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Variable Morphology of Human Immunodeficiency Virus-Associated
Lymphomas With C-MYC Rearrangements

By H.J. Delecluse, M. Raphael, J.P. Magaud, P. Felman, the French Study Group of Pathology for Human Immunodeficiency
Virus-Associated Tumors, |. Abd Alsamad, G.W. Bornkamm, and G.M. Lenoir

Burkitt lymphoma (BL) and immunoblastic lymphoma (IL)
are the most frequent lymphoid tumors encountered in hu-
man immunodeficiency virus {(HIV)-infected patients. Tu-
mors with a morphology intermediate between BL and IL,
and the existence of Burkitt's type translocations in some
IL cases makes the classification of these tumors some-
times unclear. We have studied 14 cases of BL and IL in
HIV-seropositive individuals with regard to clonality, Ep-
stein-Barr virus (EBV) association, and the presence of
c-myc rearrangement. Of seven tumors with morphology
of BL, all were monoclonal, six showed a c-myc rearrange-
ment and four were associated with EBV. Five tumors

ALIGNANT B-cell proliferations including non-
Hodgkin’s lymphomas (NHL) are well known com-
plications of human immunodeficiency virus (HIV) infec-
tion.® These are intermediate- and high-grade malignant
NHL, according to the international working formulation.’
Large-cell lymphomas, of the immunoblastic or of the large
noncleaved type, peripheral or involving the central ner-
vous system,>® and small noncleaved cell lymphoma of the
Burkitt type constitute the majority of these tumors.’ Periph-
eral polyclonal lymphomas not associated with Epstein-
Barr virus (EBV),!® and atypical undifferentiated large-cell
lymphomas have also been reported.!!

Occurrence of NHL in HIV-infected patients has been
initially attributed to the state of immunodeficiency, as ob-
served in patients with primary immunodeficiency or after
organ transplantation.'>!* Posttransplant lymphomas have
been proposed to be the consequence of the uncontrolled
proliferation of EBV-infected cells giving rise to prolifera-
tions of extremely variable morphology.'*!” Large-cell lym-
phomas of the immunoblastic type are particularly frequent
in cardiac transplant recipients.'® Lymphoproliferations in
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with morphology of IL were associated with EBV and de-
void of c-myc rearrangement. Three were polyclonal repre-
senting EBV-driven lymphoproliferations similar to those
observed in transplant recipients. Two tumors, one with a
morphology of IL and the other intermediate between IL
and BL were monoclonal, associated with EBV, and har-
bored a c-myc rearrangement. We propose that these last
two tumors represent cases of BL that have adopted an
immunoblastic morphotype in the context of acquired im-
munodeficiency syndrome (AIDS), reflecting the morpho-
logic evolution of Burkitt lymphoma cells observed in culture.
© 1993 by The American Society of Hematology.

transplant recipients usually do not possess chromosomal
Ig/c-myc translocations.!®!*?° They may be either polyclo-
nal or monoclonal, as suggested by immunophenotyping or
by Ig gene rearrangement analysis. 7?24

However, in addition to immunoblastic lymphomas,
HIV carriers have also a high risk of small noncleaved cell
lymphomas principally of the Burkitt type (BL), a compli-
cation only exceptionally identified to date in congenital or
acquired immunodeficiencies other than acquired immuno-
deficiency syndrome (AIDS).!* BL is characterized by its
monoclonality and one of the typical t(8;14), t(2;8), or
1(8;22) transtocations affecting the c-myc locus. However,
association with EBV is not a constant feature.?>26

Several studies have pointed out the different characteris-
tics of these two types of lymphomas in the context of HIV
infection. Immunoblastic lymphoma (IL) and large-cell
lymphomas occur usually in patients with severe immuno-
deficiency with an extremely low count of CD4* lympho-
cytes. These tumors do not respond to chemotherapy and
have a poor prognosis.® In contrast, BL generally occurs in
patients with less severe immunodeficiency, is often pre-
ceded by a generalized reactive lymphadenopathy, and re-
sponds better, at least initially, to chemotherapy."? Previous
studies on the presence of EBV in BL among HIV carriers
have described a viral association in about one-half of the
cases.">?"-32 These tumors display the characteristic chromo-
somal translocations affecting the long arm of chromosome
8 (8q24)_29,31-34

However, analysis of tumors from HIV-infected patients
has shown the existence of Ig/c-myc translocations in cases
of IL.3"** The pathologic diagnosis of these tumors in HIV-
positive individuals is sometimes difficult, with presence of
numerous atypical morphologic features and existence of
tumors with morphologies intermediate between IL and
BL.36’37

For these reasons we have undertaken a combined molec-
ular and morphologic analysis of 14 of these tumors to pre-
cisely distinguish between IL and BL in the context of HIV
infection. Our results suggest the possibility that in the
course of the HIV infection, BL cells may adopt morpho-
logic characteristics of IL cells in vivo, a phenomenon also
observed when BL cells are explanted in vitro in culture.
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LYMPHOMAS IN HIV-INFECTED PATIENTS

MATERIALS AND METHODS
Pathologic Samples

Tumoral biopsies obtained from patients infected by HIV were
used for simultaneous morphologic and molecular analyses. Cases
with partial tumoral infiltration were systematically excluded from
our study. Tumors from 14 patients satisfied the conditions cited
above.

Part of material was formalin-fixed and embedded after standard
procedures. DNA was extracted from the rest of the primary mate-
rial, with the exception of case 1 and 2 where in vitro cultured cell
lines established from the initial tumors were used (IARC BL 115
and IARC BL 134).

These tumors were diagnosed and classified, according to the
international working formulation (Table 1). All pathologic find-
ings, except cases 1 and 2, were reviewed by the members of the
“French Study Group of Pathology for HIV-Associated Tumors.”
Cases 1 and 2 were diagnosed and typed in Lyon (Centre Léon
Bérard).

DNA Isolation and Southern Blotting

Total cellular and viral DNA was prepared by sodium dodecyl
sulfate (SDS) cell lysis, proteinase K digestion, phenol/chloroform
extraction, and ethanol precipitation.

Ten micrograms of DNA were digested with 50 IU of the appro-
priate endonucleases (Bethesda Research Laboratories, Bethesda,
MD).

Digested DNAs were electrophoresed on a 0.7% to 0.9% agarose
gel in TBE (0.045 mol/L Tris-Borate 0.001 mol/L EDTA) buffer,
hydrolyzed for 15 minutes in 0.25 N HCl, denatured for 30 min-
utes, and renatured before being transferred onto Hybond N filter
(Amersham, Amersham, UK) according to Southern analysis.
Probes were labeled with 32P by muitiple random priming (Amer-
sham) and hybridized with the filter at 65° in 0.5 mol/L NaH,PO,,
pH 7.2, 1% bovine serum albumin (BSA), 7% SDS.

Filters were washed at 60°C for 30 minutes in 2X SSC, 0.1% SDS,
for 15 to 30 minutes in 0.2X SSC (0.15 mol/L NaCl, 0.0157 sodium
citrate), 0.1% SDS, and autoradiographed using intensifying screens
(Quanta III; Dupont, Wilmington, DE).

DNA Probes

Rearrangements of the c-myc gene were studied by hybridization
of BamHI-, EcoRI-, Hindlll-, or Xba I-digested DNAs to probes

Table 1. Pathologic Diagnosis and Clinical Characteristics of the
HIV* Patients with NHL

Case Risk Major Survival

No. Sex/Age Factor Location Diagnosis  Treatment {mo)
1 M/45 Het/xPart  Marrow BL PC Dead (9)
2 M/22 VD LN BL PC Dead {8)
3 M/31 Ho LN BL PC Dead {7)
4 M/46 Het/xPart LN BL PC Dead {8)
5 M/36 Ho LN BL PC Dead {18)
6 M/39 Ho SCM BL PC Dead {13)
7 M/40 Ho LN BL PC Dead (50)
8 M/48 Het/xPart LN L — Dead (2)
9 M/32 Ho B IL — ?

10 M/30 Ho B IL PC Dead {5)

1 F/a4 vD B L PC Dead (5)

12 M/43 Ho LN L PC Dead (9)

13 M/36 Endemic LN L PC Alive (6}

14 M/30 Het/xPart  Spleen LP PC Dead (1}

Abbreviations: Het/xPart; heterosexual with multiple partners; Ho, homosexual;
VD, intravenous drug user; LN, lymph node; SCM, subcutaneous masses; IB, intra-
buccal; BL, Burkitt's lymphoma; IL, immunoblastic lymphoma; LP, lymphoprolifera-
tion with plasmacytic differentiation; PC, polychemotherapy.
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representative of the first or third exon of the c-myc gene®® (Fig 1A).
Rearrangements 3’ of c-myc in pvt-1 or bvr-1 regions were analyzed
using the probes 455 and 550.° These genomic probes represent
parts of the bvr-1 and pvt-1 loci, respectively situated 140 and 260
kb 3’ of the c-myc locus, which are frequently involved in the t(2;8)
and t(8;22) variant translocations®*-*! (Fig. 1 A). The search for rear-
rangements 5' of c-myc was performed using the probe p380;j9 0.8
SS (kindly provided by F. Haluska) situated at 175 kb 5 of ¢-
myc. 24

The organization of the IgH locus was analyzed by hybridization
of BamH]l-, EcoRI-, HindIll- and Xba I-digested DNA to probes
specific of the joining region (JH) and of the Cu gene (Fig 1B). The «
light chain was studied using a 2-kb J x and a 2.5-kb C « fragment.

Search for EBV DNA was done using a probe specific for the
BamHI-W internal repeats of the virus,* and the 1.9-kb XAo I frag-
ment located near the right end of the linear viral genome.*

RESULTS
Patients and Pathologic Characteristics

Table 1 summarizes the main clinical and pathologic
characteristics of our cases. Fourteen tumor samples were
collected in four French hospitals (HOpital Pitié-Salpétriére,
Paris; Hopital Beaujon, Paris; Hopital d’Argenteuil; Centre
Léon Bérard, Lyon). Seven patients were homosexual, four
were heterosexual with multiple partners, one came from an
endemic country, and two were intravenous (I'V) drug users.
Ages ranged from 22 to 50 (mean, 38) years.

Pathologic examination was performed by members of
the “French Study Group of Pathology for HIV-Associated
Tumors.” Tumors typed as IL or BL according to the inter-
national working formulation were selected for molecular
analysis. All tumors were B-cell lymphomas, according to
immunologic studies performed on frozen sections using
monoclonal antibodies to detect B-cell antigens and Ig
heavy and light chains (data not shown). Seven tumors
(cases 1 through 7) were diagnosed as small noncleaved cell
lymphoma of Burkitt type. Six tumors were IL, of which 5
(cases 9 through 13) showed marked plasmacytic differen-
tiation. One sample (case 14) was typed as lymphoprolifera-
tion with plasmacytic differentiation (LP) according to the
initial description of Nalesnik et al?? in posttransplant lym-
phoproliferative diseases. Case 8 was diagnosed as interme-
diate between IL and BL. This tumor possessed features of
small noncleaved cell lymphoma of the Burkitt type. The
architecture was composed mainly of large cells with inter-
spersed macrophages, giving rise to a “‘starry sky” pattern. A
high level of apoptosis and a strong cohesiveness of the cells
were observed. However, there was a polymorphism in the
size of the tumor cells with presence of an important percent-
age of small cells (Fig 2). Most of the large cells possessed a
large unique nucleolus, as seen in IL in contrast to the multi-
ple and paracentral nucleoli of the small cells.

The majority of the cases had a nodal presentation. Ex-
tranodal presentation was observed in 5 patients: 1 had a
subcutaneous mass, 3 had buccal involvement, and 1 had
splenomegaly. Four patients had bone marrow (BM) in-
volvement at diagnosis (Table 1). Two patients (cases 5 and
8) have developed a generalized reactive lymphadenopathy
before onset of the lymphoma.

Patients received polychemotherapy, except for two: one


http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

From www.bloodjournal.org by guest on April 13, 2015. For personal use only.

6554

died shortly after diagnosis and the other could not be ob-
served.

Detection of myc Rearrangements

In eight tumors, we identified rearrangements within the
c-myc gene (Fig 3A) Because genetic polymorphisms in the
c-myc gene are extremely rare, we interpret these as a result
of chromosomal rearrangements. In case 9, with a diagnosis
of IL, a faint rearranged c-myc fragment was observed.
Therefore, the Southern analysis was repeated using EcoRI
and Hindlll, confirming the initial result (Fig 3B). In one
tumor classified as BL, a rearrangement on chromosome 8
could neither be detected by Southern blotting using a
c-myc, pvt-1 or bvr-1 probe, nor using a probe detecting
rearrangements in the region carrying a cluster of t(8;14)
translocation breakpoints at a distance 175 kb 5 of c-
myc.3%42% The failure to detect all Burkitt translocations by
conventional Southern blotting is consistent with the find-
ings that the breakpoints can be scattered over a distance of
more than 700 kb.>%

Chromosome 14 Breakpoints

Su. Breakpoints were assumed to be located within the
switch u region if two criteria were fulfilled: (1) hybridiza-
tion of the JH and Cp probes to different EcoRI and BamHI
fragments indicating a noncontiguous configuration of JH
and Cg, and (2) comigration of fragments visualized by a Cu
and a c-myc exon 3 probe after digestion with BamH]I,
EcoRlI, and HindIIL.*’ According to these criteria, 3 of the 8
cases with c-myc gene rearrangement (cases 2, 5, and 9) had
a breakpoint within the u switch region (Table 2).

JH. In two cases (cases 4 and 8) Cu and JH probes hy-
bridized to identical BamHI and EcoRI fragments, indicat-
ing a contiguous configuration of JH, Su, and Cu on both
alleles. However, hybridization with JH showed a third frag-
ment different in size from the nonrearranged JH gene pro-
vided by the stromal cells. This third rearranged JH frag-
ment did not hybridize to a Cu probe. Visualization of a
third fragment was taken as an indication that the joining
region is transected on one of both Ig heavy-chain alleles*’
(Fig 4). The most likely explanation is that one heavy chain
is functionally rearranged and that the other is fused to
chromosome 8 sequences within the region covered by the
JH probe.

Breakpoints in the IgH gene locus of the three other tu-
mors could not be localized by this method (Table 2), proba-
bly because the rearrangements affected the genes of other
Ig heavy-chain isotypes that have also been shown to partici-
pate in c-myc translocations.*®

Study of Clonality

Southern blot analysis of Ig genes permits to discriminate
between monoclonal or polyclonal proliferations. In the
case of a monoclonal proliferation, neoplastic cells present
one or two identical rearrangements in all cells correspond-
ing to a rearrangement on one or both Ig alleles. Thus,
monoclonality is shown by the presence of one or two bands
in a position different from that of the unrearranged germ-
line configuration as exemplified in Fig 4.

DELECLUSE ET AL

In contrast, polyclonal proliferations are composed of
neoplastic cells carrying different Ig rearrangements. Each is
expected to give a discrete band but the signal is too weak to
be identified, and in fact nothing but the germline band can
be identified by Southern blot analysis. Using the Cu and
the JH probes and at least two enzymes, all BL were mono-
clonal, whereas IL or LP were composed of monoclonal or
polyclonal proliferations (Table 3). The Southern blot hy-
bridization of two polyclonal proliferations using three dif-
ferent enzymes and the Cu and JH and J « probes is pre-
sented in Fig 5.

Presence of EBV Sequences

The presence of EBV was detected in all cases of IL and
LP and in 4 of 7 BL using the BamHI-W and the 1.9-kb
Xhol probe (Table 3). The intensity of the signals obtained
after hybridization was higher in monoclonal, than in poly-
clonal cases (Fig 6) with the exception of case 4 (not shown).
For the three polyclonal cases, comparison with a cell line
containing two copies of EBV DNA (Namalwa) indicated
the presence of about one to two copies per cell.

Fusion of the terminal repeats gives rise to the episomal
conformation of the EBV genome in lymphoid tumors. The
number of terminal repeats, and thus the size of the fused
terminal fragment, is variable in different infected cells.
Southern blot hybridization using the 1.9-kb X#4o I probe
has been used to study the clonality of EBV-carrying tu-
mors.*® A single fused terminal fragment is interpreted as
evidence for monoclonality, the presence of two or more
terminal fragments is taken as evidence for oligoclonality or
polyclonality, #5451

Seven of the 8 monoclonal proliferations were monoclo-
nal according to the criteria described above (Fig 6A). How-
ever, one case (case 1, Fig 6B) showed one or two additional
bands after digestion with BamHI, Hindlll, and Xba 1. The
monoclonality of this case is beyond any doubt. The molecu-
lar analysis of Ig and c-myc rearrangement was performed
on an established cell line and clearly showed monoclonal-
ity. Therefore, the detection of more than one band with the
terminal-repeat probe is not definitely conclusive for oligo-
clonality or polyclonality (see also Discussion).

In one of the cases with polyclonal proliferation as de-
fined by Ig gene rearrangement, oligoclonality or polyclonal-
ity was confirmed using the EBV terminal repeat probe and
the restriction enzymes BamHI and EcoRI (case 14, Fig
6C). The restriction enzyme HindlIl generates very large
fragments spanning the termini that cannot be resolved by
conventional electrophoresis in case of polyclonality. All
other cases showed one major band on the background of a
smear, as exemplified for case 12 in Fig 6C. This type of
pattern is not conclusive for either monoclonality or poly-
clonality, as detailed in the Discussion. Therefore, diagnosis
of monoclonality or polyclonality is based on the unequivo-
cal results obtained by the analysis of Ig gene rearrange-
ments.

DISCUSSION

1(8;14), t(8;22), and t(2;8) translocations leading to rear-
rangements between the c-myc and the Ig loci are a constant
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Fig 1. Diagrams of the human c-myc (A) and IgH (B) genes, indicating position of the probes used. Restriction sites: E, EcoRl; H, HindIli;

X, Xbal, C,Clal; P, Pvu Il.

characteristic of BL,%**? a tumor composed of small non-
cleaved cells with high mitotic activity.” The so-called
“small noncleaved nonBurkitt lymphoma”, made of small
cells with a pleomorphism in size and shape and with
unique central nucleoli, has also been found to harbor one
of the typical BL translocations, and is considered as a vari-

ant of BL.%**¢ The small to medium size of these tumors, as
well as the high nuclear cytoplasmic ratio, clearly differen-
tiate these tumors from immunoblastic lymphomas that rep-
resent a monotonous proliferation of large cells with a large
nucleus with a central unique nucleolus and a large amount
of cytoplasm.**
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Among the 14 tumors studied here, 7 had the characteris-
tic morphologic features of BL. All 7 tumors were of mono-
clonal origin; 6 showed a c-myc rearrangement and 4 har-
bored EBV DNA sequences. Case 1 was clearly monoclonal
with regard to Ig and c-myc rearrangements. However, it
showed more than one band after hybridization with the
1.9-kb Xho I probe. This shows that additional bands de-
tected by this probe have to be interpreted with caution.
They are not indicative for oligoclonality or polyclonality
per se. There is a number of reasons why monoclonal tu-

DELECLUSE ET AL

Fig 2. (A) Lymphomatous
proliferation from case 8, com-
posed of large cells with regu-
larly disposed macrophage
cells, giving rise to a starry sky
pattern. Giemsa staining, origi-
nal magnification X 400. (B)
Small part of the same tumor
proliferation showing cells of
various sizes. One can observe
large cells with large central
nucleoli and chromatin reminis-
centof BL cells. Smaller cells re-
semble small noncleaved cells
of Burkitt type. Giemsa stain-
ing, original magnification X
1,000.

mors may harbor more than one EBV-terminal fragment.
One obvious reason is the coexistence of episomal and inte-
grated copies as recently reported for Burkitt’s lymphoma
cells.’” Another possibility that is difficult or impossible to
exclude is homologous recombination among individual
episomal genomes. Finally, reinfection of cells carrying al-
ready EBV genomes has been reported to occur in vitro.>®

Our data confirm previous studies showing the presence
of EBV in about one-half of the BL cases in HIV* individ-
uals"?%3! (Table 3). Remarkably, neither of the patients with
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Fig 3. c-mycrearrangements. (A) DNA of all cases except case 5 were digested with EcoRIl. DNA of the case 5 was digested with HindlIl.
After digestion, DNA was separated by electrophoresis and hybridized with a 1.3-kb Cl/a I-EcoRI c-myc exon 3 probe. Fragment sizes are
given in kilobases (kb). (B) Southern blot analysis of case 9. DNA was digested with EcoRl (lane 1) and Hindlll (lane 2), separated by
electrophoresis and hybridized with a c-myc exon 3 probe. Arrows indicate germline configuration. Dashes indicate rearranged fragments.

Fragment sizes are given in kilobases (kb).

BL presented with opportunistic infections or Kaposi sar-
coma at the time of diagnosis (Table 3). This is in line with
the observation of Kalter et al® that BL is often an early or
even the first manifestation of AIDS.

Four of 6 lymphomas with morphologic features of IL as
well as the case diagnosed as lymphoproliferation were asso-
ciated with EBV and were devoid of c-myc rearrangement.
Three of them were polyclonal and 2 were monoclonal ac-
cording to the analyses of the Ig gene rearrangements. The
polyclonal cases exhibited a comparatively small number of
viral genome copies per cell and it remains an open question
as to whether in fact all cells carried the viral DNA within
the pathologic lesions. However, even if the EBV load is low
in these lymphoproliferations compared with the monoclo-
nal cases including EBV* Burkitt lymphomas, the detection

Table 2. Chromosomal Breakpoints of Rearranged Tumors

Case No. c-myc IgH Locus
1 + ND
2 + Su
3 + ND
4 + JH
5 + Su
6 + ND
8 + JH
9 + Su

Abbreviations: +, rearrangement within the 12.5-kb EcoRl fragment
carrying c-myc; JH, breakpoint occurs probably in the JH region of the
IgH locus; Sy, breakpoint occurs in the Su region of the IgH locus; ND,
breakpoint has not been identified by Southern analysis.

of viral sequences within a clinical specimen by conven-
tional Southern blotting is indicative of an EBV-associated
lymphoproliferation. In 50 HIV* patients with persistent
generalized lymphadenopathy, it has not been possible to
detect EBV by conventional Southern blotting.® EBV has
only been detected in persistent generalized lymphadenopa-
thy from HIV-infected patients by polymerase chain reac-
tion (PCR).%°

Clonality was studied not only by Ig gene rearrangement
analyses, but also using an EBV terminal repeats specific
probe. Analyses of two of the polyclonal cases with the termi-
nal repeat probe of EBV showed a smear with one band
predominating (Fig 6C). At first sight, this suggested the
presence of a minor occult clonal population within the
polyclonal lymphoproliferations that remained undetected
by Ig gene rearrangement analysis. However, this conclu-
sion is unlikely to be correct for the following reasons.
Herpes viruses carry quite variable numbers of terminal re-
peats at the ends of their linear viral genome. However, the
variation in terminal repeat copy number is much smaller if
the number of terminal repeats from the left and right end
of individual linear DNA molecules is compiled.®"%?> The
reason is probably that only DNA molecules within a given
range of length can be packaged. Circular genomes contain
the terminal repeats from both ends. Therefore, the number
of repeats is less variable than the number of repeats from
individual ends. Because the number of repeats follows a
Poisson distribution, molecules with an average number of
repeats will predominate. This is exactly what has been ob-
served by us and others, ie, a minor band in the middle of a
smear (Fig 6C).>° Therefore, the existence of a band on the
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Fig 4. Southern blot analysis of case 8 using the JH gene as a
probe. Fibroblasts are used as control. DNAs were digested with
EcoRl (lanes 1 and 4), Hindlll (lanes 2 and 5), and Xba | enzymes
(lanes 3 and 6), and hybridized with a 3.1-kb EcoRI-HindIll JH
probe. Lanes 1, 2, 3 represent the germline configuration (fibro-
blasts). Lanes 4, 5, 6 represent DNA digestions of case 8. Frag-
ment sizes are given in kilobases (kb).

background of an homogeneously distributed smear cannot
be taken as definite evidence for the existence of an occult
clonal population, even though this interpretation has been
proposed and cannot be formally ruled out.>® As a result, the
analysis of Ig gene rearrangements is more reliable and re-
mains the method of choice.

The two monoclonal cases of IL developed in highly im-
munosuppressed patients: case 10 occurred in a patient with
AIDS symptoms, whereas the other monoclonal case oc-
curred in a patient with an extremely low count of CD4*
peripheral blood lymphocytes (33/mm?). The two polyclo-
nal IL cases and the case of lymphoproliferation (case 14)
are very similar to lymphoproliferations in transplant recipi-
ents in which EBV-infected B cells proliferate in vivo, as a
consequence of severe immunosuppression.

Two lymphomas associated with EBV and typed as IL
possessed rearrangements of the c-myc gene. These rear-
rangements were confirmed using several enzymes exclud-
ing a restriction polymorphism. One case was composed of
immunoblastic cells, whereas the other was composed of a

DELECLUSE ET AL

tumor sharing features of BL and IL. The development of
this tumor was preceded by a generalized reactive lymphade-
nopathy, as often reported for BL."* These two lymphomas
were the only tumors with a rearranged c-myc gene that
appeared in patients with extremely advanced immunode-
pression (Table 3).

Only few large studies have investigated the presence of
chromosomal translocations and/or c-myc rearrangement
in immunoblastic lymphomas in the nonimmunosup-
pressed population. The overall frequency of t(8;14)
(q24:q32) translocations in IL was reported to be | in 42
cases at the Fifth International Workshop on Chromosomes
in Leukemias and Lymphomas,*? although two reports in
the literature described higher frequencies.®*%* No data were
presented on the HIV status of these cases. Within a large
series of diffuse large-cell lymphomas for which karyotypic
as well as c-myc rearrangement data were available, two
cases of immunoblastic B-cell lymphomas with t(8;14)
translocations and c-myc rearrangement were described.®
Of these, one arose in an HIV-infected individual. For the
second, the HIV status was not presented. Furthermore,
association with EBV has not been studied. Another case of
an immunoblastic lymphoma with c-myc rearrangement
and associated with EBV was described in an AIDS pa-
tient.?!

Taking into account the additional two cases of monoclo-
nal immunoblastic lymphomas with c-myc rearrangement
presented here, we may conclude that immunoblastic lym-
phomas with c-myc rearrangement can be detected to a
small although significant percentage in HIV* individuals,
but are exceptional outside the context of HIV infection.

Two hypothesis can be proposed to explain the pathogene-

Table 3. Immune Status of Patients at the Time of Diagnosis and
Characteristics of the Tumors

Case

No. (o]} KS CD4 Diagnosis Clonality* c-myc EBVt
1 - = ND BL M R +
2 = = ND BL M R =
3 = = 669 BL M R =
4 — - ND BL M R +
5 - - 224 BL M R +
6 = - 230 BL M R =
7 s - 150 BL M G +
8 + - ND IL M R +
9 + — 33 IL M R +

10 + + 7 IL M G +

1 E= - 297 IL P G +

12 = - ND IL P G +

13 — — 33 L M G +

14 — —_ 348 LP P G +

CD4* lymphocytes: (N) 729 + 253/mm?®.

Abbreviations: Ol, opportunistic infections; KS, Kaposi sarcoma; BL,
Burkitt's lymphoma; IL, immunoblastic lymphoma; LP, lymphoprolifera-
tion with plasmacytic differentiation; R, rearranged; G, germline; M,
monoclonal; P, polyclonal; ND, not done.

* Results on clonality are based on Southern blots hybridized with JH,
Cu, and C « probes, which in all cases gave concordant results.

t Analyzed with an BamHI-W as well as the 1.9-kb Xho | probe.
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A

CASE 12

559

CONTROL

Fig 5. Southern blot analysis of cases 12 and 14. The control con-
sists of tumor DNA of a case that was phenotypically monoclonal.
DNAs were digested with BamHI (B), EcoRl (E), and Hindlll (H) and
hybridized with an Ig heavy chain joining (JH) (A), constant u (Cpu)
probe (B), and J K probe (C). Fragment sizes are given in kilobases

(kb).

sis of these tumors. They may represent a new disease entity
of HIV-infected patients, as proposed for the EBV™ periph-
eral polyclonal lymphomas,'? or they may represent a modi-
fication of tumors also encountered in patients without
AIDS. We favor the latter hypothesis for the following rea-
sons. In vitro, studies have clearly shown that BL cells have
the potential to progress towards different morphotypes.
Tumor cells, suspended from a biopsy and seeded into cul-
ture, present as a uniform population of small cells. How-
ever, after only a few passages in culture, they may give rise
to cells with quite different morphology.®* Some tumors re-

tain the typical morphology of BL in vitro, others evolve
towards a morphology indistinguishable from IL. EBV~ cell
lines were more stable in culture in maintaining small size
(16 of 19 EBV~ cell lines), whereas EBV* lines displayed a
much higher tendency to develop in large cells (19 of 33 cell
lines). Of the cases with large irregular morphology, 7 of 8
were EBV™, and progression to the immunoblastic morphol-
ogy has been observed exclusively within EBV* cases. This
finding suggests an active role of the virus in in vitro, cul-
tured cells for morphologic progression towards increased
cell size and irregular or immunoblastic morphotype. The
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A Bam HI B CASE 1
Cases 7 8 9 10 B E

H X

C CASE 12 CASE 14
B E H B E H

Fig 6. Southern blot analysis using the EBV 1.9-kb Xho | probe
flanking the terminal repeats. After digestion with BamHlI (B) and/or
EcoRl (E), Hindlll (H), and Xba | (X). Cases shown in (A) and (B) are

monoclonal; those shown in (C) are polyclonal according to Ig gene
rearrangements.
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change in morphology most likely reflects the change in the
phenotype of Burkitt lymphoma cells after explantation of
the tumor cells into culture described by Rickinson et al.®¢°

Thus, we hypothesize that the two EBV' tumors with a
c-myc rearrangement have adopted morphologic features of
1L caused by the severe perturbation of the immune system
in these patients. Immunohistologic analyses are in progress
to correlate the morphologic features of these tumors with
the pattern of cell-surface antigen as well as viral-gene ex-
pression. Another interesting correlation has recently been
observed between morphology and interleukin-6 (IL-6) ex-
pression in lymphomas that had developed in HIV seroposi-
tive and negative patients.”® A high number of IL-6 produc-
ing stromal cells has been observed in IL but not in BL.
Remarkably, the case with a morphology intermediate be-
tween IL and BL reported here has been included in this
study and was found to harbor a high number of IL-6~ex-
pressing cells. This raises the question as to whether IL-6 is
responsible for morphologic transformation towards im-
munoblasts. IL-6 receptor has been reported to be expressed
in immunoblasts. It will also be interesting to see whether
EBV can modulate expression of this receptor.
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Mondor, Paris: P. Gaulard; Hopital A. Morvan, Brest: J.
Briere; Institut Paoli-Calmette, Marseille: N. Horshowski;
Hopital Necker, Paris: N. Brousse; Hopital St Andre,
Bordeaux: J.P. Merlio; Hopital Purpan, Toulouse: G. Del-
sol.

REFERENCES

1. Ziegler JL, Drew WL, Miner RC, Mintz L, Rosenbaum E,
Gershow J, Lennette ET, Greenspan J, Shillitoe E, Beckstead J,
Casavant C, Yamamoto K: Outbreak of Burkitt’s-like lymphoma
in homosexual men. Lancet 2:631, 1982

2. Ziegler JL, Beckstead JA, Volberding PA, Abrams DI, Levine
AM, Lukes RJ, Gill PS, Burkes RL, Meyer PR, Metroka CE, Mour-
adian J, Moore A, Riggs SA, Butler JJ, Cabanillas FC, Hersh E,
Newell GR, Laubenstein LJ, Knowles D, Odajnyk C, Raphael B,
Koziner B, Urmacher C, Clarkson BD: Non-Hodgkin’s lymphoma
in 90 homosexual men. Relation to generalized lymphadenopathy
and the acquired immunodeficiency syndrome. N Engl J Med
311:565, 1984

3. Kaiter SP, Riggs SA, Cabanillas F, Butler JJ, Hagemeister FB,
Mansell PW, Newell GR, Velasquez WS, Salvador P, Barlogie B,

561

Rios A, Hersh EM: Aggressive non-Hodgkin’s lymphomas in im-
munocompromised homosexual males. Blood 66:655, 1985

4. Ioachim HL, Cooper MC, Hellman GC: Lymphomas in men
at high risk for acquired immune deficiency syndrome (AIDS). A
study of 21 cases. Cancer 56:2831, 1985

5. Lowenthal DA, Straus DJ, Campbell SW, Gold JW, Clarkson
BD, Koziner B: AIDS-related lymphoid neoplasia. The Memorial
Hospital experience. Cancer 61:2325, 1988

6. Karp JE, Broder S: Acquired immunodeficiency syndrome
and non-Hodgkin’s lymphomas. Cancer Res 51:4743, 1991

7. National Cancer Institute Sponsored Study of Classifications
of Non-Hodgkin’s Lymphomas: Summary and description of a
working formulation for clinical usage. The Non-Hodgkin’s Lym-
phoma Pathologic Classification Project. Cancer 49:2112, 1982

8. Snider WD, Simpson DM, Aronyk KE, Nielsen SL: Primary
lymphoma of the nervous system associated with acquired immune
deficiency syndrome (letter). N Engl J Med 308:45, 1983

9. Levine AM: Lymphoma in acquired immunodeficiency syn-
drome. Semin Oncol 17:104, 1990

10. McGrath MS, Shiramizu B, Meeker TC, Kaplan LD, Hern-
dier B: AIDS-associated polyclonal lymphoma: Identification of a
new HIV-associated disease process. J AIDS 4:408, 1991

11. Knowles DM, Inghirami G, Ubriaco A, Dalla-Favera R: Mo-
lecular genetic analysis of three AIDS-associated neoplasms of un-
certain lineage demonstrates their B-cell derivation and the possible
pathogenetic role of the Epstein-Barr virus. Blood 73:792, 1989

12. Penn I: The incidence of malignancies in transplant recipi-
ents. Transplant Proc 7:323, 1975

13. Penn I: Occurrence of cancer in immune deficiencies.
Cancer 34:858, 1974 (suppl)

14. Frizzera G, Hanto DW, Gajl-Peczalska KJ, Rosai J,
McKenna RW, Sibley RK, Holahan KP, Lindquist LL: Polymor-
phic diffuse B-cell hyperplasias and lymphomas in renal transplant
recipients. Cancer Res 41:4262, 1981

15. Frizzera G, Rosai J, Dehner LP, Spector BD, Kersey JH:
Lymphoreticular disorders in primary immunodeficiencies: New
findings based on an up-to-date histologic classification of 35 cases.
Cancer 46:692, 1980

16. Hanto DW, Gajl-Peczalska KJ, Frizzera G, Arthur DC, Bal-
four HHJ, McClain K, Simmons RL, Najarian JS: Epstein-Barr
virus (EBV) induced polyclonal and monoclonal B-cell lymphopro-
liferative diseases occurring after renal transplantation. Clinical,
pathologic, and virologic findings and implications for therapy.
Ann Surg 198:356, 1983

17. Shearer WT, Ritz J, Finegold MJ, Guerra IC, Rosenblatt
HM, Lewis DE, Pollack MS, Taber LH, Sumaya CV, Grumet FC,
Cleary ML, Warnke R, Sklar J: Epstein-Barr virus-associated B-cell
proliferations of diverse clonal origins after bone marrow trans-
plantation in a 12-year-old patient with severe combined immuno-
deficiency. N Engl J Med 312:1151, 1985

18. Weintraub J, Warnke RA: Lymphoma in cardiac allotrans-
plant recipients. Clinical and histological features and immunologi-
cal phenotype. Transplantation 33:347, 1982

19. Frizzera G: The clinico-pathological expressions of Epstein-
Barr virus infection in lymphoid tissues. Virchows Arch B Cell
Pathol 53:1, 1987

20. Hanto DW, Frizzera G, Gajl-Peczalska KJ, Simmons RL:
Epstein-Barr virus, immunodeficiency, and B cell lymphoprolifera-
tion. Transplantation 39:461, 1985

21. Hanto DW, Birkenbach M, Frizzera G, Gajl-Peczalska KJ,
Simmons RL, Schubach WH: Confirmation of the heterogeneity of
posttransplant Epstein-Barr virus-associated B cell proliferations by
immunoglobulin gene rearrangement analyses. Transplantation
47:458, 1989


http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

From www.bloodjournal.org by guest on April 13, 2015. For personal use only.

562

22. Nalesnik MA, Jaffe R, Starzl TE, Demetris AJ, Porter K,
Burnham JA, Makowka L, Ho M, Locker J: The pathology of post-
transplant lymphoproliferative disorders occurring in the setting of
cyclosporine A-prednisone immunosuppression. Am J Pathol
133:173, 1988

23. Cleary ML, Sklar J: Lymphoproliferative disorders in car-
diac transplant recipients are multiclonal lymphomas. Lancet
2:489, 1984

24. Cleary ML, Warnke R, Sklar J: Monoclonality of lymphopro-
liferative lesions in cardiac-transplant recipients. Clonal analysis
based on immunoglobulin-gene rearrangements. N Engl J Med
310:477, 1984

25. De The G: Epstein-Barr virus and Burkitt’s lymphoma’s
worldwide: The causal relationship revisited, in Lenoir GM,
O’Conor G, Olweny CLM (eds): Burkitt’s Lymphoma: A Human
Cancer Model. Lyon, France, IARC Scientific, 1985, p 165

26. Lenoir GM, Bornkamm GW: Burkitt’s lymphoma, a human
cancer model for the study of the mulitistep development of cancer:
Proposal for a new scenario. Adv Viral Oncol 7:173, 1987

27. Groopman JE, Sullivan JL, Mulder C, Ginsburg D, Orkin
SH, O’Hara CJ, Falchuk K, Wong-Staal F, Gallo RC: Pathogenesis
of B cell lymphoma in a patient with AIDS. Blood 67:612, 1986

28. Rechavi G, Ben-Bassat I, Berkowicz M, Martinowitz U,
Brok-Simoni F, Neumann Y, Vansover A, Gotlieb-Stematsky T,
Ramot B: Molecular analysis of Burkitt’s leukemia in two hemo-
philic brothers with AIDS. Blood 70:1713, 1987

29. Bernheim A, Berger R: Cytogenetic studies of Burkitt lym-
phoma-leukemia in patients with acquired immunodeficiency syn-
drome. Cancer Genet Cytogenet 32:67, 1988

30. Ganser A, Carlo-Stella C, Bartram CR, Boehm T, Heil G,
Henglein B, Muller H, Raghavachar A, von-Briesen H, Griesinger
F, Volkers B, Ruebsamen-Waigmann H, Helm EB, Hoelzer D: Es-
tablishment of two Epstein-Barr virus negative Burkitt cell lines
from a patient with AIDS and B-cell lymphoma. Blood 72:1255,
1988

31. Subar M, Neri A, Inghirami G, Knowles DM, Dalla-Favera
R: Frequent c-myc oncogene activation and infrequent presence of
Epstein-Barr virus genome in AIDS-associated lymphoma. Blood
72:667, 1988

32. Magrath I, Erikson J, Whang-Peng J, Sieverts H, Armstrong
G, Benjamin D, Triche T, Alabaster O, Croce CM: Synthesis of
kappa light chains by cell lines containing an 8;22 chromosomal
translocation derived from a male homosexual with Burkitt’s lym-
phoma. Science 222:1094, 1983

33. Chaganti RS, Jhanwar SC, Koziner B, Arlin Z, Mertelsmann
R, Clarkson BD: Specific translocations characterize Burkitt’s-like
Iymphoma of homosexual men with the acquired immunodefi-
ciency syndrome. Blood 61:1265, 1983

34, Whang-Peng J, Lee EC, Sieverts H, Magrath IT: Burkitt’s
lymphoma in AIDS: Cytogenetic study. Blood 63:818, 1984

35. Ladanyi M, Offit K, Jhanwar SC, Filippa DA, Chaganti RS:
MYC rearrangement and translocations involving band 8q24 in
diffuse large cell lymphomas. Blood 77:1057, 1991

36. Hamilton-Dutoit SJ, Pallesen G, Franzmann MB, Karkov J,
Black F, Skinhoj P, Pedersen C: AIDS-related lymphoma. Histopa-
thology, immunophenotype, and association with Epstein-Barr
virus as demonstrated by in situ nucleic acid hybridization. Am J
Pathol 138:149, 1991

37. Raphael M, Gentilhomme O, Tulliez M, Byron PA, Diebold
J: Histopathologic features of high-grade non-Hodgkin’s lympho-
mas in acquired immunodeficiency syndrome. The French Study
Group of Pathology for Human Immunodeficiency Virus-Asso-
ciated Tumors. Arch Pathol Lab Med 115:15, 1991

38. Eick D, Piechaczyk M, Henglein B, Blanchard JM, Traub B,

DELECLUSE ET AL

Kofler E, Wiest S, Lenoir GM, Bornkamm GW: Aberrant ¢c-myc
RNAs of Burkitt’s lymphoma cells have longer half-lives. EMBO J
4:3717, 1985

39. Henglein B, Synovzik H, Groitl P, Bornkamm GW, Hartl P,
Lipp M: Three breakpoints of variant 1(2;8) translocations in Bur-
kitt’s lymphoma cells fall within a region 140 kilobases distal from
c-myc. Mol Cell Biol 9:2105, 1989

40. Graham M, Adams JM: Chromosome 8 breakpoint far 3’ of
the c-myc oncogene in a Burkitt’s lymphoma 2;8 variant transloca-
tion is equivalent to the murine pvt-1 locus. EMBO J 5:2845, 1986

41. Shtivelman E, Henglein B, Groitl P, Lipp M, Bishop JM:
Identification of a human transcription unit affected by the variant
chromosomal translocations 2;8 and 8;22 of Burkitt lymphoma.
Proc Natl Acad Sci USA 86:3257, 1989

42. Haluska FG, Finver S, Tsujimoto Y, Croce CM: The t(8;14)
chromosomal translocation occurring in B-cell malignancies results
from mistakes in V-D-J joining. Nature 324:158, 1986

43, Joos S, Haluska FG, Falk M, Henglein B, Hameister H,
Croce CM, Bornkamm GW: Mapping chromosomal breakpoints
of Burkitt’s t(8;14) translocations far upstream of c-myc. Cancer
Res 52:6547, 1993

44, Polack A, Hartl G, Zimber U, Freese UK, Laux G, Takaki
K, Hohn B, Gissmann L, Bornkamm GW: A complete set of over-
lapping cosmid clones of M-ABA virus derived from nasopharyn-
geal carcinoma and its similarity to other Epstein-Barr virus iso-
lates. Gene 27:279, 1984

45, Raab Traub N, Flynn K: The structure of the termini of the
Epstein-Barr virus as a marker of clonal cellular proliferation. Cell
47:883, 1986

46. Joos S, Falk M, Lichter P, Haluska FG, Henglein B, Lenoir
GM, Bornkamm GW: Variable breakpoints in Burkitt’s lymphoma
cells with chromosomal t(8;14) translocation separate c-myc and
the IgH locus up to several hundred kb. Hum Mol Genet 1:625,
1992

47. Shiramizu B, Barriga F, Neequaye J, Jafri A, Dalla Favera R,
Neri A, Guttierez M, Levine P, Magrath I: Patterns of chromo-
somal breakpoint locations in Burkitt’s lymphoma: Relevance to
geography and Epstein-Barr virus association. Blood 77:1516, 1991

48. Bornkamm GW, Polack A, Eick D: c-myc deregulation by
chromosomal translocation in Burkitt’s lymphoma, in Klein G
(ed): Cellular Oncogene Activation. New York, NY, Marcel
Dekker, 1988, p 223

49, Katz BZ, Raab-Traub N, Miller G: Latent and replicating
forms of Epstein-Barr virus DNA in lymphomas and lymphoprolif-
erative diseases. J Infect Dis 160:589, 1989

50. Cleary ML, Nalesnik MA, Shearer WT, Sklar J: Clonal analy-
sis of transplant-associated lymphoproliferations based on the
structure of the genomic termini of the Epstein-Barr virus. Blood
72:349, 1988

51. Neri A, Barriga F, Inghirami G, Knowles DM, Neequaye J,
Magrath IT, Dalla Favera R: Epstein-Barr virus infection precedes
clonal expansion in Burkitt’s and acquired immunodeficiency syn-
drome-associated lymphoma. Blood 77:1092, 1991

52. Correlation of chromosome abnormalities with histologic
and immunologic characteristics in non-Hodgkin’s lymphoma and
adult T cell leukemia-lymphoma. Fifth International Workshop on
Chromosomes in Leukemia-Lymphoma. Biood 70:1554, 1987

53. Payne CM, Grogan TM, Cromey DW, Bjore CGJ, Kerrigan
DP: An ultrastructural morphometric and immunophenotypiceval-
uation of Burkitt’s and Burkitt’s-like lymphomas. Lab Invest
57:200, 1987

54. Miliauskas JR, Berard CW, Young RC, Garvin AJ, Edwards
BK, DeVita VTJ: Undifferentiated non-Hodgkin’s lymphomas
(Burkitt’s and non-Burkitt’s types). The relevance of making this
histologic distinction. Cancer 50:2115, 1982


http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

From www.bloodjournal.org by guest on April 13, 2015. For personal use only.

LYMPHOMAS IN HIV-INFECTED PATIENTS

55. Magrath IT, Pizzo PA, Whang-Peng J, Douglass EC, Alabas-
ter O, Gerber P, Freeman CB, Novikovs L: Characterization of
lymphoma-derived cell lines: Comparison of cell lines positive and
negative for Epstein-Barr virus nuclear antigen. 1. Physical, cytoge-
netic, and growth characteristics. J Natl Cancer Inst 64:465, 1980

56. Grogan TM, Warnke RA, Kaplan HS: A comparative study
of Burkitt’s and non-Burkitt’s “undifferentiated” malignant lym-
phoma: Immunologic, cytochemical, ultrastructural, cytologic, his-
topathologic, clinical and cell culture features. Cancer 49:1817,
1982

57. Delecluse HJ, Bartnitzke S, Hammerschmidt W, Bullerdiek
J, Bornkamm GW: Episomal and integrated copies of Epstein-Barr
virus coexist in Burkitt’s lymphoma cell lines. J Virol 67:1292,
1993

58. Miller G, Heston L, Countryman J: P3HR-1 Epstein-Barr
virus with heterogeneous DNA is an independent replicon main-
tained by cell-to-cell spread. J Virol 54:45, 1985

59. Uccini S, Monardo F, Vitolo D, Faggioni A, Gradilone A,
Agliano AM, Manzari V, Ruco LP, Baroni CD: Human immunode-
ficiency virus (HIV) and Epstein-Barr virus (EBV) antigens and
genome in lymph nodes of HIV-positive patients affected by persis-
tent generalized lymphadenopathy (PGL). Am J Clin Pathol
92:729, 1989

60. Shibata D, Weiss LM, Nathwani BN, Brynes RK, Levine
AM: Epstein-Barr virus in benign lymph node biopsies from indi-
viduals infected with the human immunodeficiency virus is asso-
ciated with concurrent or subsequent development of non-Hodg-
kin’s lymphoma. Blood 77:1527, 1991

61. Bornkamm GW, Delius H, Fleckenstein B, Werner FJ,
Mulder C: Structure of Herpesvirus saimiri genomes: Arrangement
of heavy and light sequences in the M genome. J Virol 19:154, 1976

62. Kintner CR, Sugden B: The structure of the termini of the

563

DNA of Epstein-Barr virus. Cell 17:661, 1979

63. Yunis JJ, Oken MM, Kaplan ME, Ensrud KM, Howe RR,
Theologides A: Distinctive chromosomal abnormalities in histo-
logic subtypes of non-Hodgkin’s lymphoma. N Engl J Med
307:1231, 1982

64. Yunis JJ, Mayer MG, Arnesen MA, Aeppli DP, Oken MM,
Frizzera G: bcl-2 and other genomic alterations in the prognosis of
large-cell lymphoma. N Engl J Med 320:1047, 1989

65. Felman P, Bryon PA, Gentilhomme O, Magaud JP, Manel
AM, Coiffier B, Lenoir G: Burkitt’s lymphoma. Distinction of sub-
groups by morphometric analysis of the characteristics of 55 cell
lines. Anal Quant Cytol Histol 7:275, 1985

66. Rooney CM, Gregory CD, Rowe M, Finerty S, Edwards C,
Rupani H, Rickinson AB: Endemic Burkitt’s lymphoma: Pheno-
typic analysis of tumor biopsy cells and of derived tumor cell lines. J
Natl Cancer Inst 77:681, 1986

67. Rowe M, Rooney CM, Edwards CF, Lenoir GM, Rickinson
AB: Epstein-Barr virus status and tumour cell phenotype in spo-
radic Burkitt’s lymphoma. Int J Cancer 37:367, 1986

68. Rowe DT, Rowe M, Evan GI, Wallace LE, Farrell PJ, Rick-
inson AB: Restricted expression of EBV latent genes and T-lym-
phocyte-detected membrane antigen in Burkitt’s lymphoma cells.
EMBO J 5:2599, 1986

69. Rowe M, Rowe DT, Gregory CD, Young LS, Farrell PJ,
Rupani H, Rickinson AB: Differences in B cell growth phenotype
reflect novel patterns of Epstein-Barr virus latent gene expression in
Burkitt’s lymphoma cells. EMBO J 6:2743, 1987

70. Emilie D, Coumbaras J, Raphael M, Devergne O, Delecluse
HJ, Gisselbrecht C, Michiels JF, Van Damme J, Taga T, Kishimoto
T, Crevon MC, Galanaud P: Interleukine 6 production in high
grade B lymphomas: Correlation with the presence of malignant
immunoblasts in AIDS and in HIV seronegative patients. Blood
80:498, 1992


http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

From www.bloodjournal.org by guest on April 13, 2015. For personal use only.

€ blood =~

Variable morphology of human immunodeficiency virus-associated
lymphomas with c-myc rearrangements. The French Study Group of
Pathology for Human Immunodeficiency Virus-Associated Tumors, |

HJ Delecluse, M Raphael, JP Magaud, P Felman, IA Alsamad, GW Bornkamm and GM Lenoir

Updated information and services can be found at:
http://www.bloodjournal.org/content/82/2/552.full.html

Articles on similar topics can be found in the following Blood collections

Information about reproducing this article in parts or in its entirety may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests

Information about ordering reprints may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints

Information about subscriptions and ASH membership may be found online at:
http://www.bloodjournal.org/site/subscriptions/index.xhtml

Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly by the American
Society of Hematology, 2021 L St, NW, Suite 900, Washington DC 20036.
Copyright 2011 by The American Society of Hematology; all rights reserved.


http://www.bloodjournal.org/content/82/2/552.full.html
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints
http://www.bloodjournal.org/site/subscriptions/index.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

