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Interleukin (IL)-27 is a novel heterodimeric cytokine
of the IL-12 family that is composed of two subunits,
Epstein-Barr virus (EBV)-induced gene 3 (EBI3) and
p28. EBI3 is expressed at high levels in EBV-transformed B-cell lines and is induced in vitro by the EBV
oncogene LMP1 in a nuclear factor (NF)-B-dependent
manner. We show here that EBI3 expression is upregulated in human T-cell leukemia virus type 1
(HTLV-1)-infected cell lines and IL-2-dependent leukemic cells from adult T-cell leukemia/lymphoma (ATL)
patients , compared to normal activated T cells. EBI3
expression was decreased in HTLV-1-transformed
cells after treatment with the NF-B inhibitor BAY117082 and was induced in Jurkat cells by expression of
HTLV-1 wild-type Tax oncoprotein , but not by the Tax
mutant M22 , which is defective for NF-B activation.
In situ analysis of EBI3 and p28 expression in
Hodgkin’s lymphomas (HLs) , in various EBV-associated lymphoproliferative disorders (LPDs) (including
post-transplant LPDs and nasal-type NK/T-cell lymphomas) , and in ATL showed that EBI3 was expressed

by neoplastic cells in all cases of HL and of LMP1positive EBV-associated LPD, at variable levels in ATL
cases, but rarely in control T-cell lymphomas. In contrast, in all lymphomas tested, no or few tumoral cells
expressed p28. Consistent with these data, no significant p28 or IL-27 expression was detected in HLderived cell lines, or in EBV- or HTLV-1-transformed
cell lines. This selective overexpression of EBI3 by
transformed cells suggests that EBI3 may play a role,
independently from its association to p28, in regulating anti-viral or anti-tumoral immune responses.
(Am J Pathol 2005, 166:1217–1228)

In humans, two transforming viruses, Epstein-Barr virus
(EBV) and human T-cell leukemia virus type 1 (HTLV-1),
are causally associated with the development of lymphomas. EBV, a human ␥-herpesvirus, efficiently transforms
primary B cells, in vitro, into continuously growing lymphoblastoid cell lines (LCLs), and has been closely associated with the development of several lymphoid malignancies, including endemic Burkitt’s lymphoma (BL),
Hodgkin’s lymphoma (HL), and lymphoproliferative disorders (LPDs) arising in immunocompromised individuals.1,2 HTLV-1 is a retrovirus and is the etiological agent
of adult T-cell leukemia/lymphoma (ATL), an aggressive
malignancy of mature CD4-positive T lymphocytes.3
Previously, we reported the characterization of a novel
EBV-induced gene, EBI3.4 EBI3 was cloned by substractive hybridization from an EBV-infected BL cell line and
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was found to be highly expressed in LCLs. It codes for a
soluble type 1 cytokine receptor, homologous to the p40
subunit of interleukin (IL)-12. Recently, EBI3 has been
shown to associate with a new IL-12 p35-related subunit,
p28, to form a novel noncovalently linked heterodimeric
cytokine (EBI3/p28), named IL-27.5 The receptor complex for IL-27 is composed of TCCR (also called WSX-1 or
IL-27R) and gp130.5,6 Initial studies have suggested that
IL-27 may play an important role in initiation of Th1 responses. This role was based on: 1) the in vitro expression profile of EBI3 and p28, as defined by quantitative
reverse transcriptase-polymerase chain reaction analysis, showing that co-expression of EBI3 and p28 was
mainly observed in activated macrophages and dendritic
cells;5 2) the ability of IL-27 to induce T-bet and IL-12R␤2
expression in naive CD4-positive T cells,7–9 to stimulate
their proliferation, and to synergize with IL-12 for interferon-␥ production5,7; 3) the phenotype of IL-27R-deficient
mice showing a defect in Th1 response initiation on infection with Listeria monocytogenes or Leishmania major.10,11 Consistent with this model, we observed that
EBI3 and p28 were co-expressed by macrophages and
macrophage-derived cells at the site of disease in human
Th1-associated granulomatous diseases.12 However,
subsequent studies led to reconsider this model and a
possible role of IL-27 as a suppressor of T-cell activation
has emerged.13 Indeed, two recent studies showed that
IL-27R-deficient mice were capable of mounting a Th1
response to infection by Toxoplasma gondii and Trypanosoma cruzi, but exhibited increased mortality because of
dysregulated T-cell activation and hyperproduction of
proinflammatory cytokines.14,15 Taken together, these
findings have suggested that IL-27 functions may be
complex, and that IL-27 may, depending on the context,
function either as a Th1 response co-inducer or as a
negative regulator of T-cell and inflammatory responses.
Previously we showed that EBI3 is induced in vitro by
the EBV oncogene LMP1, and that its induction by LMP1
depends on nuclear factor (NF)-B activation.4,16 LMP1
is one of the nine EBV-encoded proteins expressed in
latently infected B cells and plays a key role in EBVmediated growth transformation.17 LMP1 is also expressed in vivo in many EBV-associated LPDs, including
HL, post-transplant LPD, and nasal type NK/T-cell lymphoma. In a previous study, we found that EBI3 was not
expressed in EBV-positive BL, consistent with the absence of LMP1 expression in this type of lymphoma, but
was expressed by Hodgkin and Reed-Sternberg (HRS)
tumoral cells in most cases of HL.18 The expression of
EBI3 in other lymphomas has not been reported. The
expression profile of p28 in tumor tissues has also not
been investigated.
Activation of the NF-B pathway is a common feature
of transforming virus.19 Indeed, activation of NF-B by
viral proteins leads to transactivation of numerous cellular
genes, including cytokines, involved in cell survival and
evasion of immune response. Thus, similar to EBV-transformed B cells, HTLV-1-transformed T cells exhibit high
constitutive NF-B activity.20,21 The HTLV-1 Tax oncoprotein plays an important role in T-cell transformation

through its ability to induce constitutive NF-B activation
and to dysregulate cellular gene expression.
To investigate the potential role of IL-27 in viral lymphomagenesis, we further analyzed the expression of
both subunits of IL-27 in EBV-associated lymphoid malignancies and extended our study to ATL. Both in situ
and in vitro analyses indicated that EBI3, but no or low
p28 and IL-27, is expressed by tumoral cells. This dissociated expression of EBI3 and p28 suggests that EBI3
may play a role, independently from its association with
p28, to regulate anti-viral and anti-tumoral responses.

Materials and Methods
Primary Cell Culture, Cell Lines, and
Transfection
KMH2, L428, and HDLM2 are EBV-negative cell lines
derived from HL patients with nodular sclerosis (L428
and HDLM2) or mixed cellularity (KMH2) subtype. NC-37
is an EBV-positive BL cell line. IB4 and LCL-1, -2, -3, -4
(gift from Ellen Cahir-McFarland, Harvard Medical
School, Boston, MA) are in vitro EBV-transformed lymphoblastoid cell lines. Jurkat, MOLT-4, and CEM are HTLV1-negative T-cell lines. MT-2 and HUT-102 are Tax-positive HTLV-1-infected T-cell lines. ATL1 and ATL2 are
IL-2-dependent leukemic cells derived from two different
patients with acute ATL. All cell lines were maintained in
RPMI 1640-Glutamax media (Invitrogen Corp.) supplemented with 10 to 20% fetal bovine serum and antibiotics.
Media for leukemic cells was further supplemented with
IL-2 (20 U/ml; Roche Diagnostics). To analyze fresh leukemic cells, peripheral blood mononuclear cells from five
patients diagnosed with either acute (n ⫽ 4) or chronic
(n ⫽ 1) ATL were purified by Ficoll-Hypaque (Amersham
Biosciences) gradient centrifugation. Samples analyzed
contained ⬎70% of leukemic cells. For two of these ATL
patients, tissue biopsies were available and were studied
by immunohistochemistry for IL-27 expression (cases 23
and 26 in Table 3). CD3-positive T cells, CD4-positive or
CD8-positive T-cell subsets were isolated from peripheral
blood mononuclear cells from HTLV-1-negative donors
by negative selection using magnetic beads (Miltenyi
Biotec). Purity was ⬎99.5% for CD3-positive cell selection, ⬎97.5% for CD4-positive cell selection, and ⬎94%
for CD8-positive cell selection, as assessed by fluorescence-activated cell sorting (FACS) analysis and/or immunocytostaining. All blood samples were obtained after
informed consent. Purified T cells and T-cell subsets
were cultured in RPM1 1640 media supplemented with
10% fetal bovine serum, L-glutamine, and antibiotics and
were stimulated for various times with phytohemagglutinin (4 g/ml, Roche Diagnostics) and IL-2 (20 U/ml).
BAY11-7082 was purchased from Calbiochem and reconstituted in dimethyl sulfoxide. Jurkat cells (5 ⫻ 106
cells per transfection) were transfected with pJFE control
plasmid or pJFE plasmid encoding wild-type Tax or M22
mutant (gift from Françoise Bex, Université libre de Bruxelles, Brussels, Belgium) by electroporation with a BioRad Gene Pulser Xcell electroporation system at 250 V
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and 500 F at room temperature in 200 l of Optimem
media (Gibco BRL) containing DNA.

Tissues
Most tissues analyzed were retrieved from the files of the
Department of Pathology of Necker Hospital. Lymphomas were classified according to the World Health Organization classification. We studied paraffin-embedded
tissues from 14 cases of HL (7 nodular sclerosis cases, 2
lymphocyte depletion cases, 2 mixed cellularity cases, 1
unclassified case, and 2 nodular lymphocyte predominant cases), 16 cases of EBV-associated LPD (12 cases
of B- or T-cell LPD, 10 of which from transplanted patients; 1 case of lymphomatoid granulomatosis; and 3
cases of NK/T-cell lymphoma, nasal type), 19 cases of
ATL (12 cases of leukemic form and 7 cases of lymphomatous form), and 16 cases of control T-cell lymphomas
(2 cases of angioimmunoblastic T-cell lymphoma; 6
cases of peripheral T-cell lymphoma, unspecified; 4
cases of anaplastic large cell lymphoma; and 4 cases of
mycosis fungoides). All cases of HL- and of EBV-associated LPD were tested for LMP1 expression by immunohistochemistry, and when negative were further tested for
EBERs by in situ hybridization to determine their EBV
status. Among HLs, eight cases were negative for EBV
(LMP1⫺ and EBER⫺), and six cases were EBV-positive
(LMP1⫹). Among EBV-associated LPDs, 13 cases were
LMP1⫹, and 3 cases were LMP1⫺ but EBER⫹. Diagnosis of ATL was made based on previously proposed
criteria,22 including clinical and biological features, the
presence of anti-HTLV-1 antibodies in the serum, and the
detection of HTLV-1 genome in DNA of leukemic cells.
ATL patients originated from West Africa, French Guiana,
and French West Indies. Seven cases of nonneoplastic
lymph nodes exhibiting follicular hyperplasia of unknown
origin were included as controls. All tissues analyzed
were collected for histological examination and diagnosis
purposes. Therefore, this study complies with the French
ethical law for studies on human tissues.

Immunostaining
Immunostaining was performed on either paraffin-embedded tissue sections or acetone/methanol (1:1)-fixed
cytospin preparation. For immunostaining on cytospin
preparation, slides were rehydrated in Tris-buffered saline and saturated by incubation with Tris-buffered saline
containing 20% normal human serum or 5% human
veinoglobulins for 30 minutes. They were then incubated
with the primary antibody diluted in Tris-buffered saline0.3% bovine serum albumin for 1 hour. Binding of primary
antibodies was detected using peroxidase-conjugated
EnVision⫹ reagent (DakoCytomation). The peroxidase
reaction was developed with 3⬘-diaminobenzidine and
slides were counterstained with Harris hematoxylin. Immunostaining of paraffin sections was performed as previously described,12 by an indirect avidin-biotin peroxidase technique using ChemMate detection reagents
(DakoCytomation). In double-immunostaining experi-

ments, binding of the primary antibody in the first label
was detected using peroxidase-conjugated EnVision⫹
reagent and diaminobenzidine (DakoCytomation) as a
chromogenic substrate. Binding of the primary antibody
in the second label was detected using an indirect avidinbiotin-alkaline phosphatase kit (BioGenex) and Fast blue
(Sigma) as a chromogene, and slides were counterstained with methyl green. To ensure the absence of
cross-reactivity between the first and second labeling
steps, primary antibody was omitted or isotype-matched
control antibody was used in the second label.
EBI3 was detected using 2G4H6 mouse monoclonal
antibody (mAb) (IgG2a)23 at 2 g/ml, in parallel with an
isotype-matched control mAb (RPC5, IgG2a; Cappel
Durham). p28 was detected using affinity-purified rabbit
polyclonal anti-p28 antibodies (DNAX)12 at 1 to 3 g/ml
and normal rabbit IgG (Sigma) were used as a negative
control. In some experiments, rat anti-p28 29B5 mAb
(DNAX)12 was used at 10 g/ml, in parallel to normal rat
IgG (Sigma) as a negative control. LMP1 was detected
using CS1 to CS4 mouse mAbs (DakoCytomation) at 4
g/ml. CD3 mAb (clone F7.2.38) and CD8 mAb (clone
C8/144B), both from DakoCytomation, were used at 10
g/ml and 0.25 g/ml, respectively. CD25 mAb (clone
4C9; Novocastra Laboratories Ltd.) was used at a 1:100
dilution. For immunocytostaining, the following antibodies
were used: CD3 mAb (clone UCHT1, DakoCytomation) at
1.5 g/ml, CD4 mAb (clone SK3; BD Biosciences) at 0.15
g/ml, and CD8 mAb (clone DK25, DakoCytomation) at
0.25 g/ml. The detection of EBERs was performed by in
situ hybridization using EBER PNA probe and the PNA in
situ hybridization detection system (DakoCytomation).

Western Blot Analysis and Enzyme-Linked
Immunosorbent Assay (ELISA)
Cells were washed in cold phosphate-buffered saline
(PBS) and lysed for 1 hour on ice in lysis buffer (1%
Nonidet P-40, 50 mmol/L Tris, pH 7.4, 150 mmol/L NaCl,
3% glycerol, 1.5 mmol/L ethylenediaminetetraacetic
acid) supplemented with protease inhibitors (1 mmol/L
phenylmethyl sulfonyl fluoride, 1 g/ml pepstatin, 1 g/ml
leupeptin). Cell lysates were centrifuged for 15 minutes at
13,000 ⫻ g to remove cell debris and protein concentration was determined using the bicinchoninic acid protein
assay reagent (Pierce). Lysates were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and transferred to nitrocellulose for immunoblotting with
anti-EBI3 2G4H6 mAb, mouse anti-Tax mAb (provided by
John Brady, NCI, NIH, Bethesda, MD), or rat anti-p28
mAbs (clones 29B5 or 18C5, DNAX). Binding of mouse or
rat mAbs was detected with horseradish peroxidaseconjugated sheep anti-mouse antibodies (Amersham
Biosciences) or horseradish peroxidase-conjugated goat
anti-rat antibodies (Santa Cruz), respectively. Peroxidase
reaction was developed with chemiluminescence reagents (Pierce). EBI3 and IL-27 ELISA were previously
described.5,23 EBI3 ELISA detects both free EBI3 and
IL-27 (detection limit, 1 ng/ml), whereas IL-27 ELISA is
specific for EBI3/p28 heterodimer (detection limit, 0.3
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Table 1.

Immunohistochemical Analysis of IL-27 Expression in HL

Case no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Diagnosis

Site

LMP1 status

% of EBI3⫹ HRS cells

% of p28⫹ HRS cells

NS
NS
NS
NS
NS
NS
NS
LD
LD
MC
MC
uc
NLP
NLP

Lymph node
Lymph node
Lymph node
Lymph node
Lymph node
Mediastinum
Mediastinum
Lymph node
Lymph node
Lymph node
Lymph node
Lymph node
Lymph node
Lymph node

pos
pos
neg
neg
neg
neg
neg
pos
neg
pos
pos
pos
neg
neg

⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹

⫺
⫹
⫺
⫹
⫹
⫺
⫺
⫹
⫺
⫺
⫹
⫺
⫺
⫺

NS, nodular sclerosis; LD, lymphocyte depletion; MC, mixed cellularity; uc, unclassified; NLP, nodular lymphocyte predominant.
⫺, virtually all cells negative; ⫹, 1 to 5% positive cells; ⫹⫹⫹⫹, ⬎90% positive cells.

ng/ml). For ELISA, cells (5 to 10 ⫻ 105 per ml) were grown
in RPM1 1640 complete media or in RPMI 1640 media
supplemented with 1% Nutridoma (Roche Diagnostics)
for 24 to 48 hours. Supernatants were then collected,
spun to remove debris, and stored at ⫺80°C. In some
experiments, cell culture supernatants were concentrated using Centriprep 10 (Millipore) or Ultrafree-4 centrifugal filter unit (Millipore), before being tested by
ELISA.

Cell Surface Immunofluorescence and
FACS Analysis
Cells were washed in FACS buffer (PBS, 2% fetal bovine
serum, 0.01% sodium azide), and incubated for 30 minutes on ice with isotype control (MOPC 141, IgG2b;
Sigma) or anti-IL-27R mAb (anti-TCCR, IgG2b; R&D Systems) at 10 g/ml in FACS buffer. Binding of mouse
antibodies was detected using phycoerythrin-conjugated
F(ab⬘)2 fragment goat anti-mouse IgG (Coulter) and a
minimum of 5000 gated cells were analyzed on a FACScan. In binding assays, cells were washed in FACS
buffer, and incubated with recombinant Flag-tagged
IL-27 (DNAX) for 1 hour at 1 g/ml in FACS buffer followed by incubation with M2 anti-Flag antibody (Sigma),
and goat anti-mouse IgG as above. As a control, Flagtagged IL-27 was omitted in the first step. Anti-TCCR
mAb was first verified to detect cell surface IL-27R by
transfection of COS7 cells with an expression vector coding for human IL-27R (gift from Hugues Gascan’s laboratory, Institut National de la Santé et de la Recherche
Medicale U564, Angers, France).

Results
Immunohistochemical Analysis of IL-27
Expression in HL and Other
EBV-Associated LPDs
To further investigate the expression of EBI3 and IL-27 in
EBV-associated lymphoid neoplasia, 14 cases of HL (6

EBV⫹ and 8 EBV⫺) and 16 cases of various EBV-associated LPDs were analyzed by immunohistochemistry for
expression of the two subunits of IL-27, EBI3 and p28,
in parallel to LMP1 expression (Tables 1 and 2, and
Figure 1).
Consistent with previous work,18 EBI3 was expressed
by HRS cells in all cases of HL, independently of LMP1
expression and of the histological subtype (Table 1). In
each case, the percentage of EBI3-positive HRS cells
was ⬎90%, with nearly all tumoral cells positive for EBI3
in most cases (12 of 14). In contrast, p28 expression by
HRS cells was detected in only five cases and in these
cases only a minority of HRS cells (ranging from 2 to 5%)
was positive for p28 (Table 1). In addition to tumoral cells,
variable numbers of cells were positive for EBI3. Among
these, cells with a morphology consistent with dendritic
cells were strongly labeled with EBI3, whereas macrophages, endothelial cells, and rare plasma cells showed
weak EBI3 staining. Macrophages, endothelial cells,
plasma cells, as well as fibroblasts, also stained with
anti-p28 antibodies (Figure 1, a to d; and data not
shown). This staining pattern of nontumoral cells was
similar to the one we previously observed in reactive
lymph nodes.12
Similarly, a dissociated expression of EBI3 and p28 by
neoplastic cells was observed in the 16 cases of EBVassociated LPD (Table 2). In these cases, expression of
EBI3 by tumoral cells was heterogeneous, ranging from 0
to ⬎90% of tumoral cells positive for EBI3. Interestingly,
the percentage of EBI3-positive neoplastic cells correlated with that of LMP1-positive cells in most cases. Indeed, in the three LMP1-negative cases, no or few tumoral cells (2% at the most) expressed EBI3. In contrast,
in all cases positive for LMP1, we always observed EBI3
expression by tumoral cells (Figure 1, e and f). Also,
heterogeneity of LMP1 expression within a given case
was associated with heterogeneity in tumor cell expression of EBI3, and we observed an overlapping distribution of EBI3- and LMP1-positive tumoral cells. However,
although a positive correlation was observed between
EBI3 and LMP1 expression by tumoral cells, the number
of EBI3-positive tumoral cells was, in most cases, slightly
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Table 2.

Immunohistochemical Analysis of IL-27 Expression in Various EBV-Associated LPD
% of positive tumoral cells

Case no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Diagnosis
post-transplant B-cell LPD
post-transplant B-cell LPD
post-transplant B-cell LPD
post-transplant B-cell LPD
post-transplant B-cell LPD
post-transplant B-cell LPD
post-transplant B-cell LPD
post-transplant B-cell LPD
post-transplant B-cell LPD
post-transplant T-cell LPD
B-cell LPD
B-cell LPD
Lymphomatoid granulomatosis
NK/T-cell lymphoma, nasal type
NK/T-cell lymphoma, nasal-type
NK/T-cell lymphoma, nasal-type

Site

LMP1

EBI3

p28

Lymph node
Small Bowel
Retroperitoneum
Kidney
Skin
Lymph node
Small bowel
Gingiva
Tonsil
Lymph node
Lymph node
Retroperitoneum
Lymph node
Lymph node
Nose
Nose

⫹⫹⫹
⫹/⫹⫹⫹
⫹⫹
⫹⫹⫹
⫺
⫹⫹
⫹⫹/⫹⫹⫹⫹
⫺
⫹⫹⫹
⫹⫹⫹
⫹⫹⫹⫹
⫹⫹
⫹⫹⫹
⫹⫹⫹
⫹
⫺

⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹
⫹⫹⫹⫹
⫺
⫹⫹⫹⫹
⫹⫹/⫹⫹⫹⫹
⫺
⫹⫹⫹
⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹⫹⫹
⫹⫹
⫹

⫺
⫹⫹⫹/⫹
⫺
⫺
ND
⫺
⫺
ND
⫺
⫺
⫺
⫺
⫺
⫺
⫺
ND

⫺, Virtually all cells negative; ⫹, 1 to 5% positive cells; ⫹⫹, 10 to 30% positive cells; ⫹⫹⫹, ⬎30 to 80% positive cells; ⫹⫹⫹⫹, ⬎80% positive
cells. ND, not done.
LMP1-negative cases were positive for EBV, as assessed by EBER in situ hybridization.
In two cases (cases 2 and 7), the percentage of positive cells was highly heterogeneous and the lower and upper values are indicated.

more than that of LMP1-positive cells (Table 2). This may
be because of the higher sensitivity of EBI3 detection by
immunohistochemistry, compared to that of LMP1. Also,
the substantial overexpression of EBI3 compared to
LMP1 observed in one case (case 6) suggests that other
mechanisms than LMP1 induction may result in EBI3
expression by tumoral cells. Concerning p28, no significant expression by tumor cells was observed in 15 of 16
cases. In only one case (case 2), a significant fraction of
tumoral cells expressed p28. In this case, we observed
two patterns of staining, corresponding to two different
populations of neoplastic cells. One population consisting of large cells showed strong EBI3 reactivity in most
cells (⬎90%positive cells), as well as LMP1 reactivity in a
fraction of them, but rarely expressed p28 (⬃1% positive
cells). The second population consisted of smaller cells
with a plasmacytic differentiation, many of which were
positive for both EBI3 and p28 (⬎70% positive cells for
both subunits), but rarely expressed LMP1 (⬃1% positive
cells) (Figure 1, g and h). Expression of p28 by this
specific tumoral cell population may be related to its
peculiar stage of differentiation, because normal plasma
cells and cells with a plasmacytic differentiation present
in follicles of reactive lymph nodes expressed p28 (Ref.
12 and this study). The pattern of EBI3 and p28 staining
of nontumoral cells was similar to the one observed in HL.
Taken together, these data indicate that HLs and
LMP1-positive LPDs are characterized by strong EBI3
expression by neoplastic cells. In contrast, we failed to
detect a significant production of p28 by tumoral cells in
most cases.

Analysis of IL-27 and IL-27R Expression in
HL-Derived Cell Lines and LCLs
To further analyze IL-27 expression, three HL-derived cell
lines, L428, KMH2, and HDLM2, and four LCLs were
tested for IL-27 expression. These cell lines expressed

EBI3 as tested by Western blot analysis of the cell lysate
(Ref. 18 and data not shown). By ELISA of the cell culture
supernatant, HL-derived cell lines secreted from 1.9 to
35.3 ng/ml of EBI3,18 and LCLs from 1.3 to 5.7 ng/ml of
EBI3. By Western blot, no p28 could be detected in their
cell lysates and no p28 induction was observed after
LMP1 transient or stable transfection (limit of detection,
0.5 ng per lane) (data not shown). By ELISA, no IL-27 was
detected in cell culture supernatants (limit of detection,
0.3 ng/ml), unless they were concentrated by 20-fold to
40-fold. Under these latter conditions, low levels of IL-27
were detected (⬃1 ng/ml). Consistent with a low level of
p28 expression, no signal or a very faint p28 signal was
detected by immunocytostaining of both HL-derived cell
lines and LCLs (data not shown). We next examined
whether these cell lines express IL-27R. All seven cell
lines expressed IL-27R and bound IL-27, as assessed by
FACS analysis (Figure 2). Thus, consistent with the in situ
analysis, in vitro studies indicated that HL-derived cell
lines and LCLs express high levels of EBI3, and IL-27R,
but only a very low amount, if any, of p28.

HTLV1-Infected T-Cell Lines Constitutively
Express EBI3
Previous studies in LCLs16,24 or in mouse B cells25,26
have shown that EBI3 is a NF-B-induced gene. Because
HTLV-1-positive T cells exhibit high constitutive NF-B
activity,20,21 we hypothesized that EBI3 may be up-regulated in these cells. To test this hypothesis, two HTLV1-infected cell lines, HUT-102 and MT2, as well as IL-2dependent leukemic cells derived from two ATL patients,
were tested by Western blot for EBI3 expression. Three
HTLV-1-negative T-cell lines, Jurkat, CEM, and MOLT-4,
were tested in parallel as negative controls. As shown in
Figure 3A, left, no signal was detected in the cell lysates
from the three control T-cell lines. In contrast, EBI3 was
constitutively expressed in IL-2-dependent leukemic
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Figure 1. Immunohistochemical analysis of IL-27 expression in HL and various EBV-associated LPDs. a– d: Staining of sections from two cases of HL (a, b: mixed
cellularity; c, d: nodular lymphocyte predominant) with anti-EBI3 (a, c) or anti-p28 (b, d) antibodies, showed that HRS cells express EBI3, but no detectable p28.
Of note (c, d), macrophages (arrows) that exhibit weaker staining than tumoral cells (arrowhead) for EBI3 are also stained with anti-p28 antibodies, whereas strongly
EBI3-positive tumoral cells remain negative for p28. e: Numerous tumoral cells from an LMP1-positive (inset) post-transplant B-cell LPD express EBI3. f: Similarly,
numerous tumoral cells from a nasal type NK/T-cell lymphoma that express LMP1 (inset) are strongly labeled with anti-EBI3 antibody. In one case of post-transplant
LPD (case 2 in Table 2), a specific population of tumoral cells with a plasmacytic differentiation (arrowheads) express both EBI3 (g) and p28 (h). In all cases, no signal
was observed with control antibodies used in parallel (data not shown). Original magnifications: ⫻20 (a, b); ⫻40 (c– h). Original zoom factors: 1.1 (a, b); 1.3 (c, d);
1 (e– h).

cells from ATL patients and in the two HTLV-1-infected
cell lines (Figure 3A, left). In these latter, EBI3 levels were
similar to those observed in two EBV-positive B cell lines,
NC37 and IB4 (Figure 3A, right). By ELISA, MT2 and
HUT-102 were found to secrete 3.9 and 8 ng/ml of EBI3,
respectively, and IL-2-dependent leukemic cells secreted 6.3 and 2.2 ng/ml. These values are in the range of
that observed in LCLs. Next, we investigated whether

normal primary T cells express EBI3. To this end, CD3positive T cells were purified from peripheral blood from
HTLV-1-negative individuals, and cultured for 2 to 7 days
with phytohemagglutinin and IL-2. In unstimulated T cells,
no EBI3 could be detected by either Western blot analysis of the cell lysate or immunocytostaining (Figure 3B
and data not shown). After 2 days of stimulation, weak
EBI3 signal could be detected (Figure 3B) and this ex-
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Figure 3. Immunoblot analysis of EBI3 expression in HTLV-1-infected cells
and normal T cells. A: Cell lysates (1% Nonidet P-40 extracts, 10 g per lane)
from three HTLV-1-negative T-cell lines (CEM, Jurkat, MOLT-4), two HTLV1-positive T-cell lines (HUT-102, MT-2), and IL-2-dependent leukemic cells
from two ATL patients (ATL 1, ATL 2) (left), as well as two EBV-positive B
cell lines, IB4 and NC37 (right), were analyzed by Western blot with
anti-EBI3 antibodies. B (left): EBI3 immunoblot analysis of cell lysates (1%
Nonidet P-40 extracts, 50 g per lane) from purified CD3-positive T cells
(lanes 1 and 2), purified CD4-positive T cells (lane 3), and purified CD8positive T cells, either unstimulated (lane 1) or stimulated for 40 to 42 hours
with phytohemagglutinin and IL-2 (lanes 2 to 4) were analyzed by immunoblotting with anti-EBI3 antibodies. The low level of EBI3 expression
detected was unlikely due to contaminating cell populations because the
numbers of EBI3-positive cells as tested by immunocytostaining (at least
20%) were clearly more than that of contaminating cells (from 0.5 to 6%)
(data not shown). B (right): The amounts of cell lysates (Nonidet P-40
extracts) indicated at top of the blot (in g) from HUT-102- or phytohemagglutinin/IL-2-activated primary CD3-positive T cells were analyzed by immunoblotting with anti-EBI3 antibodies. In B, a more sensitive chemiluminescent substrate was used than in A, because of the low level of EBI3 expressed
in normal T cells.
Figure 2. HL-derived cell lines and LCLs express IL-27R. Four LCLs (LCL-1,
-2, -3, -4) and three HL-derived cell lines (KMH2, L428, HDLM2) were tested
for IL-27R cell surface expression and IL-27 binding by FACS analysis (x axis,
log fluorescence intensity; y axis, cell number) as indicated in Materials and
Methods. The filled gray line corresponds to controls.

pression was maintained for up to 7 days (data not
shown). Similar experiments performed with purified
CD4-positive or CD8-positive T cells indicated that both
T-cell subsets expressed EBI3 after stimulation (Figure
3B). However, although EBI3 expression could be detected in normal activated T cells, levels were much lower
than those observed in HTLV-1-infected cells (Figure 3C).
Indeed, titration experiment showed that EBI3 signal observed in the cell lysate from HUT-102 cells was at least
16-fold higher than that observed in the cell lysate from
stimulated normal T cells. Consistent with this low level of
intracellular EBI3 in stimulated normal T cells, no EBI3
could be detected in neat cell culture supernatants by
ELISA, and levels were just above the limit of detection
when supernatants were concentrated by 25-fold. Altogether, these data indicate that EBI3 is specifically upregulated in HTLV-1-infected cells.
Next, we examined whether normal T cells or HTLV-1positive T-cell lines expressed IL-27. As observed in
HL-derived cell lines and LCLs, no signal or a barely
detectable p28 signal was detected by immunocytostaining in HTLV-1-infected cells (HUT-102 and MT-2) or in
activated normal T cells (both CD4- and CD8-positive
subsets) (data not shown). No IL-27 could be detected in

the supernatant from HUT-102, even after a 30-fold concentration. Similar to EBV-positive cell lines, HTLV1-positive cell lines (MT-2 and HUT-102) expressed IL-27R, as
tested by FACS analysis (data not shown).

Role of HTLV-1 Tax and NF-B Activation in
EBI3 Expression
Tax is a viral transactivator that has been shown to transactivate the expression of numerous cellular genes, including many cytokine or cytokine receptor genes,3 in
part through its ability to activate NF-B. To determine
whether Tax induces EBI3 expression and to evaluate the
role of Tax-induced NF-B activation, Jurkat cells were
transiently transfected with increasing amounts of expression plasmid coding for wild-type Tax or for a mutant
of Tax, M22, previously shown to be defective for NF-B
activation,27 and cell lysates were analyzed for EBI3 by
immunoblotting. Transfection of 0.5 g of pJFE-Tax resulted in significant induction of EBI3 (Figure 4B, lane 2),
and transfection of 1 and 2 g resulted in higher EBI3
levels (Figure 4B, lanes 3 and 4). In contrast, transfection
of 15 or 25 g of pJFE-M22 (Figure 4B, lanes 5 and 6)
failed to induced EBI3 expression, although levels of
mutant Tax protein were comparable to the ones observed with wild-type Tax protein, as assessed by Tax
immunoblot (Figure 4B, compare lanes 3 and 4 to lanes 5
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Table 3. Immunohistochemical Analysis of IL-27 Expression
in Involved Tissues from ATL Patients and Control
T-Cell Lymphomas
% of positive
tumoral cells
Case no.

Figure 4. Role of Tax and NF-B activation on EBI3 expression by HTLV-1infected cells. A: Jurkat cells were transfected with pJFE control vector (lane
1) or the indicated amount (in g) of pJFE-Tax (lanes 2 to 4) or pJFE-M22
(lanes 5 and 6). The total amount of plasmid DNA transfected was kept
constant in each transfection by addition of pJFE vector. Cells were lysed 22
hours after transfection in Nonidet P-40 lysis buffer and cell lysates (106 cells
per lane) were analyzed by immunoblotting with anti-EBI3 and anti-Tax
antibodies. B: HUT-102 cells were treated with 5 mol/L BAY 11-7082 (⫹) or
with dimethyl sulfoxide (⫺). At time indicated at the top of the blot, cells
were lysed in Nonidet P-40 lysis buffer and cell lysates (60 g per lane) were
analyzed by Western blot for EBI3 and Tax expression.

and 6, respectively). By Western blot, we were not able to
detect p28 induction by Tax (data not shown).
To further examine to which extent the high constitutive
NF-B activity observed in HTLV-1-transformed cells
contributes to the high level of EBI3 expression, HUT-102
cells were treated with BAY11-7082, an inhibitor of NFB. BAY11-7082 has been previously shown to inhibit
NF-B activation in HUT-102 (effective dose, 5 mol/L),28
and to down-regulate EBI3 expression in LCLs.24 Incubation of HUT-102 with 5 mol/L BAY11-7082 resulted in
a small decrease of EBI3 expression after 24 hours, and
in a more pronounced decrease at 48 hours, as assessed
by Western blot analysis of the cell lysate (Figure 4B).
This effect was specific because Tax levels were not
affected by BAY11-7082 treatment (Figure 4B). Thus, as
observed in EBV-transformed B cells, expression of EBI3
in HTLV-1-transformed T cells is dependent on NF-B
activation.

In Situ Analysis of IL-27 Expression in Involved
Tissues from ATL Patients
The observation that EBI3 is highly expressed, in vitro, in
HTLV-1-transformed T cells led us to investigate whether
tumoral cells from involved tissues from ATL patients
express EBI3. Therefore, the in situ expression of EBI3
was analyzed by immunohistochemistry in 19 tissue

Controls
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
ATL
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Site

EBI3

p28

AITL
AITL
PTL
PTL
PTL
PTL
PTL
PTL
ALCL
ALCL
ALCL
ALCL
MF
MF
MF
MF

Lymph node
Lymph node
Lymph node
Lymph node
Lymph node
Salivary gland
Lymph node
Lymph node
Lymph node
Lymph node
Lymph node
Lymph node
Skin
Skin
Skin
Skin

⫹
⫺
⫹
⫺
⫺
⫺
⫺
⫹
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺

⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
ND
ND
ND
ND
ND

ATL,
ATL,
ATL,
ATL,
ATL,
ATL,
ATL,
ATL,
ATL,
ATL,
ATL,
ATL,
ATL,
ATL,
ATL,
ATL,
ATL,
ATL,
ATL,

Lymph node
Skin
Lymph node
Skin
Lymph node
Lymph node
Lymph node
Skin
Skin
Skin
Lymph node
Lymph node
Lymph node
Lymph node
Lymph node
Lymph node
Abdomen
Lymph node
Lymph node

⫺
⫹
⫺
⫺
⫹⫹⫹⫹
⫹⫹⫹
⫹
⫹
⫹⫹⫹⫹
⫺
⫹⫹⫹⫹
⫹⫹
⫹
⫹
⫺
⫹
⫹
⫹
⫺

⫺
⫹
ND
⫺
⫹
NA
⫺
⫺
⫹
⫺
⫺
NI
ND
ND
ND
⫺
⫺
⫺
⫺

Diagnosis

leuk
leuk
leuk
leuk
leuk
leuk
leuk
leuk
leuk
leuk
leuk
leuk
lymp
lymp
lymp
lymp
lymp
lymp
lymp

AITL, angioimmunoblastic T-cell lymphoma; PTL, peripheral T-cell
lymphoma, unspecified; ALCL, anaplastic large cell lymphoma; MF,
mycosis fungoides; ATL, adult T-cell lymphoma/leukemia; leuk,
leukemic form; lymp, lymphomatous form; ND, not done; NI, not
interpretable; NA, not available.
⫺, Virtually all cells negative; ⫹, 1 to 5% positive cells; ⫹⫹, 10 to
30% positive cells; ⫹⫹⫹, ⬎30 to 80% positive cells; ⫹⫹⫹⫹, ⬎80%
positive cells.

specimens (lymph nodes and skin lesions) from ATL
patients, in parallel to p28 expression. As controls, 16
cases of non-HLTV-1-associated mature T-cell lymphomas were analyzed (Table 3 and Figure 5). Among control lymphomas, three cases (cases 2, 3, and 4) were
positive for EBER in 0.5 to 3% of tumor cells. However,
these cells did not express LMP1.
In control T-cell lymphomas, expression of EBI3 by
tumoral cells was detected in only three cases (one case
of angioimmunoblastic T-cell lymphoma and two cases of
peripheral T-cell lymphomas, unspecified). In these
cases, only few tumoral cells (less than 5%) were positive
for EBI3. Of note, although anaplastic large cell lymphomas share many features with HL, tumoral cells did not
express EBI3 in the four cases tested (Figure 5d). In ATL
cases, EBI3-positive neoplastic cells were detected in 13
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Figure 5. Immunohistochemical analysis of EBI3 expression in ATL. a– c: Sections from involved lymph nodes from different ATL patients (all with leukemic form)
were stained with anti-EBI3 antibody. a and b: Numerous EBI3-positive neoplastic cells are observed. In contrast, reactive lymphocytes (a, arrows) infiltrating
the tumor are negative. In case shown in c, tumoral cells are negative for EBI3, but numerous cells strongly labeled with anti-EBI3 antibodies are observed. Higher
magnification (inset) shows that these cells have extended cytoplasmic processes and are morphologically consistent with dendritic cells. d: EBI3 immunostaining
in a case of anaplastic large cell lymphoma shows that tumoral cells are negative for EBI3. Staining of a dendritic-appearing cell is observed. e: Double staining
for EBI3 (brown) and CD3 (blue) in a nonneoplastic reactive lymph node. Whereas a cell morphologically consistent with a dendritic cell is strongly positive for
EBI3 (and CD3-negative), all CD3-positive T cells are negative for EBI3. f: Double staining for EBI3 (brown) and CD8 (blue) in an ATL case (same case as in a)
showed that all reactive CD8⫹ T cells (arrows) surrounding an EBI3⫹ tumoral cell (arrowhead) are negative for EBI3. Tumoral cells were identified based on
their morphology and their immunophenotype including the expression of CD25 (inset: double staining for EBI3 (brown) and CD25 (blue)). In all cases, no signal
was observed with control antibodies used in parallel (data not shown). Original magnifications, ⫻40. Zoom factors: 1 (a); 0.8 (b– d); 1.3 (e–f).

of 19 cases. Their percentage was highly heterogeneous
(ranging from 1 to ⬎90% positive tumoral cells) and did
not correlate with the site of involvement (lymph node or
skin). Interestingly all cases showing the highest scores
(five cases ranging from ⬎10 to ⬎90%) were found
among patients with leukemic form of ATL (Table 3),
whereas patients with lymphomatous form had only low
frequency of EBI3-positive tumoral cells (ranging from 1
to 5% in the five of seven cases that contained positive
tumoral cells). However, although expressed at low levels
in some cases, expression of EBI3 was specific to tumoral T cells, because we did not detect the expression
of EBI3 by normal T cells in lymphoid tissues. Indeed,
double-staining experiments with anti-EBI3 and anti-CD3
antibodies performed in nonneoplastic lymph nodes (n ⫽
7) showed that normal T cells were consistently negative
for EBI3 (Figure 5e). In line with these data, reactive

CD8⫹ lymphocytes infiltrating ATL tumor were negative
for EBI3, whereas CD25⫹ tumoral cells were strongly
labeled with anti-EBI3 mAb (Figure 5f). Expression of p28
by neoplastic cells was not detected in the control T-cell
lymphomas, and was observed in only three ATL cases.
In these latter, less than 5% of tumoral cells were positive
for p28. Thus, as observed in HL and other EBV-associated LPD, EBI3 and p28 expression by neoplastic cells
was dissociated and characterized by the selective overexpression of EBI3. As previously observed, variable
numbers of macrophages and endothelial cells stained
with EBI3 and p28 antibodies in both control and ATL
cases. In addition, variable numbers of dendritic cells
strongly expressing EBI3 were observed. Whereas these
cells were usually scarce in the previously analyzed lymphomas, they were abundant in many of the T-cell lymphomas (both control and ATL lymphomas) (Figure 5, c
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and d; and data not shown). EBI3 expression was also
investigated in fresh leukemic cells from patients with
acute (n ⫽ 4) or chronic (n ⫽ 1) ATL. Surprisingly, although these cells have been reported to exhibit high
constitutive NF-B activation,20,21 no EBI3 expression
was detected by either immunoblotting or immunocytostaining (data not shown).

Discussion
This study provides additional information on the in vivo
expression profile of IL-27 in human pathologies. In a
previous study of IL-27 expression in three types of Th1associated granulomatous diseases, sarcoidosis, tuberculosis, and Crohn’s disease, we observed that EBI3 and
p28 were co-expressed by macrophages and macrophage derived-cells (epithelioid cells and multinucleated
giant cells) of granulomas. Also, in both granulomatous
diseases and control reactive lymph nodes, sinus macrophages, endothelial cells of postcapillary venules, and
plasma cells were found to co-express both subunits of
IL-27.12 Consistent with these data, in all types of lymphomas analyzed, we noticed the presence of variable
numbers of macrophages, endothelial cells, and plasma
cells that expressed EBI3 and p28. Also as previously
observed,12 dendritic cells that infiltrate the tumor expressed EBI3, but no detectable levels of p28.
In contrast to the coordinated expression of IL-27 subunits observed within epithelioid granulomas, expression
of EBI3 and p28 by tumoral cells was dissociated and
characterized in many cases by the selective overexpression of EBI3. In all cases of HL and of LMP1-positive
EBV-associated LPD, as well as a subset of ATL cases,
we observed strong EBI3 expression by tumoral cells,
without significant expression of p28 by these cells. Our
failure to detect in situ expression of p28 by tumor cells
was unlikely to be because of a poor sensitivity of our p28
immunohistochemical technique, because other cell
types such as macrophages or endothelial cells were
stained with anti-p28 antibodies in the tissues analyzed.
Also, in the cell culture supernatant from in vitro-cultured
HL-derived cell lines and EBV- or HTLV-1-infected cell
lines, we were not able to detect significant amounts of
IL-27, whereas under the same conditions we could detect IL-27 secretion from supernatant of in vitro-derived
dendritic cells.29
The pattern of EBI3 expression observed in situ in
EBV-associated LPD is consistent with our previous in
vitro studies, showing that LMP1 induces EBI3 expression in B lymphoblasts.4 In LMP1-negative cases of posttransplant LPD and of nasal-type NK/T-cell lymphoma, no
or rare EBI3 expression was detected. These data are in
line with the absence of tumor cell expression of EBI3
observed in endemic BL.18 In contrast, in all LMP1-positive EBV-associated LPDs, EBI3 was expressed by tumoral cells. However, although LMP1 expression was
always associated with EBI3 expression, we also detected EBI3 expression by tumoral cells in the absence of
LMP1, as observed in HL (this study and Ref. 18). EBI3 is
a NF-B up-regulated gene, and in HRS cells other

mechanisms than LMP1 expression have been proposed
to result in constitutive NF-B activation, including expression and engagement of TNF-R family members
such as CD30 or CD40, or activating mutations in molecules of the NF-B pathway.30,31 Also, in mouse primary
B cells, EBI3 has been shown to be induced on activation25,26 and expression of EBI3 by tumoral B cells may
be related to their specific stage of activation and
differentiation.
Our study also shows that EBI3 is overexpressed in
HTLV-1-infected T-cell lines and IL-2-dependent leukemic cells from ATL patients, compared to normal activated peripheral T cells. Immunohistochemical analyses
showed that EBI3 is expressed at variable levels by tumoral cells in involved tissues from ATL patients, but not
by normal T cells and very rarely in the control mature
T-cell lymphomas analyzed. The factors underlying the
heterogeneity of EBI3 expression in ATL tissues remain to
be determined, but interestingly, the highest levels were
found among patients with the leukemic form. In vitro, we
demonstrated that EBI3 expression by HTLV-1-transformed cells is dependent on NF-B activation, and can
be induced by Tax in a NF-B-dependent manner. The in
situ activation of NF-B in lymphomas from ATL patients
is not known, and the in situ expression of Tax in these
lymphomas has been difficult to evidence. Indeed, no or
low levels of Tax mRNA have been detected by in situ
hybridization or reverse transcriptase-polymerase chain
reaction/in situ hybridization in skin lesions or lymph
nodes of ATL patients,32,33 and the sensitivity of Tax
antibody was too low to allow Tax protein detection by
immunohistochemistry (F.L., unpublished data).
Although HL and anaplastic large cell lymphoma share
common features, including the expression of CD30, no
tumoral cell expression of EBI3 was observed in the
latter. In anaplastic large cell lymphomas, the NPM-ALK
oncoprotein has been shown to abrogate CD30-induced
NF-B activation,34 which may contribute to their lack of
EBI3 expression. More surprisingly, tumoral T cells from
mycosis fungoides also did not express EBI3, although
constitutive NF-B activation is assumed to be a characteristic feature of these lymphomas.35 This suggests that
specific NF-B complexes may be required for induction
of EBI3. Indeed, studies using mice deficient for specific
NF-B components showed that CD40-mediated EBI3
induction in mouse B cells requires specific NF-B subunits.26 In the same line, we did not detect EBI3 expression in fresh leukemic cells from ATL patients, although
these cells exhibit constitutive NF-B activity. These cells
express little or no Tax, and their NF-B complexes are
different from the one observed in Tax-positive HTLV-1infected cell lines,20 which may explain the differential
expression of EBI3 in fresh leukemic cells and HTLV-1positive cell lines.
The biological significance for the selective expression
of EBI3 in virus-associated lymphomas remains to be
established. LMP1 and Tax are both major targets of
specific cytotoxic T lymphocytes and the survival of
LMP1- or Tax-positive cells depends on their positive
effects on tumoral cell growth and their ability to downregulate the immune response. Indeed, both proteins
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have been shown to play an important role in lymphomagenesis by up-regulating the expression of different cytokines, which act as autocrine growth factors or
regulate the anti-tumoral immune response.3,36,37 Because IL-27 had been shown to stimulate the proliferation
of CD4-positive T lymphocytes and had been suggested
to suppress T-cell activation, we initially speculated that
IL-27 may be expressed by tumoral cells and play a role
in tumor progression, either as an autocrine growth factor
as has been demonstrated for IL-2 and IL-15 in ATL, or as
a suppressor of T-cell activation to dampen anti-viral or
anti-tumoral responses. Our data do not support this
hypothesis, because in most cases, EBI3 expression by
tumoral cells was not associated with that of p28, suggesting that no or very little IL-27 is produced by tumoral
cells. Also, although HL-derived cell lines, LCLs, and
HTLV-1-infected cell lines expressed IL-27R, we could
not observe a role for IL-27 on their growth either by using
anti-IL-27 neutralizing antibodies or by adding recombinant IL-27 (F.L., E.B., O.D., unpublished data). Very recently, IL-27 was shown to display potent in vivo antitumoral activity in a murine tumor model and to function
as an adjuvant on the induction of hepatitis C virusspecific cytotoxic T lymphocytes.38,39 In view of these
novel roles for IL-27, our failure to detect significant production of IL-27 by tumoral cells may not be surprising.
An initial study of EBI3 and p28 expression profile in
various in vitro cultured cells and in tissues demonstrated
that the expression of both subunits of IL-27 overlaps only
partially, and that EBI3 displays a broader expression
profile than that of p28. Also, the kinetics of expression of
both subunits within a given cell type was not coordinated.5 These observations lead to the hypothesis that EBI3
may play a role independently from its association to p28.
The dissociated expression pattern of EBI3 and p28 we
observed in this study further supports this hypothesis. At
present no function has been reported for EBI3 alone,
although a role as an IL-27 antagonist has been suggested.5 If so, EBI3 overexpression by tumoral cells may be
part of a strategy to antagonize IL-27 anti-tumoral activity.
EBI3 associates not only with p28, but also with the p35
subunit of IL-12,40 but a biological function for EBI3/p35
heterodimer remains to be established. The existence of
another partner for EBI3 has also been suggested by
studies of EBI3 knockout mice.41 Elucidation of the respective roles of the different forms of EBI3 (EBI3, EBI3/
p28, EBI3/p35) will allow a better comprehension of the
role played by this molecule in the regulation of immune
responses and in anti-tumoral immunity.
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