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Role of soluble Fas ligand in autoimmune diseases
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Abstract

AIM: To investigate the role of soluble Fas ligand in autoimmune
diseases.

METHODS: RT-PCR was performed to amplify sFasL cDNA
from the total RNA extracted from activated human peripheral
blood lymphocytes. DNA fragments were cloned into PCR
vector. After sequenced, sFasL gene fragments were
inserted into pQE-31 vector and expressed in £. Coli M15
respectively. Proteins were purified through affinity
chromatography column with ligand of 6xHis tag and
identified by SDS-PAGE and Western blot. Mice were
immunized with sFasL protein and specific anti-serum was
harvested 6 wk after immunization. Monoclonal anti-human
FasL antibody was made from the immunized mice. Serum
level of sFasL in different patients was detected using anti-
FasL antibodies from the immunized mice.

RESULTS: The protein expressed was 24 ku by SDS-PAGE
electrophrosis. The protein was specially bound to anti-
human FasL antibody by Western blot analysis. The sFasL
protein could induce Jurket cell apoptosis in vitro. The
concentration of serum sFasL in patients with autoimmune
diseases was higher than that in normal individuals. sFasL
could reduce arthritis in collagen induced arthritis (CIA)
mice model by subcutaneous injection.

CONCLUSION: sFasL may be involved in either induction
of apoptosis or autoimmune diseases. Furthermore, sFasL
may have potential application in treatment of autoimmune
diseases.
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INTRODUCTION
Autoimmune diseases are a kind of diseases induced by auto-

reactive T or B cdlls. Most common autoimmunediseasesinclude
rheumatoid arthritis (RA), insulin-dependent diabetes mellitus
(IDDM), multiple sclerosis (MS) and systemic lupus
erythematosus (SLE). Among these diseases, RA, IDDM and
MS are believed to be autoimmune diseases induced by Thl
cells which can recognize auto-antigens on special tissues. For
example, RA isacommon disease characterized by the chronic
lesion of polyarthritides. Autoimmunity to cartilage antigens may
play asignificant rolein the pathogenesisof chronicinflammatory
polyarthritis. It has been commonly accepted that cell mediated
immune responses areinvolved in chronicinflammation since T
and B lymphocytes and antigen presenting cells are observed to
be enriched in the synovium fluid of RA patients. In vivo studies
showed that T cellsinfiltrating into the synovium could express
IL-2 receptors, IL-10, IFN-y and activated CD4 T cells could be
detected in the synovial fluid of RA patients2. It is believed
that if auto-reactive T cdlls can be cleaned from circulation or RA
can belocated, the lesion induced by auto-reactive T cells may
relieve. Actualy, anti-TNF-a and anti-CD4 monocl onal antibodies
have been used in treatment of RA patients.

In thisstudy, we reported that sFasl. proteins were expressed
in E. Coli system. Anti-FasL antibodies were prepared in the
mice using expressed FasL. Meanwhile, we set up a special
ELISA method to identify sFasL. molecules and its content in
the serum of patients with RA, IDDM, MSand SLE. We also
triedto use sFasl. madein our lab oratory to treat collagen induced
arthritisin this study.

MATERIALS AND METHODS

Blood samples and reagents

Fresh blood samples were supplied by healthy individuals.
PHA was purchased from Sigma Com. San Diego, USA) IPTG
and plasmid mini-prep Kit were products of Promega (Chicago,
USA). DNA purification kit, Histidine resin, sequencing vector
PCR2.1 and protein expression vector pQE-31 were purchased
from QIAGEN (San Diego, USA). Rabbit anti-human FasL
polyclonal antibody was purchased from Santa Cruz (Swedeen).
Goat anti-rabbit |gG/HRPwas purchased from Huamei (Shanghai,
China). Nitofible membrane was purchased from Amersham
(London, England). Trizol, dNTP, restricted enzymes were
purchased from Gibco BRL (San Diego, USA) and MBI
Fermentans (Philadophia, USA).

Activation of lymphocytes

Peripheral blood monocytes (PBMC) wereisolated from blood
from healthy individual swith Ficoll. PBM C were re-suspended
in 100 mL/L fetd calf serum RPMI 1640 and incubated at 37 C
in bumidified atomosphere containing 5 mL/L CO,for 24 h.
PHA (20 pg/mL) was added into the culture and incubated for
another 8 h.

Identification of sFasL expression

sFasL expression on the cell surface was detected by direct
influoroscense labeling with cytometry. Briefly, activated
lymphocyteswere collected and washed with PBS. FITC-labeled
goat anti-human FasL (Oncogen Company, LA, USA) was
added into the cellsand incubated onicefor 30 min. Thelabeled
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cellswere washed with PBS and expression of FasL on the cell
surface was detected by FACS. The percentage of expression
of FasL was anayzed using system software I1.

Amplification of gene fragments of sFasL

Total RNA was isolated from cellsin which sFasL expression
was enhanced and reversed into cDNA. sFasL. gene fragments
were amplified from cDNA template by special primers. sFasL:
the sequence of forward primer was: 5'-ACG GAT CCG CAG
CAGCCTTCA ATT A CC-3; reverseprimer: 5-AAG CCG
AAT ATATTCGAGATT AAG CTT CGC CG-3'. Thesize of
sFasL fragments amplified from cDNA was 540 bp.

sFasL cloning and expression

PCR bandswerecut and purified with gel extractionkit (QIAGEN).
Thepurified PCR productswereinserted into PCR 2.1 vector and
DH 5a (E. Coli) wastransfected with TA cloning kit (Invitrogen)
according to the manufacturersintroductions. White cloneswere
picked up on selected LB plates containing ampcillin and X-gel
and expensed in 3 mL of LB medium overnight. Plasmids were
prepared from the culture with mini-prep Kit (Promega). The
positive clones were identified by EcoR | digested and
sequenced by Shanghai South Gene Tech Ltd. The identified
sFasL fragments were digested by BamHI1 and Hind |11 and
purified by gd extraction kit. The purified sFasL fragmentswere
ligated into the expression vector pQE-31 and M 15 (E. Coli) was
transfected. White clones were picked up on selected LB plates
containing Kanamycin and expensed in 3 mL of LB medium
overnight and inoculated in 200 mL of selected LB medium
containing Kanamycin until Areachedto0.7. A 1mol/L of IPTG
was added to culture and shaken for another 4 h. Bacteriawere
collected by spinning at 6 000 r/minfor 10 minandlyzedinlysis
buffer. Protein expressed was purified by His Tag resin.

Identification of expressed sFasL

sFasL expressed was identified by SDS-PAGE electrophrosis
and Western blot. sFasL. showed asingle band with M, 24 000
respectively after running from SDS-PAGE (120 g/L concentrated
gel and 40 g/L separated gel). The sFasl. bandsweretransferred
onto membranes and blocked with 50 mL/L of freefat milk for
2 h at room temperature. The membranes were washed 3 times
with PBS. The rabbit anti-human sFasL polyclonal antibody
was added and incubated for 1 h at room temperature. Goat
anti-rabbit 1gG-HRP was added and incubated for another 1 h
at room temperature after washed with PBS. DAB and H,0,
were added and the reaction was stopped by washing the
membranes with water when brown color wasvisible.

Detection of apoptosis

sFasL. (25, 50 and 100 pg/L) was added into 1x10%/L of Jurket
cell linesrespectively andincubated for 8hat 37 °C inhumidified
atomosphere containing 5 mL/L CO,. The cellswere collected
and fixed by 700 mL/L ethanol for 45 min at 4 °C. Ten pL of
RNase was added to the fixed cells after washed with PBS and
incubated for 30 minat 37 °C. Then 10 L of PI (50 mg/mL) was
added to the cells and detected by cytometry. The percentage of
apoptotic cells was calculated by apoptotic peak (A) area.

Preparation of mouse anti-human sFasL antibody

Two Bab/C micewereimmunized with 80 ug of expressed sFasL
mixed with complete Frund' s adjuvent by injection with s.con
back. Themicewereinjected threetimeswith sFasL, once every
two weeks. Then blood was collected and anti-FasL titer was
measured with ELISA.

Induction of collagen-induced arthritis in Wistar rats
Wistar rats were bred under pathogen-free conditions . Female

mice were used at 2-3 mo of age and allowed free accessto
standard laboratory diet and water. Collagen 11 (ClI1) emulsion
was prepared in an equel volume of IFA. A 100 pL (containing
300 ug of CIl) of ClI/IFA emulsion wasintradermally injected,
using the loose skin at the base of thetail. Seven days later, the
primary immunization was administered, a booster intradermal
injection containing 100 pg of ClI inIFA. Theratswere observed
every day from the 4th wk after primary immunization. Arthritis
was evaluated with standard 4 scores.

Administration of arthritis rats with sFasL

When arthritisoccurred in ratsimmunized with CI/IFA, 1 pg of
sFasl expressedin 100 pL of PBSwasinjected into oneankylosis
side. Meanwhile 100 pL of PBS was injected into another
ankylosis side of same arthritis rats as control. The injection
was given three times, once every two days.

Detection of serum sFasL concentration using prepared mouse
anti-human FasL antibody

Serum level of soluble FasL in different patients was detected
withindirect ELISA. The ELISA plate was coated with 100 pL
of serum and incubated overnight at 4 C. The coated plate was
completely washed with PBS and prepared mouse anti-human
FasL antibody was added. Rabbit anti-mouse 1gG-HRP was
then added and incubated for another 1 h at room temperature
after washed with PBS. DAB and H,O,were added and the
reaction was stopped by washing the membranes with water
when brown color was visible.

RESULTS

Enhanced expression of FasL on PMBC after PHA activation
PBM C wasisolated from healthy individua sFasl. wasexpressed
on the cell surface after activated with PHA. The expression of
FasL in PBMC was significantly higher after activated. The
percentage of FasL detected on the non-activated PBMC was
very low (2.15+£1.7%), while FasL expressed on the activated
PBMC reached 17.98+1.8% using cytometry detection after cells
were labeled with specific fluorescence anti-human FasL
antibody (Figuer 1).
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Figure 1 Peripheral blood mononuclear cells isolated from
healthy individuals using Ficoll and co-cultured with PHA
for 8 hat 37 °C in humidified atmosphere containing 50 mL/L
CO, The expression of FasL on PBL before and after PHA
stimulation was detected by special antibody using flow
cytometer. Open bar indicates the percent of FasL on cells
surface before PHA activation. Shadow bar shows the percent
of FasL on cell surface after PHA stimulation.

Human sFasL cloning and expression

Human sFasL DNA fragments were amplified from activated
PBMC using RT-PCR. The size of PCR product was 540 bp
(Figure 2) which matched the sizereported inthe GenBank. The
product was inserted into PCR2.1 vector and DH5a was
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successfully transfected. Theinsert was confirmed by digestion
with EcoR | after plasmid was miniprepared. The fragments
were separated with a 3.9 kb vector. This result showed that
sFasL (Figure 3) fragments were successfully inserted into the
vector. The sequences of the inserted fragments were same as
reported by GenBank after sequenced with 377 Sequencer.
I dentified fragments were digested by both BamHI and Hind
I11 and ligated into the expression vector pQE-31. The ligated
products were put on selected LB plates after M15 was
transfected and incubated for 18 h at 37 °C. The expression was
induced by IPTG for 4 h. The protein was purified by 6-histidine
column. The molecular weight and purification of the protein
were identified by SDS-PAGE. The result indicated that there
was only one band in sFasL (24 000 dolton). Special mouse
anti-human FasL antibody was used to confirm the bands
transferred onto membranes with Western blotting. The result
showed there was a sFasL positive band. This indicated that
the protein expressed in M 15 was human sFasL (Figure 4).
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Figure 2 Reversion of total RNA isolated from PHA activated
peripheral blood mononuclear cells to cDNA.
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Figure 3 PCR bands and transfected DH 5a. Band1: inserted
fragment of sFasL in pQE-31; Band 2: no inserted fragment.
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Figure 4 sFasL expression in SDS-gel (A) and hybridization
with special anti-sFasL antibody (B).

Jurkat cell line apoptosis induced by sFasL expressed in M15
Different doses of expressed sFasL. were added to log phase
growing Jurkat cell line and cultured for another 18 h. The

percentage of apoptosis of tested cell line was determined by
cytometry after stained with Pl dye. Figure 5 showsthe apoptosis
of Jurkat cells after co-cultured with expressed sFasL. The
percentage of gpoptotic Jurkat cellswas similar to that of gpoptotic
cells co-incubated with commercial human sFasL. This result
indicated that sFasl. was ableto induce cell apoptosis (Figure5).
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Figure 5 Cell apoptosis induced by different doses of sFasL
(25,50 and 100 pg/L).

Generation of anti-human sFasL antibody in mice immunized
with expressed sFasL

Serum wasisolated from two mice immunized wirh expressed
human sFasL. We coated plates with this serum and detected
anti-human FasL titer using specia commercial standard sFasL
protein by ELISA. Theresult showed that therewas ahigh titer
(>1:1 000) of anti-human sFasL special antibody in the serum
of immunized mice. Thisindicated that expressed sFasL could
specifically bind to standard human sFasL protein.
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Figure 6 Levels of soluble FasL in serum from patients with
different diseases. Cont: serum from healthy individuals; IDDM:
serum from patients with IDDM; SLE: serum from IDDM; RAa:
serum from RA patients with activated stage; Ca-ga: serum
from patients with gastric cancer; Leuk: serum from patients
with leukemia; Shadow bar: serum level detected by commer-
cial sFasL kit. Open bar: serum level detected by anti-sFasL
antibody.

Prepared special anti-humans sFasL antibody could be used to

detect concentration of sFasL

We coated ELISA plates with special anti-human sFasL
antibody generated from immunized mice to detect the
concentration of sFasL in the serum of patients with tumor and
autoimmune diseases. Twenty serum samples from healthy
individuals, 95 serum samples from patients with different
autoimmune diseases and 30 serum samples from patients with
leukemia and cancer were detected by thisway. Asaparalel
experiment, the concentration of sFasL in these serum samples
was identified in duplicate using commercia Kit at the same
time. The data showed that the concentration of sFasL was
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significantly higher than that in healthy individuals (P<0.05).
The result determined with prepared sFasL antibody in our lab
oratory was same asthat detected by commercia Kit (Figure 6).

Arthritis reduced by sFasL immunized rats

Arthritis occurred as early as 15 d after primary immunization
with CIl emulsified with IFA. The significant ankylosis was
observed in rats. The joints of rats were red and swollen. The
arthritisrats lost ability to move and showed difficult to reach
food. The percentage of arthritiswas 90% (Table 1). The mean
score could reach the maximum 24 d after immunization began
to decreasefromd 30 (Figure 7).

Table 1 Incidence of chicken CllI-induced arthritis in Wistar rats

Group Immunized with Incidence Percentage of CIA (%)
Experimental ~ CII+CFA 18720 90
Control Cll 0/5 0

CFA 0/5 0

Wigtar ratswere intradermally injected with collagen 11 (ClI)
emulsioninan equel volumeof IFA (100 pL (containing 300 ug
of Cll). Seven dayslater, abooster containing 100 pg of Cll in
IFA intradermally administered. The rats were observed every
day from 4 wk and evaluated with standard 4 scores.
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Figure 7 Mean arthritis score of rats with CIA.

When arthritishad ascore of 7-8, 1 g of sFasL in 100 pL of
PBS was injected into one ankylosis side of rats. Meanwhile,
100 pL of PBS wasinjected into another ankylosis side of the
same arthritisratsas control. After thearthritisratswereinjected
3timeswith sFadl, the rats showed reducible arthritis (Figure 8A)
while control ratswhich received an equal volume PBS suffered
from amore serious ankylosis (Figure 8B).

A B

Figure 8 Ankylosis in arthritis rats. A: Ankylosis induced by
sFasL in arthritis rats. B: Grade 4 inflammation in rat hind paw.

DISCUSSION
Human Fas ligand (CD95 ligand, FaslL) was identified by

Nagata's laboratory in 1993. Human FasL is consistented of
281 amino acidsand amember of TNF family. TheN termind of
FasL was located in the cytoplasm and C terminal is on cell
surface. The region of the moleculesin cytoplasm is consisted
of 80 amino acids. The region though the cell membrane of
FasL isconsisted of 22 amino acids. Theregion of FasL exposed
to outside of the cellsis consisted of 179 amino acids?. Fas
ligand molecules can be cut by matrix metall oproteinases
(MMP) from membranes®® and become asolubleformwhichis
called soluble FasL (sFasL). FasL could induce apoptosis of
cellswhen it binds to Fas which expresses on cell surface and
acts asaspecial receptor of FasL.

Fasis ubiquitously expressed on anumber of different cells
including tumor cells. Likewise, asaligand of Fas, FasL has
many important functions. The expression of FasL isnot only
restricted to activated T cellsand NK cells, but also onimmune
privileged sites such as eyes and testis. FasL can be up-
regulated when cellsareresponsiveto UV irradiation or treated
by cytotoxic drugs. Over expression of FasL can inhibit some
autoimmue diseases by deleting auto-immune memory cellg49,
Moreover, Fas-FasL interaction can protect allografts from
immune attack and induce anti-tumor responses. Thus,
myoblasts engineered to express FasL have been found to
prolong the survival of co-transplanted islet allograftsin
diabetic mice. FasL expression on allogeneic fibroblasts was
found to abolish tumor growth and induce specific protective
immunity when mixed with neoplastic cellsbeforeimplantation
invivo. Apoptosisinduced by Fas-FasL interactionisbelieved
to involveinflammation, anti-tumor and autoimmune reaction
and aging'®®. Apoptosis has been found in almost all
processes of thelife. For example, activation induced cell death
(AICD) may play avery important rolein T cell activation and
differentiation.

Asthe out-membrane region of FasL, sFasL involves the
deletion of potentially hazardous peripheral memory cells®.
Some studies suggested that change of sFasL in serum mignt
be involved in many processes and progress of diseases. The
serum level of sFasL was high in patients with large granule
lymphocyte leukemia and NK like lymphoma, SLE, RA and
EAE!®, sFasL. was upregulated on the tumor surface upon
drug incubation in chemosensitive tumor cells. Tumor cells
could mediate autocrine or paracrine to release soluble FasL
(sFasL) and induce apoptosis of peripheral normal cells, CTL
and NK which could express Fas and promote local tumor
invasion or metastasesi***¥, Matsuno et al. reported that both
sFasand sFasl. were higher inthe synovium fluid of RA patients
compared with other arthritis™¥. Serve RA showed a higher
level of sFasL than mild RA[I32U, The concentration of Fas,
receptors of FasL and sFasL, were changed in the process of
diseases. Some investigators reported that sFas might block
apoptosis by binding FasL or sFasL5¢. Membrane-bound FasL
induced apoptosisin cultured synovial cellsfrom RA and OA
patients, but naturally processed human sFasL did not!®l. The
role of sFasL still remainsunclear.

T cells express both Fas and FasL on cell surface after
stimulation. FasL existesin two forms: membrane-bound FasL
and soluble FasL (sFasL). The out-membrane region of FasL is
deaved by ametdloproteinase (MP) and falsdown frommembrane
to serum or body fluid*. Inhibition of metalloproteinase
cleavage could enhance the cytotoxicity of FasL*. Activated
T cellswould die in afew minutesif no IL-2 was added after
stimulation with antigens or mitogens. This processis called
activated induced cell death (AICD). Because sFasL. shows
the same function of FasL but has smaller molecules. We
expressed sFasL first in E. Coli. For preparing sFasL cDNA
and stimulated T cellswith PHA in this study. The expression
of sFasL reached 20% after stimulation for 24 h comparied with
3% expression on naive T cells. We harvested sFasL expressed
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T cells before they died and mRNA of sFasL was extracted.
The fresh mRNA of sFasL was reversed into cDNA and
successfully amplified. The sFasL was ligated into PCR2.1
vector. After the sFasL insert was confirmed by sequencing
analysis, the fragment of sFasl. wasinserted into pQE-31 vector
and expressed in M 15 strain.

To identify whether sFasL expressed in this study had
biological functions after purification, we chose Jucket cell line
asareport cell because Fas moleculeswere expressed on Jucket
cell line surface. When Fas expressed on cell surface bound to
sFasL, the cells were activated and went to die after 48 h of
binding. The results demonstrated that the expressed sFasL
could induce Jucket cell line apoptosis. The percent of apotosis
increased with the increased concentration in the culture. This
result indicated that sFasL had the same function membrane
Fasl.

Recently, some reports demonstrated that FasL and sFasL
played adifferent rolein apoptosis. Generally, membrane-bound
Fasl, or FasL isfully competent in transducing Fas-mediated
signals for apoptosis and NF-kappaB nuclear translocation
because membrane FasL could possess both Fas-focusing and
signal transducing functions. While sFasL is known to be
deficient in transducing signal s upon engagement with membrane
Fas*'4. But in some cases, sFasL was found to beinvolved in
the deletion of potentially hazardous peripheral memory cellg?.
A more study suggested that change of sFasL in serum was
involved in the process and progress of diseases®. The report
indicated there was ahigh serum level of sFasL in patientswith
large granular lymphocyte leukemiaand NK-like lymphoma*2.
sFasL increased significantly in the serum of patients with
activated systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA). In some autoimmune diseases the serum level of
sFasL was dramatically decreased after treatment in some
patients’®3. We detected the serum level of sFasL in more
than 90 samplesfrom autoimmune disease in this study. Among
these diseases, the serum level s were detected from 32 patients
with IDDM, 31 patientswith SLE, 16 RA patientsin activative
stage and 16 RA patientsin resting stage. This result indicated
that thecirculation level of sFasL. washigher intheseautoimmune
diseases Theroleof g=adl inthe pathogenesis of these autoimmune
diseasesis still under investigation.

It has been commonly accepted that activated CD4 T cell
mediated immune responses are involved in the pathogenesis
of RA. Both CD4 and CD8 T cellswere observed to be enriched
in the synovia fluid of RA patients. It is possible that if auto-
reactive T cells can be cleaned from circulation or RA can be
located, the lesion caused by inflammation induced the auto-
reactive T cellsmay relieve. Similar with RA, it isbelieved that
Thlisinvolved in the pathogenesis of CIA. Collagen induced
arthritis (CIA) has become acommonl animal model in studing
the pathogenesis of rheumatoid arthritis?!. Many potential
factorsinvolved in CIAR%20 Th] cellsaremainly involved in
the CIA. If Thl cellsare deleted from joints, the evolvement of
jointsin CIA may be lighter. Mattsson et al.®” reported that
the T cell marker Ox40 was up-regulated in OVA-inhibited non-
arthritic animals compared to control CIA animals. They found
that the completeinhibition of CIA caused by addition of OVA
to the collagen |1 inoculum was due to the presence of a TH2
environment resulting from an increased production of 1L-4
mMRNA and apardlel increasein Ox40+ T cell$?. Inthisreport,
we used sFasL to treat CIA mice. The anklynosis was reduced
after 3timesof sFasl injectionin arthritisrats. Thisresult indicated
that sFasL. might induce apoptosis of activated autoimmune Thl
cells which infiltrated in joints and synovium so that the
inflammation induced by autoimmune T cells decreased, or the
above processincreased the Th2 switch. But how sFasL induces
these changes is still under investigation.

In this study, human sFas ligand was engineered in E. Coli.
The expressed sFasL. could induce apoptosis of Jurkat cell line.
Anti-human sFasL antibody could be generated in the mice
immunized with expressed sFasL. Anti-human sFasL antibody
could be used in detection of sFasL in the serum of patients
with autoimmune diseases. The results demonstrated that the
level of sFasl in seraof patientswith IDDM, SLE and RA was
much higher than that in healthy individuals. Meanwhile, the
result showed that sFasL antibody reveal ed the same sensitivity
as commercia sFasL antibody. Injection of sFasL with scin
CIA rats could reduce inflammation, which may indicate that
sFasL can be used in treatment of autoimmune diseases.
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