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Interleukin 13 and interleukin 13 receptor are frequently expressed by Hodgkin

and Reed-Sternberg cells of Hodgkin lymphoma

Brian F. Skinnider, Andrew J. Elia, Randy D. Gascoyne, Lorenz H. Triimper, Frederike von Bonin, Ursula Kapp, Bruce Patterson,

Bryan E. Snow, and Tak W. Mak

Hodgkin lymphoma (HL) is characterized
by the abnormal expression of multiple
cytokines, accounting for its unique clini-
copathologic features. We have previ-
ously shown that interleukin-13
(IL-13) is secreted by HL cell lines and
may serve as an autocrine growth factor.
To determine the frequency of IL-13 ex-
pression in lymphoma patients, tissue
sections from 36 patients with classical
HL, 5 patients with nodular lymphocyte
predominance HL (NLPHL), and 23 pa-
tients with non-Hodgkin lymphoma (NHL)
were subjected to in situ hybridization. In

patients of all histologic subtypes, be-
tween 25% to almost 100% of Hodgkin
and Reed Sternberg (HRS) cells were
positive for IL-13 expression. In contrast,
in no case of NLPHL and in only 4 of 23
NHL cases (1 of 5 T-cell-rich B-cell lym-
phomas, 2 of 5 anaplastic large cell
lymphomas, and 1 of 5 peripheral T-cell
lymphomas) did the neoplastic cells ex-
press IL-13. The expression of the IL-13
receptor chain al (IL-13Ral) was also
analyzed by in situ hybridization. In 24 of
27 (89%) cases of classical HL, between
25% to 75% of HRS cells, as well as a high

cytes, were positive for IL-13R a1l expres-
sion. These results were confirmed by
the construction of complementary DNA
libraries from single HRS cells, followed
by polymerase chain reaction analysis,
in which IL-13R «al transcripts were
found to be present in all 6 cases of HL.
These data indicate that expression of
IL-13 and IL-13R a1 is a common feature
of HRS cells in HL, consistent with the
hypothesis that IL-13 may play a role in
autocrine growth in classical HL. (Blood.
2001;97:250-255)

31 of 36 cases (86%) of classical HL frequency of lymphocytes and histio- © 2001 by The American Society of Hematology

Introduction
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Hodgkin lymphoma (HL) is unusual among malignancies in thand immunoglobulin (Ig) class switching in B cells, and upg-
the neoplastic cells, the Hodgkin and Reed-Sternberg (HRS) cetisgulation of the low-affinity IgE receptor and MHC class Il on %
make up only a small proportion of the clinically detectable massells and monocytes. We have recently shown that IL-13 gs
The bulk of the tumor is composed of a reactive infiltrate oféxpressed by HL cell lines and in HRS cells from 4 cases of noduar
lymphocytes, eosinophils, plasma cells, histiocytes, and fibroblastslerosis HL (NSHLY In that study, antibody-mediated neutralizaz?
Although HL has distinct clinical features and responses tn of IL-13 inhibited proliferation of an HL cell line, suggestingg
treatment that warrant its distinction from the non-Hodgkin lymphdhat IL-13 might function as an autocrine growth factor for HL.
mas (NHL), within HL there are variations in the composition ofvell as IL-13, the HL cell lines examined expressed NF-IL3.
the inflammatory infiltrate, the morphology of the HRS cells, anBxpression of the NF-IL3 gene is up-regulated by 1B a¢cytokine 3
the presence of the Epstein-Barr virus (EBVlhe clinicopatho- that shares signaling pathways with IL-13The expression of &
logic features of HL are consistent with an abnormal pattern &fF-IL3 by HL cells thus supports the existence of autocn@é
cytokine expression of the HRS cells. These cells can expressignaling by IL-13 in HL.
variety of cytokines, including interleukin-2 (IL-2), IL-5, IL-6, IL-13 signals are transduced via the IL-13 receptor (IL- 135)
IL-7, IL-9, IL-10, granulocyte-macrophage colony-stimulatingcomplex, which varies in its composition among cell types. 3
factor, lymphotoxine, and transforming growth fact@-(TGF- Two distinct IL-13R chains have been identified, IL-18Rand
B).2 Some cytokines show variable expression that correlates with13Ra2.1! IL-13Ral associates with IL-4& to form a high-
specific clinicopathologic features of HL. For example, IL-Saffinity IL13R complex, engagement of which triggers prolifera-
expression is associated with tissue eosinophilia10 is associ- tion through activation of JAK1 and subsequent phosphorylatior§)f
ated with EBV-positive HL4 and TGFg with sclerosi$. However, STAT612 This sharing of the IL-& chain accounts for the
abnormal expression of no one cytokine has been consistentlerlapping biologic effects of IL-13 and IL:13Little is known
demonstrated in all forms of HL. about the IL-13R2 chain, which was not expressed in several

IL-13 is a pleiotropic cytokine secreted by activated T cells thdtematopoietic cell linéd and which appears to be a decoy
shares immunoregulatory characteristics with 18Z4L-13 exerts receptoi* In the mouse, IL-13 can elicit a mitogenic response
its effects primarily on B cells and monocytes, stimulating growtthrough IL-13Rx1 but not through IL-13R2.1

0 Z/ﬁ[

pd-

Nnf GO Uo }s8n

From the Amgen Institute, Ontario Cancer Institute, the Department of Medical
Biophysics, and the Department of Immunology, University of Toronto, Ontario,
Canada; the Department of Pathology, British Columbia Cancer Agency,
Vancouver, British Columbia, Canada; the Department of Internal Medicine I,
University of Saarland, Homburg, Germany; the Department of Hematology/
Oncology, University Medical Center, Freiburg, Germany; and the Department
of Oncologic Pathology, Ontario Cancer Institute, Toronto, Ontario, Canada.

Submitted April 14, 2000; accepted September 1, 2000.

250

Reprints: Tak W. Mak, Ontario Cancer Institute/Amgen Institute, 620 Univer-
sity Ave, Suite 706, Toronto, Ontario, Canada M5G 2C1; e-mail:
tmak@amgen.com.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked “advertisement” in accordance with 18 U.S.C. section 1734.

© 2001 by The American Society of Hematology

BLOOD, 1 JANUARY 2001 + VOLUME 97, NUMBER 1


https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V97.1.250&domain=pdf&date_stamp=2001-01-01

BLOOD, 1 JANUARY 2001 - VOLUME 97, NUMBER 1 IL-13 AND IL-13 RECEPTOR IN HODGKIN LYMPHOMA 251

To extend our investigations of the role of IL-13 in theminutes at 37°C with 2Qug/mL RNaseA, and washed for 15 minutes in
pathogenesis of HL, we analyzed the expression patterns of IL-NBE. The slides were then incubated for 25 minutes in washing buffer at
and IL-13R«1 in a series of lymphomas, including those fron$2°C, 15 minutes in 2¢ SSC at 37°C, 15 minutes in 04 SSC at 37°C,
patients with HL and NHL. We report here that IL-13 Wasand dehydrated. The slides were coated with Kodak NTB 2 emulsion
expressed in 86% of patients with HL examined, a substantiaﬁ astman Kodak, Rochester, NY) and stored at 4°C. After exposure for 10
hiaher f th b di fi ’ t ith NH 14 days, the slides were developed in Kodak D19 (Eastman Kodak) and

igher frequency than was observed in patients wi Iz:‘o

. 0 . . unterstained with toluidine blue. The specificity of the hybridization
Furthermore, IL-13R1 was expressed in 89% of patients with |'”-’signal was verified by the corresponding lack of signal when sense RNA

reinforcing the potential for IL-13 to act as an autocrine growtBropes were used. Cells were scored as positive if the number of silver
factor in HL. grains was at least 4-fold over background. Conpedctin mRNA was
detected using a commercially available kit (Dako, Carpinteria, CA),
following the manufacturer’s instructions.

Materials and methods
Single-cell reverse transcriptase—polymerase chain reaction

Tissues and cell lines . ) .
Single-cell suspensions were prepared from pathologic lymph nodes freshly

Formalin-fixed paraffin-embedded biopsy specimens representing the fieblated from 6 patients with HL who were not included in the in situ
lowing diseases were investigated: 36 cases of classical HL (23 case$yifridization analysis. Individual HRS cells were identified by their CD30
nodular sclerosis HL [NSHL], including 6 cases of syncytial NSHIL0  expression and distinctive morphologic features (Figure 1) as previoysly
cases of mixed cellularity HL [MCHL], and 3 cases of lymphocytedescribed? In this study?3the correct identity of the HRS cells in an EBV %
depletion HL [LDHL]), 5 cases of nodular lymphocyte predominance HIHL case was supported by demonstrating an EBV gene expression pafern
(NLPHL), 5 cases of T-cell-rich B-cell ymphoma (TCRBCL), 8 cases ofhat is seen in HL, BL, and nasopharyngeal carcindhithe cDNA of §
diffuse large B-cell ymphoma (DLBCL), including 4 cases with anaplastimdividual HRS cells was synthesized using the global polyA-polymerase
morphology (3 of which were CD3Q, 5 cases of anaplastic large-cellchain reaction (PCR) method as previously descrifeéinly cases with a
lymphoma (ALCL) with a T/null cell phenotype, and 5 cases of peripherglositiveB-actin signal were used for subsequent IL-233RPCR. IL-13R1
T-cell ymphoma, unspecified (PTCL). All cases were diagnosed accordin®NA was amplified using the following primers: EAT GAA GAG GAT
to the Revised European-American Lymphoma Classificdtidine cases GCT GTG AAA TTC CCA ACA AAC 3 and 5 GTT AAA CAG AAA
of ALCL and TCRBCL were selected from previous studig’ CAATCC CTG GTT GAAGAC TAC C 3. PCR analysis was performed i
HL cell lines L540Cy, L428, HD-LM2, and KM-H2 were provided by a 50 pL volume containing 200 nM of each primer, 1.5 mM MgCl.5
Dr H. G. Drexler (Braunschweig, Germany). HL cell line L1236 and Burkitunits AmpliTag Gold (Perkin Elmer, Boston, MA), with 4% DMSO. PCR;
lymphoma (BL) cell line BL-31 were provided by Prof V. Diehl (Cologne,conditions were as follows: denaturing at 94°C for 1 minute, annealinggat
Germany). A previous study demonstrated the presence of IL-18R 58°C for 1 minute, and extension at 72°C for 2 minutes, for 40 cyclés.
messenger RNA (mRNA) in a BL cell line; BL-31 was therefore used asRroducts were analyzed by agarose gel electrophoresis. PCR products;ﬁvere
positive control. Complementary DNA (cDNA) was prepared from celtonfirmed by hybridization with a®P]-end-labeled internal oligonucleo &
lines using an MRNA purification kit (Pharmacia, Freiburg, Germany) artitle (5 ATG GGAAAT CCACTG ATACAGACACCT CCAAGAGC3),
subjected to polyA amplification as descrit7éd. as previously described. Appropriate positive (cDNA from BL-31 or =
KM-H2 cells) and negative (cells with no reverse transcriptasg) H&
Probes controls were included.
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The IL-13 probe was a 388-base pair (bp) fragment that has been previously
described. The IL-13Rx1 probe was an 810-bfcaRI-Scd fragment
cloned from the IMAGE consortium clone number 75563The cDNA
was subcloned into pBluescript SK (Stratagene, La Jolla, CA), and sens
and antisense probes were synthesized from the linearized vector with T3
T7 RNA polymerase, labeled witR3P]-UTP and processed as previously
described?

In situ hybridization
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The in situ hybridization procedure was performed as previously de
scribed?? Sections were deparaffinized in xylene, rehydrated in series o
decreasing ethanol concentrations, washed in saline for 5 minutes, a
washed 2< 5 minutes in phosphate-buffered saline (PBS). After fixation in
4% paraformaldehyde for 20 minutes and another 5-minute wash in PBS
sections were treated with 20y/mL proteinase K for 7.5 minutes at room
temperature. After 5 minutes in 4% paraformaldehyde and anothes-2
minute washes in PBS, sections were acetylated for 10 minutes in a 0.1
triethanolamine pH 8.0/0.25% acetic anhydride solution, washed for
minutes in PBS, and dehydrated. Approximately 180 hybridization
solution (50% formamide, 0.3 M NaCl, 20 mM Tris-HCI, pH 8.0, 5 mM
EDTA, 10 mM NaPQ, pH 8.0, 10% dextran sulfate, X Denhardt’s, 0.5
mg/mL yeast transfer RNA [tRNA], 10 mM DTT, and approximately
75 000 cpmiL of labeled sense or antisense probe) was applied to eac
slide. Slides were overlain with coverslips and incubated overnight in &
humid chamber at 55°C. The coverslips were removed by dipping sligeigure 1_. Identification of single HRS cells in c«_all suspension. _A sing!e cell
into 5 X SSC containing 0.198-mercaptoethanol. The slides were therf!SPension was prepared from a lymph node involved by HL, stained with an
. . R . . anti-CD30 antibody coupled to phycoerythrin, and viewed under an inverted fluores-
immersed for 30 minutes in WaShlng buffer (50% formam|d9,< BSC, cence microscope as previously described.?® A single HRS cell is identified by its
0.1% B-mercaptoethanol) at 62°C, rinsed<215 minutes in NTE (0.5 M |arge size, bilobed nucleus with prominent nucleoli, and CD30 expression (arrow).
NaCl, 10 mM Tris-HCI, pH 7.5, 5 mM EDTA) at 37°C, treated for 30Note smaller CD30-negative cells in the background (arrowheads).
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Table 1. Expression of IL-13 and IL-13R a1 in Hodgkin lymphomas and

non-Hodgkin lymphomas

IL-13Ral™

IL-13* cases*/ cases*/total

Diagnosis total cases (%) cases (%)

Classical Hodgkin lymphoma 31/36 (86%) 24127 (89%)

Nodular sclerosis 21/23 (91%) 16/17 (94%)
Mixed cellularity 8/10 (80%) 5/7 (71%)

Lymphocyte depletion 213 (67%) 3/3 (100%)

Nodular lymphocyte
predominance Hodgkin

lymphoma 0/5
Diffuse large B-cell lymphoma 0/8
T-cell-rich B-cell lymphoma 1/5 (20%)
Anaplastic large-cell ymphoma 2/5 (40%)
Peripheral T-cell ymphoma,

unspecified 1/5 (20%)

ND
ND
ND
ND

ND

*Cases with IL-13 or IL-13Ral positive malignant cell population (HRS cells in
classical HL, L&H cells in NLPHL, and large B-cells in TCRBCL); ND = not done.

Results

IL-13 is expressed by HRS cells in a large majority
of patients with HL
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strated IL-13 expression in less than 25% of the malignant cell
population, and only 2 of 5 patients with ALCL were IL-13 positive
(25% to 50% of cells). Only 1 of 5 patients with PTCL had
scattered malignant cells (less than 10%) that expressed IL-13, and
all 8 patients with DLBCL were negative for IL-13.

Among the classical HL cases, no significant differences in
IL-13 expression were detected among subtypes of classical HL:
21 of 23 (91%) of nodular sclerosis cases, 8 of 10 (80%) of
mixed cellularity cases, and 2 of 3 (67%) of lymphocyte
depletion cases contained positive HRS ceRs<( not signifi-
cant) (Table 2). Nearly all cells expressing IL-13 demonstrated
the morphology of HRS cells, with only rare small lymphocytes
in 19 of 36 (53%) cases also staining positively. Staining of
serial sections with either anti-CD30 or anti-CD15 to identify
HRS cells showed that the percentage of IL-13—expressing HRS
cells varied from case to case, ranging from 25% to almost
100%. A study of the slides in the same hybridization batch agd
exposed for the same length of time revealed that there wasno
significant difference among the different subtypes of classiéal
HL in the percentage of HRS cells staining positively for IL-1§
Similarly, although the intensity of the IL-13 signal varied frorg
case to case, there was no significant difference in the distriﬁu-
tion of signal intensity among subtypes of classical HL.

dyse;,

IL-13 expression was analyzed by in situ hybridization in tissue All 5 IL-13 negative cases showed a positive signal fer
samples from 36 patients with classical HL, 5 patients with--13Ral (see below), excluding the possibility of false-negatige
NLPHL, and 23 patients with NHL. IL-13 transcripts were detectetsults due to degradation of RNA before fixation or during tlssgle
in HRS cells in 31 of 36 (86%) patients with classical HL (Table 1processing. Selected NHL cases that were negative for ILg3

Figure 2A). In contrast, the lymphocytic and histiocytic (L&H)expression were analyzed f@ractin mRNA by in situ hybridiza-
cellsin all 5 patients with NLPHL were negative for IL-13 (Table 1tion. All of these were positive fop-actin expression (data no
Figure 2B). Similarly, only 1 of 5 patients with TCRBCL demon-shown), again suggesting that the RNA was intact.
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- Figure 2. IL-13 and IL-13R a1 expression in Hodgkin
© lymphoma. In situ hybridization for IL-13 (A, B) and
- IL-13Ral (C, E, F); black-colored silver grains denote
° mRNA expression. HRS cells from a case of mixed
cellularity HL (A) express IL-13, whereas an L&H cell
By (arrow) from a case of NLPHL (B) is negative for IL-13.
HRS cells from 2 cases of nodular sclerosis HL (C, E)
* express IL-13Ral, whereas HRS cells from a case of
. mixed cellularity HL (F) are negative for IL-13Ral.
Serial sections from one of the cases of nodular
. sclerosis (C, D) were hybridized with an IL-13Ral
| antisense probe (C) or stained for CD30 (D), illustrating
IL-13Ral expression in CD30* HRS cells. Note IL-
13Ral expression in surrounding lymphocytes and
histiocytes (C, F).
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Table 2. IL-13 and IL-13R a1 expression in patients with Hodgkin lymphoma & g -
o O
IL-13 + IL-13Ral + T 4 9 38 8
Case no. Diagnosis Agel/sex Stage HRS cells HRS cells E g : 3 g i + MW

1 NSHL 16/M VB + +

2 NSHL 24/F A + +

3 NSHL 15/F INA + +

4 NSHL 43/M VB + +

5 NSHL 33/M nB + +

6 NSHL 30/M A + +

7 NSHL 32F B + + 430 bp

8 NSHL 25/F ns + ND

9 NSHL 27IF 1A + +

10 NSHL 22/M nB + u

11 NSHL 34/M mA + +

12 NSHL 19/M 1A + +

13 NSHL 81/F A + ND _ ) .

Figure 3. IL-13R a1 expression by HL cell lines.  The cDNA was prepared from HL

14 NSHL 36/M e + + cell lines (KM-H2, HD-LM2, L1236, L540Cy, and L428) and amplified by PCR using

15 NSHL 3UF VA + ND IL-13Ral1-specific oligonucleotides, followed by agarose gel electrophoresis. The

16 NSHL NA NA + ND presence of the 430-bp PCR product indicates IL-13Ral gene expressioninall5HL 9
17 NSHL NA NA + + cell lines examined. Negative control (—): H,0; positive control (+): cDNA from BL-31 3
18 NSHL, syn 64/M nBe _ _ cells. MW = 100-bp ladder. g,
19 NSHL, syn 20/F A + + ) ) . 8
20 NSHL, syn 35/M B _ 4 shovv_n)._Two cases of HL that cqntalned reactive germ'lnal gen@rs
21 NSHL, syn 45/M A n n with tingible-body macrophages did not show the IL-&3Rsignal in =
22 NSHL, syn 41/F A + U any cell population, and were therefore considered nonlnterpretaggle.
23 NSHL, syn 25/M I3 + + Of the 27 cases of classical HL analyzed for both IL-13 agd

C
24 MCHL NA NA + + IL-13Ral, 22 cases were IL-13/ IL-13Ral*; 3 cases wereg
25 MCHL NA NA - - IL-137/ IL-13Ral~; and 2 cases were IL-1BIL-13Ral* (Table z
26 MCHL 28IM A * + 2). The relationship between IL-13 and IL-18Rexpression was &
21 MCHL 28M - IIB * ND statistically significant® = .003). <
28 MCHL 42/M 1A + + g
o
29 MCHL NAM 1A + ND Expression of IL-13R a1 as determined by PCR of individual g
30 MCHL 421F A * - HRS cell cDNA libraries &
31 MCHL NA/F A + + °
32 MCHL 45/M 1A + ND To confirm the presence of IL-13R mRNA in individual HRS &
33 MCHL 88/M 1A - - cells, cDNA libraries of mRNA from HRS cells were constructeg
34 LDHL 54/F VB + + . o . . g
- LoHL Jan NA . and analyzed by PCR with IL-13R-specific primers. First, thes
_ ; - 3

36 LDHL . VB . N presence of IL-13R1 sequences in 5 HRS cell lines (KM-H2g

NSHL = nodular sclerosis Hodgkin lymphoma; syn = syncytial variant; MCHL =
mixed cellularity Hodgkin lymphoma; LDHL = lymphocyte-depletion Hodgkin lym-

phoma; U = uninterpretable; ND = not done; NA = not available.

IL-13Ral is expressed by HRS cells expressing IL-13
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HD-LM2, L1236, L540Cy, and L428) was examined. IL-18R §
transcripts were detected in all 5 cell lines (Figure 3). These studﬁes
were extended to construct cDNA libraries from single HRS cegs
from 6 patients with HL, including 4 patients with NSHL and g
patients with MCHL. In all 6 patients, IL-13RL sequences were&
detected in 30% to 85% of HRS cells (Table 3; Figure 4) and Wére

To determine whether IL-13—-expressing HRS cells also expressamhfirmed by hybridization with an internal oligonucleotide (dafa

IL-13Ral, and thus could become subject to autocrine stimulationgt shown).
IL-13Ral expression was examined by in situ hybridization in 29
cases of classical HL and was interpretable in 27 cases (see below).
Twenty-four cases (89%) contained HRS cells positive for ILDiscussion
13Ral expression (Figure 2C-F). No significant differences in
IL-13Ra1 expression were detected among subtypes of classi¥¥ have shown that IL-13 is expressed in a variable percentage of
HL: 16 of 17 (94%) of nodular sclerosis cases, 5 of 7 (71%) dfiRS cells in 86% of the classical HL cases examined. Transcripts
mixed cellularity cases, and 3 of 3 (100%) of lymphocyte-depletion

tained positive HRS cel& < NS). The percentage Of Table 3. IL-13R a1 polymerase chain reaction from single Hodgkin and
cases con p p g Reed-Sternberg cell complementary DNA libraries
IL-13Ral positive HRS cells varied from 25% to 75% in different
cases. In all cases, IL13R expression was not limited to HRS

¥2oz 8u

No. IL-13Ral + HRS

. . . ’ No. HRS cells cells/no. HRS cells
cells, but was also present in a large proportion of cells in reactiv@seno.  Diagnosis  Age/sex examined examined (%)
infiltra_te_s that cou_ld be morphologically defin_ed as lymphocyteg NSHL 25/F 20 15/20 (75%)
and histiocytes (Figure 2C,F). IL-13R transcripts could not be 3g NSHL 28/F 20 6/20 (30%)
detected in the fibroblasts within the sclerotic bands in cases 3of NSHL 33/M 8 3/8 (37.5%)
NSHL. As a positive control, a benign reactive tonsil wasgo NSHL 26/M 20 7120 (37%)
hybridized with the IL-13R1 probe. Positive signals were ob-41 MCHL 29/M 20 17/20 (85%)
tained for cells morphologically resembling histiocytes (including? MCHL 30/M 19 12/19 (63%)

tingible-body macrophages in reactive germinal centers) and sy — nodular sclerosis Hodgkin lymphoma; MCHL —
numerous lymphocytes outside the germinal center (data netigkinlymphoma.

mixed cellularity
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18 MW 20 29 Figure 4. IL-13R a1 expression by individual HRS

cells. Single HRS cells from case 37 were micromanipu-
lated and subjected to polyA PCR as described in
“Materials and methods.” PolyA cDNA products from 20
individual HRS cells (lanes 1-20) were amplified by PCR
with IL-13Ral1-specific oligonucleotides. The 430-bp PCR
product indicates IL-13Ral1 gene expression in 15 of 20
single HRS cells. The presence of IL-13Ral cDNA was
confirmed by hybridization with an internal oligonucleo-
tide. MW = 100-bp ladder; lanes 1-20: single HRS cells;
lane 21: negative control (single HRS cell, no reverse
transcriptase); lane 22: blank; lane 23: negative control
(H20); lane 24: positive control (cDNA from KM-H2 cells).
430 bp

for IL-13 are present in HRS cells of NSHL, MCHL, and LDHL, with 89% of classical HL cases expressed IL-&3RIL-13Ra1 expres-
no significant differences in the intensity of signal or percentage sion was also demonstrated using PCR of cDNA libraries made
positive cells between HL subtypes. The HRS cells appear to be fhem single HRS cells picked from cell suspensions of lymph nodgs
dominant source of IL-13, with rare lymphocytes showing a positiveith HL involvement. The presence of IL-13R2 on HRS cells that §
signal in approximately half of the cases. There were no morphologitso express IL-13 suggests the potential existence of autocﬁne
differences between IL-13 positive and IL-13 negative cases, either@gulatory loops influencing HRS cell proliferation. These resuts
the presence of fibrosis or composition of reactive infiltrate. Itis possitseipport the findings of our previous study in which it was shovn
that IL-13 is still present in these “negative” cases but at leveleat HL cell lines both produce IL-13 and express the IL-@
undetectable by in situ hybridization. Alternatively, some cases of Hieceptor, and that neutralization of IL-13 can lead to inhibition ﬁf
may be truly negative for IL-13, in which case other cytokineproliferation® However, whereas cells in the majority of HL cas%
presumably play a role in their pathogenesis. Our data suggest that ILii3his study expressed both IL-13 and IL-18R HRS cellsin a §
expression is a basic property of HRS cells in the majority of casesfefv cases expressed neither the cytokine nor the receptor, |mp|§|ng
HL, regardless of histologic subtypes. that IL-13 does not act as an autocrine growth factor in all casgs.
IL-13 mRNA was not detected in the L&H cells of NLPHL, The clinical significance of the absence of IL-13 and IL-&3Rn
which shows clinical, morphologic, and immunophenotypic feghese cases remains to be determined.
tures distinct from those of classical HE:26HRS cells in classical In addition to HRS cells, many histiocytes and Iymphocytés
HL are typically CD15 CD30" and are negative for B-cell markersexpressed IL-13R1. The presence of the receptor on those ceﬂs
in the majority of casesClassical HL is believed in many cases tosurrounding the IL-13 positive HRS cells would allow a paracrmm
be a B-lineage lymphoproliferative disorder in which the HRS cellsiechanism to facilitate the accumulation of the mixed |nflamn@
demonstrate clonal rearrangement and somatic mutations of thedgy infiltrate characteristic of HL. However, although IL-13Ris
heavy chain genes but do not expresg’If. The L&H cells of expressed in human fibroblast cell lif€d#1L-13Ral expression
NLPHL, on the other hand, demonstrate a B-cell phenotypeould not be detected in fibroblasts in the sclerotic bands of NSEL
produce functional Ig, and are typically CD1BD30 . The cases examined in this study. The particular role that IL-13 play§in
absence of IL-13 in NLPHL further emphasizes the difference development of fibrosis in NSHL remains unclear because tgere
between these 2 distinct disease entities. was no difference in IL-13 expression between cases of NSHL and
IL-13 is produced predominantly by activated T cells and acdCHL, which by definition lack sclerotic collagenous bands. &
on several cell type%’ In B cells, IL-13 promotes survival and  IL-13 was also detected in 3 NHL cases that share so‘@e
proliferation, as well as Ig class switching to 1IgG4 and fg2? morphologic or immunophenotypic features with HL, including;l
IL-13 plays an important role in Th2 cell differentiation in theof 5 cases of TCRBCL and 2 of 5 cases of ALCL. TCRBCL is a11
mouse3° but its exact role in T-cell development in humans isiggressive NHL that morphologically resembles HL because ofits
unclear. Although some investigators have reported that humarcfaracteristic prominent reactive component of benign T cells and
cells lack surface IL-13 receptotspthers have shown that T cellshistiocytes'®3> suggesting that it is also a malignancy with
can respond to IL-13 in vitré? Human fibroblasts express theabnormal cytokine expression. Indeed, the neoplastic cells of both
IL-13 recepto®1# and IL-13 has been shown to play a role inHL and TCRBCL have been shown to produce the CC chemokine
development of fibrosis in asthi#and parasite-associated hepatidARC (thymus and activation-regulated chemokine), likely account-
damagé In view of these effects, many features of HL, includingng for the prominent T-cell infiltration of both tumo?$Although
the reactive infiltrate of T and B cells, histiocytes, as well as tHé&-13 transcripts were detected in the malignant cells of only one
fibrosis in NSHL, may be attributable to IL-13 expression. Indeedase of TCRBCL in this study, expression of IL-4, whose biologic
it has been shown that in transgenic mice that overexpress IL-13gffiects overlap those of IL-13, was found by others in malignant
the lung, elevated levels of IL-13 lead to the presence of aells of additional TCRBCL casé$. HL shows an opposite
mononuclear infiltrate, eosinophilia, and fibro%is. expression pattern of these 2 related cytokines, namely, positive
Although the effects of IL-13 on target cells have beeexpression of IL-13 but negative expression of IE-Phese results
reasonably well studied, the receptor complex through which it acsggest that IL-4 and IL-13 may contribute to a malignant
is much less well understood. In the best characterized receppbenotype to different degrees in different types of lymphomas.
complex, IL-13Rv1 associates with 1L, but the IL-13 receptor Because T cells are the predominant source of IL-13 secretion,
structure varies among different cell typ&€3$3 The precise func we analyzed 9 cases of T-cell ymphomas for the presence of IL-13,
tion of the IL-13Rx2 chain has yet to be definéti*>In this study, including cases of ALCL and PTCL. ALCL shares some features
in situ hybridization of tissue sections showed that HRS cells imith HL, including pleomorphic morphology of the neoplastic cells

€/PO0Jq/A

S0L9L/0



BLOOD, 1 JANUARY 2001 - VOLUME 97, NUMBER 1 IL-13 AND IL-13 RECEPTOR IN HODGKIN LYMPHOMA 255

and CD30 expressioff.In situ hybridization studies showed that 2may not be seriously detrimental to the immune system of patients with
cases of ALCL and one case of PTCL contained IL-13 positividL. Although the biologic activities of IL-13 and IL-4 overlap, IL-4 is
cells. Unlike HL, these cases contained a homogeneous populatimh a cytokine associated with MLMice deficient for IL-13 (but wild
of lymphoma cells without a prominent reactive infiltrate. Thestype for IL-4) are still able to develop a Th2 cytokine and Ig response to
data do not permit us to conclude that IL-13 plays a defining role parasitic infection, although clearance of the pathogen is less effitient.
the pathogenesis of subsets of T-cell lymphomas. In some tumarhus, medical intervention to block IL-13—mediated autocrine stimula-
IL-13 expression may merely reflect the retention of gene exprdmn of HRS cells should not compromise an IL-4—mediated Th2
sion patterns of the cell of origin. response, allowing the patient some measure of immune protection
In conclusion, we have shown that IL-13 and IL-k8Rare during antitumor treatment.

frequently expressed in HRS cells of HL. IL-13 is important for
normal B-cell physiology, inducing survival and proliferation of
these cellg? Because most cases of classical HL are derived fromcknowledgments
B cells?728|L-13 may also function as a growth factor for these
tumors. The possible role of IL-13 in autocrine growth of HRS cellgve thank J. Ho for excellent technical support; H. G. Drexler, B.
and paracrine stimulation of the reactive infiltrate suggests tHabtrken, and V. Diehl for HL-derived and BL-derived cell lines; M.

IL-13 signaling is a potential pharmacological target in the treatmentBfay for valuable critical comments; N. Le for statistical analysis;

patients with HL. Inhibition of IL-13 signaling for therapeutic purposeand M. Saunders for scientific editing.
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