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Prophylactic and Therapeutic Effects
of Interleukin-2 (IL-2)/Anti-IL-2
Complexes in Systemic Lupus
Erythematosus-Like Chronic
Graft-Versus-Host Disease

Stefan Heiler**, Jonas Létscher', Matthias Kreuzaler?, Johanna Rolink and
Antonius Rolinks

Developmental and Molecular Inmunology, Department of Biomedicine, University of Basel, Basel, Switzerland

Murine chronic graft-versus-host-disease (cGvHD) induced by injection of parental lym-
phocytes into F1 hybrids results in a disease similar to systemic lupus erythematosus.
Here, we have used DBA/2 T cell injection into (C57BL/6 x DBA/2)F1 (BDF1) mice as
a model system to test the prophylactic and therapeutic effects of interleukin-2 (IL-2)/
anti-IL-2 immune complexes on the course of cGvHD. Our findings demonstrate that
pretreatment with Treg inducing JES6/IL-2 complexes render BDF1 mice largely resis-
tant to induction of cGvHD, whereas pretreatment with CD8* T cell/NK cell inducing
S4B6/IL-2 complexes results in a more severe cGvHD. In contrast, treatment with JES6/
IL-2 complexes 4 weeks after induction had no beneficial effect on disease symptoms.
However, similar treatment with S4B6/IL-2 complexes led to a significant amelioration
of the disease. This therapeutic effect seems to be mediated by donor CD8* T cells.
The fact that a much stronger cGvHD is induced in BDF1 mice depleted of donor CD8*
T cells strongly supports this conclusion. The contrasting effects of the two different IL-2
complexes are likely due to different mechanisms.

Keywords: chronic graft-versus-host-disease, interleukin-2/anti-interleukin-2 complexes, lupus, host regulatory
T cells, donor CD8* T cells, interleukin-2 receptor, autoantibodies, immune complex-mediated glomerulonephritis

INTRODUCTION

Systemic lupus erythematosus (SLE) is a complex, systemic autoimmune disease affecting multiple
organs (1). High titers of autoantibodies binding to nuclear components, including histones and
DNA, are characteristic of SLE and are routinely used as a disease marker in clinical diagnosis.
Immune complex-mediated glomerulonephritis (ICGN), likely resulting from renal deposition
of immune complexes and autoantibodies, is a common and severe clinical manifestation of SLE
causing high mortality among affected individuals (2). Although the cellular and molecular events
leading to breakdown of tolerance and the emergence of pathologic autoantibodies are still rather
obscure, genetic traits clearly play a pivotal role in the susceptibility to SLE (3, 4). Once tolerance is
broken either at the T cell or B cell level, self-amplifying/sustaining loops of antigen-presentation
and lymphocyte-activation contribute to the generation of high-affinity autoantibodies (5, 6).
Notably, the majority of pathogenic autoantibodies found in SLE are somatically hypermutated
and class-switched, indicating differentiation and affinity maturation of autoreactive B cells in
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the germinal centers of secondary lymphoid organs. Moreover,
through somatic hypermutation, previously non-autoreactive
precursors can also contribute to the pool of self-antigen reac-
tive B cells (7, 8). Follicular helper T (Tth) cells play important
roles in germinal center reactions leading to the generation of
high-affinity B cell clones and long-lived memory (9). There is
accumulating evidence that aberrant Tth responses contribute to
SLE pathology, and new therapeutic approaches targeting Tth-
associated molecules are currently being tested (10). Up to now,
standard SLE therapy depends on general immunosuppressive
and anti-inflammatory drugs (11). More recently, the anti-BAFF
monoclonal antibody (mAb) belimumab showed beneficial
therapeutic effects in combination with standard drugs in clinical
studies and has been approved for SLE therapy (12, 13). However,
there is still an unmet clinical need for more specific therapies to
improve the treatment of lupus.

Autoimmune-prone mice that spontaneously develop lupus-
like disease have substantially contributed to a better under-
standing of genetics underlying disease development through
identification of several loci contributing to disease susceptibility
(14, 15). Moreover, spontaneously occurring mutations in, or
targeted disruption of, specific genes in mice leading to SLE-like
symptoms facilitate the identification of molecular events con-
tributing to the pathogenesis of lupus (16).

The chronic graft-versus-host-disease (cGvHD) represents
another commonly used mouse model for SLE-like disease
and can be induced by transferring CD4* T cells into MHC-II
mismatched recipients otherwise not prone to develop SLE-like
autoimmunity (17). A well-established strain combination for the
induction of cGVHD is the injection of parental DBA/2 (H2%4)
lymphocytes into semi-allogeneic (C57BL/6 X DBA/2)F1 (BDF1)
(H2"9) recipients (18). These mice develop symptoms closely
resembling SLE, including high titers of anti-nuclear antibodies
(ANA), anti-isologous erythrocyte (anti-RBC) antibodies, and
fatal ICGN (19, 20). The known time point of disease induction
facilitates studies on disease kinetics in this model. Moreover, the
relatively easiness to manipulate the course of the disease and
the rapid kinetics of disease development are, in our opinion,
advantages to the spontaneous models mentioned above.

Interleukin-2 (IL-2) is a type I cytokine, produced primarily by
conventional T cells, with pleiotropic effects on various cells of the
immune system (21). Paradoxically, IL-2 can exert contradictory
effects depending on the immunological context. On one hand,
IL-2 exerts stimulatory effects on immune responses by expand-
ing effector T cell populations. On the other hand, IL-2 can be
immunosuppressive by inducing the proliferation of regulatory
T cells (Tregs) that critically depend on IL-2 for homeostasis and
to maintain their suppressive capacity (22). Thus, this property
makes IL-2 an important regulator of peripheral self-tolerance
by balancing the ratio of effector T cells and Tregs. Interestingly,
T cells in some SLE patients were shown to be hyperactivated, but
at the same time also produce less IL-2 compared to cells from
healthy individuals (23, 24). Accordingly, impaired IL-2 produc-
tion in some SLE patients might account for disturbed Treg
homeostasis leading to a breakdown of tolerance to self-antigens.

Initially, IL-2 was discovered and described as growth factor
for T cells due to its ability to induce activation and proliferation

of T cells in vitro (25, 26). Based on these findings, IL-2 was later
on used as therapeutic treatment for renal cell carcinoma and
metastatic melanoma. A major drawback, however, was the short
half-life (~5 min) of IL-2 in the circulation and its toxicity at high
doses. Thus, high-dose regimes necessary to achieve a clinical
effect were accompanied by severe side effects, including a gen-
eral vascular leakage syndrome. Additionally, response rates were
rather poor at that time (5-10%) (27, 28). This might have in part
contributed to the prevailing opinion that IL-2 has only a limited
clinical potential. However, already by the 1990s, it was shown
that autoimmune symptoms developing in MRL/Ipr mice could
be efficiently ameliorated by transfection with an IL-2-producing
retroviral vector (29). Although this study provided evidence for
IL-2 as potential treatment in autoimmune settings, this highly
interesting finding was never followed up, likely due to the severe
side effects of IL-2 observed in cancer immunotherapy.

More than 10 years ago, Boyman and co-workers elegantly
demonstrated that the efficiency of IL-2 treatment could be
readily enhanced and at the same time severe side effects could
be prevented or largely reduced when IL-2 was administered as
an immune complex bound to an anti-IL-2 mAb (30). Moreover,
the authors showed that depending on the anti-IL-2 mAb used
for the formation of the immune complexes different T cell
subsets could be stimulated and expanded. Administration of
IL-2 complexes generated with anti-IL-2 mAb JES6.1 (JES6/IL-2)
selectively stimulate expansion of Tregs, whereas injection of IL-2
complexes formed by anti-IL-2 mAb S4B6 (S4B6/IL-2) induce
predominantly an expansion of the CD8* T cell compartment
and to a fewer extend an expansion of NK cells (31).

Structural analysis of IL-2 complexes suggests that mAb JES6.1
blocks epitopes of the IL-2 molecule involved in binding to IL-2
receptor B-chain (IL-2Rf) and common y-chain (yc) subunits,
thus promoting interaction with IL-2 receptor a-chain (IL-2Ra).
This in turn increases the biological availability to cells expressing
high-affinity IL-2 receptors (IL-2Rafy) like Tregs. In contrast,
mADb S4B6 blocks the epitope required for interactions with
IL-2Ra, thus favoring interaction with low-affinity IL-2 receptors
(IL-2RPy) expressed at high levels on CD8* T cells (32, 33). Up to
now, the efficiency of IL-2 complexes in immunotherapy has been
demonstrated in several murine models. It was shown that JES6/
IL-2 complexes promote allograft survival, suppress the devel-
opment of arthritis, and prevent the induction of experimental
autoimmune encephalomyelitis (34-36). In contrast, S4B6/IL-2
complexes have been shown to enhance anti-tumor activity
(37, 38). Whether IL-2 complexes might be equally efficient for
the treatment of murine SLE-like autoimmune symptoms result-
ing from ¢GvHD has not yet been addressed in detail.

In this study, we examined the prophylactic and therapeutic
effects of JES6/IL-2 and S4B6/IL-2 complexes on cGvHD. Our
findings demonstrate that Treg expansion by JES6/IL-2 com-
plexes, prior to disease induction, protects mice to a large extend
from developing cGVHD. On the other hand, therapeutic admin-
istration of S4B6/IL-2 complexes 4 weeks after disease induction
leads to significant amelioration of the disease. Interestingly,
prophylactic treatment with S4B6/IL-2 complexes induces exac-
erbated cGvHD, whereas treatment of ongoing disease with JES6/
IL-2 complexes has no significant effect on disease symptoms.

Frontiers in Immunology | www.frontiersin.org

April 2018 | Volume 9 | Article 656


https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive

Heiler et al.

IL-2 Complexes in SLE-Like cGvHD

Moreover, we show that donor CD8" T cells are an important
factor in ¢cGvHD development. When ¢GvHD is induced in the
absence of donor CD8* T cells, the disease is significantly aggra-
vated, suggesting an inhibitory role of these cells on the course
of cGvHD. The potential mechanism by which IL-2 complexes
interfere with cGvHD and how donor CD8" T cells contribute to
suppression of disease is discussed.

MATERIALS AND METHODS

Mice

(C57BL/6 x DBA/2)F1 (BDF1) and DBA/2 were bred in our animal
facility and all mice were maintained under specific pathogen-free
conditions. For experiments and analysis, age- and sex-matched
mice between 8 and 12 weeks of age were used. Animal experi-
ments were carried out within institutional guidelines (auth-
orization number 1888 and 2434 from Cantonal Veterinarian
Office, Basel).

Preparation of Donor Cells and
Induction of GvHD

For preparation of donor cells, spleens and LN (cervical, axillary,
brachial, inguinal, and mesenteric) were removed from DBA/2
mice and gently passed through a 40 pm nylon mesh to obtain
single cell suspensions in serum-free (SF) IMDM supplemented
with 2% FCS (MP Biomedical, USA) and 0.5% Ciproxine (Bayer
AG, CH). Spleen cell suspensions were treated with ACK buffer to
lyse erythrocytes. Single cell suspensions were pooled, counted by
Trypan blue exclusion, and washed in SF IMEM (Sigma-Aldrich,
USA) prior to injection. GYHD was induced by i.v. injection of
70 X 10° DBA/2 lymphocytes in a volume of 200 pl SE-IMEM.

Depletion of Donor CD8* T Cells

In order to obtain donor cell suspensions depleted of CD8"
T cells, DBA/2 mice were injected i.v. with 200 pl of 1 mg/ml YTS-
156, a rat anti-mouse mAb specific for CD8p, 4 days before the
mice were used to prepare cell suspensions. YTS-156 was purified
from hybridoma culture supernatant according to standard pro-
cedures. The efficiency of CD8* T cell depletion was confirmed
by flow cytometry using fluorescent-labeled anti-CD8a-specific
mAb (53-6.7).

Preparation of IL-2 Complexes

For a single injection, 2.5 pg rIL-2 and 7.5 pg anti-IL-2 mAb
JES6.1A12 (BioXCell, USA) or S4B6 (purified from hybridoma
culture supernatant by standard procedure) were mixed to pre-
pare the IL-2 complexes. After a 30 min incubation at 37°C, the
volume was adjusted to 200 ul with sterile PBS and injected i.p.
into mice. Control mice were left untreated.

Detection of Autologous IgG Anti-
Erythrocyte Antibodies (Anti-RBC)
For the detection of anti-RBC antibodies in blood of cGvHD
mice, Coombs test was performed as described elsewhere (18).

Briefly, 100 pl heparinized blood was first diluted in the ratio of
1:20 in PBS containing 2% FCS and 0.1% of 1 M NaNs. 25 pl of

diluted blood was incubated with 50 ul of 1:200 diluted fluorescein
isothiocyanate (FITC)-labeled goat anti-mouse IgG antibody
(Jackson ImmunoResearch, USA) for 30 min at 4°C. Cells were
washed and bound antibody was detected using a FACSCalibur
(BD Bioscience, USA) flow cytometer. Mice were scored posi-
tive when the median of fluorescence intensity of staining was
increased more than twofold compared to healthy controls.

Detection of ANA

For the detection of ANA in the sera of cGvHD mice, 8 pm sec-
tions of snap-frozen kidneys obtained from RAG2~'~ mice were
used. Sections were first incubated with 80 pl serum from cGvHD
mice diluted from 1:20 to 1:5,120 for 30 min at room temperature
(RT) in the dark. After washing, bound ANA were detected by
incubation with 80 pl of a 1:200 diluted FITC-labeled goat anti-
mouse IgG antibody for 30 min at RT in the dark. The titer was
determined by using a fluorescent microscope (Zeiss Axioscope)
and was defined as the highest dilution that still gave a specific
nuclear staining. Mice containing sera with titers lower than 1:20
were considered as negative for ANA.

Measurement of Proteinuria

Proteinuria was determined semi quantitatively in weekly intervals
using Albustix (Siemens Healthcare Diagnostics Inc., Newark,
Delaware). Elevated protein levels in the urine are indicative of
failure in kidney function (20). Mice were scored positive when
a concentration >3 mg/ml was indicated by color change of the
Albustix.

Immunhistological Analysis

Kidneys from proteinuria positive mice were embedded in
OCT-compound (Sakura Finetek, Netherlands) and snap-frozen
on dry ice. 8 um sections were prepared on glass slides, fixed in
acetone for 10 min, and dried. For the detection of immune com-
plex deposition in the glomeruli, sections were incubated with
FITC-labeled goat anti-mouse IgG antibody for 30 min at RT. For
the detection of complement deposition, kidney sections from
c¢GvHD mice were incubated for 30 min at RT in the dark with
FITC-labeled anti-C3 mAb (a kind gift of Dr. S. Izui, University of
Geneva) diluted 1:100 in FACS buffer. Bound FITC-labeled mAb
was detected by using a fluorescent microscope.

Flow Cytometry

For analysis by flow cytometry, lymphoid organs were removed
and single cell suspensions were prepared by gently passing the
organs through a 40 pm nylon mesh into SF-IMDM containing
2% FCS and 0.5% Ciproxin. In order to lyse erythrocytes, spleen
cell suspensions were treated with ACK buffer for approximately
1 min. Staining was performed in a 96-well round bottom plate in
a total volume of 100 ul containing 50 pl cell suspension (1-2 X 107
cells/ml) and 50 pl diluted antibody mix. Cells were incubated
for 30 min on ice in the dark. Cells were washed twice in FACS
buffer. When biotinylated antibodies were used, a second staining
step (20 min, 4°C, in the dark) was performed for the binding
of streptavidin-coupled fluorochromes. If applicable, cells were
resuspended in FACS buffer containing 5 pg/ml propidium
iodide (Sigma-Aldrich, USA) to exclude dead cells. Intracellular
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stainings were performed according to standard procedures. In
brief, subsequent to surface staining, cells were fixed either with
PBS containing 2% paraformaldehyde or with fix/perm buffer
(eBioscience, USA) followed by the intracellular staining in FACS
buffer containing 0.5% saponin (Sigma-Aldrich, USA) or in per-
meabilization buffer (eBioscience, USA). Intracellular stainings
were incubated for 30 min at 4°C in the dark followed by wash-
ing steps in FACS buffer to remove unbound antibodies. Flow
cytometry was performed on a FACSCalibur or LSRFortessa flow
cytometer (BD Bioscience, USA) and data was analyzed using
FlowJo (Tree Star, USA) software. Donor and host cell popula-
tions were distinguished by the expression of H2-K® and H2-K®.
Representative plots of presented key populations are provided in
Figure S1 in Supplementary Material.

Phorbol-12-Myristate-13-Acetate (PMA)/
lonomycin Stimulation for Detection
of IFN-y

Single cell suspensions were stimulated during 4 h using 1 pg/ml
ionomycine (Sigma-Aldrich, USA) and 5 ng/ml PMA (Calbiochem,
USA) in the presence of 10 pg/ml brefeldin A (Sigma-Aldrich,
USA). Cells were harvested and stained by standard intracellular
staining procedures (see above).

Antibodies

Fluorescein isothiocyanate-, phycoerythrin- (PE), allophycocyanin-,
Pacific Blue- (PB), Brilliant Violet- (BV), PE-Cy7-, PerCP-Cy5.5,
or biotin-labeled monoclonal antibodies specific for CD4 (GK1.5),
CD8a (53-6.7), CD8B (YTS-156.7.7), CD25 (PC61), CD44
(IM7), H2-K® (Y3), H2-K* (19.191), TCRfc (H57-597), CD62L
(Mel-14), CXCR5 (L138D7), PD-1 (RMP1-30), IFN-y (XMG1.2),
or FoxP3 (FJK-16s) were purchased from BD Bioscience, eBio-
science, or BioLegend, or purified from hybridoma culture super-
natant and fluorescently labeled in our laboratory according to
standard procedures. Antibodies were titrated and used at the
lowest dilution that gave the best separation.

RESULTS

Prophylactic Administration of IL-2

Complexes
To investigate the effect of prophylactic administration of IL-2
complexes on the development of SLE-like murine cGvHD, BDF1
mice received i.p. injections of IL-2 complexes (either S4B6/IL-2
or JES6/IL-2) on three consecutive days before disease induction.
The ¢cGvHD was induced by i.v. injection of parental (DBA/2)
lymphocytes from pooled preparations of splenocytes and LN
cells. Disease development was followed by measuring the pres-
ence of anti-RBC antibodies in the blood, the titers of ANA in the
serum, and the incidence of proteinuria over a period of 12 weeks.
Prophylactic treatment with JES6/IL-2 complexes (pJES6/
IL-2) was highly efficient in ameliorating the SLE-like symptoms
of murine cGvHD throughout the observation period. As shown
in Figure 1, prophylactic JES6/IL-2 treatment results in reduced
frequency of anti-RBC positive mice in the Coombs test as well
as decreased titers of ANA in the serum (Figures 1A,B). This was

evident at all measured time points. Mice receiving a prophylactic
JES6/IL-2 treatment showed delayed onset and reduced incidence
of proteinuria (Figure 1C). Analysis of kidneys of proteinuria
positive mice by immunohistochemistry showed reduced deposi-
tion of immune complexes and complement in those mice that
were pretreated with JES6/IL-2 complexes (Figure 2B) compared
to untreated cGvHD mice (Figure 2A).

Surprisingly, prophylactic treatment with the S4B6/IL-2 com-
plexes (pS4B6/IL-2) induced stronger autoimmune symptoms
and a more aggressive course of disease. At all measured time
points, a higher fraction of mice was positive for the produc-
tion of anti-RBC antibodies in the group receiving prophylactic
S4B6/IL-2 treatment (Figure 1D). These mice also had signifi-
cantly elevated ANA titers in the serum at 4 weeks after disease
induction compared to the controls (Figure 1E). The decreased
ANA titers measured at 12 weeks after disease induction might
be a consequence of the faster kinetics and higher incidence of
ICGN in that group. Pretreatment with S4B6/IL-2 complexes
resulted in full penetrance of proteinuria by 9 weeks after disease
induction (Figure 1F). Moreover, mice pretreated with S4B6/
IL-2 complexes showed increased renal deposition of immune
complexes and complement (Figure 2C) compared to mice with
untreated cGvHD. Besides the significant amounts of albumin
secreted by the urine of mice undergoing cGvHD, there is likely
a considerable loss of immune globulins that might explain
the decreased ANA titers at 12 weeks after disease induction.
Despite the reduced number of experimental animals receiving
prophylactic S4B6/IL-2 treatment, a statistically significant effect
on disease symptoms could be observed that clearly contrasts to
the observations in the control group. Although not compared
directly within one experiment, the effects of prophylactic S4B6/
IL-2 or JES6/IL-2 treatment were in marked contrast to each
other and do not arise from variations in the control groups.

In summary, prophylactic treatment with JES6/IL-2 com-
plexes leads to an amelioration of SLE-like symptoms, whereas
the prophylactic treatment with S4B6/IL-2 markedly aggravates
disease symptoms when compared to mice with the untreated
form of murine cGvHD.

Cellular Mechanism Underlying the
Opposing Effects of JES6/IL-2 Versus
S4B6/IL-2 Prophylactic Treatments

To gain further insight into how prophylactic administration of
IL-2 complexes modifies cellular responses during cGvHD, we
performed multicolor flow cytometry analysis on mice, prophy-
lactically treated with IL-2 complexes, 2 weeks after disease induc-
tion. Total spleen size was similar to untreated mice (Figure 3A),
but numbers of engrafted donor CD4* T cells recovered from the
spleens of mice prophylactically treated with JES6/IL-2 complexes
was significantly reduced compared to those of the controls
(Figure 3B). Moreover, donor CD4* T cells were less activated
(Figure 3C) and the population of donor CD4* T cells with a
central memory phenotype (CD44*/CD62L*) was significantly
reduced (Figure 3D). Interestingly, there was no significant dif-
ference in Tth cells, identified by staining for the surface mark-
ers, PD1 and CXCRS5, in the prophylactically JES6/IL-2-treated

Frontiers in Immunology | www.frontiersin.org

April 2018 | Volume 9 | Article 656


https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive

Heiler et al. IL-2 Complexes in SLE-Like cGvHD

anti-RBC anti-RBC
A D
14
~ 100+ —~ 100~
§ % = 0.007 2 14
o 80- p=0.02 o 80 pl-_~| —
L T 1 L 9
= E 10
d>-\ 60~ 11 g 60+
= 9 =
[7] [7]
8 404 8 404
o »
o o
4
E 24 3 4 § 204 5
SN inEanEl a3 ¢ WL
°\° c L] - 1 L) °\= c L] 1 L)
4 8 12 4 8 12
Weeks post induction [J untreated n=19 Weeks post induction [] untreated n=17
Il pJES6/IL-2 n=20 1 pS4B6/IL-2 n= 14
B IgG ANA Titer E 1gG ANA Titer
p=0.0007
10 p=0.0002 — 10 p=0.0002 p< 0.0001
p<0.03 1 oo — | p— |
| ooo ooo o =]=] 0000 0000
1054 ©000 0000 -oooo- 10 - 000 mmEm 6656860
B o 00000 0000 [ 5 ooo 0000 0000
b o L1 000 L] E —0 000 Ommom oo falala
< 000 EEm ] < axxo o o o ) =[=[=1
Z o T T Z 10 ooo o oo o
g o [ [ ]] [ T[] ® o ] ooo
k=) > oo o ooo
A0Tplcsesssavsvnnessvsvsisssavassoasssnsassssasssessvevivessnsvsasnsssusesesesesesisasene
=1
10° T T T 100 T T T
4 8 12 4 8 12
Weeks post induction O untreated n=19 Weeks post inducton O untreated n= 17
B pJES6/IL-2 n=20 B pS4B6/IL-2 n= 14
C Proteinuria F Proteinuria
100 100
8 + untreated n=19 8 ++++ untreated n=17
E — pJES6/IL-2 n=20 E — pS4B6/IL-2 n= 14 p=0.0004
2 2
= )
[ a 1 s
& o asd L
5 5
[ [
£ 5
B s | e
o a :
ES ES coeeedennd T
0 0 T T T
0 0 4 8 12
Weeks post induction Weeks post induction

FIGURE 1 | Effect of prophylactic treatment with interleukin-2 (IL-2) complexes on autoimmune symptoms of mice undergoing chronic graft-versus-host-disease
(cGvHD). (A-C) The beneficial effect of prophylactic JES6/IL-2 treatment on BDF1 mice undergoing cGvHD (pJES6/IL-2: n = 20; untreated cGvHD: n = 19).

(D-F) The adverse effect of prophylactic S4B6/IL-2 treatment on BDF1 mice undergoing cGvHD (pS4B6/IL-2: n = 14; untreated cGvHD: n = 17). (A,D) Cumulative
frequencies of mice positive for anti-RBC autoantibodies determined at 4, 8, and 12 weeks of cGvHD. Numbers above the bars indicate positive mice. Open bars:
untreated cGvHD; Filled bars: cGvHD prophylactically treated with JES6/IL-2 (black) or S4B6/IL-2 (gray) complexes. Statistical significance (p < 0.05) was calculated
using a two-tailed Fisher’s exact test and is indicated by the p-value. (B,E) IgG anti-nuclear antibodies (ANA) titer in the serum of cGvHD mice determined 4, 8, and
12 weeks after disease induction. Horizontal bars indicate mean ANA titers in each group. Titers below the dotted line represent mice negative for IgG ANA.
Deviations from initially used numbers of mice are indicated at the respective time point. Statistical significance (p < 0.05) was calculated using an unpaired
Student’s t-test and is indicated by the p-value. Open circles: untreated cGvHD; filled squares: cGvHD prophylactically treated with JES6/IL-2 (black) or S4B6/IL-2
(gray) complexes. (C,F) Frequencies of mice positive for proteinuria as determined by elevated albumin in the urine. Statistical significance (o < 0.05) was calculated
using the Mantel-Cox test and is indicated by the p-value. Dotted line: untreated cGvHD; solid line: cGvHD prophylactically treated with JES6/IL-2 (black) or S4B6/
IL-2 (gray) complexes.
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FIGURE 2 | Immunohistological staining of IgG and C3 deposition in
glomeruli of proteinuria positive chronic graft-versus-host-disease (cGvHD)
mice. Kidneys were obtained from mice positive for proteinuria for <1 week.
Cryo sections were prepared and stained for IgG deposition (left panel) or C3
deposition (right panel). Stained sections were analyzed by using a Zeiss
Axioscope mounted with a Nikon digital camera DXM 1200F in combination
with imaging software (Nikon ACT-1). Photos show representative stainings of
kidneys from different experiments. (A) Untreated cGvHD mice induced with
DBA/2 lymphocytes. (B) cGvHD mice as in (A), but prophylactically treated
with JES6/interleukin-2 (IL-2). (C) cGvHD mice as in (A), but prophylactically
treated with S4B6/IL-2. (D) Untreated cGvHD mice whose disease was

induced with DBA/2 lymphocytes depleted of CD8* T cells.

group compared to controls (Figure 3E). Host Treg compartment
expressing the lineage-specific transcription factor FoxP3 was
significantly expanded compared to untreated mice (Figure 3F),
and absolute numbers of host Tregs were sustained during the first
2 weeks of cGvHD (Figure 4G). The reduced engraftment/expan-
sion as well as decreased activation of donor CD4* T cells might be
a consequence of the expanded host Treg compartment (40-fold
compared to control group). The finding that prophylactic JES6/
IL-2 treatment induced marked increase in FoxP3 expression in
host Tregs further supports this assumption (Figure 4H).

Mice treated prophylactically with the S4B6/IL-2 complexes
had significantly increased total cellularity of their spleens com-
pared to cGvHD mice in the control group (Figure 4A). In contrast
to mice treated prophylactically with JES6/IL-2 complexes, the
numbers of total engrafted donor CD4" T cells (Figure 4B) and
numbers of activated donor CD4* T cells in cGvHD mice treated
prophylactically with S4B6/IL-2 complexes were similar to those

found in untreated mice (Figure 4C). On the other hand, central
memory donor CD4* T cells were significantly expanded in mice
pretreated with S4B6/IL-2 complexes (Figure 4D). Moreover, in
these mice, the population of donor CD4* Tth cells was increased
more than fourfold (Figure 4E). Unexpectedly, the extent of
host Treg expansion in response to prophylactic treatment with
S4B6/IL-2 complexes was even greater compared to the expan-
sion induced by prophylactic JES6/IL-2 treatment (Figure 4F).
However, the expansion of host Tregs upon prophylactic S4B6/
IL-2 treatment did not ameliorate autoimmune symptoms in
contrast to Tregs expanded by prophylactic treatment with JES6/
IL-2 complexes. Although we also observed increased FoxP3
expression in S4B6/IL-2 expanded host Tregs (Figure 4H) these
cells are unable to efficiently control the induced disease. In these
mice elevated numbers of activated donor cells of the CD4* cen-
tral memory and Tth subsets might account for the augmented
production of autoantibodies and more severe cGVHD observed.

Therapeutic Administration of IL-2
Complexes

Next, we investigated the influence of the IL-2 complexes on SLE-like
symptoms when administrated during ongoing disease. Therefore,
weinjected either JES6/IL-2 or S4B6/IL-2 complexes therapeutically
on three consecutive days starting 4 weeks following the induction
of cGVHD by transfer of parental DBA/2 lymphocytes.

The therapeutic treatment with JES6/IL-2 complexes (tJES6/
IL-2) had no significant effect on the development of the moni-
tored autoimmune symptoms. Apart from a mild effect on the
frequency of anti-RBC positive mice (Figure 5A) ANA titers and
frequencies of mice developing proteinuria were comparable in
both groups (Figures 5B,C).

In contrast, S4B6/IL-2 complexes, when administrated
therapeutically, showed an ameliorating effect on autoimmune
symptoms in mice undergoing cGvHD. Following injection of
S4B6/IL-2 complexes, the frequency of mice producing anti-RBC
antibodies remained constant, whereas the frequency of anti-
RBC-producing mice in the control group increased over time
(Figure 5D). Moreover, ANA titers measured at time points after
the initiation of S4B6/IL-2 therapy were significantly lower com-
pared to the control group that showed a steady increase of ANA
titers over time (Figure 5E). The incidence of proteinuria was
significantly reduced following S4B6/IL-2 therapy (Figure 5F),
most likely as a result of decreased autoantibody production.

Taken together, the data indicate that therapeutic administration
of JES6/IL-2 complexes has no significant effect on the symptoms
of lupus-like murine cGvHD. This is in contrast to therapeutic
administration of S4B6/IL-2 complexes that induce an amelioration
of disease symptoms. These results also contrast with the effects of
prophylactic administration of these two IL-2 complexes. JES6/
IL-2 complexes are effective in prophylactic, but not therapeutic
treatment of cGVHD. The reverse is true for S4B6/IL-2 complexes.

Donor CD8* T Cells Modulate the

Pathogenesis of Murine cGvHD
CD8* T cells are suggested to play an important role in the devel-
opment of SLE and murine cGvHD (39). The potent capacity
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of S4B6/IL-2 complexes to expand CD8* T cells (31) and the
observation of the beneficial clinical effect of therapeutic S4B6/
IL-2 treatment prompted us to further examine the CD8" T cell
compartment in mice undergoing cGvHD. Analysis of IFN-y
production in untreated cGvHD mice showed that CD8" T cells

of both, donor and host origin, were highly activated irrespec-
tive of the time point of the analysis after disease induction. On
average, 80% of donor CD8* T cells produced IFN-y after in vitro
stimulation, whereas the frequency of IFN-y-producing cells in
the host population was about 40% (Figure 6A). These findings
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FIGURE 4 | T cell populations in splenocytes from chronic graft-versus-host-disease (cGvHD) mice prophylactically treated with S4B6/interleukin-2 (IL-2)
complexes. Mean number of total cellularity (A) as well as different donor (B-E) and host (F,G) T cell subsets per spleen are shown. (A) Mean number of total
splenocytes (donor and host origin). (B) Mean number of engrafted donor CD4* T cells. (C) Mean number of activated donor CD4+ T cells expressing CD44.

(D) Mean number of donor CD4+ T cells with central memory phenotype co-expressing CD44 and CD62L. (E) Mean number of donor CD4* T cells with follicular
helper T cell phenotype co-expressing CXCR5 and PD1. (F) Mean number of host regulatory T cells (Tregs) expressing CD4 and FoxP3. White bars: untreated
¢GVvHD (n = 4); gray bars: cGvHD prophylactically treated with S4B6/IL-2 (n = 5); black bars: cGvHD mice prophylactically treated with JES6/IL-2 (n = 5). (G) Mean
numbers of host Tregs in mice left untreated or pretreated with JES6/IL-2 or S4B6/IL-2 at day O (just before cGvHD induction) and after 2 weeks of cGvHD. White
bars: day O (n = 4); black patterned bars: 2 weeks cGvHD (n = 4-5). (H) FoxP3 median fluorescence intensity in host Tregs in mice left untreated or pretreated for
3 days with JES6/IL-2 or S4B6/IL-2 complexes. Statistical significance (o < 0.05) was calculated using an unpaired Student’s t-test and is indicated by the p-value.

further support the contribution of CD8" T cells during the
development of cGvHD. In order to confirm a potential involve-
ment of CD8" T cells and to test the particular contribution of
donor and host T cells in the pathogenesis of cGvHD, we followed
the development of SLE-like symptoms in the absence of donor
CD8" T cells. For this, CD8* T cells were depleted from donor
DBA/2 mice by i.v. injection of 200 pg YTS-156, a monoclonal
anti-CD8p antibody, 4 days prior to harvesting donor cells for
c¢GvHD induction. The high efficiency of in vivo donor CD8*
T cell depletion was confirmed by flow cytometry analysis of the
donor lymphocyte preparation (data not shown).

The results show that depletion of donor CD8* T cells results in
a much more severe cGvHD. Almost all mice induced with CD8*
T cell-depleted donor inoculum were positive for the presence
of anti-RBC antibodies already after 3 weeks of cGvHD, whereas
in the control group, receiving non-depleted donor cells, the
frequency of anti-RBC positive mice reached 80% with delayed
kinetics (Figure 6B). ANA titers in the two groups were not sig-
nificantly different during the first 6 weeks of cGvHD. However,
at later time points, ANA titers of mice induced with donor CD8*
T cell depleted cells decrease, whereas the titers of the other group
continued to increase (Figure 6C). Again, decreased ANA titers
at 12 weeks of cGvHD might be due to the greater incidence of
proteinuria in this group, showing earlier onset and full pen-
etrance by 9 weeks after disease induction. Immunohistological
analysis of kidneys of cGvHD mice induced with donor inoculum
depleted of CD8* T cells revealed a marked increase of immune
complex and complement deposition (Figure 2D) in contrast to
untreated cGvHD mice induced with non-depleted donor cells
(Figure 2A).

Beneficial Effect of Therapeutic S4B6/IL-2
Treatment Depends on Donor CD8* T Cells

The importance of the donor CD8* T cell compartment in deter-
mining the severity of disease symptoms raised the following
questions: (i) To what extent can the observed effect of S4B6/
IL-2 complexes be attributed to donor or host CD8" T cells and
(ii) whether the effect is reproducible in the absence of donor
CD8" T cells? To test this, cGVHD was induced by transfer of
donor lymphocytes from DBA/2 mice previously injected with
the CD8p-depleting mAb YTS-156. After 4 weeks of ongoing dis-
ease, one group of mice was treated with S4B6/IL-2 complexes on
three consecutive days. No significant improvement of the disease
symptoms was observed upon therapeutic S4B6/IL-2 treatment

in ¢cGvHD mice injected with CD8* T cell-depleted donor lym-
phocytes. We failed to observe any significant difference, in any
measured parameter, throughout the experiment between the
two experimental groups (Figures 6E-G). These results provide
strong evidence for the idea that donor CD8* T cells are required
for S4B6/IL-2 complexes to ameliorate SLE-like symptoms in
mice undergoing cGvHD.

DISCUSSION

Murine chronic GvHD resulting from the injection of DBA/2 lym-
phocytes into BDF1 mice leads to autoimmune symptoms closely
resembling SLE in man. Although the beneficial effect of IL-2 in
autoimmunity has been established some time ago (29), severe side
effects impeded its application in the clinics. The discovery that
such adverse reactions could be prevented when IL-2 was admin-
istrated as immune complex bound to anti-IL-2 mAb opened up
new therapeutic approaches for the treatment of autoimmune
diseases like SLE. Herein, we investigated the prophylactic and
therapeutic effect of two IL-2 complexes (JES6/IL-2 and S4B6/
IL-2) on SLE-like symptoms resulting from chronic GvHD.

Prophylactic administration of JES6/IL-2 complexes ame-
liorated cGvHD symptoms and protected BDF1 mice to a large
extent from developing fatal ICGN. In these treated mice, fewer
donor CD4* T cells had engrafted in the spleen 2 weeks after
transfer. Donor CD4* T cells are central in the pathogenesis of
c¢GvHD by providing help to host B cells; this leads to the produc-
tion of disease driving autoantibodies (40). Hence, amelioration
of disease upon JES6/IL-2 pretreatment is a likely consequence
of the reduced engraftment and/or functioning of donor CD4*
T cells. Moreover, donor CD4" T cells in JES6/IL-2-pretreated
mice were phenotypically less activated and generated reduced
numbers of central memory T cells. This may results from
enhanced suppressive capacity of the host Treg compartment fol-
lowing the prophylactic treatment with JES6/IL-2 complexes. It
is well established that Tregs can regulate effector T cell responses
by suppressing their activation and differentiation into effector
subsets (41). In this regard, it is conceivable that prophylactic
treatment with JES6/IL-2 complexes expands a host Treg popula-
tion capable of suppressing alloreactive donor CD4* T cells.

In marked contrast, prophylactic treatment with S4B6/IL-2
complexes significantly enhanced SLE-like symptoms and
induced a more severe course of the disease. Mice pretreated
with S4B6/IL-2 complexes had increased splenomegaly as well
as significantly higher numbers of donor CD4* T cells with a
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of mice positive for anti-RBC autoantibodies determined at 4, 8, and 12 weeks of cGvHD. Numbers above the bars indicate positive mice. White bars: untreated
cGvHD; filled bars: cGvHD therapeutically treated with JES6/IL-2 (black) or S4B6/IL-2 (gray) complexes. Statistical significance (o < 0.05) was calculated using
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Student’s t-test and is indicated by the p-value. Open circles: untreated cGvHD,; filled squares: cGvHD therapeutically treated with JES6/IL-2 (black) or S4B6/IL-2
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FIGURE 6 | Donor CD8* T cells are important modulators of chronic graft-versus-host-disease (cGvHD) and mediate the beneficial effect of therapeutic S4B6/
interleukin-2 (IL-2) therapy. (A) Frequencies of IFN-y producing CD8* T cells of donor (circles) and host (squares) origin in splenocytes of untreated cGvHD mice
analyzed at various time points between 2 and 12 weeks after disease induction. (B=D) A more severe cGvHD develops when induced with DBA/2 lymphocytes
depleted of CD8* T cells (DBA/2 CD8-) (DBA/2: n = 20; DBA/2 CD8~: n = 20). (E-G) No effect on cGvHD severity with S4B6/IL-2 therapy in the absence of donor
CD8* T cells (untreated cGvHD: n = 19; tS4B6/IL-2: n = 19). (B,E) Cumulative frequencies of mice positive for anti-RBC autoantibodies determined at 3, 6, and

9 weeks of cGvHD. Numbers above the bars indicate positive mice. Statistical significance (p < 0.05) was calculated using a two-tailed Fisher’s exact test and is
indicated by the p-value. (B) White bars: cGvHD mice induced with DBA/2 lymphocytes; black bars: cGvHD induced with DBA/2 lymphocytes depleted of CD8*

T cells. (E) White bars: cGvHD induced with DBA/2 lymphocytes depleted of CD8* T cells. (C,F) IgG anti-nuclear antibodies (ANA) titer in the serum of cGvHD mice
determined 3, 6, and 9 weeks after disease induction. Horizontal bars indicate mean of ANA titers in each group. Titers below the dotted line represent mice
negative for IgG ANA. Deviations from initially used number of mice are indicated at the respective time point. Statistical significance (o < 0.05) was calculated using
an unpaired Student’s t-test and is indicated by the p-value. (C) Open circles: cGvHD induced with DBA/2 lymphocytes; filled squares: cGvHD induced with DBA/2
lymphocytes depleted of CD8* T cells. (F) Open circles: untreated cGvHD mice induced with DBA/2 lymphocytes depleted of CD8* T cells; filled squares: cGvHD
mice induced with DBA/2 lymphocytes depleted of CD8* T cells and therapeutically treated with S4B6/IL-2 complexes. (D,G) Frequencies of mice positive for
proteinuria as determined by elevated albumin in the urine. Statistical significance (p < 0.05) was calculated using the Mantel-Cox test and is indicated by the
p-value. (D) Dotted line: cGvHD induced with DBA/2 lymphocytes; solid line: cGvHD induced with DBA/2 lymphocytes depleted of CD8* T cells. (G) Dotted line:
cGvHD induced with DBA/2 lymphocytes depleted of CD8* T cells; solid line: cGvHD induced with DBA/2 lymphocytes depleted of CD8* T cells and therapeutically

treated with S4B6/IL-2 complexes.

central memory phenotype. Memory T cells have lower activa-
tion thresholds and respond to secondary antigenic stimulation
with augmented effector function (42), thereby possibly enhanc-
ing autoimmunity. Moreover, only pretreatment with S4B6/
IL-2 complexes induced differentiation of donor CD4* Tth cells
expressing PD1 and CXCR5. Expression of CXCR5 facilitates the
localization of Tth cells to CXCL13 producing B cells and the
initiation of germinal center. As Tth cells contribute to survival,
affinity maturation, isotype class-switching, and differentiation of
germinal center B cells (9), it is likely that exacerbated SLE-like
symptoms in S4B6/IL-2-pretreated mice resulted from enhanced
germinal center reactions leading to augmented production
of pathogenic autoantibodies. In support of this hypothesis, a
pathogenic role of Tth cells has been recently established in other
murine lupus models and in human SLE (43).

Whether administration of S4B6/IL-2 complexes directly
promotes differentiation of donor CD4* T cells into Tth cells
is unclear. First, the biological half-life of IL-2 complexes is
relatively short (<4 h) (31), thereby arguing against a direct
contribution on donor CD4" T cell differentiation, since donor
cells were transferred approximately 24 h after the last injec-
tion of IL-2 complexes. Second, S4B6/IL-2 complexes failed to
induce expression of Tth cell-specific markers in normal mice
not undergoing cGvHD (data not shown). For these reasons,
we expect the effect of S4B6/IL-2 pretreatment on donor Tth
differentiation is indirect and likely involves cells of the host.
Moreover, consistent with previous reports (37), we found that
pretreatment with S4B6/IL-2 complexes leads to marked expan-
sion of dendritic cells expressing CD11c and MHC-II (data not
shown). Whether the expanded dendritic cell compartment
contributes to exacerbated cGVHD in S4B6/IL-2 pretreated mice,
perhaps by providing enhanced co-stimulation factors, requires
further investigation.

Another surprising finding was the effect of S4B6/IL-2
pretreatment on the host Treg compartment. As previously
reported (31) and in agreement with our own data, at the time
of cGvHD induction, host Treg compartments were expanded
equally, efficiently upon prophylactic treatment with JES6/IL-2

or S4B6/IL-2 complexes. Nevertheless, mice pretreated with
S4B6/1L-2 complexes developed exacerbated cGvHD symptoms,
whereas JES6/IL-2 pretreated mice were largely protected from
disease. Although mice pretreated with S4B6/IL-2 or JES6/IL-2
complexes have not been compared directly in one experiment,
the observed effects on the course of the disease induced by
either complex are strikingly different and it is highly unlikely
that these differences are artifacts resulting from variations in the
control groups. Surprisingly, the host Treg compartment in the
first 2 weeks of cGVHD in S4B6/IL-2 pretreated mice markedly
expanded, but was unable to control the disease. These rather
contradictory findings suggest functional differences in the
capacity of Tregs stimulated either by S4B6/IL-2 or JES6/IL-2
complexes. Since mAb S4B6 blocks the epitope necessary for
the interaction of IL-2 with CD25, S4B6/IL-2 complexes largely
prevent signaling via high-affinity IL-2 receptors, but allow for
signal transduction through low-affinity IL-2 receptors. This
stimulation through low-affinity IL-2 receptor might induce
Treg survival and expansion, but may not maintain suppressive
functionality. Interestingly, Tregs from CD25 =~ Bim™~'~ mice,
where IL-2-dependent survival and function have been uncou-
pled, were shown to be less suppressive in vitro and unable to
prevent autoimmunity in vivo (44). Thus, maintenance of Treg
functionality in our model seems to be critically dependent on
IL-2 signals transduced by high-affinity IL-2 receptors, which
apparently cannot be substituted by IL-2 signaling via the low-
affinity receptor. Therefore, it is likely that Tregs expanded upon
pretreatment with S4B6/IL-2 complexes are poorly functional
and unable to control alloreactive donor CD4* T cells compared
to those expanded by prophylactic JES6/IL-2 treatment. Notably,
the ratio of host Tregs to donor CD4* T cells in S4B6/IL-2
complex-pretreated mice was decreased compared to the ratio
in mice pretreated with JES6/IL-2 complexes. Since these ratios
were similar in both groups at the initiation of cGvHD (day 0),
these differences must have accumulated during the first 2 weeks
of cGVvHD (compare Figures 3B and 4B,F). These differences
may be a result of differences in suppressive capacity in host Tregs
in the two different groups at the time of donor cell transfer.
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Therapeutic administration of JES6/IL-2 complexes following
the induction of cGvHD, on the other hand, showed no signifi-
cant effect on cGvHD symptoms and the general course of the
disease. Our findings demonstrate a critical timing for JES6/
IL-2 treatment in the cGvHD model of lupus. Since pathogenic
mechanisms are already well established at the time of JES6/
IL-2 therapy (4 weeks after cGvHD induction), Treg expansion
was not able to ameliorate the ongoing autoimmunity. In this
regard, it has to be considered that, in an ongoing disease, JES6/
IL-2 complexes may stimulate not only Treg, but also engrafted
alloreactive donor CD4* T cells that have been previously acti-
vated and express high-affinity IL-2 receptors. However, while
therapeutic administration of JES6/IL-2 complexes stimulated
donor CD4* T cells expressing the high-affinity IL-2 receptor,
this did not result in aggravated disease symptoms. It is conceiv-
able that a parallel increase of the suppressive capacity in the
Treg compartment might counteract the stimulatory effect on
donor CD4* T cells and thereby prevented disease exacerbation.
Notably, therapeutic administration of JES6/IL-2 complexes in
a spontaneous model of lupus was shown to ameliorate ICGN
(45), arguing in favor for our hypothesis that stimulation of
donor CD4* T cells by JES6/IL-2 complexes canceled out the
beneficial effect of Treg stimulation. Moreover, in contrast to
c¢GVHD, spontaneous lupus is a slowly developing disease that is
not driven by a high number of alloreactive donor cell popula-
tions and, therefore, might be more susceptible to therapeutic
intervention with JES6/IL-2 complexes. Another explanation
for the inefficiency of therapeutic JES6/IL-2 treatment to control
the disease might be linked to the fact that during the course
of cGvHD, the numbers of host Tregs significantly decrease as
shown for untreated cGvHD mice at 2 weeks. Thus, fewer host
Tregs are present to respond to JES6/IL-2 complexes resulting
in a smaller expanded regulatory compartment with poor sup-
pressive capacity.

Finally, therapeutic administration of S4B6/IL-2 complexes
significantly ameliorated SLE-like symptoms in ongoing cGvHD.
Our findings strongly suggest that this improvement is dependent
on donor CD8* T cells, since mice injected with CD8" T cell-
depleted donor cells were not affected by therapeutic S4B6/IL-2
treatment. It might well be envisaged that S4B6/IL-2 complexes
stimulate the activation and differentiation of host-reactive donor
CD8* T cells into functional cytotoxic T lymphocytes (CTLs),
thereby inducing a mild form of acute GvHD. B cells are known
to be one of the first host lymphocyte population targeted by
alloreactive CTLs in acute GvHD (46). Thus, therapeutic S4B6/
IL-2 might have ameliorated cGVvHD symptoms by enhancing a
donor CD8* T cell-mediated alloresponse against autoreactive
host B cells leading to reduced production of autoantibodies. In
support of our hypothesis it was recently shown that IL-21 could
also induce the stimulation of such anti-host responses of donor
CD8" T cells resulting in amelioration of cGvHD symptoms (47).
The fact that a more severe cGvHD results from the injection of
CD8* T cell-depleted donor cells further supports a regulatory
role of this population in murine cGvHD.

In conclusion, JES6/IL-2 complexes efficiently ameliorated
c¢GvHD in our model only when administrated prophylactically,
possibly by acting during priming and initiation of the disease.

Due to improved diagnosis of SLE and a considerable lag time
until clinical manifestation of severe lupus, JES6/IL-2 complexes
might be considered as potential approach to prevent more
severe symptoms in those patients, where SLE is recognized early
enough. In contrast, S4B6/IL-2 aggravated SLE-like symptoms
when administrated prophylactically and ameliorated disease
only when given therapeutically. With prophylactic treatment,
we propose an indirect effect of S4B6/IL-2 complexes on donor
CD4* T cell differentiation leading to more severe disease symp-
toms. With therapeutic treatment of an ongoing ¢cGvHD, the
ameliorating effect was likely due to direct effects of S4B6/IL-2
complexes on donor CD8" T cells inducing their activation and
subsequent enhancement of alloresponses directed against host
lymphocytes, e.g., host B cells. Results obtained from therapeutic
treatment with S4B6/IL-2 complexes may not be directly relevant
for the treatment of SLE. While SLE patients exhibit an increased
cytotoxicity among their CD8* T cells, this has been correlated
with increased disease activity. Increased cytotoxic activity of
(autoimmune) CD8* T cells would release self-antigens from
target cells resulting in further stimulation of autoreactive lym-
phocytes. Nevertheless, the therapeutic administration of S4B6/
IL-2 complexes and experiments using CD8* T cell-depleted
donor cells point to a potential regulatory role of donor CD8*
T cells in the pathogenesis of murine cGvHD. In summary, the
administration of IL-2/mAb complexes has marked effects on the
course of cGVHD in this murine model. Whether our findings
can be adapted to a treatment of autoimmune diseases in humans
is an area for further investigation.
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