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Abstract 

Early events in the pathogenesis of KSHV-associated lymphoproliferations in the context of HIV 

disease remain poorly understood. Recent research indicates that latent HIV infection causes 

persistent immune dysfunction in B cell follicles. Simultaneously, lack of T cell immune 

surveillance in the lymph nodes disregulates the biology of EBV. In sum, these defects bias B 

lymphocyte maturation away from traditional T cell-dependent germinal center-mediated 

pathways and towards extrafollicular pathways. Recent advances in B lymphocyte immunology 

suggest that extrafollicular maturation pathways for antibody secreting cells are more flexible 

and robust than previously believed. These responses are now understood to be both durable 

and antigen-specific, and even canonically germinal center-restricted events such as class 

switch recombination and somatic hypermutation have now been demonstrated in an 

extrafollicular context. As a lymphotrophic pathogen which causes disease primarily in the 

context of HIV and EBV co-infection, future studies examining the interactions of KSHV biology 

with extrafollicular B cell maturation pathways will be critical to uncovering key aspects of 

KSHV-mediated immune pathology. 

 

Introduction 

The association between Kaposi Sarcoma Herpesvirus (KSHV/HHV-8) infection and pathological 

lymphoproliferative diseases has been known for 20 years. Despite this, we know very little 

about how KSHV establishes infection in the lymphocyte compartment and how these events 

influence the disease process.  Concurrently, the field of immunology has seen a number of 

new advances which fundamentally alter our understanding of the variety and flexibility of B 

lymphocyte-mediated immune responses to infection. New research elucidating T cell 

independent extrafollicular pathways for the development of functional antibody secreting B 

lymphocytes is particularly relevant to KSHV-associated pathogenesis, which commonly occurs 

in the context of massive T lymphocyte dysfunction caused by HIV disease. This brief review will 

place our current knowledge of KSHV infection and pathogenesis in B lymphocytes in the 

context of the most recent advances in B cell immunology.  

 

Features of KSHV-associated lymphoproliferations 

KSHV infection of B lymphocytes is associated with a variety of lymphoproliferative disorders, 

including: (1) Primary Effusion Lymphoma, a true monoclonal neoplastic lymphoproliferation [1] 
and (2) Multicentric Castleman Disease (MCD), a polyclonal reactive lymphadenopathy [2]. In 

both cases, some underlying defect in immune surveillance, such as HIV disease, precedes the 

onset of KSHV-associated lymphoproliferation. MCD is characterized by the concurrent 

presence of plasmablast-like KSHV-infected B lymphocytes concentrated in extrafollicular areas 

with hyalinized and involuted germinal centers [3,4]. Immunohistochemical and molecular 

studies of primary MCD specimens characterize infected cells in symptomatic MCD as 

polyclonal but monotypic IgM-lambda B lymphocytes [5]. These variably express maturation 

markers including CD27 [6] but lack evidence of class switch recombination and somatic 

hypermutation [5]. Although PEL resemble KSHV-infected B lymphocytes in MCD in that they 

are highly biased towards IgL expression, they are distinctly monoclonal and frequently display 
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hallmarks of germinal center maturation including somatic hypermutation and Ig class 

switching [7].  
 

A shift in the immunological role of IgM plasmablasts and implications for MCD 

The features of pathological lymphocytes in MCD are consistent with an extrafollicular 

maturation pathway. Until recently, the extrafollicular process by which IgM plasmablasts are 

produced was thought to be purely a product of innate immune activation, and the antibody 

secreting cells generated by this pathway were thought to be short-lived and of low value from 

the standpoint of immunological memory [8-10]. However, a recent study by Bohannon et. al. 

demonstrated long-term protective immunity against influenza virus arising from a GC-

independent IgM response [11]. Interestingly, this response was maintained in the absence of T 

cell help, and the authors postulate that the extrafollicular IgM response could serve as an 

auxiliary pathway for humoral immunity to persist in the presence of serious defects in the T 

cell compartment, such as those that exist during HIV infection. Moreover, a new study of T cell 

subsets in primary MCD specimens demonstrated significantly decreased frequencies and 

increased markers of anergy/exhaustion in invariant natural killer T (iNKT) cells and associated 

memory B cell defects [12]. iNKT cells have received significant attention as an alternative 

source of T cell help in B lymphocyte maturation during the humoral immune response [13], 
and recent studies suggest that iNKT cell help is important for the early extrafollicular antibody 

response and the subsequent generation of an IL-10 secreting B regulatory response [14]. iNKT 

cells can also functionally substitute for Tfh producing a short-lived IgG response via a modified 

GC reaction [15]. Thus, we could imagine that in HIV disease, where Tfh subsets are significantly 

disregulated [16], iNKT cells could be co-opted to provide B cell help in the GC. The iNKT 

population subsequently becomes exhausted, thereby diminishing the extrafollicular regulatory 

response over time and contributing to the flares of KSHV-mediated extrafollicular 

lymphoproliferation and cytokine dysregulation that characterize MCD. Thus, KSHV-MCD may 

be linked to HIV disease because HIV-mediated deficiencies in traditional T cell-dependent, GC-

mediated maturation alters extrafollicular B lymphocyte biology in a way that favors KSHV-

associated lymphoproliferation. 

 

Extrafollicular maturation: Unifying the viral pathogenic model  

Unraveling the cellular origins of PEL is a difficult task for a number of reasons, the greatest of 

which is that there is no in vitro model for KSHV-mediated transformation of B lymphocytes. 

PEL-derived cell lines and primary specimens contain little information as to the natural history 

of the diseased cells because they generally lack lineage markers, with the exception of CD138, 

and only sporadically express activation markers [17]. Based on the distinct immunological 

features of MCD and PEL, the prevailing hypothesis is that PEL arises from KSHV infection of a 

post-GC memory subset, while MCD arises from infection of naïve B lymphocytes which 

undergo extrafollicular maturation during active disease. However, this hypothesis is 

dissatisfying for several reasons. First, PEL, like MCD, is highly linked to HIV disease, which, even 

when well controlled by antiretroviral therapy (ART), is associated with defects in the GC 

reaction and the depletion of memory B cells [18]; events which would reduce the number and 

viability of memory B cells as infection targets in the early stages of PEL pathogenesis. 

Moreover, this hypothesis requires the supposition that KSHV has distinct biological effects 
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leading to different disease states based on the target B cell subtype. A simpler model, from a 

molecular virology perspective, would be that both MCD and PEL arise from a common 

infection event with additional factors (genetic, environmental, co-pathogen, etc.) influencing 

the different disease manifestations. There is some evidence in the literature that monoclonal 

lymphomas [19], including PEL [20,21], frequently arise in patients with MCD, suggesting that a 

common pathogenic model is possible. However, because MCD and PEL are both rare and 

infrequently diagnosed, even among people living with HIV, it is difficult to determine 

epidemiologically whether convincing pathogenic links exist between the two disease states.  

 

In the context of canonical B lymphocyte maturation, the post-GC features of PEL would 

generally preclude the idea of a common progenitor. However, recent studies in B lymphocyte 

immunology have begun to refute the GC-centered model as the only path for generating 

mature, class switched antibody-secreting cells. Notably, an elegant study by Di Niro et. al. 

recently demonstrated that an immune response to Salmonella infection (a pathogen noted for 

inhibiting GC formation) can produce antibody-secreting cells via antigen-specific activation, 

somatic hypermutation and class switch recombination in an entirely extrafollicular, GC-

independent maturation pathway [22]. The idea that canonically GC-restricted events like class 

switch recombination and antigen-directed somatic hypermutation can occur in an 

extrafollicular context is a huge paradigm shift in the field of B lymphocyte immunology and 

necessitates the re-interpretation of a large body of literature. In the context of KSHV infection, 

these studies provide a framework in which PEL and MCD could arise from a common infection 

event and varying degrees of extrafollicular maturation (possibly dependent upon the original 

specificity of the infected lymphocyte and the inflammatory state provided by co-pathogens) 

could account for the apparent differences in maturation of the pathological lymphocytes in 

each disease entity. These advances in immunology allow us to propose a unified extrafollicular 

disease model for early KSHV pathogenesis in B lymphocytes.  

 

Alterations in GC biology during KSHV pathogenesis 

Both transgenic murine models and recent advances in KSHV molecular genetics have allowed 

more studies of KSHV pathogenesis to be performed in B lymphocyte systems. Is there new 

evidence in these studies supporting the idea that KSHV infection preferentially promotes 

extrafollicular maturation? Indeed, a variety of new studies into KSHV biology in lymphocytes, 

supports the hypothesis that KSHV proteins simultaneously promote extrafollicular maturation 

pathways and inhibit the germinal center reaction.  Ballon et. al. recently reported two 

transgenic mouse models in which KSHV vFLIP is expressed at different stages of B lymphocyte 

differentiation (CD19 for immature B lymphocytes and Cγ1 for expression during and following 

GC maturation). Based on the model of MCD arising from naïve lymphocytes and PEL arising 

from a post-GC population, the authors expected the two models to differentially recapitulate 

the two disease states. However, both transgenic strains showed inhibited GC formation and 

reduced markers for GC-mediated maturation. However, phenotypes resembling both MCD 

(proliferation of polyclonal IgM-lambda plasmablasts) and PEL (monoclonal IgH, CD138+, B 

lineage negative proliferations) were observed [23].  Thus, expression of KSHV vFLIP in the 

lymphocyte compartment inhibits GC biology, but this does not preclude the emergence of a 

PEL-like disease state in vivo. The KSHV early lytic protein K4.2 has been shown to decrease cell 
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surface expression of immunoglobulin molecules by inhibiting the action of pERP1, a cellular 

chaperone protein. In the same study, pERP1 expression was demonstrated in KSHV infected 

cells in both MCD and PEL [24]. Importantly, pERP1 expression is highly enriched in marginal 

zone B lymphocytes [25], suggesting that the KSHV K4.2 protein is specifically evolved to 

manipulate immunoglobulin maturation in an extrafollicular context. Thus, although we have 

little direct evidence for an extrafollicular maturation pathway preceding transformation in PEL, 

it seems unlikely, given the combined inhibitory effects of HIV and KSHV infection on GC 

biology, that PEL arises from KSHV-infected cells transiting the germinal center or from 

infection events within the depleted memory compartment in HIV disease. 

 

 

Influence of EBV as a co-pathogen in PEL 

EBV co-infection is another important factor to consider in the development of PEL. The close 

association of EBV biology with the germinal center is well-characterized. Most notably, the EBV 

proteins LMP1 and LMP2A provide a signaling background which mimics the GC reaction in 

infected cells. In normal EBV biology, these mechanisms serve to establish a pool of latently-

infected memory B cells. However, these mechanisms also promote tumorigenesis by 

increasing the survival of EBV-infected cells containing transforming mutations [26]. Many, but 

not all primary cases of PEL are positive for both KSHV and EBV. Interestingly, PEL which are 

EBV negative do not share the post-GC features of EBV+ PEL [7]. Moreover, although EBV is 

considered the more highly tumorigenic virus, microarray studies of cellular gene expression 

suggest that even in the background of EBV co-infection, KSHV appears to be the driving force 

behind much of the neoplastic signaling in co-infected lymphomatous effusions [27]. Although 

the low numbers of EBV negative PEL cell lines make robust conclusions difficult, it is possible 

that EBV co-infection mimicking GC biology rather than de novo KSHV infection of post-GC B 

cells is primarily responsible for the maturation features of PEL. Interestingly, recent transgenic 

mouse studies provide evidence that EBV proteins can also inhibit GC biology, particularly in the 

context of T cell defects. Expression of LMP1 and LMP2A in GC B lymphocytes under control of 

the AID promoter produced fatal lymphoproliferations only when both T and NK cells were 

depleted in the same animals [28]. In this model, which mimics EBV-HIV co-infection, there was 

a significant increase in the IgM plasmablast response, indicating that completion of the normal 

GC reaction was inhibited. Similarly, EBV LMP1 [29] and EBNA2A [30] can inhibit GC formation, 

diverting lymphocytes to an extrafollicular IgM antibody secretion program. Taken together 

with the fact that normal patterns of EBV protein expression are disordered in the context of 

HIV infection irrespective of immune status [31], we could conclude that EBV also participates 

in GC dysregulation in this context.  

 

Conclusions 

KSHV-associated lymphoproliferative diseases occur in the complex background of immune 

dysfunction associated with HIV infection, making unraveling early events in this disease 

process extremely difficult. Despite years of research, we are only beginning to understand the 

depth of immune dysregulation associated with latent HIV infection, which persists in the 

lymph nodes even in the context of effective antiretroviral therapy, diminishing the canonical 

humoral immune response and redirecting B lymphocyte biology towards poorly understood 
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alternative pathways. Interactions of this skewed environment, seem to influence the biology 

of the lymphotrophic herpesviruses in a way that contributes substantially to a pro-

lymphomagenic environment in people living with HIV infection [32]. Moreover, new research 

in B cell immunology, a fraction of which is highlighted in this review, suggests that the 

generation of humoral immunity is more resilient and flexible than previously imagined. Ideally, 

this new understanding of T cell-independent antibody responses and the B lymphocyte biology 

associated with these responses should inform new avenues of investigation into the 

pathogenesis of gamma-herpesvirus associated disease during HIV infection. 

 

Acknowledgements 

Dr. Isabel Scholz provided proof-reading assistance. This work was supported by the National 

Institute of Dental and Craniofacial Research grant number 4R00DE024969-03. 

 

1. Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper J, Knowles DM, Moore PS: 
Identification of herpesvirus-like DNA sequences in  AIDS-associated 
Kaposi's sarcoma . Science 1994, 266:1865–1869. 

2. Soulier J, Grollet L, Oksenhendler E, Cacoub P, Cazals-Hatem D, Babinet P, 
d'Agay MF, Clauvel JP, Raphael M, Degos L: Kaposi“s sarcoma-associated 
herpesvirus-like DNA sequences in multicentric Cast leman”s disease.  Blood 
1995, 86:1276–1280. 

3. Wang H-W, Pittaluga S, Jaffe ES: Multicentric Castleman disease: Where are 
we now?  Semin Diagn Pathol 2016, doi:10.1053/j.semdp.2016.05.006. 

4. Soumerai JD, Sohani AR, Abramson JS: Diagnosis and management of 
Castleman disease.  Cancer Control 2014, 21:266–278. 

5. Du MQ, Liu H, Diss TC, Ye H, Hamoudi RA, Dupin N, Meignin V, Oksenhendler 
E, Boshoff C, Isaacson PG: Kaposi sarcoma-associated herpesvirus infects 
monotypic (IgM lambda) but polyclonal naive B cells  in Castleman disease 
and associated lymphoproliferative disorders.  Blood 2001, 97:2130–2136. 

6. Chadburn A, Hyjek EM, Tam W, Liu Y, Rengifo T, Cesarman E, Knowles DM: 
Immunophenotypic analysis of the Kaposi sarcoma her pesvirus (KSHV; 
HHV-8)-infected B cells in HIV+ multicentric Castle man disease (MCD).  
Histopathology 2008, 53:513–524. 

7. Matolcsy A, Nador RG, Cesarman E, Knowles DM: Immunoglobulin VH gene 
mutational analysis suggests that primary effusion lymphomas derive from 
different stages of B cell maturation.  Am J Pathol 1998, 153:1609–1614. 

8. Ho F, Lortan JE, MacLennan IC, Khan M: Distinct short-lived and long-lived 
antibody-producing cell populations.  Eur. J. Immunol. 1986, 16:1297–1301. 

9. Nutt SL, Hodgkin PD, Tarlinton DM, Corcoran LM: The generation of antibody-
secreting plasma cells.  Nat Rev Immunol 2015, 15:160–171. 



Page 7 of 10

10. Takemori T, Kaji T, Takahashi Y, Shimoda M, Rajewsky K: Generation of 
memory B cells inside and outside germinal centers . Eur. J. Immunol. 2014, 
44:1258–1264. 

**11. Bohannon C, Powers R, Satyabhama L, Cui A, Tipton C, Michaeli M, Skountzou I, 
Mittler RS, Kleinstein SH, Mehr R, et al.: Long-lived antigen-induced IgM 
plasma cells demonstrate somatic mutations and cont ribute to long-term 
protection.  Nat Commun 2016, 7:11826. - Together with [22], redefines the 
durability and specificity of extrafollicular antib ody responses.  

**12. Sbihi Z, Dossier A, Boutboul D, Galicier L, Parizot C, Emarre A, Hoareau B, Dupin 
N, Marcelin A-G, Oudin A, et al.: iNKT and memory B-cell alterations in HHV-8 
multicentric Castleman disease.  Blood 2017, 129:855–865. Unique human 
study demonstrating iNKT cell defects in MCD. 

13. Galli G, Pittoni P, Tonti E, Malzone C, Uematsu Y, Tortoli M, Maione D, Volpini G, 
Finco O, Nuti S, et al.: Invariant NKT cells sustain specific B cell respons es 
and memory.  Proc Natl Acad Sci USA 2007, 104:3984–3989. 

*14. Vomhof-DeKrey EE, Yates J, Hägglöf T, Lanthier P, Amiel E, Veerapen N, Besra 
GS, Karlsson MCI, Leadbetter EA: Cognate interaction with iNKT cells 
expands IL-10-producing B regulatory cells.  Proc Natl Acad Sci USA 2015, 
112:12474–12479. Establishes the influence of iNKT on the B cell reg ulatory 
environment. 

15. Tonti E, Fedeli M, Napolitano A, Iannacone M, Andrian von UH, Guidotti LG, 
Abrignani S, Casorati G, Dellabona P: Follicular Helper NKT Cells Induce 
Limited B Cell Responses and Germinal Center Format ion in the Absence of 
CD4+ T Cell Help . The Journal of Immunology 2012, 188:3217–3222. 

16. Pissani F, Streeck H: Emerging concepts on T follicular helper cell dynam ics 
in HIV infection . Trends Immunol. 2014, 35:278–286. 

17. Carbone A, Cesarman E, Gloghini A, Drexler HG: Understanding pathogenetic 
aspects and clinical presentation of primary effusi on lymphoma through its 
derived cell lines.  AIDS 2010, 24:479–490. 

18. Hu Z, Luo Z, Wan Z, Wu H, Li W, Zhang T, Jiang W: HIV-associated memory B 
cell perturbations.  Vaccine 2015, 33:2524–2529. 

19. Oksenhendler E, Boulanger E, Galicier L, Du M-Q, Dupin N, Diss TC, Hamoudi R, 
Daniel M-T, Agbalika F, Boshoff C, et al.: High incidence of Kaposi sarcoma-
associated herpesvirus-related non-Hodgkin lymphoma  in patients with HIV 
infection and multicentric Castleman disease.  Blood 2002, 99:2331–2336. 

*20. Guillet S, Gérard L, Meignin V, Agbalika F, Cuccini W, Denis B, Katlama C, 
Galicier L, Oksenhendler E: Classic and extracavitary primary effusion 
lymphoma in 51 HIV-infected patients from a single institution.  Am. J. 



Page 8 of 10

Hematol. 2016, 91:233–237. Longitudinal clinical study or PEL with a very 
large cohort. 

21. Ascoli V, Signoretti S, Onetti-Muda A, Pescarmona E, Della-Rocca C, Nardi F, 
Mastroianni CM, Gastaldi R, Pistilli A, Gaidano G, et al.: Primary effusion 
lymphoma in HIV-infected patients with multicentric  Castleman's disease.  J 
Pathol 2001, 193:200–209. 

**22. Di Niro R, Lee S-J, Vander Heiden JA, Elsner RA, Trivedi N, Bannock JM, Gupta 
NT, Kleinstein SH, Vigneault F, Gilbert TJ, et al.: Salmonella Infection Drives 
Promiscuous B Cell Activation Followed by Extrafoll icular Affinity 
Maturation.  Immunity 2015, 43:120–131. - First demonstration of a GC-
independent, antigen-specific, class switched, refi ned antibody response to 
a pathogenic infection. 

23. Ballon G, Chen K, Perez R, Tam W, Cesarman E: Kaposi sarcoma herpesvirus 
(KSHV) vFLIP oncoprotein induces B cell transdiffer entiation and 
tumorigenesis in mice.  J Clin Invest 2011, 121:1141–1153. 

24. Wong L-Y, Brulois K, Toth Z, Inn K-S, Lee SH, O'Brien K, Lee H, Gao S-J, 
Cesarman E, Ensser A, et al.: The product of Kaposi's sarcoma-associated 
herpesvirus immediate early gene K4.2 regulates imm unoglobulin secretion 
and calcium homeostasis by interacting with and inh ibiting pERP1.  J Virol 
2013, 87:12069–12079. 

25. Flach H, Rosenbaum M, Duchniewicz M, Kim S, Zhang SL, Cahalan MD, Mittler 
G, Grosschedl R: Mzb1 protein regulates calcium homeostasis, antibod y 
secretion, and integrin activation in innate-like B  cells.  Immunity 2010, 
33:723–735. 

26. Fish K, Longnecker R: EBV germinates lymphoma from the germinal center in  
a battle with T and NK cells.  Proc Natl Acad Sci USA 2017, 114:4571–4573. 

27. Fan W, Bubman D, Chadburn A, Harrington WJ, Cesarman E, Knowles DM: 
Distinct subsets of primary effusion lymphoma can b e identified based on 
their cellular gene expression profile and viral as sociation.  J Virol 2005, 
79:1244–1251. 

**28. Minamitani T, Ma Y, Zhou H, Kida H, Tsai C-Y, Obana M, Okuzaki D, Fujio Y, 
Kumanogoh A, Zhao B, et al.: Mouse model of Epstein-Barr virus LMP1- and 
LMP2A-driven germinal center B-cell lymphoprolifera tive disease.  Proc Natl 
Acad Sci USA 2017, 114:4751–4756. - Strongly links EBV lymphoproliferation 
in GC B cells to T cell defects.  

29. Panagopoulos D, Victoratos P, Alexiou M, Kollias G, Mosialos G: Comparative 
analysis of signal transduction by CD40 and the Eps tein-Barr virus 
oncoprotein LMP1 in vivo.  J Virol 2004, 78:13253–13261. 



Page 9 of 10

30. Boccellato F, Anastasiadou E, Rosato P, Kempkes B, Frati L, Faggioni A, Trivedi 
P: EBNA2 interferes with the germinal center phenotype  by downregulating 
BCL6 and TCL1 in non-Hodgkin's lymphoma cells.  J Virol 2007, 81:2274–
2282. 

*31. Arvey A, Ojesina AI, Pedamallu CS, Ballon G, Jung J, Duke F, Leoncini L, De 
Falco G, Bressman E, Tam W, et al.: The tumor virus landscape of AIDS-
related lymphomas.  Blood 2015, 125:e14–22. - Identifies EBV as the key 
pathogen in ARL and demonstrates a variety of viral  replication programs 
not necessarily directly related to immune status.   

32. Totonchy J, Cesarman E: Does persistent HIV replication explain continued 
lymphoma incidence in the era of effective antiretr oviral therapy?  Curr Opin 
Virol 2016, 20:71–77. 

 
 
Figure Legend 
 
Figure 1: Model of amplified extrafollicular B lymphocyte maturation during chronic HIV 
infection. (A) Normal lymph node functions including Tfh supplying adequate T cell help 
to support germinal center-mediated development of memory B lymphocytes and class-
switched plasma cells in response to infections. EBV and KSHV infection are controlled 
and primarily latent. Follicular iNKT provide help and promote the extrafollicular 
regulatory environment which may affect proliferation of KSHV-infected cells in the 
marginal zone. (B) during persistent HIV infection Tfh function is decreased, decreasing 
(red lines) normal germinal center humoral immune responses and promoting auxiliary 
extrafollicular maturation pathways. Gamma-herpesvirus latency and pathophysiology is 
perturbed by alterations in the follicular/extrafollicular balance and regulatory responses 
mediated by iNKT are diminished. 
 
 

 

• HIV disease damages germinal centers and biases immunity towards alternate 

pathways. 

 

• Canonical B cell maturation can occur in the absence of germinal centers.  

 

• Extrafollicular humoral immunity is more robust than previously thought. 

 

• KSHV lymphoproliferations are associated with extrafollicular B cell maturation. 
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