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TRANSPLANTATION

Differential use of Fas ligand and perforin cytotoxic pathways by donor T cells
in graft-versus-host disease and graft-versus-leukemia effect

Cornelius Schmaltz, Onder Alpdogan, Kirsten J. Horndasch, Stephanie J. Muriglan, Barry J. Kappel, Takanori Teshima,
James L. M. Ferrara, Steven J. Burakoff, and Marcel R. M. van den Brink

These data demonstrate in a murine model

In allogeneic bone marrow transplanta-
tion (BMT) donor T cells are primarily
responsible for antihost activity, resulting
in graft-versus-host disease (GVHD), and
for antileukemia activity, resulting in the
graft-versus-leukemia (GVL) effect. The
relative contributions of the Fas ligand
(FasL) and perforin cytotoxic pathways in
GVHD and GVL activity were studied by
using FasL-defective or perforin-deficient

donor T cells in murine parent — F1

models for allogeneic bone marrow trans-
plantation. It was found that FasL-defec-
tive B6. gld donor T cells display dimin-
ished GVHD activity but have intact GVL

activity. In contrast, perforin-deficient
B6.pfp /= donor T cells have intact GVHD
activity but display diminished GVL activ-
ity. Splenic T cells from recipients of
B6.gld or B6.pfp =/~ T cells had identical
proliferative and cytokine responses to
host antigens; however, splenic T cells
from recipients of B6.pfp ~/~ T cells had
no cytolytic activity against leukemia cells

in a cytotoxicity assay. In experiments
with selected CD4 * or CD8* donor T cells,
the FasL pathway was important for GVHD

activity by both CD4 * and CD8* T cells,

whereas the perforin pathway was re-
quired for CD8-mediated GVL activity.

for allogeneic bone marrow transplanta-
tion that donor T cells mediate GVHD
activity primarily through the FasL effec-

tor pathway and GVL activity through the

perforin pathway. This suggests that do-

nor T cells make differential use of cyto-
lytic pathways and that the specific block-

ade of one cytotoxic pathway may be
used to prevent GVHD without interfering
with  GVL activity. (Blood. 2001;97:
2886-2895)

© 2001 by The American Society of Hematology

Introduction

Allogeneic bone marrow transplantation (BMT) is an importarnperforin-granzyme pathway&!?Interaction of FasL, expressed on
therapeutic modality for a variety of diseases, including hematthe CTL cell surface, with the Fas receptor on the target cell
logic malignancies. The therapeutic benefits of allogeneic BMT aneembrane results in the initiation of the Fas cell death pathway,
not only derived from the high dose of chemoradiation but alsghich involves the activation of a caspase casdadée perforin-
from a graft-versus-leukemia (GVL) effek.Clinical evidence for granzyme pathway consists of the exocytosis of lytic granules,
a GVL effect comes from studies demonstrating an increasedhich results in the release of perforin (a pore-forming protein
relapse rate after BMT from an identical twin, autologous BMTrelated to the membrane attack complex of complement) and
and T-cell depletion of the allogeneic bone marrow (BM) grafgranzymes (Ca"-dependent serine esterases that can activate the
(reviewed in Truitt and Johnséand Antirf). Most studies indicate caspase cascadé€)Some studies have suggested that the expres-
that the GVL effect is primarily mediated by allogeneic donor Bion (or secretion) of tumor necrosis factor (TNF) and tumor
cells, which recognize either leukemia-specific antigens or alloantiecrosis factor-related apoptosis-inducing ligand (TRAIL) can
gens expressed on normal and malignant &glls. also contribute to CTL cytotoxicit}16

Graft-versus-host disease (GVHD) remains the single most Most attempts to characterize and separate GVHD and GVL
important complication of allogeneic BMT and is defined as activity have focused on the identification of specific GVHD or
progressive systemic illness with immunosuppression, cacheXeykemia antigens, donor T-cell dose, selective donor T-cell
and specific target organ disease of the skin, liver, and intestinegepletion (such as CD8), delayed leukocyte infusion (DLI), in vitro
Although the complex pathophysiology of acute GVHD involvepolarization of donor T cells (Th1/Tcl or Th2/Tc2), and cytokines
the conditioning regimen (radiation or chemotherapy), cytokineuch as IL-2). Several studies have demonstrated the importance
nitric oxide, and non-T effector cells (reviewed in Krenger é)al of the FasL and perforin pathways for the development of
the cytolytic activity of donor T cells is essential for the develop6VHD.17-24 However, efforts to manipulate GVHD and GVL
ment of GVHD activity. activity through the effector pathways of T-cell-mediated cytotox-

Cytolytic activity of cytotoxic T lymphocytes (CTL) is primar- icity (FasL and perforin) have been limitéd.
ily mediated through 2 effector mechanisms: the Fas-FasL and We hypothesized that donor T cells make differential use of
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their cytotoxic effector pathways to mediate GVHD and GVlcrobeads) for 15 minutes at 4°C. After 2 washes with PBS (containing 1%
activity. To test this hypothesis, we performed experimental BMfetal calf serum), cells were passed through Midimacs columns (Miltenyi).
studies in 2 murine parert F1 models for GVHD and the GVL Samples of the negatively selected cells were subsequently analyzed for

effect and used donor T cells that were deficient for perforin &MY by flow cytometry after staining with PE-labeled anti-CD4 (or
expressed defective FasL anti-CD8) antibodies. Equal numbers of purified C¥dr CD8") splenic T

cells were then mixed with B6 BM cells and infused into recipient animals.

Materials and methods Assessment of graft-versus-host disease

The severity of GVHD was assessed with a clinical GVHD scoring system
as first described by Cooke etZlBriefly, ear-tagged animals in coded

The 32Dp210 (H-9) is a myeloid leukemia cell line derived from 32Dc13¢ages were individually scored every week for 5 clinical parameters on a
cells (of C3H/HeJ mouse origin) that were transfected with the p2t@bl ~ Scale from 0 to 2, including weight loss, hunched posture, decreased
oncogenés P815 (H-2) is a mastocytoma from DBA/2 mouse origin, angdactivity, fur ruffling, and skin lesions. A clinical GVHD index was
LK35.2 is a murine B-cell hybridoma (both obtained from the America§enerated by summation of the 5 criteria scores (0-10). Survival was
Type Culture Collection, Manassas, VA). DO11.10 cells, a murine T-céfonitored daily.

hybridoma cell line, were kindly provided by Dr Barbara Osborne

(University of Massachusetts, Amherst, MA). L5178Y cells, stably trang-o ;kemia induction and assessment of leukemic death

fected with mFasL or vec_tor alone, were a gift from Dr Andreas M\'/ersus death from GVHD

Hohlbaum (Boston University, Boston, MAS.

Antimurine CD16/CD32 Fc block (2.4G2), antimurine Ly-9.1-Animals received P815 or 32Dp210 cells intravenously in a separate
fluorescein isothiocyanate (FITC), antimurine CD4-FITC, -phycoerythrimjection on day 0 of BMT. Survival was monitored daily, and the cause of
(PE), and -PerCP (RM4-5), antimurine CRE&ITC, -PE, and -PerCP each death after BMT was determined as previously desctiiuefly, we
(53-6.7), antimurine CD62L-FITC (MEL-14), antimurine CD122-FITCwere able to distinguish lethal GVHD from leukemic death by hepatospleno-
(TM-B1), antimurine CD44-APC (IM7), and antimurine Fas-FITC (Jo2), amegaly (for 32Dp210 leukemia) or macroscopic liver-spleen metastases
well as purified NA/LE antimurine FasL (MFL3) and hamster IgG group 1{P815) at autopsy and by clinical GVHD score (including weight loss). In
k isotype control antibody (A19-3), were all obtained from Pharmingeaur previous studies, we established hepatosplenomegaly as a highly
(San Diego, CA). Antimurine CD3 (145-2C11) was obtained from thepecific criterion for death from 32Dp210 leukemia (spleen weight greater
Monoclonal Antibody Facility at the Sloan-Kettering Institute. Antimurinethan 300 mg, liver weight greater than 1700 mg). In our experiments, we did
CD4 (L3T4), antimurine CD& (Ly-2), and antimurine CD45R (B220) (all not find hepatosplenomegaly in animals that had not received 32Dp210
coupled to microbeads) for magnetic cell separation with the MidiMACS8ells. P815-induced death was characterized by the presence of macro-
system (Miltenyi Biotec, Auburn, CA) were obtained from Miltenyi Biotec.scopic liver nodules, spleen nodules, or both. Death from GVHD was
lonomycin and #-phorbol 12-myristate 13-acetate (PMA) were obtainedefined as the absence of leukemia signs and the presence of GVHD
from Calbiochem (La Jolla, CA). Tissue culture medium consisted symptoms, as assessed by our clinical GVHD scoring system (de-
RPMI-1640 supplemented with 10% heat-inactivated fetal calf serum, 1806ribed above).

U/mL penicillin, 100.g/mL streptomycin, and 2 mM L-glutamine (as well At autopsy—atfter fixing in 10% formalin, embedding in paraffin, and
as 50u.M 2-mercaptoethanol for the culture of L5178Y and 32Dp210 cellsktaining with hematoxylin and eosin—we submitted the spleen and liver

Cell lines and reagents

Murine TNF was obtained from R&D Systems (Minneapolis, MN). tissue of all dead animals that did not have hepatosplenomegaly to our
veterinary pathologist, Dr Hai T. Nguyen (Cornell University, New York,
Mice and BMT NY), for histopathologic examination to assess the presence or absence of

1z . . leukemic cells. Although some mice were found at autopsy to be without
Female C57BL/6J (B6, H®% C57BL/6-Pf" (B6.pfp ", H-2),  (jinjcql signs of GVHD or macroscopic signs of hepatosplenomegaly

B6Smn.C3HFasP (B6.gld, H-2°), C3FeB6F1/J (H-29), and B6D2F1N (3555510 CML) or liver metastases (P815), microscopic examination
(H-2°9) mice were obtained from the Jackson Laboratory (Bar Harbor, Mézevealed extensive leukemic infiltration.

and used in BMT experiments when they were between 8 and 10 weeks of

age. BMT protocols were approved by the Dana Farber Cancer Institute

Animal Care and Use Committee and the Memorial Sloan-Kettering Candeells and serum

Center Institutional Animal Care and Use Committee. Bone marrow cel . . . e
) L s described before, splenic T cells were obtained by purification over a
were removed aseptically from femurs and tibias. Donor BM was T-cel

; . . I ; o ylon wool column; this was followed by RBC removal with ammonium
depleted by incubation with anti-Thy-1.2 for 30 minutes at 4°C, foHoweghloride RBC lysis buffer, which resulted in greater than 75% purity. On

by incubation with low-TOX-M rabbit complement (Cedarlane Laborato- - . s
. ) o . day 14 after BMT, splenocytes from recipients used in cytotoxicity and
ries, Hornby, Ontario, Canada) for 1 hour at 37°C. Splenic T cells were - . . ) . . :

. e foliferation assays were first pretreated with ammonium chloride to
obtained by purification over a nylon wool column, followed by red bloo

cell (RBC) removal with ammonium chloride RBC lysis buffer (Sigma, S{e.m.ove RBCs, and percentages.of Chand CD8 T cells from donor
origin were subsequently determined by 2-color flow cytometry. Spleno-

Louis, MO). BM cells with or without splenic T cells and leukemia cells . . . : .

. o . . cytes from naive animals were pretreated with ammonium chloride RBC
(5 X 10) were resuspended in Dulbecco modified essential medium (L'régis buffer only before use. Peripheral blood was obtained by retro-orbital
Technologies, Grand Island, NY) and transplanted by tail vein infusiox y ) P Y

(total volume, 0.25 mL) into lethally irradiated recipients on day 0. Beforor intracardiac puncture after general anesthesia with methoxyflurane

transplantation on day O, recipients received 1300 cGy total body irradlés_chenng-PloughAn|mal Health, Union City, NJ).
tion (cesium 137 source) as a split dose with 3 hours between doses (to
reduce gastrointestinal toxicity). Mice were housed in sterilized micrd-low cytometric analysis

isolator cages and were given normal chow and autoclaved hyperchlori- . . . .
nated drinking water (pH 3.0). Splenocytes or murine leukemia cell lines were washed in FACS buffer

(PBS/2% BSA/0.1% azide), and 4@ells/mL were incubated for 30
minutes at 4°C with CD16/CD32 Fc block. Subsequently, cells were
incubated for 30 minutes at 4°C with primary antibody or antibodies (1
In some BMT experiments, splenic T cells were further selected after RB@)/mL) and washed twice with FACS buffer. Stained cells were resus-
lysis and nylon wool passage. Cells were incubated with anti-CD4 (pended in FACS buffer and analyzed on a Facscan flow cytometer (Becton
anti-CD8) antibodies and anti-CD45R antibodies (both coupled to nmibickinson, San Jose, CA) with Cellquest (Becton Dickinson) software.

CD4+ or CD8* splenic T-cell separation
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Intracellular cytokine staining

Briefly, cells were incubated for 4 hours (for PMA-ionomycin stimulationR€SUItS

or for 12 to 15 hours (for MLR) with Brefeldin A (1@.g/mL). Then they .

were harvested, washed, and stained with primary (surface) fluorochroftfe = C3F€B6F1: murine BMT model for GVHD
(FITC, PerCP, and APC)-conjugated antibodies, fixed and permeabilizZaad the GVL effect

with the Cytofix/Cytoperm Kit (Pharmingen, San Diego, CA), and subse- . .
quently stained with secondary (intracellular cytokine) PE-conjugat(Sge used a well-established parent F1 murine model for

antibody. FACS analysis was conducted by gating for the designat@d09€neic BMT with a full mismatch for major histocompatibility
populations. Flow cytometer and software were used as mentioned befé@mplex (MHC) class | and Il (B6 [H42 into C3FeB6F1/J
[H-2Y%]) to study the roles of the FasL and perforin effector
pathways in GVHD and GVL activity. The advantages of this BMT
model are that GVL and GVHD activity has been well defined in
Target cells were labeled with 100Ci chromium 51 $Cr) at 2x 106 this modeR° that it allows the use of CML 32Dp210 (H92?® and
cells/mL for 2 hours at 37°C and 5% GQAfter 3 washes, labeled targetsthat FasL-defective and perforin-deficient mice on a B6 back-
were plated at 10to 2x 10* cells/well in U-bottom plates (Costar, ground can be used as donors. In all experiments, we used®
Cambridge, MA). Effector cells were prepared (details below) and added'ﬁbell—depleted B6 donor BM cells and 1300 cGy split-dose lethal
various effector-to-target ratios in a final volume of 200 and were ota] hody irradiation. In our initial experiments, lethally irradiated

incubated for 4 hours (allogeneically stimulated T cells) or 8 hour, FeB6FE1/J recipients r ived T-cell- | BM (TCD-BM
(activated DO11.10 and mFasL-L5178Y cells) at 37°C and 5%2.0063 eB6F1/J recipients received T-cell-depleted (rc )

S ith or without 2X 10° donor B6 splenic T cells. On day O,
ubsequently, 10Q.L supernatant was removed from each well an - . .
counted in a gamma counter to determine experimental release (Coéﬁgppzw leukemia cells (f@ells) were given with the donor cell
Meriden, CT). Spontaneous release was obtained from wells receivifculum. T-cell depletion consistently prevented GVHD, but all
target cells and medium only, and total release was obtained from wei§imals succumbed to leukemia (Figure 1A). The addition of T
receiving 1% Triton X-100. Spontaneous release was less than 15% of t&&lls to the TCD-BM inoculum induced severe GVHD with high
release. Percentage cytotoxicity was calculated by the following formula: fgortality, but leukemia did not develop in the GVHD survivors,
cytotoxicity = 100 X (experimental release spontaneous release)/(totaldemonstrating the GVL activity of the donor T cells as previously
release- spontaneous release). describeds

To determine FasL-mediated lysis by activated DO11 cells, 96-well
plates were coated with antimurine CD3 (145-C11) aigImL in PBS for ) ) N
24 hours at 4°C. Subsequently, DO11.10 cells were incubated wiirs--defective B6. gld donor T cells display diminished GVHD
FasL-antibody (MFL3) or isotype control (A19-3) (both obtained fronfiCtivity but have intact GVL activity
Pharmingen) in these antibody-coated 96-well plates for 3 hours . .
subsequently coincubated with labeled target cell lines as described abac?vg . uged splle.nlc T cells (/% 10?) from FasL-defectlvg B@ld and
For allogeneic stimulation, splenocytes X8L0%) were incubated with perforin-deficient B6.pfp” mice as donor T-cell inoculum to

irradiated C3FeB6F1 splenocytesy410%) in 96-well plates, and 10 U/mL €xamine whether donor T-cell-mediated GVL and GVHD activity
human IL-2 (Chiron, Emoryville, CA) was added on day 3. Cells were usetn be differentiated by their cytotoxic pathways. @6 (general-

as effectors on day 7 against lipopolysaccharide (LPS)-stimulated C3FeBéFad lymphoproliferative disease) mice have a spontaneous point
splenocytes. LPS-stimulated cells were obtained by incubating whateutation in the=asLgene that renders the protein nonfunctiotial.

Chromium 51 release assays

splenocytes for 72 hours with 1.6 tq/mL LPS (Sigma). They have a defect in peripheral tolerance and activation-induced
cell death that results in progressive lymphoid hyperplasia (adenopa-
Proliferation assay thy and splenomegaly) and auto-antibody productfoB6.pfp'~

mice have a defect in CTL- and natural killer cell-mediated
Splenic T cells (4x 10° cells/well; prepared as described above) Wergytotoxicity3233 and decreased tumor surveillarfééésigure 1B-D
inpubated for 3 days with irradigted (2000 cGy) C3FeB6F1 Splenocytesﬂﬁmonstrates the development of GVHD and leukemia as deter-
stlmulators _(2>< 1® ceIIs/ngI) in QG—WeII plates. _C_ultures were pUIsedmined by weight loss (Figure 1B), clinical GVHD score (Figure
during the final 18 hours with L.Ci/well [3H] thymidine, and DNA was 1C), and overall survival (Figure 1’D) Recivients of B6 TCD-BM
harvested on a Harvester 96 (Tomtec, Hamden, CT). v 9 7 . p . .

only did not have GVHD, but all animals died of leukemia (Figure

_ ‘ ‘ 1A). Survival in recipients of TCD-BMt+ FasL-defective B&ld T

Tumor necrosis factor enzyme-linked immunosorbent assay cells was significantly better than in the other groups, with only a

The TNF enzyme-linked immunosorbent assay (ELISA) kit was obtaindf0 mortality rate from GVHD and no leukemic deaths (recipients
from R&D Systems. Assays were performed according to the manufact@f B6.gld T cells vs other recipientsf < .0001). In contrast,
er’s protocol. Briefly, serum samples were diluted at ratios of 1:2 or 1:4 amécipients of TCD-BM+ perforin-deficient B6.pfp/~ T cells had
were incubated in wells coated with specific anti-TNF antibody. Aftelethal GVHD, comparable to that in recipients of TCD-BM
several washes, wells were incubated with a secondary antibody couplegigrmal B6 T cells. None of these recipients of B6 T cells or
biotin. The biotin-labeled assays were developed with streptavidin a%.pfp—/— T cells had leukemia.
substrate and were read at 450 nm with a microplate reader (Bio-Rad, \ng repeated these experiments without leukemia inoculation at
Hercules, CA). Recomb'.nam murine TNF was US?(.’ asa standard. Samples e of BMT to eliminate any effects leukemia cells could have
and standards were run in duplicate, and the sensitivity of the assays was . L
to 20 pg/mL. on the developmeqt o_f _GVHD. We found again th_at_ recipients of
B6.gld T cells had significantly less GVHD than recipients of B6 T
cells or B6.pfp/~ T cells, all of which died of GVHD (Figure 1E).
Statistics From these data in this GVHD/GVL model with MHC class | and |1
All values are expressed as meanSEM. Statistical analysis of clinical Mismatch, we conclude that the Fas/FasL cytotoxic pathway is
GVHD index scores and weight losses was performed with the nonparamigortant for the development of GVHD but is not required for
ric unpaired Mann-Whitney test, whereas the Mantel-Cox log rank-testGVL activity and that the perforin pathway is not an absolute
was used for survival dat®. < .05 was considered statistically significant.requirement for the development of GVHD.
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Figure 1. Recipients of FasL-defective B6.  gl/d donor T cells develop significantly less GVHD but do not die of leukemia. All C3FeB6F1/J recipients received, on day 0,

lethal irradiation (1300 cGy) followed by intravenous injection of B6 TCD-BM cells (5 X 106) and 32Dp210 leukemia cells (108). In addition, some recipients received splenic T
cells (2 x 10%) from normal B6, B6.gld, or B6.pfp~/~ donors. (A) Recipients of B6 TCD-BM succumbed to leukemia, and hepatosplenomegaly was observed at autopsy. Hepatic
tissue was preserved in formalin (10%) and embedded in paraffin, and tissue sections were stained with hematoxylin and eosin. Histopathologic examination revealed
extensive periportal leukemic infiltration (large picture; original magnification, 100X), with many large anaplastic cells with pleomorphic, multilobular large nuclei and frequent
mitotic figures (arrow, inset; original magnification, 1000X). Recipients of B6 TCD-BM only or B6 TCD-BM + B6.g/d T cells developed less GVHD as determined by weight loss
(B) and clinical GVHD score (C). The overall survival in recipients of TCD-BM + B6.gld was significantly better than in all other groups (D) (recipients of B6.gld T cells vs other
recipients, P < .0001). Data from 2 combined experiments with 16 recipients per group are shown. This experiment was repeated without the inoculation of leukemia (E), and
the survival of recipients of B6.g/d was again significantly better than the survival of recipients of B6 T cells or B6.pfp~/~ T cells. Each group consisted of 8 animals.

Perforin-deficient B6.pfp =/~ donor T cells have intact GVHD host antigens, we determined the proliferation of splenic T cells
activity but display diminished GVL activity from recipients on day 14 after BMT against C3FeB6F1/J antigens
in an MLR (Figure 3A). Splenic T cells from recipients of both
%’G.gld and B6.pfp’~ T cells displayed identical specific prolifera
"Re responses to host antigens that were diminished compared to
wild-type B6 cells. Moreover, we found comparable numbers of
onor T cells in the spleen 14 days after BMT (data not shown).
herefore, Bald and B6.pfp/~ T cells seem to be capable of a
proliferative response to C3FeB6F1 host antigens.
We then determined the cytokine profiles of alloreactive T cells
m B6, B6gld, and B6.pfp’/~ mice. We developed a multicolor
flow cytometric protocol that allowed quantitative analysis of the
tracytoplasmic cytokine expression in naive, activated, and
emory CD4 (or CD8') alloreactive T cells of donor origin in a
LR. We first analyzed whether splenic T cells from 8@.and
%G.pfp*/* mice had intrinsic differences in their cytokine responses
to nonspecific activation with PMA and ionomycin. As shown in
Figure 3B, we found no significant differences in the numbers of
B6.gld and B6.pfp ~/~ donor T cells display intact proliferative CD4" and CD8 memory cells that express TNF, IFN-or IL-2.
and cytokine response to C3FeB6F1 host antigens Moreover, thelevel of intracytoplasmic cytokine production (re-
flected in the fluorescence intensity) in reactive cells was also
To determine whether the remarkable loss in GVHD activity afomparable in B6, Bld, and B6.pfp’~ mice (data not shown).
B6.gld T cells was due to a decrease in proliferative response to We then determined the cytokine response of alloreactive
splenic T cells by analyzing donor splenic T cells from B6,d6é.

To better determine the role of the FasL and perforin effect
pathways in GVL activity, we subsequently performed experime
(Figure 2) with an increased number of tumor cells<{(3.0°) and a
decreased number of donor T cellsX110°). As expected, lethal
GVHD developed in few animals: 3 of 16 recipients of B6 T cells,
of 16 recipients of B@ld T cells, and 1 of 16 recipients of
B6.pfp/~ T cells. However, 50% (8 of 16) of recipients of
TCD-BM + B6.pfp~/~ T cells succumbed to leukemia, Wherea§ro
none of the recipients of TCD-BM- B6 T cells or Bégld T cells
had leukemia These results indicate that in this GVHD/GV
model, the perforin pathway is important for donor T-cell-mediat
GVL activity, whereas FasL-defective donor T cells displaye
intact GVL activity, even at a higher tumor dose. Interesting|
donor B6 or B6gld T cells could mediate sufficient GVL activity,
even at a dose that resulted in few GVHD deaths.

= 100+ or B6.pfp/~ mice incubated with irradiated host stimulator cells in
® an MLR for 1 or 5 days. Again, we did not detect any significant
< 757 differences between the cytokine profiles of CDér CD8
52 e B6 BM only memory T cells from B6, B@ld, or B6.pfp/~ mice (Figure 3C-D).
ﬁ % 504  [gemenes - +B6 T cells In addition, we could not detect any significant expression of
& w4 B6.gld T cells IL-4 or IL-10 in donor splenic T cells from B6, Bgld, or
=5 254 weeess + Bpfos T cell B6.pfp~/~ mice after 1 or 5 days of allogeneic stimulation (data not
S PIP= L ¢S shown). We conclude that cytokine profiles from alloreactive T
Lnl Y8 PR cells are not significantly affected by FasL or perforin deficiency
0 14 28 42 56 70 84 and therefore cannot explain the differences in GVHD and GVL
DAYS AFTER BMT activity we have observed.
Figure 2. Recipients of perforin-deficient B6.pfp ~ ~/~ donor T cells develop

leukemia. All C3FeB6F1/J recipients underwent transplantation, as described in  Antileukemic cytolytic activity from splenic T cells of BMT
Figure 1. However, the leukemia cell dose was increased to 5000 cells/mouse, and recipients is dependent on the perforin effector pathway
the donor T-cell dose was decreased to 1 X 106 cells/mouse. Percentages of animals

that died of leukemia from combined experiments with 16 recipients per group are Several studies in murine BMT models have indicated that donor
shown. Recipients of TCD-BM + B6.pfp~/~ T cells displayed a significantly higher

mortality rate from leukemia (56%) than recipients of TCD-BM + B6 (or B6.gld) T T'_CEH expansmn occurs in the f”’_St V_VeEKS after aIIogenelc BMT,
cells (0%). with maximal donor T-cell expansion in the spleen by day 10 to 14
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A B cells. The assessment of Fas sensitivity of Fas-expressing cells has
been a topic of much debate. Recent studies have indicated that
g activation of the Fas receptor by FasL expressed on the surfaces of
= 200004 . . . . .
Z 2 effector cells will result in a stronger signal more likely to induce
-4 = . . . . .
£ Z w apoptosis than Fas activation with soluble FasL or anti-Fas
g -1 RIS
i— i antibodieg6:36-40
Z _E‘;E We first confirmed that both leukemia cell lines express the Fas
S receptor as described previously by us and others (Figur@4s).
o e Subs_equentl_y, we determined _Fas sensitivity of our Ieukemia
a6 86 gld 56 pip” MEMORY CD4'  MEMORY CDS' cell lines using 2 effector cell lines that express FasL on their
s cell surfaces.
C ¢ s D ¢ ¢
Z Z
2, o g °
o _;I:_
=§’ -
B .l ] [ g- 2 A B DoILI
R | é:l é i - L —
L ! :E! IFN IL-2 TNF IFN IL-2 : :;:z‘n[:: I?FF“CI;NY W - ii
MEMORY CD4™ MEMORY CD8" CD4’ U eps : — G4
Figure 3. Proliferative response and cytokine profile of B6.pfp ~I~and B6.gld T T

32Dp210

cells are intact. (A) Proliferative response of splenic T cells from recipients of
TCD-BM with B6, B6.g/d, or B6.pfp~/~ T cells with (M) or without (i) irradiated (20 Gy)
C3FeB6F1/J splenic stimulator cells (“Materials and methods”). (B) Splenic T cells
from B6 (L), B6.g/d (M), and B6.pfp~/~ (&) mice were incubated for 4 hours with PMA
(10 ng/mL) and ionomycin (2 wM). Brefeldin A (10 ng/mL) was added after the first
hour of incubation. Intracellular cytokine expression in CD4 memory cells (CD4",
CD62L-, CD44%) and CD8 memory cells (CD8*, CD122*, CD44") was measured by
flow cytometric analysis. Cytokine expression in unstimulated controls was less than i
7% (data not shown). (C) Splenic T cells from B6 ((J), B6.g/d (M), and B6.pfp—/~ (E9) C

mice were incubated with equal amounts of T-cell-depleted, irradiated (20 Gy) i
C3FeB6F1/J splenic stimulator cells in 24-well plates for 16 hours. Brefeldin A (10
rg/mL) was added after the first hour of incubation. Intracellular cytokine expression
in CD4 memory cells (CD4*, CD62L~, CD44*%) and CD8 memory cells (CD8", 104
CD122%, CD 44+) was measured by flow cytometric analysis. (D) Splenic T cells from p
B6 ([J), B6.g/d (M), and B6.pfp~/~ (&) mice were incubated with equal amounts of DO cells [+ | + | -
irradiated (20 Gy) C3FeB6F1/J splenic stimulator cells in 24-well plates for 5 days. “c::l‘l‘i'll‘l'::_‘l':‘gfi o : g
Cells were harvested and restimulated with T-cell-depleted, irradiated (20 Gy) Tootypecontret | = | = | - | + LS-rr:FasL
C3FeB6F1/J splenic stimulator cells for 16 hours. Brefeldin A (10 p.g/mL) was added

after the first hour of incubation. Intracellular cytokine expression in CD4 memory E
cells (CD4*, CD62L~, CD44%) and CD8 memory cells (CD8", CD122*, CD44") was
measured by flow cytometric analysis.
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after BMT (reviewed in Hakim and Mack&al). To analyze the
antileukemia activity of the donor T cells after BMT, we performed
in vitro cytotoxicity assays with splenic donor T cells 14 days after .
BMT. Virtually all splenic T cells recovered from animals 14 days S
after B,MT Were OT dOI’.IOI‘ orlgl,n‘ as determined by flow Cytomet“%i ure 4. T cells use the perforin, but not the FasL, pathway to lyse the 32Dp210
analysis with antibodies against Thy1.2 (pan T-cell marker) aﬁdkemia cell line, even though the leukemic cell lines express Fas and are in
Ly9.1 (present on hematopoietic cells of C3FeB6F1/J host origiivo sensitive to FasL-induced cell death.  (A) Cytolytic response of splenic T cells

but not on B6 donor ceIIs) We found significant Iysis of 32Dp21§1atwere incubated as effector cells in a cytotoxicity assay with 5*Cr labeled 32Dp210
) target cells, as described in “Materials and methods.” Percentages of donor T cells in

leukemia by donor T cells from reCipientS of TCD-BM B6 T this experiment were 18% in recipients of B6 T cells ([J), 34% in recipients of B6.g/d T
cells or B6gld T cells, whereas splenic T cells from recipients ofells (®), and 26% in recipients of B6.pfp~/~ T cells (M). B6 bone marrow only, O. (The
TCD-BM onIy or TCD-BM + Bs_pfp—/— T cells showed no effector/target (E/T) ratio was corrected for the percentage of donor splenic T cells in

. L . . . each group. (B) Compared to isotype control (nonfilled overlay curve), FACS staining
cytolytlc aC“V'ty agamSt leukemic target cells (Flgure 4A)- Thes@ith anti-Fas antibody (filled curve) demonstrates expression of Fas on the tumor cell

results support our in vivo data that cytolytic activity of donor Tines 32Dp210 and P815 and on the positive control LK35.2, a B-cell hybridoma with
cells against 32Dp210 leukemic cells is mediated through tili@wn high expression of Fas, but not on the T cell h_ybrnjonja cell _Ilne DO11.10,
. which has previously been shown to be Fas negative in its resting state. (C)
perforln effector pathway and not through the FasL pathway' 51Cr-labeled tumor cell lines 32Dp210 (f) and P815 (M) and the B-cell hybridoma
LK35.2 (with known FasL sensitivity; []) were coincubated with resting or activated

FasL-expressing DO11.10 cells for 8 hours, and cell death was measured by 5Cr

32Dp210 and P815 leukemia cells express the Fas receptor release. Lysis is FasL specific, as shown by the inhibition of cell death by neutralizing
and are sensitive to Fas-induced apoptosis FasL antibody, but not by isotype control antibody. (D) 5'Cr-labeled tumor cell lines
32Dp210 (E) and P815 (M) and the B-cell hybridoma LK35.2 (with known FasL

To evaluate whether the preferential use of the perforin pathway ﬁgpsitivity; [[J) were coincubated for 8 hours with L5178Y cells, stably transfected with
membrane-bound FasL or with vector alone. Significant lysis as measured by 51Cr

GVL aCtIVIty by donor T cells was influenced by an Im”r‘smrelease occurred in the presence of membrane-bound FasL but not with vector-only
resistance to Fas-mediated apoptosis of leukemia cells, we amsfected cells. (E) 5:Cr-labeled LPS-stimulated C3FeB6F1/J splenocytes were
Iyzed the expression of the Fas receptor and the Sensitivity W(?ubated for 4 hours with B6, BG.gId, or B6.pfp~/~ splenqcytes, which had

. . previously been cocultured for 7 days in the presence of irradiated C3FeB6F1/J
Fas-mediated apopt03|s of 32Dp210 and P815 (a maStOCytoéB]@nocytes.Cytolyticactivityofallogeneicallystimulatedsplenocyteswasmeasured
model for the GVL effect that will be further described belowkgainst 5iCr-labeled LPS blasts.

% LYSIS

B6.gld Bé.plp-/
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First, we used a T-cell hybridoma cell line (DO11.10) that DAY 14 AFTER BMT
expresses FasL upon activation through the TCR/CD3 complex and
that has been used by us and others as a Fastll line* We
found that both leukemia cell lines were lysed by FasL-expressing
TCR/CD3-activated DO11.10 cells but not by unstimulated
DO11.10 cells (Figure 4C). We confirmed that this cytolysis was
FasL-dependent by the inhibition of apoptosis with neutralizing
anti-FasL antibodies.

In addition, we used a lymphoma cell line, L5178Y, that was
stably transfected with membrane-bound FasL. When our leukemia
cells were exposed to these Fasleffector cells, we again
observed significant cytolysis, whereas leukemia cells incubated
with control L5178Y cells were not affected (Figure 4D). Interest-
ingly, the percentage of cytolysis of each leukemia cell line T T T
was comparable to that of a highly Fas-sensitive control cell 0 50 100 150 200
line, LK35.2.

These data clearly demonstrate that our leukemia cell lines are TNF-o (pg/mL)
Fas-sensitive. Therefore, donor T cells have the opportunity to Ud@ire 5. Serum TNF levels are not significantly increased in any of the
the FasL pathway to mediate GVL activity in both our experiment%rlﬁnsplanta_ltloq groups.  All C3FeB6F1 recipients underwent transplantation, as

. strated in Figure 1, and serum was obtained on day 14 or 15 after BMT. Serum
BMT models for GVHD and the GVL effect, but our experimentsnr levels were determined by ELISA, as described in “Materials and methods.”

indicate that they preferentia"y use the perforin pathway fdftean serum TNF level (+SEM) for each group is depicted, and no statistically
GVL activity. significant differences between groups were observed. Combined data consisted of 7
to 11 sera per group, and these samples were collected from 3 different BMTs. ELISA
L . - analysis was repeated 3 times in duplicate, and results from a representative analysis

B6.pfp ~/~ splenocytes can develop in vitro cytolytic activity are shown.

against C3FeB6F1 antigens

TCD-BM+

TCD-BM + T+

TCD-BM + gld. T

—

TCD-BM + pfp--T

To evaluate whether B6.pffr T cells can develop cytotoxic ) )

activity against allogeneic C3FeB6F1/J cells, we incubated splerRerformed experiments with CD4and CD8 selected T cells.
cytes from B6, B@ld, and B6.pfp/~ mice for 7 days with Highly purified donor T cells were obtained by enriching donor
iradiated B6FeC3F1/J splenocytes as stimulators and sub8Blenocytes by RBC lysis and nylon wool passage. Subsequently,
quently used these cells as effector cells agafét-labeled Wwe purified CD4 and CD8 T cells by negative selection after
LPS-stimulated splenocytes from B6FeC3F1 mice. Effector cellgcubation with anti-B220 (CD45R) and anti-CD4 (or anti-CD8)
from B6gld mice had no cytolytic activity against the allogenei@ntibodies coupled to microbeads. We included anti-B220 antibod-
targets, whereas effector cells from B6 and B6-pfmice could ies in this negative selection step not only to further deplete B cells,
lyse allogeneic targets (Figure 4E). These in vitro data correlatet especially to deplete B22CGD3"CD4 CD8 T cells from

with our in vivo observations that B6 and B6.pfp T cells have B6.gld splenic T cells. After this purification, the CB4r CD8*
cytolytic activity against cells from the recipient and can causselected T cells were analyzed by flow cytometry before infusion to
GVHD, whereas B@ld T cells are unable to exert cytolytic activity ensure that in each group animals received equal numbers of

against host cells and cause less GVHD. purified CD4" or CD8" T cells.
) o ] Lethal GVHD developed rapidly in all recipients of B6 CD#
Serum tumor necrosis factor levels do not significantly differ cells (1) and recipients of B6.pfg~ CD4* T cells (Figure 6A)

in any of the transplantation groups Most recipients of B&ld CD4" T cells did not develop lethal

As discussed in the “Introduction,” a number of studies haveVHD, but they succumbed to leukemia (Figure 6A). All recipi-
determined that TNF is a (third) important cytolytic pathway in thents of CD8 T cells (10) developed less severe (nonlethal)
pathogenesis of GVHD (reviewed in Hattori etaHerve et a2 GVHD, but recipients of B6.pfp~ CD8" T cells died of leukemia
Holler et al43 Piguet et al* Speiser et at® and Stuber et &)). To  (data not shown). We then increased the number of C&flected
analyze the relative contribution of TNF to the development afonor T cells from 10to 4 X 10° and repeated these experiments.
GVHD in our murine BMT model, we measured serum TNF levelRecipients of B6 CD8 T cells did develop moderate to severe
by ELISA at 14 (or 15) days after BMT in the recipients. As showitVHD resulting in morbidity and mortality (Figure 6B-C), whereas
in Figure 5, we did not detect any significant differences in theecipients of Begld CD8' T cells developed significantly less (and
serum TNF levels between the recipients of TCD-BM onlynonlethal) GVHD. Again, all recipients of B6.pfpr CD8" T cells
TCD-BM + B6 T cells, TCD-BM+ B6.gld T cells, or TCD-BM+  died of leukemia. We conclude from these experiments that in our
B6.pfp’~ T cells. However, these data do not exclude thgMT model, CD4 donor T cells displayed stronger GVHD
possibility that membrane-bound TNF on GVHD-GVL effectorctivity than CD8 donor T cells, and this CD4-mediated GVHD
cells or soluble TNF at the site of inflammation in GVHD organgtivity was exerted through the FasL pathway. However, our data
could play arole in the development of GVHD and the GVL effecingicate that CD8 T cells in this BMT model can also exhibit
GVHD activity, as was shown previously by Fowler effagnd
though the FasL pathway seems to play a role in CD8-mediated
GVHD activity, it is not required for CD8-mediated GVL activity.

In addition, the perforin pathway was not important for CD4-
To analyze the relative contributions of CD4nd CD8 donor T mediated GVHD activity but was required for CD8-mediated
cells and their cytolytic pathways in GVHD and the GVL effect, weSVL activity.

FasL pathway is important for GVHD activity by donor CD4 +
and CD8* T cells but is not required for GVL activity
by donor CD8 * T cells
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GVHD activity is mediated through the FasL effector pathway,
and GVL activity is mediated through the perforin pathway
in B6D2F1/J recipients

To further test our hypotheses regarding the roles of the FasL

BLOOD, 1 MAY 2001 - VOLUME 97, NUMBER 9

B6.pfp~/~ mice. In this case, B6D2F1 recipients of B6.pfp T
cells had a 31% mortality rate from GVHD, significantly lower
than that of recipients of normal B6 T cells (75%;< .04) but
significantly higher than that of recipients of B& T cells (6%;

< .04) (Figure 7A). These results suggest that in this BMT model

perforin pathways in the GVL effect and GVHD, we used anoth%r GVHD, both cytotoxic pathways are required for maximal

well-established parent> F1 murine model for allogeneic BMT

with a full mismatch for MHC class | and Il (B6> B6D2F1). In

tion (1300 cGy) and were transplanted with B6 TCD-BMX5L(?
cells) with or without splenic T cells from normal B6, Bfid, or
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GVHD activity by donor T cells, though the FasL pathway seems to
be most important. In additional experiments, we inoculated
B6D2F1 recipients with P815 mastocytoma cells (1000 cells/
mouse) at the time of BMT and found a significant delay in deaths
from leukemia in recipients of B6 T cells or Bfd T cells
compared to recipients of TCD-BM only, but not in recipients of
B6.pfp~/~ T cells (Figure 7B-C). This indicates again a role for the
perforin pathway in GVL activity, whereas FasL-defective d3@.
donor T cells displayed GVL activity comparable to that of normal
B6 T cells.

Discussion

Studies using mice with defects or deficiencies in the perforin/
granzyme pathway or the Fas/FasL pathway have demonstrated
that the perforin/granzyme pathway is important in the CTL and
natural killer cell response against virally infected cells and
malignant cell$#4748whereas the FasL pathway is mostly impli-
cated in the regulation of the immune response. For example,
perforin-deficient mice display increased vulnerability to a variety
of tumors and infections, whereas both Fas-deficient and FasL-
defective mice develop a lymphoproliferative disorder with autoan-
tibody production, lymphoid hyperplasia, and defects in peripheral
tolerance and activation-induced cell de&hAlthough pfp/~
mice display no obvious immunologic disorders during normal
development, recent studies of pfp mice infected with LCMV
and patients with familial hemophagocytic lymphohistiocytosis
(who have mutations in the perforin gene) have demonstrated an
immune regulatory defect resulting in the accumulation of acti-
vated macrophages and lymphocytes (predominantly ‘G@8d
an overproduction of inflammatory cytokines (such as TRNFE}.
Several authors have proposed that 3 cytotoxic pathways are
involved in the pathogenesis of GVHD: FasL/Fas, perforin/
granzyme, and TNF/TNFR:2444455253The importance of the
Fas/FasL pathway in GVHD was demonstrated in spleen cell
transfer models (parert F1 or B6— Balb/c) into unconditioned

Figure 6. FasL pathway is important for GVHD activity by donor CD4 +and CD8*
T cells but is not required for GVL activity by donor CD8 + T cells. (A) All
C3FeB6F1/J recipients underwent transplantation, as illustrated in Figure 1, with 108
purified donor CD4* splenic T cells (see “Materials and methods”) and a leukemia
dose of 5000 cells/mouse. Survival is depicted as a Kaplan-Meier curve. We
determined by necropsy that all recipients of B6 CD4* T cells ((J) and of B6.pfp~/~
CD4" T cells (M) died of GVHD, whereas only one recipient of B6.gld CD4* T cells (@)
developed lethal GVHD. All other deaths in recipients of B6 BM only (O) or B6.gld
CD4* T cells were from leukemia. (B) All C3FeB6F1/J recipients underwent
transplantation, as illustrated in Figure 1, with 4 X 108 purified donor CD8" splenic T
cells (see “Materials and methods”) and a leukemia dose of 5000 cells/mouse.
Survival is depicted as a Kaplan-Meier curve. We determined by necropsy that 5 of 6
deaths in recipients of B6 CD8" T cells (L]) were from GVHD. One of the 8 recipients
of B6.pfp~/~ CD8* T cells (M) and one recipient of B6.gld CD8* T cells (®) died of
GVHD, whereas all other deaths could be attributed to leukemia. All deaths among
recipients of B6 BM only (O) were from leukemia. (C) Weight loss (as a measurement
of GVHD morbidity) was determined weekly in all recipients of B6 CD8* T cells ([J)
and B6.gld CD8" T cells (@) from the BMT experiment described in panel B.
Recipients of B6.gld CD8" T cells had significantly less weight loss than recipients of
B6 CD8* T cells (P < .007). All experimental groups consisted of 8 animals, and
representative results of 3 experiments with CD4* T cells and 5 experiments with
CD8" T cells are shown.
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Figure 7. B6D2F1/J recipients of perforin-deficient B6.pfp —/= donor T cells
display less GVL activity against P815 mastocytoma. (A) On day 0, all B6D2F1
recipients received lethal irradiation (1300 cGy) and then B6 TCD-BM cells (5 X 106).
In addition, some recipients received splenic T cells (2 X 10°) from normal B6,
B6.g/d, or B6.pfp~/~ donors. Death from GVHD is shown as a Kaplan-Meier survival
curve. Recipients of B6.pfp~'~ T cells had significantly fewer deaths than recipients of
B6 T cells (P < .04) and more deaths than recipients of B6.g/d T cells (P < .04).
Combined data from 2 experiments with 16 animals per group are shown. (B, C)
B6D2F1/J mice received transplants as in panel A, but all recipients received 1000
P815 mastocytoma cells in addition on day O after the lethal irradiation. Recipients of
B6 TCD-BM succumbed to P815 mastocytoma, and hepatomegaly and liver
metastases were observed at autopsy. Liver tissue was preserved in formalin (10%)
and embedded in paraffin, and tissue sections were stained with hematoxylin and
eosin. Histopathologic examination revealed extensive tumor infiltration with a loss of
liver architecture (large picture; original magnification, 100 X), many large round to
polyhedral cells with small basophilic cytoplasmic granules, and empty vesiculated
nuclei with large nucleoli and frequent mitotic figures (arrow, inset: original magnifica-
tion, 1000 X). Mortality of GVHD survivors from P815 mastocytoma is shown in panel
C. Results from 3 combined experiments with 10 to 17 animals per group are shown.
Recipients of B6.pfp~/~ T cells had significantly more deaths than recipients of B6 T
cells (P < .03) or B6.g/d T cells (P = .02).

recipients, in which FasL-defectivgdd donor T cells or treatment

FAS LIGAND AND PERFORIN IN GVHD AND GVL EFFECT 2893

defective gld donor T cells in an MHC-matched mHAg-
mismatched allogeneic BMT model with lethally irradiated recipi-
ents showed diminished cutaneous and hepatic GVHD and lymphoid
hypoplasia but no effect on cachexia and death. In contrast,
Graubert et &f found delayed death in an allogeneic BMT model
with MHC class Il disparity and lethally irradiated recipients.

Several studies with pfp~ donor T cells in various murine
BMT models with disparity for MHC class?. class | and 1E? or
mHAg!"18 have demonstrated improved survival, indicating that
GVHD activity can be mediated through the perforin pathway.
Interestingly, the use of pfg~ donor T cells did not result in
diminished GVHD target organ abnormalities of liver, skin, and
intestines’

Evidence for the role of the TNF/TNFR pathway in GVHD
comes from studies in murine BMT models demonstrating that the
administration of anti-TNF antibody to recipients can ameliorate
GVHD?*44 and that the TNFR p55-deficient recipients of alloge-
neic BM with T cells had lower mortality rates, though TNF release
and T-cell proliferation and cytotoxicity were similar to levels in
control recipientd® Clinical studies have shown that patients with
GVHD have elevated serum TNF levéfand phase I/1l trials with
anti-TNF antibody treatment in patients with refractory GVHD
demonstrated some improvement (especially in intestinal GVIAD).

We found in both BMT models, across MHC class | and Il
disparity, that the FasL pathway is primarily responsible for GVHD
activity. In C3FeB6F1/J recipients, the use of FasL-defeagice
donor T cells resulted in a virtual elimination of GVHD deaths,
whereas B6D2F1/J recipients had significantly prolonged survival
times. In contrast, the use of pfpp donor T cells had no effect (in
C3FeB6F1/J recipients) or a moderate effect (in B6D2F1/J recipi-
ents) on the development of GVHD in both strain combinations.
Previously only the studies of Graubert et'dlad demonstrated
such a dominant role for the FasL pathway in the development of
GVHD, and this was in a strain combination with an MHC class Il
disparity. Our studies with CD4and CD8 selected donor T cells
indicate that CD4 T cells are more important than CDg cells
for GVHD activity in our MHC class | and Il disparate model and
that they exert most of their GVHD activity through the FasL
pathway. This is in agreement with a number of studies showing
that CD4" T cells preferentially use the FasL pathway for cytolytic
activity.1154.55 Interestingly, our experiments with CD8selected
donor T cells demonstrate for the first time that the FasL pathway
can also play a role in CD8-mediated GVHD activity.

Our studies demonstrate that the FasL pathway is not important
for GVL activity in either model tested, though we found in both
models that leukemia cells displayed Fas on their surfaces and
could undergo apoptosis in vitro when exposed to FRagifffector
cells. In both models, we found that the perforin pathway was
important for GVL activity. We also demonstrated in vitro a
concomitant loss of antitumor cytotoxicity by perforin-deficient
lymphocytes. These findings are in agreement with our previous
data regarding the importance of the perforin pathway in GVL
activity by G-CSF-mobilized donor T cetfand with the proposed
role for the perforin pathway in tumor immunosurveillance, as
demonstrated by the decreased tumor surveillance of perforin-
deficient mice®* Our data suggest that alloreactive donor T cells,
through an unknown mechanism, select the FasL pathway for their
GVHD activity but not for their GVL activity.

Thus far, only one other study has evaluated the role of the

with neutralizing anti-FasL antibodies could ameliorate GVHD, asffector pathways in GVHD and the GVL effect. Tsukada ét al
measured by host lymphoid depletion, myelosuppression, weiglsed the B6—~ B6D2F1/J model with B6, B@ld, or B6.pfp/~

loss, and deattf.20.2353Studies by Baker et HI'8 using FasL-

whole splenocytes as T-cell inoculum. The TNF pathway was
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inhibited by anti-TNF antibody administration, and the DBA/2mice to avoid the confounding variable of hematopoietic reconstitution

BLOOD, 1 MAY 2001 - VOLUME 97, NUMBER 9

leukemia L1210 and P815 were used to study the GVL effect. Thth FasL-defective or perforin-deficient stem cells.

authors found a similar reduction in lethal GVHD when @é.or

vs tumor) in all recipients of leukemia and B&l T cells. They

described previouskE we were able to distinguish lethal GVHD GVHD activity.
from leukemic death by hepatosplenomegaly (for 32Dp210 leuke-

mia) or macroscopic liver/spleen metastases (P815) at autopsy, by
histopathologic examination of liver and spleen, and by clinical

GVHD score (including weight loss).

In conclusion, the in vitro and in vivo data presented here
B6.pfp~/~ cells were used. However, their data regarding the rolupport the hypothesis that donor T cells make differential use
of the FasL and perforin pathways in GVL were inconclusive. Thef their cytotoxic pathways for GVHD and GVL activity. In the
authors describe uncertainty regarding the cause of death (GVRDmurine BMT models tested, the FasL effector pathway was
required for GVHD activity (but not for GVL activity), whereas
show only overall survival data that diminish the ability to drawthe perforin pathway was important for GVL activity. This
conclusions regarding the specific role of the FasL and perforsuggests that selective inhibition of a cytolytic pathway may
pathways in GVHD and GVL activity. In contrast, as we haveepresent a novel strategy for the separation of GVL from
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