasmids, with minor differences that was likely due to the specific plasmid and specific 

subject tissue.  

3.4 The Transfected Primary Conjunctival Cells Elicited the Production of Cytokines and Chemokines 

We showed that the papilloma and herpesvirus constructs could elicit the production and dysregulation of 

cytokines, chemokines, and cell cycle factors that are associated with initiation and maintenance of the cancer by 

independently transfecting naïve primary conjunctival cells with the specific oncogenic plasmids. We noted that 

for HPV16-E6 (Figure 5A) there was expression of TNF13B, IL-10, and IL-13 in the samples, but especially in 
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Case #23 where TNF13B was expressed 10fold, in Case #79 where IL-10 was expressed 10fold, and Case #78 

where IL-13 was expressed 10fold over the untransfected primary conjunctival cell controls. In cells transfected 

with HPV16-E6/E7 (Figure 5B) we observed the expression of TNF13B, IL-10, and IL-13 expression in Cases 

#23, #78, and #79, but not at a higher level as was observed for HPV16-E6. For HPV16-E7 (Figure 5C) we 

detected the expression of IL-10 and IL-13 mainly in samples #78 and #79. For EBV-EBNA1 (Figure 5D) 

interestingly we observed the expression of IL-10, TNF, IL-13, but not TNF13B by the same Cases #23, #78, and 

#79, but again not to the same level as observed with HPV16-E6. Furthermore, for KSHV-LANA (Figure 5E) we 

observed the expression of IL-10, IL-13, and TNF13B by Cases #23, #78, and #79, but again not to the same 

level as with HPV16-E6. It was observed that the different oncogenic constructs expressed similar cytokines and 

chemokines, albeit to different levels, pointing to significant roles they play in the inflammatory process in 

OSSN pathogenesis. It was observed that HPV16-E6 that has been shown to be more oncogenic than other HPV 

oncogenes elicited higher level of the factors. Overall, the differences in levels observed in the expression of 

these different cytokines/chemokines that have been associated with OSSN, may be due to the individual tissue 

sample, or oncogene transfected (Table 2). 

 
Figure 5A. Shows RT-PCR results of the factors expressed by the HPV16-E6 construct in representative primary 

conjunctival cells. 

 

Figure 5B. Shows RT-PCR observation of the factors expressed by HPV16-E6/E7 in representative primary 

conjunctival cells. 

 

Figure 5C. Shows RT-PCR findings of the factors expressed by HPV16-E7 in representative primary 

conjunctival cells. 
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Figure 5D. Shows RT-PCR results of the factors expressed by EBV-EBNA1 in representative primary 

conjunctival cells. 

 

 

Figure 5E. Shows RT-PCR results of the factors expressed by KSHV-LANA in representative primary 

conjunctival cells. 

3.5 Cell Cycle Proteins Were Expressed by the Transfected Cells to Appreciable Levels in Different Transfected 

Primary Conjunctival Cells 

As with the cytokines and chemokines, we similarly investigated the expression of a number of cell cycle 

proteins that are associated with cancer and observed that expression of the proteins varied between the different 

plasmid constructs. For cells transfected with HPV16-E6 (Figure 5A) we observed the expression of p21 by 

Cases #23, #78, and #79. For cells transfected with the combination construct HPV16-E6/E7 (Figure 5B) we 

likewise observed the expression of p21 by Cases #23, #78, and #79, and Cyclin D1 by Cases #23 and #78. For 

HPV16-E7 transfected cells (Figure 5C) similarly we observed the expression of p21 by the same Cases #23, 

#78, and #79.  

For the oncogenes encoded by the oncogenic herpesviruses; EBV-EBNA1 (Figure 5D) we observed expression 

of p21, Cyclin D1, and vascular endothelial growth factor (VEGF) by Cases #23, #78, and #79. Whereas for 

KSHV-LANA (Figure 5E) we similarly detected the expression of p21, Cyclin D1, and VEGF by Cases #23, #78, 

and #79. As was noted with cytokines and chemokines the differences in level of expression may be due to the 

oncogenic plasmid used and specific sample variation (Table 2). 
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3.6 The Tumor Suppressor Proteins P53 and Prb Are Dysregulated in the Primary Conjunctival Cells Expressing 

Oncogenic Viral Antigens 

The tumor suppressor proteins p53 and retinoblastoma protein (pRB) have been shown to play a significant role 

in other cancers such as cervical cancer (Chopra, Dinh & Hannigan, 1998; Mindiola et al., 2008; Garcia-Posadas, 

Arranz- Valsero, Lopez-Garcia, Soriano-Romani & Diebold, 2013). We determined the expression of the two 

proteins in our samples and observed that for HPV16-E6 transfected cells (Figure 5A) p53 was expressed by 

Cases #23, #78, and #79, while pRB was expressed to an appreciable level by Case #23 alone. For 

HPV16-E6/E7 transfected primary cells (Figure 5B) again only p53 was expressed to an appreciable level by 

Cases #23 and #78, pRB was not expressed to a detectable level by any of the samples. For HPV16-E7 (Figure 

5C) expression to appreciable level was observed for p53 alone, but not for pRB. For EBV-EBNA1 (Figure 5D) 

we again observed the expression of p53 alone by Cases #23 and #78, and no pRB expression, while for 

KSHV-LANA (Figure 5E) we observed the expression of p53 by Cases #23, #78, and #79 and pRB by Cases #23 

and #79, again some of the differences maybe attributable to transfected oncogene or specific sample variances 

(Table 2). 

Table 2. Expression levels of different factors in Cases #23, #78, and #79 transfected with different papilloma 

and herpesvirus oncogenes. 

Case #23 

 Negative 293 P53 P21 pRB Cyc. D1 TNF TNF 13B VEGF IL-10 IL-13 

Constructs - -          

E6 - - + ++ ++ - - +++ - ++ + 

E7 - - ++ + - - - - - - - 

E6/E7 - - + + - + - ++ - ++ + 

EBNA1 - - ++ ++ - + ++ - + ++ - 

LANA - - + + ++ ++ - ++ +++ +++ + 

Case #78 

 Negative 293 P53 P21 pRB Cyc. D1 TNF TNF 13B VEGF IL-10 IL-13 

Constructs - -          

E6 - - ++ ++ - - - + - + ++ 

E7 - - + + - - - - - + + 

E6/E7 - - ++ ++ - +++ - ++ - + ++ 

EBNA1 - - + +++ - +++ - - ++ + + 

LANA - - ++ ++ - ++ - + + + ++ 

Case #79 

 Negative 293 P53 P21 pRB Cyc. D1 TNF TNF 13B VEGF IL-10 IL-13 

Constructs - -          

E6 - - ++ + - - - + - +++ ++ 

E7 - - ++ + - - - - - +++ ++ 

E6/E7 - - - + - - - - - + - 

EBNA1 - - - + - + + - + + +++ 

LANA - - ++ + + + - ++ + + +++ 

This table shows the expression levels of different factors in Cases #23, #78, and #79 transfected with different 

papilloma and herpesvirus oncogenes. Variance in expression of the measured factors is clearly observed in the 

three cases. 

- = No expression 

+ = Low expression 

++ = Moderate expression 

+++ = High expression 

4. Discussion 

In this study we investigated the effects of transfecting primary conjunctival cells with known oncogenic 

plasmids on elicitation of factors that have been linked to OSSN pathogenesis in patients. We observed that the 

different conjunctival samples transfected showed dysregulated expression of inflammatory 

cytokines/chemokines, growth factors, and tumor suppressors that have been associated with oncogenesis. The 

levels of expression were generally similar, with minor differences that could be due to variances in samples, 

which were retrieved from different subjects with diverse immune statuses and ages. 

In our studies with the HPV16-E6 construct we observed the expression of tumor suppressors p53 and pRB. 
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Studies have indicated that the dysregulation of p53 and pRB affect the transforming ability of tumor cells which 

may involve adjustment in supply of blood to the transformed cells leading to increased growth and spread 

( Hanahan & Folkman, 1996; Vikhanskaya et al., 2001). This process, called angiogenic switch results in an 

altered phenotype in which activities of angiogenic inhibitors decrease relative to angiogenic inducers enhancing 

spread of the tumor such as OSSN, especially in immunocompromised patients (Igarashi, Esumi, Ishida & 

Okada, 2002; Gomez-Manzano et al., 2003). The HPV16-E6 transfected cells also expressed TNF13B, IL-10, 

and IL-13. 

When HPV16 infects keratinocytes, one major function of E6 and E7 is to disrupt the activity of two tumor 

suppressor proteins, p53 and pRB (Munger & Howley, 2002). This disruption results in dysregulated 

proliferation and unrestricted cell cycle entry (Munger & Howley, 2002). Previous studies that examined 

angiogenesis in cervical cancer have demonstrated that angiogenesis is an early event that becomes evident 

before malignancy. In both, a transgenic mouse model expressing HPV16 early genes, and in human cervical 

lesions progressing along the continuum from low-grade dysplasia to invasive carcinoma, studies indicate that 

angiogenesis occurs in a stepwise manner (Munger & Howley, 2002, López-Ocejo et al., 2000). With regards to 

pRB, studies have shown that the convergent evolution of pRB inhibitory mechanisms by tumor viruses 

illustrates the importance of the pRB checkpoint to the life cycles of both DNA and RNA tumor viruses. pRB 

inhibition has been attributed to the need for a virus to induce S-phase DNA synthesis in order to expand virion 

production (Jansen-Dürr, 1996). This is likely to be the case for at least some tumor viruses such as EBV and 

KSHV during lytic virus replication. EBV, for example, encodes the lytic replication transactivator proteins 

(BRLF1 and BZLF1), which directly inhibit the pRB and p53 proteins (Zacny, Wilson & Pagano, 1998; Zhang, 

Gutsch & Kenney, 1994). However, pRB inactivation during virus latency does not preferentially replicate viral 

genome over host cell genome. An alternative explanation for pRB inhibition during virus latency is that cell 

cycle arrest serves as an antiviral mechanism to limit latent virus replication (Moore & Chang, 1998). Swanton 

and colleagues have demonstrated that the KSHV vCYC is resistant to cellular CDK inhibitors that control 

cyclin D activities [Sarid, Flore, Bohenzky, Chang & Moore, 1998). This suggests that KSHV replaces cellular 

cyclin D activity with a viral cyclin that is resistant to cellular control mechanisms. In this case, vCyc expression 

may re-establish cell cycle homeostasis in the presence of active cellular antiviral responses that would otherwise 

induce cell cycle arrest.  

Though our HPV16 construct did not induce VEGF or IL-8 at detectable levels, other studies such as Ravi et al 

(Ravi et al., 2000) have shown the expression of VEGF and IL-8, both potent inducers of angiogenesis, increased 

in HPV16-E6 and -E7 expressing keratinocytes, but not in controls (Munger & Howley, 2002). Additionally, in 

our studies HPV16-E6/E7 transfected primary cells also expressed TNF13B, IL-10, IL-13, p21 and Cyclin D1, 

while for HPV16-E7 transfected primary cells alone only p21 was expressed. Interestingly, as shown above the 

HPV16 oncoproteins E6 and E7 can disrupt the functions of tumor suppressors p53 and pRB, respectively. 

Lopez-Ocejo et al, have shown that three of the factors whose levels are altered in HPV16-E6 and-E7 expressing 

cells are regulated by p53 (Lopez-Ocejo et al., 2000). Loss of p53 results in upregulation of VEGF. They 

however suggest that the regulation of VEGF by HPV16 -E6 can occur via a p53-independent mechanism. In 

p53-/- mouse embryonic fibroblast cells, HPV16-E6 can activate the VEGF promoter via the Sp-1 transcription 

factor binding sites. The VEGF promoter also contains an AP-1 site that could potentially be activated by E7 

(Tisher et al., 1991; Antinore, Birrer, Patel, Nader & McCance, 1996). Other studies (Arbeit, Munger, Howley & 

Hanahan, 1994; Guidi et al., 1995; Smith-McCune, Zhu, Hanahan & Arbeit, 1997) have shown that increasing 

vascular density and increasing expression of the pro-angiogenic factor VEGF correlates with progression 

toward tumor development. The differences observed in our study and these other studies could be based on our 

use of primary cells versus cell line based experiments in the studies. 

Conjunctival primary cells transfected with the EBV-EBNA1 construct induced the tumor suppressors, cytokines, 

and cell cycle protein genes. The consistent expression of EBNA1 in all EBV-related malignancies is a result of 

the indispensable role that EBNA1 plays in maintenance and replication of the EBV genome via 

sequence-specific binding to the viral origin of replication, oriP (Raab-Traub, 2002). In addition to the role that 

EBNA1 plays in viral genome maintenance, it also interacts with viral gene promoters, thereby contributing to 

the transcriptional regulation of the EBNAs and of LMP1. In our studies the EBNA1 transfected primary cells 

expressed IL-10, TNF, and IL-13, p21, Cyclin D1, p53, and VEGF. Recent studies have also demonstrated that 

EBNA1 can interact with the ubiquitin-specific protease USP7, which has also been implicated in the 

stabilization of p53 (Holowaty, & Frappier, 2004). Holowaty & Frappier showed that EBNA1 can bind with a 

higher affinity to the same region of USP7 as p53 and MDM2 and suggest that, as a consequence, EBNA1 can 

protect against either UV- or p53-induced apoptosis, a factor which is worth investigating in our samples 
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(Holowaty, & Frappier, 2004). O’Neil et al demonstrated by gene expression microarray profiling in an NPC cell 

model that EBNA1 influences the expression of a range of cellular genes, including those involved in 

transcription, translation and cell signaling. They showed that EBNA1 enhances activity of the AP-1 

transcription factor in NPC cells and demonstrated that this is achieved by EBNA1 binding to the promoters of 

c-Jun and ATF2, enhancing their expression. They also demonstrated elevated expression of the AP-1 targets 

interleukin 8, VEGF and hypoxia-inducible factor-1α (HIF-1α) in response to EBNA1 expression, which had 

been shown to enhance microtubule formation in an in vitro angiogenesis assay (O’Neil et al., 2008). Further, 

Krishna et al have demonstrated strong positive staining for VEGF in a high proportion (50 %) of NPC cases 

studied. In addition, elevated VEGF expression and secretion were reported to be associated with enhanced 

angiogenesis and poor prognosis both in NPC cell models and in NPC biopsies (Yoshizaki et al, 2001; Krishna, 

James & Balaram, 2006). Moreover, Josko & Mazurek, 2004 also reported that the regulation of VEGF 

expression is controlled, at least in part, by AP-1 (Josko, & Mazurek, 2004). 

Latency associated nuclear antigen (LANA) is the dominant protein expressed during KSHV latency and its 

expression leads to the induction of tumor suppressor p53, pRB, cytokines and chemokines, and other growth 

factors. In our study the LANA transfected primary cells expressed IL-10, IL-13, TNF13B, p21, Cyclin D1, p53, 

pRB, and VEGF. LANA controls episomal maintenance and replication by tethering KSHV episome to the 

chromosome. LANA has been reported to downregulate tumor suppressor pathways regulated by p53 and pRB 

(Verma, Lan, Robertson, 2007; Sherr & McCormick, 2002). LANA protein binds to the negative regulator 

glycogen-synthase kinase-3 (GSK-3), causing a cell cycle-dependent nuclear accumulation of GSK-3, which has 

been shown to stabilize beta-catenin and increase its levels (Auw-Hadrich, Gobel & Illerhaus, 2010). Further, 

LANA has been shown to associate with GSK-3β, a modulator of Wnt signaling pathway leading to 

accumulation of cytoplasmic β-catenin, which upregulates Tcf/Lef regulated genes after entering into the nucleus 

(Fujimuro & Hayward, 2003). Lan et al. have reported that LANA is responsible for maintaining viral episome, 

inhibiting viral reactivation, and promoting cell proliferation by targeting p53, pRb and GSK-3β (Lan et al, 

2007). Lan et al. have also shown that LANA contributes to cell proliferation by promoting intracellular Notch 

(ICN) accumulation through inhibition of Sel10-mediated ICN degradation, and that LANA can block the 

expression of RTA (Lan, Kuppers, Verma & Robertson, 2004; Verma & Robertson, 2004; Lan et al., 2005b) the 

replication and transcription activator involved in the latency to lytic switch. We can thus comprehend the 

possible effects of LANA in OSSN pathogenesis. Its association with the expression of cytokines, growth factors, 

and tumor suppressors in this study, and likely interaction with other papilloma and herpesvirus oncogenic genes 

calls for further investigation. The cross-talk between the papilloma and herpesvirus oncogenes is exemplified by 

the control of Cyclin D1 that is required for progression through G1 cell cycle phase controlled by pRB, but has 

been shown to be overcome by pRB inactivation by HPV 16 [Jansen-Dürr, 1996], EBV EBNA-LP and EBNA-2 

(Hollyoake, Stuhler, Farrell & Gordon, 1995; Kempkes et al, 1995; Sinclair, Palmero, Peters & Farrell, 1994), 

and KSHV, which interestingly has been shown to encode many cellular genes induced by EBV (Moore, Boshoff, 

Weiss & Chang, 1996; Moore & Chang, 1998). 

5. Conclusion 

This study, based on transfection of primary conjunctival cells with a number of oncogenic viral antigens, has 

shown that induction of cellular factors that are associated with oncogenesis may play a significant role in the 

onset of OSSN. The transfection efficiency was generally high (>70%) in most of the cells. We observed varied 

levels of Vimentin and Cytokeratin 19(C-19) expressing keratinocytes in the tissues which may be a factor 

influenced by each subject’s immune status. The subject variation in the response to the transfected constructs 

was observed in the expression of the cytokines, chemokines, and growth factors. Expression levels of the 

different constructs could be due to the level and efficiency of transfection and patient variances that may in turn 

affect the level of cell cycle proteins and other factors expressed. Cytokines, chemokines, and growth factors 

elicited during the initiation and maintenance of the cancer may vary with each virus, or the viruses may act 

synergistically. Of interest would be the investigation of shared pathways by the viruses in these cancer 

pathogenic processes that may contribute to therapeutic and vaccine development. 

The demonstration that active expression of HPV, KSHV, and EBV encoded antigens in vitro in primary 

conjunctival cells could control the expression of these different cellular factors provides an insight into yet 

another mechanism through which these viruses could promote malignancies such as OSSN. There is a 

possibility that the interaction of the different oncogenic viral proteins in vivo may impact the pathogenesis 

process of OSSN in patients. Some of the interaction may be synergistic and others suppressive in the tissue 

microenvironment. Some of the observed variance could be due to subject differences in the tissues utilized in 

the study such as other infections the cases were exposed to prior to extraction of the conjunctival tissues. Thus 
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for similar studies in future, besides using primary conjunctival tissue cells, there would be a need for 

conjunctival cell lines that could be used for an expanded investigation of the significance of these papilloma and 

herpesvirus oncogenic genes in initiation and maintenance of these malignancies.  
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