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In primary human infection, EBV replicates in epithelial
cells and infects RBLs in blood, tonsils and adenoids.

Initially, Latency III EBNA2, EBNALP, EBNA3C, 
EBNA3A, EBNA1, LMP1, and LMP2 are expressed and
cause RBL proliferation.

In lymphatic organs, EBNAs and LMPs are down-regul
ated and infected RBLs shift to a non-proliferative state. 
Infected RBLs become the sites for latency and, ultimately, 
re-activated virus replication.

Remaining Latency III proliferating RBLs are removed
by NK and T-cell responses, which persist life-long . 

Primary EBV infection and Resting B-Lymphocytes
(RBLs)



RBLs
RBLs are mature sIg expressing B-cells. 
RBLs are developmentally programmed to respond 

to antigen signaling through sIg in lymph node germinal 
centers, where antigen binding to RBL sIg induces MYC-
driven hyper-proliferation.

Proliferating B-cells present antigen to CD4+ T-cells. 
In response, CD4+ T-cells to express CD40 ligand. CD40L 
binds to B-cell CD40R and up-regulates B-cell NF-kB and 
BCL2 expression, which prevent MYC-proliferation 
induced cell death. 

Following the discovery in 1994 that EBNA2 and 
Notch regulate myc transcription through RBPJ, a cell 
transcription factor, the central hypothesis has been that 
EBNA2 and Notch directly regulate MYC to cause B-, and 

T- cell transformation . How?
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Recent  Advances

The transformation essential EBV Nuclear Proteins 3C 
and 3A maintain lymphoblastoid cell growth by 
repressing (MYC- induced) p16INK4A and p14 ARF 
expression. ShRNAs to p16 and p14 or HPV 16 E7 and 
E6 protein expression, which block p16 and p14 effects 
are required to restore LCL growth following conditional 
EBNA3A or EBNA3C inactivation. 
Maruo S, et al.,2011

EBV Nuclear Antigen EBNALP dismisses NCoR and 
RBPJ repressors from enhancer sites and EBNA2 
increases NCoR-deficient RBPJ at enhancer sites. 
(Portal, et al, PNAS, 2011)



EBNALP inhibits NCoR repression RBPJ at 
enhancers.

(Portal et all, 2011)



NCoR associates with EBNALP, RBPJ and EBNA2



EBNALP dismisses NCoR from Matrix associated 
deacetylase bodies (sites of repressed chromatin)



NCoR localizes RBPJ and EBNA2 to MAD bodies and 
EBNALP dismisses RBPJ and EBNA2 to nucleoplasm 



EBNALP co-activates the HES1 promoter with RBPJ. 



EBNALP dismisses NCoR from enhancer sites



EBNALP dismisses RBPJ from enhancer sites and 
EBNA2 increases NCoR-deficient RBPJ at these sites. 



EBNA3A and EBNA3C are 
essential for repression of p14 
and p16 responses to EBNA2-
induced MYC. 

Conditional inactivation of 
EBNA3C in an LCL results in 
p16 and p14 induction and 
cessation of cell growth.  
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EBNA3C inactivation 
increases p16INK4A 
histone H3 acetylation 
and H3K4me3 and 
reduces of H3K27 
trimethylation in LCLs. 
E3CHT LCLs cultured
in the absence (−) or 
presence (+) of 4HT for 
20 d were ChIP and qRT-
PCR analyzed.



E3CHT LCLs transfected with an oriP plasmid expressing EBNA3C, an 
oriP plasmid expressing sh-cont, sh-p16, sh-p14), or sh-p16– and sh-p14–

Five days later cells were put in medium with (+) or without (−)4HT.



Day 41 cell lysates Western blotted with EBV-, p16INK4A-, p14ARF-, 
or actin-specific antibodies. Arrowhead indicates transfected E3C.



EBNA3A inactivation also 
induces p16INK4A and 
p14ARF expression and
LCL growth arrest, 
substantially restores cell 
growth. 
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Comparison of active transcription-associated H3K4me3 and 
H3K36me3 histone modifications with Polycomb repression-
associated H3K27me3 marks at the CDKN2A p16INK4A and 
p14ARF in LCLs relative to primary CD19 positive B cells 
using normalized (ENCODE) data revealed extensive 
H3K27me3 through the CDKN2Ap16INK4A and p14ARF locus 
in resting CD19+ primary B cells, except at the p16INK4A and 
p14ARF promoters versus very little H3K27me3 throughout 
the locus in LCLs. Whereas H3K36me3 was low through the 
locus in both resting B cells and LCLs,H3K4me3 levels were 
high at the p16INK4A and p14ARF promoters. The coupling of 
low overall H3K27me3 and highH3K4me3 at the p16INK4A 
and p14ARF promoters, with above background PolII through 
these loci in LCLs (Fig. S2) is consistent with p16INK4A and 
p14ARF being poised for transcription activation in LCLs.



Epstein-Barr virus exploits intrinsic B-lymphocyte
transcription programs to achieve immortal cell growth

Bo Zhao, James Zou, Hongfang Wang, Eric Johannsen, Chih-
Wen Peng, John Quackenbush, Jessica C. Mar, Cynthia 

Morton, Matthew L. Freedman, Stephen C. Blacklow, Jon C. 
Aster, Bradley E. Bernstein, and Elliott Kieff
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EBF is important for EBNA2 activation of the EBV 
LMP1 promoter.









HiC data based interactions
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•EBNA2 gene regulation through the RBPJ transcription 
factor is essential for RBLs conversion to Lymphoblast 
Cell Lines. ChIP-seq investigation of EBNA2 and RBPJ 
sites in LCL DNA found EBNA2 at 5151 and RBPJ at 
10,529 sites.
•EBNA2 localized with RBPJ, predominantly at intergenic 
and intron sites.
• EBNA2/RBPJ sites were sites of EBF (60%) RUNX 
(41%), ETS(35%), NF-kB (31%), and PU.1(17%) motifs.
•Using ENCODE LCL data, EBF, RELA, and PU.1 were 
found at 54%, 31%, and 17% of EBNA2 sites (open sites). 
•K-Means clustering of EBNA2 sites found RELA-ETS, 
EBF-RUNX, EBF, ETS, RBPJ, and repressive RUNX 
ranked highest to lowest in symmetrical H3K4me1 signals 
and EBNA2-centered H3K4me1 depletion, marks of 
nucleosome-depleted, transcription initiation.



•Although less, high level symmetrical H3K4me1 
modifications and nucleosome depletion at the same sites 
in RBLs were remarkably similar to LCLs, indicating that 
EBNA2 localized in a pre-established RBL chromatin 
pattern, which likely evolved to enable RBL antigen-
induced proliferation.
•EBF was critical in EBNA2 activation of the EBV LMP1 
promoter. LCL HiC data mapped >50 intergenic EBNA2 
sites to EBNA2 up-regulated genes. 
•Fluorescence In Situ Hybridization (FISH), conditional 
EBNA2 FISH, Chromatin Conformation Capture (3C), and 
3C q-PCR, linked EBNA2/RBPJ enhancers 428 kb 5' of 
MYC to MYC.
•These data support the hypothesis that EBNA2 evolved to 
exploit the RBL transcription framework.
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K means clusters of Notch Sites 
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