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Versatile effects of epigenetic reprogramming in immune

restoration and tumor therapy
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Local immune environment is a crucial factor that regulates
the progression of tumor and efficacy of immunotherapy.
The immune microenvironment differs from one individual
to another, with T cell-infiltrated, inflamed tissues identified
as “hot” tumor, non-infiltrated and non-inflamed tissues
as “cold” tumor, and a broad spectrum of intermediate
stage between them (1). The immunogenicity of a tumor to
trigger antigen presentation is the initial step of an effective
anti-tumor response and immune microenvironment
formation. Recent studies focusing on host intrinsic factors
have identified multiple mechanisms that affect tumor
immunogenicity, including genetic antigen presentation
machinery defects in tumor. Generating immune response
is a direct effect of virus infection. However, to what extent
virus infection affects immunogenicity remains unclear yet.
Viral infection has long been recognized as determinant
factors in tumor formation and progression. The Epstein
Barr virus (EBV), the first described onco-virus, contributes
to the development of a variety of lympho-proliferative
disorders, including B-cell lymphoma. EBV infection may
lead to expression of virus related antigens EBNA, LMP,
and LP in cancer cells, which constitutes an important
aspect of tumor immunogenicity and promotes further
tumor elimination by antigen specific T cells. Still, the
prognosis and the responsiveness to immunotherapy
in EBV" B-cell lymphoma patients are quite different.
This might have been due to the heterogeneous immune
microenvironment derived by different latency patterns
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of EBV infection. EBV" B-cell lymphoma shows three
different latency patterns according to the immunogenicity.
Latency I tumors hardly express virus antigens except the
less immunogenic Epstein-Barr nuclear antigen (EBNAL),
EBV-encoded small RNAs, and some microRNAs, so that
the host immune system can be easily blinded. In contrast,
latency III tumors express all EBV encoded latent nuclear
antigens (EBNAI1, EBNA2, EBNA3A-C, and LP) and
latent membrane proteins (LMP1, LMP2A, and LMP2B),
so that they can often be eliminated by the host immune
response. Latency II is intermediate stage with modest
immunogenicity between latency I and III. However, how
EBV infection shapes distinct tumor microenvironment
formation in different individuals with B-cell lymphoma
is yet undefined. Identification of the approach to regulate
the immunogenicity of EBV" B-cell lymphoma, and
to transform latency I tumor into latency III tumor is
important for the clinical treatment for patients with B-cell
lymphoma.

A brief article published in Blood reported that epigenetic
reprogramming was a potential switch of EBV related
tumor immunogenicity (2). Utilizing a high-throughput
screen, the author identified a series of small molecules that
could induce the expression of latency III viral genes in
EBV" B-cell lymphoma. Among them, a DNA methylation
inhibitor decitabine was the most potent. The induction
of latency III antigen LMP1 and EBNA3 by decitabine
was independent of hypomethylating agent—induced cell
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death and was uncouple with lytic viral replication. Of note,
the induction occurred at low doses and persisted after
removal of decitabine. Mechanistically, decitabine induced
hypomethylation at key viral promoters and promoted
virus antigen expression, which finally sensitized tumors
to T-cell-mediated lysis. Most importantly, in an adopted
EBV-CTL transfer xenograft mouse model, decitabine
pretreatment reshaped local immune environment, resulting
in T-cell homing and further tumor inhibition iz vivo.
Epigenetic dysregulation represents an important
tumorigenic mechanism. Tumor cells often express
methyltransferase with high level of methylation
modification on promoters of multiple genes. In addition
to manipulating tumor hallmarks directly, methylation
modification might also exert essential roles in regulating
local immune status. An effective antitumor T cell response
is dominated by multiple layers of complicated factors,
many of which are usually disturbed in tumors. Fortunately,
recent studies leveraging pre-clinical models point out
that epigenetic reprogramming may help rescue T cell
response in several aspects. First, the methylation status
of genes in tumor cells controls the expression of tumor
antigens, which account for the initial priming of T cells.
DNA hypomethylation in melanoma and esophageal
carcinoma up-regulates tumor antigen expression and
enhances tumor recognition by T cells (3,4). Second, it has
been proved that EZH2-mediated histone modifications
and DNA methyltransferase 1 (DNMT)-mediated DNA
methylation limits Ty;1-type chemokines CXCL9 and
CXCL10 expression, and thus blocks the infiltration of
T cells and favors immunosuppressive microenvironment
formation. Abrogating methylation methyltransferase
activities by inhibitors improves the therapeutic efficacy of
PD-L1 blockade in ovarian cancer (5). Third, in addition
to malignant cells, immune cell can be an important target
for epigenetic reprogramming. Recent study focusing on
the epigenetic modulation of T cell lineages shows that
post-effector de movo DNA methylation programming
accompanies memory CD8" T cell exhaustion. The
highly methylated status of gene loci concerning T cell
proliferation, differentiation and functions accounts for the
intrinsic failure of anti-tumor T cell response in primary
tumor and immunotherapy conditions. Application of
DNA demethylating agents promotes the rejuvenation of
effector T cells in tumors and augments the efficacy of PD-
L1 antibody treatment (6). Fourth, epigenetic modulation
controls tumor intrinsic type I interferon production, which
has been proved to enhance antigen presenting process and
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maintain T cell functions. Endogenous retrovirus (ERV) in
human genome may transcribe and fold into a secondary
dsRNA structure, which activates MDAS/MAVS/IRF7
pathway and promotes type I interferon production. The
activation of ERV is often restricted by DNA methylation
on cytosine residues at regulatory elements as a systemic
immune homeostasis mechanism. Removal of the aberrant
DNA methylation by agents such as 5-azacitidine and
decitabine inhibits tumor growth by reactivation of silenced
tumor suppressor programs and potentially synergizes
with immune checkpoint therapies (7). Thus, epigenetic
reprogramming has been an emerging approach in tumor
treatment. Although the mechanism by which epigenetic
modulation regulates host immune status and related
intervention have been clearly demonstrated in non-
viral tumors, it’s yet unclear whether and how epigenetic
programming works in the context of virus related tumors.
Virus infection often endows tumor cells with unique
antigen characterization, and thus exerts a regulatory role
in local immune microenvironment formation. Dalton
and colleagues demonstrated that hypomethylating
reagent decitabine could also interfere with the epigenetic
modulation of EBV genome in virus related B-cell
lymphoma. This led to the immunogenic EBV antigens
LMPI1, EBNA3A, and EBNA3C expression and a reversion
from latency I to latency III in tumors in EBV" B-cell
lymphoma, which further resulted in T cell homing and
inhibition of tumor growth in mouse xenograft model.
It’s possible that epigenetic reagents can also be applied in
other virus related tumors such as HBV related hepatoma,
EBV-related nasopharyngeal carcinoma, HPV-related
cervical carcinoma and so on, to increase the expression
of viral antigens and tumor immunogenicity despite
the lack of evidence to date. This study provides a new
angle in understanding the immuno-editing role of DNA
demethylating agents in virus related tumors and indicates
a promising therapeutic strategy combining epigenetic
modulators and immune therapies.

Although immunotherapy has accomplished great
success in tumor treatment, the response rate remains low
with unclear cause. How to predict the clinical response,
broaden its application and improve its efficacy has become
a central theme in the field of cancer immunology and
cancer therapy. Heterogeneity across the tumors, including
cancer types, heritage background, and local immune
composition, holds key to the efficacy of cancer therapy. In
this article, the authors have made a good attempt to reveal
the regulating mechanism of immune activation/silencing in
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B-cell lymphoma in the angle of virus infection and raised
a possible therapeutic regimen combining immunotherapy
and epigenetic reprogramming. More studies collecting
every facet of tumor characteristics and the underlying
regulating mechanism are still in need to shed light on
future tumor therapy.

Acknowledgments

Funding: The study was supported by project grants
from the Guangdong Basic and Applied Basic
Research Foundation, China (2019A1515011770 and
2018B030308010); the China Postdoctoral Science
Foundation (2020T130738 and 2019M653191); and the
Fundamental Research Funds for the Central Universities
(191gjc09 and 191gpy167).

Footnote

Provenance and Peer Review: This article was a standard
submission to the journal. The article has undergone

external peer review.

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/a0b-20-49). The authors have no conflicts of
interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons

doi: 10.21037/a0b-20-49
Cite this article as: Wei Y, Li L, Kuang DM. Versatile effects
of epigenetic reprogramming in immune restoration and tumor

therapy. Ann Blood 2021;6:22.

© Annals of Blood. All rights reserved.

Page 3 of 3

Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Galon J, Bruni D. Approaches to treat immune hot, altered
and cold tumours with combination immunotherapies. Nat
Rev Drug Discov 2019;18:197-218.

2. Dalton T, Doubrovina E, Pankov D et al. Epigenetic
reprogramming sensitizes immunologically silent EBV+
lymphomas to virus-directed immunotherapy. Blood
2020;135:1870-81.

3. Lee YK, Park UH, Kim EJ, et al. Tumor antigen
PRAME is up-regulated by MZF1 in cooperation with
DNA hypomethylation in melanoma cells. Cancer Lett
2017;403:144-51.

4. Shi X, Chen X, Fang B, et al. Decitabine enhances
tumor recognition by T cells through upregulating the
MAGE-A3 expression in esophageal carcinoma. Biomed
Pharmacother 2019;112:108632.

5. Peng D, Kryczek I, Nagarsheth N, et al. Epigenetic
silencing of TH1-type chemokines shapes tumour
immunity and immunotherapy. Nature 2015;527:249-53.

6. Ghoneim HE, Fan Y, Moustaki A, et al. De Novo
Epigenetic Programs Inhibit PD-1 Blockade-Mediated T
Cell Rejuvenation. Cell 2017;170:142-57.e19.

7. Chiappinelli KB, Strissel PL, Desrichard A, et al.
Inhibiting DNA Methylation Causes an Interferon
Response in Cancer via dsRNA Including Endogenous
Retroviruses. Cell 2015;162:974-86.

Ann Blood 2021;6:22 | http://dx.doi.org/10.21037/a0b-20-49


http://dx.doi.org/10.21037/aob-20-49
http://dx.doi.org/10.21037/aob-20-49
https://creativecommons.org/licenses/by-nc-nd/4.0/

