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Abstract
We previously showed that transplantation with interleukin-21 receptor (IL-21R) gene-deficient
splenocytes resulted in less severe GVHD than was observed with wild type splenocytes. We now
here sought to find mechanism(s) explaining this observation. Recipients of donor CD4+ T cells
lacking IL-21R exhibited diminished GVHD symptoms, with reduced inflammatory cell
infiltration into the liver and intestine, leading to prolonged survival. After transplantation, CD4+

T cell-numbers in the spleen were reduced and mixed lymphocyte reaction and cytokine
production by CD4+ T cells were impaired. These results suggest that IL-21 might promote
GVHD through enhancing production of effector CD4+ T cells. Moreover, we found that CD25
depletion altered neither the impaired mixed lymphocyte reaction in vitro nor the ameliorated
GVHD symptoms in vivo. Thus, the attenuated GVHD might be caused by an impairment of
effector T-cell differentiation itself rather than by an increase in regulatory T-cells and suppression
of effector T-cells.
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Introduction
Interleukin-21 (IL-21) was discovered as a co-stimulatory cytokine for T-cell proliferation
and NK-cell expansion in vitro (1,2). IL-21 is produced by activated CD4 T-cells (1), and its
receptor is expressed on T, B, and NK cells (1,3). It has also been reported that IL-21
suppresses dendritic cell function (4) and increases hematopoietic progenitor cells (5). IL-21
is known to play critical roles in immunoglobulin production (6), whereas reports have
differed regarding its contributions to Th1-, Th2-, and Th17-mediated effects and
differentiation (6–15). Regarding Th17, IL-21 contributes to Th17 differentiation but may
not be required for this process (7,9,14,15). A relationship between IL-21 and autoimmune
disease has been established. Overexpression of IL-21 induces inflammation, and in an SLE
model mouse (the BXSB.6-Yaa+/J mouse) with high serum levels of IL-21 (16),
development of disease is abrogated when these mice are crossed to IL-21R KO mice (17).
In addition, autoimmune nonobese diabetic (NOD) mice do not develop diabetes in the
absence of IL-21 signaling (18–20).

Graft-versus-host disease (GVHD) is a major complication following hematopoietic stem
cell transplantation (21), sometimes with a fatal outcome. Previously, we showed that
transplantation with interleukin-21 receptor (IL-21R) gene-disrupted splenocytes resulted in
less severe GVHD than was seen with wild type splenocytes (22). We sought to elucidate
the mechanism(s) for this observation and now demonstrate dysregulated effector function
of activated CD4+ T cells in IL-21R−/− mice.

Materials and Methods
Mice

IL-21R−/− and IL-17−/− mice were generated previously (6,23). Both were C57BL/6
background. Both male and female mice were used as donors. C57BL/6-DBA2-F1 male
mice were purchased from Clea Japan (Tokyo, Japan). All mice used in experiments were
6–12 weeks old. All mice were housed in a Jichi Medical University mouse facility, which is
regulated by an intramural small animal committee, and were treated in accordance with the
university guidelines.

In vitro T-cell stimulation and mixed lymphocyte reaction
Cells were cultured in RPMI1640 (Invitrogen, Carlsbad, CA) supplemented with 10 % fetal
calf serum (Sigma, St. Louis, MO), 2 mM L-glutamine (Invitrogen), 50 μM 2-
mercaptoethanol (Sigma), 0.1 mg/mL streptomycin, and 100 U/mL penicillin G
(Invitrogen). Non-specific pan T-cell stimulation was performed using anti-CD3/CD28
beads for three days according to the manufacturer’s instructions (Dynal Biotech ASA,
Oslo, Norway). Allo-antigen-specific T-cell stimulation was induced by co-cultivation of
CD4 T-cells with 30 Gy irradiated splenocytes from C57BL/6-DBA2-F1 mice for four days.

GVHD models
To eliminate effects of wild type T cells in BM, we used IL-21R−/− BM. We compared
transplantations with IL-21R−/− vs. wild type CD4+ T cells. C57BL/6-DBA2-F1 mice were
irradiated with 11 Gy and injected intravenously with 5 × 106 IL-21R−/− BM and 5 × 106

purified CD4+ T cells from either wild type or IL-21R−/− mice. The cells were purified
using CD4-microbeads and AutoMACS® (Milltenyi Biotec K.K., Tokyo, Japan; purity was
>80–90 %).
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Pathological analysis
Two weeks after transplantation, mice were sacrificed and liver, skin, and intestine were
subjected to formalin fixation, paraffin embedding, excision and hematoxylin-eosin staining.
Photographs were taken with an Olympus BX51 microscope using X400 magnification.

Flow cytometric analysis
Fc-block® (BD Biosciences, San Jose, CA) was used to prevent non-specific antibody
binding to Fc receptors. Antibodies to CD4 (RM4-5), CD8 (Ly-2), CD25 (7D4), H-2b

(AF6-88.5), H-2d (SF1-1.1), IFN-γ (XMG1.2), and TNF-α (MP6-XT22) were purchased
from BD Biosciences and anti-Foxp3 (FJK-16a) was from eBioscience (San Diego, CA).
Intracellular staining was performed with Cytofx/Cytoperm® kit (BD Biosciences)
according to the manufacturer’s instruction. Cells were stimulated with anti-mouse CD3/
CD28 beads for 5 hours in the presence of GolgiStop® (BD Biosciences). For Foxp3
intracellular staining, the stimulation was omitted. A LSR flow cytometer (BD Biosciences)
was used for data collection, and data were analyzed using CellQuest software (BD
Biosciences).

Enzyme linked immunosorbent assay (ELISA)
ELISA kits for IL-2, IL-4, and IFN-γ were from BD Biosciences and ELISA kits for IL-21,
IL-17, TNF-α, and TGF-β1 were from R&D Systems (Minneapolis, MN). Concentrations
were determined according to the manufacturer’s instructions.

CD25 depletion in vitro and in vivo
In vitro purification of CD4+ T cells and depletion of the CD25+CD4+ subpopulation was
performed by cell-sorting using a FACSAria® (BD Biosciences), which yielded highly pure
populations (>98%). In vivo CD25 depletion was performed by injecting anti-CD25
antibody as described previously (24,25). Briefly, a hybridoma producing anti-CD25
antibody (PC61, American Type Culture Collection) was cultured in serum-free medium
(PFHM-II from Invitrogen) and the antibody was purified from supernatant by ammonium
sulfate precipitation and a PD10 column (GE Healthcare, UK). The purified product was
quantified by the Bradford assay (Bio-Rad, Hercules, CA) at OD595 and 1 mg was injected
intraperitoneally weekly from day 0 for 3 weeks. Control rat non-specific IgG was
purchased from Invitrogen.

RT-quantitative PCR
At day 21 after bone marrow transplantation, CD25-negative CD4+ T cells were purified by
cell-sorting from either recipients of wild type or IL-21R−/− CD4+ T cells, and RNA was
isolated (RNeasy®, Qiagen, Valencia, CA), reverse transcribed using SuperScript® First-
Strand Synthesis System for RT-PCR (Invitrogen), and PCR-amplifed using TaqMan® Gene
Expression Assay’s primer for mouse Foxp3 (Mm00475156) and β-actin (Mm00607939)
and an ABI Prism 7700 sequence detection System (PE Applied Biosystems, Foster, CA,
USA).

Statistical analysis
Kaplan-Meier plots were used to compare survival rates. The Logrank test was used to
evaluate p values. Statistical analyses were performed using “Stat Mate ver. 6” (ATMS,
Tokyo, Japan). The Student’s t-test was used and all error bars in this study are S.D., unless
otherwise specified.
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Results
Purified CD4+ T cell-transplantation and pathological analysis

As noted above, decreased GVHD was observed when we transplanted IL-21R-deficient as
compared to wild type bulk splenocytes (22). Although we sought to find molecular
mechanism(s) for the ameliorated GVHD, no clue was immediately evident from the
transplantation experiments performed (22). Thus, here we used purified CD4+ T cells
instead of bulk splenocytes in this study, hoping to augment the differences observed. We
used a well-known model of CD4+ T cell-mediated GVHD (26), in which C57BL/6 mice
were donors and C57BL/6-DBA2-F1 mice were recipients. In this model, the difference
between wild type and IL-21R−/− cells indeed appeared to be greater than in the previous
experiments with bulk splenocytes (22). All recipients of wild type CD4+ T cells died within
55 days whereas those receiving IL-21R−/− CD4+ T cells survived during this time period
(Fig. 1A). Moreover, recipients of IL-21R−/− CD4+ T cells recovered from body weight loss
by day 14 but those receiving wild type CD4+ T cells did not recover and moreover
continued to lose body weight (Fig. 1B). In recipients of IL-21R−/− CD4+ T cells,
pathological analysis showed markedly reduced infiltration into region surrounding bile
ducts and portal veins, and into the interstitial region of small intestine, as compared to the
greater infiltration observed in recipients of wild type CD4+ T cells (Fig. 2, upper and
middle panels). Apoptotic bodies near the surface area of crypts in the small intestine could
barely be seen in recipients of IL-21R−/− CD4+ T cells, in contrast to recipients of wild type
CD4+ T cells, in which apoptotic bodies were evident (Fig. 2, middle panel, see
arrowheads). No significant difference was observed in skin pathology among recipients of
wild type CD4+ and IL-21R−/− CD4+ T cells. These results suggested that IL-21 might be
essential for CD4-mediated GVHD, at least in this setting.

Normal cytokine production by the splenocytes after transplantation is dependent on IL-21
The above observations suggested that IL-21-mediated donor CD4+ T cell activation was
involved in the exacerbation of GVHD. Because we could not find any significant difference
in serum cytokine concentrations after transplantation (Supplemental Fig. S1), we assessed
T cell differentiation by cytokine production in the presence of cellular stimulation.
Interestingly, at day 14 and 21 after transplantation, bulk splenocytes from recipients of
IL-21R−/− CD4+ T cell exhibited defective cytokine production, with decreased levels of
IFN-γ, TNF-α, and IL-4; in contrast, levels of IL-2, IL-17, and IL-21 were not significantly
diminished (Fig. 3, left six panels, p values are indicated). Before transplantation, IL-21R−/−

CD4+ T cells did not show any significant defect in IFN-γ, IL-4, or TNF-α production (Fig.
3, right three panels), suggesting that the defect was acquired after transplantation. This
defect in effector T cell function might represent a mechanism for the difference in the
development of GVHD by mice receiving wild type versus IL-21R−/− CD4+ T cells.

CD4+ T cells were responsible for the low production of cytokines
To elucidate the basis for diminished cytokine production, we examined the number of
donor CD4+ T cells in the spleen at day 14–21 after transplantation. The number of donor
H-2Kd-negative CD4+ T cells was significantly lower in recipients of IL-21R−/− CD4+ T
cells than in recipients of wild type CD4+ T cells (Fig. 4A, p=0.03, Welch t-test, n=15 vs
12), although the ranges overlapped. As it is thought that donor T cells proliferate in
secondary lymphoid organs such as the spleen and then infiltrate into target organs (27), the
reduced number of CD4+ T cells in the spleen is consistent with the reduced infiltration into
the liver and small intestine, as shown above (Fig. 2). To identify the cells responsible for
defective cytokine production, we performed intracellular staining and ELISA with purified
CD4+ T cells. After anti-CD3/CD28 stimulation, the proportion of IFN-γ+ and TNF-α+ cells
in splenic CD4+ T cells was lower in recipients of IL-21R−/− CD4+ T cells than in those
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receiving wild type CD4+ T cells (Fig. 4B). Moreover, post-transplantation, the levels of
IFN-γ, TNF-α, and IL-4 production were significantly diminished with splenic purified
CD4+ T cells from recipients of IL-21R−/− CD4+ T cells as compared to those receiving
wild type CD4+ T cells (Fig. 4C, left three panels). Before transplantation, IL-21R−/− CD4+

T cells did not show any defect in IFN-γ, TNF-α, and IL-4 production (Fig. 4C, right
panels).

IL-17 production and GVHD induced by IL-17−/− CD4+ T cells
Although IL-21 is not essential for Th17 differentiation, IL-21 can promote Th17
differentiation. To evaluate the effect of IL-21−/− CD4+ T cell-transplantation on IL-17
production, we measured IL-17 after transplantation. As shown in Fig 3, bottom panel, bulk
splenocytes from recipients of IL-21R−/− CD4+ T cells produced comparable amounts of
IL-17 at day 14 and 21 after transplantation, as compared to mice receiving wild type CD4+

T cells. Moreover, we found that IL-17−/− CD4+ T cells induced lethal GVHD analogous to
wild type CD4+ T cells (if anything, death occurred earlier), suggesting that IL-17 is
dispensable for this process, in contrast to the essential role of IL-21 as indicated by the
survival of mice receiving IL-21R−/− CD4+ T cells (Fig. 5).

Regulatory T cell (Treg) number in spleen
We next determined the serum concentration of the major immunosuppressive cytokine,
TGF-β1 at day 6–21 after transplantation. We found an increase of TGF-β1 only after
transplantation (Fig. 6A, p=0.0003 at day 14, p=0.01 at day 21, Student’s t-test). In
splenocytes from recipients of IL-21R−/− CD4+ T cells, the production of TGF-β1 and IL-10
by in vitro T cell stimulation was not up-regulated and in fact tended to be diminished
(Supplemental Fig. S2), suggesting that the increase of serum TGF-β1 might be due to cells
other than T cells. As naïve T cells can differentiate into regulatory T (Treg) cells in the
presence of TGF-β1 (28) and it was reported that IL-21−/− T cells were predisposed to
differentiate into Treg (8), we also investigated whether more Treg cells were induced in
recipients of IL-21R−/− CD4+ T cells. The proportion of splenic Foxp3+CD4+ Treg
phenotype cells in recipients of IL-21R−/− CD4+ T cells was higher than that in recipients of
wild type CD4+ T cells, but the total percentage was still only ~1% (Fig. 6B, left panel). The
absolute number was ~4 folds higher but the actual number was only ~4 × 105 out of the
total number of splenocytes, ~4 × 107 (Fig. 6B, right panel). In contrast to post-
transplantation, pre-transplantation-splenocytes from IL-21R−/− mice did not show an
increase of Foxp3+CD4+ T cells as compared to cells from wild type mice (Supplemental
Fig. S3), suggesting that the increased Treg after transplantation was an induced Treg during
GVHD reaction. For that reason, we did not deplete CD25+ cells prior to transplantation.

CD25 depletion did not restore the suppressed allo-reaction in vitro and did not
exacerbate the ameliorated GVHD

To investigate the importance of Treg cells in diminishing GVHD, we performed a mixed
lymphocyte reaction, which corresponds to allo-reaction in vitro, with or without
CD25+CD4+ T cells. As Foxp3 is an intracellular protein and Foxp3 staining cannot be used
to purify or deplete Treg cells, anti-CD25 antibody is widely used for this purpose (9,29–
32). The impaired mixed lymphocyte reaction of IL-21R−/− CD4+ T cells after
transplantation was not restored by CD25 depletion (Fig. 7A), nor was the impaired IFN-γ
production by IL-21R−/−CD4+ T-cells in a mixed lymphocyte reaction (Fig. 7B). Moreover,
analogous to cytokine production by anti-CD3/CD28 stimulation (Fig. 3), IL-21R−/− CD4+

T cells before transplantation were not defective for allo-reaction (Fig. 7C).

Consistent with the in vitro experiments above, CD25+ depletion in vivo did not alter the
severity of GVHD in recipients of IL-21R−/− CD4+ T cells, without altering the body weight
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loss and survival (Fig. 8A and 8B). In contrast, the severity of GVHD in recipients of wild
type CD4+ T cells appeared to be slightly diminished by CD25+ depletion (Fig. 8A and 8B).
In this condition, as previously reported (30), the depletion efficacy of CD25+CD4+ T cells
was more than 95 % and that of Foxp3+CD4+ T cells was at least 50 % (Fig. 8C upper and
lower panels). Interestingly, Foxp3 expression was higher in CD25-negative CD4+ T cells
from recipients of IL-21R−/− CD4+ T cells than from recipients of wild type CD4+ T cells
(Fig. 8D). Together with results in vitro (Fig. 7), this suggests a relationship between
unresponsiveness of CD25-negative CD4+ T cells and higher expression of Foxp3.

Discussion
Here, we have reported evidence indicating that IL-21 is critical for the pathogenesis of
CD4+ T cell-mediated GVHD, at least in part due to effects on CD4 differentiation. In this
study, we focused on CD4+ T cell-mediated GVHD; a role for IL-21 in CD8+ T cell-
mediated GVHD remains to be investigated.

We found a profound defect in T cell effector function only after transplantation, although
serum cytokine concentrations had no obvious difference. According to these results, T cell
differentiation into Th1 and Th2 cells appeared to be altered in the absence of IL-21 during
GVHD. Cytokines are believed to have both positive and negative roles in GVHD. For
example, whereas T cells from IFN-γ deficient mice developed more severe GVHD (33–35),
T cells from Stat4 (Th1) deficient mice exhibited less severe GVHD than T cells from wild
type mice with less severe colitis (36). In contrast to IFN-γ−/− T cells, T cells from IL-4
deficient mice induced less severe GVHD (34); analogously, T cells from Stat6 (Th2)
deficient mice induced less severe GVHD than those from wild type mice (36). T cells from
TNF-α deficient mice developed less severe GVHD with less severe colitis (37). Our data
suggest a strong correlation between the defect in effector function in recipients of
IL-21R−/− CD4+ T cells and the attenuated phenotype of GVHD, indicating a role for IL-21
in this process.

IL-21 as well as IL-6 induces Th17 differentiation in the presence of TGF-β, suggesting a
possible involvement of IL-17 in the phenotype we observed. However, our results with
IL-17−/− CD4+ T cells demonstrated that IL-17 was dispensable for CD4+ T cell-mediated
GVHD, indicating that the attenuated GVHD in recipients of IL-21R−/− CD4+ T cells was
not due to an IL-17-related defect. During the preparation of this manuscript, a role for
IL-17 in GVHD was reported (38–40). These reports varied but one report suggested that the
lack of IL-17 promotes GVHD (38). Another report suggested that IL-17−/− CD4+ T cells
can ameliorate GVHD only at the beginning of GVHD, which suggested a promoting effect
for IL-17 at an early stage of GVHD (39). The third report suggested that ex vivo
differentiated Th17 cells induced skin and lung GVHD (40). Thus, the role of IL-17 may be
complex and dependent on the specific experimental conditions.

Because there are reciprocal relationships between Th1/Th2 and regulatory T cell
differentiation (41–43) and between IL-21 and regulatory T cell differentiation (8), we
investigated the level of Treg cells in the spleens of recipients. Foxp3+CD4+ T cells were
increased in percentage and absolute number but still represented only ~1% of splenocytes.
Regarding the relationship between the defective effector T cells function and the increased
number of Treg cells, it is possible that increased Treg cells suppress functional effector T-
cells, but alternatively, it is also possible that effector differentiation itself is defective and
the resulting effector T cells cannot respond to allo-antigen, analogous to the situation in T
cell anergy, and that the increased Treg cell number is also a result of a dysregulated
differentiation. Our results here might be more consistent with the latter possibility, given
that Treg depletion by anti-CD25 treatment did not alter the results in vitro and in vivo,
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although the efficiency of depletion of Foxp3+CD4+ T cells in vivo was incomplete. It is
also conceivable that the up-regulation of Foxp3 in CD25-negative CD4+ T cells (which
would not be removed by CD25+ depletion) in the absence of IL-21 signaling might result in
unresponsiveness or poor-responsiveness of effector T cells, and also that more than one
mechanism can contribute to the attenuated GVHD.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A role for IL-21 in CD4+ T cell-mediated GVHD. (A) Survival of recipients of wild type
and IL-21R−/− CD4+ T cells. C57BL/6-DBA2-F1 mice were irradiated with 11 Gy and
received 5 × 106 IL-21R−/− BM with 5 × 106 wild type or IL-21R−/− CD4+ T cells. Shown
are combined data from two independent experiments. A total of 13 recipients each for wild
type and IL-21R−/− CD4+ T cells were analyzed. P values were calculated by Logrank test.
(B) Body weight after bone marrow transplantation. Asterisks denote statistical significance
(p<0.05) by the Student’s t-test.
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Figure 2.
Pathological analysis of recipients. H&E staining of liver, small intestine, and skin are
shown (Original magnification was × 400). In recipients of wild type CD4+ T cells, cell
infiltration around portal vein (P), around bile duct (B), and into interstitial region in small
intestine are evident. Arrowheads in small intestine indicate apoptotic bodies near the
surface of crypts. These changes were barely seen in recipients of IL-21R−/− CD4+ T cells.
Skin did not show any significant difference between recipients of wild type and IL-21R−/−

CD4+ T cells. Shown is a representative result of 6 mice analyzed in each group. Only one
recipient of IL-21R−/− CD4+ T cell showed apoptotic bodies in the lumens of intestine and
infiltration around the bile duct and portal vein, as was observed in the recipients of wild
type CD4+ T cells.
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Figure 3.
Cytokine production by bulk splenocytes before and after CD4+ T cell-transplantation. At
day 14 and 21 after transplantation, splenocytes (5 × 105) were taken and stimulated with
anti-CD3/CD28 antibodies for 18 hours. Concentrations of cytokines in the supernatants
were determined by ELISA. In total 12–13 recipients of wild type CD4+ T cells and 10
recipients of IL-21R−/− CD4+ T cells were analyzed. Prior to transplantation, 5 wild type
and 8 IL-21R−/− mice were analyzed. P values were calculated by the Student’s t-test.
Asterisks denote statistical significance (p<0.05). At day 14–21 after transplantation, the
proportion of donor cells in the spleen was >95% in our settings.
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Figure 4.
Cytokine production by splenic CD4+ T cells before and after transplantation. (A) Absolute
number of donor H-2Kd-negative CD4+ T cells in the spleen. The number of donor CD4+ T
cells was determined by multiplying the number of splenocytes by the percentage of H-2Kd-
negative CD4+ T cells. Each dot depicts the number of donor CD4+ T cells in a mouse.
Lines in the middle of dots indicate the average. Total mice analyzed were 15 recipients of
wild type CD4+ T cells and 12 recipients of IL-21R−/− CD4+ T cells. (B) Intracellular
staining of splenocytes after anti-CD3/CD28 stimulation. Splenocytes (1 × 106) were
stimulated with anti-CD3/CD28 antibodies for 5–6 hours and stained with either anti-IFN-γ
or anti-TNF-α antibody in combination with anti-CD4 antibody. A total of three recipients
in each group were analyzed and a representative result is shown. (C) Cytokine production
by CD4+ T cells in vitro. At day 14 or 21 after transplantation, splenic CD4+ T cells (5 ×
105) were purified and stimulated with anti-CD3/CD28 antibodies for 18 hours.
Concentrations of cytokines in the supernatants were determined by ELISA. Twelve mice
were analyzed in each group after transplantation. Total mice analyzed before
transplantation were 5–6 wild type and 8–9 IL-21R−/− mice. Asterisks denote statistical
significance (p<0.05).
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Figure 5.
IL-17−/− CD4+ T cells induced lethal GVHD. Survival of recipients of wild type (WT),
IL-21R−/− (IL-21RKO), or IL-17−/− (IL-17KO) CD4+ T cells. Lethally irradiated (11 Gy)
C57BL/6-DBA2-F1 mice were transplanted with 5 × 106 IL-21RKO-BM and 5 × 106 WT
(filled square), IL-21R KO (filled triangle), or IL-17 KO (filled circle) CD4+ T cells. The
data represent the combined result of two independent experiments.
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Figure 6.
Increase of splenic Treg cells. (A) Up-regulation of serum TGF-β1. Serum TGF-β1
concentrations at the indicated day after transplantation were determined by ELISA per the
manufacturer’s instruction. Three samples from recipients of wild type CD4+ T cells and
four samples from recipients of IL-21R−/− CD4+ T cells at day 6, 23 samples from
recipients of wild type CD4+ T cells and 25 samples from recipients of IL-21R−/− CD4+ T
cells at day 14, and 8 samples from recipients of wild type CD4+ T cells and 7 samples from
recipients of IL-21R−/− CD4+ T cells at day 21 were analyzed. Asterisks denote statistical
significance (p<0.05). (B) The percentage and absolute number of splenic Foxp3+CD4+

regulatory T cells at day 14 after transplantation. The left panel shows a representative flow
cytometric result from 8–9 similar samples. The right panel indicates the number of all
samples; the averages are indicated by the horizontal bars.
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Figure 7. An impaired CD4 allo-reaction is not dependent on CD25+CD4+ T cells
CD4 allo-reaction in vitro was impaired after transplantation, and this impairment was not
restored by CD25+ T cell depletion. (A) At day 14 after transplantation, 1 × 105 sorter-
purified splenic CD4+ or CD25-negative CD4+ T cells (>98% purity) were cultured with 4 ×
105 irradiated allogeneic C57BL/6-DBA2-F1 splenocytes for 4 days. The cells were pulsed
with 1 μCi of [3H]-thymidine for the last 24 hours. Relative thymidine uptake to the value of
wild type CD4+ T cells is depicted. (B) Culture was the same as in (A), but IFN-γ
concentrations in the supernatants were determined by ELISA. (C) Sorter-purified splenic
CD4+ or CD25-negative CD4+ cells from non-transplanted mice were cultured with
irradiated allogeneic C57BL/6-DBA2-F1 splenocytes. Relative thymidine uptake to the
number of wild type CD4+ T cells is depicted. Asterisks denote statistical significance
(p<0.05).
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Figure 8. The ameliorated GVHD induced by IL-21R−/− CD4+ T cells is not dependent on
CD25+CD4+ T cells
The ameliorated GVHD induced by IL-21R−/− CD4+ T cells was not exacerbated by
depletion of CD25+CD4+ T cells. Body weight (A) and survival (B) of recipients are shown.
Comparison between recipients of wild type CD4+ T cells and IL-21R−/− CD4+ T cells, and
further comparison with and without anti-CD25 antibody treatment were performed. Control
antibody used was non-specific rat IgG. (C) Splenic CD25+CD4+ T cells and splenic
Foxp3+CD4+ T cells at day 14 after transplantation with or without anti-CD25 antibody
treatment were analyzed by flow cytometry (upper panels). The lower panels indicate the
mean of percent reduction of CD25+CD4+ and Foxp3+CD4+ cells from three similar results.
(D) Foxp3 mRNA level in CD25-negative CD4+ T cells at day 21 after transplantation. Cell-
sorter purified CD25-negative CD4+ T cells were subjected to mRNA purification, reverse-
transcriptase-treatment, and Taqman® quantitative PCR. Relative value to β-actin was
denoted.
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