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We previously reported that ligand-independent sig-
naling by highly expressed CD30 in Hodgkin-Reed-
Sternberg (H-RS) cells is responsible for constitutive
activation of NF-�B. In the present study, we charac-
terize the intracellular localization of tumor necrosis
factor (TNF) receptor associated factor (TRAF) pro-
teins in H-RS cells. Confocal immunofluorescence mi-
croscopy of cell lines derived from H-RS cells and
HEK293 transformants highly expressing CD30 re-
vealed aggregation of TRAF2 and TRAF5 in the cyto-
plasm as well as clustering near the cell membrane. In
contrast, TRAF proteins were diffusely distributed in
the cytoplasm in cell lines unrelated to Hodgkin’s
disease (HD) and control HEK293 cells. Furthermore,
the same intracellular distribution of TRAF proteins
was demonstrated in H-RS cells of lymph nodes of
HD, but not in lymphoma cells in lymph nodes of
non-Hodgkin’s lymphoma. Dominant-negative TRAF2
and TRAF5 suppressed cytoplasmic aggregation along
with constitutive NF-�B activation in H-RS cell lines.
Confocal immunofluorescence microscopy also re-
vealed co-localization of IKK� , NIK, and I�B� with
aggregated TRAF proteins in H-RS cell lines. These
results suggest involvement of TRAF protein aggrega-
tion in the signaling process of highly expressed
CD30 and suggest they function as scaffolding pro-
teins. Thus, cytoplasmic aggregation of TRAF proteins
appears to reflect constitutive CD30 signaling which
is characteristic of H-RS cells. (Am J Pathol 2002,
160:1647–1654)

Tumor necrosis factor receptor (TNFR)-associated factor
(TRAF) proteins are adapter molecules that associate
with the cytoplasmic region of TNFR superfamily mem-
bers, which lack intrinsic catalytic activity in their cyto-
plasmic domains. Thus far, six TRAF proteins, TRAF1 to

TRAF6, have been identified, of which TRAF4 is not
known to interact with any receptors.1,2 Ligation of TNF
superfamily members with their cognate receptors leads
to recruitment of a defined set of TRAF proteins to the
receptors and transduces signals to downstream effec-
tors which are transcription factors in the NF-�B and AP-1
family.3–5 These transcription factors can induce expres-
sion of target genes involved in various aspects of cellu-
lar and immune functions. In addition, activation of NF-�B
and AP-1 has been shown to protect cells from apoptosis
via transcription of anti-apoptotic genes.6,7

Hodgkin’s disease (HD) is a malignant lymphoma
characterized by a small number of tumor cells, ie,
Hodgkin/Reed-Sternberg (H-RS) cells, in a background
of reactive cells.8–10 H-RS cells represent an expansion
of a single clone originating from germinal center B-
cells.11–14 However, biological mechanisms of growth,
regulation, and death of H-RS cells have remained un-
clear for a long period. Recently, constitutively activated
nuclear factor-�B (NF-�B) (p50/p65) was reported to be a
unique and common characteristics of H-RS cells, which
prevent them from undergoing apoptosis and trigger pro-
liferation.15–20 Constitutive NF-�B activation is consid-
ered to be a molecular basis for aberrant growth and
cytokine gene expression of H-RS cells, which, in turn, is
a basis for clinical and histological characteristics of
Hodgkin’s disease.

CD30 is a member of the TNFR superfamily,21–23 orig-
inally discovered as a marker protein highly expressed
on the surface of H-RS cells.24 Other investigators and
our group have shown that CD30 signals leading to
NF-�B activation are mediated by interactions with
TRAF2 and TRAF5.25–28 We recently discovered that high
expression of CD30 results in ligand-independent consti-
tutive activation of NF-�B.29 Our results indicate that high
expression of CD30 leads to self-aggregation and recruit-
ment of TRAF2 and TRAF5, causing constitutive activa-
tion of NF-�B. Furthermore, constitutive NF-�B activation
in H-RS cells could be inhibited by adenovirus vector-
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mediated transduction of a decoy mutant of CD30, a
mutant lacking the cytoplasmic region, which down-reg-
ulates IL-13 expression and induces apoptosis of H-RS
cells. These results suggest that constitutive CD30 sig-
naling is the basis for growth of tumor cells as well as for
characteristic clinical and histological features of HD. In
the course of this study, we observed cytoplasmic ag-
gregation of TRAF proteins as well as membrane co-
localization with CD30 in H-RS cells. The latter appeared
to reflect recruitment of TRAF protein to the cytoplasmic
region of highly expressed and self-aggregated CD30.
However, significance of the cytoplasmic aggregation of
TRAF proteins remains to be clarified. In the present
study, we examined whether or not this finding is char-
acteristic to H-RS cells, and is associated with signaling
process of CD30. The results showed that cytoplasmic
aggregation of TRAF2 and TRAF5 proteins depends on
constitutive signaling by CD30 and is a unique and com-
mon characteristic of H-RS cells in lymph nodes and cell
lines derived from them. Cytoplasmic aggregates of
TRAF proteins co-localize with IKK�, NIK, and I�B�, sug-
gesting that they serve as a docking platform for CD30
signaling.

Materials and Methods

Cell Cultures

Jurkat, Raji, U-937, HL-60, K-562, HEK293, and HEK293T
cell lines were obtained from the Japanese Cancer Re-
search Resources Bank (Tokyo, Japan) and Fujisaki Cell
Biology Center (Okayama, Japan). HD-MYZ, KMH-2,
L428, L540, and Karpas 299 cell lines were purchased
from the German Collection of Microorganisms and Cell
Cultures (Braunschweig, Germany). Non-adherent cell
lines were cultured in RPMI 1640 and adherent cells in
Dulbecco’s modified Eagle’s medium (DMEM) with sup-
plementation of recommended concentrations of fetal
calf serum (FCS) and antibiotics.

Isolation of Stable Transformants Expressing the
Wild-Type or Mutant CD30

Establishment of HEK293 transformants expressing
CD30 or its mutant were described previously.29 Briefly,
expression vectors for the wild-type human CD30 (pME-
hCD30wt), CD30 lacking the cytoplasmic tail (pME-
hCD30d178) or a vacant vector were transfected with
pRSV-Neo into HEK293 cells. Cells were selected with
400 �g/ml of G418 (Invitrogen, Tokyo), and surviving
cells were cloned by limiting dilution. Transformants ex-
pressing the wild-type CD30 were named 293CD30,
whereas those transfected with a vacant vector were
referred to as 293vec.

Plasmids and cDNA

The expression vector for human CD30 was described
elsewhere.28,30 Plasmids that express FLAG-tagged

TRAF2 and TRAF5, and those for truncated TRAF2 and
TRAF5 proteins retaining only the TRAF domain were also
described elsewhere.28

Immunohistochemistry

Immunohistochemical analysis of cultured cells and bi-
opsied lymph nodes was done as described,29 using a
confocal microscope (Radiance 2000, Bio-Rad, Her-
cules, CA), Primary antibodies were as follows: anti-
TRAF2 (C-20) rabbit antibody (Santa Cruz, Santa Cruz,
CA), anti-N-terminal TRAF2 (N-19) rabbit antibody (Santa
Cruz), anti-C-terminal TRAF2 (H-10) mouse monoclonal
antibody (Santa Cruz), anti-TRAF5 (C-19) goat antibody
(Santa Cruz), anti-CD30 mouse monoclonal antibody
(BerH2) (DAKO, Kyoto, Japan), anti-C-terminal CD30
goat antibody (Santa Cruz), anti-IKK� (B-8) mouse mono-
clonal antibody (Santa Cruz), anti-NIK (A-12) mouse
monoclonal antibody (Santa Cruz), and anti-I�B� (H-4)
mouse monoclonal antibody (Santa Cruz). Secondary an-
tibodies with a fluorochrome used in these studies are as
follows: FITC-labeled anti-mouse immunoglobulin sheep
antibody, Texas Red-labeled anti-mouse immunoglobulin
sheep antibody, FITC-labeled anti-rabbit donkey anti-
body, Texas Red-labeled anti-rabbit donkey antibody (all
from Amersham Bioscience, Piscataway, NY), and FITC-
labeled anti-goat donkey antibody (Santa Cruz). To detect
TRAF proteins in lymph node samples, a modification of the
tyramide signal amplification (TSA) system (Perkin Elmer,
Tokyo, Japan) was used to facilitate use of streptavidin-
FITC or streptavidin-Texas Red instead of peroxidase-
conjugated streptavidin.

Immunoblotting

Immunoblotting experiments to detect expression of
TRAF2 in soluble and insoluble fractions were done as
described.31 Separation of both fractions was confirmed
by detection of lamin A. Antibodies used were as follows:
anti-TRAF2 rabbit antibody (Santa Cruz), anti-lamin A
(C-20) goat antibody (Santa Cruz), and anti-FLAG mono-
clonal antibody (M2) (Kodak, Rochester, NY). Secondary
antibodies used are as follows: peroxidase-conjugated
anti-goat immunoglobulin rabbit antibody (Sigma), HRP-
linked anti-mouse immunoglobulin sheep antibody and
HRP-linked anti-rabbit donkey antibody (both from Amer-
sham Bioscience). Antibody binding was detected, using
ECL chemiluminescence kits (Amersham Bioscience).

Reporter Gene Assays

Activation of NF-�B was tested by a reporter gene assay
in HEK293, its transformants and H-RS cell lines, using a
�B-site dependent luciferase vector, [�B]6-TK-Luc, as
described.28,30 Renilla luciferase expression vector
driven by the herpes simplex virus thymidine kinase pro-
moter, pRL-TK, (Promega, Madison, WI) was co-transfected
to standardize each experiment. Luciferase activity was
measured by Dual Luciferase assay kit (Promega).
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Electrophoretic Mobility Shift Analysis

Detection of NF-�B by electrophorectic mobility shift
analysis (EMSA) was done as described,28,30 using a
double-stranded oligonucleotide probe purchased from
Promega.

Results

Aggregation of TRAF2 and TRAF5 in the
Cytoplasm

In previous experiments, we observed cytoplasmic ag-
gregates of TRAF2 and TRAF5, as well as co-localization
of TRAF proteins with CD30 near the cell membrane, in
two H-RS cell lines, L428 and HDLM2.29 To determine
whether this cytoplasmic aggregation of TRAF proteins is
characteristic of H-RS cells, we screened their expres-
sion in other H-RS cell lines and cell lines unrelated to
HD, as well as in lymph node samples of patients with HD
or non-Hodgkin’s lymphoma (NHL). All H-RS cell-derived
cell lines displayed cytoplasmic aggregates of TRAF 2
and TRAF5 (Figure 1A), whereas in non-H-RS cell-de-
rived cell lines both proteins were diffusely distributed in
the cytoplasm (Figure 1B). Immunoblot analysis showed
no differences in levels of TRAF protein expression be-
tween H-RS cell derived cell lines and those unrelated to
H-RS cells (Figure 1C). Aggregation of TRAF2 and TRAF5
was also observed in H-RS cells in the biopsied lymph
nodes of HD patients (Figure 1D, left), whereas no ag-
gregation was observed in lymphoma cells of NHL (Fig-
ure 1D, right). The same results were confirmed in four
HD samples and five samples of NHL (diffuse large B cell
lymphoma). These results suggest that cytoplasmic ag-
gregation of TRAF proteins may be a unique and char-
acteristic feature of H-RS cells in vivo and in vitro.

Cytoplasmic Aggregation of TRAF2 and TRAF5
Is Involved in CD30-Mediated Constitutive
NF-�B Activation

We recently reported that high expression of CD30 is
responsible for constitutive activation of NF-�B in H-RS
cells.29 Thus, we next examined whether or not aggrega-
tion of TRAF proteins depends on activation of the CD30-
NF-�B signaling pathway. First we examined aggregation
of TRAF proteins in HEK293 transformants overexpress-
ing CD30 and having constitutively activated NF-�B
(293CD30). Confocal immunofluorescence microscopy
revealed cytoplasmic aggregation of TRAF 2 and TRAF5
in these cells, whereas no aggregation of TRAF proteins
was observed in control HEK293 transformants with
empty vector (293vec), which showed a diffuse cytoplas-
mic distribution (Figure 2A). The expression levels of
TRAF proteins were almost the same in 293CD30 and
293vec cells (Figure 2B). The difference in distribution
patterns between 293CD30 and 293vec cells corre-
sponds to that between H-RS cells and other cell lines.

These results suggest that the cytoplasmic aggregation
may depend on signaling by highly expressed CD30.

As reported previously, electrophoretic mobility shift
analysis (EMSA) of nuclear extracts of H-RS cell lines
clearly demonstrated constitutive NF-�B activation (Fig-
ure 2C, left). When these cells were transduced with a
dominant-negative form of TRAF 2 (�TRAF2) or that of
TRAF5 (�TRAF5), NF-�B-driven promoter activity was

Figure 1. A: Laser confocal immunofluorescence microscopy for intracellular
distribution of TRAF2 and TRAF5 proteins. H-RS derived cell lines. Aggrega-
tion of TRAF2 and TRAF5 in the cytoplasm is clearly shown. Original mag-
nification, �400. B: Hematopoietic and lymphoid cell lines unrelated to
Hodgkin’s disease. Both TRAF proteins are diffusely distributed in the cyto-
plasm. Original magnification, �400. For A and B, following antibodies are
used. First antibodies: anti-TRAF2 (C-20) rabbit antibody (Santa Cruz) and
anti-TRAF5 (C-19) goat antibody. Secondary antibodies: FITC-labeled anti-
rabbit donkey antibody (Amersham Pharmacia Biotech), FITC-labeled anti-
goat donkey antibody (Santa Cruz). C: Immunoblot analysis of TRAF2 and
TRAF5 showing little difference in the amounts of expressed TRAF proteins.
D: Laser confocal immunofluorescence microscopy of biopsied lymph nodes
for intracellular distribution of TRAF2 and TRAF5 proteins. HL, a lymph node
of Hodgkin’s lymphoma; NHL, a lymph node of non-Hodgkin’s lymphoma
(diffuse large B cell type). Instead of secondary antibodies, streptavidin-FITC
or streptavidin-Texas Red was used in modified TSA system (NEN Life
Science). Original magnification, �200.
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down-regulated, whereas in Jurkat cells no down-regu-
lation of basal promoter activity was observed (Figure 2B,
right). Taken together, these results indicate that TRAF2
and TRAF5 are involved in constitutive NF-�B activation
in H-RS cells and suggest that their aggregation in the
cytoplasm may represent a signaling process of the
CD30-TRAF protein-NF-�B pathway.

If above hypothesis is correct, blockade of the CD30-
TRAF protein-NF-�B signaling pathway will lead to abro-
gation of their aggregation in H-RS cells. Therefore, we
examined the effects of a dominant-negative form of
TRAF2 (�TRAF2) on the distribution of endogenous
TRAF2 in H-RS cell lines. We used anti-N-terminal TRAF2
antibody to specifically detect endogenous TRAF2, and
anti-C-terminal TRAF2 to detect transduced �TRAF2 that
is highly expressed and strongly stained. Results dem-
onstrated that transduction of �TRAF 2 in L428 and L540
cell lines markedly decreased cytoplasmic aggregation
of endogenous TRAF2 which showed diffuse cytoplasmic
staining (Figure 2C, left). On the other hand, nuclear
aggregation showed little change (Figure 2C, right). No-
tably, in these cells transduced �TRAF 2 was distributed
near the cell membrane (Figure 2C, right), suggesting its
association with the cytoplasmic tail of CD30. Taken to-
gether, these results suggest that cytoplasmic aggre-
gates of TRAF 2 and TRAF5 in H-RS cells represent a
signaling process emanating from highly expressed
CD30.

TRAF2 Is Localized in the Detergent-Soluble
Fraction of H-RS Cells

A recent report suggested that CD30-mediated TRAF2
activation results in re-distribution of TRAF2, leading to
depletion of the cytoplasmic soluble form and production
of cytoplasmic insoluble aggregates of TRAF2.31 To ad-
dress the question whether or not the cytoplasmic aggre-
gates that we observed in H-RS cells correspond to the
cytoplasmic insoluble aggregates in the previous report,
we analyzed TRAF2 protein in the soluble or insoluble
fraction by immunoblotting. Results showed that in H-RS
cell lines as well as in other cell lines tested, TRAF2
protein was mainly found in the soluble fraction and only
a small proportion was detected in the insoluble fraction.
(Figure 3A). It appeared that distribution of TRAF2 protein
between these fractions does not change depending on
CD30 signaling, since no significant difference was ob-

served in the amounts of TRAF2 protein in each fraction
between H-RS cells and other cell lines. These observa-
tions contrast with those reported previously, and do not
support the notion that TRAF2 redistributes from the sol-
uble to insoluble fractions as a result of CD30 signaling.

Next we examined the possibility that the different
results may be due to transient high expression of CD30
and/or TRAF2 in the previous report. When CD30 and/or
TRAF2 was transiently highly expressed in HEK293 cells
as was done in the previous report, TRAF2 was mainly
found in the soluble fraction (Figure 3B). However, the
amount of TRAF2 in the insoluble fraction appeared to be
slightly increased when compared with that in 293CD30
(Figure 3B, top, lanes 7 and 9). Taken collectively, cyto-
plasmic aggregates of TRAF2 observed in H-RS cells
appears to be in the soluble fraction, which does not
support the notion that cytoplasmic aggregates in H-RS

Figure 2. Blocking CD30 signaling by dominant-negative TRAF proteins in H-RS cell lines. A: Left, aggregation of TRAF2 and TRAF5 in HEK293 cells highly
expressing CD30. TRAF2 and TRAF5 were aggregated in HEK293 cells highly expressing CD30 and retaining constitutive activation of NF-�B (293CD30), but not
in HEK293 cells with an empty vector (293vec). Immunofluorescence studies were done as described in Figure 1, A and B. Right, immunoblot analysis of TRAF2
and TRAF5. The levels of TRAF protein expression are almost the same between 293CD30 and 293vec cells. B: Left, electrophoretic mobility shift analysis (EMSA)
with an NF-�B probe. H-RS cell derived cell lines show constitutive activation of NF-�B. Jurkat cells treated with TNF-� were used as a positive control. Right,
down-regulation of basal activities of NF-�B-driven luciferase by dominant TRAF proteins in H-RS cell lines, but not in Jurkat cells. Luciferase activities are
expressed as relative levels of triplicated experiments where those co-transfected with a vacant expression vector are expressed as 100%. Transfection efficiencies
were corrected by dual luciferase assays using pRL-TK-Luc. C: Expression of a dominant-negative TRAF2 abrogates cytoplasmic aggregation of endogenous TRAF
proteins in L-428 and L-540 cells. Transfected �TRAF2 was detected by the C-terminal anti-TRAF2 mouse monoclonal antibody (Santa Cruz) and the endogenous
TRAF2 by N-terminal anti-TRAF2 rabbit antibody (Santa Cruz). Secondary antibodies used are Texas Red-labeled anti-mouse immunoglobulin sheep antibody and
FITC-labeled anti-rabbit immunoglobulin donkey antibody (both from Amersham Pharmacia Biotech). Strong staining of the highly expressed �TRAF2 protein
by the C-terminal antibody made it possible to discriminate it from the endogenous TRAF2 protein. In the left panel, figures show the results with anti-N-terminal
TRAF2 (N-19) (�-N-TRAF2) rabbit antibody and anti-C-terminal TRAF2 (H-10) (�-C-TRAF2) mouse monoclonal antibody (both from Santa Cruz). Arrows indicate
cells that express transduced �TRAF2. In the right panel, merged figures of immunofluorescence by anti-N-terminal and anti-C-terminal TRAF2 antibodies.
Secondary antibodies used are: FITC-labeled anti-rabbit donkey antibody and Texas Red-labeled anti-mouse immunoglobulin sheep antibody (both from
Amersham Pharmacia Biotech). Original magnification, �400.

Figure 3. TRAF2 is in the soluble fraction irrespective of CD30 signaling. A:
Distribution of TRAF2 in the soluble fraction. In all cell lines examined, the
majority of TRAF2 protein was found in the soluble fraction by immunoblot
analysis with anti-TRAF2 (top). Successful fractionation was confirmed by
blotting of the same membrane with an anti-lamin A antibody (Santa Cruz),
where laminA was detected solely in the insoluble fraction (bottom). B:
Subcellular distribution of TRAF2 protein in HEK293 cells transiently co-
transfected with CD30. Majority of TRAF2 protein was also found in the
soluble fraction by immunoblot analysis with anti-TRAF2 antibody (top).
Successful fractionation was confirmed by blotting of the same membrane
with an anti-lamin A antibody (bottom).
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cell lines represents redistribution of TRAF proteins from
soluble to insoluble fractions.

TRAF Proteins Co-Localize with Downstream
Signal Transducers in H-RS Cells

If the cytoplasmic aggregation of TRAF proteins reflects
constitutive signaling by highly expressed CD30, it may
form a complex with downstream signal transducers
such as IKK�, NIK, and I�B�. To test this possibility,
co-localization of these signal transducers with TRAF
proteins in two H-RS cell-derived cell lines, L-540 and
L-428, was examined by confocal immunofluorescence
microscopy. As shown in Figure 4 A to C, co-localization
of TRAF5 with these signal transducers was clearly dem-
onstrated. Similar results were obtained with TRAF2 (data
not shown). However, CD30 did not co-localize with cy-
toplasmic aggregates of TRAF proteins (Figure 4D).
These results suggest that the cytoplasmic aggregated
TRAF proteins form a complex with downstream signal
transducers. Thus, it is likely that the cytoplasmic TRAF

proteins serve as a docking platform for downstream
kinases and their regulators.

Discussion

In the present study, we demonstrate by confocal immu-
nofluorescence microscopy that cytoplasmic aggrega-
tion as well as membrane clustering of TRAF2 and TRAF5
is a unique characteristic of H-RS cells and HEK293
transformants highly expressing CD30. Abrogation of ag-
gregates by a dominant-negative TRAF2 suggests that
the cytoplasmic aggregation reflects a dynamic ligand-
independent signaling process by CD30 activation in
these cells. Furthermore, co-localization of TRAF proteins
and kinases such as IKK� and NIK in H-RS cells sug-
gests that TRAF proteins function as molecular scaffolds
for CD30 signaling.

We show by confocal immunofluorescence micros-
copy for the first time that cytoplasmic aggregation of
TRAF proteins is a unique and common characteristic of
H-RS cells in vivo and in vitro. To date, there has been little

Figure 4. Co-localization of signal transducers with TRAF5 in H-RS cell derived cell lines. A to C: Laser confocal immunofluorescence microscopy showing
co-localization of TRAF5 with IKK�, NIK, and I�B�, respectively. First antibodies used are as follows: anti-TRAF5 (C-19) goat antibody, anti-IKKa (B-8) mouse
monoclonal antibody, anti-NIK (A-12) mouse monoclonal antibody and anti-I�B� (H-4) mouse monoclonal antibody (all from Santa Cruz). Secondary antibodies
are: FITC-labeled anti-goat donkey antibody and Texas Red-labeled anti-mouse immunoglobulin sheep antibody (both from Santa Cruz). Original magnification,
�400. D: Laser confocal immunofluorescence microscopy reveals that CD30 does not co-localize with cytoplasmic aggregates of TRAF proteins in 293CD30 cells.
First antibodies are anti-TRAF2 (C-20) rabbit antibody, anti-TRAF5 (C-19) goat antibody (Santa Cruz), and anti-CD30 mouse monoclonal antibody (BerH2)
(DAKO). Secondary antibodies are: FITC-labeled anti-rabbit donkey antibody, FITC-labeled anti-goat donkey antibody, and Texas Red-labeled anti-mouse
immunoglobulin sheep antibody (all from Santa Cruz). Original magnification, �400.
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information as to the intracellular distribution of endoge-
nous TRAF proteins in lymphoma and leukemia cells. An
immunohistochemical screening study for expression of
TRAF1 and TRAF2 proteins in Hodgkin’s disease has
recently been reported.32 This study showed frequent
expression of TRAF2 in H-RS cells, and noted occasional
punctate or diffuse cytoplasmic staining as well as local-
ization to the cell membrane. Our results are partly in line
with this observation, and clearly demonstrated that the
cytoplasmic aggregation is unique to H-RS cells in vivo
and in vitro.

For the TRAF2 molecule, a proteolytic degradation has
been suggested. It has been reported that transient high
expression of CD30 and TNFR2 degrades co-transfected
TRAF2.33 More recently, a ligand-induced degradation
and/or depletion of TRAF2 was also found for various
stimuli targeting CD4034 and TNFR2.35 However, in the
present study we observed almost the same amount of
TRAF proteins in cells with constant signaling by CD30
such as H-RS cells and 293CD30 cells as in those without
CD30 signaling such as Jurkat and K562 (Figure 1C).
Discrepancies between our observation and that re-
ported previously may depend on transient or continuous
signaling by CD30. In the H-RS cells highly expressed
CD30 continuously triggers signaling.29 Therefore, if sig-
nal-induced proteolysis of TRAF2 takes place, the
amount of TRAF proteins in H-RS cells appears to be
maintained by an enhanced and balanced rate of tran-
scription, translation, and degradation of TRAF proteins.
However, kinetics of these parameters remain to be de-
termined in future studies.

Similarly, it has been reported that CD40 activation of
NF-�B is mediated by proteolysis of TRAF3, which can be
blocked by treatment of pepstatin-A.36 We did not di-
rectly addressed whether TRAF3 is degraded in the H-RS
cells we used, however, our results do not exclude pos-
sibilities that other receptors are involved in NF-�B acti-
vation in H-RS cells. In this regard, it was intriguing that
the HDMyZ cell line which does not express CD30
showed the same intracellular distribution of TRAF pro-
teins and constitutive activation of NF-�B (data not
shown). We found transduction of a dominant-negative
TRAF2 or TRAF5 in this cell line down-regulated NF-�B
activity (data not shown), which provides evidence sup-
porting our notion that cytoplasmic aggregation may rep-
resent constitutive signaling mediated by TRAF proteins.
However, the membrane receptor(s) responsible for ac-
tivating the signaling pathway in HDMyZ cells remains to
be identified.

We showed that the cytoplasmic aggregation of TRAF
proteins in H-RS cells is dependent on CD30 signaling.
Previously, Arch et al31 reported perinuclear clustered
aggregates of transduced TRAF2 in HEK293 cells in the
presence of CD30 signaling transiently co-transfected
with a chimeric CD28-CD30. Our results did not show
perinuclear aggregates of TRAF proteins. The differ-
ences might be explained by transient versus constitutive
signaling of CD30, because HEK293 cells were used in
both experiments. In the cells with aggregated TRAF
proteins and with constant CD30 signaling, ie, H-RS cells
and 293CD30, expression of a dominant-negative form of

TRAF protein abrogated aggregation of TRAF proteins
concurrently with inhibition of NF-�B activation (Figure 2,
B and C). The results suggest that cytoplasmic aggrega-
tion of TRAF proteins depends on CD30 signaling, al-
though the mechanisms of relocation from the cytoplas-
mic tail of CD30, where they had been recruited, to the
cytoplasm and also those of aggregation within the cyto-
plasm remain to be elucidated. We also noted a possible
down-regulation of endogenous TRAF2 expression by
blockade of TRAF signaling pathway (Figure 2C). This
suggests a possibility that expression of TRAF2 may
depend on TRAF signaling, which also remain to be
examined.

We demonstrated that TRAF proteins are mainly local-
ized within the detergent-soluble fraction irrespective of
CD30 signaling (Figure 3). However, Arch et al31 re-
ported that cytoplasmic aggregation of TRAF proteins
coincided with a shift of TRAF proteins from the soluble to
insoluble fraction of cells. The discrepancies in the re-
sults could only be accounted for by the differences in
the experimental design. Arch et al31 analyzed distribu-
tion of transduced TRAF2 in HEK293 cells with transient
overexpression of a CD28-CD30 chimera along with
TRAF2. In contrast, we characterized the detergent sol-
ubility of endogenous TRAF proteins using cell lines with
or without constitutive CD30 signaling (Figure 3A). We
also examined the effects of transient high expression of
TRAF2 along with CD30 in HEK293 cells (Figure 3B). In
neither experiment could we reproduce the results re-
ported by Arch et al.31 In HEK293 cells, we observed a
small increase in the amount of TRAF2 in the insoluble
fraction; however, most TRAF2 protein remained in the
soluble fraction (Figure 3B). Thus, we believe that forma-
tion of the cytoplasmic aggregates does not represent
transition of TRAF2 into the detergent-insoluble fraction.

Although little is known about the relationship between
membrane microdomains and CD30 signaling, accumu-
lating evidence has suggested a model of CD40 signal-
ing. In this model, CD40 in the membrane rafts undergo
an allosteric shift on binding the ligand, which recruits
TRAF proteins and triggers signaling.34,37 In this model,
no idea has been proposed as to the relocation of TRAF
proteins after recruitment to the CD40. To date, as de-
scribed above, what is reported as to the fate of TRAF
proteins after signal dependent recruitment to the mem-
brane receptors is proteolytic degradation33–35 and/or
transition to the detergent-insoluble fraction.31 Transient
high expression of CD30 and TNFR-2 induced degrada-
tion of co-transfected TRAF2.33 Recently, a ligand-in-
duced degradation and/or depletion of TRAF2 was also
found for various stimuli targeting CD4034 and TNFR-2.35

In the present study, we revealed a complex composed
of cytoplasmic TRAF proteins and signal transducers
such as IKK�, NIK, and I�B� by confocal immunofluores-
cence microscopy. The results suggest that TRAF pro-
teins serve as a scaffolding proteins providing a docking
platform for several components situated in the signaling
pathway. Scaffolding proteins ensure precise regulation
of signaling by co-localization of successive molecules of
the cascade. Future studies will elucidate regulatory roles
of the TRAF-containing complex in TRAF-NF-�B signaling

Aggregated TRAF Proteins in H-RS Cells 1653
AJP May 2002, Vol. 160, No. 5



in H-RS cells. We show in the present work that CD30 is
found on the membrane, but not in the cytoplasm, and
TRAF proteins are distributed near the membrane, in the
cytoplasm and nuclei. This observation raises the possi-
bility that, on signaling, TRAF proteins are first recruited
to the cytoplasmic tail of CD30, form multimers, and then
dissociate from CD30 to form a multiprotein complex in the
cytoplasm. However, signal-induced translocation of TRAF
proteins has not yet been examined. Thus, to address
this question, H-RS cells may provide a good model.
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