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An anti-CD103 antibody-drug conjugate prolongs
the survival of pancreatic islet allografts in mice
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Abstract

CD103 mediates T-cell infiltration and organ allograft rejection, and depletion of CD103-expressing cells is a
promising therapeutic strategy for allograft intolerance. Recently, we verified that M290-MC-MMAF, an anti-CD103
antibody-drug conjugate, potently eliminates CD103-positive cells in vivo, with high specificity and minimal
toxicity. However, the contribution of M290-MC-MMAF to blocking the CD103/E-cadherin pathway involved in
transplant rejection remains unclear. Herein, we examined the impact of systemic administration of M290-MC-

MMAF on allografts in an islet transplantation model. M290-MC-MMAF treatment maintained the long-term
survival of islet allografts (>60 days) compared to mock injection or unconjugated M290 antibody treatment
(<18 days). The change was associated with a decrease in CD1037CD8™ effector T cells and an increase in
CD47CD25™ regulatory T cells. CD1037CD8™ effector T-cell transfer or CD47CD25™ regulatory T-cell depletion
resulted in a rapid loss of allografts in long-surviving islet hosts. Moreover, M290-MC-MMAF treatment reduced
IL-4, IL-6, and TNF-a expression levels and increased IL-10 expression in the grafts, which presented an
immunosuppressive cytokine profile. In conclusion, targeting CD103 with M290-MC-MMAF induced
immunosuppression and prolonged the survival of pancreatic islet allografts in mice, indicating the potential
clinical value of M290-MC-MMAF in therapeutic interventions for allograft rejection.

Introduction

Type 1 diabetes is caused by the destruction of insulin-
producing P cells by the autoimmune system. Endocrine
replacement therapy via islet transplantation represents a
viable and attractive therapeutic approach for treating
type 1 diabetes’. Despite the improvement of allogeneic
islet engraftment using systemic immunosuppression, this
approach renders the recipients vulnerable to opportu-
nistic infection and tumors. Thus, identifying more effi-
cient and less harmful strategies to protect islet grafts is
critical for improving islet transplantation outcome.

Alloreactive CD8" T effector cells play key roles in
allograft rejection by recognizing MHC-I/peptide
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complexes®. A subset of CD8 effector cells express
ag(CD103)B; (hereinafter referred to as CD103)>*, an
integrin that directs cells to the epithelial cell-specific
ligand E-cadherin®. Through the interaction of CD103
and E-cadherin, CD103-expressing CD8 effector cells
infiltrate and accumulate in the epithelial compartment of
rejected renal allografts in mice®. This subset of CD8
effector cells has also been detected at the site of clinical
renal allograft rejection4. Furthermore, CD103-deficient
mice are phenotypically normal®, and the majority of
pancreatic islet allografts survive indefinitely in these
mice’. Moreover, CD103-deficient CD8" cells are not
retained and do not degrade the host intestinal epithelium
in a mouse model of graft-versus-host disease®. These
findings demonstrate a causal role of CD103"CD8*
effector cells in the destruction of grafted epithelial tissues
and suggest an approach to induce allograft acceptance
through the inactivation or disruption of CD103"CD8"
effector cells.
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The therapeutic potential of CD103 blockade in organ
transplantation has been assessed in several transplant
models. In a rat model of allogeneic renal transplantation,
treatment with an anti-CD103 monoclonal antibody
(mAb) impeded the infiltration of CD8 effector cells into a
renal epithelium graft and attenuated tubular injury
without depleting CD103"CD8™ effector cells’. However,
such nondepleting anti-CD103 mAbs fail to prolong the
survival of tissue allografts. Hence, an anti-CD103 mAb
(M290) was conjugated to various cytotoxins to achieve
efficient depletion of CD103-expressing cells in vivo'>'",
For example, M290-saporin (M290-SAP) has been
demonstrated to deplete CD103-expressing leukocytes
and promote indefinite survival of pancreatic
islet allografts in MHC-mismatched mice'®?. Unfortu-
nately, studies have shown that M290-SAP also depletes
non-CD103-expressing T cells and causes significant
weight loss''. As such, systemic toxicity restricts its clin-
ical application. Our group previously synthesized three
M290 antibody-drug conjugates (M290-ADCs) that effi-
ciently and specifically depleted CD103-expressing cells
in vivo without systemic toxicity'". In the present study, to
evaluate the potential of the M290-ADCs in the ther-
apeutic intervention of organ allograft rejection, one of
the previously reported M290-ADCs (M290-MC-MMAF)
was administered to streptozotocin (STZ)-induced dia-
betic mice with islet allograft transplantation. Our data
support the hypothesis that the depletion of CD103-
expressing cells is a promising therapeutic strategy for the
management of islet allograft rejection.

Materials and methods
Animals

Male 6- to 8-week-old C57BL/6 (H-2P) recipients and
BALB/c (H-2%) donor mice were purchased from Beijing
HFK Bioscience Co., Ltd. (Beijing, China) and maintained
under standard pathogen-free housing conditions with
free access to food and water at the Harbin Medical
University, Harbin, Heilongjiang. All mouse studies were
performed in compliance with the Institutional Animal
Care and Use Committee (IACUC) policies and guidelines
at Harbin Medical University.

Antibodies and ADCs

The M290 (rIgG2a) antibody against mouse CD103 was
purchased from BioXCell (West Lebanon, NH, USA).
Purified antibodies were sterile-filtered and stored at 4 °C
in PBS. Maleimidocaproyl-monomethyl auristatin F (MC-
MMAF) was synthesized by Concortis Biosystems Co.,
Ltd. (San Diego, CA, USA) as previously described'®. The
conjugate was prepared according to a previously pub-
lished method'""'*. The purity of M290-MC-MMAF was
determined by size exclusion chromatography-high-
performance liquid chromatography (SEC-HPLC)'".
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Safety evaluation of M290-MC-MMAF in mice

Wild-type (WT) C57BL/6 mice (6—8-week-old males)
were intraperitoneally (i.p.) injected with M290-MC-
MMAF (3mg/kg) or the same dose of unconjugated
M290 and/or PBS on days 1, 3, and 5. The clinical
symptoms were observed. On day 10, the thymuses, livers,
kidneys, and intestines of the treated mice were collected
and fixed in 4% paraformaldehyde. Tissue specimens were
then embedded in paraffin, sectioned, and stained with
hematoxylin and eosin (H&E).

Islet isolation and transplantation

Recipient mice were ip. injected with 200 mg/kg
streptozotocin (STZ) (Sigma-Aldrich, St. Louis, MO,
USA) to induce diabetes. After 3 days, mice with a blood
glucose level of >350 mg/dl for two consecutive days were
used for transplantation.

Donor islets were isolated by a collagenase digestion
method as described previously'®. The pancreas was
perfused with 2 mg/ml collagenase V (Sigma-Aldrich, St.
Louis, MO, USA) and digested at 37 °C for 14 min. After
digestion, the mixed pancreatic tissue was filtered with a
100-pum cell strainer (BD, USA), and purified islets were
obtained by hand-picking under a stereoscope (SZM0745-
B1; Aomei Co. Ltd., Nan Chang, China). Approximately
500 islets were transplanted under the left kidney capsule
of the diabetic C57BL/6 recipient. After recovery from
anesthesia, blood glucose levels in tail vein were mon-
itored 2-3 times per week. Blood glucose levels of less
than 200 mg/dl by day 3 after transplantation defined
primary graft function, whereas blood glucose levels
greater than 200 mg/dl for 2 consecutive days defined
allograft dysfunction and loss'®. Recipient C57BL/6 mice
received three i.p. injections of 3 mg/kg M290-MC-
MMAF or the same dose of unconjugated M290 and/or
PBS on days 1, 3, and 5 post transplantation.

Histopathology

On day 15 post transplantation, the islet graft and
homolateral kidney were fixed and embedded with par-
affin (n=6 per group). The sections (5pum thick) were
routinely stained with H&E. To visualize the islets
beneath the kidney capsule, a monoclonal anti-insulin
antibody (clone K36aC10, Abcam, Cambridge, UK) was
used for immunohistochemical staining in selected reci-
pients. All captured images were assessed in a double-
blind manner.

Lymphocyte isolation

Cells were isolated from allografts, spleens, and
mesenteric lymph nodes (MLN) by mincing the tissue
with forceps and passing the resulting homogenate
through a 40-um BD cell strainer. Lymphocytes were
further purified by centrifugation on a Lympholyte-M
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(CEDARLANE Laboratories Ltd., Burlington, NC, USA)
to remove red blood cells. A TruCOUNT tube (BD
Bioscience, San Jose, CA, USA) was used to calculate the
absolute number of cells in a specific subpopulation.

Flow cytometry

Flow cytometry was performed using a FACSCalibur
(BD bioscience), and data were analyzed using FlowJo
(TreeStar, Inc., Ashland, OR, USA) software. The per-
centage of positive cells for a given marker was based on
cutoff points chosen to exclude >99% of the negative
control population. For in vitro use, fluorochrome-
conjugated mAbs specific for mouse CD103 (M290),
CD4 (GK1.5), CD8a (53-6.7), CD3e (145-2C11), CD45
(30-F11), CD25 (3C7), and CDllc (HL3) and the
respective species- and isotype-matched negative control
mAbs were purchased from BD PharMingen (San Diego,
CA, USA). A fluorochrome-conjugated mAb specific for
mouse FoxP3 (FJK-16s) and isotype-matched negative
control mAb were purchased from eBiosicence (San
Diego, CA, USA).

Cytotoxicity and lymphocyte proliferation assay in vitro
Splenic lymphocytes from WT C57BL/6 mice were
plated at a final concentration of 1 x 10° cells/well in 24-
well plates with RPMI-1640 medium containing 10% FBS
The lymphocytes were cultured with different con-
centrations of M290-MC-MMAF or without any treat-
ment for 48h at 37°C in 95% O, and 5% CO,. The
collected cells were stained, and cell viability was analyzed
based on 7AAD exclusion. The percentages of CD4" and
CD8" T cells among gated CD3™ T cells were calculated.
Apoptosis and necrosis were also evaluated with a Dead
Cell Apoptosis Kit with Annexin V FITC and propidium
iodide (PI) (Thermo Fisher Scientific, Eugene, OR, USA).
For the lymphocyte proliferation assay, 20 million
carboxyfluorescein succinimidyl ester (CFSE) (Thermo
Fisher Scientific, Carlsbad, CA, USA) labeled lympho-
cytes were stimulated with concanavalin A (ConA)
(4 pg/ml) (Sigma-Aldrich, St. Louis, MO, USA) for 48 h,
and then the cells were treated without or with M290-
MC-MMAF (1 pg/ml or 10 ug/ml). After the cells were
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collected, the CFSE dilution was assessed in CD4 and
CD8 subpopulations as a measure of proliferation.

Quantitative real-time PCR (qRT-PCR)

RNA was extracted from the graft site using an RNA-
pure™ Total RNA Extraction Kit (BioTeke, Beijing, China)
and transcribed to cDNA using Super M-MLV reverse
transcriptase (BioTeke). The levels of interleukin (IL)-4,
IL-6, IL-10, and tumor necrosis factor-o (TNF-a) mRNAs
were measured by quantitative real-time PCR on an Exi-
cycler™ 96 Thermal Block (BIONEER, Daejeon, Korea)
using SYBR Green Master Mix (Solarbio, Beijing, China)
and the primers listed in Table 1. The relative expression
levels were calculated by the 272" method, whereby
B-actin served as the internal reference.

CD8™" T-cell adoptive transfer assay

For the adoptive transfer of CD8 cells into C57BL/6
hosts with long-surviving BALB/c allografts, WT or
M290-MC-MMAF-treated mice (6-week-old males) that
were to be used as lymphocyte donors were i.p. injected
with 10 x 10° BALB/c splenocytes. On day 6, the spleens
and abdominal lymph nodes were harvested and cen-
trifuged on Lympholyte-M to remove RBCs. The resulting
cell suspension was enriched for CD8" T cells by
immunomagnetic bead sorting (MagniSort™ Mouse CD8
T cell Enrichment Kit, Thermo Fisher Scientific, Carlsbad,
CA, USA). FACS analyses using anti-CD8, anti-CD3, and
anti-CD103 antibodies were performed on each prepara-
tion to assess the degree of enrichment for CD8" T cells
and the expression of CD103. A total of 50 x 10° CD8" T
lymphocytes were injected into C57BL/6 mice bearing
long-surviving BALB/c islets via the tail vein, and blood
glucose was monitored daily to assess graft survival.

CD25" T-cell depletion in vivo

Selected mice with long-surviving allografts (1 =6)
were ip. injected with 500 ug of purified CD25 mAb
(PC61.5.3, Bio X Cell, West Lebanon, NH, USA) to
deplete CD25" T cells on day 60 post transplantation, as
previously described'®. The depletion was confirmed
using the 7D4 antibody (BD PharMingen, San Diego, CA,

Table 1 RT-PCR primer sequences

Cytokine Forward primer (5’ — 3) Reverse primer (5' — 3')

IL-4 TTGTCATCCTGCTCTTC cT ATGGCGTCCCTTCTCCTGT

IL-6 TGTATGAACAACGATGATGCAC CTGGCTTTGTCTTTCTTGTT
IL-10 GAAGACAATAACTGCACCCACT ACCCAAGTAACCCTTAAAGTCC
TNF-a AGAAAGCATGATCCGCGAC TTGTGAGTGTGAGGGTCTGG
B-actin CTGTGCCCATCTACGAGGGCTAT TTTGATGTCACGCACGATTTCC
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Fig. 1 M290-MC-MMAF reduced and inhibited the proliferation of CD8" T cells in vitro. a Splenic lymphocytes from C57BL/6 mice were
treated with M290-MC-MMAF at the indicated concentrations for 48 h. The cells were subjected to multicolor FACS analyses using mAbs specific for
CD3, CD4, and CD8. Data shown are the mean + SD, n = 4 independent experiments. b Splenic lymphocytes from C57BL/6 mice were cultured with
M290-MC-MMAF at the indicated concentrations for 32 h. FACS analyses were performed to determine the apoptosis/death of the CD4™ and CD8™
compartments using a Dead Cell Apoptosis Kit. Live cells, apoptotic cells, and dead cells are indicated. The data shown are representative of at least
three independent experiments. ¢ After stimulation with ConA (4 ug/ml) and treatment with M290-MC-MMAF at the indicated concentrations for
48 h, the proliferation of viable CD4* or CD8" compartments was determined. The CFSE®" population indicates proliferating cells. Data are the
mean + SD, n =5 independent experiments. *P < 0.05, **P < 0.01, one-way ANOVA with Tukey’'s multiple comparisons test

USA), which recognizes a different epitope of CD25 than
PC61.5.3 Ab, to stain splenic lymphocytes on day 7.
Groups of mice were also i.p. injected with 500 ug of an
isotype IgG (n=5) or PBS (n=6) on day 60 post trans-
plantation as a control. The blood glucose levels of the
recipients were monitored to evaluate the survival of the
islet allografts.

Statistical analysis

All data were analyzed using GraphPad Prism 8 soft-
ware (GraphPad Software Inc., La Jolla, CA, USA) and
presented as the mean+ SD. Statistical analyses were
performed using the log-rank (Mantel—Cox) test to ana-
lyze allograft survival. ANOVA with Tukey’s multiple
comparisons test was used to compare the differences
among multiple groups, and unpaired Student’s ¢ test was
used for comparisons between two groups. P < 0.05 was
considered indicative of statistical significance.

Results

M290-MC-MMAF treatment decreased CD8" T-cell

numbers and inhibited CD8" T-cell proliferation in vitro
We performed in vitro experiments to evaluate the killing

specificity of M290-MC-MMAF for CD103-expressing
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cells. As shown in Fig. la, the proportion of CD4 cells
increased while the proportion of CD8 cells decreased;
subsequently, the ratio of CD8"/CD4" cells decreased
significantly, demonstrating the high specificity of M290-
MC-MMAF. Additionally, increased apoptosis in the CD8
compartment but not the CD4 compartment indicated
the possible killing of CD103-expressing cells by M290-
MC-MMAF (Fig. 1b). As shown in Fig. 1c, ConA-
stimulated CD8" T cells treated with M290-MC-MMAF
demonstrated a reduced proliferative capacity. Moreover,
the inhibition of CD8" T-cell proliferation was positively
correlated with the titrated concentration of ADC. In
contrast, the response of CD4" T cells was unimpaired
under the same conditions. Taken together, these data are
consistent with those of our previous study showing that
M290-MC-MMAF specifically targets CD103, which is
mainly expressed in the CD8 compartment.

M290-MC-MMAF promoted pancreatic islet allograft
survival in diabetic recipient mice

The potential toxicity of M290-MC-MMAF was
evaluated 10 days after three i.p. injections of M290-
MC-MMAF were administered to healthy C57BL/6
mice. The mice were normal and active after M290 or
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MMAF did not cause weight loss in mice'!. Here, we
further show that M290-MC-MMAF is nontoxic in mice.

BALB/c islet allografts were transplanted under the left
renal capsule of STZ-induced diabetic C57BL/6 reci-
pients. Islet allograft survival in the recipient mice was
assessed. As shown in Fig. 3a, b, islet allograft rejection
occurred within 18 days in the control and M290 groups.
In contrast, systemic delivery of M290-MC-MMAF by
three ip. injections of 3 mg/kg markedly prolonged
islet allograft survival (>60 days). Two of the mice
developed hyperglycemia immediately after graft removal
(Fig. 3¢), indicating that it was the functional islet allograft
that was responsible for blood glucose control in the
recipients. H&E staining revealed that fewer immune cells
infiltrated the islet allografts in M290-MC-MMAF reci-
pients than the other two groups at 15 days post trans-
plantation (Fig. 4a). Immunohistochemical staining with
an anti-insulin antibody in formalin-fixed paraffin-
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Fig. 3 M290-MC-MMAF prolonged islet allograft survival in STZ-
induced diabetic mice. Diabetic C57BL/6 recipients were
transplanted with BALB/c islets and treated with three doses of M290-
MC-MMAF (3 mg/kg ip. injected) or the indicated controls on days 1,
3, and 5 post transplantation. a Blood glucose was monitored every
other day post transplantation. The dashed line at 200 mg/dl is
considered the threshold for allograft rejection. b Kaplan—Meier plots
for graft survival. Graft survival was compared using the log-rank test
(***P =0.0001 vs. untreated). ¢ Two M290-MC-MMAF-treated
recipients developed hyperglycemia after removal of the graft on days
55 and 60 post transplantation

embedded tissue graft sections showed more residual
islets and an insulin-positive mass (Fig. 4b) in the grafts in
M290-MC-MMAF-treated mice compared with the
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Control M290 M290-MC-MMAF

Fig. 4 M290-MC-MMAF inhibited alloimmune inflammation and
protected the function of insulin secretion. a The infiltration of
leukocytes in islet grafts. Representative images of H&E staining of
immune cells in paraffin-embedded allografts at 15 days post
transplantation in untreated mice (control) and at 60 days post
transplantation in long-surviving recipient mice. b Representative
images of residual islet 3 cells in the renal capsular with
immunohistochemical staining of insulin at 15 days post
transplantation in untreated mice (control) and at 60 days post
transplantation in long-surviving recipient mice (n =6 per group,
Scale bars =100 pm)

control recipients. Thus, M290-MC-MMAF prevented
leukocyte infiltration and increased insulin secretion by
islet allografts. These results indicate that M290-MC-
MMAE-treated recipients have prolonged allograft survi-
val compared with control-treated recipients.

M290-MC-MMAF treatment altered T-cell subpopulations
in allograft recipients

The frequencies of CD8"CD103" cells in the grafts,
spleen, and MLN of recipient mice with and without
M290-MC-MMAF treatment were examined by flow
cytometry 15 days after islet transplantation. As shown in
Fig. 5a, b, M290-MC-MMAEF treatment eliminated the
CD8'CD103" T-cell subpopulation in the graft, spleen,
and MLN at the time when allograft rejection occurred in
the other two recipient groups. Importantly, the absolute
number of CD8" T cells in the peripheral blood was also
reduced by treatment with M290-MC-MMAF (Fig. 5¢).

For the Treg subpopulation, M290-MC-MMAF-treated
recipients bearing long-surviving islet allografts exhibited
significantly higher frequencies and absolute numbers of
CD4"CD25" cells in the spleen than the control reci-
pients experiencing allograft rejection (Fig. 6a, b). Addi-
tionally, the CD4*CD25" cells in the spleens of M290-
MC-MMAF-treated recipients contained a significant
number of FoxP3-expressing cells. However, the CD103™
Tregs and CD103" dendritic cells (DCs) in the spleens
and MLNs of recipients bearing long-surviving
islet allografts were eliminated by M290-MC-MMAF
treatment (Fig. 6¢, d). These results imply a possible
association of Treg expansion with prolonged allograft
survival.
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M290-MC-MMAF-modulated local cytokine expression at
the pancreatic islet allograft site

To evaluate the immunosuppressive effects of M290-
MC-MMAF treatment in the pancreatic islet allografts,
the expression of inflammatory cytokines at the graft site
in recipient mice was determined 15 days after islet
transplantation. As shown in Fig. 7, M290 treatment
decreased the expression levels of IL-4, IL-6, and TNF-«a in
the grafts compared to the mock injection control treat-
ment, while M290-MC-MMAF treatment further reduced
the levels of IL-4, IL-6, and TNF-a and significantly
increased the expression of the anti-inflammatory cyto-
kine IL-10 at the graft site. These data suggest that local
M290-MC-MMAF-modulated cytokine expression may
be involved in the suppression of allograft rejection in
recipient mice.

CD103 CD8™ T cells exhibited a defect in inducing
islet allograft rejection

Adoptive transfer experiments were used to determine
whether the destruction of islet allografts by CD8" T cells
depends on CD103 expression. In these experiments,
CD8™" T cells from WT or CD103-depleted mice (CD103-
MC-MMATF treated) were enriched and transferred into
C57BL/6 mice with long-surviving BALB/c islets. As
shown in Fig. 8a, the transfer of highly enriched CD8"
T cells from CD103-depleted mice into hosts had no
effect on islet allografts. In contrast, the transfer of the
equivalent CD8" T cells from WT mice elicited rejection
(Fig. 8b). Additionally, this rejection seemed to be posi-
tively correlated with the number of transferred cells,
since transferring a small number of CD8" T cells led to
only a partial loss of islet graft function in recipients
(Fig. 8c). Taken together, these data suggest that
CD103 CD8" T cells lack the capacity to efficiently
induce islet allograft rejection.

Induction of islet allograft rejection after the deletion of
CD257CD4™ T cells

The frequencies and numbers of CD25"CD4" cells in
the spleen and islet transplant site in the recipients with
long-surviving islet allografts were significantly higher
than those in the control recipients undergoing allograft
rejection. This result led us to hypothesize that
CD25"CD4" Tregs contribute to the long-term survival
of islet allografts. To test this hypothesis, we i.p. injected
500 ug of anti-CD25 mAb (PC61.5) on day 60 post
transplantation to remove CD25"CD4" Tregs. As pre-
viously reported, PC61.5 eliminates the majority of
CD25"CD4" Tregs in the peripheral blood and spleen.
All allografts were quickly rejected when the recipients
were treated with anti-CD25 mAb (Fig. 8d). The survival
of the allografts was significantly shorter in anti-CD25-
treated mice than in IgG-treated mice and PBS-treated
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Fig. 5 M290-MC-MMAF depleted CD1037CD8" cells and led to lymphopenia in the CD8 compartment in the recipient mice. a CD103
expression in graft-infiltrating lymphocytes and b splenic and MLN CD8+ T cells were determined by FACS analyses at day 15 post transplantation.
¢ The absolute number of CD8" T cells in peripheral blood was calculated using TruCount beads. Data are presented as the mean + SD (n =7 per
group). The shown percentages are representative data. MLN mesenteric lymph nodes. ***P < 0.001, unpaired t test

mice (P < 0.001). These results indicate that CD257CD4 "
Tregs are necessary to maintain the long-term function-
ality of islet allografts.

Discussion

It is well documented that CD103 directs a sub-
population of CD8" T cells to epithelium-specific E-
cadherin®, resulting in the accumulation of this T-cell
subpopulation in the epithelial compartment of rejected
grafts®*. Moreover, pancreatic islet allografts survive
indefinitely in CD103-deficient mice’, and CD103-
deficient CD8" cells fail to accumulate and attack the
host epithelium in a graft-versus-host disease model®. The
crucial role played by CD103-expressing cells in allograft
rejection has prompted attempts to target CD103 for the
induction of graft tolerance”®'>. Compared with the
nondepleting CD103 Ab treatment, CD103-based
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immunotoxin (M290-SAP) treatment depletes
CD103"CD8" effector cells and prolongs the survival of
pancreatic islet allografts in mice'®. However, the systemic
toxicity of M290-SAP (nonspecific T-cell depletion,
severe thymus atrophy, ascites, and significant weight
loss'*!") is likely attributable to the strong cytotoxicity of
saporin'’, compromising its clinical translational value.
Thus, agents targeting CD103 with high specificity and
low toxicity are required for the induction of immuno-
suppression after cell or solid organ transplantation.
Previously, our group synthesized several M290-ADCs
that are cytotoxic only after being internalized via
CD103"'. These M290-ADCs, including M290-MC-
MMAF, show higher specificities than M290-SAP in tar-
geting CD103-expressing cells in vivo'’. In the present
study, the potential toxicity of M290-MC-MMAF was
further assessed, and no aberration was observed in the
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mouse thymus, liver, kidney, or intestine 10 days after
M290-MC-MMAF administration. These data verify the
safety of M290-MC-MMAF for in vivo applications.

The main purpose of the study was to evaluate the
therapeutic potential of M290-MC-MMAF in islet trans-
plantation. M290-MC-MMAF maintained the integrity
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and long-term functionality of the allogeneic pancreatic
islets in diabetic mice. Two underlying mechanisms have
been proposed to explain the observed islet graft survival
associated with CD103-MC-MMAF treatment: (1) spe-
cific lymphopenia in the CD8" T compartment and (2) a
shift toward a Treg phenotype.
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Our results demonstrate that CD103-MC-MMAF
treatment depleted CD103"CD8" cells in vitro (Fig. 1)
and in vivo (Fig. 5). Both apoptosis and necrosis were
involved in the decay of the CD8" T cells (Fig. 1b). The
capacity of CD8" T cells to destroy islet allografts is
highly dependent on CD103 expression and was estab-
lished using adoptive transfer models. CD8 cells from
WT mice induced the rejection of long-surviving allo-
grafts, whereas CD8" cells from CD103-MC-MMAF-
treated mice were completely ineffectual in this regard
(Fig. 8a).

CD4"CD25" Tregs play a key role in the maintenance
of immunologic self-tolerance and the suppression of
pathological immune responses through the contact-
dependent suppression of T-cell proliferation and the
control of inflammation via soluble cytokines'®2°,
CD103 is expressed in a subset of Tregs®', which raises
the concern that CD103-based immunotoxins may
decrease the Treg population and disrupt T-cell home-
ostasis, resulting in immunological chaos. In the present
study, M290-MC-MMAF treatment resulted in a
reduction in CD103" Tregs in the early stage, but these
changes did not affect the survival of the islet allograft,
suggesting that CD103-expressing Tregs may not be
overly important in the regulation of islet allograft
rejection. Strikingly, M290-MC-MMAF-treated recipient
mice with long-term surviving islet allografts had sig-
nificantly higher percentages and absolute numbers of
CD4"CD25" cells in the spleen than untreated mice
undergoing allograft rejection. Similar results were also
observed in clinical data, which showed that increased
frequencies of FoxP3"CD4"CD25" Tregs 3 weeks after
lung transplantation were associated with a reduced
chance of chronic lung allograft dysfunction at 2 years>?,
suggesting that immediate expansion of
FoxP3"CD4"CD25" Tregs post transplantation may
exert a protective effect on the long-term survival of the
grafts. Removal of CD4"CD25" Tregs from long-
surviving allograft recipients treated with an anti-CD25
mAb led to accelerated rejection, supporting the
assumption that the Tregs in the system and/or local
graft environment protect islet allografts from the
immune attack of cytotoxic CD8 cells. Parallel findings
have shown that Tregs function in the control of
immune responses after allo- and xenogeneic islet
transplantation”?* or solid organ transplantation®>2°,
However, it remains to be determined whether the
elimination of CD103"CD4"CD25" Tregs changes the
homeostasis of total Tregs and leads to the expansion of
total Tregs in M290-MC-MMAF-treated recipients,
which is similar to the Treg proliferation caused by
lymphocyte depletion using antibody therapy, such as
the anti-CD3 antibody”’28 or Campath [anti-CD52]'%%.
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CD103 is also expressed by antigen-presenting DCs**>".

Here, the number of CD103" DCs in the spleen and MLN
was substantially depleted by M290-MC-MMAF treat-
ment, which raises the concern that, while unlikely, these
CD103" DCs are involved in prolonged graft survival.
First, the proportion of CD103" DCs in the spleen and
MLN is very small (<1.5%). Second, the level of CD103
DCs of donor origin present in islet allografts is extremely
low (even negligible). More importantly, eliminating the
CD103-expressing DCs from donors by pretreatment with
M290-SAP did not prolong allograft survival'®. Con-
sidering that CD1037CD8" effector T cells play causal
roles in the destruction of grafts’™®, we believe that
treatment with M290-MC-MMAF prolongs islet allograft
survival mainly by depleting CD103-expressing CD8"
effector T cells. Overall, the present study has provided
evidence that the dynamic equilibrium between CD8
effectors and Tregs is essential in preserving the long-
term survival of islet grafts. Strengthening the attack on
islet grafts or weakening the protection of islet grafts leads
to the loss of graft function, which was verified in the
cytotoxic CD8 T-cell adoptive transfer and CD4"CD25"
Treg depletion models (Fig. 8).

A variety of cytokines orchestrate the immunologic
responses leading to graft tolerance or rejection. Post-
transplant IL-4 treatment can convert liver allograft tol-
erance to rejection®. IL-6 and TNF-a synergistically
impair Treg-mediated suppression of T effector alloim-
munity and reduce the efficacy of therapies that promote
allograft tolerance®. In contrast, IL-10, secreted by type I
Tregs and macrophages, suppresses T-cell proliferation
and induces long-term allograft survival****. In our study,
M290-MC-MMAF treatment led to reduced expression of
IL-4, IL-6, and TNF-a and dramatically increased the
expression of IL-10 in the grafts, presenting a tolerogenic
phenotype. Notably, M290 treatment also reduced the
expression of IL-4, IL-6, and TNF-«a in the grafts, but to a
lesser extent than M290-MC-MMAF treatment. This was
probably because the temporary masking of CD103 by
M290 delayed CD103"CD8" T-cell infiltration into the
graft and the consequent inflammatory reactions.

Collectively, the present study demonstrated that
M290-MC-MMAF treatment prolongs the survival of
pancreatic islet allografts in mice without causing any
detectable toxicity. M290-MC-MMAF treatment not
only decreased CD8" T cells by depleting CD103" cells
but also increased the number of Tregs in the hosts and
modulated cytokine production in the grafts. The present
data suggest the potential value of M290-MC-MMAF
treatment in the therapeutic intervention of allograft
rejection, and further assessments, such as measurement
of the optimal dose and administration time, are required
for accelerated clinical conversion.



Xue et al. Cell Death and Disease (2019)10:735

Acknowledgements
This work was supported by a grant to Lei Zhang from the National Natural
Science Foundation of China (No. 81571553).

Conflict of interest
The authors declare that they have no conflict of interest.

Publisher’s note:
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 10 June 2019 Revised: 12 September 2019 Accepted: 16
September 2019
Published online: 30 September 2019

References

1.

Bellin, M. D. et al. Potent induction immunotherapy promotes long-term
insulin independence after islet transplantation in type 1 diabetes. Am. J.
Transplant. 12, 15761583 (2012).

Hall, B. M. Cells mediating allograft rejection. Transplantation 51, 1141-1151
(1991).

Hadley, G. A, Bartlett, S. T, Via, C. S, Rostapshova, E. A. & Moainie, S. The
epithelial cell-specific integrin, CD103 (alpha E integrin), defines a novel subset
of alloreactive CD8+ CTL. J. Immunol. 159, 3748-3756 (1997).

Hadley, G. A. et al. Regulation of the epithelial cell-specific integrin, CD103, by
human CD8+ cytolytic T lymphocytes. Transplantation 67, 1418-1425 (1999).
Cepek, K L et al. Adhesion between epithelial cells and T lymphocytes
mediated by E-cadherin and the alpha E beta 7 integrin. Nature 372, 190-193
(1994).

Schon, M. P. et al. Mucosal T lymphocyte numbers are selectively reduced in
integrin alpha E (CD103)-deficient mice. J. Immunol. 162, 6641-6649 (1999).
Feng, Y. et al. CD103 expression is required for destruction of pancreatic
islet allografts by CD8(+) T cells. J. Exp. Med. 196, 877-886 (2002).

El-Asady, R. et al. TGF-{beta}-dependent CD103 expression by CD8(+) T cells
promotes selective destruction of the host intestinal epithelium during graft-
versus-host disease. J. Exp. Med. 201, 1647-1657 (2005).

Yuan, R. et al. Critical role for CD103+CD8+ effectors in promoting tubular
injury following allogeneic renal transplantation. J. Immunol. 175, 2868-2879
(2005).

Zhang, L. et al. An anti-CD103 immunotoxin promotes long-term survival of
pancreatic islet allografts. Am. J. Transplant. 9, 2012-2023 (2009).

Mang, Y. et al. Efficient elimination of CD103-expressing cells by anti-CD103
antibody drug conjugates in immunocompetent mice. Int. Immunopharma-
col. 24, 119-127 (2015).

Zhang, L. & Hadley, G. A. Application of anti-CD103 immunotoxin for saving
islet allograft in context of transplantation. Chin. Med. J. 123, 3644-3651 (2010).
Polson, A. G. et al. Antibody-drug conjugates targeted to CD79 for the
treatment of non-Hodgkin lymphoma. Blood 110, 616-623 (2007).
Oflazoglu, E. et al. Potent anticarcinoma activity of the humanized anti-CD70
antibody h1F6 conjugated to the tubulin inhibitor auristatin via an unclea-
vable linker. Clin. Cancer Res. 14, 6171-6180 (2008).

Gotoh, M, Maki, T, Kiyoizumi, T, Satomi, S. & Monaco, A. P. An improved
method for isolation of mouse pancreatic islets. Transplantation 40, 437-438
(1985).

Official journal of the Cell Death Differentiation Association

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Page 11 of 11

Nystrom, S. N. et al. Transient Treg-cell depletion in adult mice results in
persistent  self-reactive CD4(+) T-cell responses. Eur. J. Immunol. 44,
3621-3631 (2014).

Bagga, S, Seth, D. & Batra, J. K. The cytotoxic activity of ribosome-
inactivating protein saporin-6 is attributed to its rRNA N-glycosidase
and internucleosomal DNA fragmentation activities. J. Biol. Chem. 278,
4813-4820 (2003).

Stephens, L. A, Mottet, C, Mason, D. & Powrie, F. Human CD4(+)CD25(+)
thymocytes and peripheral T cells have immune suppressive activity in vitro.
Eur. J. Immunol. 31, 1247-1254 (2001).

Taams, L. S. et al. Antigen-specific T cell suppression by human CD4+CD25+
regulatory T cells. Eur. J. Immunol. 32, 1621-1630 (2002).

Workman, C. J, Szymczak-Workman, A. L, Collison, L. W, Pillai, M. R. & Vignali,
D. A. The development and function of regulatory T cells. Cell. Mol. Life Sci. 66,
2603-2622 (2009).

Lehmann, J. et al. Expression of the integrin alpha Ebeta 7 identifies unique
subsets of CD25+ as well as CD25- regulatory T cells. Proc. Natl. Acad. Sci. USA
99, 13031-13036 (2002).

Salman, J. et al. Association of higher CD4+ CD25high CD127low, FoxP3+,
and IL-24+ T cell frequencies early after lung transplantation with less
chronic lung allograft dysfunction at two years. Am. J. Transplant. 17,
1637-1648 (2017).

Zhang, N. et al. Regulatory T cells sequentially migrate from inflamed tissues to
draining lymph nodes to suppress the alloimmune response. Immunity 30,
458-469 (2009).

Vi, S. et al. Adoptive transfer with in vitro expanded human regulatory T cells
protects against porcine islet xenograft rejection via interleukin-10 in huma-
nized mice. Diabetes 61, 1180-1191 (2012).

Golshayan, D. et al. In vitro-expanded donor alloantigen-specific CD4+CD25+
regulatory T cells promote experimental transplantation tolerance. Blood 109,
827-835 (2007).

Joffre, O. et al. Prevention of acute and chronic allograft rejection with
CD4+4-CD25+Foxp3+ regulatory T lymphocytes. Nat. Med. 14, 88-92
(2008).

Penaranda, C, Tang, Q. & Bluestone, J. A. Anti-CD3 therapy promotes tolerance
by selectively depleting pathogenic cells while preserving regulatory T cells. J.
Immunol. 187, 2015-2022 (2011).

Nishio, J, Feuerer, M, Wong, J, Mathis, D. & Benoist, C. Anti-CD3 therapy
permits regulatory T cells to surmount T cell receptor-specified peripheral
niche constraints. J. Exp. Med. 207, 1879-1889 (2010).

Zhang, X. et al. Differential reconstitution of T cell subsets following immu-
nodepleting treatment with alemtuzumab (anti-CD52 monoclonal antibody)
in patients with relapsing-remitting multiple sclerosis. J. Immunol. 191,
5867-5874 (2013).

Banchereau, J. & Steinman, R. M. Dendritic cells and the control of immunity.
Nature 392, 245-252 (1998).

Lechler, R, Ng, W. F. & Steinman, R. M. Dendritic cells in transplantation—
friend or foe? Immunity 14, 357-368 (2001).

Wang, C. et al. Posttransplant interleukin-4 treatment converts rat liver allograft
tolerance to rejection. Transplantation 79, 11161120 (2005).

Shen, H. & Goldstein, D. R. IL-6 and TNF-alpha synergistically inhibit allograft
acceptance. J. Am. Soc. Nephrol 20, 1032-1040 (2009).

Groux, H, Bigler, M, de Vries, J. E. & Roncarolo, M. G. Interleukin-10 induces a
long-term antigen-specific anergic state in human CD4+ T cells. J. Exp. Med.
184, 19-29 (199%).

Yang, Z F. et al. Induction of long-term liver allograft survival by delayed
immunosuppression is dependent on interleukin-10. Liver Transplant. 13,
571-578 (2007).



	An anti-CD103 antibody-drug conjugate prolongs the survival of pancreatic islet�allografts in mice
	Introduction
	Materials and methods
	Animals
	Antibodies and ADCs
	Safety evaluation of M290-MC-MMAF in mice
	Islet isolation and transplantation
	Histopathology
	Lymphocyte isolation
	Flow cytometry
	Cytotoxicity and lymphocyte proliferation assay in�vitro
	Quantitative real-time PCR (qRT-PCR)
	CD8&#x0002B; T-cell adoptive transfer assay
	CD25&#x0002B; T-cell depletion in�vivo
	Statistical analysis

	Results
	M290-MC-MMAF treatment decreased CD8&#x0002B; T-cell numbers and inhibited CD8&#x0002B; T-cell proliferation in�vitro
	M290-MC-MMAF promoted pancreatic islet�allograft survival in diabetic recipient mice
	M290-MC-MMAF treatment altered T-cell subpopulations in allograft recipients
	M290-MC-MMAF-modulated local cytokine expression at the pancreatic islet�allograft site
	CD103&#x02212;CD8&#x0002B; T�cells exhibited a defect in inducing islet�allograft rejection
	Induction of islet�allograft rejection after the deletion of CD25&#x0002B;CD4&#x0002B; T�cells

	Discussion
	ACKNOWLEDGMENTS




