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Abstract

Background: Notch receptors and their ligands are evolutionarily
conserved transmembrane proteins. Results of gene targeting and
cell culture studies have shown that Notch receptors and DSL ligands
play important roles in the development of mouse T lymphocytes
from common lymphoid progenitors. However, little is known about
the functional roles of Notch receptors and DSL ligands in mature T
lymphocytes. The observation that naive mature CD8* T lymphocytes
express NOTCH-2 and effector cytotoxic T lymphocytes express
NOTCH-1 and NOTCH-2 suggests that there may be a role(s) for
Notch ligands in the generation and/or functionality of cytotoxic T
lymphocytes.

Method: In this report, we use a novel fibroblast based Cytolytic
Focus Assay to investigate whether a Notch ligand, Jagged2, has any
effect on the generation of mouse cytotoxic T lymphocytes.

Results: Our results indicate that target cells-expressed Jagged?2
functions as a co-stimulator to promote the generation of cytotoxic T
lymphocytes from CD8* T lymphocytes in conjunction with exogenous
interleukin-2. The resulting cytotoxic T lymphocytes have the
appearance of large granular lymphocytes, are CD8* TCRB* NK1.1-,
and readlly lyse allogeneic (or xenogeneic) fibroblasts.

Conclusion: Target cells-expressed Jagged?2 has a co-stimulatory
function in the generation of cytotoxic lymphocytes. This activity may
be clinically relevant given the well-known fact that the most common
sites of acute graft-versus-host disease (i.e. gut, skin and bile duct) are
also sites of concentrated DSL ligand expression. We hypothesize that
target tissue-expressed DSL ligands may contribute to the pathogenesis
of acute graft-versus-host disease in gut, skin and bile duct in recipients
of allogeneic hematopoietic cell transplant.

Introduction

Notch receptors and their ligands, the so-called “DSL” (Delta-
Serrate-Lag2) ligands, are single-pass transmembrane proteins that
are highly conserved from C. elegans to humans [1-5]. In mammals,
four Notch receptors (Notch-1, -2, -3 & -4) [6-9] and five DSL ligands
(Jaggedl, Jagged2, Delta-likel or DII1, DII3 and DIl4) [10-14] have
been described. The importance of Notch in T cell development
has been established by gene targeting studies and by tissue culture
experiments. Conditional knockout of the Notch-1 allele in the
postnatal period blocks T-cell development at the CD44" CD25*
stage [15] and co-cultivation of fetal liver cells with OP-9 stromal
fibroblasts expressing D111 induces de novo T cell development [16].

Several studies have provided evidence that Notch signaling
continues to regulate aspects of T cell physiology in adults including
the activation and proliferation of peripheral T lymphocytes [17-20].
Specifically, it has been shown that naive human CD8" T cells express
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NOTCH-2 while effector cytotoxic T lymphocytes (CTLs) express
NOTCH-1 and NOTCH-2 [21]. Importantly, NOTCH signaling (in
response to dendritic cells-expressed JAGGED1 and DLL4) positively
influences the priming (activation and proliferation) of naive human
CD8* T lymphocytes [21]. Furthermore, the Notchl intracellular
domain (N1ICD, the signaling peptide of activated Notch1) has been
shown to bind directly to the promoters of perforin and granzyme
B in mouse CD8" T lymphocytes and activate their transcription,
thus providing biochemical evidence of Notch’s involvement in the
development and/or function of CTLs [22].

In contrast to most studies, our current investigation focuses
on the effects of a DSL ligand (Jagged2) expressed by target cells
on the generation of CTLs. Comprehensive mapping in adult rat
gastrointestinal tract has revealed that Jaggedl and Jagged2 are
expressed throughout the esophagus, stomach, small and large
intestines with overlapping as well as spatially distinct expression
patterns for each allele [23]. For example, the expression of Jaggedl
is concentrated in the middle third of the crypts in colon while
expression of Jagged2 is rather uniform. In small intestine, both
Jaggedl and Jagged2 are expressed in the lower third of crypts. In
skin, Jagged2 expression is found in the basal layer of the entire
epidermis [24-26]. Furthermore, in developing mouse embryos the
lining of the entire gastrointestinal tract and all derivatives of the
foregut such as the bile duct also express high levels of Jagged2 [11].
The same tissues (skin, gut and bile duct) are also prime targets of
acute graft-versus-host disease (GVHD) in recipients of allogeneic
hematopoietic cell transplant [27]. Taken together, these findings
raise the possibility that there might be a causal relationship between
the localized expression of DSL ligands in gut, skin and bile duct and
the high frequency and severity of acute GVHD in these anatomic
sites. In this report, we provide the first experimental evidence that
target cells-expressed Jagged2 indeed has a costimulatory function in
the generation of CTLs.

Materials and Methods
Cell lines and retroviral infections

The primary rabbit skin fibroblast cell strain, Rab-9 (ATCC
CRL1414), was maintained in Dulbecco’s Modified Eagle’s Medium
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(DMEM; Gibco, Grand Island, NY) supplemented with 10% fetal
bovine serum (FBS; Gibco). It was subcloned to obtain a clonal
strain, Rab-9 C.6, with strong density-dependent inhibition of cell
proliferation. The construction of retroviral vectors LXSN (negative
control vector), LMJSN (expressing full-length mouse Jagged-2) and
LECDSN (expressing the truncated, extracellular domain of mouse
Jagged-2) has been described [11]. Rab-9 C.6 was infected with these
retroviruses and selected with G418 (1 mg/ml) for 10 days.

Western blot analysis

For Western analyses, protein lysates (5 pg per lane) were
separated by denaturing sodium dodecyl sulfate-polyacrylamide
(7.5%) gel electrophoresis (SDS-PAGE), transferred to Hybond-
ECL membranes (Amersham, Piscataway, NJ), incubated with rabbit
antiserum against the intracellular domain of mouse Jagged2 [11],
followed by enhanced chemiluminescence using goat-anti-rabbit Ig
conjugated with horse radish peroxidase (HRP)(Amersham).

Mouse strains

C57BL/6 (“B6”), SJL and BALB/C mice were bred and maintained
in the Animal Resource Center of the University of Utah and used at
4-24 weeks of age. All animals were maintained on acidified (pH 2.5)
water and autoclaved feeds.

Monoclonal antibodies

Monoclonal antibodies against CD8 (clone 53-6.7) and CD45
(clone A20) were purified from conditioned media of hybridomas
and conjugated with phycoerythrin (PE) or fluorescein isothiocyanate
(FITC). The biotinylated antibody against NK1.1 and the PE-
conjugated antibody against T cell receptor § chain (TCRP) were
purchased from BD-Pharmingen (San Diego, CA). Biotinylated
antibodies were secondarily stained with PE- or FITC-streptavidin
(SAv; Biomedia, Foster City, CA).

Cytolytic Focus Assay

Mouse spleens were immersed in Hanks balanced salt solution
containing 5% FBS and teased apart with forceps. The resulting cell
suspension was filtered through an 80-pum nylon mesh and spun over
a Nycodenz (specific gravity 1.077; Nycomed, Sweden) step gradient.
Light-density mononuclear splenocytes were collected from the
interface, washed and counted. Mononuclear splenocytes (usually1-2
x 10° per well in a 24-well plate) were cocultured with preformed
monolayers of skin fibroblast cell strains or cell lines in Iscove’s
Modified Eagle’s Medium (IMDM) supplemented with 10% FBS, 5
x 10° M 2-mercaptoethanol, penicillin, streptomycin, fungizone and
with or without human interleukin-2 (IL-2; Chiron, Emeryville, CA)
at 10 ng/ml. After 7-10 days, non-adherent cells were harvested and
the monolayers were gently rinsed with phosphate buffered saline
(PBS) once and stained with Coomassie blue in methanol and acetic
acid (BioRad, Hercules, CA) for 30 minutes. After staining, the
monolayers were rinsed with tap water and air-dried.

Fluorescence activated cell sorting (FACS)

Mouse splenocytes were incubated for 20 minutes with optimal
concentrations of PE- or FITC-conjugated antibodies against CD8
or TCRp. Cells were sorted using a FACSVantage cell sorter (Becton
Dickinson, San Jose, CA). For sorting of NK1.1* cells, splenocytes

were first incubated with biotinylated anti-NKI.1, followed by a
second incubation with PE- or FITCSAv.

Quantitation of CD8* lymphocytes

Non-adherent cells were harvested from the splenocyte/fibroblast
co-cultures at the indicated times. The numbers of viable cells were
counted with trypan blue. Cells were then stained with PE- or FITC-
conjugated anti-CD8 antibodies as well as propidium iodide (PI) and
analyzed using a FACScan cytometer (Becton Dickinson). The total
number of CD8" cells in individual wells was calculated from the total
number of viable cells and the percentage of CD8" cells.

Results

Retroviral vector-mediated expression of Jagged-2 in
primary rabbit skin fibroblasts

The primary rabbit skin fibroblast cell strain, Rab-9, was subcloned
twice to obtain a homogenous clone designated as Rab-9 C.6. This
clonal strain exhibits strong cell density dependent inhibition of cell
division and forms a stable monolayer post confluence. Rab-9 C.6 does
not express Jagged2 and serves as a convenient host for expressing
and testing the effects of Jagged2. Rab-9 C.6 was transduced with
retroviral vectors LXSN (negative control) and LMJSN (expressing
mouse Jagged2) and selected with G418. Two stable strains, Rab-9
C.6/LXSN (abbreviated as “RX”) and Rab-9 C.6/LMJSN (abbreviated
as “RJ2”), were established and used in current studies. Western blot
analysis confirmed the expression of the 120-kD mouse Jagged2 in
RJ2 but not in RX (Figure 1).

Jagged-2 stimulates the formation of cytolytic foci

RX and RJ2 were used in a Cytolytic Focus Assay to assess the
effects of Jagged2 on the generation of mouse CTLs. In this assay,
mononuclear splenocytes from C57BL/6 (“B6”) mice were co-cultured
with monolayers of RX vs. RJ2 in the presence of IL-2 in 24-well
plates (Figure 2A). Serial phase-contrast microscopy of co-cultures
revealed that many seeded mononuclear splenocytes proliferated in
the RJ2 co-cultures and to a lesser extent in the RX co-cultures after 7
days of co-culturing. There was very little proliferation of splenocytes
or cytolysis in co-cultures without exogenous IL-2 (Figure 2B),
suggesting that IL-2 provided the main mitogenic stimulus in this
assay. The optimal concentration of IL-2 for the formation of cytolytic
foci was approximately 10 ng/ml. After 7-10 days, many cytolytic
foci appeared in the RJ2 co-cultures. To compare the number and
size of the cytolytic foci, the fibroblast monolayers were fixed and
stained with Coomassie blue on day 7-10 of co-cultivation. As shown

Rab-9/C.6/LXSN ("RX") Stroma
r ERab-Q/C.G/LMJSN ("RJ2") Stroma

Jagged2 — L

Figure 1: Retroviral vector-mediated expression of mouse Jagged?2 in rabbit
skin fibroblasts. The rabbit skin fibroblast cell strain, Rab-9 C.6, was infected
with retroviral vector LXSN (negative control) or LMJSN (expressing mouse
Jagged?) and selected with G418. Cell lysates were electrophoresed, blotted
and probed with rabbit antiserum against the intracellular domain of mouse
Jagged?2. The 120-kD Jagged?2 protein is indicated.
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Figure 2: Jagged2 stimutes the formation of cytolytic foci.

(A) A diagram outlining the Cytolytic Focus Assay used in this study. Monolayers of either Rab 9 C.6/LXSN (“RX”; negative control) or Rab 9 C.6/ LMJSN (“RJ2”;
Jagged2-expressing) fibroblasts were established in 24-well plates and then seeded with mouse splenic mononuclear cells and co-cultured for 7-10 days in the
presence of IL-2 (10 ng/ml). Focal lysis of the fibroblast monolayer was assessed after fixation and staining with Coomassie blue.

(B) Coomassie blue-stained monolayers of RX and RJ2 after co-culturing with mouse splenic mononuclear cells (2 x 10° cells/well) for 7 days with or without IL-
2. Note the presence of macroscopic cytolytic foci (clear areas) in RJ2 but not the control RX monolayers.

in Figure 2B, significantly more and larger cytolytic foci were seen
in the RJ2 cocultures than in the control RX co-cultures. Taken
together, these results suggest that Jagged2 provides a co-stimulatory
function in the generation of CTLs or in the cytolytic activity of CTLs
or both. Results of cell dose titration indicated that the frequency of
the precursors of cytolytic focus-forming cells was about 1 in 25,000-
50,000 input mononuclear splenocytes, indicating that only rare
precursor cells with T cell receptors capable of recognizing allo- or
xeno-antigens could lead to the formation of cytolytic foci in the co-
cultures.

Jagged2 stimulates the generation of classic CTLs with the
CD8" TCRpB* NK1.1" cell surface phenotype

To identify the cells responsible for the formation of cytolytic foci,
we co-cultured mononuclear splenocytes with RJ2 monolayers and IL-2
(10 ng/ml) until cytolytic foci appeared (Figure 3A). The non-adherent
mononuclear cells were harvested, labeled with anti-CD8 and anti-CD45
(a pan-leukocyte marker) monoclonal antibodies and sorted by FACS
into CD45* CD8* and CD45* CD8" fractions (Figure 3B). The sorted
cells were re-seeded into new 24-well plates containing confluent RJ2
monolayers. The dose of sorted cells ranged from 1 to 4 x 10° cells per
well. Phase-contrast microscopy revealed widespread lysis of the RJ2
monolayers within 30 minutes of the addition of the sorted CD45* CD8*
cells (Figure 3C, top row). In contrast, no cytolytic activity was observed
in wells seeded with CD45" CD8" cells (Figure 3C, bottom row).

To further characterize the effector cells in the CD45* CD8*
population, CD45* CD8* cells were analyzed by flow cytometry
according to T cell receptor B (TCRP) and NK1.1 expression (Figure
3D). As shown in Figure 3D, over 99.8% of the CD8* cells in the
RJ2 coculture were TCRB*. About 94% of the cells were NK1.1- and
about 6% were NK1.1+. To determine which subset(s) had cytolytic
activity, non-adherent mononuclear cells from day 7 RJ2 co-cultures
were sorted by FACS into CD45* CD8* TCRB* NK1.1" and CD45*
CD8* TCRB* NK1.1* subsets, which were then co-cultured with new
RJ2 monolayers. As shown in Figure 3E, both CD45* CD8* TCRp*
NK1.1" and CD45* CD8* TCRB* NK1.1* fractions caused widespread
lysis of the RJ2 monolayers. The sorted CD45* CD8" TCRB* NK1.1-
had the typical appearance of large granular lymphocytes on cytospin
preparations (Figure 3F). Based on these findings, we conclude
that the great majority of the effector cells in the Cytolytic Focus
Assay were classic CTLs with the CD8" TCRP* NKI1.1 cell surface
phenotype. A small minority of the effector cells had the CD8* TCRp*
NK1.1* phenotype and could represent the relatively rare “NKT” cells
[28].

Jagged?2 exerts its effects on CD8* T lymphocytes
Next, we determined whether CD8* lymphocytes were the targets
of Jagged2 stimulation in the Cytolytic Focus Assay. To this end,

FACS-sorted CD8" mouse splenocytes were co-cultured with RX
(negative control) vs. RJ2 monolayers at doses ranging from 5 x 10*
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Figure 3: The effector cells in the Cytolytic Focus Assay are CD8" TCRB* NK1.1.

(A) A 24-well plate of RJ2 (Jagged2-expressing) fibroblasts co-cultured with mouse splenic mononuclear cells (1x10° ells per well) and IL-2 for
7 days as described in the legend of Figure 2. The monolayers were fixed and stained with Coomassie blue after the non-adherent cells were harvested.
(B) The non-adherent cells in (A) were analyzed by flow cytometry for CD8 and CD45 (a pan-leukocyte marker) expression. The sorting gates for CD45* CD8 and
CD45* CD8" cells are indicated.

(C) The sorted CD45* CD8* or CD45* CD8: cells from (B) were seeded onto new RJ2 monolayers at 1-4 x 10° cells/well in a 24-well plate. Phase20 contrast
microscopy showed widespread cytolytic activity within 30 min of the addition of CD45" CD8" cells. Plates were fixed and stained with Coomassie blue after 20
hours of seeding. The CD45+ CD8- cells had no detectable cytolytic activity.

(D) The CD45* CD8* cells from (B) were further fractionated by FACS into TCRB* NK1.1- (~ 94%) and TCRB* NK1.1* (~ 6%) populations. Virtually all (>99.8%)
cells expressed TCRB.

(E) Equal numbers of CD8* TCRB* NK1.1-and CD8* TCRB* NK1.1* cells from (D) were plated onto new RJ2 monolayers. Additional RJ2 monolayers were seeded
with unsorted CD8" cells or no cells as controls. Cultures were fixed and stained after 18 hours of seeding to evaluate cytolytic activity. The CD8* TCRB* NK1.1-
fraction accounted for most the cytolytic activity.

(F) Wright-Giemsastained cytospin preparation of sorted CD8* TCRB* NK1.1- CTLs. Note the presence of prominent azurophilic granules in the cytoplasm and the

ruffled cell membrane. (Bar = 20 uM)

to 2 x 10° cells per well (of 24-well plates) in the presence of IL-2 (10
ng/ml) for 7 days. For comparison, additional monolayers were also
co-cultured with 10° unsorted splenocytes or CD8" cells. The results
showed that purified CD8* splenocytes when co-cultured with RJ2
and IL-2 gave rise to functional CTLs that caused cytolytic foci at an
efficiency 4-5 times higher than that of unsorted splenocytes (Figure 4,
bottom row). No cytolytic foci were seen in the RX:CD8* lymphocytes

co-cultures (Figure 4, top row) or in RJ2:CD8 lymphocytes co-
cultures (not shown). These results indicate that Jagged2 exterted its
effects on CD8* lymphocytes.

Cytolytic activity depends on recognition of alloantigen

To determine if alloantigen (or xenoantigen) played a role in
the generation and/or cytolytic activity of CTLs in the co-culture
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CD8" cells were sorted (by FACS) from fresh (i.e. not co-cultured) mouse splenic mononuclear cells and co-cultured on RJ2 or RX monolayers with IL-2 at 5-20 x
104 cells per well in a 24- well plate. One million unsorted cells were added to additional wells for comparison. After 7 days, non-adherent cells were removed and
the monolayers were fixed and stained with Coomassie blue. The cytolytic activity of 2 x 10° sorted CD8" cells roughly equaled that of 10° unsorted splenocytes.

system, we first established a spontaneously 11 transformed fibroblast
cell line, B6SF C.2, from the skin of a C57BL/6 (“B6”) mouse. After
transduction with retroviral vectors LXSN and LMJSN and G418
selection, the stably transduced cell lines are referred to as B6SF
C.2/LXSN (negative control) and B6SF C.2/LMJSN (expressing
mouse Jagged2), respectively. Western blot analysis confirmed the
expression of full-length Jagged2 in B6SF C.2/LMJSN but not B6SF
C.2/LXSN (Figure 5A).

B6SF C.2/LXSN (hitherto referred to as “BX”; negative control)
and B6SF C.2/LMJSN (hitherto referred to as “BJ2”) monolayers were
co-cultured with 10° FACS-sorted B6 mouse (i.e. syngeneic) or SJL
mouse (i.e. MHC-mismatched) CD8* lymphocytes per well (24-well
plates) in the presence of IL-2 (10 ng/ml). Neither the BX:B6 CD8*
lymphocytes nor the BJ2:B6 CD8* lymphocytes co-cultures showed
significant lysis after 7-10 days of co-cultivation (Figure 5B, left
column). In contrast, many cytolytic foci were seen in the mismatched
BJ2:SJL CD8* lymphocytes co-cultures but not in the BX:SJL CD8*
lymphocytes co-cultures (Figure 5B, middle column). The non-
adherent cells were harvested from all co-cultures and analyzed
for CD8 expression by flow cytometry. The total numbers of CD8*
cells were calculated from the total numbers of non-adherent cells
and the percentages of CD8" cells as determined by flow cytometry.
The results indicated that Jagged2 plus IL-2 stimulated CD8*
lymphocyte proliferation in both syngeneic (B6 fibroblasts:B6 CD8")
and mismatched (B6 fibroblasts:SJL CD8*) combinations (Figure
5C), although there was more CD8+ lymphocytes produced in the
mismatched BJ2:SJL CD8* co-cultures than in the syngeneic BJ2:B6
CD8* co-cultures (3.75 vs. 2.50 x 10% not statistically significant).
These results indicate that Jagged2 has stimulatory effects on the
generation of CTLs regardless of MHC matching status (syngeneic
vs. allogeneic). However, the cytolytic activity in these co-cultures
still depends on the recognition of alloantigen. Similar findings were
obtained using BALB/C CD8" splenocytes (data not shown).

Discussion

In this report, we present experimental evidence that Jagged2
functions as a costimulator in the generation of effector CTLs
from CD8" T lymphocytes (IL-2 being the main stimulus) in the

Cytotoxicity Focus Assay. Although alloantigens (or xenoantigens)
undoubtedly provided additional stimuli through the corresponding
T cell receptors, they did not appear to be essential for the proliferation
(of CD8* T lymphocytes) and functional differentiation of CTLs in the
Cytolytic Focus Assay (Figure 5C, left panel; a syngeneic combination).
However, they are important for the cytolytic attack on the target cells
(Figure 5B, middle column; an allogeneic combination)

Several lines of evidence indicate that the main effector cells in
the cytolytic focus assay are CTLs rather than NK cells. First, FACS
sorting of the co-cultured splenocytes showed that the great majority
(~ 94%) of the effector cells in the Cytolytic Focus Assay displayed the
surface phenotype of classic CTLs, i.e. CD8* TCRB* NKI1.1" (Figure
3D&E). Second, sorted CD8" TCRP* NKI1.1- cells harvested from
the Cytolytic Focus Assay had the typical appearance of CTL on
Wright-Giemsa-stained cytospin preparations (Figure 3F). Third, the
generation of CTLs and the appearance (on the last days) of cytolytic
foci took 7-10 days. This kinetics is similar to that of resting CTLs and
differs from that of NK cells, which lyse target cells within minutes
of contact. Finally, flow cytometry revealed that over 99.8% of the
cells harvested from the Cytolytic Focus Assay were TCRB+ (i.e. not
NK cells) and only about 6% were CD8* TCRB* NK1.1* “NKT” cells
(Figure 3D). Results of cell-dose titration studies indicate that the
frequency of the precursors of the cytolytic focus-forming CTLs is
about 1 in 25,000-50,000 CD8*lymphocytes (Figure 4). This is in line
with the expectation that only rare CD8* T lymphocytes derived CTL
clones with the appropriate alloantigen (or xenoantigen)-recognizing
T cell receptors can mount a cytolytic attack on the target cells.

The findings described here corroborate the previous reports
that Notch signaling is involved in the activation and proliferation of
CTLs [21,22]. The major difference is that our current study focuses
on the role of target cells-expressed DSL ligands. Taken together,
these findings suggest that DSL ligands have a co-stimulatory effect
on the generation of CTLs regardless of the source (target cells- vs.
antigen presenting cells-expressed) or the stage of CTL differentiation
(naive vs. resting). The implication is that tissues with concentrated
expression of DSLligands such as gut may experience disproportionate
CTL attack in acute GVHD. Thus approaches designed to specifically
reduce the effects of DSL ligands or Notch signaling may help prevent
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Figure 5: Cytolytic activity requires alloantigen.

A clonal fibroblast cell line, BESF C.2, was established from the skin of a B6 mouse. It was transduced with the retroviral vector LXSN (negative control) or LMJSN
(expressing mouse Jagged?2) and selected with G418.

(A) Western analysis verifying the expression of Jagged2 in BESF C.2 transduced with LMJSN (“BJ2”) but not LXSN (“BX”).

(B) BX and BJ2 monolayers 21 were seeded with FACS-purified CD8* lymphocytes (10° cells per well in a 24-well plate) from either the syngeneic B6 or MHC-
mismatched SJL mice. After co-cultivation for 7 days in the presence of IL-2 (10 ng/ml), non-adherent cells were harvested and the monolayers fixed and stained
with Coomassie blue and photographed. Only cultures expressing Jagged2 and containing MHC-mismatched CD8* lymphocytes showed macroscopic cytolytic
foci.

(C) Nonadherent cells harvested from the co-cultures in (B) were analyzed by flow cytometry. The total number of CD8" cells was calculated from the total number
of cells per well and the % of CD8"* cells determined by flow cytometry. Each circle represents the total number of CD8"* cells produced per well (3 wells per group).
Horizontal and vertical bars represent means and standard deviations, respectively.

or reduce GVHD in these particular tissues. Previous attempts to In summary, our hypothesis regarding the co-stimulator function
decrease Notch signaling with inhibitors of y-secretase or ADAM10  of target cellsexpressed DSL ligands in the generation of CTLs
(the rate-limiting enzyme in Notch activation) were met with ~ complements rather than detracts from the prevailing model of acute
excessive toxicities in part due to the wide-spread expression of =~ GVHD [27,33,34]. However, it may help explain the extraordinary
Notch or the ubiquitous expression of ADAMI0 [29,30]. Alternative  sensitivity of gut, skin and bile duct to acute GVHD and suggest new
approaches employing decoy DSL ligands or molecules that disrupt ~ Ways to prevent or control acute GVHD in these sites.
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