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I1.-21 is critical for GYHD in a mouse model

A Meguro!, K Ozaki', 1 Oh!, K Hatanaka'!, H Matsu!, R Tatara', K Sato', WJ Leonard® and K Ozawa'
g

' Division of Hematology, Department of Medicine, Jichi Medical University Tochigi, Tochigi, Japan and *Laboratory of Molecular
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Immunological effects of IL-21 on T, B and natural killer
(NK) cells have been reported, but the role of IL-21 in
GVHD remains obscure. Here, we demonstrate that
morbidity and mortality of GVHD was significantly
reduced after BMT with splenocytes from IL-21R~/~ mice
compared with those from wild type mice. To further
confirm our observation, we generated a decoy receptor for
IL-21. GVHD was again less severe in mice receiving BM
cells transduced with the IL-21 decoy receptor than control
mice These results suggest that IL-21 critically regulates
GVHD, and that blockade of the IL-21 signal may
represent a novel strategy for the prophylaxis for GVHD.
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Introduction

Interleukin (IL)-21 is a member of the common cytokine
receptor gamma chain (y.) family that also includes IL-2,
IL-4, IL-7, IL-9 and IL-15. The receptors for each of these
cytokines are composed of more specific chain(s) and a vy,
chain.? The lack of functional vy. causes X-linked SCID
disease (X-SCID) in humans,* which is characterized by a
reduced number of T cells and natural killer (NK) cells, and
a normal number but non-functional B cells. The pheno-
types of IL-7 and IL-15 knockout (KO) mice suggest that
the reduced number of T and NK cells is because of the
lack of IL-7 and IL-15 signaling, respectively.*® We
previously proposed that the non-functionality of B cells
might be attributed to the lack of both IL-4 and IL-21,
based on the observation that IL-4 and IL-21R double KO
mice exhibit a B-cell phenotype similar to that found in
X-linked SCID disease.® The switch from IgM to 1gG was
impaired but still present in IL-21R™~ mice.®

IL-21 was cloned as a co-stimulatory cytokine for
T-cell proliferation and NK-cell expansion in vitro.”
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IL-21 is primarily produced by CD4 T cells,” and the
receptor is primarily expressed on T, B and NK cells.”®
It has been reported that IL-21 suppresses the function of
DCs® and increases the number of hematopoietic progeni-
tor cells.’® IL-21 has been shown to have critical roles in Ig
production.® 1L-21 is not required, but promotes Th17
differentiation in the presence of transforming growth
factor (TGF)-B,'"'* whereas reports have differed regard-
ing its contributions to Thl- and Th2-differentiation.®!+-17
Evidence for a relationship between IL-21 and autoimmune
disease has been accumulating. For example, overexpres-
sion of IL-21 induces inflammation, and in the BXSB.6-
Yaa™/J mouse, a model of systemic lupus erythematosus,
affected mice have high levels of IL-21,'® whereas IL-21R ™/~
BXSB.6-Yaa*/J mice no longer develop systemic lupus
erythematosus.'® In addition, IL-2IR™/~ NOD mice are
resistant to the development of diabetes mellitus.?*?!

Graft-versus-host disease is a serious complication after
hematopoietic SCT.?? Severe GVHD is difficult to treat
because of refractory characteristics and infectious compli-
cations resulting from immunosuppressive treatment.

Here, we have investigated the function of IL-21 in
GVHD and demonstrate that IL-21 is critical for GVHD,
and that blockade of the IL-21 signal could lead to a
treatment or prophylaxis for GVHD.

Methods

Mice

Interleukin-21R ™~ (KO) mice were generated previously.S
Balb/c mice were purchased from Clea Japan (Tokyo,
Japan). Perforin-deficient mice and FasL deficient (gld/g/d)
mice were purchased from Taconic (Hudson, NY, USA)
and Japan SLC (Shizuoka, Japan), respectively. All
mice were housed in our mouse facility, which is regulated
by an intramural small animal committee, and were treated
in accordance with the guidelines of Jichi Medical
University.

Mouse models of GVHD and GVL

" Clinical symptoms of GVHD were scored as previously

reported.??
GVHD group 1 (WT-BM and KO-SP vs WT-BM and
WT-SP). Balb/c mice were irradiated with 8 Gy and
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Figure 1 IL-21R™/~ (knockout (KO)) splenocytes (SPs) ameliorated GVHD. (a and b) Survival and clinical score of GVHD with BM cells from wild type
(WT) C57BL/6 mice (WT-BM). Balb/c recipients were transplanted with 5 x 10° WT-BM and either 5 x 10° SPs from WT or IL-21R KO C57BL/6 mice
(KO-8P) or WT-SP. Open squares (n=2), filled squares (n=20) and filled triangles (n=20) indicate transplants without SPs as controls, with WT-SP,
and with IL-21R KO-8P, respectively. The combined results of three independent experiments are shown. P-values were calculated by the log-rank method.
(c and d) Survival and clinical score of GVHD with IL-21R KO-BM. Balb/c recipients were transplanted with 5 x 10° IL-21R KO-BM and either 5 x 10° IL-
21R KO-SP or WT-SP. Open squares (n=13), filled squares (#=21) and filled triangles (n = 21) indicate transplants without SPs as controls, with WT-SP,
and with 1IL-21R KO-SP, respectively. The combined results of three independent experiments are shown. P-values were calculated by the log-rank method.

injected intravenously with 5 x 10° wild type (WT)-BM and
5 x 10° splenocytes (SPs) from either WT or KO mice.

GVHD group 2 (KO-BM and KO-SP vs KO-BM and
WT-SP): To delete the contaminated WT T cells in BM, we
used KO-BM.

Flow cytometric analysis

Fc-block (BD Biosciences-Pharmingen, San Diego, CA,
USA) was used to prevent non-specific Ab binding to Fc
receptors. Anti-CD4, CDS, H-2° and H-2¢ Abs were
purchased from BD Biosciences-Pharmingen. A LSR flow
cytometer (BD Biosciences-Immunocytometry Systems,
San Jose, CA, USA) was used for data collection, and
the data were analyzed using CellQuest software (BD
Biosciences-Immunocytometry Systems).

Decoy receptor of IL-21

The primers, - TTCTAGCTACCAGCTGCAGGT-3 and
5-TCCTGAAGTTCCTCATATTCA-3, were used to pro-
duce a truncated IL-21R lacking the region from box 1 to
the C-terminus.® All nucleotide sequences were confirmed
by sequencing. Extracellular expression of this receptor was
confirmed by flow cytometric analysis using anti-IL-21-
receptor polyclonal Ab (R&D Systems, Minneapolis, MN,
USA) and a secondary Ab conjugated with FITC (R&D
Systems).
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Table 1 Donor CD4*/CD8* T-cell numbers in spleen at day 14
after transplantation

CD4~ CD8~™
WT spleen (n=6) 29+1.2¢ 3.2+£1.3°
KO spleen (n=10) 37+ L1 33+1.2°
P-value NS NS

Abbreviations: KO =knockout; NS=not significant (P>0.05) by
Student’s t-test; WT = wild type.
*Mean £ s.e.m. ( x 107°) from three independent experiments.

Retrovirus mediated transduction into BM

A retrovirus construct containing the decoy receptor of
IL-21 was transfected into the packaging cell line, PLAT-E,
and the viruses produced were transduced into pre-
stimulated BM cells using Retronectin according to
the manufacturer’s instructions (Takara, Osaka, Japan).
We used 5-15 x 10° BM cells from 5-FU injected mice at
the beginning of cultivation.

Carboxyfluorescein diacetate succinimidyl ester staining
Splenocytes were stained with carboxyfluorescein diacetate
succinimidyl ester (CFSE) for 15 min in phosphate-buffered
saline, washed and injected into irradiated mice. Staining
was carried out according to the manufacturer’s
instructions (Invitrogen-Molecular prove, Carlsbad, CA,
USA).



