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peripiieril B cells (20 18). After 48 h of treatment. the cells
were incubated with I [ihvinidine for 16 h, and its incorpo-
ration was measured. As shown i Fig, 6, syboviumi-derived
RFs alone efficiemly induced B-cell activation, amnd the addi-
ton of CHA0L had a svpergistic’ effect. On the other hand.
PBMC-derived RFs did not induce B-cell activation (data not
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l‘l(1 6. RFsinduce periphoral B-colb activation. Purificd B eclls (3
X108 trom wdult poripheral Bhwd were incubated with RFs (20
pg by and and-12G. wti-Fah, and anti-Fe Abs (30 g mly with or
without the additian of CDAUL (3 e mb) for 43 1 aad then pulsed with
03 G |'H]Ih\ midine for by he (Upper pancl} Synovium-derived
RF< SY1 RF and $Y2 RF. nduce B-cvlt activation: (ower pancl)
anti-Fe Ab induces B-cell activation as etficicntly as and-Fab Ah,

shown). Figure 6 also shows that anti-Fe and anti-Fab Als
were equally potent as B-cell activators,

We report bere that RFs cun stimulate EBV Ivtic replication
and polvelonal B-cell activation. This finding is quite conceiv-
abe because anti-Fe Abs induce EBV and B-cell activation as
efficiently a5 anti-Fab Abs do. Although the degree of EBV
A B-cedl aetivation by Y RFs was lower than that by the
anti-Fe Ab. this can be atributed to the Jifference in the
specificity and the affinity to the Fe fragment of 19G: ie.. SY
RFs reacted with 1gG3. SY2 RFs reacted with IgGi. and the
affinity of SY RFs was ei 100 times Jower than that of ami-Fe
Abh. The LtKN0-fold-lower affinity of PBMC-derived RFs com-
pared 1o that of anti-Fe Abs would explitin why they could not
induce EBV and B-cell activition. Cross-linking the RFs by
anti-human 1gM Abs did not inerease their ability to activite
EBV (duta not shown). These results also indicate that the
differences in affinity of the various REs deseribed here could
aceount for the failure of some RF to activate B cells.

It hits been repurted that RFs derived from RA partients
include monoreactive amd polvreactive RFs (4), Monoresctive
RFs bind with relatively high affinity and have specificity for
the T2G Fe frumment. whereas pohreactive RFs hind 1o o
number of different self {e.g. ssDNAL Ins. Ta. ete) and non-self
(e.g. TT and bacterial lipopolysaccharide) antigens (26), Al-
though the molecular bisis of these cross-reactivities has not
been conctusively answered (6). many studies indicate that the
Vg and Vi gene seaments of monoreactive Tigh-affinity Als
hierbor more somatic nutations than the Vg and Vi gene
segments of pobreacitve low-affinity: Abs. which is close 1o
unmutated “germ line™ genes (22, 28, 40y,

Although we tested 1Y RF-positive sera from patients with
RA. onlv twa sera induced EBV activaition (5 and 197, respec-
tivelv) (data not shown }. Since RFs in sevu are hound by serum
12G. they must have lower IpG-binding capabilities. Moreover,
several reports demonstrated that RFs produced by rheuma-
toid svnovial cells had greater reactivity 1o the 12G3 subelass, in
contrast 10 serum RE. which had preater resctivity to the hu-
man JgGl osubelass (29). Further observations indicated that
synovivm-derived RFs had greater affinity than PBMC-derived
REx 3}, Becuuse the svpovium is the cenwral site of patholog-
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icul activity in RA. RFs produced there may be pathogenically
more important than RFs present in the intravascular space.

‘The present findings imply 8 possible role for RFs as EBV

und B-cell activators. The role of EBY activiizion in the patho-
senesis of RA remains to be clarified.
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Editorial

Lupus mortality in Japaﬁ

Systemic lupus erythematosus (SLE) affects many
different organ systems and displays a broad spectrum
of clinical and immunologic manifestations. SLE had
been recognized as a fatal disease in the beginning of
the last century. However in recent years, the
prognosis of lupus has been dramatically improved
[1-3]. The American College of Rheumatology
(ACR) criteria for SLE classification have provided
earlier and accurate diagnosis of lupus. It is widely
accepted that the establishment of adequate steroid
therapy has made a clear difference in the control of
SLE. Recent advance in treatment of SLE complica-
tions with immunosuppressants has contributed to
ameliorate the quality of life and decrease the
mortality in lupus nephritis and neuropsychiatric
lupus, Appropriate use of plasmapheresis, hemodial-
ysis, and infection control with new antibiotics may
contribute to the decrease in mortality of SLE as well.
However in a recent study, Cervera et al. [1] showed
that 22% of lupus patients died due to active SLE
despite the treatment with current therapies.

Ofuji et al. [4] reported the first epidemiclogical
study on SLE in Japan in 1975. One hundred and
thirty-nine deaths (11.8%) were observed in l-year

1568-9972/8 - see front matter © 2004 Elsevier B.V. All rights reserved.

doi:10.1016/.autrev.2004.07.005

follow-up of 1185 patients with SLE. The major
causes of death were renal failure (36.9%), heart
failure (33.3%), infections (15.5%), cerebrovascular
disorders (10.7%), suicide (4.9%) and others (9.7%).

Ten years later, Ichikawa et al. [5] in a multicenter
study of causes of death in SLE reported that among
212 deaths 74 (34.9%) were due to infections, 41
(19.3%) to cerebrovascular diseases, 19 (9%) to renal
failure, 17 (8%) to heart failure and 12 (5.7%) to
suicide.

In 1993, Hashimoto et al. {6] reported that the
mortality of SLE in Japan has significantly declined
during the past four decades. The five-year survival
rate of the patients diagnosed from 1955 to 1969 was
71.8%, 1970 to 1979 was 91.3%, and 1980 to 1990
was 96.0%, respectively.

Hashimoto [2] subsequently reported 12 deaths
(4%) in 327 cases in his cohort diagnosed from 1986
to 1998, and showed that death due to renal failure
dramatically decreased, whereas fatal infections
(33%) and pulmonary hypertension (17%) relatively
increased as causes of death. These analyses demon-
strate that the survival of lupus patients in Japan has
greatly improved in the last years. However, failure to
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control the disease activity and severe infections still
remain as a risk for fupus mortality.

Registration system of SLE started in Japan
promoted by the Ministry of Health, Labor, and
Welfare. A total of 52,452 patients have been
registered by 2002. This is a considerably large
cohort to analyze the current characteristics of
manifestation, the effectiveness of the therapies, and
the accurate prognosis of Japanese patients with SLE.
Moreover, this cohort may enable us to compare the
safety and efficacy between current therapies and
newly developed drugs and to establish a more
effective regime for prolonged survival of SLE based
on the results.
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Background

CD34%  ccli-selected autologons PBSC transplamation (CD34%
APBSCT) is a procedure -uscd for the treatment of patients with
maligiant dicease that is fmtended 10 eliminate residual tumor cells
Jrom autologous grafis. However, frequent fnfeciions complications afier
CD34™ APBSCT can occnr. A delay of recovery of the absolure
number of CD4™ T cells afier rransplantazion was reperted 10 be one
disadvamtageons factor. As data on Ticell fumetion afer CD347
APBSCT arc scanty, we analyzed changes in T-belper cell 1 (Thi)
and T-helper cell 2 (Th2) after CD33% APBSCT 10 cvaluate

inmmne reconstitution.

Methods

Twelve patients underwest APBSCT (i CD34F APBSCT £ronp,
n=494, and unsclecred APBSCT, n=8). Peripheral blood (FB)
samples were obtained ar 2, 4, 8 12 and 16 weeks afier the
wransplastation. The dymamics of the Thl and Th2 were analyzed ar
& single-cell Irvel, using flow cyromerry.

Results

b the CD34™% APBSCT group, not only the absolure count of CD4™
T colle bur also the proportion of ThI cells in CD4™ T calls and the
ratio of Thi 10 Th2 afier rransplantation were significantly decreased
at 2 aud 4 weeks afier mansplantarion compared with findings i 1be
unscleered APBSCT gromp.

Discussion

He suggest that bigher sates of infections complications afier CD34*
APBSCT way be due 10 the inability of residual T cclls from the
CD34™ cell selection to gemerate marure T cells thar function
adequarely againsr infection, Alrbough further study would be required,
our preliminary data provide sowe fiformation om the immuse
reconstitution afier CD34™  APBSCT and differentiation of T
hmphacyres iute ThI and Th2 in vivo.

Keywords
amelogous PBSC traniplantarion, CD34, pocitrur scleciion, Th1, Th2.

Introduction

High dose chemotherapy followed by autologous PBSC
transplantation {APBSCT) is 2 widely used treatment for
patients with malignant disease. The rtransplantation of
selected CD34* cells from PBSC has been used to
eliminate residual remor cells from aurologous grafs
[1-3]). Studies have shown that CD34% cell-selecred
APBSCT (CD34™ APBSCT) results in 2 1-4 log
reduction of tumor cells in apheresis products along with
prompt hematopoietic reconstitution after myeloablative
chemetherapy [1—3]. However, 2 higher rate of infectious

complications, compared with conventional unselected
APBSCT, has been noted [4,5]. A delay of recovery in
the absolute number of CD4™ T cells after transplantation
was reporred 10 be one disadvantageous factor related 1o
CD34% APBSCT [6-8). There is little documentation on
T-cell functions after CD34™% APBSCT [9,10].

CD4™ T-helper (Th) cells can be divided into 1wo
functional subsets, Th] and Th2 [11]. These cells play
important immunoregulatory roles in that Thl cells
secrete 1L-2, IFN-y and mumor necrosis factor (TNF)-f
and are involved in cell-mediated immune responses,

Correspondenee 1o Dr Tomoyuki Endo, Department of Internal Medicine IT, Hokkaido University Graduare School of Medicine, N-15, W-7,
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while Th2 cells produce 1L-4, IL-5, IL-6, 1L-10 and play a
role in humora) responses. Any disorder in the balance of
Th1/Th2 subsets may contribute to an impaired T-cell
medisted response in clinical states such as infection,
cancer and autoimmunity [11]. Although a few reports are
available on the Th1/Th2 balance after conventional
unselected APBSCT [12), or during acute GvHD after
allogeneic blood stem cell transplantation, we found no
data on CD34* APBSCT [13,)4]. Th] and Th2 subsets at
a single-cel] leve) can be examined readily by measuring
‘intracellular cytokines using flow cytometry [15]. In the
present study, we compared the dynamics of the Thi1/Th2
balance at a single-cell Jevel after transplantation between
CD34* APBSCT and conventional unselected APBSCT,
the objective being to assess the immune reconstirution
after CD34™" APBSCT.

Methods
Poilonig ,

Between Febrvary 2001 2nd December 2001, 12 parients
aged 19-64 years {median 5] years) underwent a
myeloablative conditioning regimen followed by APBSCT
at Hokkaido University Hospital (Sapporo, Japan). Indivi-
dusl characreristics of these 12 patients are listed in Table
1. According to the specific protocol active at the time of
patient enrollment, two patients with NHL with BM
invasion and two patients with systemic sclerosis (55¢)
received CD34™ APBSCT. The remaining eight patients,
six with NHL and two with muluple myeloma {MM),
received conventional unselected APBSCT. All patents

Table 1. Patient data

gave written informed consent prior to start of the

treatment.

For CD34% selection, PBSC were mohilized using the
cyclophosphamide, doxorubicin, vincristine, prednisolone
(CHOP) regimen [16] (#=2) or high-dose CY [17]
{1 = 2), each followed by recombinant G-CSF. For patients
receiving unselected grafts, PBSC were mobilized with the
CHOP (#=4) or etoposide, isfosfamide, cisplatine, dex-
amethasone (VIP) regimen [18} (#=1) or high-dose CY
(#=13), each followed by G-CSF. PBSC collections were
made using either Cobe Spectra (Lakewoad, CO) or
CS3000 (Baxter-Fepwal Division, Deerfield, 1L). Unse-
Jected PBSC products were cryopreserved with DMSO, as
described elsewhere {19].

et il et $EINAE D vl

Positive selection of CD34™ cells from apheresis products
was done using either the Isolex Magnetic Cell Separatien
System (Isolex 50; Baxter Healthcare, Immunotherapy
Division, Newbury, UK) [20,21] or the CliniMACS
System (AmCell Corporation, Sunnyvale, CA). Both
systems were used according to the manufacrurer’s

specifications.

Pre-transplant conditioning regimens for patients with
NHL consisted of ranimustine (MCNU), carboplatin
(CBDCA), etoposide (VP-16) and CY (MCVC regimen)

#  Age/sex Diagnosis Conditioning regimen
1 54/M MM L-PAM

2 48/F MM L-PAM

3 38/F NHL MCVC

4 /M - NHL MCVC

5 61/M . NHL MCVC -

6 59/M - NHL MCVC

7 64/M - HHL MCVC

8 S54/F NHL MCVC

9 19/F §Sc HD-CY
10 S53/F $Sc HD-CY
11 41/M NHL MCVC _
12 49/M NHL Ara-C/CY/TBI

Transplantation

Unselected APBSCT
Unselected APBSCT
Unselected APBSCT
Unselected APBSCT
Unselected APBSCT
Unselected APBSCT
Unselected APBSCT
Unselected APBSCT
CD34%-selected APBSCT
CD34*.selected APBSCT
CD33% -selected APBSCT
CD337 -selected APRSCT
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[22]. For one patient with NHL, the regimen was cytosine
arabinoside {Ara-C), CY and total body irradiation. The
regimen for patients with MM was high-dose melphalan
{L-PAM). For pzuents with SSc, the regimen was high-
dose CY. All patients were given G-CSF (5 pg/kg/day
subcutaneously) from day -+ 1 unul engrafiment.

1 -t - Ty
R PRI i D PR R TS P
PPN VA Gy T

Peripheral blood (PB) samples for Thl/Th2 analysis were
obtained prior 1o pre-transplant conditioning chemother-

3t T S J
Lo oand ol weniniion

apy and at 2,4, &, 12 and 16 weeks after the transplantation.
FB samples from five healthy volunteers served as controls.
All PB samples were diluted 1:2 in PBS, layered on Ficoll-
Hypague (Pharmacia Fine Chemicals, Piscataway, NJ)
and centrifoged at 400 g for 25 min. The interface
mononuclear cells were collected, washed twice in PBS
and resuspended in IMDM containing 0.3% deionized
BSA

NP S P HE P [
T T B T O
VoL LU0y D L INEUO Y AV

Mononuclear cells obtained from PB were stimulated with
of 50ng/mL phorbol
13-acetste (PMA) and 1 pg/mL ionomycin in the presence

a combination 12-mytristate
of 10 ug/mlL Brefeldin A, and the intracellular protein
transport inhibitor then incubated at 37°C in 2 humidified
incubater under 5% CO, for 4 h. For non-stumulated
controls, aliquots of samples were incubated without PMA
and jonomycin, then the cells were stained with 10 pL
R-phycoerythrin  (RPE)-CY35 conjugated CD4-specific

MAb (DAKO Japan, Kyoro, Japan) for 15 min at room
temperature and teated with FACS lysing solution
(Becton Dickinson Immunocytometry System, San Jose,
CA). After 10 min of incubation, the samples were
centnifuged and combined with FACS permeabilizing
solution (Becton Dickinson Immunocytometry System)
for 10 min at room remperature in the dark, then the
samples were washed rtwice in staining medium (PBS
containing 3% FCS and 005% sodium azide) and
incubated with FITC-conjugated IFN-y-specific MAb
and PE-conjugated TL-4-specific MAb (Becton Dickinson
Biosciences, San Jose, CA) for 30 min at room temperarure
in the dark. After washing twice more with staining
medium, the samples were analyzed using flow cytometry.

Fronw vtemelry
Samples were run through a FACS Calibur flow cytometer
{Becton Dickinson Biosciences). A minimum of 50000
events was analyzed, using CellQuest sofiware (Becton
Dickinson Biosciences) The three-coler flow cytomertry
technique was used 1o 2nalyze JFN-y and JL-4 expression
in CD4* T cells [15]. For an accurate CD4% T-cell
evaluation, CD4%™ events were excluded from analysis 1o
exclode monocyres. CD4" /IFN-y*/IL-4~ cells and
CD47% /IFN-y~ /IL-4™ cells were assumed to be Thl
and Th2 cells, respectively (Figure 1). The percentages of
Th] and Th2 were evalusted by the ratio of CD4 ™" /IFN-
y*/1L-47 cells and CD4%/IFN-y~/IL-4* to total

CD4™ cells, respectively. The Thl/Th2 balance were

CD4* T cells in gate 1

Non-stimulated control

Stimulaled cells

SSc

T

Tht

IL-4 -PE

CD4 RPE-CY5

IFN-y-FITC

Figure 1. Detection of Thl and Th2 cells. CD4™ T cclls were gated by a dot plot analysis, side scarter (vertical axis) vs. right angle RPE-CY'§

light scatter (borizontal axis). Nos-stimulared cells served as uegative controls. The pereentages of IFN=y™ [IL-47 cells (lower right column) and
IFN=y™ [IL-47 cells (upper lefr columm) in the CD4™ gated cells were assumed 10 be Thl and Th2 cells. The Th1) Th2 balance was evaluated
by the ratio of CD4™ JIFN-y™ fIL-47 cells 10 CD4™ JIFN-y~ JIL-4% ¢cells
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evaluated based on the ratio of CD4* /IFN-y™* /IL-4~
cells to CD4* /IFN-y~/IL-47 cells.

Siatistcal methods

Comparisons between the group of parents given
CD34* APBSCT and those undergoing conventional un-
selected APBSCT were made using the Mann-Whitney
U-test. Values of P < 0.05 were considered significant.

Results

Transplanted
Numbers of transplanted CD34%and colony-forming
units— granulocyte/macrophage (CFU-GM) cells are
shown in Table 2. These numbers were sufficient to
transplant  both CD34* APBSCT and unselected
APBSCT groups. Highly purified CD34%
{90.2-98.1%) were obtained using positive selection

H

LR

cells

procedures.

Feporaiimend

For all patients neutrophil engraftment was achieved after
a median of 9.5 (range 8- 12} days (Table 2). No significant
difference was found berween each group. In the CD34*
APBSCT group, the absolute number of peripheral CD4*
T cells at 4 weeks after stem cell infusion was significantly
decreased compared with the findings in the unselected
APBCT group (P < 0.05) (Table 2).

. et e e e e g A b e
Infeciioue compreations

In the CD34™ APBSCT group, infectious complications
after transplantation occurred in three patients (75%),
cyromegalovirus pneumonia, pericarditis, 2nd adenovirus
hemorrhagic cystitis in one patient, nevtropenic fever in
another patient, 2nd bacterial pneumonia, pericarditis and
pleurisy in the other patient. Infection occurred in two
patients (25%) in the unselected APBCT group; Arpergilius
preumonia in one patlent, and neutropenic fever in the
other patient (Table 2).

it ool ThiID codly oo ARDNET

Changes in Thl and Th2 cells after APBSCT are shown in
Figure 2. In CD34™" APBSCT, the proportion of Th] cells
among CD4™* T cells was significantly decreased at 2 and
4 weeks after transplantation compared with findings in
unselected APBCT. On the other hand, the proportion of
Th2 cells in CD4™ T-cells showed no difference. The
ratio of Thl to Th2 in CD34~ APBSCT was significantly
decreased at 2 and 4 weeks after transplantation compared
with cases of unselected APBCT. The proportion of Thi
cells and the ratio of Thl to Th2 after § weeks in both
groups were increased compared with findings in normal

controls.

Discussion
In this study, we found that the Thl/Th2 balance after
CD34™ APBSCT differs from unselected APBSCT, that

Table 2. TranSpianted cells, engTaftinem and .'i:n'fectious complicéribhs,

CD34% cells L

. (% MNC)  {(day) .
1 251 0.57 197 10
2 284 1.39 5.70 9
3 334 1.48 874 8
4 236 126 . 198 9
5279 CBIE 4 10
6 248 069 647 10
7 164 0200 194 10
8 3.00 Coo121 5.66 9,
9 521 96.0 2780 . 9
10 275 90.2 447 12
11 1090 98.1 15.17 ‘ 10
12 © 403 96.0 1330 9

. CFUGM -/ Neurophil
#  No (x10°/kg) Purity . No. (x 10°/kg). > 0.5 X 10°/L

CD4% T-cell number Infection-related

at 4 weeks after PBSCT  complications
- (x10°/L)
- 90.83 Aspergillus pnevmonia
353.57 Neutropenic fever
128512 (=)
187.62 (-
13525 C{=)
196717 =)
424.5] (=)
32357 (-)
17.66 (-}

1.37 CMV pneumonia,
pericarditis, adenovirus
cysuts

© 19126 Neutropenic fever
7255 Bacrerial pneumonis,

pericardits, plevrisy
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60
(a)
— 404 .
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2 4 8 12 16

{c)

60

=

20 r.—-—-.
] 7 - g
= (2] AN 1

0+ T T T 7 1
pre 2 4 8 12 16

[Weeks after transplantation}

Figure 2. Changes of Thl and Th2 celir after unselected APBSCT
(A ) and CD34 4 -selected APBSCT (@ ). Data are the mean and
standard deviations. The shaded arcas are the standard deviations i
bealthy voluntcers who soved as wormal controls. {a) In CD34+ -
selecred APBSCT, the proportion of ThI cells in CD4+ T cellr was
significantly decreased a1 2 and 4 weeks after transplanrarion
compared withk the value of wnsclecred APBCT. (1) Proportion of
Th2 cells i CD4+ T cells showed no differences. (¢} The ratio of
ThI 1o Th2 in CD34+ -selected APBSCT was significamly
decrensed a1 2 and 4 wecks afier transplamation compared with 1he
value of unselecred APBCT. *P < 0.05 decrease compared wirh the
value of wnselecred APBCT. P < 0.01 decrease compared with the
value of unselecred APBCT.

is, not only the absolute count of CD4% T cells but also
the proportion of Thl cells in CD4™ T cells and the ratio
of Th1 to Th2 were significantly decreased in the CD34 ¥ -
selected APBSCT group.

Thl cells play an important role in cell-mediated
immune responses. The balance is also imporrant, because

Thl and Th2 are equipped with mechanisms to down-
regulate each other. The disorder of Th1/Th2 balance
may contribute to impaired T-cell mediated response in
clinical states such as infection [11]. Essa et &l [23)
reported that the levels of Thl-type cytokines in kidney
transplant recipients were significantly lower in CMV-
infected patients than in uninfected patients, yer the
Th2-type cywkine in both cases was similar. They
suggested that the low level of Thl-type cyrokines
correlated with acuve CMV infection. Sparrelid e 4l
[24] reported similar observations in the setting of
allogeneic BMT, recipients with interstitial pneumonitis
had a Jow level of Thl cytokine production whereas Th2
cyrokine production remained unaliered. The study of
Essa er al. [23] and that of Sparrelid e 4l [24] dealt with
the Th1/Th2 balance 2t a serum cytokine level and on
local production of cytokines levels within the lung,
respectively. On the other hand, our present study dealt
with the Th1/Th2 balance at a single-cell level, deter-
mined by measurement of intracellular cyrokines. The
results of the present study sugpest that higher rares of
infectious complications afier CD34" APBSCT may be
due to the inability of residual T cells to generare marure

~ Thl cells with sufficient functions to counterattack

infection. In fact, most infectious complications afrer
CD34™ APBSCT occur 2-4 weeks after transplantation,
a ume period that coincides with the time that Thl cells
and the ratio of Thl to Th2 are decreased.

Studies of the Th1/Th2 balance after CD34+ APBSCT
are important to observe the maturation of helper T
lymphocytes. In our smdy, patients treated with CD34™
APBSCT were given highly purified CD347 cells after
myeloablative therapy, so the influence from other blood
cells except for transplanted CD34™ cells was thought to
be minimum. Our data seem to be the first assessment of
changes in the Th1/Th2 balance at a single-cel] level after
CD34* APBSCT and may be useful as a model of the
differentiation of Thl and Th2 from hemartopoietic stem
cells i vive.

It is not clear why the Thi/Th2 balance shows Th2
dominance after CD34+ APBSCT. One possibility is
differences in the original disease between the groups.
However, the Th1/Th2 balance in both groups was similar
in the pre-transplantation period, so there 15 lule
possibility that the original disease is related to the
difference in Th1/Th2 balance after transplantation. Thl
and Th2 cells develop from a common pool of naive Th
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cells [11]. Although the commitment toward either the
Th] or the Th2 can be influenced by many factors, the
levels of IL-12 and IL-4 are of major importance [25,26].
Development of Th] and Th2 cells displays a substantial
requirement for JL-12 and 1L-4, respectively, as demon-
strated using gene-knockour mice [26—28). 112 is
produced primarily by monocytes, macrophsges, DC)
and B cells. This leads naive Th cells to Thl cells and
inhibits the generation of Th2. On the other hand, it has
been reported that naive Th cells could secrete IL-4 2nd
drive their own development towards a Th2 phenotype
[29]. In this study, we did not measere serum cytokine
levels or the Jocal production of cytokines, such as in BM.
However, the decrease in the proportion of Thi cells after
CD34% APBSCT may result from an absence of JL-12
producing cells, such as macrophage and DC, after
transplantation of highly purified CD347 cells following
myeloablative therapy, while the commitment move 10-
ward Th2 cells may be maintained by 1L-4 secreted from
the naive Th cell jtself.

Further study on a larger group of patients with
homogeneous disezse is required to validate these findings,
but our preliminary dara provide some information on the
immune reconstitution after CD34" APBSCT =and differ-
entation of T lymphocytes into Th) and Th2 in vive.
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Novel Negative Regulator of Expression in Fas Ligand (CD178)
Cytoplasmic Tail: Evidence for Translational Regulation and
against Fas Ligand Retention in Secretory Lysosomes’

Sheng Xiao,* Umesh S. Deshmukh,* Satoshi Jodo,” Takao Koike," Rahul Sharma,*
Akiro Furusaki,! Sun-sang J. Sung,* and Shyr-Te Ju®*

Fas ligand ((FasL) CD178), a type 1] transmembrane protein, induces apoptosis of cells expressing the Fas receptor. 1t possesses
2 wnique cytoplasmic tail (FasLc,,) of 80 aa. As a type II transmembrane protein, the early synthesis of FasL,.,, could affect FasL
translation by impacting FasL endoplasmic reticulum translocation and/or endoplasmic reticulum retention. Previous studies
suggest that the proline-rich domain (aa 43-70) in FasL,, (FasLyy,) inhibits FasL membrane expression by retaining FasL in
the secretory lysosomes. This report shows that deletion of aa 2-33 of FasL,, dramatically increased total FasL levels and FasL
cell surface expression. This negative regulator of FasL expression is dominant despite the presence of FasL,p,. In addition,
retention of proline-rich domain-containing FasL in the cytoplasm was not observed. Moreover, we demonstrated that FasL.,,
regulates FasL expression by controlling the rate of de novo synthesis of FasL. Ovr study demonsirated a novel negative regelator

of FasL expression in the FasL.,, region and its mechanism of action. The Journal of Inmunclogy, 2004, 173: 5095-5102.

many nucleated cells (1-3). The physiological Fas ligand
(FasL) is a type 1] transmembrane protein expressed by
activated T cells and non-T cells under a variety of conditions
(4-6). The extracellular domain of FasL (FasL,,,) on effector cells
binds to Fas on target cells and cross-linking of Fas induces target
cells to undergo apoptosis (7-9). The Fas/FasL-mediated apoptosis
pathway has been implicated in immune response regulation (9,
10), periphera) tolerance (5, 11-15), graft rejection (16-18), tumor
surveillance (19), tissue pathology (20-22), chemotaxis (17, 18,
23), and maintenance of the immune privileged sites (24, 25).
Regulation of FasL expression has been demonstrated at the
transcriptional and postiranslational levels. At the transcriptional
level, the FasL gene is regulated by different transeription factors,
depending on cell types and experimental conditions (25-33). At
the posttranslational level, cell surface FasL can be removed by
metailoproteinase cleavage that generates soluble FasL, which is a
poor mediator of cytotoxicity (34, 35). Recent studies also showed
that Fasl. are released from cells in the form of vesicles (36-38).
In contrast to soluble FasL, these vesicles contain full-length FasL
and express potent cytotoxic activity (37).
FasL is a member of the TNF family but it possesses a unique
80-aa cytoplasmic tail (FasL,,) that is highly conserved among

I Y as (CD95) is a type | transmembrane protein expressed by

*Department of Iniermad Medicine, Division of Rheumatology and immunology, Uni-
versity of Virginia, Charlottesville, VA 22908: and *Department of Medicine 11, Hok-
kaido University Graduae Sthool of Medicine, Kita-ku, Sappore, Japan

Received for publication May 18. 2004, Accepied for publication August 9. 2004,

The cosis of publication of 1his anicle were defrayed in part by the payment of page
charges. This anicle must therefore be hereby marked advestisement in accordance
with 18 U.S.C. Section 1734 solely 1o indicate this fact.

! This work was supponed in pant by National Institutes of Healsh Grant AI36938 (1o
$.-TJ.) and HLUZ0065 (to $.-s).5.}. and a gram from the American Heant Associa-
tion {to US.D.).

* Address comespondence and reprint requests 1o Dr. Shyr-Te Ju, Department of
Internal Medicine, Division of Rheumatology and Immunology, University of Vir-
ginia, Charlottesville, VA 229080412, E-mail address: sjRrivirginia.edo

* Ahbreviations used in this paper: FasL. Fas ligand; PRD, proline-rich domain;
snRND, small nucicar rihonucleaproteins: Ve, vector control; WT, wild type; RBL, tal
hasophilic leukemia: ER, erdoplasmic reticulum; CKI. casein kinase [

Copyright € 2004 by The American Association of Immunnlogisis, Ine.

species (39). As a type 1l transmembrane protein, Faslc,, may
have motifs that can regulate FasL translation and processing soon
after its de novo protein synthesis begins. Recent studies suggest
that the proline-rich domain (PRD) of FasL,, regulates FasL cell
surface expression by rewaining FasL in the secretory lysosomes
(40, 41). Moreover, cells lacking secretory tysosomes strongly ex-
pressed cell surface FasL upon transfection with the fas! gene (41).
However, these studics were conducted with constructs whose 5
ends were attached to GFP gene. Thus, the effects of GFP, a Jarge
protein with ~220 aa, on FasLc,, functions in FasL translation,
translocation, processing, and trafficking cannot be ruled out. In
addition, the use of GFP-based fluorescence microscopy and flow
cytometry makes an accurate quantitative analysis of total FasL
expression by transfected cells difficult.

To better define the role of FasL.,, in the translational regula-
tion of FasL expression, we enginceréd various deletion constructs
of human fas! gene without a GFP tag, used these constructs to
generate stable transfectants of various cell lines, conducted quan-
titative ELISA for FasL, and determined their de novo synthesis
rates and their homeostatic expression levels. We found that
FasL.,, negatively regulates FasL cell surface expression by lim-
iting its total cellular expression level. The responsible region was
located between aa 2-33 (FasL,_s,). 1n addition, we observed that
fully expressed FasL containing the PRD was not selectively re-
wzined in the cytoplasm. Instead, FasL ., regulates FasL expres-
sion by controlling the rate of FasL de novo synthesis. Our study
demonstrates the presence of 2 novel negative regulator of FasL
expression in the FasL,, region and identifies its mechanism of
action.

Materials and Methods

Cell lines and reagenis

Neuro-2a (mouse neuroblasioma), NIH-3T3 (mouse fibroblast), BI6F1
{mouse melanoma). rat basophilic levkemia (RBL), and COS-7 (monkey
kidney fibroblast) cell Jines were obtained from American Type Cullure
Collection (Manassas. VA). Culture medium was prepared by supplemeni-
ing high glucose (4.5 g/L) DMEM (Cellgro; Mediatech, Herndon, VA)
with 10% heal-inactivated FCS (Invitrogen Life Technologies, Carlsbad,

0022-1767/04/502 00
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CA), 100 U/m) penicillin, 100 pg/ml streptomycin, 1 mM 1-glutamire, |
mM sodium pyruvate, and 5 pl/L of 2-ME. PE-Alf-2.1 ami-human FasL
mAb was purchased from Caltag Laboratories (Burlingame, CA). PE-
NOK-1 and FITC-NOK-! anti-human FasL mAb were purchased from
Santa Cruz Biolechnolopgy (Santa Cruz, CA). Unlabeled G247.4 and
NOK-] anti-FasL. mAb were obtained from BD Biosciences {San Diego,
CA). Al restriction endonucleases were obtained from New England Bio-
labs (Beverly, MA). The prokaryotic expression vector pBlueScript 1 KS
was oblained from Stratagene (La Jolla, CA). The human Fasl ¢DNA
construct and the mammalian expression vector BCMGSneo (14.5 kb)
were kindly provided by Dr. 8. Nagata {Osaka University Medical Center,
QOsaka, Japan} (39).

Consvuction of FasL deletion mutanis

The full-length Afas! cDNA cloned in the pBlueScript 11 KS was used to
generate deletion mutams by PCR using different §” primers and the same
3 primer. All 5" primers usec contain the transtation start sequence ATG
(shown in bold) that codes for methionine. Becanse methionine is the first
amine acid of wild-type {(WT) and deletion mutants, deletion begins with
amino acid residue 2 of Fasl. All primers were oblained from integrated
DNA Technologies (Comalville, IA). The sequences of the 5’ primers are
5-ATGACCTCTGTGCCCAGAAGGCC-3' (for A33 in which FasL, ,,
is deleted), 5'-ATGCTGAAGAAGAGAGGGAACCACAGC-3' (for A70
in which Fasl,_,, is deleted), and 5'-ATGCAGCTCTTCCACCTACA
GAAGGAGC-3' (for A102 in which FasL. |, is deleted). The sequence
of the 3" primer is 3-GTAAAACGACGGCCAGTGAGCG-3'. The PCR
producis were subcloned into pBlueScript 11 KS. These insens were ex-
cised with Norl and Xiol and cloned into BCMGSneo vecior {39). Gene
sequences of each construct were confirmed by DNA sequencing.

Transfection

Multiple cell lines were transfecied with the expression constructs using
PolyFect Transfection Reagent (Qiagen, Valencia, CA) according 1o the
manufacturer's protocol. Briefly, cells (8 X 10° per 60-nm dish) were
seeded in 5 ml of culture medium the day before transfection. Culture
medium was replaced with 3 m] of DMEM before transfection. To prepare
transfection mixtures, 2.5 ug of plasmid DNA were diluied with DMEM 10
150 pl, and 15 pl of PolyFect transfection reagent was added. Afler in-
cubation for 10 min at room temperature. 1he Iransfection mixtures were
mixed with 1 mt of DMEM and immediately transferred 1o dishes con-
taining seeded cells, Dishes were gently swirled. cultured for 24 h. and then
replaced with culture medivm containing 0.4 mp/ml G418 (Invitrogen Life
Technologies). Cell populations that survived the G418 selection were ex-
panded in G418-containing culture medium and examined. Typically, the
selection process takes 3—4 wk 10 complete. Expanded cells were analyzed
and aliquots were stored in liquid nitrogen tank.

Flow cytomerric analvsis

To determine cell surface expression of FasL, cells (0.3 X 10°) were sus-
pended in 100 p! of PBS containing 4% BSA and incubated with | ug of
PE-AH-2.1 mAb or PE-conjugated isotype control for 45 min at 4°C, Re-
action mixtures were gently mixed periodically. Cells were washed 1wice
with cold PBS and then analyzed. To detenmine both cell swface and
intracellular expression of FasL., cells were first stained with 2 pg of FITC-
NOK-1 mAb for 45 min a1 4°C, Afier washing, labeled cells were fixed for
20 min at room femperature in 2% paraformaldehyde, permeated with
0.1% saponin, and then stained with PE-NOK-1 mAb. Using the same
anti-FasL mAb prevented ce)l surlace staining by PE-NOK-1 mAb. A1
least 10" stained cells were analyzed using FACScan equipped with
CellQuest software (BD Biosciences).

Confocal microscopic analvsis

Various transfectants were first stained with 2 ug of FITC-NOK-] mADb at
4°C. Afier washing, labeled cells were fixed for 20 min in 2% paraformal-
dehyde, permeated with 0.1% saponin. and then sizined with PE-NOK-1
mAb. The stained cells were examined using a Carl Zeiss LSM 510 con-
focal microscope (Carl Zeiss, Thomwood, NY).

Cell-mediated cyiotoxicipy

Cell-mediated cytotoxicity was conducled as previously described using
the M'Cr-labeled, Fas™ A20 B lymphoma target cells (38). Transfectants
were incubated with 2 X 10 1arget cells at various E:T ratios for 5 h at
37°C in a 10% CO; incubator. Cell-free supernmants were collected and
counted with a gamma counter (LK B, Turku. Finland). Cytotoxicity, ex-
pressed as percent of specific Cr-release, was calenlated by the formula:
100 X (experimental release — background release)/{(1ota) release ~ back-

Fasl¢,y REGULATES FasL PRODUCTION AND MEMBRANE EXPRESSION

ground release). Background release was obtained by culturing target cells
with medium and tota) release was determined by lysing target cells with
2% Triton X-100. Experiments were performed in duplicale and repeated
at Jeas! twice,

FasL-specific ELISA

Cells (107) were treated with Ag-extraction buffer provided with the FasL
ELISA kit (Oncogene, Boston, MA). All samples were diluled in sample
dilution bufler {(provided with the kit) and immediately assayed. Standard
curves were generated with varicus miolar concentrations of recombinant
soluble FasL. The amount of Fask in each sample was calculated and
converled 10 picomoles based on the molecular weights of the engineered
FasL proteins,

FasL mRNA analysis

Total RNA was extracted with TRIzol reagent (Invitrogen Life Technol-
ogies). Fask and B-actin mRNA was measured by RT-PCR essentially as
previously described (42), but our re-designed primers detected FasL
mRNA irrespective of their introduced deletion. The sequences of the for-
ward and reverse primers for FasL were §'-AACTCCGAGAGTCTAC
CAGCCAG-3’' and 5'-GATACTTAGAGTTCCTCATGTAGACC-3', re-
spectively. FasL mRNA was also determined by RNase protection assays
using the customized RiboQuant Mulliprobe Template set (BD Bio-
sciences). This lemplote set was designed 1o specifically quantitate mouse
L32, mouse GAPDH, and human FasL transcripis.

[ S]Methionine labeling of FasL

Various transfectams  were  [“S]methionine-labeled  {[**S}Express;
PerkinElmer, Boston, MA} for the indicaled times as previously described
{43). Cells were subsequently lysed with 0.05 M Tris-HC! buffer (pH 8.0)
comaining 0.3 M NzCl, protease inhibitor mixture (Sigma-Aldrich. St.
Louis, MO). 2 mM EDTA, and 0.5% Nonidet P-40, NOK-1 mAb (i0 ug)
wils adsorbed omo Protein A/G Plus-agarose (20 ul) (Amersham Bio-
sciences, Piscataway, NJ) for | h a1 room temperature, followed by incu-
bation with cell lysates for 2 h at 4°C. As an internal control, aliquots of
lysaies were also incubated with a mwouse polyclonal anti-small nuclear
ribonucleoproteins (snRNP) Abs adsorbed onto Protein A/G Plus-aparose.
After extensive washing. bound proteins were released from beads by boi)-
ing in SDS-PAGE loading bufler and analyzed by 12% SDS-PAGE. Gels
were dried and autoradiographed.

Results
Fusl o, regulates FasL cell surface expression

To define the role of FasLy,, in regulating FasL expression, we
generated various deletion constructs of human fasf gene (Fig. 1a).
The insert sizes were confirmed in digests using restriction endo-
nucleases Nofl and Xhol (Fig. la), Their sequences were con-
firmed by DNA sequence analyses (see Materials and Methods).
These expression vectors were transfected into various cell types
and G418-resistant cell lines were sclected. FasL cell surface ex-
pression on the selected cell lines was assessed by flow ¢ytometry
using the anti-Fasl_,, mAb (Fig. 15). Although WT FasL truns-
fectants displayed a relatively low level of membrane FasL, dele-
tion of aa 2-33 from FasL (A33 FasL) resulted in a significamt
increase in FasL cell surface expression. This trend was observed
in all of the cell lines examined. However, there was variability in
expression amony individual experiments. Deleting aa 2-70 (A70
FasL) that contained the PRD further increased the percentage of
FasL expression in Neuro-2a, REL, and B16F 1 transfectants (Fig.
15), but not appreciably in the NTH-3T3 or COS-7 transfectants. In
the latter case, the mcan fluorescence intensity was slightly in-
creased. Membrane Fasl. was not detected in vector control (Ve)
or A102 FasL transfectants. A102 FasL was not expressed on cell
membrane because it Jacked an intact transmembrane domain.

Cell-mediaied cytotoxicity of various transfectants

FasL expression on various transfectants was determined with a
mAb reactive with FasL,,, that is presumably not modified by the
deletion. To determine whether FasL transfectants were functional,
we conducted cell-mediated cytotoxicity using FasL-sensitive A20
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FIGURE 1. Sequence map of various FasL constructs used for transfection and FasL cel) surface expression on various transfected cell Iines. &, Deletion
mutants used in this study, Deletion mutants of Fasl cyloplesmic tail {A33, A70, and A102) were made as described in Marerials and Methods. Becavse
methionine residue is the first amino acid of WT and deletion mutams, A33, A70, and A102 represent mutants in which FasL, ., FasL,_,, and FasL,_,,»
were deleted. respectively, The PRD is underlined. T™ indicates transmembrane domain. The insert sizes of FasL deletion constructs were confirmed by
excising the inserts from veciors using restriction endonucleases Xhol and Norl. The digests were analyzed by agarose gel elecirophoresis. The sizes of WT,
A33, A70, and A102 insens are ~1000, ~8350, ~750, and ~630 bp. respectively. The Ve contains a stuffer of ~350 bp between Xhol and Noil. b,
N-terminal deletion of FasL,_s3 and Fasl,. ,, resulted in an increase in FasL cell surface expression, Expression vectors of WT, 433, A70, A102 FasL, and
V¢ were transfected into various cell Jines as indicated. FasL cell surface expression by stable iransfectants was detected by flow ¢yiomeitric analysis using
PE-AIf-2.1 anti-FasL mAb. The number in each panel indicates the percentage of cells expressing cell surface FasL. Values below 1.5% are considered
undetectable based on staining with isotype-maiched conrol mAb (data not shown).
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FIGURE 2. WT, A33, and A70
FasLl transfectants express cell-medi-
ated cytotoxicity. Cell-mediated cy-
totoxicity of various transfectants of
Neuro-2a (#) and NIH-3T3 (h) were
conducted using *'Cr-labeled A20 B
lymphoma cells {2 X 10°) as tarpet.
Cytoloxicity assays and the determi-
nation of cyioioxicity (expressed as
% specific Cr-release} were con-
ducted as described in Materiuls and
Methads.

B lymphoma cclls as targets. We first examined our WT transfec-
tants. FasL-mediated cytotoxicity was detected for each of the five
cell lines (data not shown). We then determined the cell-mediated
cytotoxicity of transfectants of various deletion mutants of the
Neuro-2a and NIH-3T3 cell hines (Fig. 2). In both series, FasL-
mediated cytotoxicity was detected in a dose-dependent manner
for transfectants of WT, 433, and A70 FasL. Cytotoxicity was not
detected for A102 FasL or Vc transfectants in similar conditions.
Thus, cell-mediated cytotoxicity apparently correlated with FasL
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ccll surface expression. However, the cytotoxic potentials of WT,
A33, and A70Q transfectants did not correlate well with FasL cell
surface expression levels. WT transfectants that expressed signif-
icantly lower surface FasL than A33 or A70 FasL transfectants

, displayed cytotoxicity that is either similar to (in the case of
Neuro-2a) or slightly stronger than (in the case of NIH-3T3) A33
and A70 FasL wransfectants. The data strongly suggest that FasL.,,
can influence FasL bioactivity across 8 membrane barrier (S. Jodo
and S.-T. Ju, manuscript in preparation).

WT

A33

A70

A102

Ve

FIGURE 3. Expression of intracellular and cel] surface FasL by various transfectants. a, Confocal microscopic analysis of intracellular and cell surface
Fz?sL. Stable transfectants of Neuro-2a cells were stained with FITC-NOK-1 mADb for cell surface expression of FasL. fixed, permeated, and then stained
with PE-NOK-1 mAb for intracellutar FasL expression. h. Cells were anzlyzed with a flow cytometer.
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Effect of FasLc,, deletion on total FasL level

The observation that A33 FasL transfectants strongly expressed
membrane FasL in five different cell lines demonstrated that
FasL,_;; was 2 negative regulator of Fasl. membrane expression.
In addition, it was dominant over FasL,, because FasL mem-
brane cxpression was increased cven in the presence of intact
FasLpgp as observed in A33 FasL transfectants. Previous studies
concluded that FasL,., prevents FasL from being expressed on
the cell surface by retaining FasL in the secretory lysosomes (41).
Because WT transfectants expressed low levels of cell surface
FasL in our study, the possibility that FasL was retained inside the
cells was addressed. For this purpose, FasL distribution at the cell
surface and in the cytoplasm was determined using both confocal
microscopy and flow cytometry. Confocal microscopic analysis
showed that A33 FasL and A70 FasL transfectants of Neuro-2a
cells have more cell surface and intracellular FasL than WT FasL
transfectants (Fig. 3«). Indeed, flow ¢ytometric analysis showed
that 7.8, 35, and 75% of WT, A33, and A70 FasL transfectants,
respectively, express cell surface FasL (Fig. 3h). Similarly, anal-
ysis on permeated cells indicated that A33 and A70 FasL trans-
fectants have more intracellular FasL (4.4% for A33 and 15.6% for
A70) than WT FasL transfectants (1.8%). In both analyses, FasL
was not detected in Ve or A102 FasL transfectants. These data
indicate that FasL,.,, can negatively regulate FasL expression and
that the PRD-containing transfectants (WT and A33) did not retain
FasL in the cytoplasm. The total amount of FasL and its cell sur-
face expression were both increascd as a result of deletion of these
regulators. ’

Determine the absohue FusL expression level of various
fransfecianis

To provide quantitative determination on the effect of FasLc,, on
total FasL expression levels, the 1otal FasL levels of Neuro-2a and
NIH-3T3 transfectants were measured using FasL-specific ELISA
{Table 1). For Neuro-2a transfectanis, deleting FasL,_,; resulted in
a sipnificant increase in FasL expression compared with WT FasL
transfectant. Further deleting the FasL,,_5, segment caused more
expression of total Fasl. For NIH-3T3 transfectants, deleting
FasL,_,; also significantly increased total FasL level. However,
only a modes! increase in FasL expression was observed with the
A70 FasL transfectant. As with confocal microscopic and flow
cytometric analyses, ELISA measurernents did not detect FasL ex-
pression in V¢ or A102 FasL transfectants.

Mechanism of action of the FasL.,, negative regulator on FasL
d Cvt >
expression

Because FasLc,, did not retain FasL in the cytoplasm and the cell
membrane FasL expression was proportional to total FasL levels
of transfectants, we asked whether FasL expression was controlled
at the transcriptional and/or translational levels. We used both RT-

Table 1. Fasl production by various transfected cell lines”
Cell Line wT A33 AT Ao Ve
Neuro-2a 17 12 323 0.2 ~0.2
NIH-3T3 1.6 12.6 19.6 -0.2 U

“ The resulls expressed in picomoles/sample are represemative of two independent
assays. Samples were prepared as deseribed in Muserials and Methods and deiermined
for FasL amounis using FasL-specific ELISA kit (Oncogene}. Standard curve was
es1ablished with recombinant soluble FasL provided with the kit. The molecular mass
of WT FasL uscd for caleulation is 40,000 Da. The molecular mass of deletion mu-
1ants was calculated by swbiracting the calcvlated molecular mass of the deleted
amino acid residues from the molecwlar mass of the WT FasL.
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PCR (Neuro-2a and RBL) and RNase protection assays (Neuro-2a
and NIH-3T3) 10 determine the FasL transcription efficiencies of
the various transfectants (Fig. 4). No significant differences in
FasL-specific RT-PCR products were observed for any of the
transfectants except Ve, which lacked FasL mRNA (Fig. 4a). Like-
wise, protected FasL mRNA was detected in all transfectants ex-
cept Vc. The levels of protected FasL mRNA among various FasL
transfectants of Neuro-2a and NIH-3T3 were similar (Fig. 45). Tht
data suggest that the increase in FasL expression levels was not
caused by transcription efficiency differences.

The FasL manslation efficiencies of our transfectants were deter-
mined by using [**S]methionine labeling that detects the de nove
synthesis of FasL. First, we conducted a 16-h labeling experiment in

a
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a102

melt ! iwnm

R e way witt wow e
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Fast

132

GAPDHLS

FIGURE 4. Transcription efficiency of FasL of various transfectants. a,
Total RNA was isolated from various transfectants of Neuro-2a and RBL
cells. Fask and contro] B-actin mRNA were measured by RT-PCR as de-
scribed in Marerials and Methods. The sizes of the PCR producis are ~300
and 540 bp for FasL and B-actin, respectively. b, Total RNA was isolated
from various transfectants of Neuro-2a and NIH-3T3 cells. FasL mRNA
was measured by RNase protection assay using a customized kit. In this
assay, 2 3* fragment of FasL mRNA (encoding a Fasl.,,, fragment) was
protected. The sizes of protecied human FasL, mouse L32, and mouse
GAPDH mRNA are 351, 112, and 97 bp, respectively.
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Neuro-2a transfectants to determine whether the expression of labeled
FasL cormrelated with FasL expression determined in earlier experi-
ments. In this case, a very strong expression was observed with the
A70 FasL. ransfectant, a strong expression was observed with the A33
FasL transfectant and a weak expression was observed with the WT
transfectant (Fig. Sa. upper panel). The specificity of the assay
systern was demonstrated by the expected sizes of labeled FasL
and by the fact that no detectable incorporation of [**$]methionine
into FasL was observed Jor the A102 FasL or V¢ transfectant. This
expression hierarchy was similar to that described earlier using
flow cytometric and ELISA measwremenis. In addiion, incorpo-
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FIGURE 5. Translational regulation of FasL expression in various
transfectants. &, Determination of the homeosiatic expression of FasL
based on long-lerm [**S)methionine incorporation. Various FasL transfec-
tants of Neuro-2a cells were cultured in labeling medium contzining
[**S]methionine for 16 h. Labeled FasL and labeled stRNP were defected
as described in Maicrioly and Methods. The multiple bands of snRNP are
due 10 the snRNP complex formed by various snRNP components. b, De-
termination of the de nove synthesis rate of FasL. Various FasL transfec-
tants of COS-7 cells (WT, A33, and A70) were cultured in [*S]methi-
onine-containing lzbeling medium for 5 and 10 min, respectively, Labeled
FasL and labeled snRNP were detected as described in Marerials and
Methods. The positions of m.w. standards are indicated on the leff side of
the gel.
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ration of [**S)methionine into stRNP, a normal constituent of
Neuro-2a cells, was comparable among transfectants (Jower
panel), These data indicate that the 16-h [**S]methicnine labeling
experiment detects the homeostatic state of FasL expression.

To determine whether FasLc,, regulates the rate of Fasl de
novo synthesis, we conducted short-term (5- or 10-min) [**S]me-
thionine labeling experiments in the COS-7 transfectants of WT,
A33, and A70 FasL (Fig. 5b). In both cases, the amount of labeled
Fasl as measured by autoradiography correlated with FasL 1012l
expression levels determined in earlier experiments using flow cy-
tometry and ELISA. The incorporation of [**S)methionine into
FasL in both the A33 and the A70 FasL transfectants was signif-
icantly higher than that in the WT FasL transfectant. A slightly
higher level of {**S]methionine-labeled FasL was observed in the
A70 FasL transfectant than the A33 FasL transfectant (Fig. 5b,
upper panel). The experiment determined the rate of de novo pro-
tein synthesis because a clear increase in [**S}methionine incor-
poration was observed between 5- and 10-min labeling, and this
increase was observed for both the transfected FasL and the con-
trol snRNP (Fig. 5b, lower panel). This increase in translation was
specific because the de novo synthesis of snRNP proteins, under
both the short-term (5- and 10-min) and the long-term (16-h) la-
beling conditions, was comparable among the transfectants, We
also noted that the patterns for WT, A33, and A70 FasL were the
same for COS-7 and Neuro-2a cells but the snRNP patterns were
somewhat different (Fig. 5b). The results indicate that the increase
in A33 and A70 FasL was due 1o an increase in the rate of de novo
synthesis of the A33 and A70 FasL deletion mutants.

Discussion
Numerous specific motifs that target proteins to certain organelles
have been identified. Motifs that regulate the total amount of trans-
membrane proteins have been described in a number of cases (44).
The present study demonstrates that FasL.,, regulates the total
level as well as the cell surface expression of FasL. We have iden-
tified Fasl,_,, as a negative regulator of FasL expression. Pres-
ence of this region in FasL prevented strong expression of FasL.
Deletion of FasL._a4 increased both the total FasL expression and
the membrane FasL expression. The observation of this activity in
five cell lines of distinct origin indicated that this regulator func-
fions in a cell type-independent manner. Based on the results
obtained from A70 transfectants, Fasl,,_,, also appears to nega-
tively regulste FasL level. Fasl,, ., contained the PRD that
has been shown 10 negatively regulate cell surface expression of
GFP-FasL by retaining FasL in the secretory lysosomes (40, 41).
However, our data indicated that the increase in FasL cell surface
expression was mainly caused by the increase in total FasL ex-
pression. In addition, we demonstrated that FasLe.,, regulates FasL
expression by limiting the rate of de novo synihesis of FasL.
There are two major differences between our findings and those
described previousty (27, 28). First, we have identified FasL,_,; as
the major negative regulator for FasL membrane expression,
whereas Bossi and Griffiths (40, 41) reported that FasL,_,, does
not have a role in regulating FasL membrane expression. We ob-
served that WT transfectants, irrespective of their cell types, ex-
press low levels of FasL unless Fask,_,, or FasL,_,, were deleted,
In contrast, they reported high levels of GFP-FasL expression by
WT transfectants that Jack secretory lysosomes (40, 41). The scc-
ond najor difference was that we did not detect ¢ytoplasmic re-
tention of WT FasL. This was demonstrated by the low FasL levels
in five distinet WT transfectants, irrespective of cell types or of
whether they contained secretory lysosomes. In zddition, confoca)
and fluorescent staining failed 1o reveal a strong retention of WT
FasL in the cytoplagm.
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There are several possible explanations for these discrepancies.
First, Bossi and Griffiths (41) fused GFP to the N terminus of WT
FasL and its deletion mutants. This could have modified the func-
tion of the N-terminal region of FasL. Because of the close prox-
imity of GFP to the region examined and because of the large size
of GFP relative to the small FasL.,,, functions such as regulation
of FasL translation efficiency or FasL trafficking could have been
affected. Our observations support the former possibility. In con-
trast, GFP fused in close proximity to PRD (position 37) appar-
ently did not inhibit the regulatory function of FasLgy, in their
studies (40, 41). Second, we conducted all of our experiments with
stable transfectants. Transient transfection used in their experi-
ments may not permit sufficient time for the full execution of the
regulatory mecharisms for FasL expression. In addition, transient
transfection may not be influenced by FasL-mediated deletion of
Fas™ transfectants. Third, the fas! gene used in their study had a
leucine codon instead of cysteine in position 32. The amino acid
they reported is different from those published in the literature (26)
and those reported in the databanks. The importance of Cys>” res-
idue was sugpested by its conservation among humans, mice, and
rats (39), and its potential involvement in acetylation, palmitoyl-
ation, or disulfide bonding. Fourth, Bossi and Griffiths deleted
FasL, i, and we deleted FasL, ., (41). It is possible that
FasL,; 5, contained the critical amino acids responsible for the
observed difference. Finally, it is important to emphasize the dom-
inant role of FasL,_,, over Faslia_y (that contains the PRD) in
mediating FasL expression in the present study. This dominance
could have been lost in GFP-fused FasL. In suppon of this, we
have generated APRD FasL transfectants for NIH-3T3, Ncuro-2a,
and COS-7 cells, and increases in cell surface FasL expression on
the transfectants were not observed (V. Pidiyar and S.-T. Ju, un-
published observaticn).

Regulation of FasL expression has been extensively studied in T
cells. Activated T cells produce FasL as a result of increased fas!
gene activation. Despite the inhibitory effect of FasL,, nepative
regulatory elements implicated by the present study, activated T
cells cxpress FasL on the cell surface. Activation of T eclls may
induce other mechanisms that overcome the negative regulation by
FasL,,. One of the proposed mechanisms is based on activation-
induced increases in secretory vesicie trafficking (45). However,
activated T cells from Ashen mice that have a defect in activation-
dependent lysosomal secretion were shown to express normal lev-
els of FasL-mediated cytotoxicity (46). It is important to note that
our findings are entirely consistent with the FasL expression on
activated T cells because we demonstrated that the cell surface
expression of FasL was directly proportional 1o the 1otal FasL pro-
duced by cells and that WT FasL was not retained in the
cytoplasm.

Our study sugprests that the increase in FasL cell surface expres-
sion was mostly due to the increase in total FasL levels. Further
analyses suggest that the FasL expression level, controlled by
FasL,_aa, was not due to differences in transcription because all of
the transfectants cxpressed comparable levels of FasL mRNA.
This observation also indicated that the difference in FasL protein
expression was not due to differences in transfection efficiency.
The identical patiern of FasL expression by transfectants in both
short- and long-term labeling experiments indicated that de novo
synthesis of FasL was the major mechanism responsible for in-
creased FasL expression in A33 and A70 transfectants (Fig. 5). As
A33 and A70 contain, respectively, 90 and 75% of the amino acids
of the WT FasL protein, the increase in the de novo synthesized
FasL deletion mutants cannot be accounted for by their shortened
peptide lengths. Other translational mechanisms must be respon-
sible for the increase in total FasL expression.
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Sequences of “short, nearly exact matches™ 1o human FasL, .,
based on “blast hits™ were not found in any other transmembrane
proteins in the protein databank of NCBI (www.ncbi.nlm.nih.gov).
Our data suggest FasL, ., contains motifs that repulate FasL’s
translation rate, FasL is a type II transmembrane protein and
FasL¢.,, contains three positively charged residues, K72K73R74,
near its transmembrane domain (Fig. 1a). Because translocation of
de novo synthesized transmembrane proteins is regulated by
charged amino acids near the transmembrane domain (internal
start-transfer sequence), it is likely that these positively charged
amino acids are important for the translocation of nascent FasL
chains through the endoplasmic reticulum (ER) membrane during
de novo protein synthesis (47). The remarkable increase in FasL de
novo synthesis resulting from the deletion of FasL,_,, suggests
that this carly event of FasL translation is a rate-limiting step for
FasL synthesis.

Deletion of FasL,_,; also increased the rate of de novo synthesis
of FasL. FasL,_,, contains the sequence S17518A195205821 and
SXXS is a casein kinase 1 {CKI)-targeted motif. It has been sug-
gested that this motif may provide a retrograde signaling during T
cell activation (48). We have tested this motif for its ability to
regulate total FasL expression and FasL cell surface expression.
The CKl-specific inhibitor, CK-7 (49), used at optimal but nontoxic
concentration, failed 10 exert a detectable effect on FasL expression by
FasL WT transfectants of NIH-3T3 cells. Furthermore, no effect was
observed with NIH-3T3 cells transfected with a mutant construct in
which the S17518A19520521 site was changed to AAAAA by
site-directed mutagencsis (data not shown). These results provide
strong evidence that the putative CKI motif in FasL, ;; was not
responsible for the regulation of FasL expression levels. FasL,_y, also
may have “dityrosine” motifs (Y7PYOPQIY 13W, see Fig. 1¢). Such
dityrosine {YQ, YF) motifs in the CD3-y-chain have been implicated
in ER retention and their presence results in reduced membrane
expression {44}, Perhaps, by regulating both ER translocation and ER
retention, FasL..,, could effectively control FasL translation rates and
ultimately to1al FasL expression lcvels, including expression on the
plasma membrane. Study is in progress vsing more refined deletion
mutants and using 2lanine-based substitution mutzants in a systematic
manner to identify the cntical amino acid residue(s} responsible for
the negative regulatory function of FasLc.,..
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KEYWORDS Abstract  pp-glycoprotein-l {R2GPl) is a phospholipid-binding plasma protein that
13.GPl; consists of five homologous domains. Domain V is distinguished from others by bearing
Fibrinolysis; a positively charged lysine cluster and hydrophobic extra C-terminal loop. 3;GPl has
Natural anticoagulant been known as a natural anticoagulant regulzator. 3;GPl exerts anticoagulant activity

regulator by inhibition of phospholipid-dependent coagulation reactions such as prothrembi-

nase, tenase, and factor XIl activation. It also binds factor X! and inhibits its activation.
On the other hand, B;GPl inhibits anticoagulant activity of activated protein C.
According to the data from knockout mice, R;GPl may contribute to thrombin
generation in vive. Phospholipid-bound RGPl is one of the major target antigens for
antiphospholipid antibodies present in patients with antiphosphelipid syndrome
{APS). Binding of pathogenic anti-3,GP! antibodies increases the affinity of pGPl to
the cell surface and disrupts the coagulation/fibrinolysis balance on the cell surface.
These pathogenic antibodies activate endothelial cells via signal transduction events
in the presence of 3;GPL. Impaired fibrinolysts has been reported in patients with APS.
Using a newly developed chromogenic assay, we demonstrated lower activity of
intrinsic fibrinolysis in euglobulin fractions from APS patients. Addition of monoclonal
anti-p;GPl antibodies with B;GP! also decreased fibrinolytic activity in this assay
system. [3:GPI is proteolytically cleaved by plasmin in domain V (nicked 2,GP!) and
becomes unabte to bind to phospholipids, reducing antigenicity against antiphos-
pholipid antibodies. This cleavage occurs in patients with increased fibrinolysis
turnover. Nicked RGPl binds to plasminogen and suppresses plasmin generation in the
presence of fibrin, plasminogen, and tissue plasminogen activator (tPA). Thus, nicked
B.GPl plays a role in the extrinsic fibrinclysis via a negative feedback pathway loop.
© 2004 Elsevier Ltd, All rights reserved,

* Corresponding author. Tel.; +81 11 706 5915; fax: +81 11 706 7710.
E-mail address: syasuda@med.hokudai.ac.jp (S. Yasuda).

0049-3848/% - see front matter € 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j. thromres.2004.07.013

— 534 —



