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Transgenic mice ubiquitously expressing human Fas ligand develop

a slight form of graft-versus-host-like disease
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ABSTRACT

AIM. To construct transgenic mice bearing human Fas
ligand ( FasL/CD95L) ¢DNA, and further explore the
physiological effects of ubiquitous expression of FasL on
such animals. METHODS. Transgenic mice were pro-
duced by promuclei microinjection method. Integration
and transmission of transgene were identified by nest-PCR
and Southern-blot analysis. Level of FasL mRNA was
evaluated by semi-quantitative RT-PCR analysis. FasL
protein was detected by immunofluorescence analysis.
Morphological alterations in tissues were analyzed by his-
tological examination. The percentage of offT cells in
the spleen was determined by flow cytometry analysis.
RESULTS: Two independent founder mice bearing hu-
man FasL. ¢cDNA under the control of CMV promoter
were generaled healthily. Human FasL was moderately
expressed in the majority of tissues examined in F1 het-
erozygotic mice.  Although developing normally, adult
transgenic mice exhibited a slight form of graft-versus-
host (GVH)-like disease characterized by many morpho-
logical abnormalities occuming locally in the spleen,
testis, lung and liver. In addition, the percentage of
offT cells in the spleen was respectively decreased approx-
imately by 32 % and 24 % in two independent transgenic
lines, relative to wild-type mice. CONCLUSION: U-
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biquitous expression of Fas ligand can lead to slight GVH-
like disease.

INTRODUCTION

Fas ligand {FasL/CD95L) is a M, 40 000 type II
transmembrane protein of the tumor nesrosis factor
(TNF) family that induces apoptosis through interaction
with Fas. FasL is expressed mainly on populations of T
cells, B cells and NK cells'! -¥ , and its expression is
regulated by cyclosporin A1), retinoids™™, and CD3
stimulation's?, Fas ( CD95/APO-1) is a type I trans-
membrane protein in the TNF/nerve growth factor (NGF)
receptor farnily that has a broader distribution, and is ex-
pressed on activated B and T cells, neutrophils, and
macrophages, as well as nonlymphoid tissue including the
testis and Liver™®).

The interaction of FasL with Fas plays an important
role in the downregulation of the immune response
through several mechanisms that include induction of cell
death after T cell activation (AICD)®’,  Altered expres-
sion of FasL and Fas has been related to the pathogenesis
of many diseases associated with immmne regulation.
For example, loss of functional Fas/FasL., caused by ho-
mozygous expression of the jpr mutation of the Fas gene
or gld mutation of the FasL gene, results in lymphopro-
liferation and autoimmunity in both humans'® and
mice''*’ Constitutive expression of FasL has been reported
in patients with large granular lymphocytic leukemia and
NK cell leukemia’?. Levels of both Fas and FasL have
been shown to be increased in graft-versus-host { GVH)
disease!'>¥) | Recently, evidence has been presented for
increased Fas expression in sudden infant death syn-
drome™ , Sjogren's syndrome('®), myositis’"”’, Down
syndrome'™ , and in human ageing!™®’ .

Fas-mediated apoptosis has been recently associated
with the phenomenon of immune privilege. Constitutive
expression of FasL on sertoli cells in the testis, and ep-
jthelial cells in the anterior chamber of the eye, is be-
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lieved to be responsible for inducing apoptosis of infiltrat-
ing Fas-bearing activated T cells thus mediating immune
privilege of these organs'®21) | Mice genetically defi-
cient in functional FasL do not exhibit immune privilege
in the eye or testis, demonstrating the requirement of
FasL for this phenomenon'®’ . In addition, FasL. expres-
sion on a subset of mmors may contribute to evasion of
imnmne surveillance'®!.  Bellgrau er al'** employed a
strategy based on the FasL modei of immune privilege to
prevent graft rejection successfully, they demonstrated
that testicular sertoli cells expressing functional FasL were
able to survive transplantation under the kidney capsule.
Lau et al™® reported that syngeneic myoblasts engineered
to express FasL could delay rejection of pancreatic islet
allografts when co-transplanted under the kidney capsule.
Hence, down-regulation of immune responses through
FasL. expression appears to be an attractive approach for-
warding maintenance of transplanted grafis. Because co-
transplantation of grafts and FasL-expressing cells has a
potential limit, and is not effective in large animals'®,
many researchers thmed to investigate whether direct FasL.
expression on transplanted grafts could prevent rejection
or not. Here we repont the establishment of transgenic
mice bearing human FasL cDNA under the control of cy-
tomegalovirus (CMV) promoter, and preliminarily char-
acterize the phenotypic alterations in such mice for further
study on transplantation.

MATERIALS AND METHODS

Generation of transgenic mice Human FasL
865-bp cDNA fragment corresponding nucleotides (nt) 69
— 934 (GenBank accession; U08137), containing entire
coding sequences was obtained by RT-PCR using total
RNA isolated from peripheral blood lymphocytes accord-
ing to the method of Takahashi e al®” and confirmed by
sequencing analysis. The primers used for PCR were 5’
ACTGAATTCTGACTCACCAGCTGCCATGCS' ( cor-
responding to nt 69 — 89; underline denotes EcoR I site) ,
and 5’ ATCCTCGAGCTATTAGAGCTTATATAAGCC-
G3' (complementary to nt 913 — 934; underline denotes
Xho I site). The amplified FasL. cDNA fragment was
cloned into the pcDNA3 vector under the control of CMV
promoter/enhancer. The construct was linearized with
Nru I and Tthl1l 1, gel-purified, and then microinjected
into the pronuciei of fertilized eggs of C57BL/6] F1 hy-
brid mice ( Jackson laboratory) to produce transgenic mice
according to the standard method. FO newbom mice
wete screened for genomic integration of transgene as de-

scribed below.  Transgene-positive founder mice and
their descendents and wild-type control mice were housed
in groups { < 4 mice per cage) in temperature-and humid-
iiy-controlled environment with 12-h light/12-h dark cy-
cle.

Genotypic characterization of transgenic
mice For nest PCR analysis, genomic DNA was isolat-
ed from the tails of 4-week-old R) pewborn mice. The
primers described above ( P2-P3 indicated in Fig 1a) were
employed to specifically amplify FasL. cDNA. Another
primer (5 TGGAGTTCCGCGTTACATAACTTACG]',
P1 indicated in Fig 1a) was located in the upstream of
CMYV promoter region. With P2-P3 and P1-P3 primer
pairs, amplification was respectively carried out as fol-
lows: 94 C for 45 s, 60 C for 1 min, and 72 C for 1
min; 34 cycles.

For Southern-blot analysis, 10 pg genomic DNA ex-
tracted from the tails of F1 mice was digested with Nde I
and Xho 1, fractioned by electrophoresis on 1.0 % gel,
and transferred to a nylon membrane ( Amersham), fol-
lowed by hybridization with a randomly **P-labeled FasL
¢DNA (EcoR 1- Xho 1) fragment excised from the trans-
genic construct (Fig 1a). After hybridization, blots
were washed and then exposed against an X-ray film for
24 h.

Semi-quantitative RT-PCR analysis A variety
of tissues were removed from 2-month-old wild-type mice
and F1 transgenic heterozygotes after cervical dislocation.
Whole RNA was extracted with Trizol reagent (GIBCO)
according to the manufacturer’s instructions, then identi-
fied by formaldehyde-electrophoresis. Before reverse
transcription, RNA samples were thoroughly treated by
incubating with RNA-Free DNase 1 (5 U/g RNA;
Promega) for 45 min at 37 . Using Fasl-specific
primers (P2-P3), PCR was performed with conditions
mentioned above. GAPDH mRNA was co-detected with
primers (5’ ACGACCCCTTCATTGACCS'; 5" AGACA-
CCAGTAGACTCCACG3') which matched nt 141 — 344
of murine GAPDH cDNA. Resultant RT-PCR products
were referred to normalize the expression level of FasL
mRNA, Relative intensities of PCR fragments were esti-
mated with a Molecular [mage FX System (Bio-Rad).
RT-omitted RNA samples were directly amplified by PCR
with FasL-specific ptimers and 5 fold amounts of the cor-
responding templates to demonstrate whether the resultant
products were derived from mRNA or genomic DNA.

Inmmmofluorescent detection  Two-month-old
F1 transgenic heterozygotes and wild-type mice were anes-
thetized with sodium pentobarbital, and consequently
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Fig 1. o] Schematic ilustration of the human Fasl, transgene construction.  b) Nest PCR identificotion of the inte-
gration and integrity of ransgene in two independent founders {F;1 and F;2).  Primer positions amd predicted sioe of
PCH products are indicoted in “o”, M A/ Hind L1 & EcoK 1; PC positive control {plosmid) i Wt wild-type mouse, ¢}
Southwrm-blot analysis of the transmission of transgene. Ten pg genomic DNA extracted from tails of Fl mice were
dipested with Nde 1 and Xho I, electopboresed, blotted, and hybridized with P-labeled human FasL ¢DNA.  Arrow
shows the predicted band, whose lecation and size: are indicated in “a”; ormowhend indicotes the approximately 3.0 kb
bl resulling from asyminetrical cleavage af the tandesn opies of transgene Ty Noe Tand X T; Ty 1 oand Ty 2 indi-
cate Fl heterogygotic mice raised from two independent founders respectively.

perfused intrmcardially with 95 % ethunol.  After perfu-
sion, tissues were swigically emoved and then inmersed
in M % sucrose in phosphate-buftered saline [ PBS ¥,
subseguently frozen in OCT,  Cryosections 20 pem-thick
were cut and air-dried onto the APES-coated slides. In
staining procedure | sections were (it blocked with 10 %
aat samm enntaining 1 % BSA and (0.2 % Triton X-
100 in MBS, and then incubated with énti-human FasL
rabbit polycolonal antibody [ Sc 957, Santa Cruz) a4 T
overnight, the sections were subsequently exposed 1w
FITC-conjugared anti-rabbit TpG poal polyelonal antibody
(8c-2012, Santa Cruz) at 4 overnight, and [oally
voverstipped with PRS-hoffered plycemol. Between each
slep, sections were washed in PBS three bimes and cach
bme for 11} min, Sections were examined and pho-
ographed under Olympus fluerescence microscope .
Histology Animauls und perfusion procedure were
sunie s Jescribed abowve excepd that the fixative was sub-
stituted by 4 % paraformaldehyde in 001 mol/L phos-
phate buffer.  Tissucs were removed und dehydrated
through up praded ethanol, and then cleared with xylene,
finally embedded in paraffin. 5 pm thick-seclions were
cul and stained with haemarteoxylin and ensin according o

the stndard protocol . then examined and phowgraphed
under Lt microscope.

Flow cylometcy analysis
sions of spleen cells fom wild-type e and F1 lians-

Single-vell suspey-

pemc heterozygotes were prepared Ty mechanical 1solation
and sbsequent filteation theomgh a hole density-oprimized
nylon fiber.  Samples wene treated with 0168 mob1.
NH,Cl to lyse erythrocytes.  Splenocytes wens washed
with PBS containing 1 % BSA, and then labeled with
optimal concentracion of FITC.conjugated  and-mouse
TCER chain hamster monoclonal amibody { PharMingen )
a4 T for 45 min, followed by inensive washing with
PBS for 10 min, finally suspended i 400 0. PBS and
analyzed by flow cytomewry on FACScan { Bevon Dickin-
son, CAJ, and the daty were processed inoa Hewlell-
Packard {Pafo Alie. CA) compuier,

Statistical wmalysis  Mean values and differene
were analyzed by unpuired 7-tesi

RESLLTS
Establishment of human Fasl, transgcnic
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mice The human FasL cDNA fragment containing en-
tire coding sequences onder the control of CMVY promot
e denhancer was duced inw C57BLAG) F1ohybrid
mice: germ line by microinjection method { Fig lal,
Among 52 newhorn mice, 25 died ar various sages of de-
velopmend before attaining adulthood. and the remaming
27 grew up nomally {Tab 1}, Lo identify the integra-

Tab1. Generation of humar Fasl tansgenic mice.

Mumber

Frges trunsfermed 135
Pﬁ’.‘Ll{ll]ll“.-gllﬂlﬂ |1:::i|fpr.nl.\ 14
10 todal newborn mice e

H) newbom mice died dunng development 25"
Powmeker mace (130} 2

I newbom mice a1

F1 Interosypoic i’ 29

1} Seventeen mice of the 25 were illed and caten by their surrogate
mothers at | -5 d after buthy other 3 muce died at 1 - 3 weeks aber
birth without any macroscopic injury.

2] Mice were generaed by crossbreading founder mice with pormal
CATRI AT mice

tion and intcgrity of transgenc, nest PCR analysis was
curried out [Fig 1b).  Using FosL-specific primers | P2
P3 indicated in Fig la), 2 among 27 newbom mice alive
vielded the predicred $05-bp fragment. Further amplifi-
cation using the primer {P1 indicated in Fig la) located
in the npstieam region of CMY element and the comple-
mentary primer | %3} matched FasL ¢DNA also yielded

Wit
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the cxpooted IHk-bp fragment,  demonserating thar (e
two mice, tenmed founder mice. bore the intact trans-
fene . Pounder mice were bred with nommal Ci7ELAG)
mice © penerate F1 mice,  Southem blor analysis
denponsirted that 29 umong 54 Fl mice were haterosy -
gous for fransgene, which was cosistent with the predici-
cd Mendelian ratio,  As shown in Fig le, transgenic het-
erazygotes yiclded the predicted [319-bp fragment and
another approxamalely  3.0-kb fragment resulted  from
asymmetrical digestion of tandem copics of fransgenc.
wherexs neither frapment could be detecied in wild- type
control mice. I indicaed that the transgene could be
lransmmitted from both independent founder mice to their
aitfapring,,

Characterization of the expression of [asl. m
tmnsgenic mice  The cxprossion level of FasLe tran-
seript in F1 mice heterozygous for transgene, denved
from one founder, was evalumed by semi-quantitative
RT-PCR analysis {Fig 2), Using a same primer-pair,
endogenons murine Fasl mRNA { comesponding o o 175
= 1023 yielded 2 R5%-hp frapment {in which Ty -
cleotides were introduced by 5'-terminal mismalched se-
quences of the primers b, whereas transgenic human FasL
mRNA {comresponding to nt 69 934 yielded n 805 bp
frggment {Fig 2a).  In a variety of tissues examined,
endogenous murine Fasl. mBENA was detected in the
tuain . spleen aond lestis . which was consistent with previ-
0L ranm”""“m‘"”‘z’n‘i. However, endopenons Fasl,
miMNA was also detected at a relaively low Ievel m the

fg2

Tig 2.

Ll s

Semi-quantitative RT-PCR analysis of Fasl expression in o vericty of tissues.

Fas ligand
{ 8581 865 op )

it — CAPDH
: (203bp}

0] Using the Fasl-specific

primers, 858-bp fragments corresponding o endugeoous murine FasE were ohtained in brain, heart, spleen, testis from
both wild-type {Wt) and teansgenic mice (Tg 2), whereas 865-bp fragments corresponding to transgenic human Fasl,
could be achieved in all tissues except liver only from trunsgenic mice.  Afl resultant products were subsequently se-
quenced to confinm their origin.  Note et te two lragments respectively derived from endogene | tmurine | and trans-
gene (human) can not be discriminated by their mobility here. b) The amplification of GAPIH serving ax an intemal

standard. ¢ The direct amplification with RT-emitted RNA samples using the primers employed in "a”".
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heart. The possibility that it resulied from the infiltrating
activated lymphocytes (Fas* ) into the heart could be ex-
cluded since we did not observe this phenomenon on his-
tological examination. Conlrasting sharply with wild-
type mice, transgenic human Fasl. mRNA could be de-
tected in all tissues examined except liver from transgenic
mice. It is noteworthy that the endogencus murine Fasl
was simultaneously expressed in the brain, spleen, testis
and heart of the transgenic mice. All resultant PCR
products were cloned and subsequently sequenced to con-
firm their origin (data not shown). Quantitative analysis
by normalization to internal GAPDH mRNA (Fig 2b} re-
vealed that transgenic human FasL was moderately ex-
pressed with varying levels in various tissues. Addition-
ally, no specific PCR products from the reverse transcrip-
tion-omitted RNA samples could be obtained (Fig 2¢),
which convinced that the amplification of FasL was de-
rived from mRNA other than genomic DNA.

To determine whether transgenic mice express human
FasL protein, we performed i sine immunofluorescent
detection with polycolonal antibody raised against a car-
boxy-terminal peptide (extracellular domain) from human
FasL (Santa Cruz). As shown in Fig 3, all tissues ex-
amined including hing, spleen and testis from transgenic
mice exhibited FasL-immunoreactivity with moderate in-
tensity, which was consistent with the results of RT-PCR
analysis.  Specific staining of the bronchial epithelial
cells but not alveolar cells in the lung possibly reflects the
cell-type specific expression pattern of transgene dtiven by
CMV promoter, as previously suggested by other re-
searchers'® . Unexpectedly, spleen and testis from
wild-rype mice, in which constitutive expression of FasL
was previously suggested ™!, were also labeled with
relatively low intensity, relative to transgenic mice. It
can be probably attributed to the fact that the immunore-
activity with FasL of the antibody employed in the present
study is not confined to human origin. The cross-reac-
tivity of the antibody produced by Santa Cruz Biotech-
nologies has also been discovered recently by other inves-
tigators**3!) . However, contrasting sharply with trans-
genic mice, the lung from wild-type mice, which was
demonstrated by RT-PCR analysis to be FasL. mRNA-ab-
sent, was not labeled, strongly suggesting that the ob-
served immuneoreactivity of the antibody employed was
specific to FasL.. With al! above mentioned results, we
conclude that the human FasL is ubiquitously ex in
transgenic mice.

Morphological abnormalities in transgenic
mice Transgenic mice ubiquitoysly expressing human

Fasl. developed nommally grossly. However, there was
evidence for increasad necrosis in some tissues of these
mice. As shown in Fig 4, transgenic mice exhibited de-
creased density of cells and disperse marginal zone in the
spleen, atelectasis accompanied by hyperaemia in the
lung, and vacuolated spermatogenic epithelium within the
seminiferous tubunies with expanded lumen in the testis in
contrast to wild-type mice. Particularly, increased
amount of Kupffer cells with remarkably expanded size
associated with focal necrosis, characterized by cytoplas-
mic condensation and nuclear fragmentation, was ob-
served in the liver of transgenic mice compared with that
of wild-type mice. It should be pointed out that these
abnormalities were local events, and did not occur
throughout the whole region of the related tissues. Most
of the morphological alterations described above are con-
sidered to be consistent with slight GVH disease feanures.
No apparent morphological changes were observed in oth-
er tissues examined including brain, heart, kidney and
pancress.

Reduced ofiT cells in the spleen of transgenic
mice Single-cell suspensions of spleen ceils from un-
stimulated transgenic mice exhibited a reduced percentage
of 8T cells, relative to wild-type mice {Fig 5). Statis-
tical analysis revealed that the percentage of e TCR-bear-
ing T cells in the spleen was respectively reduced by
32 % in Tg 1 mice and 24 % in Tg 2 mice compared
with wild-type mice ( P <0.05). Considering the ap-
parent cell depletion in the spleen demonstrated by histol-
ogy (Fig 4), this result indicated that total T cells in the
spleen of transgenic mice decreased in number compared
with control, since approximately 95 % peripheral mature
T cells express a and 3 chain.

DISCUSSION

Two independent founder mice and their progenies
bearing human FasL ¢DNA under the control of CMV
promoter were viable and fertile. However, approxi-
mately half of the F) newbom mice died during develop-
ment before attaining adulthood (Tab 1), suggesting that
selective pressure operated against these mice. A previ-
ous study suggested that excessive Fasl. production by the
transgene might be lethal, even targeted to the T
cells’® . It is also possible that the mice in this study
died for this very reason. The opinion is potentially sup-
potted by the observation that these transgenic mice estab-
lished did not express very high levels of human FasL.
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Fig 3. Immunoflucrescent detection of Fasl, protein in
the lung {(a, d}, spleen (b, e) and testis (e, 1) from
wild-type (Wi, left colwmm ) and transgenic mice (Tg 2,
right column) . Arrowheads in d indicte the bronchial
epithelial cells; asterisks in b and ¢ indicate the whiwe
pulp; arrowhepds in ¢ and [ point to the specifically
stained cells within seminiferous tubules,  Scale bar
represents 100 pm. 20 pm-thick cryosections.,

Unfortumaely, characterization of the integrution us well
us expression of the trnsgene 0 these dead mice was nok
performed for some umidentified reason,  GVH disease
associaied with immune cell depletion and damage of liver
and lung has been atributed 10 excessive production of

2B Consistent with these studies, our mice

Fasl. ©
heterozygous for hummn Fast. developed slight GVH-like
In addition to the depleton of immune cells in

the spleen, these tnsgenic mice exhibited increased

disease

necrosis in the lung . testis and liver, relative 1o wiid-type
mice.  However, the dumages were local events within
these organs, potentially evidenced by the faet thal these
mice remained healthy dunng development.  Cheng e
al ™ previously demonstraied that transgenic mice Gver-
expressing murine FasL. specifically in offT cells could
lewd o mild form of GVH disease associated with evi-
dently inercased  apoptosis through  Fas/Fasl system,
The damage observed in their mice was similar © that in
our mice, but ssemed relatively severe. 1 is known that
human Fasl. pessesses 769 % similarity in amino acid
sequences with muring FasL, funthenmone, cross-interc-
tion between human Fas/FasL and murine Fas/Fasl. in-
duces apoptosis a the same efficiency © . Hence, dam-

age occurning in our mice possibly resulted from enhanced

Spleen

Testis

Liver

Tg

Fig 4. Hismlogical appearance of the spleen, lung,
testis, and liver from wild-type | Wt, left column ] and
transgenic mice (Tg, right column}. Note the morpholog-
ival alternations in ‘Tg mice in contrast to Wi mice, which
include decreased density of cells and the disperse
marginal zone { indicated by arrowheads in Wil in the
spleen, atelectasis accompanied by hypersemis in the
lung, siriking vacunlization in the spermatogenic epitheli-
um of seminiferous tubules with expanded lumen { Lu) in
the testis, increased amount of Kupffer cells (indicated by
arrowheads ) with remarkably expanded size associated
with necrosis [ discriminated by abpormal color-staining )
festuring cvitoplasmic condensition and nuclear fmgmen-
tation in the liver. Scale bar represents 100 pm in Jung
and testis, 30 pm in spleen and liver, respectively.
Hoematoxylin and eosin staining of 5 pmethick parmffin.
embedded sections.

apoptosis through Fas/Fask. puthwiy as o conséquence of
human FasL widespread-expression . Interestngly, in-
cregsed amount of Kuptfer cells wis observed 1o be asso-
ciuted with the necrosis in the liver of trnsgenic mice.
In view of the previous study that endotoxin-induced liver
injury is mediated by Fas/FasL pathway following induc-
tion of Fas by interleukin (1L 18, secreted by Kupffer
cells ™ , il may hint at the involvement of Fas-medintexd
apopiosis in the damage observed in our mice., Howev-
e, sorprisingly, we could not detect the expression of
human FasL in the liver of trnsgenicmice.  On the other

side, some other argans expressing wansgene appeansd 1o
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Fig 5. Flow cytometry analysis of ¢fT cells in the spleen of wild-type (Wt} and two independent lines of tramsgenic
mice {Tg1, Tg2). Shown are represemtative samples. Kidney cells served as negative control {closed area under the
solid line}. The percentage of off TCR-bearing T cells in the total spleen cells (black areas) is indicated by the cur-
sor. n =4 mice individually analyzed in two separate experiments for each group.

develop nomally.  Additionally, the percentage of ofT
cells in the spleen of transgenic mice was found to be re-
duced compared with wild-type mice, but the underlying
mechanism and its correlation with the tissue damage re-
mains unknown. Such issues warrant further study.

Studies on transplantation employing Fasl-based
strategies have been conflicting ever since they were pro-
posed as an attractive idea. Some investigators suggested
that co-transplanted carrier cells genetically engineered to
express FasL could prevent allograft rejection'22%)
However, other researchers demonstrated that FasL ex-
pression in grafts did not confer immune privilege and in-
stead targeted them for rapid rejection'®*" %) They
claimed that FasL expression in grafts evoked neutrophilic
infiltration resulting in their destruction through an as yet
poorly understood mechanism. Similarly, transgenic
mice specifically expressing FasL in pancreatic B cells de-
veloped massive neutrophilic infiltrates and consequent di-
abetes at a young age'® . It is noteworthy that no ap-
parent neutrophilic infiltration was observed in all tissues
examined in our mice. Recently, several lines of trans-
genic animals expressing FasL with a tissue-specific pat-
tem in various tissues have been generated! >3-4 - 81
and some of them were employed in the study on trans-
plantation.  Unfortunately, no study has been proved to
be clinically useful for transplantation so far. It is obvi-
ously beneficial to assess transgenic lines ubiquitously ex-
pressing FasL. such as our mice in relation to transplanta-
tion studies.

In summary, transgenic mice ubiguitously expressing
human FasL were generated in this study and these mice
developed normally but exhibited a slight form of GVH-

like disease.
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