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Kaposi sarcoma—associated herpesvirus infects monotypialigivl polyclonal
naive B cells in Castleman disease and associated lymphoproliferative disorders

Ming-Qing Du, Hongxiang Liu, Tim C. Diss, Hongtao Ye, Rifat A. Hamoudi, Nicolas Dupin, Véronique Meignin, Eric Oksenhendler,

Chris Boshoff, and Peter G. Isaacson

In a previous study, it was shown that the
Kaposi sarcoma—associated herpesvirus
(KSHV) was specifically associated with
monotypic (IgM \) plasmablasts in multi-
centric Castleman disease (MCD). The
plasmablasts occur as isolated cells in
the mantle zone of B-cell follicles but may
form microlymphoma or frank plasma-
blastic lymphoma. To determine the
clonality and cellular origin of the mono-
typic plasmablasts, the rearranged
genes in 13 patients with KSHV-related
MCD, including 8 cases with microlym-
phomas and 2 with frank lymphomas,
were studied. To investigate the role of
the interleukin 6 (IL-6) receptor signaling

in the pathogenesis of MCD and associ-
ated lymphoproliferative disorders, viral
IL-6 and human IL-6 receptor expression
was examined. KSHV-positive plasma-
blasts were polyclonal in MCD-involved
lymphoid tissues in all cases and mi-
crolymphomas in 6 of 8 cases. Monoclo-
nal KSHV-positive plasmablasts were
seen in microlymphomas of 2 cases and
in both frank lymphomas. Despite their
mature phenotype, KSHV-positive plasma-
blasts did not harbor somatic mutations
in the rearranged /g genes, indicating
origination from naive B cells. Viral IL-6
was expressed in 10% to 15% of KSHV-
positive plasmablasts, whereas the hu-

man IL-6 receptor was expressed in most
KSHV-positive cells. Thus, KSHV infects
monotypic but polyclonal naive B cells
and is associated with a range of lympho-
proliferative disorders from polyclonal
isolated plasmablasts and microlympho-
mas to monoclonal microlymphoma and
frank plasmablastic lymphomas in MCD
patients. Activation of the IL-6 receptor
signaling pathway may play a role in
differentiation of KSHV-infected naive B
cells into plasmablasts and development
of lymphoproliferative lesions. (Blood.
2001;97:2130-2136)

© 2001 by The American Society of Hematology

Introduction

Multicentric plasma cell variant Castleman disease (MCD) is a The finding that KSHV-positive plasmablasts in MCD are
lymphoproliferative disorder of unknown etiology and is associmonotypic is intriguing and raises the question whether this is
ated with development of secondary B-cell lymphohiaMost indicative of monoclonality or biased targeting Xofexpressing B
cases of MCD are associated with infection by Kaposi sarcomaells by the virus. We previously performed polymerase chain
associated herpesvirus (KSHV), also known as human herpesvireaction (PCR) analysis of the rearrandggtieavy-chain genes and

8 (HHV8), that occurs in nearly 100% of human immunodeficiencfpund monoclonal patterns in 2 of 3 KSHV-associated plasmablas-
virus (HIV)-associated cases and 40% to 50% of HIV-negative lymphomas, but polyclonal patterns in microdissected microlym-
cases$:® Using a monoclonal antibody against a KSHV latenphomas and unfractionated lymphocytes from MCD-involved
nuclear antigen (LNA), we recently showed that KSHV is speciflymphoid tissué. It is unclear whether the failure to demonstrate
cally associated with plasmablasts that localize mainly in thmonoclonality in these monotypic lesions was due to somatic
mantle zone of B-cell follicle8. These KSHV-positive plasma- mutations in the primer target region of the rearranggdenes,
blasts express high levels of cytoplasmic IgM and show exclwhich may prevent the primer annealing and therefore PCR
sively \ light-chain restriction. In contrast, KSHV-negative matur@amplification. The clonal relationships among frank plasmablastic
plasma cells in the interfollicular region, a prominent feature dfmphoma, microlymphomas, and scattered individual plasma-
MCD, are IgM negative and usually polytypic. The KSHV-positiveblasts as well as their cellular origins remain unknown. To address
plasmablasts in MCD typically occur as isolated cells but mapese questions, we studied both the rearrarigetieavy- and
coalesce to form microscopic aggregates that shdight-chain light-chain genes of KSHV-positive plasmablasts by PCR, cloning,
restriction and therefore have been referred to as microlymphend sequencing in 13 patients with KSHV-associated MCD. To
mas? In some cases, KSHV-positive plasmablasts may form franlnderstand the role of KSHV in the pathogenesis of MCD and
plasmablastic lymphomfaln all lesions in 35 patients studied soassociated lymphoproliferative lesions, we also studied viral inter-
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far, KSHV-positive plasmablasts uniformly express lgM

leukin 6 (vIL-6) and human IL-6 receptor (hIL-6R) expression
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because the IL-6R signaling appears to be important in tihedes and spleens were first stained for LNA-1. Confluent KSHV-positive cells
pathogenesis of MCEP-13 were microdissected and DNAwas extracted as described previbusly.

PCR of the rearranged /g genes
Patients, materials, and methods _ _ , _

To assess clonality, both the rearrandggdeavy-chain and light-chain
Patients and tissue samples genes were amplified from the framework 3 (Fr3) to the joining (J) regions.

Tissue from 13 patients with KSHV-positive MCD was retrieved from th&0r analysis of somatic hypermutation in the rearranggedjenes, the
surgical files of the Department of Histopathology, Royal Free and Universfi§gions from Frl or Fr2 to the J segment of the heavy-chain jand
College Medical School, London; the Department of Pathologypitdb ~light-chain genes were amplified.

Cochin, Paris; and the Department of Pathology, Hopital Saint-Louis, Paris. FOr Ig heavy-chain gene PCR, the Fr1-JH region was amplified using
Eleven patients were HIV positive and 2 were negative (Table 1). Twigdividual Frl family-specific (VH1-VH6) and JH consensus primers; the
patients had developed plasmablastic lymphoma. Formalin-fixed and paraffiRé-JH and Fr3-JH regions were amplified with consensus primers using
embedded tissue was available in all cases (lymph noded.3; spleen, = 6).  Seéminested protocols as described previotfsl§.The rearrangedg A

In one case complicated by plasmablastic lymphoma, frozen nodal lympholigdt-chain gene was amplified with novel primers designed according to
and splenic tissues were available. Standard hematoxylin/eosin-stained sectffigonsensus sequences of individual light-chain gene families (Table 2).

were prepared from all samples and the histology was reviewed. The Frl-a region was amplified using mixed VL family-specific (VL1,
VL2, VL3, VL4ab, VL5-9-10, VL6, and VL7-8) andN primers (JL1 or
Immunohistochemistry JL2-3-7) in 2 separate reactions; the FR3fégion was amplified using

. . . consensus Fr3 (VLFR3) and brimers (JL1 or JL2-3-7) in 2 separate
Immunostaining for KSHV LNA-1 (LANA) encoded by viral open reading o 5 ions (Table 2). For FrivJPCR, a hot-start touchdown protocol was

frame (ORF)_73 was ca(ried out With mouse monoclonal antib_oc_iy L,N_ ed as follows: 95°C for 2 minutes, hold and add Taq polymerase at 65°C,
(Advanced Biotechnologies, quumbla, MD_) using the strt'eptawdln-blotlg‘loC for 30 seconds, 65°C for 30 seconds, 72°C for 45 seconds for one
method preceded by heat retrlev:?\ll of antigen as described _p‘rev?ous cle, then similar cycles with annealing temperature at 64°C for 2, 62°C
LN53 can detect 100% KSHV-positive cells under these conditions. Ttg r 3,60°C for 4, 58°C for 5, and 55°C for 40 cycles with a final extension at
vIL-6 was stained with a rabbit polyclonal antibody (Advanced Biotechnoloi-zoé for 5 min’utes For i:rS)J PCR a hot-start protocol was used as
gies_) using similar_methods. The_ hIL-6R was immunostained on frozgguows: 95°C for 5 minutes, hold and add Taq polymerase at 58°C, 93°C
sections with a_ rabbit polyclonal anpbod?_& b S_ystgms Europe, A_bmgdon, for 30 seconds, 58°C for 30 seconds, 72°C for 1 minute for 40 cycles, final
UK). Consecitive sections were stained with antibodies ketgry chaing., o, extension at 72°C for 5 minutes. In each PCR, standard reaction conditions

andy, and light chainsc and\ (Dako, High Wycombe, UK) and with were applied with 1.5 mM MgGl Fr3-\ PCR for clonality analysis was

gnt_lbody to CD27 (Pha_rmlngen, San Diego, CA). In some cases Wh%rﬁown to be reliable on a range of neoplastic and reactive lymphoid samples
indicated, double staining for both KSHV LNA and CD27, vIL-6, orinaseparate study

hiL-6R was carried out. All PCRs were performed with appropriate positive and negative
(without template DNA) controls in each experiment and all samples were
analyzed in duplicate. Fr1-JH, Fr2-JH, and FKIBCR products were

In each case, DNA samples were prepared from whole sections of formalin-fixeuhlyzed on 6% polyacrylamide gels; Fr3-JH and Fe3vdre examined on
and paraffin-embedded tissues. To study KSHV-positive cells, sections of lymi®Po polyacrylamide gels. FraxJPCR products were first denatured at

DNA preparation and microdissection

Table 1. Histologic, immunophenotypic, and PCR findings in KSHV MCD

Diagnosis and KSHV* Plasmablasts
Case no. HIV EBV KSHV-associated lesions Plasmablasts KSHV LNA vIL6 Ig Fr3-JH Fr3-Jx
MCD P P
1 - - Microlymphoma (Sp) + + + IgMX M M
Plasmablastic lymphoma (LN) M M
MCD P P
2 + - Microlymphoma (Sp) + + + IgMX P P
MCD P P
3 - - Microlymphoma (LN) + + + IgMA P P
MCD P P
4 + - Microlymphoma (Sp) + + + IgM\ M M
MCD P P
5 + - Microlymphoma (Sp) + + + IgMX P P
Plasmblastic lymphoma (LN) M P
MCD P P
6 + - Microlymphoma (Sp) + + ND IgMX P P
MCD P P
7 + - Microlymphoma (Sp) + + ND IgMA P ND
MCD ND ND
8 + - Microlymphoma (Sp) + + ND IgM\ ND ND
MCD P ND
9 + - Microlymphoma (LN) + + + IgMX P ND
10 + - MCD + + + IgMA P ND
11 + - MCD + + ND IgMA P P
12 + - MCD + + + IgMA P P
13 + - MCD + + ND IgMA P ND

MCD indicates multicentric Castleman disease; LN, lymph node; Sp, spleen; P, polyclonal; M, monoclonal; ND, not done.
*KSHV vIL-6 was expressed in 10% to 15% of KSHV-positive plasmablasts.

¥20z dunr 60 uo 3senb Aq ypd'0€12010208Y/L L8LLIL/OE L 2/L/L6/)Pd-Bl01IE/POO|G AU SUONEDIIGNAYSE//:d})Y WOIj papeojumog



2132 DUetal BLOOD, 1 APRIL 2001 - VOLUME 97, NUMBER 7

Table 2. Primers used for Ig A light-chain PCR Center for Protein Engineering, http://www.mcr-cpe.cam.ac.uk/imt-doc/
Primer* vbase-home-page.html).
Target region Name Sequence
Vi1 5" CAGTCTGTGCTGAC(T/G)CAGCC 3 Epstein Barr virus in situ hybridization
VL2 5" CAGTCTGCCCTGACTCAGCC 3 In situ hybridization for Epstein Barr Encoded small RNA (EBER) was
VL3 5’ TCCTATGAGCTGAC(AIT)CAG '3 carried out with a PCR-generated DNA probe labeled with digoxigenin,
Fr1 VL4ab 5" CAGCCTGTGCTGACTCAATC 3 followed by incubation with Anti-Digoxingenin-AP (Boehringer Mann-
VL5-9-10 5" CAG(C/G)CTGTGCTGACTCAGCC 3 heim, Lewes, UK) and visualization with 5-Bromo-4-chloro-3-indolyl-
VL6 5" AATTTTATGCTGACTCAGCC 3 phosphate and 4-Nitro blue tetrazolium chloride, as described previSusly.
VL7-8 5' CAG(A/G)CTGTGGTGACTCAGGA 3
Fr3 FR3 5' GA(T/C)GAGGCTGA(T/C)TATTACTG 3
I\ AE] 5' AGGACGGTGACCTTGGTCCC 3
JL2-3-7 5' AGGACGGTCAGCT(GIT)GGT(C/G)IcC'3  Results

*Primers were designed according to the consensus sequences of family

T h : KSHYV is specifically associated with monotypic (IgM N)
members of individual light-chain genes.

plasmablasts

All 13 cases of KSHV-positive MCD showed classic histologic
95°C for 5 minutes then cooled on ice for at least 45 minutes (heteroduplggtures of MCD including variably hyalinized follicle centers,
analysis) prior to electrophoresis. expanded mantle zones, and prominent infiltration of IgM-negative
polytypic plasma cells in the interfollicular regiérin addition to
these classic features, the mantle zone of all cases contained
To study somatic mutation of the rearrandgdjenes, the Fri-JH orand plasmablasts that were positive for KSHV, expressed high levels of
Fr2-JH PCR products were cloned and sequenced. PCR products weytoplasmic IgM, and showed exclusively light-chain restric-
purified from 1.5% agarose gels using QIA Quick Gel Extraction Kition.° The number of plasmablasts (all KSHV positive) ranged from
(QIAGEN, West Sussex, UK), then ligated into the pGEM-T vector andos to 15% of the total cell population in lymph nodes and spleens
transformed into JM109 competent cells (Promega, Southampton, Ukkfected. In 8 cases, KSHV-positive plasmablasts coalesced to form

The transformed cells were selected on LB-ampicillin agar plates Contan1croscopic lymphomas either adjacent to or partially replacing
ing X-gal and IPTG. White colonies were screened using PCR with vect, . . . . .
primers (Sp6 and T7). The PCR products showing the expected insert sfg[enphmd follicles. In common with the isolated plasmablasts in the

were sequenced in both directions using an ABI sequencer with dRhod antle zone, thes? microlymphomas gxcluswely expressed high

ine terminators (Perkin-Elmer, Foster City, CA). At least 7 PCR clones frofffV€!S of cytoplasmic IgM as shown previous§The 2 plasmablas

each sample were sequenced. tic ymphomas were composed of confluent sheets of plasmablasts
The variable (V), diversity (D), and joining (J) segments were identifieith identical immunophenotypic features to those of KSHV-

by sequence comparison to the V base using online DNAPLOT (MR@ositive mantle zone plasmablasts and microlymphomas (Figure

Cloning and sequencing of PCR products

; " o Figure 1. Histologic and immunohistochemical study

_ #o. "% of KSHV-positive plasmablasts in lymphoprolifera-
vl b tive lesions in case 1. Plasmablastic lymphomas show
confluent sheets of plasmablasts (A, hematoxylin-eosin)
that express exclusively \ light chain (B) and high levels
of cytoplasmic IgM (C). CD27 (brown), a marker for
~ mature B cells, is expressed in 20% to 30% of KSHV-
"% positive (blue) plasmablasts (D). Double staining shows
# . that vIL-6 (brown) is strongly expressed in 10% to 15%
4 KSHV-positive (blue) plasmablasts (E); hIL6-R (blue) is

. expressed in most KSHV-positive (brown) cells (F).
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1A-C). Thus, KSHV-positive plasmablasts were consistently mon@hus, monotypic KSHV-positive plasmablasts in MCD were

typic (IgM\) in all lesions in all patients (Table 1). polyclonal although KSHV-positive microlymphomas sometimes
Double immunohistochemical staining was carried out in caseentained a weak dominant clone.

1, 6, and 9 for KSHV LNA-1 and CD27, a cell surface marker for To determine the cellular origin of KSHV-positive plasma-

memory B cellsi%20 CD27 was expressed in 20% to 30% of thédlasts, their rearrangety Vy genes were compared with,V

KSHV-positive plasmablasts (Figure 1D). The level of CD2germlines of the V base. Fewer than 2 mutations were consistently

expression in these plasmablasts was similar to that in the KSHgund in KSHV-positive plasmablasts irrespective of whether they

negative plasma cells in the interfollicular zones (Figure 1D). were from microlymphoma or frank lymphoma (Table 3). Most

mutations were localized outside the CDR regions and were silent
Monotypic KSHV-positive plasmablasts in MCD and associated changes. The frequency of these mutations (0.1%-0.4%) was
lymphomas are polyclonal or monoclonal and derive indistinguishable from the estimated replication error rate (0.2%)
from naive B cells during PCR (with Tag polymerase) and cloningj. Moreover,

Analysis by PCR of unfractionated lymphocytes from whoIémaIySlS of the rearranged light-chain genes from the frank

. . S . asmablastic lymphoma and one microlymphoma in case 1
sections of MCD-involved lymphoid tissues consistently showeg]oweol similar results to those seen from (Table 4). The data

polyclonal_patterns despite the presence of prominent mo.nqtyrljr']%icate that KSHV-positive plasmablasts originated from naive B
KSHV-positive plasmablasts, which were well above the mlnlmaleIIS despite their mature phenotvoe
requirement (1%) for demonstrating monoclonality by these PCRS P P ype.

. ? . . There was no apparently biased usage of a partidjlagene
based methods (Table 1, Figure?2Microdissected microlympho amily member by KSHV-positive plasmablasts. However, some

mas in 6 of 8 cases also displayed polyclonal patterns, but the germlines were recurrently used, at a low frequency, by

remaining 2 cases (1 and 4) exhibited a weak dominant band (Tab[@ .
1, Figure 2). Both plasmablastic lymphomas showed monocloni ltiple clones. In case 1, theyVgermline DP75 used by the

. . ominant clone of plasmablastic lymphoma was also found in 4 of
patterns Wlth Fr3-JH PCR (Tgble 1, Figure 2), but only 1 of the 6 unrelated clones (Table 3). Similarly, DP47 was found in 4 of 26
plasmablastic lymphomas displayed a monoclonal pattern wi . .
Fr3-2\ PCR (Table 1) and 4 of 17 clones in cases 2 and 3, respectively (Table 3). There
Clonina and se uéncin of Fr1-JH (case 1) and Fr2-JH (ca was also ndbiased usage of D segments by KSHV-positive plasma-
9 q 9 stﬁzilsts. J4, 1,5, and 36 were more commonly used thay1J.

2-4) PCR products confirmed the presence of a dominant clona ) . . .
L . . Analysis of VA germline usage in the plasmablastic and one
cell population in the plasmablastic lymphoma and microlympho-

mas in cases that were monoclonal by Fr3-JH and Kr®QR microlymphoma in case 1 showed similar results (Table 4).
analysis (Table 3). For example, in case 1, 5 of the 8 IgH clon
sequenced from the frank plasmablastic lymphoma of lymph no
were identical, and 4 of 8 and 2 of 9 IgH clones from 2rhe KSHV viL-6 was immunostained on paraffin-embedded
microlymphomas of the spleen, respectively, were identical (Tabdections in 8 cases (Table 1) and was expressed in both plasma-
3). However, the dominant clones of the 2 microlymphomas wersgtasts and cells undergoing apoptosis, which account for approxi-
different from each other and were unrelated to the clonesiately 5% to 10% of the cells positive for vIL-6. Double
including the dominant clone, detected in the plasmablastic lynimmunostaining showed that vIL-6 was highly expressed in only
phoma of the same case. Interestingly, the plasmablastic lymphon®®s to 15% of the KSHV-positive cells (Figure 1E).
clone was present at a low frequency in the microlymphomas, The hIL-6R was immunostained on frozen tissue sections in
suggesting that KSHV-positive plasmablasts had circulated. Singiase 1. In contrast to vIL-6 expression, hIL-6R was moderately or
lar results were seen from cloning and sequencing analysis gafongly expressed by the vast majority of KSHV-positive plasma-
Fr1-2 PCR products of the plasmablastic lymphoma and microlyniasts (Figure 1F). In addition, hiL-6R was also expressed by
phomain case 1 (Table 4). KSHV-negative plasma cells.

In microlymphomas in which a polyclonal pattern was seen by
Fr3-JH and Fr3 PCR analysis, sequencing of Fr2-JH PCREBV in situ hybridization
products revealed either multiple unrelated clones or multiple o )
clones with one weakly dominant (Table 3). For instance, in caseBER was positive in occasional scattered lymphocytes, but the
all 8 IgH clones from microlymphoma 3 were different, whereas $SHV-positive plasmablasts in all cases were EBER negative.
of 10 clones from microlymphoma 2 were identical and the
remaining 8 clones were unrelated. More importantly, different
microlymphomas of the same case always showed different clonBiscussion

gsépression of vIL-6 and hIL-6R by KSHV-positive plasmablasts

Our initial observation of monotypic KSHV-positive plasmablasts
in MCD and associated microlymphomas and frank plasmablastic

=1 o & G B lymphomas was interpreted as evidence for monoclorfaliye

Whole section Micro-lymphoma Frank lymphoma

C1 c2

ML1 ML2 ML1

present findings, however, indicate that KSHV infection invokes a
monotypic but polyclonal B-cell proliferation in MCD patients and
that in some cases KSHV-positive plasmablasts may form poly-
clonal or monoclonal microlymphomas or develop into frank
monoclonal lymphomas. These events are similar to those in
Figure 2. Fr3-JH PCR analysis of KSHV-positive plasmablasts in MCD, microlym- |ymph0pr0|iferative disorders caused by EBV in immunosup-
phoma, and frank plasmablastic lymphoma. ~ Whole sections of MCD-involved  pressed patient8:2EBV is another lymphotropic humayherpes
spleen show polyclonal patterns; microdissected microlymphomas display polyclonal virus that induces a morphologically heterogeneous group of
(C2) or monoclonal (C1) patterns; frank plasmablastic lymphomas show monoclonal . . . . . .
lymphoproliferative lesions including polyclonal plasmacytic hy-

patterns. C1, C2, and C5 indicate different cases; P, positive control; N, negative ) " )
control; ML, microlymphoma. perplasia and monoclonal polymorphic and monomorphic B-cell
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Table 3. Sequence analysis of the rearranged  IgH gene in KSHV-positive cells

Case Total no. Clones with Mutation
no. Lesion of clones identical Vy Clones with identical CDR3 inVy
1 Lymphoma (LN) 8 8 (DP75) 5 1s
Microlymphoma 1 (Sp) 8 5 (DP14) 4 1s

1 (DP75) Identical to the dominant lymphoma clone 1s
4 (DP10) 2 1R
Microlymphoma 2 (Sp) 9 3 (DP14) 1s
1 (DP75) Identical to the dominant lymphoma clone 1s
2 (V3-64) 2 —
2 (DP77) 2 1R
1 (DP49) —
Microlymphoma 1 (Sp) 8 1 (DP47) 2R
1 (V3-53) 1R
1 (Cos-8) —
3 (DP47) 2 —
2 (DP77) —
2 Microlymphoma 2 (Sp) 10 2 (DP38) —
1 (DP54) —
1 (DP53) 2s
3 (DP42) —
2 (8—1B+) 1s
Microlymphoma 3 (Sp) 8 1 (DP58) —
1 (DP63) —
1 (Cos-8) 1R, 1s
2 (DP71) 2 3s
3 (DP77) 2R
1 (DP49) 1s
3 Microlymphoma 1 (LN) 10 2 (DP47) —
1 (V3-64) 1R
1 (DP54) 1R
3 (DP49) —
2 (DP47) —
Microlymphoma 2 (LN) 7 1 (DP63) 1R
1(4.30) 1R
4 (DP78) 4 —
4 Micro-lymphoma 1 (Sp) 10 3 (DP46) 3 1R
1 (DP47) —

Clones with frequent mutations (> 10) were occasionally seen. They are most likely from reactive B cells rather than KSHV-positive plasmablasts and are not included.
S indicates silent mutation; R, replacement change; —, no mutation; LN, lymph node; Sp, spleen.

lymphoma?324 However, these lymphomas, unlike KSHV-relategolyclonal KSHV episomes in each case. Although KSHV clonal-
lymphoproliferative disorders in MCD patients, are of germinaty analysis has not been done in KSHV-associated plasmablastic
center or postgerminal center origih?® lymphomas, clonality studies of primary effusion lymphoma
Our observation that KSHV-positive plasmablasts in MCD ar@PEL) by PCR-basety gene analysis and Southern blotting of
polyclonal based on PCR analysis of the rearranigedenes is the viral terminal repeat showed a good agreement between the
further supported by clonal analysis of KSHV episomes. Judde aBanethodologied®
coworkers® studied the clonality of KSHV in 5 MCD patients by ~ Because both the rearranged IgH andight-chain genes in
Southern blotting analysis of the viral terminal repeat and show&SHV-positive plasmablasts are functional rearrangements, it is

Table 4. Sequence analysis of the rearranged ~ IgA gene in KSHV-positive cells

Case Clones with Clones with
no. Lesion Total no. of clones identical VA identical CDR3 Mutation in VA
6 (DPL11) 6 1s
1 (DPL15) 1R
Lymphoma (LN) 10 1 (DPL8) 1R
1 (DPL18) —
1 5 (DPL3) 1s
3 1s
3 (DPL19)
Microlymphoma 1 (Sp) 17 3 (DPL11) 3 identical to the dominant lymphoma clone 2R
1 (DPL3) _
1(G7) —
1 (DPL5) 2R, 1s

Clones with frequent mutations (> 5) were occasionally seen. They are most likely from reactive B cells rather than KSHV-positive plasmablasts and are not included.
S indicates silent mutation; R, replacement change; —, no mutation; LN, lymph node; Sp, spleen.
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Table 5. Comparison of PEL- and MCD-associated plasmablastic lymphoma between the 2 KSHV-associated |ymph0mas: p|asmab|astic |ymph0.
PEL Plasmablastic* ymphoma  mas harbor unmutatdd genes and are derived from naive B cells;
Site Body cavity, extranodal  Lymph nodes, spleen in contrast PEL bears mutateld genes and originates from
Morphology Immunoblasts Plasmablasts germinal center or postgerminal center B cét&
KSHV Positive Positive How can KSHYV drive IgM-positive naive B cells to differenti-
EBV Positive in majority Negative ate into plasmablasts and form lymphoproliferative lesions? KSHV
Cytoplasmic Ig expression  Absent High level of IgM has a number of genes that encode homologues to cellular proteins
Ig light chain Monotypic k or A mRNA - Monotypic  Ig involved in signal transduction, cell cycle regulation, and apoptosis
co30 Positive Weakly positive inhibition as well as homologues to cellular cytokines and cytokine
B-cell antigens Absent Weak or absent . . .
Mutation in /g genes Hypermutated in majority  Absent response genes, and could play a role in ce_llulgr proliferation and
Cellular origin Germinal center or post-  Naive IgM-expressing transformatior233Three genes, namely the viral interferon regula

germinal center B cells B cells tory factor K9, VIRP,3* the viral G-protein—coupled receptor
_ — _ (ORF 74,KSHV GPCR),%® and ORF K136 transform rodent cells
amomeoie;”m“ plasmablast is used to connote a medium-sized cell with a moderate . -3 . sa tymors in animal models. However, their role in KSHV-
phophilic cytoplasm and a large vesicular nucleus containing up to 3 . . i
prominent nucleoli. In contrast to an immunoblast, the cytoplasm contains abundant Ig. induced oncogenesis remains unclear because they are not ex-
pressed in latent viral infectiof:3’LNA-1 (encoded byYDRF73 is
most likely thatx light chain is associated with IgM. It has beerexpressed in all latently infected cells and has been shown to
shown thatx light chain is more often associated with IgM than transform primary rodent cells with the oncogeneds; and target
light chain in human splenic B cefié.The reasons why KSHYV is both the p53 and retinoblastoma-E2F pathw#y8Of the home
overwhelmingly associated with polyclonalight-chain—expressing B logues to cellular cytokines, the KSHV-encoded cytokine IL-6
cells in MCD are not clear. In PEL, a KSHV-associated lymphoma, tiglL-6, encoded byORF k3 can, in many ways, simulate hIL-6. In
tumor cells may express functionally rearrangedr \ light-chain in vitro experiments, vIL-6 supports the growth of both mouse and
transcript€82° In MCD, occasional KSHV-positivec-expressing B human IL-6—dependent cell liné$#2In animal models, vIL-6, like
cells were also observed (data not shown). Two hypotheses may expialn6, acts as a multifunctional cytokine and promotes hematopoi-
the preferential association of the virus witlight-chain—expressing B esis, plasmacytosis, and angiogenésighe effects of vIL-6 were
cells in MCD. First, KSHV may preferentially targat light-chain— triggered through the IL-6R, but unlike hIL-6, vIL-6 preferentially
expressing B cells. However, the frequent finding of functionallpinds to the gp130 subunits of the IL-6R compfé&urthermore,
rearrangedk light-chain transcripts in PEL argues against this hypothL-6 activates all of the known hiL-6—induced signaling pathways
esis??30 The present study also failed to show any apparently biaseatluding JAK1, STAT1/3, STAT5, and the Ras—mitogen-activated
usage of Ig heavy- or light-chain family members in KSHV-positivgrotein (MAP) kinase cascadé.
plasmablasts, suggesting that the virus does not selectively target alMe have shown that vIL-6 is highly expressed in 10% to 15% of
subset of\ light-chain—expressing B cells. Second, KSHV mayhe KSHV-positive plasmablasts, which is consistent with that of a
naturally target botk and\ light-chain—expressing B cells without biasprevious report,whereas hIL-6R is strongly expressed in the vast
but onlyX cells expand preferentially due to their intrinsic proliferativemajority of KSHV-positive cells. We believe that activation of the
response to the viral infection. The findingdlight chain-positive PEL IL-6 signaling pathway may play an important role in driving
does not argue against this hypothesis because the majority of PELK®HV-infected naive B cells to differentiate into plasmablasts and
also coinfected with EBV, which may override the differential responggevelop various lymphoproliferative lesions. VIL-6 may directly
of k and \ light-chain—-expressing B cells to KSHV infection. It isstimulate both vIL-6—positive and —negative cells infected with
noteworthy that the 3 EBV-negative PEL with light chain data from theSHV by autocrine and paracrine mechanisms. Alternatively,
literature could ba light-chain-expressing cefi§2® vIL-6 may exert its effect on KSHV-positive cells through indirect
The other unexpected finding in the present study was thsdthways. It has been shown that vIL-6 can induce high levels of
KSHV-positive plasmablasts did not harbor somatic mutation in thgoduction of vascular endothelial growth factor (VEGF) in nfige.
rearrangedg gene. This indicates that they originate from naive B/EGF induces microvascular endothelial cells to secrete ME-6.
cells despite their mature phenotype as shown by expressionTgfus, KSHV could induce host cells (not necessarily KSHV-
CD27, a cell surface marker for memory B céfi$? and high positive plasmablasts) to produce hiL-6 through expression of
levels of cytoplasmic Ig. These findings are in line with theiy| -6, In fact, elevated serum hIL-6 has been demonstrated in
preferential localization in the mantle zones of B-cell follicles ihatients with MCD and the level of hiL-6 correlated with the
MCD and lack of detectable FDC meshwork within the microlymejinical presentation of thelisease and high KSHV viral load in
phoma sites even though they are often adjacent to or partigi¥ripheral bloodnononuclear cell&11450verproduction of hiL-6
replace B-cell follicles (data not shown). Thus, KSHV may infegk thought to be responsible for the systemic manifestation of MCD
IgM-positive naive B cells and drive these cells to differentiate intgecause blockage of IL-6 signaling by antibody can dramatically
plasmablasts without undergoing the germinal center reactigfieviate both clinical and histologic presentations of the dis-
during which normal naive B cells mutate their rearranigegenes  g5ggi2.13 Although it remains to be tested whether the elevated
and differentiate into.plasma or memory B céfls. ~ hIL-6 in MCD is the result of KSHV infection and is an important
The plasmablastic lymphoma derived from KSHV-positivg,cor for KSHV-induced lymphoproliferation, it is noteworthy that

MCD is distinctive from PEL in many ways although both argy g is produced by PEL and promotes the growth of PEL cells in
associated with KSHV infection (Table 5). KSHV-associated MCRitro and in vivo4647

and plasmablastic lymphoma are not associated with BBvereas
PEL is commonly coinfected with the vird$3° KSHV-positive
plasmablasts express high levels of cytoplasmic Nghhd are
CD30 weakly positive or negativiewhereas the majority of PEL Acknowledgment

lack cytoplasmic Ig but strongly express CD30. Our current study

reveals further differences in the genotype and cellular origN. D. is a recipient of a fellowship from Sidaction.

20z aunr 60 uo jsenb Aq jpd'0€1.2010208U/1 181 L91/0E 1L 2/L/L6/sPpd-0]o1e/pO0|gARU SUOKED!INdYSE//:d)Y WOl papeojumoq



2136 DU etal

References

10.

11.

12.

13.

14.

15.

16.

BLOOD, 1 APRIL 2001 - VOLUME 97, NUMBER 7

Frizzera G. Castleman’s disease and related dis-
orders. Semin Diagn Pathol. 1988;5:346-364.

Hall PA, Donaghy M, Cotter FE, Stansfeld AG,
Levison DA. An immunohistological and geno-
typic study of the plasma cell form of Castleman’s
disease. Histopathology. 1989;14:333-346.

Gould SJ, Diss T, Isaacson PG. Multicentric
Castleman’s disease in association with a solitary
plasmacytoma: a case report. Histopathology.
1990;17:135-140.

Oksenhendler E, Duarte M, Soulier J, et al. Multi-
centric Castleman’s disease in HIV infection: a
clinical and pathological study of 20 patients.
AIDS. 1996;10:61-67.

Chadburn A, Cesarman E, Nador RG, Liu YF,
Knowles DM. Kaposi's sarcoma-associated her-
pesvirus sequences in benign lymphoid prolifera-
tions not associated with human immunodefi-
ciency virus. Cancer. 1997;80:788-797.

Parravinci C, Corbellino M, Paulli M, et al. Ex-
pression of a virus-derived cytokine, KSHV vIL-6,
in HIV-seronegative Castleman’s disease. Am J
Pathol. 1997;151:1517-1522.

Parravicini C, Chandran B, Corbellino M, et al.
Differential viral protein expression in Kaposi's
sarcoma-associated herpesvirus-infected dis-
eases: Kaposi's sarcoma, primary effusion lym-
phoma, and multicentric Castleman’s disease.
Am J Pathol. 2000;156:743-749.

Dupin N, Fisher C, Kellam P, et al. Distribution of
human herpesvirus-8 latently infected cells in
Kaposi's sarcoma, multicentric Castleman'’s dis-
ease, and primary effusion lymphoma. Proc Natl
Acad Sci U S A. 1999;96:4546-4551.

Dupin N, Diss TL, Kellam P, et al. HHV-8 is asso-
ciated with a plasmablastic variant of Castleman
disease that is linked to HHV-8-positive plasma-
blastic lymphoma. Blood. 2000;95:1406-1412.

Yoshizaki K, Matsuda T, Nishimoto N, et al.
Pathogenic significance of interleukin-6 (IL-6/
BSF-2) in Castleman’s disease . Blood. 1989;74:
1360-1367.

Grandadam M, Dupin N, Calvez V, et al. Exacer-
bations of clinical symptoms in human immuno-
deficiency virus type 1-infected patients with mul-
ticentric Castleman’s disease are associated with
a high increase in Kaposi's sarcoma herpesvirus
DNA load in peripheral blood mononuclear cells.
J Infect Dis. 1997;175:1198-1201.

Beck JT, Hsu SM, Wijdenes J, et al. Brief report:
alleviation of systemic manifestations of Castle-
man’s disease by monoclonal anti-interleukin-6
antibody. N Engl J Med. 1994;330:602-605.

Nishimoto N, Sasai M, Shima Y, et al. Improve-
ment in Castleman'’s disease by humanized anti-
interleukin-6 receptor antibody therapy. Blood.
2000;95:56-61.

Pan LX, Diss TC, Peng HZ, Isaacson PG. Clonal-
ity analysis of defined B-cell populations in archi-
val tissue sections using microdissection and the
polymerase chain reaction. Histopathology. 1994;
24:323-327.

Deane M, McCarthy KP, Wiedemann LM, Norton
JD. An improved method for detection of B-lym-
phoid clonality by polymerase chain reaction.
Leukemia. 1991;5:726-730.

Diss TC, Pan LX, Peng HZ, Wotherspoon AC,

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Isaacson PG. Sources of DNA for detecting B cell
monoclonality using PCR. J Clin Pathol. 1994;47:
493-496.

Diss TC, Du MQ, Isaacson PG. B-cell clonality
analysis by PCR amplification of the immuno-
globulin light chain genes [abstract]. 10" EAHP
Meeting. 2000;41.

Pan LX, Ramani P, Diss TC, Liang JN, Isaacson
PG. Epstein-Barr virus associated lymphoprolif-
erative disorder with fatal involvement of the gas-
trointestinal tract in an infant. J Clin Pathol. 1995;
48:390-392.

Klein U, Rajewsky K, Kuppers R. Human immu-
noglobulin (Ig)M+IgD+ peripheral blood B cells
expressing the CD27 cell surface antigen carry
somatically mutated variable region genes: CD27
as a general marker for somatically mutated
(memory) B cells. J Exp Med. 1998;188:1679-
1689.

Jung J, Choe J, Li L, Choi YS. Regulation of
CD27 expression in the course of germinal center
B cell differentiation: the pivotal role of IL-10. Eur
J Immunol. 2000;30:2437-2443.

Diss TC, Peng H, Wotherspoon AC, Isaacson
PG, Pan L. Detection of monoclonality in low-
grade B-cell ymphomas using the polymerase
chain reaction is dependent on primer selection
and lymphoma type. J Pathol. 1993;169:291-295.

Du MQ, Diss TC, Xu CF, Wotherspoon AC, Isaac-
son PG, Pan LX. Ongoing immunoglobulin gene
mutations in mantle cell ymphomas. Br J Haema-
tol. 1997;96:124-131.

Knowles DM, Cesarman E, Chadburn A, et al.
Correlative morphologic and molecular genetic
analysis demonstrates three distinct categories of
posttransplantation lymphoproliferative disorders.
Blood. 1995;85:552-565.

Chadburn A, Cesarman E, Knowles DM. Molecu-
lar pathology of posttransplantation lymphoprolif-
erative disorders. Semin Diagn Pathol. 1997;14:

15-26.

Kuppers R, Klein U, Hansmann ML, Rajewsky K.
Cellular origin of human B-cell ymphomas.
N Engl J Med. 1999;341:1520-1529.

Judde JG, Lacoste V, Briere J, et al. Monoclonal-
ity or oligoclonality of human herpesvirus 8 termi-
nal repeat sequences in Kaposi's sarcoma and
other diseases. J Natl Cancer Inst. 2000;92:729-
736.

Ambrosino DM, Kanchana MV, Delaney NR, Fin-
berg RW. Human B cells secrete predominantly
lambda L chains in the absence of H chain ex-
pression. J Immunol. 1991;146:599-602.

Fais F, Gaidano G, Capello D, et al. Immuno-
globulin V region gene use and structure suggest
antigen selection in AIDS-related primary effusion
lymphomas. Leukemia. 1999;13:1093-1099.

Nador RG, Cesarman E, Chadburn A, et al. Pri-
mary effusion lymphoma: a distinct clinicopatho-
logic entity associated with the Kaposi's sarcoma-
associated herpes virus. Blood. 1996;88:645-
656.

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

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Liu YJ, Arpin C. Germinal center development.
Immunol Rev. 1997;156:111-126.

Ganem D. KSHV and Kaposi's sarcoma: the end
of the beginning? Cell. 1997;91:157-160.

Sharp TV, Boshoff C. Kaposi’'s sarcoma-associ-
ated herpesvirus: from cell biology to pathogene-
sis. IUBMB Life. 2000;49:97-104.

Gao SJ, Boshoff C, Jayachandra S, Weiss RA,
Chang Y, Moore PS. KSHV ORF K9 (VIRF) is an
oncogene which inhibits the interferon signaling
pathway. Oncogene. 1997;15:1979-1985.

Bais C, Santomasso B, Coso O, et al. G-protein-
coupled receptor of Kaposi's sarcoma-associated
herpesvirus is a viral oncogene and angiogenesis
activator. Nature. 1998;391:86-89.

Lee H, Veazey R, Williams K, et al. Deregulation
of cell growth by the K1 gene of Kaposi's sar-
coma-associated herpesvirus. Nat Med. 1998;4:
435-440.

Neipel F, Fleckenstein B. The role of HHV-8 in
Kaposi’'s sarcoma. Semin Cancer Biol. 1999;9:
151-164.

Radkov SA, Kellam P, Boshoff C. The latent
nuclear antigen of Kaposi sarcoma-associated
herpesvirus targets the retinoblastoma-E2F path-
way and with the oncogene hras transforms pri-
mary rat cells. Nat Med. 2000;6:1121-1127.
Friborg J Jr, Kong W, Hottiger MO, Nabel GJ. p53
inhibition by the LANA protein of KSHV protects
against cell death. Nature. 1999;402:889-894.
Burger R, Neipel F, Fleckenstein B, et al. Human
herpesvirus type 8 interleukin-6 homologue is
functionally active on human myeloma cells.
Blood. 1998;91:1858-1863.

Osborne J, Moore PS, Chang Y. KSHV-encoded
viral IL-6 activates multiple human IL-6 signaling
pathways. Hum Immunol. 1999;60:921-927.
Hideshima T, Chauhan D, Teoh G, et al. Charac-
terization of signaling cascades triggered by hu-
man interleukin-6 versus Kaposi's sarcoma-asso-
ciated herpes virus-encoded viral interleukin 6.
Clin Cancer Res. 2000;6:1180-1189.

Aoki Y, Jaffe ES, Chang Y, et al. Angiogenesis
and hematopoiesis induced by Kaposi's sarcoma-
associated herpesvirus-encoded interleukin-6.
Blood. 1999;93:4034-4043.

Molden J, Chang Y, You Y, Moore PS, Goldsmith
MA. A Kaposi's sarcoma-associated herpesvirus-
encoded cytokine homolog (vIL-6) activates sig-
naling through the shared gp130 receptor sub-
unit. J Biol Chem. 1997;272:19625-19631.

Oksenhendler E, Carcelain G, Aoki Y, et al. High
levels of human herpesvirus 8 viral load, human
interleukin-6, interleukin-10 and C reactive pro-
tein correlate with exacerbation of multicentric
Castleman disease in HIV-infected patients.
Blood. 2000;96:2069-2073.

Jones KD, Aoki Y, Chang Y, Moore PS, Yarchoan
R, Tosato G. Involvement of interleukin-10 (IL-10)
and viral IL-6 in the spontaneous growth of Kapo-
si's sarcoma herpesvirus-associated infected pri-
mary effusion lymphoma cells. Blood. 1999;94:
2871-2879.

Foussat A, Wijdenes J, Bouchet L, et al. Human
interleukin-6 is in vivo an autocrine growth factor
for human herpesvirus-8-infected malignant B
lymphocytes. Eur Cytokine Netw. 1999;10:501-
508.

20z aunr 60 uo jsenb Aq jpd'0€1.2010208U/1 181 L91/0E 1L 2/L/L6/sPpd-0]o1e/pO0|gARU SUOKED!INdYSE//:d)Y WOl papeojumoq



