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Tumor Necrosis Factor Receptor-Associated Factor 1 Is Overexpressed in
Reed-Sternberg Cells of Hodgkin’s Disease and Epstein-Barr
Virus-Transformed Lymphoid Cells

By Horst Durkop, Hans-Dieter Foss, Gudrun Demel, Heike Klotzbach, Corinna Hahn, and Harald Stein

The tumor necrosis factor (TNF) receptor-associated factor 1
(TRAF1) is a member of the recently defined TRAF family. It
takes part in the signal transduction of the TNF receptor 2
(TNFR2), the lymphotoxin-g receptor (LT-BR), CD40, CD30,
and LMP1,; is induced by LMP1 in vitro; and protects lym-
phoid cells from apoptosis. To identify the cells in which
TRAFL1 is active in vivo, we studied TRAF1 transcripts in
normal lymphoid tissue, in Epstein-Barr virus (EBV)-induced
lymphoproliferations, and in malignant lymphomas with
special reference to those that overexpress the cytokine
receptor CD30 and CD40 of the TNF receptor family at the
single-cell level using a radioactive in situ hybridization. In
normal lymphoid tissue, TRAF1 message proved to be ab-

phages and accessory cells (follicular dendritic cells and
interdigitating cells) and present in few perifollicular and
intrafollicular lymphoid blasts. In contrast, there was a high
and consistent TRAF1 overexpression in EBV-induced lym-
phoproliferations and Hodgkin’s disease. Nearly all non-
Hodgkin’s lymphoma show low or no TRAF1 expression.
Only some cases of diffuse large B-cell ymphoma showed a
moderate to high TRAF1 signal. Several of the latter cases
were EBV*. These data confirm that TRAF1 is an inducible
molecule and indicates its deregulation in the mentioned
disorders with the potential of a blockage of the apoptotic
pathway.
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sent from all resting B and T cells as well as from macro-

HE TUMOR NECROSIS factor (TNF) receptor-associated messages being observed in the splemmd in the lung and
factor (TRAF) family is a recently established group of spleen, respectivel.In contrast, the expression of TRAF1 and

molecules that are involved in the intracellular signal transduc-TRAF4 (CART1) appears to be more restricted, with selective
tion of several members of the tumor necrosis factor receptoexpression of TRAF4 in breast carcinothand TRAF1 in
(TNFR) family, eg, the TNF receptor 2 (TNFR2), the lympho- tonsils, spleen, and lurfgTRAF1 expression was shown to be
toxin-B receptor (LTBR), the Epstein-Barr virus (EBV)- induced in B-lymphoblast cell line BL41/B95-8 by the EBV-
encoded latent membrane protein 1 (LMP1), CD40, and CE30. encoded LMPZ.These data suggest that, among the members
The TRAF family is defined by a C-terminal homology region, of the TNFR family, TRAF1 is the main candidate for being
the TRAF domairt;3 which is further divided into two subdo- Predominantly and differentially expressed in the lymphoid
mains. The N-terminal TRAF domain sequences are les$ystem. Ourinterestin the TRAF1 molecule was further raised
conserved than the C-terminal part and appear to contribute Y the observation that TRAF1 can exert an apoptosis protective
the oligomerization of TRAF proteirisThe highly conserved  €fféct on CD8 T cells;® pointing to the possibility that this
C-terminal portion of the TRAF domain is capable of binding to M0!ecule might be involved in the regulation of apoptosis in
the intracellular portion of TNFR2, CD40, CD30, I8R, and certain re_actlv_e lymphoid cglls and t_helr _neopl_astlc count_er-
LMP1.1 These members of the TNFR family, like TNFR1 and parts. To identify the lymphoid populations in which TRAF1 is

Fas (APO-1/CD95), are known to transduce signals regulating?divf]’ we ilf;vesttligated re(zjactive Iyr:]ph;)id tiﬁsues’ﬁBV_iQ duced
cell death and proliferatidnbut lack the intracellular death ymphoproliterations, and a variely of malignant lymphomas

domain present in TNFR1 and Fas. Recently, it has been showfr?r the expression of TRAFL transcripts.

that TNFR2, CD40, CD30, LBR, and LMP1 exert their
function by interacting with TRAF1 (EBI6), TRAF2 (TRAP),
TRAF3 (CD40bp/CRAF1/LAP1), TRAF538 or TRAF6°
whereas the Fas and TNFRL1 receptors bind to another group
molecules, including FADD (MORTL);?RIP2and TRADD:* 4t 23 cases of classical Hodgkin's disease (HD; 12 cases of mixed
by their death domain. cellularity and 11 cases of nodular sclerosis), 5 cases of lymphocyte-
Several members of the TNFR family mediate pleiotropic predominant HD (LPHD), 13 cases of anaplastic large-cell lymphoma
signals in distinct lymphoid cells and there are examples thatALCL; 6 cases of B-ALCL, 5 cases of T-ALCL, and 2 cases of
members of this receptor group transduce contrary effééts,
These d_ifferent effects may b_e related in part to the.diff.erer_ltial From the Institut fo Pathologie, UK Benjamin Franklin, Freie
expression of receptor-associated molecules resulting in differgqiversiz Berlin, Berlin, Germany.
ent signaling pathways in these cells. To understand the supmitted June 4, 1998; accepted September 14, 1998.
mechanisms in the signal transduction of lymphoid cells, one Supported by Deutsche Forschungsgemeinschaft (SFB 366) and the
prerequisite is the knowledge of the expression pattern of iteutsche Krebshilfe (Grants No. W76/93MDand Ste318/5-2).
components under normal, inflammatory, and dysregulated Address reprint requests to Horst'top, MD, Institut fu Patholo-
neoplastic conditions. Although considerable data have beefie, UK Benjamin Franklin, Hindenburgdamm 30, D-12200 Berlin,
accumulated about the function and molecular structure of th&€rmany:

. . . . The publication costs of this article were defrayed in part by page
members of the TRAF family, little is known about their charge payment. This article must therefore be hereby mdikeder-

eXpr_eSS'on in vivo. Most data ar_e d(_a”VEd from Northe_‘m tisement”in accordance with 18 U.S.C. section 1734 solely to indicate
blotting of RNA prepared from murine tissues, demonstratinginis fact.

that TRAF2, TRAF3, TRAF5, and TRAF6 are ubiquitously  © 1999 by The American Society of Hematology.
expressed, with the highest levels of TRAF2 and TRAF5 0006-4971/99/9302-0014$3.00/0

MATERIALS AND METHODS

Material. Paraffin-embedded specimens were drawn from the files
of the Institute of Pathology, Universitklinikum Benjamin Franklin,
reie UniversitaBerlin (Berlin, Germany). The present series consisted
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Fig 1. Hyperplastic tonsil hy-
bridized with a TRAF1 antisense
probe (exposure, 6 weeks; origi-
nal magnification x 250; original
magnification of the insert x
900). Note the few faintly TRAF1+
lymphoid blasts (arrows and in-
sert).
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Fig 2. (A and B) Double-labeling of tonsillar tissue from patients with infectious mononucleosis with the TRAF1 (black) and EBER (red)
antisense probes (exposure of autoradiography, 6 weeks; original magnifications x 350 [A] and x 150 [B]). The TRAF1 probe was labeled by
35S-UTP, whereas the EBER probe was labeled by UTP-digoxigenin and detected by antidigoxin alkaline phosphatase conjugates.

0-ALCL), 5 cases of B-cell chronic lymphocytic leukemia/lymphoma nucleotide position 76 to 1326 of the published sequiwes amplified
(B-CLL), 15 cases of diffuse large B-cell ymphoma (DLBCL), 5 cases with the following primers: 5ATGGCTGCAGCTAGCGT-3 and

of plasmoblastic lymphoma (PLBLL), 2 cases of Burkitt's ymphoma, 6 5'-TTAGAGCCCTGTCAGGTCC-3 by polymerase chain reaction
cases of atypical EBV-associated lymphoproliferative disorders (ALP),(PCR; 40 cycles with 55°C annealing temperature, 72°C elongation
7 tonsils with the diagnosis of infectious mononucleosis, and further 5step, and 94°C denaturation). The EBER probe was a generous gift from

tonsils with the diagnosis of follicular hyperplasia. Dr Niedobitek (Birmingham, UK¥!
The lymphomas were classified according to the REAL classifica- In situ hybridization. After cloning of the PCR product into the
tion.19 pAMP1 vector (GIBCO-BRL, Eggenstein, Germany) and linearization,

TRAF1 and EBV-encoded small RNA (EBER) probd&NA was antisense and sense probes were generated by SP6 and T7 polymerases
prepared from the large anaplastic lymphoma cell line Karpas?299. (GIBCO-BRL, Eggenstein, Germany), respectively. In situ hybridiza-
The cDNA was generated with the Moloney murine reverse transcrip-tion was performed as described previoijwo sections of each case
tase. The complete open reading frame of TRAF1 cDNA from were incubated with the TRAF1 antisense probe and a further section of
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TRAF1 EXPRESSION 619

each case was hybridized with the TRAF1 sense probe as negative Table 2. Expression of TRAF1 in Lymphoid Blasts
control. Autoradiography was performed after coating the slides with in Cases of EBV-Associated ALP
radiographic emulsion (Amersham, Braunschweig, Germany) exposed ... Percentage of Blasts With Intensity of
at 4°C for 3 to 6 weeks, developed in Kodak D19 developer (Kodak, No. TRAF1 Expression TRAF1 Signal

Hemel Hempstead, UK), and counterstained with hematoxylin and

. ) . 1 40% ++
eosin. The detection of EBER was performed according to Herbst et
al23 2 30% +++
) . . . 3 40% ++
Evaluation. The number of positive and negative cells was counted. 4 80% i
The intensity of the TRAF1 signal was estimated by counting the grains 5 900/0 i
over 20 cells of each case after an exposure time of 6 weeks. An average 6 40[; i
()

of grains was calculated for each case. The hybridizations with the
TRAF1 sense probe showed only weak background staining of about 5 In cases no. 1, 5, and 6, the atypical lymphoproliferations were
to 8 grains per cell. Cells that showed 10 or less than 10 grains aftedeveloped due to iatrogen immunosuppression after kidney transplan-
hybridization with the TRAF1 antisense probe were considered to bdation, whereas all other patients were HIV*. The hybridization signals
TRAF1~. Low intensity was defined as less than 30 grains but morewere analyzed as described in Materials and Methods. Medium
than 10 grains, medium intensity was defined as more than 30 grains buitensity is indicated with ++ and strong intensity with +++.
less than 150 grains, and strong intensity was defined as more than 150
grains above one cell.

Immunohistochemistry. Paraffin sections of 5 to 6 pm were mounted, blasts coexpressed a medium to great amount of TRAF1 mRNA

dried, and boiled for 2 minutes in 10 mmol/L citrate buffer, pH 6.0. (Fig 2A and B). In ALP, the TRAF1 expression was moderate or
Subsequently, immunohistochemistry and immunocytochemistry weréhigh (Table 2). In 2 cases, nearly all lymphoid blasts harbored
performed using the alkaline phosphatase anti-alkaline phosphatasgn intermediate or high amount of TRAF1 mRNA. In the

(APAAP) techniqué* EBV infection was analyzed by immunostaining remaining 4 cases, 30% to 40% of the lymphoid blasts showed
for LMP1 with the mixture of monoclonal antibodies (MoAbs; CS1-4;

DAKO. Hambura. G . In LMPG the EBV " medium to high amounts of TRAF1 transcripts.
» lamburg, ermany) in every case. In LVPRases, he & TRAF1 expression in lymphomasThe Hodgkin and Reed-
latency infection type was further characterized by immunostainings for

EBNA2 (MoAb PE2; DAKO) and ZEBRA (MoAb BZ1; DAKO). Sternperg _(HRS) cells of 2_3 cases of classi_c HD studied
The data were statistically analyzed using tA¢est. contained in 16 cases a high amount and in 5 cases an

intermediate amount of TRAF1 transcripts (Fig 3Aand B; Table
RESULTS 3). Seven of the 23 cases showed a few TRARYstander

TRAF1 expression in reactive lymphoid tissué all 5  Cells, with low amount of TRAF1 mRNA in 6 and large

hyperplastic tonsils investigated, a weak to intermediate TRAF2MouUnts in 1 case. In LPHD, the level of TRAF1 message

message was detected in a few extrafollicular and intrafollicularS€€Med to be lower than in classical HD.

blasts (Fig 1). Resting lymphoid cells, including mantle cells ALCLS were found to express lower amounts of TRAF1

and small paracortical lymphoid cells as well as nearly all cells?’hen compared with HDR < .001). Among ALCL, the

of the follicular center, were TRAF1 Macrophages and | RAFL expression was lowest in T-ALCL. In general, a

accessory cells, such as follicular dendritic cells and interdigitatMnerity of tumor cells showed a low to moderate TRAF1

ing cells, also did not show any TRAF1 message. expression in cases of DLBCL. Only in 2 cases was more than
TRAF1 expression in EBV-associated disorders (infectioug?0?0 Of tumor cells moderately to strongly TRAEwhereas 1

mononucleosis and atypical lymphoproliferation [ALPln 6  ¢as€ of DLBCL was completely TRAF1In PLBLL, TRAF1

of 7 tonsils affected by infectious mononucleosis, moderate t£*Pression was detectable in only 1 of S cases. The low-grade

strong TRAF1 hybridization signals were detectable in about3~Cell ymphoma of B-CLL type was TRAF] except for some

half of the interfollicular lymphoid blasts (Table 1). Simulta- Paraimmunoblasts.

neous hybridization with an EBER and TRAF1 antisense probe A correlation between TRAF1 expression and EBV infection
showed in 5 of 6 cases that more than 50% of EBymphoid was also found in lymphomas. A high TRAF1 expression was
found more frequently in the lymphomas with EBMumor

cells than in those ones with EBMumor cells P < .001). This
association was confirmed by double-labeling for TRAF1 and
EBER transcripts in several cases of EB\lassical HD,

Table 1. Expression of TRAF1 in Lymphoid Blasts
in Cases of Infectious Mononucleosis

Case Percentage of Blasts With Intensity of showing that most of the HRS cells were TRAFEBV .

No. TRAF1 Expression TRAF1 Signal
1 70% +++ DISCUSSION
2 50% +++ . . . .
3 50% i This study presents the first data about TRAF1 expression in
4 50% iy human reactive and neoplastic lymphoid tissues at the single-
5 50% 4 cell level. We focussed our work on TRAF1 because Northern
6 30% e+ blot datd had shown that, in comparison with other members of
7 20% + the TRAF family, TRAF1 appears to be most restricted in its

EBV- lymphoid blasts were identified by EBER in situ hybridization ~ ©XPression to the lymphoid tissue. To identify the lymphoid
in 6 of 7 cases. The coexpression of TRAF1 was shown by double- cells that express TRAF1, we applied a highly sensitive in situ
labeling with a TRAF1 probe. The hybridization signals were analyzed hybridization technique using radioactive probes specific for
as described in Materials and Methods. Low intensity is indicated with TRAFL1. These studies showed that TRAF1 message is absent
+, medium intensity with ++, and strong intensity with +++. from resting lymphoid cells, including mantle cells and small
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620 DURKOP ET AL

Fig 3. (A and B) TRAF1 in situ
hybridization of two cases of
classical HD. (A) represents a
case of the nodular sclerosis sub-
type (exposure, 6 weeks; original
magnification x 175), whereas a
case of the mixed cellularity sub-
type is shown in (B) (exposure, 6
weeks; original magnification x
350). Note the distinct label of
the tumor cells in both cases.

paracortical T cells. Among the proliferating cells of the normal tively diseased lymphoid tissue fits in with the TRAF1 expres-
lymphoid tissue, only a few extrafollicular and intrafollicular sion encountered in malignant lymphomas. Among these, the
lymphoid blasts contained significant amounts of TRAF1 most constant and highest TRAF1 expression was found in HRS
message. This distribution resembles that of CDBMasts?® cells of HD. The TRAF1 transcript signals were strongest in the
suggesting that these blasts coexpress TRAF1 and CD30. EBV* cases. Moderate to low amounts of TRAF1 message
moderate to strong expression of TRAF1 was found in thewere seen in EBV-infected DLBCL, whereas the non-
EBV-infected blasts present in infectious mononucleosis andHodgkin’s lymphoma (NHL) of B-CLL type that closely
EBV-induced atypical lymphoproliferations. In both lesions, corresponds to normal resting B cells was TRAREkcept for a
many of the infected cells also express the EBV-encoded LMP 1few paraimmunoblasts. TRAF1 expression in other NHLs was
These findings are of interest in respect to observations showinpw and/or heterogeneous, with the number of cases being too
that LMP1 induces TRAF1 expression in EBV-transformed small to be representative.
B-lymphoblastic cell lines and that LMP1 binds most of the Recently, Liebowit?” demonstrated that TRAF1 colocalizes
TRAFL1 protein in these celfs?® Our findings demonstrate that with LMP1 by double-immunofluorescence microscopy and
this mechanism might also work in vivo. that both proteins could be coimmunoprecipitated in all LMP1
The TRAF1 expression pattern found in normal and reac-cases of acquired immunodeficiency syndrome (AIDS)-
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Table 3. Expression of TRAF1 in the Tumor Cells of HD and NHL

Percentage
of Tumor
Cells With Intensity Kind of
Case TRAF1 of TRAF1 Associated
Entity No. Expression Signal Virus
HD-MC 1 90% +++
2 20% +
3 90% +++ EBV
4 90% +++ EBV
5 90% +++ EBV
6 90% +++ EBV
7 70% +++ EBV
8 80% +++ EBV
9 90% +++ EBV
10 90% +++ EBV
11 90% +++ EBV
12 80% +++ EBV
HD-NS 13 90% +++
14 80% +++
15 80% ++
16 90% +++
17 90% ++
18 100% ++
19 90% +
20 90% ++ EBV
21 50% ++ EBV
22 80% +++ EBV
23 90% +++ EBV
LPHD 24 70% ++
25 60% +++
26 70% ++
27 90% ++
28 50% +
B-ALCL 29 70% ++
30 90% +
31 10% +
32 90% +
33 80% +
34 50% +
T-ALCL 35 1% +
36 0%
37 0%
38 20% +
39 30% +
0-ALCL 40 70% +
41 90% +
B-CLL 42 <1% +
43 <1% +
44 <1% +
45 1% +
46 0%
DLBCL 47 20% ++
48 50% + HIV
49 20% ++ HIV
50 20% + HIV
51 30% ++ HIV
52 30% ++ HIV
53 1% + HIV, EBV
54 0% HIV, EBV
55 60% + HIV, EBV
56 5% ++ HIV, EBV
57 10% ++ HIV, EBV
58 2% + HIV, EBV
59 20% ++ HIV, EBV

621

Table 3. Expression of TRAF1 in the Tumor Cells of HD and NHL

(Cont’d)
Percentage
of Tumor
Cells With Intensity Kind of
Case TRAF1 of TRAF1 Associated
Entity No. Expression Signal Virus
60 10% + HIV, EBV
61 80% +++ EBV
PLBLL 62 0%
63 0%
64 0% HIV, EBV
65 0% EBV
66 20% ++ EBV
Burk. 67 20% ++
68 0% EBV

The hybridization signals were analyzed as described in Materials
and Methods. Low intensity is indicated with +, medium intensity
with ++, and strong intensity with +++.

Abbreviations: HD-MC, Hodgkin’s disease of mixed cellular subtype;
HD-NS, Hodgkin’s disease of nodular sclerotic subtype; LPHD, lympho-
cyte-predominant Hodgkin’s disease; B-ALCL, anaplastic large-cell
lymphoma with expression of B-cell markers; T-ALCL, anaplastic
large-cell lymphoma with expression of T-cell markers; 0-ALCL, ana-
plastic large-cell lymphoma without expression of B- or T-cell mark-
ers; B-CLL, chronic lymphatic leukemia of B-cell type; DLBCL, diffuse
large-cell lymphoma; PLBLL, plasmoblastic lymphoma; Burk., Bur-
kitt’s lymphoma; EBV, Epstein-Barr virus; HIV, human immunodefi-
ciency virus.

associated NHL and posttransplantational lymphoproliferative
disease. He found functional consequences of the TRAF1-
LMP1 cooperation in all of these LMPIcases by theemonstra-

tion of activated NF«B in electrophoretic mobility shift assays.
Our data extend the expression pattern of TRAF1 reported,
particularly in the cases of EBV-associated HD and infectious
mononucleosis, and suggest that similar mechanisms might lead
to NF«B induction in the HRS cells of EBV-associated HD.

There is compelling evidence that B cells that are unable to
express Igs are eliminated by apoptd8isiRS cells of most
cases of HD have recently been shown to contain clonally
rearranged Ig gen&s’! but consistently lack Ig expressiéh.
Hence, it follows that HRS cells represent B cells that should
die of apoptosis. The fact that this usually does not happen
points towards a blockage of the apoptotic pathway in HRS
cells. Recent studies provided evidence thatdiHs involved
in the protection of HRS cells from apoptosfDevergne et &f
showed that NR«B activation is likely mediated by TRAF1/
TRAF2 heteroaggregates. In view of the findings by Speiser et
al'® that TRAF1 overexpression in transgenic mice inhibits
antigen-induced apoptosis in CD& lymphocytes, it is tempt-
ing to speculate that TRAF1 is involved in the blockage of
apoptosis in HRS cells.

TRAF1 takes part in the signal transduction of TNFR2,
LT-BR, CD40, CD30, and LMP%433|In HD and EBV-induced
lymphoproliferations, CD40 and CD30 are most consistently
expressed*36 Therefore, CD40 and CD30 are the most likely
cooperation partners of TRAF1 in these disorders apart from
LMP1 in the EBV' cases. Further studies are needed to clarify
how these receptors interact with TRAF1 to transduce their
signals.

20z aunr g0 uo 1s8nb Aq Jpd-/1.9/92905914/. 19/Z/€6/1Pd-8lolE/POO|q/ U SUONEDlaNdysE//:dnY WOy papeojumod



622 DURKOP ET AL

Messineo et & published that TRAF1 expression is highly ~ 12. Chinnaiyan AM, O'Rourke K, Tewari M, Dixit VM: FADD, a
heterogenous in the HRS cells of 6 cases of HD. They used govel death domain-containing protein,interacts with the death domain
single-cell PCR technique on suspended lymphoid tissuesOf Fas and initiates apoptosis. Cell 81:505, 1995
These results are partially in contradiction with our data 13- Stanger BZ, Leder P, Lee TH, Kim E, Seed B: RIP: A novel
demonstrating that TRAF1 is highly overexpressed in theproteln 'contamlng a death domain that interacts with Fas/APO-1

L . (CD95) in yeast and causes cell death. Cell 81:523, 1995
majority of HRS cells. This discrepancy may be due to the 14. Hsu H, Xiong J, Goeddel DV: The TNF receptor 1-associated
difficulty in identifying HRS cells in cellular SUSpe,nS'O?FS' rotein TRADD signals cell death and NéB activation. Cell 81:495,
~ Taken together, the data presented here confirm that TRAF1ggs
is an inducible molecule and show that TRAF1 in normal 15 | otz M, Setareh M, von Kempis J, Schwarz H: The nerve growth

lymphoid tissue is expressed rarely and weakly, but in EBV-factor/tumor necrosis factor receptor family. J Leukoc Biol 60:1, 1996
induced lymphoproliferations and HD is consistently and 16. Baker SJ, Reddy P: Transducers of life and death: TNF receptor
strongly expressed. The differential expression of TRAF1superfamily and associated proteins. Oncogene 12:1, 1996
demonstrated here might partially explain that one and the same 17. Renier CH, Tomasetto C, Moog-Lutz C, Chenard M-P, Wen-
member of the TNFR family can induce cell death after its dling C, Basset P, Rio M-C: presence of a new conserved domain in
stimulation in one cell type and proliferation in another CARTL, @ novel member of the tumor necrosis factor receptor-
type®1516Further investigations are necessary to clarify the roleassomated protein family, which is expressed in breast carcinoma. J Biol

. ; . . . Chem 270:25715, 1995
of TRAF1 in EBV-associated lymphoproliferations and in HD. 18. Speiser DE, Lee SY, Wong B, Arron J, Santana A, Kong YY,
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