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Evidence for Early B-Cell Activation Preceding the Development of
Epstein-Barr Virus—Negative Acquired Immunodeficiency
Syndrome-Related Lymphoma

By Grzegorz K. Przybylski, June Goldman, Valerie L. Ng, Michael S. McGrath, Brian G. Herndier, David P. Schenkein,
John G. Monroe, and Leslie E. Silberstein

To investigate the origin and pathogenesis of acquired im-
munodeficiency syndrome (AIDS)-related lymphoma (ARL),
we studied 14 cases in which Epstein-Barr virus (EBV) infec-
tion was not an etiologic factor. By histology, 8 of the speci-
mens were of the small noncleaved cell type and 6 consisted
of the large diffuse cell type. Southern analysis using a J,
probe was consistent with a monoclonal B-cell tumor in 13
cases. To characterize the expressed Ig genes, we performed
reverse transcriptase-polymerase chain reaction (RT-PCR)
and direct sequencing of PCR products. Eight cases ex-
pressed igM and 1 case expressed IgG. V3 genes were
found in 5 cases, V44 genes in 3 cases, V,1 genes in 2 cases,
and a V,,7 gene in 1 case. The nucleotide homology to known
germline V, genes ranged from 80% to 97%, suggesting sig-
nificant somatic diversification of expressed V,, genes. The
large proportion of V,;3-expressing lymphomas in this series
corresponds to the frequency of V,3-expressing B cells in
the peripheral blood from healthy and (recent) human immu-
nodeficiency virus (HIV)-seropositve individuals and con-

ESIDES KAPOSI SARCOMA, non-Hodgkin’s lym-
phoma (NHL) is one of the most frequently occurring
neoplasms in acquired immune deficiency syndrome (AIDS)
patients. With the prolonged survival of AIDS patients due
to advances in antiretroviral treatment and better manage-
ment of opportunistic infections, the incidence of the AIDS-
related lymphoma (ARL) cases has increased during the last
several years. Because of its extremely poor prognosis, ARL
is becoming one of the major causes of death in AIDS pa-
tients. Currently, there is a little understanding of the patho-
genesis of ARL. Very aggressive, disseminated progression
of ARL with frequent involvement of the extranodal sites
and their nearly exclusive B-cell origin distinguish ARLs
from lymphomas occurring in the general population.’” Two
thirds of ARLs are high-grade lymphomas and one third of
cases are of intermediate grade. Histologically, the high-
grade ARLs are classified as immunoblastic or small non-
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trasts with the V.3 clonal deficit observed in late stages
of HIV infection. Similar to the Ig heavy chain genes, the
corresponding Ig light chain genes showed significant devia-
tion from known germline gene sequences. The large pro-
portion of V,3-expressing lymphomas as well as the high
degree of somatic deviation from germline suggest that
these EBV-negative lymphomas might arise from antigen-
selected expanded B-cell clones before transformation. Fur-
ther support for this hypothesis is provided by sequential ig
sequence analysis in 1 patient with large-cell lymphoma.
It was shown that 3 years before the diagnosis of axillary
lymphoma, there existed several B-cell clones in this pa-
tient’s bone marrow. One of these clones present in the
bone marrow expressed the same rearranged V, gene as
the axillary lymphoma. Taken together, the current findings
from Ig gene analyses suggest that activation of B cells in
the early phase of HIV infection may be a predisposing factor
for subsequent B-cell transformation.

© 1996 by The American Society of Hematology.

cleaved lymphoma (Burkitt’s and non-Burkitt’s type) and
the intermediate-grade ARLs are classified as diffuse large-
cell tumors.>* The high-grade immunoblastic ARLs are fre-
quently associated with Epstein-Barr virus (EBV) infection
and morphologically resemble lymphomas developing in im-
munosupressed patients.>* In these cases, EBV-dependent
proliferation and immortalization seem likely to be factors
predisposing B cells for subsequent malignant transforma-
tion. Nevertheless, the majority of ARLs show no human
immunodeficiency virus (HIV) or EBV infection. The preva-
lence of c-myc oncogene rearrangement in ARL is variable,
ranging from 35% to 90%.°® However, a recent study sug-
gested that c-myc is rearranged in virtually all lymphoma
cases of the small noncleaved type.® Lymphomas of this
histologic subtype are often EBV-negative; therefore, c-myc
deregulation may be an important pathogenetic factor in the
multistep process of lymphomagenesis in EBV-negative tu-
mors. Chronic activation by HIV has also been postulated
to be a predisposing factor in lymphoma development. For
example, follicular hyperplasia of multiple lymph nodes and
oligoclonal hypergammaglobulinemia often develop in HIV-
infected individuals and are speculated to precede lympho-
magenesis.''2 Moreover, activation of B cells by HIV could
be shown in vitro'* and Ig variable heavy chain gene family
(Vu3) products have been reported to be a natural ligand for
HIV gpl120." Vy3-expressing B cells represent the majority
of circulating B cells in healthy individuals'>'® and in HIV-
infected patients during the early phase of infection.'”" In
contrast, the number of Vy3-expressing B cells in peripheral
blood markedly decreases in the later stages of infection.'”"
Consequently, it may be postulated that, if ARLs originate
from (activated) B cells in the early phase of infection, one
would find a high frequency of V3 genes in ARL. On the
other hand, if ARLs arise from B cells present in the later
phases of HIV infection, a bias against Vy3-expressing
lymphomas could be expected.
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B-CELL ACTIVATION AND AIDS-RELATED LYMPHOMA

Table 1. EBV-Negative AIDS-Related Lymphomas

Clonality* Histofogy CD4

1 Mono SNCL 60
2 Poly SNCL 10
3 Mono DLCL ND
4 Mono SNCL ND
5 Mono DLCL 185
6 Mono DLCL 123
7 Mono SNCL 129
8 Mono DLCL 285
9 Mono SNCL 0
10 Mono SNCL 125
1 ND DLCL 170
12 ND SNCL 440
13 Mono DLCL ND
14 Mono SNCL 101
z SNCL-8 148

DLCL-6

Abbreviations: SNCL, small noncleaved lymphoma; DLCL, diffuse
large-cell lymphoma; Mono, monoclonal; Poly, polyclonal; ND, not
done; CD4, number of CD4* T lymphocytes per 1 ul of peripheral
blood.

® Clonality determined by Southern blot with JH probe.

To gain insight into the process of lymphomagenesis in
AIDS patients, we analyzed Ig heavy chain (IgH) and Ig
light chain (IgL) genes expressed in 14 EBV-negative ARLs.
In particular, we were interested in the pattern of Ig V gene
usage and the degree of somatic diversification as evidence
for B-cell activation. In further support for a role of B-cell
activation in ARL development, we were able to show in 1
case that the lymphoma developed from an expanded B-cell
clone present in the bone marrow 3 years before the diagno-
sis of peripheral lymphoma.

MATERIALS AND METHODS

Patient samples. In this study, 14 EBV-negative ARLs were
investigated. In 13 cases, cryopreserved tissue samples were avail-
able, and in 1 case a paraffin-embedded sample was used. As deter-
mined by histology, 8 specimens were of the small noncleaved cell
type and 6 were of the diffuse large-cell type (Table 1).

The case ARL 11 had a serum paraprotein 3 years before presenta-
tion with a diffuse large-cell lymphoma. Although this patient was
diagnosed as having muitiple myeloma based on clinical and tabora-
tory criteria, his disease course was very mild and the patient was
not compliant with follow-up clinic visits. Consequently, he received
no chemotherapy before his presentation with peripheral lymphoma.
Thus, HIV infection is the most likely ethiologic factor for
lymphoma development in this patient.

Southern blot analysis. High molecular weight DNA was iso-
lated from cryopreserved lymphoma samples by standard techniques.
Ten micrograms of genomic DNA was digested with BamHI, Hin-
dIIl, or EcoRI or with both EcoRI and BamHI. DNA fragments were
size-separated in a 0.7% agarose gel and transferred onto nylon
membranes (Zeta-Probe; Bio-Rad, Richmond, CA). Filters were hy-
bridized with a Jy probe, a 3.3-kb genomic fragment containing 4
of the 6 germline heavy chain joining segments,?® and with a 1.9-
kb EBV-specific probe containing the unique DNA sequence 5’ from
the tandem repeats.”!

Polymerase chain reaction (PCR). Total RNA was extracted
from cryopreserved lymphoma samples using a guanidinium thiocy-
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anate-phenol-chloroform method (Trizol; Life Technologies, Inc,
Gaithersburg, MD). Five micrograms of total RNA were reverse-
transcribed using oligo d(T) primer and SuperScript II reverse tran-
scriptase (Life Technologies, Inc). PCR of 50 uL total volume was
performed with 1 pL of 20 uL total cDNA reaction; 400 nmol/L of
each primer; 200 pmol/L each of dATP, dCTP, dGTP, and dTTP
(Perkin Elmer Cetus, Norwalk, CT); 1.5 U Taq polymerase; and
PCR buffer containg 10 mmol/L. Tris-HCI, pH 8.3, 50 mmol/L KCl,
1.5 mmol/L. MgCl,, and 0.001% (wt/vol) gelatin. After 3 minutes
of denaturation at 94°C, 30 PCR cycles were performed, with each
cycle consisting of denaturation at 94°C for 1 minute, annealing at
52°C for 1 minute, and extension at 72°C for 1 minute in a DNA
Thermal-Cycler (Coy Inc, Grass Lake, MI). The final extension was
performed at 72°C for 10 minutes. For seminested analysis, 1 gL of
PCR products was further amplified for 25 cycles with a seminested
3’ primer under the same conditions. A negative control was included
in each PCR reaction. PCR products were analyzed by 2% agarose
gel electrophoresis containing ethidium bromide. The nucleotide se-
quences of the primers used are listed in Table 2.

DNA extraction from the paraffin-embedded samples. Genomic
DNA was extracted from 10-um sections of paraffin-embedded
lymphoma sample as described by Greer et al.” A single section was
placed in the 1.5-mL Eppendorf tube. To deparaffinize the sample, 1
mL of xylene was added and mixed for 10 minutes. After centrifuga-
tion for 5 minutes in a microcentrifuge, the solvent was removed
and the pellet was washed with 98% ethanol. The pellet was dried
and suspended in 200 uL digestion buffer (50 mmol/L Tris-HCI [pH
8.5], 1 mmol/LL. EDTA, 0.5% Tween 20). One hundred micrograms
of proteinase K was added and the sample was incubated overnight
at 55°C. Two microliters of the crude DNA preparation was used
for PCR. PCR was performed using as a 5’ primer FR1,3,5; FR2;
or FR4,6; and a 3’ JH primer under the same conditions as described
for cDNA analysis. For seminested analysis, 1 4L of PCR product
was amplified for 25 cycles with the seminested 3’ JHbio primer.

Direct sequencing of PCR products. PCR products for sequenc-
ing were obtained as described above using seminested, biotinylated

Table 2. Primer Sequences

IgH gene

5’ Primers
FR1VH1,3,5: CAG GTG CAG CTG GTG CAG TCT GG
FR1VH2: CAG GTC AAC TTA AGG GAG TCT GG
FR1VH4,6: CAG GTG CAG CTG CAG GAG TCG GG
LVH1: ATG GAC TGG ACC TGG AGG GTC
LVH2: ATG GAC ATA CTT TGT TCC AC
LVH3: ATG GAG TTT GGG CTG AGC TGG
LVH4: ATG AAA CAC CTG TGG TTC TT
LVHS: ATG GGG TCA ACC GCC ATC CT
LVH6: ATG TCT GTC TCC TTC CTC AT

3’ Primers
Cu: CGA GGG GGA AAA GGG TTG GGG C
Cy: CAG GGG GAA GAC CGA TGG GC
Jut GCT CTA GAC TTA CCT GAG GAG ACG GTG ACC
JHbio: TGA GGA GAC GGT GAC CAG GGT

IgL gene

5’ Primers
LVK1: ATG GAC ATG AG (GA) GTC C
LVK2: ATG AGG CTC GCT CAG CTC CTG
LVK3: ATG GAA ACC CCA GCN CAG CTT CTC
LVKa4: ATG GTG TTG CAG ACC CAG GTC TTC

3’ Primers
Cxbio: AGA TGG CGG GAA GAT GAA GAC
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VH3-13 E v Q L v E s G G G L v Q P G G 5 L R L s c A A S G P T L s s F s
VH3-13 AG CTG GTG GAG TCT GGG GGA GGC TTG GTA CAG CCT GGG GGG TCC CTG AGA CTC TCC TGT GCA GCC TCT GGA TTC ACC ... ... .. TTC AGT
ARL == m=sm —mm e mmm mmo eoN —=A —mm —mm mmm mee e mee e mme min —am oo oK wmm —m— ——— e <A~ .. ... ... @== --C
ARL 10 Smm mmm mms mmm mmm ees eem —om - --= ARG v~ === === ==C =m= —== m== o= Ae= === - —== -aw ——o OTC AGT AGT --- -
FR2 I — - R
VH3-13 s Y D M H L v R Q A T G K G L E w v s A I G T A G D T b 4 Y P G s v
VH3-13 AGC TAC GAC ATG CAC TGG GTC CGC CAA GCT ACA GGA RAA GGT CTG GAG TGG GTC TCA GCT ATT GGT ACT GCT GGT GAC ACA TAC TAT CCA GGC TCC GTG
ARL 1 -== === === -@- --~ -A- GT- -Q@C --- --- --T -~=- --- @-- A~ mem mee
ARL 10 e < | N C P-- -@- --- ~-- == €T --= =m= ==G -== —en
VH3-13 L Q M N s L R A G D T - v Y k4 c A R
VH3-13 CTT CAA ATG AAC AGC CTG AGA GCC GGG GAC ACG GCT GTG TAT TAC TGT GCA AGA
ARL 1 < B - i o I e S
ARL 10 mew mo= —m- e cRA- ==e @Qes T+ == --= --A -G- --A --- -- T --= Aww wws
CDR3/JH2 E A A v A G Y W Y F D L w G R
JH2 TAC TGG TAC TTC GAT CTC TGG GGC CGT GGC ACC
ARL 1 GAG GCC GCA BTG GCT GGT --- === === === —o= ——— —m— o—m ——— ——o o
<---- DR 3 === = m o e e o e FR4
CDR3/JH6c¢ A Y R D P W 5 G L Y ¥ Y Y M D v W G K G T T v T v S
JH6C TAC TAC TAC TAC ATG GAC GTC TGG GGC AAA GGG ACC ACG GTC ACC GTC TCC
ARL 10 GCC TAC AGG GAT TTT TGG AGT GGC CTG --- === === === === =;= soe mee —om mom oo —mm mmm mmm mmm e oo
FR1 <--- CDR1 ==~
VHE7-4.1 @ Vv Q@ L ¥V © S 6 5 E L XK K P G A S VvV K Vv s € K A S &6 ¥ T F T S Y A
VH7-4.1 CAG GTG CAG CTG GTG CAA TCT GGG TCT GAG TTG AAG AAG CCT GGG GCC TCA GTG AAG GTT TCC TGC AAG GCT TCT GGA TAC ACC TTC ACT AGC TAT GCT
ARL 3 B e T e e T -T2
------- > FR2 <mm-- —————— CDR2 —=-==m=mmm—mmmmmmeeeemeaeo»
VH7-4.1 M N W v R Q A P G Q G L E W M G w I N T N T G N P T Y A Q G F T G
VH7-4.1 ATG AAT TGG GTG CGA CAG GCC CCT GGA CAA GGG CTT GAG TGG ATG GGA TGG ATC AAC ACC AAC ACT GGG AAC CCA ACG TAT GCC CAG GGC TTC ACA GGA
ARL 3 e B e e el R LT
FR3
VH7-4.1 R F \ F s L D T s v s T A Y L Q I s 5 L K A -3 D T A v Y Y C A R
VH7-4.1 CGG TTT GTC TTC TCC TTEG GAC ACC TCT GTC AGC ACG GCA TAT CTG CAG ATC AGC AGC CTG AAG GCT GAG GAC ACT GCC GTG TAT TAC TGT GCG AGA
ARL 3 === === mes mes mmm —m mme —em —m- === o0 --- A= —-- -~ —== -== A~ ~m= ==+ mea =ma eer cas mve mme ees sen eme mes emm —ee
D T CDR3 = -== == - mmmmmm e > <=~ FR4 ——-
CDR3/JHé4b E L R N o H Y v W X N Y R 13 P 19 s ¥ w G Q
JHAD AC TGG GGC CAG
ARL 3 GRA CTT AGA AAT GAT CAT TAT GTT TGG GAN BAT TAT CGC CCC CCC CTG AGT --- --- --- ---
FR1
VH3-15 E v Q L v E S G G L R L s C A
VHI-15 GAG GTG CAG CTG GTG GAG TCT GGG GGA GGC CTT AGA CTC TCC TGT GCA
ARL 4 --- --- Q@-A --- ~-= - —ee mee —-e —ee G-- --G --- --- --- -TG
ARL 7 B e I B L I S
> FR2 -
VH3-15 s w v R Q A P G K G (1) K s K T D G
VH3-15 AGC TGG GTC CGC CAG GCT CCA GGG AAG GGG ... ARA AGC RAA ACT GAT GGT GGG ACA ACA GAC TAC GCT GCA CCC GTG AAA
ARL 4 == ==~ =e= ser mm- mmo e-e —-- --- --A ATT -@- -C- --- @GA- --C AC~ --- -G --T --- Q== -== -=C =~=-- --- -GG
ARL 7 “~B= === === === eme =o€ —== —-= —-= mom —em —CA == @-= ==T —-- —-= . mm= —e- C-= =T- A-= === —== —== —m- mom —mo oo eem amm oo C—
- FR3
VH3-15 G R F T I s R D D s K N T L ¥ L Q M N s L K T E D T A v Y Y C T T
VH3-15 GGC AGA TTC ACC ATC TCA AGA GAT GAT TCA AAA AAC ACG CTG TAT CTG CAA ATG AAC AGC CTG AAA ACC GAG GAC ACA GCC GTG TAT TAC TGT ACC ACA
ARL 4 “A- wew eem mee —ef oo —-m —om —-m —-— —-— ——— @G-~ A~A C-~ T-A -~ -=- --— -A- T-A === @~ -== ~~T --- co- =] em- oo L --- -=- ---
BRL 7  --= - --- Tuw www cmo e Cm= mm= mm= @ === === T e wme —mm mme oo —eo cee oo afe eoe mes mme cae R n-m oo S R
B e CDR3-wwmaomomme > gmmmwwwe FRE —wm-
CDR3/JH1 v Q L G P Q H w G Q G
JHL1 TTC CAG CAC TGG GGC CAG GGC
ARL 4 GTC CAG CTG GGA ~A~- --A A-- === -o- —cow —uw
- mmmmm - DR =~ m s e e m e > <-—- FR4 -—
CDR3/JH1 v P L G Y C T 5 s s o) Y s Y F Q H W G Q
JH1 TAC TTC CAG CAC TGG GGC CAG
ARL 7 GTA CCG TTG GGA TAT TGT ACC TCT AGC AGC TGC TAT AGT --- --- --A --- --- --- --A
Fig 1. Nucleotide sequence alignment of the ARL-related igH genes with their best matching germline V,, genes. The deduced amino acid

sequence of the germline V, gene is given. V,, genes were named according to the nomenclature proposed by Matsuda et al.”’” FR, framework
region; CDR, complementarity determining region; JH, joining region. The nucleotide substitutions encoding for replacement mutations are
printed in bold. Shared nucleotide differences present in the different samples are underlined.

Ckbio or JHbio primer. Single-stranded DNA was prepared using
magnetic beads (Dynabeads) and the solid support purification
method (Dynal, Lake Success, NY). Dideoxynucleotide chain termi-
nation sequencing reaction was performed with Sequenase Version
2.0 DNA sequencing kit (US Biochemicals, Cleveland, OH), as
recommended by the supplier. Ten picomoles of one of the two
PCR primers was used for sequencing. @S35 dATP (DuPont, NEN,
Boston, MA; specific activity, 1,000 Ci/mmol) was used as the radio-
active label. Both DNA strands were sequenced.

Cloning and sequencing of PCR products. PCR-amplified re-
arranged IgH genes were gel purified using the Micropure DNA
purification kit (Amicon, Beverly, MA). After phosphorylation with
T polynucleotide kinase (New England Biolabs, Beverly, MA) PCR
products were blunt end ligated into the Sma I restriction site of
the phagemid pBluscript II KS (+) (Stratagene, La Jolla, CA) and
electoporated into the XL-1 Blue Escherichia coli strain (Stra-
tagene). Plasmid DNA was extracted from single clones using the
QIAGEN-tip 100 kit (QIAGEN, Chatsworth, CA). Nucleotide se-

quencing was performed with Sequenase Version 2.0 DNA sequenc-
ing kit (US Biochemicals), as described above. Plasmid DNA (0.5
pmol) and 10 pmol of the —40 sequencing primer were used for
sequencing.

IgG cDNA repertoire analysis of bone marrow cells. Total RNA
was extracted from cryopreserved bone marrow sample and 5 pg of
RNA was reverse-transcribed using oligo d(T) primer as described
above. PCR was performed with each of six leader amplimers as 5’
primers and a Cy amplimer as the 3’ primer. The amplified products
were cloned into the pBluescript cloning vector and bacterial clones
representing the various Vy families were randomly picked for se-
quencing.

N-terminal amino acid sequencing. The p24-specific IgG para-
protein of ARL case no. 11 was affinity purified as previously re-
ported.” Approximately 50 pmol of purified protein was then sub-
jected to sequence analysis using automated Edman degradation, as
previously published.**

Homology search. Obtained nucleotide sequences were ana-
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JHS5b TGG GGC CAA GGA
CDR3/JH5b W 6 o @
ARL mem mmm eme oo
clone II e
C -
VH4-39 @ L @ L Q@ E S 6 P G L Vv x P § E T L S§ L T € T VvV S G 6 s I S§ § S S
VH4-39 CAG CTG CAG CTG CAG GAG TCG GGC CCA GGA CTG GTG AAG CCT TCG GAG ACC CTG TCC CTC ACC TGC ACT GTC TCT GGT GGC TCC ATC AGC AGT AGT AGT
ARL 12 B S Tt .t T -y -
~-=- CDRl -==~~=-- > PR2 < CDR2
VH4-39 Y Y W 6 W I R @ P P G K 6 L E W I 6 s I Y ¥ S & S§ T Y Y N P § L K
VH4-39 TAC TAC TGG GGC TGG ATC CGC CAG CCC CCA GGG AAG GGG CTG GAG TGG ATT GGG XGT ATC TAT TAT AGT GGG AGC ACC TAC TAC AAC CCG TCC CTC AAG
ARL 12 Ses meo —om eee eoe @ mes sow mes eas mme @@= 2oC aem —o= m=m mme o= 2@e Q=T =C@- =CC @-= === ==T === mee —e= —me e oo oo e
. FR3
VHe-3% s =R T I S§ Vv p T s K N @ P S L K L S S§ ¥V T A A D T A V Y Y € A R
vm-zg AGT CGA GTC ACC ATA TCC GTA GAC ACG TCC AAG BAC CAG TIC TCC CTG AAG CTG AGC TCT GTG ACC GCC GCA GAC ACG GCT GTG TAT TAC TGT GCG AGA
ARL 12 - - - - - - - - - - - - - -~ O N ¥V N - - = - < ool - oo
ARL 12 B il o T B - I T I T T
e e e e A R R e > FR4
CDR3/JH6¢ A G P I Y T N G S S5 S D Y ¥ Y ¥ M D V W 6 K G T T V T V S
JH6C AC TAC TAC TAC TAC ATG GAC GTC TGG GGC ARA GGG ACC ACG GTC ACC GTC TCC
ARL 12 GCC GGG CCC ATT TAT ACC AAT GGC TCG TCC TCC Gmm Queo wmv === —oc oo =oe R-@ o= ;e e —a— e ww® mma —ee mme —mm
<--- CORL ---
VH4-34 Y ¢ 6 s P S 6 ¥ ¥
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ARL R i i T - M
ARL 14 R L i T TUIE TRy -} VR, L L
VH&-34 R v T I S VvV D s v T A A D T A V Y ¥ C a R
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ARL 13 B - e oo ool TID DD ZIT 2D TITOIID LN oD DD IIIIIT TS
ARL 14 SA- e mm e e e R N i
R e e LT CDR3 FR4
CDR3/JH4b 6 @ D € S 6 VvV S§ € Y ¥ F p Y W 6 Q 6 T L V T V § S
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ARL 13 GGC CAG GAT TGT AGT GGT GTT TCC TGT TA~ === === === cm= —o= —oo moe coe com mom mom QoG mom mem mmm
<--- CDR3 FR4
CDR3/JH4b G G A N 6 D Y H F D Y W 6 Q@ G T L V T VvV 8
JHeb AC TTT GAC TAC TGG GGC CAG GGN ACC CTG GTC ACC GTC TCC
ARL 14 GGG GGG GCC AAC GGT GAC TAT Co= === === === —o= —o cmm mmm oo oo —om S o Ll
Fig 1 {cont'd).
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Table 3. V, Analysis of EBV-Negative AIDS-Related Lymphoma

Vy Gene Homology Isotype
1 Vy 3-13 89.0% ND
2 Poly Poly Poly
3 Vu 7-4.1 96.6% IgM
4 Vi 3-15 84.5% 1gG
5 Vy 3-66 96.9% IgM
6 NA NA NA
7 Vy 3-15 93.7% IgM
8 Vy 1-8 87.1% IgM
9 NA NA NA
10 Vy 3-13 85.7% igM
11 Vy 1-69 80.3% ND
12 Vi 4-39 91.2% IgM
13 Vi 4-34 96.2% IgM
14 Vy 4-34 94.8% IgM
z 90.5% IgM: 8; IgG: 1

Abbreviations: NA, not amplifiable; Poly, polyclonal; ND, not done.

lyzed for their homology to germline Vy genes using the BLAST
(National Center for Biotechnology Information, National Institutes
of Health, Bethesda, MD) homology search program.”®

RESULTS

IgH gene usage by AIDS-related lymphomas. To deter-
mine the tumor-derived Ig Vy; gene, 5 pug of total mRNA
was reverse-transcribed using an oligo-d(T) primer. One
twentieth of the obtained cDNA was used for PCRs with
one of the FR1 primers and either Cy or Cvy primers. Because
lymphoma tissue often contains normal lymphocytes in addi-
tion to tumor tissue, we obtained in some of the cases PCR
products with more than one primer combination. However,
when the amplified products were size-separated on a 10%
polyacrylamide gel, the intense and sharp tumor-related band
could easily be distinguished from the diffuse bands of dif-
ferent sizes corresponding to the polyclonal lymphocytes in
the lymph node specimen. All monoclonal PCR products
and some of PCR products showing diffuse bands were re-

PRZYBYLSKI ET AL

amplified with the nested JHbio primer and directly se-
quenced. Although the sequence analysis of the monoclonal
bands represented a single nucleotide sequence, the diffuse
polyclonal bands represented, as expected, multiple se-
quences within the third complementarity determining region
(CDR3; data not shown).

Using this approach, the IgH gene expressed by the malig-
nant clone was identified in 11 cases (see Table 3). In 2
cases, the monoclonal IgH gene could not be amplified, pos-
sibly due to somatic mutations at the primer binding site.
Eight cases expressed IgM and 1 case expressed IgG. In 2
cases, DNA was used for PCR and the Ig class could not be
determined. V,;3 genes were found in 5 cases, Vy4 in 3
cases, Vyl in 2 cases, and V47 in 1 case.

ARLs do not show intraclonal diversity. To determine
whether AIDS lymphomas exhibit intraclonal diversity, PCR
products from selected ARL cases were cloned into pBlue-
script plasmid. Altogether, we sequenced 7 randomly picked
clones from ARL 4, 2 clones from ARL 7, and 8 clones
from ARL 10. All sequenced inserts were related to the
previously identified lymphoma sequences. No intracional
diversity was found. All the ARL 10 clones were identical.
Two of seven ARL 4 sequences and one of two ARL 7
sequences differed by one nucleotide, most likely due to Taq
polymerase infidelity.

Vu genes expressed by AIDS-related lymphomas appear
somatically mutated from germline. The nucleotide se-
quences of the Vy genes and their best matching germline
counterparts are shown in Fig 1. Vy genes were named ac-
cording to the nomenclature proposed by Matsuda et al.”’
None of the expressed Vy genes showed a high degree of
homology with a known germline Vy gene sequence; the
homology ranged from 79.6% to 96.9% (Table 3). Two cases
(4 and 10) appear to contain inframe insertions (3 nucleotides
in case no. 4 and 9 nucleotides in case no. 10). Finally, it is
noteworthy that the expressed Vi genes of cases no. 1 and
10 shared 7 nucleotide differences when compared with the
most homologous germline gene Vy3-13. Five of these seven

N D N JH

Dir5 Dnl

Arl 1 GAGGCCACAGLG  GCTGGT TACTGGTACTTCGATCTC JH2
D1r5.R D211 Dir3.R

ARL 3 GAACT TAGAA ATJATCATTALGTTTGGGANAATTAT CGCC CCCCCCTGA GT TAC JH4Db
Dir2

ARL 4 GT CcAGCTGGG A TTCCAGCAC JH1
Dir5

ARL 5 GAGGC GTTCGACTCC JHS
Dirl.R Dlr4d

ARL 7 GT ACCGTT G AGT TACTTCCAaCAC JH1
Dirl.R DmS .R Da5 Dir5

ARL 8 GTCCT CTTTTC TTCCAGT T JH4b
Dad Dxpd

ARL 10 GC CTACAGG GATTTTTGGAGTGG CCTG TACTACTACTACATGGACGTC JH6c
Dm5.R Dir3 Dir6

ARL 11 GGAA GTIGTTCC G AGCCCCGA TGGTTCGACCCC JHSb
Dird Dml.R Dir6.R

ARL 12 CCALTTATACC AA TGGCTCGT CCTCCG ACCACTACTACTACATGGACATG JH6
D1x2

Arl 13 GGCCAGG ATTGTAGTGGTGLTLCCTGLTA TTACTTTGACTAC JH4b
Dirl.R

ARL 14 GGGGGGG ATC ACTTTGACTAC JH4b

Fig2. Analysis of the CDR3. N, N-nucleotides; D, diversity segments; JH, part of the CDR3 encoded by a joining region; .R, indicates diversity
segment in reverse orientation. Diversity segments are underlined. Small letters indicate a mismatch with published D sequence.
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S S S DY TAA AT

GTC CTC TTT TCT TCC AGT GAC TAT ACA GCC GCC ATT

ARL 12

A G PI Y TNG S S S DHYYYMUDWM

GCC GGG CCC ATT TAT ACC AAT GGC TCE TCC TCC GAC CAC TAC TAC TAC ATG GAC ATG

ARL 3

EVRNDUHYV W -

N YRPUPV S Y

GAA CTT AGA AAT GAT CAT TAT GTT TGG GAN AAT TAT CGC CCC CCC CTG AGT TAC

Fig3. Amino acid homology analysis of the CDR3 regions. Nucleotide sequence and the deduced amino acid sequence are shown. Homolo-

gous regions are underlined. —, amino acid not determined .

nucleotide substitutions predict the same amino acid replace-
ment. This observation raises the possibility that these two
tumors may express Ig Vy germline genes that have not yet
been reported. Alternatively, the expressed Vy genes are
indeed mutated in a similar fashion, possibly reflecting their
ability to bind similar ligands.

CDR3 analysis. As shown in Fig 2, the CDR3 regions
were very different. The length ranged from 15 to 54 nucleo-
tides. The CDR3 region was analyzed for D segment usage
by comparison to Dy sequences from the GenBank database.
No predominant usage of Dy segments was observed. The
deduced amino acid sequences of the different CDR3 regions
also were compared with each other and with published
CDR3 sequences from cell lines producing anti-HIV anti-
bodies.?®* Whereas no homology was found when compar-
ing the AIDS lymphoma Igs to the anti-HIV Igs produced
by cell lines, we did observe small stretches of amino acid
homology in 3 ARL cases (Fig 3). ARL case no. 12 showed
a four amino acid match with case no. 8 and a three amino
acid match with ARL case 3. In all 3 ARL cases, the homolo-
gous portion of CDR3 was contributed by different diversity
(D) genes and therefore differed at the nucleotide level. This
observation suggests that these somatic changes may have
resulted from selection by similar ligands.

Presence of a B-cell clone in the bone marrow 3 years
before diagnosis of axillary lymphoma. ARL case no. 11
was obtained from a patient with diffuse large-cell
lymphoma who presented with a p24-specific IgG parapro-
tein 3 years earlier.” Sequence analysis of 45 cloned reverse
transcriptase-PCR (RT-PCR) products from the bone mar-
row showed at least 7 expanded B-cell clones (Table 4). Of
32 cloned RT-PCR products obtained with the LVH1 primer
and Cy primer, B-cell clone I was represented by 8 bacterial
clonal inserts (25%); B-cell clones 11, 111, and IV by 4 bacte-
rial clonal inserts each (12%); B-cell clones V and VI by 3
clonal inserts (9%); and the remaining 6 of the Vy1 clonal
inserts contained unique sequences. Ten cloned amplification
products obtained with LVH3 primer and Cy primer were
all unique. The repeated isolation of a certain VDJ rearrange-
ment suggests either the presence of an expanded B-cell
clone or alternatively the repeated sequences are derived
from multiple copies of mRNA from one cell. Although the
latter can not be excluded with certainty, we think it is less
likely because, when a similar IgG cDNA analysis was per-
formed on the bone marrow samples of two healthy individu-
als, repeat VDJ sequences were not obtained (Kraj et al,
manuscript in preparation). B-cell clone II had the same Vy -

CDR3 sequence as the diffuse lymphoma of ARL case no.
11, except for 2 nucleotide differences in the Vy, region that
are likely due to Taq polymerase infidelity.

Interestingly, the p24-specific paraprotein was encoded by
a Vy4 family gene. The partial amino acid sequence of the
p24-specific paraprotein was obtained by NH, amino acid
sequencing. Amino acid residues 2 through 16 of the para-
protein matched entirely to the same deduced amino acid
residues of first framework region (FR1) of the Vy4-30.2
gene expressed by B-cell clone VII that was derived from
cloned Vy4 inserts (Fig 4).

IgL gene usage by AIDS-related lymphomas. Because
of the lack of the D segments, the size of the rearranged Ig
light chain genes do not differ sufficiently to determine the
clonality by polyacrylamide gel electrophoresis. Therefore,
all obtained PCR products were directly sequenced. In each
case, only one, usually the most intense band, contained a
single, clonal nucleotide sequence. Seven Ig light chain
genes were sequenced. Three cases expressed a Vx1 gene
(ARL cases no. 3, 7, and 11), 2 cases a Vk3 (ARL cases
no. 9 and 10), and 2 cases a Vk4 gene (ARL cases no. 4
and 13).

Somatic diversification of the IgL genes. Similar to IgH
genes, the nucleotide sequence of the Igl genes differed

Table 4. 1gG cDNA Analysis of Bone Marrow of ARL Case No. 11
3 Years Before the Diagnosis of Lymphoma

B-Cell Clone Frequency
Vu1 family
| 8/32 (25%)
> 4/32 (12%)
i 4/32 (12%)
v 4/32 (12%)
\ 3/32 (9%)
vi 3/32 (9%)
Unique 6/32 (19%)
V3 family
Unique 10/10 (100%)}
Vud family
Vit 2/3 (67%)
Unique 1/3 (33%)

* B-cell clone Il has the same V-D-J rearrangement as the
lymphoma clone.

t The deduced amino acid residues 2-16 of FR1 of B-cell clone Vil
matched entirely with the same amino acid residues of the predomi-
nant circulating p24-specific IgG paraprotein.®
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FR1
VH4-30.2 @ L Q L Q E S G S G L h*4 K P s Q T L s L T o A \4 s
g};; -i 0.2 CAG CTG CAG CTG CAG GAG TCC GGC TCA GGA CTG GTG AAG CCT TCA CAG ACC CTG TCC CTC ACC TGC GCT GTC TCT
- Bt ettt i S
VII-2 e e e e R el N et T | ——g -:- —-- ==C
Crmomm e CDR1 > FR2
VH4-30.2 G G s I S s G G Y s w S W I R Q P P G K G L E w I
zrrqg—io.z GGT GGC TCC ATC AGC AGT GGT GGT TAC TCC TGG AGC TGG ATC CGG CAG CCA CCA GGG AAG GGC CTG GAG TGG ATT
- et it et I o e R A-G -~ =-- mom —mr mem mee o oo
VII-2 B b L G R G C-- --- --= == oo T —o- o D R e I e
=D e e CDR2 —-———mmmmmm e oo > < FR3
VH4-30.2 G Y I Y H S G S T Y Y N P S L K S R v T I S \4 D R
VH4-30.2 GGG TAC ATC TAT CAT AGT GGG AGC ACC TAC TAC AAC CCG TCC CTC AAG AGT CGA GTC ACC ATA TCA GTA GAC AGG
VII-1 --A --- ~~- --- --A -C- ~--- --- @-- -TQ@ --- -- T —=- me- mme —em mee mee e mmm e eom Ce- —ee A~
VII-2 -~A ~-- --- --—= --R -C- ~--- --- @G-- -T@ --- -- T ~=- —=- === ——— —mr e mme emm mee s C-- —-- -A-
>
VH4-30.2 s K N Q F s L K L s s v T A A D T A v Y Y C A R
VH4-30.2 TCC AAG AAC CAG TTC TCC CTG AAG CTG AGC TCT GTG ACC GCC GCG GAC ACG GCC GTG TAT TAC TGT GCC AGA
VII-1 --- === === =G+ --T --- --- T To- --- —wr mo- mem —eo coe —oT wen mem mmm mee mme mee e -oC
VII-2 --= === === =@~ --T --- --~ o= G-- -C- ~-- --- e eme mme e een mem mmRA mee —om —me eee o€
B e L CDR3 -----mem—mommmmmcem oo > FR4 >
CDR3/JH4b G Q L I T ¥ G G v I A D F w G [¢] G T L v A v S s
JH4Db GAC TTC TGG GGC CAG GGA ACC CTG GTC GCC GTC TCC TCA
VII-1 GGT CAA CTG ATT ACC TTT GGG GGA GTT ATC GCT =--- =-A- -=v =-=c —=oc ~oeo —oo oo cme Rmm mmm mee e
VII-2 GGT CAA CTG ATT ACC TTT GGG GGA GTT ATC GCT --- === ==— —r— com cee eom —me mcm e ce e o

Fig 4. Comparison of the nucleotide sequence of the IgH gene expressed by the B-cell clone VIi detected in the bone marrow with a partial
amino acid sequence of the anti-p24 paraprotein from the serum in case ARL 11. V-1 and VII-2, nucleotide sequences of clone Vil obtained
from two different bacterial clones; V,14-30.2, germline V,, gene showing the highest homology to the clone VIl (according Matsuda et al®’).
FR, framework region; CDR, complementarity determining region; JH, joining region. Partial amino acid sequence of the anti-p24 serum
paraprotein is underlined. The nucleotide substitutions encoding for replacement mutations are printed in bold.

markedly from known germline Vk genes. In 3 cases (no.
4, 8, and 6), the homology to published germline Vk genes
was quite low (86% to 89.4%), whereas, in the remaining
cases, the sequence homology ranged between 92% and
98.2% (Table 5). In 1 case (ARL case no. 10), the expressed
Vk1 gene showed a 97.2% sequence homology to a pub-
lished monoclonal antibody specific to gp41.%

DISCUSSION

In the current study, we investigated Ig genes expressed
in 14 EBV-negative ARLs. By histology, 8 of the specimens
were of the small noncleaved cell type and 6 consisted of
the large diffuse cell type. No immunoblastic lymphomas
were observed in our cohort of patients, which is in concor-
dance with studies reporting a strong association between
immunoblastic type ARL and EBV infection.*’ Immunoblas-
tic lymphomas also frequently occur in immunosuppressed
transplant recipients. In both situations, there appears to be
a strong correlation between lymphoma development and

Table 5. V. Analysis of EBV-Negative AIDS-Related Lymphoma

V. Gene Homoiogy Isotype
3 Vk1-A20 97.5% « PCR
4 Vkd 89.4% « PCR
7 Vk1-26 98.2% « PCR
8 Vi1 88.8% « PCR
9 Vk3-35 92.0% « PCR
10 Vk3-41 86.0% x PCR
12 ND ND AFC
13 V4 89.4% x PCR
14 ND ND x FC
z 91.6% k28N 1

Abbreviations: PCR, isotype determined by polymerase chain reac-
tion; FC, isotype determined by flow cytometry; ND, not done.

the degree of immunosuppression. In fact, the CD4 count in
EBV-positive immunoblastic lymphomas is generally less
than 100 cells/pL.*"* In contrast, the relationship between
degree of immunosuppression/stage of HIV infection and
lymphoma development was not as clear in the EBV-nega-
tive lymphomas. In our series, the CD4 count ranged be-
tween 0 and 440 cells/uL, suggesting that other or additional
pathogenetic factors are important in the EBV-negative
lymphomas.

In 11 cases, the expressed Ig genes could be amplified by
PCR and further analyzed. One case could not be further
analyzed because of its polyclonal origin and 2 cases could
not be amplified probably due to somatic mutations oc-
curring at primer binding sites. Except for 1 case, all EBV-
negative lymphomas of this series expressed the IgM isotype.
The significance of this finding to the pathobiology of ARL
is not clear. It is noteworthy that all of these cases expressed
somatically diversified Vy and VL genes (see below), which
is unusual when compared with IgM-expressing B cells from
the peripheral blood of healthy subjects.'*' Five of 11 ARL
cases expressed Vy3 genes, 3 expressed Vy4 genes, 2 ex-
pressed Vyl genes, and 1 expressed a V7 gene.

The distribution of Vy family genes expressed by ARLs
in our series corresponds to Vy gene usage in peripheral
blood B lymphocytes from healthy individuals (Fig 5). Simi-
lar patterns of Vy gene expression have also been reported in
follicular lymphoma and Burkitt’s lymphoma not associated
with HIV infection,?>** although in these instances there ap-
pears to be a 20% shift from Vgl to V43 genes (Fig 5). In
contrast, one series of diffuse large-cell lymphoma preferen-
tially expressed Vy4 genes (88%) with a strong bias of the
Vy4-34 gene (65%)* (Fig 5). In our series, we did not ob-
serve the predominant usage of Vy4 family genes in the
diffuse large-cell ARLs and only | of the 5 diffuse large-
cell lymphomas expressed the Vy4-34 gene. In addition to
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Fig 5. Vy family genes usage in ARL, peripheral 30 ] DLCL 17

blood B-lymphocytes (PBL),"® and NHLs not associ-

ated with the HIV infection: follicular lymphoma 20-

(FL),** Burkitt's lymphoma (BL),** and diffuse large-

cell lymphoma (DLCL).*® The y-axis delineates the ()

percentage of V,, family gene usage. The number of

investigated cases is indicated in the box on the 0- -

right. VH17 VH2 VH3 VH4 VH5 VH6

our current study, there exist Ig gene sequence data from
three ARL-derived cell lines reported by Riboldi et al*® and
two ARL-derived cell lines reported by Ng et al.*’” Three of
these cell lines were EBV-negative and all of them expressed
the V4-34 gene. Although the data are limited, the observed
prevalence of the Vy4-34 gene among ARLs may simply
reflect the overrepresentation of the Vy4-34 gene in periph-
eral blood B cells of healthy individuals.'

Both in EBV-negative lymphoma and in HIV-infected
individuals during the early phases of infection, the fre-
quency of Vy3-expressing B cells approximates 50%. This
relatively high frequency of V3 genes contrasts with the
reported V3 clonal deficit in HIV-infected individuals dur-
ing late stages of infections."”"” One potential explanation
for this difference in Vi3 expression is that, during early
stages of infection, Vy3-expressing B cells in particular are
activated and in the later stages these cells are lost due to
the induction of apoptotic processes. Because the current
series of EBV-negative ARLs express V3 genes at high
frequency, one could speculate that ARLs may arise prefer-
entially from B cells that are activated during earlier phases
of HIV infection. This hypothesis is further supported by
the case of B-cell lymphoma that developed in a HIV-posi-
tive patient who presented with a p24-specific paraprotein 3
years earlier. At that time, the patient had no evidence of
lymphoma, but Ig cDNA repertoire studies of the bone mar-
row suggested the presence of at least seven B-cell clones.
After 3 years, one of these B-cell clones, potentially repre-
senting 12.5% of the Vyl-expressing bone marrow B cells
(4/32 sequenced Vi1 bacterial clones), developed into a B-
cell lymphoma of an axillary node. This observation is
unique in that it provides evidence for the hypothesis sug-
gested by others™ that B-cell activation leading to clonal
expansion and dominance precedes lymphomagenesis in
HIV-infected individuals.

Sequence analysis of the IgH and IgL. genes expressed by
the ARLs showed many nucleotide differences when com-
pared with the closest known germline Ig genes. The average
homology to known germline genes was approximately only
90%, indicating significant somatic diversification of the ex-
pressed Ig genes. This high degree of somatic diversification

is likely to be the result of antigenic stimulation, as argued
by several experimental systems.*

Thus, the Ig gene studies reported here show several as-
pects that suggest that antigenic stimulation (by HIV or other
environmental antigens) might play an important role in
AIDS-related lymphomagenesis. These aspects include a rel-
atively high frequency of Vy3-expressing tumors (compared
with a V3 deficit in circulating B cells in later stages of
HIV infection), significant somatic diversification from
germline Ig genes, and the amino acid sequence homology
in CDR3 of 3 ARL cases. Furthermore, in one instance, we
found evidence for an expanded tumor-related B-cell clone
in the bone marrow that developed into a peripheral diffuse
large-cell lymphoma 3 years later.

The risk of developing NHL in AIDS patients has been
estimated as 10% per every survived year,**' whereas the
incidence of NHLs in the normal population is 13.6 in
100,000.** The nearly exclusive B-cell origin of ARLs and
the almost 1,000 times higher incidence when compared with
the lymphoma incidence in the normal population suggest
that certain factors predisposing and/or accelerating B-cell
tumor development exist in HIV-infected individuals. Our
findings suggest that B-cell activation, potentially occurring
in the early rather than later stages of infection, may be a
predisposing factor for subsequent B-cell transformation. As
mentioned previously, a likely source of B-cell activation in
AIDS patients is the HIV itself. Studies are currently in
progress to determine whether in fact the Ig expressed by
the present series of EBV-negative lymphomas recognize
HIV-related epitopes. If indeed this is the case, it would be
of interest to determine whether the mechanisms of binding
involves conventional (CDR-dependent) or nonconventional
(FR-dependent) interactions.

NOTE ADDED IN PROOF

Since the submission of this article, it has been brought
to our attention that there exists a study reporting V;;3 family
gene expression in two of three cases of AIDS-related Bur-
kitt’s lymphoma. Similarly to that of our cohort, these cases
showed a high number of nucleotide exchanges when com-
pared with that of their germline counterparts.*’
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