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@ IPANIMARREFHEY Sin vitro assayD IS
~ - i E AL RS HLA-GO IR
—PBMCEBLVEHLA-GRHEMI S EO N
—MLRICkSHLA-GRME MM O RH

@ ERRATGENBLERIZRHV=NIMAKRN M MK MRS
DR -ALHEOMEEE NS SEEEBNR.

@ IPANIMABRMICE S<HTNNRERENRORE

EHRBISRINTF HLA-G

© HRMHLAGSRIGFERGY . FLSEELZLL.

© MR EDILTALILABR, THM-NKEEOILTY/LLRBI AL T,
Chon@ROBEERICHS,

@ ifftrophoblast i RAVIZRE. BBBEDTFENKER, HBR
ERETIEMERLTVLSLBREL TS,

© [EHMIAIHE L Taberantzc BEN RO NILTIHREBY,

(FR-BEETFINL)

High levels of soluble HLA-G

prevent acute GVHD ?
Before SCT Day 60 after SCT
20 e .
i . ‘
2 * § Ny »
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“@ —r— % =
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pler wne ——— onn
e t s

Le Maux A, Clin Exp immunol. 2008;152:50

ELISA assay for HLA-G
Capture: MEM-G/9 Capture: G233
Detection: Blotinylated W8/32 Detection: Biotinylated W6/32

Wy

Buomemnes
~E¥EEEEERE

Tsewsoence
~EEBBEEE38d

T

ELISA for soluble HLA-G using sera of heaithy donors

D I~
£

Capture : MEMIGY £

Detection: W6/32 3

Capture : G233 i

Detection: W6/32 3
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No definitive HLA-G protein expression was detected
on T-lymphocytes and monocytes from volunteer donors

CD4+ T lymphacytes (N=6) Monocytes (N=6)

i Prediction of Reactlvity to Noninhevited
@ mﬁw Maternal Antigen in MHC-Mismatched,
¥ Minor Hi: tibility A d
Stem Cell ’l‘m:phnminn in'a Mouse Model

T}mmfxmsan:g&awmn
ety ‘bdushl!(\unlnow. g g ey
Mitsue Ko. Keishiro Amano and Yoshiliro
J Immmol 204(0;185;7739-7745: Prepublished online-15
November 2010:

@Ailthough all offspring were exposed to NIMAs, the torelogenic”NIMA effect”
was not evident.

@NIMA-exposed two di: reactivities against NIMA,
high responder and low respond P g on the degree of maternal
microchimerism.
Ommmmwmmmdngmbyum-
ELISPOT assay using iant blood

T-depleted HCT from HLA-haploidentical mother confers
long-term survival in children with thalassemia

High doses of HLA-haploidentical maternal iymphocyte infusion
can eradicate systemic EBV-positive T-cell LPD of childhood

1
™ wu 90% ®As lated EBV(+) T-cell LPD In
wL‘ cmldmn,nmmlPBllclwwmmnn)mmmwmmedbm
the were infused 1-4 times.
THALASSEMIA-FREE SURVIVAL 1%
£ o5 61 @ Symptoms of all 5 P 3 cases d
g - p for 618 without any turther treatment.
20%
o WWMAUW PPy @ No children developed obvious GVHD.
l_ e e ® In some children, maternal celis were found to be eliminated or
13 1 2 3 4 E) 7 8 decreased after infusions, indicating existence of host-versus-graft
YEARS reaction.
Sodani P, Biood 2010; 115:1296 Wang Q, Blood 2010;116: 5941
Fetal i mi himerism may fi y affect the survival

of patients with advanced solid cancer receiving IL-2-activated
PBSC infusions from HLA-haploidentical parents or children

@A total of 42 patients with advanced stage of solid cancer refractory to
conventional were treated with IL-2-activated PBSCs
d from their HLA pa or

@Patients raceiving haplo-PBSCs with KiR-ligand incompatibility
in the graft-versus-host direction had higher probability of
0S (26.8 % 3.1 months) and PFS (13.4 = 1.3 months) when compared
with those with KIR ligand compatibility (OS: 17.4 = 3.0 months, p<0.05
and PFS: 8.0 & 0.9 months, p<0.05).

@ Further, 0S (31.2 & 4.3 months), PFS (14.7 & 2.2 months) in the
mi group was improved compared with those
in the microchimerism-negative group (0S: 16.9 & 3.8 months, p<0.01,
PFS: 5.6 % 1.4 months, p<0.01).

Han Y, Cancer Biother Radiopharm 2010;25:741
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Combination of Intra-Bone Marrow—Bone Marrow
Transplantation and Subcutaneous Donor Splenocyte
Injection Diminishes Risk of Graft-Versus-Host Disease

and Enhances Survival Rate

Ming Shi,"" Yasushi Adachi?®” Yunze Cui,'* Ming Li,' Zhexiong Lian® Yuming Zhang?
Seiji Yanai.? Chieko Shima,2 Yuichiro ImaiZ2 and Susumu Ikehara’

The combination of allogeneic bone marrow transplantation (allo-BMT) and donor lymphocyte infusion (DLI) is
a useful method for establishing donor chimerism and preventing a relapse of leukemia/lymphoma. However,
there is a risk of inducing uncontrollable fatal graft-versus-host disease (GVHD). In fact, allo-BMT plus intra-
venous (IV)-DLI using donor splenocytes induces fatal GVHD in recipient mice. In this study, we examined the
effects of the combination of intra-bone marrow (IBM)-BMT and the subcutaneous injection of donor splenocytes
(SC-DLI) on the allo-BMT system. Recipient BALB/c mice were conditioned by sublethal irradiation (5 Gy),
followed by IBM-BMT plus IV-DLI or SC-DLI in C57BL/6 mice. The IV-DLI group showed better engraftment of
donor hemopoietic cells than the control group (without DLI) but showed fatal GVHD. The SC-DLI group,
however, showed good reconstitution and mild GVHD. These results suggest that the combination of SC-DLI

and IBM-BMT promotes the reconstitution of hemopoiesis and helps reduce the risk of GVHD.

Introduction

BONE MARROW TRANSPLANTATION (BMT) was initially de-
veloped as a cure for certain diseases of the hematopoietic
system such as aplastic anemia, leukemia, and im-
munodeficiencies [1-3]. Since then, BMT has been widely
used for the treatment of autoimmune diseases, solid malig-
nant tumors, multiple myelomas, myelodysplastic syndrome,
and so on [4-9]. Allogenic-BMT (allo-BMT) is becoming more
common owing to the discovery of more effective immuno-
suppressants, more powerful antibiotics, antithymocyte
globulin, and fractionated irradiation [10-12]. Recently, we
developed a new and powerful BMT method: intra-bone
marrow (IBM)-BMT [13]. In this method, donor bone marrow
cells (BMCs) are directly injected into the recipient’s bone
marrow (BM). A much greater number of donor hemopoietic
stem cells and mesenchymal stem cells can therefore be in-
oculated into the recipient BM than by conventional intrave-
nous BMT (IV-BMT). This results in rapid reconstitution of
donor hemopoietic cells and permits a reduction in radiation
doses as a pretreatment for BMT [14-16].

Donor lymphocyte infusion (DLI) is often used after allo-
BMT to prevent disease relapse in the setting of T-cell-
depleted BMT or nonmyeloablative conditioning regimens. It
is also a combined method to convert mixed chimerism
to full donor chimerism [17,18]. Donor T cells injected in-
travenously during DLI are activated in the host’s lymphoid
tissues, which then migrate to the target tissues of graft-
versus-host disease (GVHD) and then mediate the GVHD.
DLI, which is used as the combined conditioning therapy for
BMT, helps to reduce relapse rates. However, DLI-induced
GVHD is always associated with an increase in therapy-
related morbidity because of its uncontrollable and fatal
characteristics [19-26]. A key challenge for DLI is to balance
the positive and negative effects of donor T cells in order to
optimize the outcome.

In mice, allo-BMT plus IV-DLI using donor splenocytes
can induce fatal GVHD due to the donor T-cell infiltration
and proliferation in the GVHD target tissues such as the
liver, spleen, intestine, and skin [27]. In this study, we ex-
amined the localizable effects of donor T cells (splenocytes)
by subcutaneous injection (SC) of donor splenocytes in the
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allo-BMT system using a preconditioning regimen (sublethal
irradiation). Compared with IV-DLI plus IBM-BMT, the
SC-DLI plus IBM-BMT group showed good reconstitution
and only mild GVHD. The survival rate in the SC-DLI group
was much higher than in the IV-DLI group. These results
suggest that the combination of SC-DLI and IBM-BMT pro-
motes reconstitution of hemopoiesis and helps to reduce the
risk of fatal GVHD.

Materials and Methods
Mice

C57BL/6 mice (B6) and BALB/c were purchased from
Shimizu Laboratory Supplies (Shizuoka, Japan). All the
mice were maintained in a pathogen-free room, and 8-10-
week-old male mice were used in the present studies. The
university’s committee for animal research approved all
experiments.

Reagents

The antibodies used in this study were as follows: fluo-
rescein isothiocyanate (FITC)-labeled anti-mouse H-2° Ab,
phycoerythrin (PE)-labeled anti-mouse H-29 Ab, peridinin
chlorophyll protein (PerCP)-Cy5.5-labeled anti-mouse CD45
Ab, and anti-mouse CD3 Ab (BD Pharmingen, San Diego,
CA). Lysing buffer (BD Pharmingen) was used for the lysis of
erythrocytes. Collagenase type IV, used for hepatocyte iso-
lation, was purchased from Sigma (Sigma-Aldrich, St. Louis,
MO).

Whole-body irradiation of recipient mice

Gamma-irradiation was delivered by a Gammacell 40
Exactor (MDS Nordion, Kanata, ON, Canada) with two
137Cs sources. Recipient mice were irradiated with 6, 5, or 4
Gy, the day before BMT.

IBM-BMT

BMCs were flushed from the medullary cavities of the
femurs and tibias of donor mice with phosphate-buffered
saline (PBS). After gentle dissociation, the BMC suspension
was filtered through a 70-pm nylon mesh (Becton Dickinson
Labware, Franklin Lakes, NJ). The BMC suspension was then
centrifuged and the supernatant was aspirated. The BMCs

Donor: C578L/6
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were adjusted to 3x10° per mL. The thus-prepared BMCs
(3x10”) were injected directly into the tibial cavity of the
recipient mice via the intra-bone marrow route (IBM-BMT)
the day after irradiation, as previously described [13]. Briefly,
the mice were anesthetized and the area from the inguinal
region to the knee joint was shaved. The tibia was gently
drilled with a 26-G needle through the patellar tendon into
the BM cavity. The BMCs (3x10”/10puL) were then injected
into the BM cavity using a microsyringe (50 pL; Ito, Fuji,
Shizuoka, Japan).

Donor lymphocyte infusion

Spleens were removed from donor B6 mice and then
minced with scissors. Single cells were prepared by milling
in steel mesh, followed by filtering through a 70-um nylon
mesh in PBS containing 2% fetal calf serum. After centrifu-
gation, the pellets were suspended in 1xlysis buffer and kept
for 15min at room temperature for the lysis of erythrocytes.
The erythrocyte-depleted splenocytes were adjusted to
5x107/0.2mL (2.5x10® per mL) in PBS and were then in-
jected intravenously into the tail vein in the IV-DLI group or
subcutaneously in the back in the SC-DLI group. Figure 1
shows the experiment protocol, including the days for
treatment.

GVHD analysis and scoring

The recipients were monitored daily for survival, and
every 5 days for body weight changes and clinical signs of
GVHD after BMT. The clinical scoring was based on 6 pa-
rameters: weight loss, posture, activity, fur texture, skin in-
tegrity, and diarrhea. A severity scale of 0 to 2 was used for
each parameter, with a maximum score of 12 (Table 1).
Clinical signs early after transplantation due to radiation
toxicity were not considered as the appearance of GVHD
[28,29].

The carcasses of the recipients that had died or had been
sacrificed at 3 months after BMT were kept in 10% formalin.
Tissues from GVHD target organs (liver, intestine, and skin)
were embedded in paraffin, sectioned, and stained with he-
matoxylin and eosin. Slides were observed using an Olym-
pus BX41 light microscope (Olympus, Tokyo, Japan) with a
UPlanFL N 20x/0.50 objective. An Olympus DP-25 color
camera using DP2-BSW software was used to acquire the
images.

BMCs

FIG.1. Experiment protocol. splenocytes
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TaBLE 1. CLINICAL SIGNS AND SCORING oF GVHD
Parameters Scale 0 Scale 1 Scale 2
Weight loss ~10% 10%-25% ~25%
Posture Normal Hunching noted only at rest Severe hunching impairs movement
Activity Normal Mildly to moderately decreased Stationary unless stimulated
Fur texture Normal Mild to moderate ruffling Severe ruffling/poor grooming
Skin integrity Normal Scaling of non-hair-bearing skin Obvious areas of denuded skin
Diarrhea Normal Bits of residual perianal fecal material A mass of residual perianal fecal material

The clinical signs of GVHD (based on 6 parameters: weight loss, posture, activity, fur texture, skin integrity, and diarrhea) were scored
every 5 days after bone marrow transplantation. A severity scale of 0 to 2 was used for each parameter, with a maximum score of 12. GVHD,

graft-versus-host disease.

Histopathological analysis was performed “single blind”
by scoring the changes in the skin (dermal/epidermal lym-
phocyte infiltration, dyskeratotic epidermal keratinocytes,
and epidermal thickening), the intestine (crypt regeneration,
apoptosis in crypt epithelial cells, crypt loss, surface colo-
nocyte attenuation, inflammatory cell infiltration in lamina
propria, mucosal ulceration, and thickening of mucosa), and
the liver (bile duct injury manifested by nuclear hyperchro-
masia, nuclear crowding, infiltrating lymphocytes, and cy-
toplasmic vacuolation and liver inflammation due to the
infiltration of lymphocytes, neutrophils, and eosinophils).
A severity scale from 0 to 4 was used, with a maximum score
of 12 (Table 2) [29,30].

Analyses of donor cells in recipient peripheral blood,
spleen, or liver by FACS

To detect the reconstitution of the recipients, the periph-
eral blood (PB) of the recipient mice was collected 17 days or
1 month after BMT. The PB was stained with FITC-labeled
anti-H-2® Ab, PE-labeled anti-mouse H-2¢ Ab, and PerCP-
Cy5.5-labeled anti-CD45 Ab. The erythrocytes were then
lysed using lysing buffer. The stained cells were analyzed
using FACScan (BD Biosciences, San Jose, CA). Leukocytes
were first gated by CD45" cells, which were estimated as
nuclear cells. The percentage of donor leukocytes was esti-
mated as H-2°* /CD45" cells.

To detect donor-derived T cells infiltrating the GVHD
target tissues at 5 days after BMT, mononuclear cells (MNCs)
from the recipient’s spleen and liver were collected as fol-
lows: 0.5 mg/mL collagenase type IV solution was prepared
by PBS dilution, and then after euthanasia, 2 mL collagenase
solution was injected intraportally in the recipient mice. The
spleen and liver were surgically excised and a single-cell
suspension was prepared. The spleen and liver MNCs were
then isolated by Lymphoprep (AXIS-SHIELD PoC AS, Oslo,
Norway). The MNCs were stained with FITC-labeled anti-H-
2" Ab, PE-labeled anti-mouse H-2% Ab, and PerCP-Cy5.5-
labeled anti-CD3 Ab. The percentage of donor T cells was
analyzed by FACScan estimated as H-2°*/CD3" cells.

Statistical analysis

Survival data were analyzed using the Kaplan-Meier
method in the Stat Mate software. Other results are re-
presented as means + standard deviation (SD). The Student’s
t-test was used to determine any statistical significance. A P
value of <0.05 was considered to be a significant difference.

Results
No GVHD occurs in the BMT-only group

Previous studies have shown that, in contrast to humans
and other primates, no or only mild GVHD is observed in the

TasBLE 2. HistoraTHOLOGICAL GVHD SCORING

Organ Parameters Scale 0

Scale 0.5

Scale 1 Scale 2 Scale 3 Scale 4

Skin Dermal/epidermal lymphocyte
infiltration, dyskeratotic
epidermal keratinocytes,
and epidermal thickening

Intestine Crypt regeneration, apoptosis in
crypt epithelial cells, crypt loss,
surface colonocyte attenuation,
inflammatory cell infiltration in
lamina propria, mucosal ulceration,
and thickening of mucosa

Bile duct injury, infiltrating
lymphocytes, and cytoplasmic
vacuolation and liver inflammation

Liver

Normal Focal and Focal and Diffuse and Diffuse and Diffuse and

rare mild mild moderate  severe

Histopathological GVHD scoring was performed based on the changes in 3 GVHD target organs: the skin, intestine, and liver. A severity

scale of 0 to 4 was used for each organ, with a maximum score of 12.
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case of allo-BMT without DLI in the murine setting [31-33].
To confirm this, BMCs from B6 mice were transplanted into
sublethally irradiated (6, 5, or 4 Gy) BALB/c recipients by
IBM-BMT (control group). All the control groups (6, 5, or 4
Gy) survived until 90 days after BMT (Fig. 2). No severe
complications, such as fatal GVHD, occurred in the BMT-
only control group according to clinical observations (Fig. 4)
and histopathological evaluation (Fig. 5).
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FIG. 2. IV-DLI shortens the survival but SC-DLI does not.
Recipient (BALB/c) mice were irradiated at 6 Gy (A) 5 Gy
(B) or 4 Gy (C) on day —1. Bone marrow cells (3x10”) from
donors (B6) were injected by intra-bone marrow-BMT with
or without 5x10” splenocytes DLI on day 0. The splenocytes
were injected intravenously into the tail vein in the IV-DLI
group or subcutaneously in the back side in the SC-DLI
group. n > 10. IV, intravenous; SC, subcutaneous.
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The SC-DLI group shows lower mortality
than the IV-DLI group

The PB and spleen are commonly used as the source of
lymphocytes for DLI In the present study, we carried out
DLI using the erythrocyte-depleted splenocytes (5x107 per
mouse). After BMT, the recipients were monitored daily for
survival. For the 6 Gy irradiated mice, all the mice in the IV-
DLI group died within 32 days after BMT (Fig. 2), whereas
all the mice in the SC-DLI group survived until 90 days after
BMT. Similarly, high mortality rates were also observed in
the IV-DLI group for 5 or 4 Gy irradiated recipients. To our
surprise, the 5 Gy IV-DLI group showed significantly im-
proved survival compared with the 4 Gy IV-DLI group. In
contrast to the high mortality caused by IV-DLI, the SC-DLI
groups (6, 5, or 4 Gy) showed a 100% survival rate, as seen in
the control groups (Fig. 2).

Better reconstitution of donor hemopoietic cells
is observed in both the IV-DLI and SC-DLI groups
than the control group (without DLI)

Next, we examined the reconstitution degree of the re-
cipients with donor-type cells in the PB of the recipient mice
after BMT. In the experiment with preconditioning with 6 Gy
irradiation, the PB was collected from the surviving recipient
mice to analyze the chimerism at 1 month after BMT. All the
recipients of IBM-BMT, either combined with DLI or not,
showed nearly complete donor-type (H-2%) hematopoietic
cells (Fig. 3A). Moreover, there was no significant difference
between the control group and the SC-DLI group: the mean
and SDs of the percentages of donor hematopoietic cells were
92.4% + 3.7% and 95.3% +3.1%, respectively (Fig. 3D). We
therefore reduced the radiation dose to 5 Gy. With 5 Gy,
reconstitution was examined earlier (on day 17). Donor-type
hematopoietic cells were detected in 4 of 10 control group
recipients, 10 of 10 IV-DLI group recipients, and 9 of 11 SC-
DLI group recipients (Fig. 3B). Statistically significantly
higher percentages of reconstitution with donor cells were
observed in the SC-DLI group than in the control group, and
there was no significant difference between the IV-DLI and
SC-DLI groups (Fig. 3E). Moreover, better reconstitution was
confirmed by long-term (not transient) chimerism (data not
shown). When the radiation dose was reduced to 4 Gy,
neither the control group nor the SC-DLI group could re-
constitute the recipients with donor BMCs. The two survi-
vors in the IV-DLI group showed donor-type hematopoietic
cells but these mice died soon (Fig. 3C, F).

Serious GVHD is observed in the IV-DLI group

After BMT, clinical signs of GVHD in the recipients (in-
cluding weight loss, posture, activity, fur texture, skin in-
tegrity, and diarrhea) were assessed every 5 days and the
score was calculated. In the 6 Gy IV-DLI group, all the re-
cipient mice showed hunchback; several showed loss of
weight, inaction, ruffled fur texture, and slight diarrhea on
day 15. The signs of GVHD became progressively more se-
rious: angular, severe hunching, stationary unless stimu-
lated, severe ruffling, obvious areas of denuded skin, and
severe diarrhea. The clinical score reached a peak on day 30:
7.33+£0.58. No obvious signs of GVHD appeared in the other
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two groups: 0.25+0.87 (control group) and 0.50+0.71 (SC-
DLI group) (Fig. 4A). In the 5 Gy experiment, the clinical
scores in the control group, IV-DLI group, and SC-DLI group
were 0.10+£0.31, 6.44+2.60, and 0.81+0.30, respectively,
according to observations on day 30. The mice in the IV-DLI
group retained the tendency to develop serious GVHD
during the period from day 30 to day 70. The other two
groups displayed mild GVHD (Fig. 4B).

In the 4 Gy experiment, the IV-DLI group displayed
moderate but not severe GVHD, [although the recipient mice
survived short-term (they died between days 16 and 37)].
Pathological diagnosis after autopsy indicated that infection
due to graft failure (not GVHD) was the cause of death (data
not shown).The clinical score was 4.00 (only two mice sur-
vived) on day 30 (Fig. 4C). It is not surprising that no GVHD
was observed in either the control group or the SC-DLI
group due to a failure of reconstitution.

GVHD is main cause of death in the IV-DLI group

We next examined the histopathological changes in the
liver, skin, and intestine from randomly selected recipient
mice that had died in the IV-DLI group or were sacrificed at

3 months after BMT in the control group and the SC-DLI
group (four mice per group). The severity of histopatholog-
ical GVHD nearly paralleled the clinical signs. In the IV-DLI
group, either 6- or 5-Gy-irradiated recipients showed lym-
phocyte infiltration in the bile duct, epidermal thickening,
and dermal lymphocyte infiltration, occasional crypt apo-
ptosis, and mild inflammation in the intestine (Fig. 5A, C).
The pathological scores in the IV-DLI group in the 6 and 5
Gy experiments were 5.75 £ 0.43 and 5.67 + 0.47, respectively
(Fig. 5B, D). In the control group and the SC-DLI group, no
or only mild lesions were found in the GVHD target tissues,
even in the skin at the site of the injection of splenocytes. The
pathological scores in these two groups were also signifi-
cantly lower than in the IV-DLI group in either radiation
dose experiment. These data indicated that GVHD was the
main cause of death in the IV-DLI group and that DLI via the
SC route could diminish the risk of fatal GVHD.

SC-DLI reduces donor T-cell infiltration into GVHD
target tissues

Previous studies reported that donor T cells reached a
peak on day 5 after expansion and infiltration into target



