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ABSTRACT 
 
 

JESSICA L JENKINS 
 

DECIPHERING THE ROLE OF SUMOYLATION DURING EBV REPLICATION  
 
Under the direction of GRETCHEN L BENTZ, PhD 
 
Epstein Barr Virus, a gamma herpes virus, is the known causative agent in infectious 

mononucleosis and is highly ubiquitous in nature. Although primary infection typically yields no 

long term issues, viral latency is associated with lymphomas and epithelial cell carcinomas. We 

documented that the presence of LMP1, the principal EBV oncogene, dysregulates cellular 

sumoylation processes in lymphoma tissues, modulates innate immune response, and maintains 

viral latency. Sumoylation is a dynamic process were target proteins are modified with free small 

ubiquitin like modifier (SUMO) proteins. The SUMO modification is vital for cellular processes 

including: immune response, DNA damage repair sensing, cell cycle progression, resistance to 

apoptosis, and metastasis. Several cancers display dysregulation of the sumoylation process, 

making the SUMO machinery a sufficient target for anti-cancer therapies. Known sumoylation 

inhibitors include natural extracts and antibiotics. However, many of these agents are nonspecific 

and/or demonstrate adverse effects like allergic reactions with botanical extracts. This piqued our 

interest in investigating synthetically engineered compounds along with a well-known natural 

extract inhibitor, Ginkgolic Acid (GA). ML-792, 2-D08, and TAK-981 are synthetically derived 

small molecule inhibitors that were identified as selective SUMO-inhibitors, interfering at 

different stages of the sumoylation process. We hypothesize that the SUMO-inhibitors will have 

therapeutic effects for the treatment of EBV-associated malignancies by modulating the EBV 

life-cycle. Results showed that each of the tested inhibitors decreased global levels of 
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sumoylated proteins, though ML-792 and TAK-981 showed greater inhibition when compared to 

GA and 2-D08. Additionally, the SUMO-inhibitors induced low levels of spontaneous 

reactivation in latently infected B cells. We also confirm that sumoylation is important for 

maintaining EBV latency and lytic replication in B cells. Lastly, we note anti-viral potential for 

each tested inhibitor, particularly GA and 2-D08 have a better affect than ML-792 and TAK-981 

in this regard. Of the tested sumoylation inhibitors, we now propose 2-D08 as the best potential 

therapeutic drug to aid the treatment of EBV-associated malignancies due to its ability to 

significantly reduce viral DNA levels following induced reactivation and decrease the ability of 

produced virus to infect additional cells. 
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CHAPTER 1 
 

INTRODUCTION 
 

Epstein-Barr Virus (EBV) is a gamma-herpesvirus that was discovered in Burkitt’s 

lymphoma tissue of African children using electron microscopy in the early 1960s (Thompson 

and Kurzrock, n.d.). EBV is the causative agent in mononucleosis infections and is quite 

universal affecting over 90 percent of the human population. Most host experience a life-long 

latent infection where the virus remains within B cells, the virus does not replicate, and very few 

viral proteins are expressed (Kurth et al. 2000). However, a small portion of the latently infected 

population do develop lymphoid and epithelial malignancies, such as Hodgkin’s lymphoma, 

nasopharyngeal carcinoma, post-transplantation lymphoproliferative disorders, NK/T-cell 

lymphomas, and gastric carcinomas (Thompson and Kurzrock, n.d.; Kurth et al. 2000).  

EBV is a linear DNA virus surrounded by an icosahedral nucleocapsid, a tegument that is 

made up of viral and cellular proteins, and an envelope. The virus is transmitted through saliva 

infecting B cells and epithelial cells of the oropharynx existing in both: a lytic and latent form 

(Young and Rickinson 2004). Naïve B cells are infected when the viral glycoprotein, gp350, 

binds to CD21, a complement receptor, present on the cell surface. This coincides with the viral 

glycoprotein 42 (gp42) binding MHC II on the surface of B cells, which serves as a co-receptor 

(Cohen n.d). This interaction is vital to the tropism of EBV because it results in the sequestration 

of gp42, thus, B cells produce infectious virions deplete of gp42 Figure 1. These B cell-derived 

virions easily infect surrounding mucosal epithelial cells, which lack surface MHC II and do not 

sequester gp42. Therefore, infected epithelial cells produce infectious virus that expresses gp42 

and can infect new B cells (Anagnostopoulos et al. 1995).  
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Figure 1: EBV tropism determined by gp42. A) Entry into B cells requires interactions between 
gHgLgp42 and MHC II, whereas interaction of gHgL/gHgLR is sufficient for epithelial entry. Virions with surface 
gp42 cannot bind with gHgLR and those lacking gp42 cannot bind MHC II. B) In B cells once gHgLgp42 interacts 
with MHC II, it could be targeted to endosomes that are rich in proteases. gHgLgp42 is degraded into peptides that 
can be loaded into the MHC II binding groove. This leads to a lack of gHgLgp42 complexes on virions produced in 
B cells, which are better for infecting epithelial cells. Epithelial cells do not have surface MHC II and do not sequester 
gp42; thus EBV virions produced in epithelial cells is rich in gHgLgp42 complexes and ideal for B cell entry. Original 
image presented in color based on Figure 3 from Hutt-Fletcher, 2007.  
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Upon infection, lytic replication is initiated, and new viral particles are released.  Eventually, the 

linear viral DNA circularizes forming an episome and transforms the resting B cell into a latently 

infected memory B cell (Cohen, n.d.). EBV can remain dormant in memory B cells for several 

years or initiate lytic life cycles through spontaneous reactivation.  

There are three distinct variants of latent EBV infection, Latency I-III, that correlate with 

specific tumor development. They are distinguishable by the expression of latency proteins: 

Epstein Bar Nuclear Antigen (EBNA-1, 2, 2A, 3B, 3C, 5) and Latent Membrane Proteins (LMP-

1, 2A, and 2B) (Cohen, n.d.). Latency I is associated with memory B cell proliferation and the 

expression of EBNA1, and is observed in EBV-associated Burkitt’s Lymphoma (Dirmeier et al. 

2003). All EBV latency proteins are expressed in Latency III, which is observed in 

lymphoproliferative diseases of immunocompromised people and lymphoblastoid cell lines (Rea 

et al. 1994). Latency II is detected in Hodgkin’s Lymphoma and nasopharyngeal carcinomas 

exhibiting latent proteins EBNA1, LMP-1, and LMP-2 (Cohen n.d) and is involved in B cell 

differentiation (Chatterjee et al. 2019). Interestingly, Latency II also occurs in epithelial cells and 

is associated with epithelial malignancies, such as nasopharyngeal carcinoma and gastric 

carcinoma (Chatterjee et al. 2019). 

The principal viral oncoprotein in Latency II and III is latent membrane protein-1 

(LMP1), which is also essential for B cell transformation (Young and Rickinson et al. 2004). 

LMP-1 is a constitutively active member of the tumor necrosis factor receptor family, similar to 

CD40, and its activation occurs in a ligand-independent manner (Thompson and Kurzrock, n.d.).  

LMP1 has a short amino-terminal tail, which serves a structural function, attaching the protein to 

the plasma membrane and cytoskeleton. This is followed by six transmembrane domains and a 
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longer C-terminal domain, which has three regulatory regions termed C-Terminal Activating 

Regions (CTAR 1,2,3) that aid in signal transduction pathways favoring carcinogenic cell 

behavior and post-translational protein modifications (Chatterjee et al. 2019; Young and 

Rickinson et al. 2004) Figure 2. LMP1 signals through CTAR1 and CTAR2 to dysregulate the 

cell cycle (Thompson and Kurzrock, n.d.) while also inhibiting apoptosis by increasing Bcl-2 and 

A-20 levels preventing p53-mediated apoptosis in infected cells (Thompson and Kurzrock, n.d.). 

As an oncoprotein, LMP-1 expression is associated with increased cell motility, cell invasion, 

and transformation. Recent studies documented that LMP1 increases the post-translational 

modification of cellular target proteins by small ubiquitin like modifier (SUMO) (Bentz, 

Whitehurst, and Pagano et al. 2011).  

 

 

Figure 2: LMP1-mediated protein interactions and signal transduction events. Original image 
presented in color. 
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Sumoylation is an important covalent post-translational modification involved in vital 

cellular processes including: immune responses, DNA damage repair sensing, cell cycle 

progression, resistance to apoptosis, metastasis, and carcinogenesis (Han et al. 2018). 

Dysregulation of sumoylation can lead to human disease and tumor growth, which makes 

sumoylation a great target for therapeutic intervention (Han et al. 2018). Four SUMO isoforms 

have been discovered including: SUMO1, SUMO2, SUMO3, and SUMO4 (Lorente et al. 2019). 

As depicted in Figure 3 the sumoylation process begins with the transcription and translation of 

the sumo gene, forming the SUMO pro-peptide. Step 1: C-terminal amino acids are cleaved from 

the pro-peptide by SUMO proteases (SENPs) to reveal the C-terminal di-glycine motif, a process 

known as SUMO maturation.  Step 2: The SUMO activation enzyme, a heterodimer (SAE1/2), 

consumes ATP to adenylate the SUMO di-glycine motif and transfers SUMO to Ubc9, the 

SUMO conjugating enzyme. Step 3: Ubc9 recognizes the conserved SUMO motif (ΨKxD/E, 

where Ψ represents a hydrophobic amino acid) on target proteins and forms an isopeptide bond 

between the SUMO di-glycine motif and the lysine of the target protein.  
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Figure 3: The Sumoylation Process. Original image presented in color. 

 

This process can result in numerous outcomes, including the following: 1) mono-sumoylation or 

the covalent attachment of one SUMO moiety to the target protein; 2) poly-mono-sumoylation or 

the addition of one SUMO moiety to multiple lysine residues of the target protein; 3) poly-

sumoylation or the building of a SUMO chain attached to the target protein’s lysine; and 4) poly-

sumoylation of the formation of mixed chains (SUMO-1, SUMO-2, and SUMO-3) attached to 

the target protein’s lysine. The regulatory function of the different types of sumoylation remains 

to be thoroughly elucidated. The whole process can be  reversed by SENPs or SUMO targeted 

ubiquitin ligases (STuBLs) (Lorente et al. 2019; Lowrey, Cramblet, and Bentz et al. 2017; De La 

Cruz-Herrera et al. 2018).  
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Obviously, sumoylation is vital to normal host cell function, but it also pertinent to the 

EBV life-cycle. Early reports focused on the latency-associated proteins, EBV nuclear antigens 

(EBNAs), their sumoylation, or their interaction with sumoylated proteins. Our lab was the first 

to demonstrate that a latency-associated protein (LMP1) could induce protein sumoylation and 

target different steps of the sumoylation process. Specifically, we published that LMP1 activates 

the sumo promoters, increasing SUMO levels. LMP1 also hijacks Ubc9 and inhibits the 

ubiquitination of the SUMO protease SENP2. Together, this results in global increases in levels 

of sumoylated proteins, which is observed in EBV-associated lymphoid malignancies. In 

addition, this LMP1-mediated sumoylation regulates the function of KRAB associated protein 

(KAP1), a known transcription repressor, which aids EBV latency. Various laboratories have 

also examined sumoylation processes during lytic replication. It is known that the two EBV 

immediate early proteins Zta and Rta are sumoylated  (Adamson and Kenney et al. 2001, Chang, 

et al. 2004, Adamson et al. 2005). In addition, sumoylated proteins accumulate during lytic 

replication, and it is thought that this creates optimum conditions for replication (De La Cruz-

Herrera et al. 2018). Four EBV lytic proteins (SM/EB2, BGLF2, BMRF1, and BVRF2) have 

been identified to increase global protein sumoylation (De La Cruz-Herrera, et al. 2018). 

However, the exact function of sumoylation processes during latent and lytic infections remains 

unknown.  

All SUMO isoforms use the same enzymatic machinery to modify target substrates, yet 

they can differentially target specific proteins (Wilkinson, Nakamura, and Henley et al. 2010). 

Because SUMO proteins can modify multiple target proteins involved in pertinent cellular 

processes, SUMO inhibitors can be used to further elucidate the role of sumoylation in 

oncogenesis. We hypothesize that these SUMO inhibitors will have therapeutic effects for the 
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treatment of EBV-associated malignancies by modulating the EBV life-cycle. This study will 

focus on Ginkgolic acid, ML-791, 2-D08, and TAK-981 as SUMO inhibitors (Figure 4).  

 

Selected Sumoylation Inhibitors and Treatment 

 

Figure 4: Selected sumoylation inhibitors interference of the sumoylation process and 
published treatment concentrations. Original image presented in color. 

 

Ginkgolic Acid (GA) is a botanical compound extracted from ginkgo biloba tree leaves 

native to China, Japan, and Korea. Its chemical structure consists of alkyl phenol groups and a 

long carbon chain. GA is a known SUMO inhibitor that prevents the formation of the E1-SUMO 

intermediate by binding directly to SAE1/2 (Fukuda et al. 2009). Additionally, studies reveal 

anti-cancer capabilities of GA. Treatment of cells with GA can induce apoptosis by upregulating 
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BAX and down regulating Bcl2 (C. Zhou et al. 2010, 2). Furthermore, the organic drug impairs 

migration/invasion and colony-forming potential of cancer cells (Hamdoun and Efferth et al. 

2017). GA is of interest for therapeutic treatment because it can suppress viability of cancer cells 

without causing toxicity to normal cells (Ma et al. 2015). While GA does act at micromolar 

concentrations (He et al. 2017), it can induce allergic reactions in patients.  

ML-792 is a synthetically derived small molecule SUMO inhibitor that also inhibits E1 

activity. ML-792 is a highly specific and selective sulfamate ester that forms a covalent adduct 

with the C-terminal di-glycine motif of SUMO. This conjugate then binds tightly to SAE2 

preventing its activity (Schneekloth et al. 2017).  In addition to selectivity, ML-792 is very 

potent significantly decreasing the amount of SUMO-modified proteins at nanomolar 

concentrations (Schneekloth et al. 2017). Additionally, ML-792 displays increased inhibition of 

sumoylation in cells expressing Myc, a characteristic gene in tumor cells (Schneekloth et al. 

2017), suggesting some anti-cancer potential for ML-792.  

2-D08 is a synthetically derived hydroxyl-flavone that blocks protein sumoylation by 

inhibiting the transfer of SUMO from the Ubc9-SUMO thioester to the lysine of the target 

protein (Kim, Keyser, and Schneekloth et al. 2014). Cellular studies found that 2-D08 inhibits 

sumoylation of topoisomerase I in breast cancer cell lines in response to camptothecin treatment 

(Kim et al. 2013). Additionally the drug shows some selectivity, successfully inhibiting 

sumoylation without simultaneously affecting cellular ubiquitylation (Kim et al. 2013). Lastly, 2-

D08 exhibits therapeutic promise against cancer due to its ability to suppress cell viability, 

colony formation, and induced ROS accumulation, which mediates intrinsic apoptosis in acute 

myeloid leukemia cells (P. Zhou et al. 2019).    
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TAK-981 is a recently identified small molecule inhibitor that selectively inhibits 

sumoylation by forming an adduct with SUMO and inhibiting the transfer of SUMO from the 

SUMO-E1 to the SUMO-E2 in the sumoylation process (“NCI Drug Dictionary” 2011). TAK-

981 can enhance innate immune responses by increasing production of Type I Interferon (IFN) 

(Khattar et al. 2019), which increases Type I-IFN-mediated signaling and activates innate 

effector cells to enhance innate effector antitumor responses (“NCI Drug Dictionary” 2011). This 

elevation in innate immunity can further contribute to enhanced tumor cell killing. TAK-981 is 

currently in Phase 1 trials for treatment of human solid tumors (Khattar et al. 2019).  

We hypothesized that modulation of the EBV life cycle by targeting the sumoylation 

process will produce therapeutic effects useful against EBV associated carcinomas. We wanted to 

use a lower and higher concentration of each inhibitor to test our theory. Reported IC₅₀ values 

discovered in similar systems were chosen as our lower dosage guideline. Similarly, we consulted 

the literature for known experimental doses of the SUMO inhibitors that have yet to be tested 

against EBV infection. There is no documented dosing data for TAK-981 because it is currently 

under NIH funded clinical trials for Non-Hodgkin Lymphomas. However, TAK-981 is a derivative 

of ML-792, thus we mimic ML-792 concentrations for TAK-981. To test our hypothesis, we 

investigated the effects of the panel of inhibitors on latently infected cells, spontaneous 

reactivation, induced reactivation, viral production, and viral entry. Results showed that ML-792 

and TAK-981 were better at decreasing global levels of sumoylated proteins when compared with 

GA and 2-D08, 2-D08 was better at inhibiting multiple steps of the virus life-cycle. Together, our 

findings led us to propose that 2-D08 as the best potential therapeutic drug to aid the treatment of 

EBV-associated malignancies due to its ability to significantly reduce viral DNA levels following 

induced reactivation and decreased production of infectious virus. 



11 
 

CHAPTER 2 

 
METHODOLOGY 

 
2.1 Cells and Tissue Culture 

GFP-Akatas, a cell line derived from a Burkitt’s lymphoma patient and carries a 

recombinant EBV genome where the non-essential BXLF1 genes were replaced with neomycin 

resistance- and GFP-expression cassettes, were a gift from Dr. Rona Scott (LSUHSC, 

Shreveport, LA, USA) (Birdwell, et al. 2014). Raji cells, a Burkitt’s lymphoma-originating cell 

line that express LMP1, were purchased from ATCC. All cell lines were maintained at 37°C, 5% 

CO₂ and cultured, every 48-72 hours, in Cellgro RPMI (Corning) supplemented with 10% heat 

inactivated fetal bovine serum (FBS; Corning) and antibiotic/antimycotic solution (Corning). 

GFP-Akata cells were grown under selection using G418 (50mg/mL). 

2.2 Cell Treatment  

ML-792, C21H23BrN6O5S or ((1R,2S,4R)-4-((5-(1-(3-bromobenzyl)-1H-pyrazole-3-

carbonyl)pyrimidin-4-yl)amino)-2-hydroxycyclopentyl)methyl sulfamate (Cat#407886, 

Lot#YXM80630), was acquired from MedKoo Biosciences (Morrisville, NC). The certificate of 

analysis confirms a purity of ≥98% using high-performance liquid chromatography. Following 

resuspension in DMSO, ML-792 was stored at -20°C. Working stock dilutions were prepared in 

Cellgro 1X Dulbecco’s Phosphate-Buffered Saline (DPBS; Corning). Cells were treated with two 

concentrations of ML-792 at 0.003 µM (IC₅₀) and 0.5 µM (experimental dosage) (Liu S, Wang 

L, Jiang D et al. 2020). 
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Ginkgolic Acid, C₂₂H₃₄O₃ or (Z)-6-(Pentadec-8-enyl)-2-hydroxybenzoic acid 

(Cat#5.08197.0001, Lot#2918648) was purchased as a 25mM sterile filtered solution in DMSO 

from EMD Millipore Sigma, brand name Calbiochem (Billerica, MA). Purity as determined by 

HPLC, was ≥ 98.0%. Subsequent dilutions were made in fresh DMSO and stored at -20°C as 

directed by the company. Cells were treated with a lower and upper concentration of 3 µM (IC₅₀) 

and 15 µM (experimental dose) (Fukuda et al. 2009). 

2-D08, C₁₅H₁₀O₅, or 2',3',4'-trihydroxy flavone (Cat#5.05156.0001, Lot#2788957) was 

obtained from EMD Millipore Sigma (Billerica, MA). The purity of the inhibitor was determined 

by HPLC and was 96.42%. DMSO was used for the initial resuspension and subsequent 

dilutions. Cell were treated at concentrations of 6 µM (IC₅₀) and 15 µM (experimental dose) 

(Kim et al. 2013.) 

 TAK-981, C₂₅H₂₈CIN₅O₅S₂ (Cat# CT-TAK981, Lot#02), was purchased from ChemieTek 

(Indianapolis, IN). A purity of >99% as determined by achiral and chiral HPLC was provided 

certificate of analysis. TAK-981 was stored at -20°C following resuspension in DMSO. All 

subsequent dilutions were also performed in DMSO. Due to the lack of published reports using 

TAK-981 and it being a derivative of ML-792, we used similar concentrations of TAK-981 as 

listed above for ML-792; 0.005 µM (IC₅₀) and 0.5 µM (experimental dose). In all experiments, 

equal volumes of DMSO (Company) were used as the vehicle control. 

2.3 Real-Time PCR 

Genomic DNA was isolated from cell pellets and supernatant fluids using the DNeasy 

blood and tissue kit (Qiagen). Quantitative PCR (qPCR) was performed using the universal 
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SYBR green supermix (Bio-Rad) ABI7900HT Real-Time PCR system. EBV W-repeat levels 

were detected relative to β-actin. Samples were run in triplicate, and experiments were 

performed in triplicate.  

2.4 Spontaneous Reactivation 

GFP-Akata cells were grown in 6-well dishes (CellStar) and treated with IC₅₀ and 

experimental doses of ML-792, Ginkgolic Acid, 2-D08, and TAK-981 or DMSO, the vehicle 

control. 48 hours post-treatment, cells and supernatant fluids were collected and DNA was 

extracted as described above. 

2.5 Induced Reactivation 

GFP-Akata cells were concentrated at 4 * 10⁶ cells/mL and 1/10 of the cells were 

removed to serve as the untreated/un-induced negative control. The remaining 9/10 of cells were 

treated with goat F(ab’)2 fragment to human immunoglobulin G (IgG; MP Biomedicals, 100 

µg/ml) and incubated at 37°C for 4 hours. This antibody crosslinks cell surface IgG to 

successfully induce reactivation of EBV in GFP-Akata cells. Post-induction, cells were diluted to 

2 * 10⁶ cells/mL using culture media and treated with IC₅₀ and experimental doses of ML-792, 

Ginkgolic Acid, 2-D08, and TAK-981 or the vehicle control. 72 hours post-treatment cells and 

supernatant fluids were collected for isolation of genomic DNA and whole cell lysates. 

Supernatant fluids were also collected to determine Raji-units of virus production. 

2.6 Viral Concentration  

 GFP-Akatas were induced and treated with ML-792, GA, 2-D08, and TAK-981 as 

previously described and allowed to incubate for 72 hours. Samples were collected and 
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centrifuged at 1500rpm for 5-10 minutes to separate supernatant fluids and cellular pellet. 

Supernatant fluids were transferred to centrifugal tubes for an additional spin at 10,000rpm for 

90 minutes at 4°C. Following the second spin supernatant fluids were decanted and viral pellets 

were suspended in RPMI and stored at 20°C.   

2.7 Raji Superinfection 

Supernatant fluids from induced and drug-treated GFP-Akata cells were added to Raji 

cells and allowed to incubate for 72 hours. Post incubation Raji cells were visualized under 

fluorescence microscopy to determine the percentage of (GFP)-positive Raji cells. 

2.8 Western Blot Analysis 

Cell pellets were resuspended in PBS and 4X Laemmli sample buffer (Bio-Rad) with 2-

Mercaptoethanol to prepare whole cell lysates. Samples were boiled at 100°C for 10 minutes and 

separated by SDS-PAGE gel electrophoresis. The Trans-Blot Turbo Transfer System (Bio-Rad) 

was used to transfer proteins to PVDF membranes (Bio-Rad). Following transfer, membranes 

were blocked in 5% milk for 60 minutes at room temperature. Membranes were incubated in 

Tris-buffered saline with Tween-20 (TBST; Bio-Rad; final concentration 0.1%) and the 

appropriate primary antibodies overnight at 4°C. Primary antibodies were removed by washing 

the membrane three times with TBST for 10 minutes. Next, the membrane was incubated with 

the appropriate horseradish peroxidase-conjugated secondary antibodies for one hour at room 

temperature. Following three 10-minute washes with TBST, membranes were developed using 

Clarity Western ECL Substrate solution (Bio-Rad) for 2-5 minutes. Images were acquired using 

chemiluminescence settings on the ChemiDoc Touch Imaging System (Bio-Rad). Densitometric 
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analysis of repeated experiments was performed using Image Lab Softward (Bio-Rad) and 

ImageJ. 

2.9 Antibodies  

β-Actin (A1978) and SUMO-2/3 (SAB3500488) were purchased from Sigma Life 

Science. SUMO-1 (2A12 anti-mouse; C9H1 anti-rabbit) and SUMO-2/3 (18H8) specific 

antibodies were purchased from Cell Signaling Technology. LMP-1 (D24-G anti-rabbit; CS1-4 

anti-mouse) were retrieved from Abcam. VCA gp-125 (MAB8184) and EAD (MAB8186) were 

purchased from EMD Millipore Corporation. EBV Zebra/ZTA/BZ1 (SC53904), EaR (SC56979), 

and gp340/220 (SC57724) were acquired from Santa Cruz Biotechnology. 

2.10 Statistical Analysis 

All experiments were performed in triplicate, and data are shown as the mean ± the 

standard deviation. Unpaired, two-tailed, Student’s T-tests were used for all statistical analyses, 

and P-values less than 0.05 were considered to be statistically significant. 
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CHAPTER 3 
 

RESULTS 
 

3.1 Selected SUMO inhibitors decreased global levels of SUMO-modified proteins in EBV 

transformed B cells 

To begin to test our hypothesis, we examined the efficacy of the selected SUMO 

inhibitors at decreasing global levels of sumoylated proteins within EBV transformed Raji cells 

Figure 5. Raji cells were treated with the published IC₅₀ and experimental doses of ML-792, 

GA, 2-D08, TAK-981, or the vehicle control and were incubated for 48 hours. Whole cell lysates 

were prepared from treated Raji cells for western blot analysis to detect SUMO-1/2/3 protein 

levels. Cells were treated with the vehicle control, DMSO, as a control for the experiment. 

Results showed that control-treated cells exhibited the laddering of multiple SUMO-specific 

bands (Figure 5), which suggests the posttranslational modification of multiple cellular proteins, 

at different molecular weights, by SUMO-1/2/3. Together, these bands represent global levels of 

sumoylated proteins within the cell. Treatment of cells with each of the inhibitors resulted in 

decreased global levels of sumoylated proteins, indicating a decrease in SUMO-1/2/3 levels 

when compared to the control. Densitometric analysis was performed on repeated experiments, 

and the fold change in relative SUMO levels, relative to β-actin, were determined. Quantitated 

SUMO levels for inhibitor-treated samples were less than SUMO levels in control-treated cells. 

Thus, ML-792, GA, 2-D08, and TAK-981 at both IC₅₀ and experimental dosages successfully 

inhibit global cellular sumoylation. Generally, the experimental doses exhibit better inhibition 

than the IC₅₀ concentrations. Experimental doses of ML-792 and TAK-981 (0.5μM) were the 

most effective inhibitors of global sumoylation, decreasing SUMO-1/2/3 levels by 80% and 
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86%, respectively. These findings confirm that the select drugs do inhibit sumoylation processes 

in Raji cells.  

 

Figure 5: Sumoylation Inhibitors Decrease Global Cellular Sumoylation. Raji cells were treated 
with both the IC₅₀ and experimental dose of ML-792, GA, 2-D08, and TAK-981 or the vehicle control, DMSO. Post 
48hr incubation with treatment whole cell lysates were harvested and western blot analysis performed to detect 
SUMO-1,2,3 levels. Beta Actin was used as a loading control. Original image presented in color. 

 

3.2 SUMO inhibitors promote low levels of spontaneous viral reaction, increasing 
intracellular and extracellular EBV DNA levels 

Because data demonstrated the efficacy of the selected inhibitors in Raji cells, next we 

wanted to determine the effect of the inhibitors on the maintenance of EBV latency. Our 

previous work documented that LMP1 induces the sumoylation of the transcriptional repressor 

KAP1, which binds to and represses the lytic promoters (Bentz et al. 2015) in HEK 293 cells that 

stably expressed the EBV bacterial artificial chromosome. More recently, we demonstrated that 

ML-792 induces low levels of spontaneous reactivation in these EBV-positive cells, as well as in 
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EBV-positive B cells. Therefore, we decided to test the effects of multiple inhibitors on EBV-

positive B cells. GFP-Akata cells were treated with DMSO (vehicle control), IC₅₀ and 

experimental concentrations of each of the selected SUMO inhibitors. Genomic DNA (gDNA) 

was extracted from treated GFP-Akata cell pellets and supernatant fluids 48 hours post-

treatment. Fold changes in relative EBV DNA levels (relative to intracellular actin levels) in 

supernatant fluids and within the cell were determined by real time PCR. All inhibitor-treated 

cells showed a small yet significant increase (P < 0.05) in intracellular and extracellular EBV 

DNA levels when compared with control-treated cells (Figure 6). Interestingly, while the 

experimental doses of ML-792 and TAK-981 induced higher levels of intracellular and 

extracellular EBV DNA when compared with their IC₅₀ doses, this was not the case for cells 

treated with 2-D08. In these cells, the two different doses did not have differing effects on 

intracellular EBV DNA levels but the experimental dose did result in lower extracellular EBV 

DNA levels when compared with the IC₅₀ dose. These findings lead us to propose that 

sumoylation does contribute to the maintenance of EBV latency, and 2-D08 has some anti-viral 

potential. 
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Figure 6: Sumoylation Inhibitors Induce Low Level Spontaneous Viral Reactivation. GFP-
Akata cells were treated and incubated with the IC₅₀ and experimental dose of ML-792, GA, 2-D08, and TAK-981 or 
DMSO for 48hrs. Next cellular pellets and supernatant fluids were harvested and genomic DNA was extracted. Real 
Time PCR was performed to quantitate viral DNA levels. Results are shown as the mean ± the standard deviation of 
samples ran in triplicate and experiments performed in triplicate. Original image presented in color. 
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3.3 Some of the tested SUMO inhibitors exhibited antiviral properties following an induced 
reactivation 

 Because data showed differing effects of the selected inhibitors on spontaneous EBV 

reactivation, next we wanted to determine their effect on induced EBV reactivation. We induced 

GFP-Akata cells by crosslinking cell receptors using anti-human IgG. Induced Akata cells were 

treated and incubated with IC₅₀ and experimental doses of ML-792, GA, 2-D08, TAK-981, and 

the vehicle control for 72 hours. Cellular pellets were collected and halved to perform real time 

PCR (using extracted gDNA) and Western Blot analyses. Experiments were designed to include 

a negative control that was neither induced nor treated and a positive control that was induced 

and treated only with DMSO.  

Real-time PCR data, which is reflected in Figure 7, revealed varied reduction in 

intracellular EBV DNA levels intracellularly by all tested inhibitors. Each inhibitor decreased the 

amount of viral DNA within the cell, which suggests they have anti-viral properties and that 

sumoylation is needed for EBV replication. For GA and 2-D08, the experimental doses were 

more effective at reducing intracellular viral DNA levels than the IC₅₀ doses; however, ML-792 

and TAK-981 gave the opposite effect where the IC₅₀ doses are better at lowering internal viral 

load. These findings demonstrate that inhibition of cellular sumoylation processes has antiviral 

potential; with GA and 2-D08 having greater antiviral potential when compared with ML-792 

and TAK-981. 
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Figure 7: Sumoylation inhibitors exhibit antiviral activity. GFP-Akata cells were induced to produce 
lytic virus by crosslinking cell surface BCR and IgG using goat F(ab’)

2
 fragment to human immunoglobulin G. 

Induced cells were then treated with IC₅₀ and experimental doses of ML-792, GA, 2-D08, TAK-981, and vehicle 
control DMSO. Cellular pellets were harvested. Genomic DNA was extracted and real time PCR performed to 
quantitate EBV DNA levels. Results are shown as the mean ± the standard deviation of samples ran in triplicate and 
experiments performed in triplicate. Original image presented in color. 

 

 

Whole cell lysates were used for Western blot analyses to examine the expression of 

EBV proteins. As a herpesvirus, there are three phases to lytic replication. First there is the 

immediate early phase, which consists of transcriptional regulators, such as Zta. These regulators 

are used to increase the transcription and translation for the early genes, which encode for the 

many proteins required to replicate the viral DNA, such as Ea-D. The late phase occurs after the 

viral DNA is replicated and is when the genes required for the EBV structural proteins are 

transcribed and translated, such as VCA or the viral capsid antigen. As expected, the un-induced 
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and untreated control cells yielded no detectable levels of Zta, Ea-D, or VCA (Figure 8). 

Induction resulted in detection of the immediate early, early, and late proteins. Interestingly, 

treatment of cells with ML-792, GA, or TAK-981 did not significantly alter levels of Zta, Ea-D, 

or VCA. However, treatment with 2-D08 resulted in detectable decreases in levels of these viral 

proteins. Densitometric analysis was performed on repeated experiments confirmed that 2-D08 

exhibited the greatest antiviral properties, decreasing levels of lytic proteins at both the IC₅₀ and 

experimental doses when compared to the positive control, suggesting that  2-D08 may affect the 

transcription and translation of viral proteins during lytic infection.  

 

Figure 8: Sumoylation inhibitors decreased lytic EBV protein expression. GFP-Akata cells were 
induced to produce lytic virus by crosslinking cell surface BCR and IgG using goat F(ab’)

2
 fragment to human 

immunoglobulin G. Induced cells were then treated with IC₅₀ and experimental doses of ML-792, GA, 2-D08, TAK-
981, and vehicle control DMSO. Cellular pellets were harvested. Whole cell lysates were prepared and Western Blot 
analyses performed to detect immediate early, early, and late EBV proteins. Original image presented in color. 
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 Next, we investigated the effect of the SUMO inhibitors on the levels of viral DNA released 

from cells. Supernatant fluids from induced and drug treated GFP- Akatas was collected for the 

extraction of gDNA to perform real time PCR. Results showed that all tested sumoylation 

inhibitors significantly decreased EBV DNA levels in supernatant fluids (P < 0.05). Comparing 

each inhibitor to one another it is evident that 2-D08 has the strongest affect for reducing 

extracellular viral DNA levels (Figure 9). 2-D08 and GA have similar patterns where the 

experimental doses decrease extracellular EBV DNA levels better than the IC₅₀ concentrations. 

Treatment of cells with ML-792 and its derivative, TAK-981, demonstrated that the IC₅₀ 

concentrations were more effective than the experimental doses at inhibiting the release of virus 

from the cells. In fact, the experimental dose of TAK-981 did not significantly alter extracellular 

DNA levels when compared with control-treated cells. However, all SUMO inhibitors did exhibit 

antiviral potential, decreasing the release of virus from induced Akata cells. 
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Figure 9: Sumoylation inhibitors inhibited the release of produced EBV. GFP-Akata cells were 
induced to produce lytic virus by crosslinking cell surface BCR and IgG using goat F(ab’)

2
 fragment to human 

immunoglobulin G. Induced cells were then treated with IC₅₀ and experimental doses of ML-792, GA, 2-D08, TAK-
981, and vehicle control DMSO. Cellular pellets were harvested. Genomic DNA was extracted and real time PCR 
performed to quantitate EBV DNA levels. Results are shown as the mean ± the standard deviation of samples ran in 
triplicate and experiments performed in triplicate. Original image presented in color. 
 
 
 
 
 To determine if the extracellular EBV DNA levels corresponded with virion levels, virions 

were concentrated from supernatant fluids from uninduced, induced, and induced and drug treated 

GFP- Akata cells. Western blot analysis of the concentrated virions was performed for VCA. 

Immunoblotting of whole cell lysates from the treated cells was performed to detect Actin levels 

as a loading control. Densitometric analyses was performed on repeat experiments. Results 

displayed in Figure 10 showed that the viral capsid was detected in induced, control-treated cells 

but not their uninduced counterparts. Treatment of induced cells with the experimental dose or 
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IC₅₀ dose of ML-792 or GA did not significantly alter levels of concentrated viral capsid. 

Treatment of cells with the experimental dose, but not the IC₅₀ dose, of TAK-981 resulted in a 

small decrease in levels of the viral capsid in the concentrated supernatant fluids. Finally, both the 

experimental dose and IC₅₀ dose of 2-D08 induced a significant (P < 0.05) decrease in viral capsid 

levels in the concentrated supernatant fluids. Together, these findings further support our proposal 

that 2-D08 has anti-viral properties, decreasing the release of viral capsids from cells. However, 

because levels of viral proteins do not correlate with viral DNA levels, these findings suggest that 

the SUMO inhibitors may influence viral encapsidation and/or viral egress.  

 

 

 

Figure 10: Sumoylation inhibitors affect virion levels. Virions were concentrated from supernatant 
fluids from uninduced, induced, and induced and drug treated GFP- Akata cells. Western blot analysis was performed 
to detect late EBV proteins. Results are shown as the mean ± the standard deviation of samples ran in triplicate and 
experiments performed in triplicate. Original image presented in color. 
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3.4 Virus produced in the presence of sumoylation inhibitors exhibited decreased infectivity 

 Because the SUMO inhibitors decreased intracellular and extracellular EBV DNA levels, 

we wanted to determine if the released virus was infectious. GFP-Akata cells were induced and 

treated as previously described. Supernatant fluids were collected 72 hours post-induction and 

used to superinfect Raji cells. Following 48 hour incubation superinfected Raji cells were 

visualized using immunofluorescence microscopy to determine the percent of GFP-positive Raji 

cells as displayed in Figure 11. Results showed that supernatant fluids from induced, control-

treated cells promoted the superinfection of approximately 20% of Raji cells. Supernatant fluids 

from cells treated with the IC₅₀ doses of 2-D08 and TAK-981 exhibited decreased abilities to 

superinfect Raji cells. In addition, experimental doses for all four SUMO inhibitors resulted in 

significantly (P < 0.001) lower percentages of superinfected Raji cells. These findings suggest that 

the SUMO inhibitors did decrease the ability of induced cells to produce infectious virus. 

 

 



27 
 

 

Figure 11: SUMO inhibitors added during EBV replication decreased infectivity of produced 
virus. Raji cells were treated with supernatant fluids from induced and drug treated GFP-Akata cells during 
replication. The percent of GFP positive Rajis was determined by immunofluorescence microscopy. Results are shown 
as the mean ± the standard deviation of samples ran in triplicate and experiments performed in triplicate. Original 
image presented in color. 
 
 
 
 
3.5: The SUMO inhibitors all decreased EBV superinfection of Raji cells  

 Because the presence of the SUMO inhibitors can alter the ability of EBV to bind to and 

superinfect Raji cells, we finally wanted to determine if the observed decreased superinfection was 

due to lower levels of infectious virus or due to the presence of the inhibitors in the supernatant 

fluids. Supernatant fluids were collected from induced GFP-Akata cells. SUMO inhibitors were 

added to these fluids just prior to the superinfection of Raji cells. Results showed that treatment of 

the supernatant fluids with the IC₅₀ doses of ML-792, GA, or 2-D08 just prior to the treatment of 

Raji cells did not alter the superinfection of Raji cells Figure 12. Treatment of the supernatant 

fluids with the experimental doses of ML-792, GA, or 2-D08 and both the experimental dose and 
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IC₅₀ dose of TAK-981 resulted in significantly lower levels of Raji cell superinfection. Because 

all the supernatant fluids contained similar amounts of virions, these results demonstrate that the 

SUMO inhibitors can be used to block initial steps of viral infection, such as viral binding, viral 

entry, or viral penetrance. However, levels of Raji cell superinfection was lower when cells were 

infected with supernatant fluids treated during viral replication when compared with cells infected 

with supernatant fluids treated after viral replication. These findings suggest that addition of 

SUMO inhibitors during viral replication does decrease the production of infection virus.  

 

 

 

Figure 12: Virus produced in the absence of SUMO inhibitors, exhibit decreased penetrance 
in the presence of SUMO inhibitors. Supernatant fluids from induced GFP-Akata cells were collected and 
treated with SUMO inhibitors just before Raji superinfection. The percent of GFP positive Rajis was determined by 
immunofluorescence microscopy. Results are shown as the mean ± the standard deviation of samples ran in triplicate 
and experiments performed in triplicate. Original image presented in color. 
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 Taken together, our results demonstrate that the selected SUMO inhibitors do possess 

anti-viral properties. Testing the published experimental doses and IC₅₀ doses revealed targeting 

different steps of the sumoylation has differing effects on global levels of sumoylation, 

spontaneous EBV reactivation, induced EBV reactivation, and the superinfection of Raji cells. 

While it was not the best at decreasing global sumoylation levels, 2-D08 exhibited the most anti-

viral properties, influencing the EBV life-cycle from entry to exit from the cell. Our data 

document the importance of sumoylation processes to the EBV-life-cycle; however, additional 

work is needed to better understand the specific requirements of sumoylation during each step of 

viral replication. 
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CHAPTER 4 
 

DISCUSSION, CONCLUSIONS, RECOMMENDATIONS 
 

Numerous cancers are characterized by dysregulation of cellular sumoylation, which led 

to the proposal that this cellular process could be an ideal target for potential anti-cancer 

therapeutics. There is a variety of known sumoylation inhibitors, including: antibiotics, most of 

which are not commercially available; botanical extracts, which can cause toxicity and/or 

allergic reactions at therapeutic doses; and synthetic molecules, which often have low potency. 

However, a pertinent issue concerning many of these sumoylation inhibitors is their lack of 

selectivity and specificity. Previously, we documented the effectiveness of the botanical extracts, 

ginkgolic acid and glyrrhizic acid, in inhibiting LMP-1 induced sumoylation during EBV latency 

and disrupting EBV latency in HEK 293 cells (Bentz et al. 2015); however, both extracts also 

target additional cellular processes and can incite allergic reactions and neurotoxicity. Recently, 

three small molecule inhibitors (ML-792, 2-D08, TAK981) were identified to have both 

specificity and selectivity at inhibiting global levels of sumoylation within cells. Each of these 

small molecule inhibitors target different steps of the sumoylation process. ML-792 binds mature 

SUMO, inhibiting it from interacting with SAE (He, et al. 2017). TAK-981, which is a derivative 

of ML-792, forms an adduct with the SUMO-E1 intermediate and prevents the transfer of 

SUMO from SAE to Ubc9 (“NCI Drug Dictionary” 2011). 2-D08 blocks Ubc9 from transferring 

SUMO to the target protein (Kim, Keyser, and Schneekloth et al. 2014). Using these inhibitors, 

along with the non-selective ginkgolic acid (GA) that binds to and inhibits SAE (Fukuda et al. 

2009), our current work aimed to better elucidate the role of sumoylation processes during the 

EBV life-cycle. Each inhibitor had differing effects at decreasing global levels of sumoylated 

proteins in latently infected B cells. In addition, the tested drugs express differing effects at 
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affecting the maintenance of latency and inhibiting induced viral replication, both of which 

support previous findings from our lab (Bentz et al. 2019, 2021). While, our work demonstrates 

functions for sumoylation processes during the EBV life-cycle, results suggest that 2-D08 

possesses the most anti-viral potential. 

To begin our studies, a LMP1-expressing Burkitt’s lymphoma cell line, Raji cells, were 

treated with the published IC₅₀ and commonly used experimental doses of ML-792, GA, TAK-

981, and 2-D08.  All four drugs decreased global levels of sumoylated proteins, which validates 

their function as sumoylation inhibitors. ML-792 and TAK-981 were better at decreasing global 

levels of sumoylated proteins when compared with the botanical extract and 2-D08. The in vitro 

IC₅₀ and experimental doses of botanical extract and 2-D08 were at least 30-fold higher than 

ML-792 and TAK-981. Together, these findings suggest GA and 2-D08 are less potent SUMO 

inhibitors than ML-792 and TAK-981. Interestingly, both ML-792 and TAK-981 function by 

interacting with SUMO itself while GA and 2-D08 function by interacting with the SAE and 

Ubc9, respectively. We have only compared these drugs in latently infected B cells, but here we 

demonstrate that drugs that interact with SUMO are better at decreasing global levels of 

sumoylated proteins during an EBV latent infection in B cells. In the future, it would be 

beneficial to determine if similar results are observed when comparing the selected drugs in 

EBV-positive epithelial cells and other cell lines or if the detected differing effects is specific to 

latently infected B cells. 

 Confirming our previous work, inhibition of sumoylation processes decreases the 

maintenance of latency in B cells. This was evident by the observed small, yet significant 

increase in intracellular and extracellular viral DNA levels following treatment with the selected 
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drugs. Comparing this spontaneous reactivation with the Western blot analyses of global levels 

of sumoylated proteins, samples exhibiting lower global levels of sumoylated proteins had higher 

intracellular and extracellular levels of EBV DNA. Therefore, based on our previous reports 

(Bentz et al. 2015, 2019; Garcis et al. 2021), these findings suggests that in the presence of the 

drugs KAP1 is not sumoylated and repressing the lytic promoters. Therefor the rate of 

spontaneous EBV reactivation increases, resulting in increased EBV DNA levels. Interestingly, 

levels of extracellular EBV DNA when cells were treated with the experimental dose of 2-D08 

were significantly lower than they were when compared with control-treated cells. This suggests 

that while the drug did induce spontaneous reactivation of the virus, any produced virus was not 

able to exit the cell. Therefore, while these data support our proposal that sumoylation is an 

important process for maintaining EBV latency, they indicate that 2-D08 may influence viral 

egress.  

Much of our previous work tested the effects of various sumoylation inhibitors on HEK 

293 cells that stably expressed the EBV bacterial artificial chromosome (Bentz et al. 2019). For a 

more endogenous system, here, we used the crosslinking of IgG surface receptors to induce 

reactivation in Akata cells. Others have proposed that EBV manipulates the sumoylation process 

to optimize lytic replication (De La Cruz et al. 2018). Treatment of induced cells with any of the 

four SUMO inhibitors, at both the IC₅₀ and experimental dose, significantly decreased 

intracellular EBV DNA levels. However, these decreases in intracellular DNA levels did not 

correspond with similar decreased levels of select viral immediate early, early, and late proteins. 

All four inhibitors prompted lower Zta levels when compared with induced, control cells. Zta 

was the first EBV protein documented to be sumoylated (Adamson & Kenney 2001), so it is 

possible that inhibiting sumoylation processes can affect protein levels. Only GA and 2-D08 
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decreased levels of the processivity factor (Ea-D) or the viral capsid (VCA). These findings 

suggest that the two less potent SUMO inhibitors (GA and 2-D08) can inhibit lytic replication 

along with the transcription and translation of lytic EBV proteins, thus they possess anti-vital 

potential. 

When examining extracellular viral DNA and protein levels, the effect of the drugs varied 

from what was observed intracellularly. The four drugs did significantly decrease extracellular 

viral DNA levels, and the experimental doses of GA and 2-D08 decreased extracellular DNA 

levels better than their IC₅₀ counterparts. However, the reverse was observed for the two SUMO-

interacting inhibitors (ML-792 and TAK-981) where extracellular EBV DNA levels were higher 

when cells were treated with the experimental doses of this drug when compared with their IC₅₀ 

counterparts. Remarkably, the extracellular DNA levels did not correspond with extracellular 

EBV capsid levels. ML-792 and GA had no effect on VCA levels in supernatant fluids, 

suggesting virions are being made and released from the induced cells. Only treatment of cells 

with 2-D08 or the experimental dose of TAK-981 resulted in lower VCA levels in supernatant 

fluids. These findings lead us to propose that targeting the SUMO-conjugating enzyme has more 

anti-viral potential than targeting SUMO itself or the SUMO-activating enzyme.  

Regardless to the exact mechanism(s) of action for the four drugs, extracellular DNA 

levels were decreased in treated cells, which piqued our interest in how they affect levels of 

infectious virus. Supernatant fluids of induced cells treated with drugs during viral replication 

exhibited decreased abilities to super-infect Raji cells. These decreases were not as large when 

supernatant fluids were collected from untreated, induced cells and the drugs were added just 

prior to the super-infection of Raji cells. While these data do support the thought that treatment 
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of cells with the drugs during viral replication reduces the production of new infectious virus, 

they also demonstrate that the presence of the SUMO inhibitors are sufficient to modulate viral 

binding, viral entry, or viral penetration. Therefore, future work will focus on investigating the 

effects of the drugs on the initial steps of EBV infection. 

In the future, it would be beneficial to examine the structure of the virions released by the 

cells by electron microscopy. It is likely that some, or all, of these drugs increases the formation 

of empty capsids, which would explain the decreased DNA levels with no change in capsid 

levels. The herpesviral portal proteins are critical for procapsid assembly and viral DNA 

packaging. Analysis of BBRF1, the EBV portal protein, by SUMOplot® and JASSA identified 

two conserved SUMO motifs with predicted high probability of being sumoylated. Therefore, it 

is possible that inhibition of sumoylation decreases the ability of BBRF1 to correctly direct 

procapsid assemble and the packaging of EBV DNA. 

Of the tested inhibitors 2-D08 displays the most dramatic affect for a potential anti-viral 

therapeutic. Zhu reported similar effects for 2-D08 against Flaviviridae. ZIKV-infected human 

astrocytoma cells were treated with different doses of 2-D08, resulting in significant inhibition of 

ZIKV replication in a dose dependent manner within cell lysate and supernatant fluids in vitro 

(Zhu et al. 2019). 2-D08 continued to demonstrate anti-viral properties in other medically 

important flaviviruses including DENV, JEV, WNV, and YFV (Zhu et al. 2019). Impressively, 

2-D08 treated U251 cells increased their viability percentage suggesting cell protection affects 

for 2-D08 against ZIKV infection (Zhu et al. 2019). We propose 2-D08 as not only a potential 

anti-viral but also an anti-cancer therapeutic for malignancies with dysregulated sumoylation 

processes.  
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We found that sumoylation inhibitors decrease viral DNA levels as well as inhibit the 

attachment and/or penetrance of EBV. Ultimately, we propose that selective sumoylation 

inhibitors have anti-viral properties and may prevent the spread of EBV in the body as well as 

aid against EBV associated malignancies. Specifically, 2-D08 has the best potential for anti-viral 

therapy due to its ability to significantly reduce EBV DNA in a manner similar to its documented 

affect to decrease Flaviviridae levels. 
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