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• How do viruses cause lymphomagenesis? 

• Do viruses interact with each other for lymphomagenesis?

• Does lymphoma still need viruses after lymphomagenesis?



• How do viruses cause lymphomagenesis?
• EBV
• Do viruses interact with each other for lymphomagenesis?
• HIV
• Does lymphoma still need viruses after lymphomagenesis?
• HCV



• EBV 

• HIV

• HCV



• originally identified in 1964 by Sir Anthony Epstein and co-workers in Burkitt’s lymphoma;
• γ-herpesviridae subfamily;
• large double-stranded DNA virus;
• persists in human cells for a lifetime;
• 90-95% of the world’s population sustaining an asymptomatic infection;
• a WHO class I carcinogen;
• cause 1–2% of all tumours in humans and ~200,000 new cancers per year;
• primarily associated with epithelial cell cancers and lymphomas.

Jean-Pierre V., et al. Frontiers in Immunology 2021

Epstein–Barr virus (EBV) a.k.a. human herpesvirus 4 (HHV4)

Epstein M., et al. Lancet 1964



The life cycle of EBV

Damania B., et al. Cell 2022

Munz C., Nature Reviews 2019
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Huang W., et al. Virology Journal 2023

Interactions of EBV with B cells



EBV associated cancers

Damania B., et al. Cell 2022

Sausen D., et al. Cancers 2023



Why so many associated lymphomas?

Munz C. Cells 2020

Jean-Pierre V,. et al. Frontiers in Immunology 2021



EBV mechanisms of lymphomagenesis

Damania B., et al. Cell 2022
Ross A., et al. Life 2023



AID

Klein U., et al. Nature Reviews 2008 Kenter A., Current Opinion 2003

CSR Activation Induced
Cytidine Deaminase

Klein U., et al. Nature Reviews 2008



Burkitt lymphoma and c-Myc translocation

van Tong H., et al. EBioMedicine 2016

Frappier L., et al. Cancer 2023

• EBV-positive BLs most frequently occur in sub-Sahara Africa;
• Greater than 90% of BLs in this region (‘‘endemic’’ BLs) are EBV-infected;
• BLs in other parts of the world (‘‘sporadic’’ BLs) are usually EBV-negative;
• In BL endemic Plasmodium falciparum malaria infection is very common;
• P. falciparum infection contribute to the development of EBV positive BLs by 

inducing polyclonal B cell activation;
• enhancing AID expression in GC B cells;
• greatly increasing the number of EBV-infected B cells.
Damania B., et al. Cell 2022

AID Apoptosis



Diffuse Large B-Cell Lymphoma

Ross A., et al. Life 2023

• The presence of EBV in DLBCL is relatively rare (approx. 
5–15% of DLBCL tumours are diagnosed as EBV+);

• EBV+DLBCL associated with poorer outcomes even after 
adjusting for confounding factors;

• Higher presence in ABC DLBCL substype;
• (Usually) The pathogenic mechanisms in EBV-positive 

DLBCL is enhanced NFκB activity.



Diffuse Large B-Cell Lymphoma

Chabay P., Cancers 2021

Gebauer N., et al. Blood Cancer Journal 2021

Mutations

EBV+DLBCL MYD88, CD79BTET2, DNMT3A MYC, BCL2, BCL6
CNA



Hodgkin Lymphoma

Vrzalikova K., et al. Annals of Lymphoma 2021

Thomas R., et al. The Lancet Oncology 2004

• In 30%-40% of cHLs HRS cells have evidence of latent 
EBV infection and associated expression of LMP1 and 
LMP2;

• constitutes the best-established etiological factor in 
cHL.



Hodgkin Lymphoma: mutations and NFkB pathway

Jardin F. Biomedicines 2022

• EBV-positive cHLs exibites less mutational burden than EBV-negative;
• EBV– negative cHLs have more exhibit genetic alterations of specific NF-kB signaling 

and MHC class I antigen presentation;
• EBV-positive HRS cells express LMP1, which activates NFkB.

Wienand K., et al. Blood Advances 2019



Hodgkin Lymphoma

Vrzalikova K., et al. Annals of Lymphoma 2021

• LMP1 is a constitutively active CD40 receptor homolog;
• LMP2A is a BCR mimic that allows B-cell development in the 

absence of normal BCR signaling.



EBV and Microenvironmental interactions.

Zheng X., et al. Viruses 2022

Zheng X., et al. Viruses 2022

Wee Tan G., et al. Pathogens 2022



Yin H., et al. Medical Microbiology and Immunology 2019

Potential functions of EBV non-coding RNAs

EBV can encode approximately 23 precursors and 44 mature miRNAs from 2 cluster

Munz C., Nature Reviews 2019



• EBV

• HIV

• HCV



• Lentivirus belonging to the retroviridae;
• responsible for the HIV/AIDS pandemic;
• existed as far 1920s;
• two copies of positive-sense single-stranded RNA, only 9 genes for 19 protein;
• persists in human cells for a lifetime;
• divided into two types: HIV-1 and HIV-2. HIV-1 is the most virulent and widespread;
• X4 HIV-1 affinity for the CXCR4, R5 HIV-1 affinity for the CCR5.

Human immunodeficiency virus (HIV)



The life cycle of HIV-1

Masenga S., et al. Cell 2023
Bekker L., et al. Nature Reviews 2023



HIV infection and disease progression

Bekker L., et al. Nature Reviews 2023

Bekker L., et al. Nature Reviews 2023

Factors associated with immune dysfunction other than 
destruction of CD4+ T cells



The life cycle of HIV-1

https://www.stemcell.com/immunology-features/immune-response-to-hiv



HIV-1 associated cancers

Ok Lee., et al. Scientific Report 2022



Diffuse Large B-Cell Lymphoma

• 60-70% of all NHLs in HIV-1 infections are DLBCL;
• Specific mechanisms of HIV-1 in inducing DLBCL 

are still under investigations;
• DLBCL in HIV-positive is more often associated 

with high-risk factors as MYC or BCL6 
translocations or proliferation indices;

de Carvalho P., et al. Frontiers in oncology 2021

Lurain K., et al. Seminars in Hematology 2022Noy A. Blood 2019



de Carvalho P., et al. Frontiers in Oncology 2021

Diffuse Large B-Cell Lymphoma

Dolcetti R., et al. Blood 2016

HIV-1+DLBCL B-cell activation, proliferationIL6, Il10 Ig-Switch



DLBCL HIV-1+EBV

Dolcetti R., et al. Blood 2016

Munz C., Nature Reviews 2019

https://www.stemcell.com/immunology-
features/immune-response-to-hiv



Antiretroviral therapy (ART)

https://i-base.info/guides/art-in-pictures/hiv-
after-starting-art

Bekker L., et al. Nature Reviews 2023

• ART wipes out most actively infected CD4 cells, 
• immune system can recover naturally;
• HIV drugs do not directly increase the CD4 

count, they help make an environment where 
this can happen;

• ART enables the CD4 count to increase to higher 
and safer levels;

• the risk of HIV-related complications is reduced.
• CD4 counts can also continue to increase each 

year, even after ten years.



Ok Lee., et al. Scientific Report 2022

Noy A. Blood 2019

ART and cancers



ART and latent infection

Bekker L., et al. Nature Reviews 2023

• Lifelong treatment is required and there is no cure;
• although most HIV-infected achieve viral suppression;
• some still display viral persistence;
• residual inflammation;
• metabolic disturbances;
• incomplete immunological response;

• HIV can integrate in the host genome and persist for the
life span of the infected cell;

• Latently infected cells are not recognized as foreign
because they are largely transcriptionally silent, but
contain replication-competent virus that drives
resurgence of the infection once ART is stopped.



ART and cancers

Huguet, M. et al. Cancers 2023

Lurain, K. et al. Seminars in Hematology 2022



Omar, A. et al. Cancers 2024

HIV Chronic Inflammation in the Development of Cancers

• Despite HIV controlled by ART, the virus itself does activate the host’s immune system;
• immune activation creates a chronic inflammation strongly associated with neoplasia;
• example are reactive oxygen and nitrogen species (ROS and RNS).

Teer E., et al. Viruses 2022



• EBV

• HIV

• HCV



• Belonging to Hepacivirus in the family Flaviviridae;
• discovered in 1989;
• seven different genotypes;
• single copy of positive-sense single-stranded RNA, 11 proteins;
• HCV does not code for oncogenes and is unable to integrate into the host genome 
• It can replicate both in the liver and in lymphocytes;
•More than 95% of people with chronic infection can be cured when treated with direct-
antiviral agents (DAA);
• average relative risk of NHL ranging from 1.7 to 3.0.

Hepatitis C virus (HCV)



The life cycle of HCV

Li H., et al. World Journal of Gastroenterology 2021

Colpitts C., et al. Molecular Science 2020



The life cycle of HCV in B-lymphocytes

Ito M., et al. Frontiers in microbiology 2011

Amanda M., et al. iScience 2022



HCV associated NHL

Alkrekshi A., et al. Clinical Lymphoma Myeloma e Leukemia 2021



Models of HCV-related lymphomagenesis

Couronnè L., et al. Annals of Oncology 2017

Mazzaro C., et al. Seminars in Heamatology 2022

Amanda M., et al. iScience 2022



DAA therapy

Martinello M., et al. Clinical Infectious diseases 2023



Lymphoma after DAA therapy?

HCV eradication with DAAs in HCV-positive 
patients with B-cell indolent lymphomas strongly 

supports the direct etiological role of HCV
in lymphomagenesis.



Lymphoma after DAA therapy?

Merli F., et al. JCO 2022



Lymphoma after DAA therapy?

Mazzaro C., et al. Seminars in Hematology 2022

• higher rate of complete remission after DAAs therapy was 
obtained in the DLBCL context;

• in all DLBCL patients DAAs therapies were concomitantly 
administrated with chemo-immuno-therapy;

• 43% of MZL achieved CR after DAAs;
• 6/20 MZL patients who reached CR were treated with chemo-

immuno-therapy, accordingly 14/46 (30%) MZL patients were 
able to obtain a CR with the use of DAAs alone;

• no major complications were reported with the concomitant 
use of chemo-immuno and DAAs therapy.



• How do viruses cause lymphomagenesis?
• Both directly (modifying cells) and indirectly (modifying 
microenvironment)
• Do viruses interact with each other for lymphomagenesis?
• Yes they can (accidentally not on purpose)
• Does lymphoma still need viruses after lymphomagenesis?
• Depending on the lymphoma 

Conclusions
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