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Tumor necrosis factor receptor–associated factors
(TRAFs) are a recently established group of proteins
involved in the intracellular signal transduction of
several members of the tumor necrosis factor recep-
tor (TNFR) superfamily. Recently, specific members
of the TRAF family have been implicated in promot-
ing cell survival as well as activation of the tran-
scription factor NF-kB. We investigated the consti-
tutive expression of TRAF1 and TRAF2 in Hodgkin
and Reed–Sternberg (HRS) cells from archived
paraffin-embedded tissues obtained from 21 pa-
tients diagnosed with classical Hodgkin’s disease
(HD). In a selective portion of cases, examination of
HRS cells for Epstein-Barr virus (EBV)–encoded
RNA was performed by in situ hybridization, and
the results were compared with the magnitude of
TRAF1 and TRAF2 staining. We also determined the
TRAF profile in the classical HD cell lines L428,
KMH2, and HS445 by Western blotting using a se-
ries of antibodies that specifically recognize the six
individual TRAF family proteins (TRAF1–TRAF6).
Moderate to high constitutive expression of TRAF1
and TRAF2 were found in 19 of 21 and 20 of 21 cases
of classical HD, respectively. Of the remaining cases,
one case showed weak expression of TRAF1, and
another case showed weak expression of both pro-
teins. No relationship was found between the stain-
ing intensity of the TRAF proteins and EBV expres-
sion in HRS cells. Strong constitutive expression of
TRAF1 was also identified in the HD cell line L428,
compared with the relatively weak expression ob-
served in KMH2 and HS445. All three HD cell lines
showed strong expression of TRAF2 protein and
moderate, comparatively equal expression of TRAF4
and TRAF6. In contrast, TRAF3 was not expressed in

the HD cell lines. Although KMH2 showed weak
expression, the remaining HD cell lines also lacked
TRAF5 protein. These data demonstrate that consti-
tutive expression of TRAF1 and TRAF2 is a charac-
teristic feature of HRS cells from both patient and
cell line specimens. Furthermore, with the excep-
tion of TRAF1 expression, HRS cells from the three
HD cell lines showed similar TRAF protein expres-
sion patterns. Overall, these findings demonstrate
the expression of several TRAF proteins in HD. Sig-
nificantly, the altered regulation of selective TRAF
proteins may reflect HRS cell response to stimula-
tion from the microenvironment and potentially
contribute both to apoptosis resistance and cell
maintenance of HRS cells.
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In mammalian cells, the tumor necrosis factor
(TNF) receptor–associated factor (TRAF) family
consists of a group of six adapter proteins (TRAF1–
TRAF6) that participate in the intracellular signal-
ing activity of several members of the TNF receptor
(TNFR) superfamily, including the TNF receptor 2
(TNF-R2), CD30, CD40, the lymphotoxin-b recep-
tor, and the Epstein-Barr virus (EBV)– encoded la-
tent membrane protein 1 (LMP1; 1–14). Structur-
ally, TRAF proteins are composed of an N-terminal
cysteine/histidine-rich region containing zinc
RING and/or zinc finger motifs, a central coiled coil
region, and a C-terminal homology region that de-
fines the TRAF family (1, 2, 10, 11, 13). Significantly,
the highly conserved C-terminal portion of the
TRAF proteins, the TRAF domain, is capable of
binding to the intracellular portions of TNF-R2,
CD30, CD40, the lymphotoxin-b receptor, and
LMP1 (1, 2, 8, 10 –13). Furthermore, recent investi-
gations have shown that these members of the
TNFR superfamily transduce signals regulating cell
death and proliferation by interacting with TRAF1
(EBI6; 1, 4, 15), TRAF2 (TRAP; 1, 4 – 6, 14), TRAF3
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(CD40bp/LAP1/CRAF1; 1, 9, 16, 17), TRAF5 (1, 7,
14), or TRAF6 (1, 18). Alternatively, the function of
other TNFR superfamily members, including
TNF-R1 and Fas (CD95/APO-1), is not primarily
mediated by TRAF protein binding. Instead, the
effects of these receptors are mediated through as-
sociation of their unique death domains with an-
other group of molecules, including FADD/MORT1
(19, 20), TRADD (21, 22), RIP (23), and RAIDD/
CRADD (24).

Although studies addressing the origin and
clonality of Hodgkin and Reed-Sternberg (HRS)
cells have shown considerable heterogeneity, the
pathobiological and clinical profiles of classical
Hodgkin’s disease (HD) have consistently corre-
lated with the deregulated, high-level expression of
various growth promoting cytokines, transcription
factors, and cell surface receptors on HRS cells (25).
Characteristically, HRS cells express many TNFR
proteins, including TNF-R1, TNF-R2, CD30, CD40,
and Fas (26 –31). As mentioned previously, TNF-R2,
CD30, and CD40 each contain TRAF binding motifs,
through which intracellular signaling occurs via in-
teraction with the TRAF proteins. Furthermore, in a
significant portion of HD cases, HRS cells express
the EBV protein LMP1 (32, 33). LMP1 also contains
a TRAF-binding domain and uses TRAF proteins in
some aspects of its intracellular signaling (8, 9, 32,
33).

Cell activation and apoptosis resistance pro-
moted by TNFRs and mediated through TRAF pro-
tein interaction may influence the biological mech-
anisms of HRS cells. Recently, we and others have
shown that constitutive expression of the transcrip-
tion factor nuclear factor kB (NF-kB) is vital for cell
growth, proliferation, and resistance to apoptosis in
HRS cells (34, 35). As seen in other cell systems, the
NF-kB activation in HRS cells may be mediated by
TRAF proteins via appropriate ligand stimulation of
TNFRs found on the surface of HRS cells. Previous
investigations have shown that in several cell types,
overexpression of TRAFs 1, 2, 5, and 6 can induce
activation of NF-kB, resulting in both cytokine se-
cretion and resistance to apoptosis (4 –10, 14, 15,
36). In contrast, overexpression of TRAF3 has been
shown to inhibit NF-kB signaling (5, 9). Investiga-
tion of TRAF protein expression in HRS cells, how-
ever, has been limited and has had somewhat het-
erogeneous results (37, 38). Interestingly, from one
of these studies, Dürkop et al. (38) found a positive
correlation between strong expression of TRAF1
transcripts and EBV expression in HRS cells.

In this investigation, we examined the expression
patterns of the currently known TRAF proteins in
HRS cells obtained from three established HD cell
lines. We also determined whether constitutive ex-
pression of TRAF1 and TRAF2 are characteristic
features of HRS cells obtained from HD cell lines

and found in paraffin-embedded tissue samples
from patients. As part of our evaluation of patient
samples, we also compared the intensity of TRAF1
and TRAF2 staining with the expression of Epstein-
Barr viral-encoded RNAs (EBERs) in HRS cells.

MATERIALS AND METHODS

Patient Samples and Cell Lines
Formalin-fixed, paraffin-embedded tissue sec-

tions from 21 cases of classical Hodgkin’s disease
were selected from the surgical pathology archives
of Loyola University Medical Center for immuno-
histochemical determination of TRAF1 and TRAF2
expression. For each specimen, the diagnosis of HD
was made retrospectively and confirmed by estab-
lished histologic criteria (25). Fifteen cases demon-
strated histologic features consistent with nodular
sclerosis HD, with the remaining six cases classified
as mixed cellularity HD.

The cell lines utilized in this study were derived
from patients diagnosed with classical HD and in-
clude HS445, KMH2, and L428. The anaplastic
large-cell lymphoma cell line SUDHL-1, the Jurkat
T-cell lymphoma cell line, and the B-cell lymphoma
cell line HBJ2 were used as controls. HS445 and
Jurkat cell lines were obtained from the American
Type Culture Collection (ATCC; Rockville, MD). The
KMH2 and L428 cell lines were obtained from the
German Collection of Microorganisms and Cell
Cultures (Braunschweig, Germany). SUDHL-1 was
generously provided by Dr. Steven Smith (Depart-
ment of Pediatric Oncology, University of Kansas),
and HBJ2 was a generous gift from Dr. Manuel Diaz
(Cardinal Bernardin Cancer Center, Loyola Univer-
sity Medical Center). Cell lines were cultured in
RPMI 1640 (Gibco-BRL, Grand Island, NY) supple-
mented with 20% (v/v) heat-inactivated fetal bo-
vine serum (Sigma, St. Louis, MO), 2 mM

L-glutamine (Gibco-BRL), 25 mM HEPES (Sigma), 1
mM sodium pyruvate (Biofluids, Rockville, MD), 5.5
3 1025

M 2-mercaptoethanol (Gibco-BRL),
antibiotic-antimycotic solution (Sigma), and 50
mg/mL gentamicin (Gibco-BRL). All cell lines were
maintained at 37° C in a humidified incubator at 5%
CO2.

Immunohistochemical Determination of TRAF1
and TRAF2 in HD Patient Samples

Four-micrometer-thick, formalin-fixed, paraffin-
embedded tissue sections from each case of classi-
cal HD were deparaffinized in xylene, hydrated in
graded alcohol, and pretreated for antigen retrieval
in 10 mM/L citrate buffer, pH 6.0, for 10 minutes.
Staining was performed using antibodies that rec-
ognize TRAF1 (sc-6253, monoclonal mouse IgG,
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1:50 dilution, Santa Cruz Biotechnology, Santa
Cruz, CA) and TRAF2 (sc-877, polyclonal rabbit IgG,
1:50 dilution, Santa Cruz Biotechnology). All stain-
ing runs were performed with a Ventana NEXES
automated stainer (Ventana Medical Systems, Tuc-
son, AZ) and a streptavidin– horseradish peroxidase
detection kit (Ventana). The chromogen used
was 3,39-diaminobenzidine tetrahydrochloride
(3,39-diaminobenzidine).

Staining intensity was evaluated in each case, and
the magnitude of staining in HRS cells was placed
in one of four possible categories: (2) 5 negative,
(1) 5 weak, (11) 5 moderate, and (111) 5
strong staining intensity. In addition, the percent-
age of HRS cells demonstrating positive staining
was estimated for each case.

Epstein-Barr Virus In Situ Hybridization
In situ hybridization (ISH) studies for EBV were

performed on randomly selected formalin-fixed,
paraffin-embedded tissues with the EBER-ISH kit
(BioGenex, San Ramon, CA). Four-micrometer-
thick tissue sections were prepared on silanated
glass slides, deparaffinized in xylene, hydrated in
graded alcohol, and incubated with RNAse inhibi-
tor (BioGenex). Tissues were then digested for 15
minutes with 10 mg/mL proteinase K (Boehringer
Mannheim, Indianapolis, IN) at room temperature,
rinsed in Tris–saline wash buffer with RNAse inhib-
itor for 5 minutes, and air dried for an additional 5
minutes. The probe consisted of biotin-labeled oli-
gonucleotide in a hybridization solution consisting
of 50% formamide, 23 standard saline citrate, and
dextran sulfate. Probe and tissue were denatured
simultaneously at 95° C for 10 minutes and incu-
bated overnight at 37° C in a humidified chamber.

After the sections had been hybridized overnight,
their cover slips were removed, and they were
placed in a solution of 23 standard saline citrate for
5 minutes and washed twice with Tris-buffered sa-
line (pH 7.4) for 5 minutes. Hybridization detection
was performed according to the manufacturer’s in-
structions. The system consisted of sequential ap-
plication of mouse antibiotin antibody, biotinylated
antimouse immunoglobulin, and alkaline
phosphatase-labeled streptavidin, followed by
color development with BCIP/NBT chromogen/
substrate system (5-bromo-4-chloro-3-indolyl
phosphate/nitroblue tetrazolium). Slides were
scored as having positive or negative results.

Western Blot Analysis of TRAF Protein
Expression in HD Cell Lines

Cells from each cell line were washed twice in
cold PBS and lysed in CHAPS buffer. The soluble

protein lysates obtained were then quantitated by
using the Bio-Rad protein assay (BioRad, Hercules,
CA). 50 mg of protein were separated by 12.5% so-
dium dodecyl sulfate-polyacrylamide gel electro-
phoresis under reducing conditions and transferred
to a nylon membrane. The membranes were
blocked with 5% nonfat milk in 20 mM Tris-HCl, pH
7.6, 150 mM NaCl (Tris-buffered saline) and stained
with primary antibody for 2 hours at room temper-
ature, followed by incubation with the appropriate
horseradish peroxidase– conjugated secondary an-
tibody (Jackson Immunoresearch Laboratories,
West Grove, PA) for 1 hour at RT. Proteins were
detected with an enhanced chemiluminescence
(ECL) detection kit (Amersham Life Sciences, Ar-
lington Heights, IL). Antibodies to proteins in-
cluded the following: TRAF1 (sc-6253, monoclonal
mouse IgG, Santa Cruz Biotechnology), TRAF2 (sc-
877, polyclonal rabbit IgG, Santa Cruz Biotechnol-
ogy), TRAF3 (sc-947, polyclonal rabbit IgG, Santa
Cruz Biotechnology), TRAF4 (sc-1921, polyclonal
goat IgG, Santa Cruz Biotechnology), TRAF5 (sc-
6195, polyclonal goat IgG, Santa Cruz Biotechnolo-
gy), and TRAF6 (sc-7221, polyclonal rabbit IgG,
Santa Cruz Biotechnology).

RESULTS

HRS Cells from Patient Samples of HD
Demonstrate TRAF1 and TRAF2 Expression

In all cases, HRS cells demonstrate immunopos-
itivity for both TRAF1 and TRAF2 proteins; how-
ever, the magnitude of staining and the percentage
of positive HRS cells showed some variability (Table
1). For TRAF1 staining, nine cases demonstrated
strong immunopositivity concentrated predomi-
nantly in the cytoplasm; however, four of these
cases showed nuclear staining as well (Figure 1A).
Ten cases showed moderate TRAF1 staining within
the cytoplasm; two cases, both classified as mixed
cellularity HD, showed only weak TRAF1 expres-
sion. In 15 of 21 (71%) cases, approximately 70% or
more of HRS cells identified in the tissue sections
showed immunopositivity for TRAF1. In all of these
cases, TRAF1 expression was of moderate to strong
intensity. Similar findings were seen for TRAF2
staining of HRS cells. Eight cases showed strong
immunopositivity, with five of these cases demon-
strating both cytoplasmic and nuclear staining (Fig-
ure 1B). Twelve cases showed cytoplasmic staining
of moderate intensity, with additional nuclear im-
munopositivity in three cases. Only one case
showed weak expression of both TRAF proteins. In
all cases, 70% or more of HRS cells showed positive
TRAF2 staining.
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Expression of TRAFs 1 and 2 Do Not Correlate
with EBV-Encoded RNA in HRS Cells

Elsewhere, Dürkop et al. showed a positive cor-
relation between strong expression of TRAF1 tran-
scripts and EBV expression in cases of classical HD
(38). To investigate the possibility of identifying a
similar relationship in our HD cases, we compared
the intensity of staining for TRAF1 and TRAF2 with
the expression of EBER transcripts in HRS cells
from 10 randomly selected patient cases (Table 1).
EBER-positive cases were characterized by dark,
uniform nuclear staining (Fig. 2). Although five of
eight (63%) EBER-positive cases showed strong
TRAF1 and TRAF2 expression, three cases with ei-
ther strong TRAF1 or TRAF2 expression and one
case with strong expression of both TRAF proteins
were negative for EBER transcripts. Furthermore in
all EBER-negative cases, moderate to strong expres-
sion of both TRAF proteins was identified.

HRS Cells from HD Cell Lines Demonstrate
Similar TRAF Protein Profiles

Expression of TRAFs 1– 6 were examined by West-
ern blotting of protein extracts from the HD cell
lines HS445, L428, and KMH2 (Fig. 3). Although all
three cell lines showed similar TRAF profiles, a no-
table difference in TRAF1 expression was seen be-
tween L428 and the other two HD cell lines. Mark-
edly strong expression of TRAF1 (45 kD) was
identified in L428 compared with the relatively
weak expression observed in both KMH2 and
HS445. TRAF1 analysis in the KMH2 and HS445 cell
lines showed an additional slowly migrating band.
This additional band most likely represents post-

FIGURE 1. Tumor necrosis factor receptor–associated factor (TRAF) 1
and 2 staining in HRS cells from patient samples with Hodgkin’s
disease. In the great majority of cases, Hodgkin and Reed–Sternberg
(HRS) cells showed moderate to strong expression of both TRAF1 and
TRAF2 proteins. In the case demonstrated here, HRS cells show strong,
predominantly cytoplasmic immunopositivity for TRAF1, with scattered
cells showing nuclear expression as well (A, TRAF1, 1003; insert, 5003
oil). A similar pattern of TRAF2 expression was also seen in this case
(B,TRAF2, 4003), with scattered HRS cells also demonstrating a Golgi-
staining pattern (B, TRAF2 insert, 5003 oil).

TABLE 1. Expression of TRAF1, TRAF2, and EBER-ISH in HRS Cells from Patient Cases of Classical Hodgkin’s Disease

Case Number and
Classification

Percentage of HRS Cells
with TRAF1 Expression

Intensity of TRAF1
Staining*

Percentage of HRS Cells
with TRAF2 Expression

Intensity of TRAF2
Staining*

EBER-ISH

1 NSHD 100 111 N/C 100 111 N/C Negative
2 MCHD 10 1 100 1 ND
3 MCHD 80 11 100 11 ND
4 NSHD 100 111 100 11 Negative
5 MCHD 100 1 100 11 ND
6 MCHD 80 11 80 11 ND
7 NSHD 100 111 100 11 Negative
8 NSHD 90 111 90 111 Positive
9 NSHD 40 11 100 111 N/C Negative

10 MCHD 80 11 90 11 N/C Positive
11 NSHD 100 111 100 111 N/C Positive
12 NSHD 100 111 N/C 100 111 N/C/G Positive
13 NSHD 100 111 N/C 80 11 N/C/G ND
14 NSHD 60 11 100 11 N/C ND
15 MCHD 50 11 80 11 ND
16 NSHD 70 11 80 11 G ND
17 NSHD 40 11 80 11 ND
18 NSHD 70 11 70 11 ND
19 NSHD 100 111 100 111 N/C Positive
20 NSHD 80 111 N/C 100 111 Positive
21 NSHD 50 11 100 111 G ND

NSHD, nodular sclerosis Hodgkin’s disease; MCHD, mixed cellularity Hodgkin’s disease; N/C, nuclear and cytoplasmic staining; G, Golgi staining; ND,
not done. (2), negative; (1), weak positivity; (11), moderate positivity; (111), strong positivity.

* All results indicate cytoplasmic staining unless otherwise stated.
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translational modification or an association with
another protein. Strong expression of TRAF2, mod-
erate expression of TRAFs 4 and 6, and absent ex-
pression of TRAF 3 were seen in all three cell lines.
Only KMH2 showed weak expression of TRAF5.

DISCUSSION

Characteristically, HRS cells are known not only
to produce numerous stimulatory cytokines but
also to express a variety of cell surface receptors,
including members of the TNFR superfamily. Using
a variety of detection modalities, previous investi-
gations have found only limited expression of
TNFR1 and TNFR2 on HRS cells (31, 37). In con-
trast, however, abundant expression of CD30 and
CD40 has been consistently identified in the great
majority of HD cases (26 –29, 31). Furthermore, in a
significant portion of cases, HRS cells infected by
EBV also commonly express LMP1 proteins (32, 33).
Interestingly, HRS cells not only express TNFR pro-
teins but also produce several ligands for these
receptors as well, including TNF-a, TNF-b, LT-a,
and CD30L (26, 28, 29, 37, 39, 40). Thus, HRS cells
may be capable of autoamplifying TNFR stimula-
tory signaling via autocrine and paracrine receptor-
ligand interaction. Interestingly, a recent investiga-
tion of Vener and colleagues (41) not only
demonstrated the presence of TNF-a and TNFRs in
the majority of HD patients but also showed that
levels of TNF-a and related cytokines correlate with
disease activity and clinical stage in these patients.
Investigation of the downstream intracellular me-
diators that direct TNFR signaling in HD, however,
has been limited (37, 38). Using a series of recently

developed antibodies, we examined HRS cells from
patient samples of HD for expression of TRAF1 and
TRAF2 by immunohistochemistry. In addition, we
also examined the profiles of all currently known
TRAF proteins in three HD cell lines.

Only two previous investigations have addressed
TRAF protein expression in HD, with variant results
(37, 38). By micromanipulation and reverse tran-
scription–polymerase chain reaction, Messineo et
al. (37) examined single cells from five cases of
classical HD and one case of nodular lymphocyte
predominance HD. From this analysis, individual
HRS cells showed highly heterogeneous expression
of TRAF transcripts 1 to 3. Of the 31 individual HRS
cells obtained from classical HD cases, only 13
(42%) were positive for TRAF1, whereas nine (29%)
HRS cells each were positive for TRAF2 or TRAF3,
respectively (37). In contrast, Dürkop and col-
leagues (38) used in situ hybridization (ISH) to
show moderate to strong expression of TRAF1 in
the majority of HRS cells from patient cases of HD.
Similarly, by immunohistochemistry, we also found
consistent, moderate to strong expression of TRAF1
in HRS cells from histologic sections of HD. Analy-

FIGURE 2. Expression of Epstein-Barr– encoded RNA (EBER) in
Hodgkin and Reed–Sternberg (HRS) cells by in situ hybridization. In
60% of analyzed cases, HRS cells showed prominent nuclear positivity,
as shown in this case of nodular sclerosis Hodgkin’s disease (TRAF1
111; TRAF2 111); however, positive cases did not appear to
correlate with the intensity of tumor necrosis factor receptor–associated
factor staining. (EBER-ISH, 1000 oil3).

FIGURE 3. Tumor necrosis factor receptor–associated factor (TRAF)
protein profiles of Hodgkin and Reed–Sternberg cells from Hodgkin’s
disease cell lines L428, KMH2, and HS445 as determined by Western
blotting. All three cell lines showed similar expression patterns for the
TRAF proteins, with the exceptions of strong TRAF1 expression, found
only in L428 cells, and weak expression of TRAF5, specifically seen in
KMH2. Strong TRAF2 expression, moderate TRAF4 and TRAF6
expression, and absence of TRAF3 expression were seen in all three cell
lines. (Positive controls: SUDHL-1, TRAFs 1, 2, and 4; Jurkat T cells,
TRAFs 3 and 6; HBJ2, TRAF5).
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sis of TRAF1 expression in the three HD cell lines by
Western blotting indicated quite variable intensi-
ties, with prominent, strong expression found in
L428 cells and relatively weak, uniform expression
found in both KMH2 and HS445. Interestingly, in
contrast to the findings of Dürkop and colleagues
(38), we found no significant correlation between
strong TRAF1 (or TRAF2) immunopositivity and
EBV-encoded RNA expression. Not only did all of
the EBER-negative patient cases show moderate to
strong expression of the TRAF proteins, but in ad-
dition, the EBV-negative HD cell line L428 showed
abundant expression of TRAF1 as well. The differ-
ence between our study and that of Dürkop et al.
may be related to the different methodologies used
to detect TRAF1 in each study. Immunohistochem-
istry, as used in our study, identifies TRAF protein
expression, rather than mRNA transcripts as de-
tected by ISH or reverse transcription–polymerase
chain reaction.

For the first time, we also observed moderate to
strong immunopositivity for TRAF2 in HRS cells
from patient cases and observed uniformly strong
expression of TRAF2 in all three cell lines. Further
analysis of the HD cell lines by Western blotting
showed similar expression patterns for TRAFs 3 to
6. Interestingly, we found moderate expression of
TRAF4 in all three HD cell lines. Before this study,
TRAF4 expression was thought to be restricted to
breast carcinoma cells and, unlike the other TRAF
proteins, was thought to be specifically found in the
nucleus (42). The physiologic significance of TRAF4
expression, however, is unknown, and presently,
TRAF4 is the only mammalian TRAF that has not
been shown to associate with any of the known
TNFRs. Similar to the case with TRAF4 expression,
moderate expression of TRAF6 was also found in all
HD cell lines. Interestingly, TRAF3 was not identi-
fied in the three HD cell lines, and only weak ex-
pression of TRAF5 was found in KMH2.

As shown by their ability to autonomously pro-
duce several stimulatory and growth-promoting cy-
tokines, HRS cells characteristically exist in an ac-
tivated state. Recently, we and others have shown
that constitutive activation of NF-kB is vital for cell
maintenance and prevention of apoptosis in HRS
cells (34, 35). Previous studies have shown that
interaction of TRAFs 1, 2, 5, and 6 with appropriate
TNFRs induces activation of NF-kB signaling (4 –10,
14, 15, 36). On the basis of these previous studies, it
is reasonable to speculate that constitutive activa-
tion of NF-kB in HRS cells may be mediated, at least
in part, by TNFR/TRAF-driven mechanisms. As
shown in this investigation, HRS cells from the ma-
jority of HD patient and cell line specimens dem-
onstrate moderate to strong expression of TRAF1
and TRAF2, both of which have been implicated
in NF-kB activation via interaction with several

TNFRs. NF-kB activation by LMP1 was previously
shown to be mediated by interaction with TRAF1/
TRAF2 heterodimers or by TRAF1 alone (8, 9).
Hence, in HRS cells infected by EBV and demon-
strating LMP1 proteins, these interactions may con-
tribute significantly to constitutive NF-kB activa-
tion. More universally, however, HRS cells
consistently demonstrate abundant surface expres-
sion of CD30 and CD40 (26 –29, 31). Much like the
case of LMP1, interaction of CD30 with TRAF1 and
TRAF2 results in significant amplification of NF-kB
signaling (3, 4, 14). Similarly, stimulation of both
CD40 and TNF-R2 also result in NF-kB activation
mediated by TRAF2 (5, 6, 13). Interestingly, TRAF6
protein, as found in all three of our HD cell lines,
can also amplify NF-kB signaling via interaction
with CD40 (1, 18). In contrast, TRAF3 overexpres-
sion has been shown to suppress both CD40- and
TNF-R2–induced NF-kB activation (5, 37). Because
of this finding, the apparent lack of TRAF3 expres-
sion in the three HD cell lines may also contribute
to constitutive activation of NF-kB in HRS cells;
however, this possible relationship needs to be fur-
ther investigated. Although TRAF5 have also been
implicated in NF-kB activation (7, 14), HRS cells
from the HD cell lines showed little (KMH2) or no
expression of this protein. Overall, it is likely that
one or several of these TRAF-mediated mechanisms
contribute to the constitutive expression of NF-kB
in HRS cells.

In conclusion, our study demonstrated that both
TRAF1 and TRAF2 expression are characteristic fea-
tures of HRS cells from patient and cell line samples
of HD. Furthermore, we also showed that similar
TRAF protein profiles were found in each of the HD
cell lines, with the exception of strong TRAF1 ex-
pression in L428 and weak TRAF5 expression in
KMH2. Interestingly, HRS cells express TRAFs 1, 2,
and 6, each of which has been correlated with
NF-kB activation through association with various
TNFRs expressed on HRS cells. The exact mecha-
nisms by which TNFR/TRAF interaction mediated
NF-kB activation in HRS cells, however, remain
undetermined. Additional studies addressing these
possible relationships will likely provide valuable
insights into the pathogenesis and progression of
HD. Furthermore, the knowledge derived from
these studies will likely create potential therapeutic
opportunities for the treatment of HD and other
neoplasms as well.
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