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Abstract

In this study we have determined whether there is a relationship between CD38 expression on T cells, its distribution in different membrane
microdomains, and T cell activation in SLE patients. The data show that CD38 expression is augmented in ex {@320Q3CD8", and
CD25" SLE T cells, which correlates with its increased insolubility in Brij 98 detergent, and its translocation into lipid rafts. Moreover, SLE
T cells show an altered CD4:CD8 ratio, which is due to a decreased proportion 6fTC&ls and a concomitant increase in the proportion
of CD8" T cells. These data are consistent with the increased CD38 expression and lipid raft formation, and the significant reduction in
the CD4:CD8 ratio observed in mitogen-stimulated normal T cells as compared with that:ir untouched normal T cells. Increased
expression of CD38 in floating rafts from SLE T cells, or from activated normal T cells may modulate TCR signaling by providing or
sequestering signaling molecules to the engaged TCR.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction region are a number of interesting candidate genes including
CD38 and CD157, which are both ectoenzymes members of
SLE is a multisystemic autoimmune disease characterizedthe ADP-ribosyl cyclase family that are directly involved with
by the production of high levels of autoantibodies against T and B lymphocyte activity@eaglio et al., 2001; Ortolan
nuclear antigens resulting, at least in part, from a dysreg- et al., 2002. There is an association between a polymor-
ulated T lymphocyte response to autoantigelfenéway et  phism located at position 182 of intron 1 of the CD38 gene,
al., 2001; Kammer et al., 2002; Kong et al., 2Dp08ithough and the development of discoid rash in Spanish SLE patients
SLE etiopathology is poorly understood, there is likely arole (Gonzalez-Escribano et al., 2004
for environmental triggers, for instance viruses, acting inthe  Previous studies have defined B cell subsets from inflamed
context of susceptibility geneR6zzo et al., 2001; Wakeland  secondary lymphoid tissue, such as tonsil, or the periphery of
et al., 200]. In both, European-American, and Iceland pop- active-SLE patients that are defined by very high expression
ulations it has been identified a SLE susceptibility locus on of CD38 and the presence of intracellular immunoglobulin
human region 4p15Gray-McGuire et al., 2000; Lindgvist  (Grammer and Lipsky, 20030n the other hand, increased
and Alarcon-Riquelme, 1999Located within human 4p15 expression of CD38 on T cells has been found in SLE pa-
tients @lcocer-Varela et al., 1991; al-Janadi and Raziuddin,

* Corresponding author. Tel.: +34 958 181664; fax: +34 958 181632, +993; Erkeller-Yuksel et al., 1997In certain tumor types,
E-mail address: granada@ipb.csic.es (J. Sancho). up-regulation of CD38 in tumor-associated non-neoplastic T
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cells could be useful as a marker of persistent T cell activation Table 1

as well as a surrogate marker of disease progreskiaret Clinical and demographic characteristics of the study subjects

al., 2004. Likewise, up-regulation of CD38 on CDJ cells SLE (v=51) Healthy controlsi(= 36)

could be a marker of ongoing viral replication during acute women 45 (88%) 21 (58%)

or chronic viral infectionsBelles-Isles et al., 1998; Carbone  Age (y) 38.1(20-77) 38.1 (20-77)

etal., 2000; Lynne et al., 1998; Ramzaoui et al., 995 g?”cas"';” _ 5411(1;)0;/0) ?\?A(NO%)
Plasma membranes of many cell types, including T & 505 uration (y) 335 ((0__205)) NA

c_eIIs, cqntain _speci_al_ized microdomains, or lipid ra]_‘ts, en- g Epal=0 29 (43.1%) NA

riched in sphingolipids, cholesterol, sphingomyelin and sLEDAI=1-4 14 (27.4%) NA

glycosylphophatidylinositol-anchored proteins. These mem- SLEDAI>4 15 (29.4%) NA

brane domains are characterized by detergent-insolubility
at low temperatures and low buoyant densirdwn and between December 2002 and May 2004. Thirty-six healthy,
London, 2000; Simons and Toomre, 2000ipid rafts play age-matched healthy volunteers served as controls. Disease
a central role in signal-transduction, in the immune responseactivity was scored and the SLE Disease Activity Index
and in many pathological situations on the basis of two impor- (SLEDAI) was calculated Bombardier et al., 1992 Our
tant raft properties, their capacity to incorporate or exclude study included 22 inactive SLE patients, 29 active patients
proteins selectively, and their ability to coalesce into larger with SLEDAI ranging from one to 20, and 36 healthy control
domains Manes et al., 2003; Simons and Ehehalt, 2002 volunteers Table J). All of them were Caucasians. Patients
The densely packed, liquid-ordered environment of rafts ex- who were being treated with prednisone were asked not to
cludes most integral membrane proteins. However, we havetake this medication 24 h before blood was drawn. For each
demonstrated that in T cells CD38 is constitutively associ- patient, data were recorded on age, duration of the disease de-
ated with lipid rafts resistant to solubilization in 1% NP-40 at fined as the period from the disease onset (time when patients
4°C (Zubiaur et al., 2008 or in 1% Brij 98 at 37C (Munoz fulfilled the ACR criteria) to the time of the study, current
etal., 2003. Furthermore, CD38 in rafts is able to initiate and and cumulative gluco-corticoid doses by review of patient
propagate several activating signaling pathways, possibly byrecords. Complete blood cell count, serum complement and
facilitating critical associations within other raft subsets, per serum anti-nuclear and anti-DNA antibodies were measured
example LAT rafts, via its capacity to interact with Lck and in all patients. Because the paucity of cell numbers obtained
CD3< (Munoz et al., 2008 from the disease group, many of whom were leukopenic,
Changes inthe properties or composition of lipid rafts may different sets of experiments were performed with different
lead to inappropriate T lymphocyte signaling and ultimately patient groups but care was taken to include patients of
to the development of pathological conditions, including au- SLEDAI score ranging from low (0—4 range) to high (5-20) in
toimmunity Gringhuis et al., 2000; Salojin et al., 199&n each group. Within each group, patient samples were matched
thissense, in SLE T cellsthere are qualitative alterations in thewith normal samples of similar ages and gender. The study
protein composition of lipid rafts, alterations in actin dynam- protocol was approved by the Hospitaliito San Cecilio,
ics, and increased calcium respong&sshnan et al., 2004 and CSIC Review Board and Ethics Committees. Written
Moreover, reduced expression of Lck in SLE T celsirfy informed consent was obtained from all participating patients
et al., 2003 is associated with increased expression of GM1 and volunteers according to the Declaration of Helsinki.
and increased localization of CD45, a molecule important in

regulating Lck activity Jury et al., 2001 2.2. T lymphocyte isolation
In this study we found that CD38 expression is augmented
in CD3" T cells from patients with SLE, which correlates PBMC were obtained by density gradient centrifugation

with its increased translocation into lipid rafts. These data over HISTOPAQUE-1077 (Sigma-Aldrich Qimica, S.A.,

are consistent with increased lipid raft formation in activated Spain). T cells were isolated from PBMC by magnetic sep-

normal T cells, and the evidence that SLE T cells display aration after depletion of non-T cells by negative selection

activation phenotypes. with the Pan T Cell Isolation Kit Il (Miltenyi Biotec, GmbH,
Germany) following the manufacturer’s instructions. In all
the cases, the percentage of T cells in the isolated subpop-

2. Material and methods ulation was >98% as determined by anti-CB®&AD stain-
ing and fluorescence-activated cell sorter (FACS) analysis. T
2.1. Patients and healthy controls cells were stimulated with @g/ml PHA-L and and 50 U/ml

IL-2 (Sigma-Aldrich, Qumica, S.A.) for 3 days.
Fifty-one consecutive outpatients fulfilling the revised
American College of Rheumatology (ACR) criteria for the 2.3. Antibodies and reagents
diagnosis of SLETan et al., 198 and routinely followed in
the Systemic Autoimmune Diseases Unit (Hospitdh{€b Anti-human CD3e mAb OKT3 (Ig&y), or the CD38
San Cecilio, Granada, Spain) could participate in this study mAbs HB136 (IgG) and OKT10 (IgG) were prepared, pu-



E.J. Pavon et al. / Molecular Immunology 43 (2006) 1029—1039 1031

rified, and labeled with fluorescein isothiocyanate (FITC) al.,2003; Zubiaur etal., 20Q0%ith minor modifications. Two

as previously described(biaur et al., 1999 Affinity pu- pools of the sucrose gradient fractions were then collected.
rified anti-human CD4-PE and CD8-FITC antibodies, the First, the low-density fractions corresponding to the 5/30%
CTB-FITC conjugate and the affinity purified mouse mAb to interface (fractions 2 and 3, along fraction 4) and referred to
a-Actin (clone AC40) were obtained from Sigma-Aldrich. asFloating Rafts (R). Second, the high-density soluble ma-
Affinity purified anti-human mAb CD19-PE (lgf), anti- terial corresponding to fractions 7 and 8 of the gradient and
human mAb CD38- PE (Ig&), and mouse immunoglob- referred to asSoluble (S). The two pools were diluted with
ulin isotype controls were purchased from BD Biosciences 3x non-reducing Laemmli sample buffer and resolved on
(San Jose, CA). Affinity purified mAb anti-human CD56-PE  12.5% SDS-PAGE, transferred to PVDF and immunoblot-
(lgG1) was purchased from Miltenyi Biotec, GmbH (Ger- ted with specific antibodies, followed by the ECL system,
many). Affinity purified, FITC-conjugated, F(9b fraction as previously describe@(biaur et al., 1999 Except where

of rabbit antibody to mouse immunoglobulins was purchased otherwise noted, 2i{| of each sample was loaded onto gels.
from DAKO (Glostrup, Denmark). The affinity-purified rab-

bit polyclonal antibody anti-Fyn was purchased from Santa 2.7. Densitometric and statistical analysis

Cruz Biotechnology (Santa Cruz, CA). An affinity purified

rabbit antibody to CD3 was purchased from Dako (Den- Densitometric analysis was performed on a PC using the
mark). Polyclonal antibody anti-LAT was from UBI Upstate Quantity One 1-D Analysis Software Version 4.4 (Bio-Rad
Biotechnology (Upstate, NY). Anti-CD3g-antiserum 448 Laboratories, Inc., USA). To compare sample groups statis-
was a gift from Dr. B. Alarén (Centro de Biolo Molecular, tical analysis were performed using the Studentisst, the
CSIC, Madrid, Spain). Affinity purified goat anti-rabbit IgG  Mann—-Whitney U test, or the Fisher’s exact test when appro-
(Fc) HRP Conjugate, and goat anti-mouse I1gG (H + L) HRP priate. P values less than 0.05 were considered significant.
Conjugate were from Promega (Madison, WI). Prestained The tests were performed using the GraphPad Prism software
SDS-PAGE Standards (broad and precision range), and Im-version 4.02 (GraphPad Software, Inc. San Diego, CA).
munoStart reagents were from Bio-Rad (Hercules, CA).

2.4. FACS analysis 3. Results

PBMC or purified T cells were analyzed for surface ex- 3 ; 4 significant percentage of CD38 is insoluble in
pl’eSSion of CD3, CD4, CD8, CD38,CD19 and CD56 by sin- BVl] 98 at 37°C in PBMCfrom SLEpanents

gle or double-staining using FITC-, or PE-labeled anti-CD3,
anti-CD38, anti-CD19, and anti-CD56 mAbs in the relevant  Thg non-jonic detergent Brij 98 has been successfully used
combinations. Compensation settings were adjusted usingy, sejective isolate, at physiological temperatures, detergent-
single stained PBMC, or T cell samples. Isotype-matching 1a- jns|uble microdomains with the biochemical characteristics
beled antibodies were used to calculate the non-specific stainy rafts (Drevot et al., 2002; Munoz et al., 2003; Schuck et
ing. PBMC and lymphocytes were gated according with 'EhEif al., 2003. Therefore, we first investigated in PBMC whether
forward and scatter characteristiééynoz etal., 2003; Zubi-  cp3gwas associated with the membrane raftvesicles that are
auretal., 199§ Two colorimmunofluorescence analysiswas  recovered as detergent-insoluble complexes upon cell lysis in
performed on a FAFZScan flow cytometer (BD B_|osc_|ences, Brij 98 detergent at 37C and centrifugation at 13,000g
San Jose, CA), using the CellQuest Pro (BD Biosciences), tor 15 min at #C. After this treatment, cytosolic and fully
and FlowJo (Tree Star, Inc. San Carlos, CA) software. solubilized membrane proteins were found in the supernatant
(referred to as SN), whereas lipid rafts and associated pro-
teins, as well as cytoskeletal components remained in the
Cells (1-5x 10F) were lysed in 1% Brij 98 at 37C as pellet (_referred toas PMuno_z etal., 2008 The_ presence of
described previousliy\unoz et al., 2008 Lysates were cen- CD3.8 in the P and SN fractions was determined by Western
trifuged at 13,000 rpm for 15min at°€, and supernatant  Plotting. Equal number of cell equivalents (03.0°) were
(SN) and pellet (P) were diluted in@non-reducing Laemmii loaded in patlepts and cont(ol samples, and the proportion of
sample buffer. Both fractions were resolved on a 12.5% SDS- CD38 present in the P fraction relative to the total amount of

PAGE, transferred to PVDF and immunoblotted with specific ©P38, (SN +P) was calculated. CD38 was present in the P
antibodies, followed by the ECL system, as previously de- fraction from either the SLE patients and the healthy controls

2.5. Detergent solubilization of cells at 37°C

scribed unoz et al., 2003: Zubiaur et al., 2002 (Fig. 1A, lanes 2 and 4), although its proportion, relative to the
total amount of CD38 was significantly higher in SLE than

2.6. Fractionation of floating rafts by sucrose gradient in controls ¢=0.0090,Fig. 1B). In contrast, similar pro-

ultracentrifugation portions of Fyn, or actin relative to controls were detected

when the same membranes were re-blotted with anti-Fyn,
Detergent-insoluble and -soluble fractions were separatedor anti-w-actin antibodies, respectivelFig. 1A). Both SLE
in a discontinuous sucrose gradient as describah6z et patients with high or low SLEDAI scores displayed a sta-
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Fig. 1. Asignificant proportion of CD38 is insoluble in 1% Brij 98 in PBMC
from SLE patients. (A) PBMC from SLE patients, or healthy controls were
lysed in 1% Brij 98 at 37C as described in Sectid) and the detergent-
insoluble fraction was separated from the soluble fraction by centrifugation
at 13,000x g. Supernatant (SN) and pellet (P) were diluted in8DS non-
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rafts float in a sucrose density gradient, while cytoskeleton-
associated proteins remain at the bottom of the ultracentrifuge
tube Brown and Rose, 1992; London and Brown, 2000;
Simons and lkonen, 1937Therefore, if CD38 is associated
with Brij 98-insoluble lipid rafts, this CD38 should also float

in a sucrose density gradierDrevot et al., 2002; Munoz

et al., 2003. To address this issue, rafts and non-raft frac-
tions were isolated by sucrose gradient ultracentrifugation
upon lysis of PBMC in Brij 98 at 37C (see SectioR, and
(Munoz et al., 2008. In floating rafts (referred to as R),
five out of nine lupus patients studied showed percentages
of CD38 above the upper 99% confidence interval (upper
Cl1=9.9%) of the mean values for six normal individuals
(Fig. 2A, left panel 1 and 3). Application of the Fisher’s ex-
act test revealed a statistically significant differerféig(2A,

right panel, 13.7+ 4.6% in SLE,n =9 versus 3.6 1.6% in
controls,n =6, P =0.0440). In contrast, five out of nine pa-
tients studied showed percentages of Cdflow the lower
95% confidence interval (lower Cl =4.2%) of the mean val-
ues for six normal healthy controlBi). 2A, left panel, lanes

1 and 3), although these differences were not statistically
significant Eig. 2B, left panel, 7.0+ 2.6% in SLEn =9 ver-

sus 12. 4 3.0% in controlsp =6, P =0.2867, Fisher's exact
test). Likewise, LAT that is constitutively associated with
lipid rafts (Zhang et al., 1998 was always detected in float-
ing rafts from both SLE patients and controld. 2A, left
panel, lanes 1 and 3), and the minor differences observed be-
tween them were not statistically significaiid. 2B, right
panel, 20.7+5.9% in SLE» =9 versus 26.%4.1% in con-
trols, n=6). Therefore, these results demonstrate that SLE
PBMC express an increased proportion of CD38 associated

reducing sample buffer and proteins were separated by 12% SDS-PAGE,jjth floating lipid rafts, while similar proportions of CD3-

transferred, and immunoblotted for the indicated proteins on the right of

each panel. (B) bands intensities were quantified by densitometry, and the
densitometric units on CD38 in pellet were presented as percentage of the

and LAT were present compared with that in PBMC from
healthy controls.

sum of the densitometric units of supernatant + pellet. Values are the mean

and S.E.M. The mean percentage of CD38 insoluble in Brij 98 was signifi-

3.3. Increased CD38 expression in SLE T cells and T

cantly increased in 29 SLE patients (black histograms) compared with nine ¢¢J] subsets
healthy controls (open histograms). Likewise, SLE patients segregated ac-

cording their SLEDAI scores as low (0-3) (horizontal stripped histograms,
n=18), or high (4-10) (vertical stripped histograms, 11), showed signif-
icantly increased percentages of CD38 insoluble in Brij 98 compared with
controls (two-tailed unpairedtest).

tistically significant higher proportion of CD38 in the Brij
98-insoluble fraction as compared with that in healthy con-
trols (P=0.0173 and 0.0206, respectivehig. 1B). These

results strongly suggested that in SLE PBMC a large frac-

Highly purified untouched T cells were obtained from
PBMC by depletion of non-T cells by magnetic separation
(see Sectio@). T lymphocytes from eight patients with SLE
and seven healthy controls were analyzed for expression of
CD38in CD3, CD4", CD8", and CD25 cells. The propor-
tion of CD38" cells in the whole T cell population (CDR
as well as in the three T cell subsets studied (C02D8",
and CD238), was significantly increased in SLE patients as

tion of CD38 was associated with the membrane raft vesicles compared with that in healthy controlBig. 3). These in-

recovered as Brij 98-insoluble complexes.

3.2. Increased association of CD38 with floating rafts in
PBMC from SLE patients

Insolubility of a membrane protein in a detergent as Brij

creases seemed to be specific for T cells since neither the B
or the NK cell compartments showed significant differences
in CD38 expression between SLE patients and healthy con-
trols when evaluated in PBMC by dual staining for CD38
and CD19 (B cells), or CD38 and CD56 (NK cells) (data
not shown). No significant differences were observed in

98 can be due to its association with detergent-resistant lipidthe proportion of CD3, CD19, or CD56 subsets within the

rafts and/or its anchoring to cytoskeletal elemeMarioz et
al., 2003. Proteins associated with detergent-insoluble lipid

PBMC population (data not shown). These results support
the observation that the altered distribution and expression
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Fig. 2. Increased association of CD38 with floating rafts in PBMC from SLE patientd.effpanel, floating rafts (R) and soluble (S) fractions from one SLE
(lanes 1 and 2) and one healthy control (lanes 3 and 4) PBMC were isolated as described inSé&ttteins were separated on SDS-PAGE, transferred

to PVDF membranes, and immunoblotted with anti-CD38, anti-LAT, or anti-C@&tibodiesRight panel, graph displaying cumulative results for CD38
expression in PBMC floating rafts from nine SLE patients (closed histograms), and five healthy controls (open histograms). Densitometric daia on CD38
floating rafts (R) are presented as percentage of the sum of all sucrose gradient fr&tiOr3440, Fisher's exact text). (B) The mean percentages for CD3-
(P=0.2867, not significant, Fisher’s exact text) and LAT expressigndnd right panels, respectively) in PBMC floating rafts from SLE patients and healthy
controls was calculated as in A.

of CD38 in PBMC from lupus patients are unique to SLE T PHA acts as a potent and specific T cell activator by bind-

cells. ing to cell membrane glycoproteins including the TCR/CD3
complex and the CD2 co-receptor, and exogenous IL-2 pro-

3.4. CD38 is associated with floating rafts in ex vivo vides further T cell expansiorkay, 199). Moreover, stim-

SLE T cells ulation of resting human T cells with PHA results in a sig-
nificant increase in proportion of the plasma membrane that

3.4.1. Increased CD38 expression and insolubility in adopts a raft structure as judged by the dramatic increase on

Brij 98 upon mitogenic stimulation the cell surface expression of the raft-associated glycosphin-

Next, we analyzed CD38 distribution in raft and non-raft golipid GM1 (Tuosto et al., 2001 which has previously been
compartments in untouched T cells in isolation. Floating rafts shown a reliable marker for detection of lipid raft domains
were isolated by sucrose gradient ultracentrifugation as de-(Janes et al., 1999We next explored whether mitogenic
scribed for PBMC. A representative experiment is shown in stimulation could affect raft CD38 expression and distribu-
Fig. 4A (upper panels, lane 1 versus lane 3). CD38 was read- tion in SLE T cells compared with normal T cells. Thus, T
ily detected in the floating raft pool from SLE T cells in cells were stimulated in vitro with PHA and IL-2 for 3 days
five out of eight SLE patients (16:97.5%), whereas very  (see Sectior2) and then analyzed for CD38 expression by
little, if any, was detected in eight healthy control T cells Western blotting of Brij 98-insoluble and -soluble fractions
(0.0£0.0%). In contrast, the mean values for the percent- from whole cell extracts. Equal number of cell equivalents
ages of CD3 (13.7+4.8%, in SLE versus 17:85.6%, in (0.5x 10°) were loaded in patients and control samples, and
controls), and CD3:(7.0+ 1.8% in SLE versus 10& 4.6% the proportion of CD38 present in the P fraction relative to
in controls) in floating rafts were somewhat lower in SLE than the total amount of CD38, (SN + P) was calculated. As shown
in normal T cells, although the differences were not statisti- in Fig. 4B, there was a dramatic increase in the total amount
cally significant (either by the Fisher’s exact test, or unpaired of CD38 (SN + P) in PHA-stimulated T cells from both SLE
r-test). patients (lanes 3 and 4) and healthy controls (lanes 7 and 8)
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Fig. 3. Increased CD38 expression in SLE T cells and SLE T cell subsets. (A) Percentage of puriffetl €ili8 expressing CD38. (B) Percentage of CD4

T cells expressing CD38. (C) Percentage of CD&ells expressing CD38. (D) Percentage of CDZ%cells expressing CD38. Scattered plots of percent of
double positive cells are shown for SLE patients (filled squares), and healthy controls (open squares). Each symbol represents one patieandrtoentrol
bar within each group represents the mean percentage valu®. idiees are indicated in each panel (two-tailed unpaired Studetets).

as compared with that in ex vivo untouched T cells (lanes 1,

2, 5, and 6). Moreover, in PHA-stimulated SLE and control
T cells there was a significant shift of CD38 into the Brij 98-

normal T cells Fig. 5A). However, although the percentages
of GM1* SLE T cells were increased as compared with that in
normal T cells, these differences were not statistically signif-

insoluble fraction (lanes 3 and 7) as compared with thatin ex icant (18.5+ 3.7%,n =6, in SLE versus 13.6 2.4,n=8, in
vivo cells (lanes 1 and 5). In contrast, the amount of Fyn, or controls,P=0.2180). Interestingly in PHA-stimulated T cells
actin and its distribution between soluble and insoluble frac- about 35-40% of the CD3&ells were also GM1(Fig. 5B),

tions remained constant upon PHA stimulation, which was which suggested the selective expansion of a subset that ex-
indicative of equal protein loadingig. 4B). Therefore, PHA pressed both markers. Moreover, these data were indicative
stimulation induced quantitative and qualitative changes in that in both SLE and normal T cells an increased proportion
the amount and distribution of CD38 between raft and non- of the plasma membrane adopts a lipid raft structure upon

raft fractions.

3.5. Increased lipid raft expression and altered
CDA4:CDS8 ratio in ex vivo SLE T cells

3.5.1. Recapitulation in normal T cells upon mitogenic
stimulation

Next, to visualize rafts on the cell surface, ex vivo and
mitogen-stimulated T cells were analyzed for GM1 sur-
face expression with fluorescent-labeled CTB and flow cy-
tometry. CTB binds the raft-associated glycosphingolipid
GML1, previously shown to be a reliable marker for detec-
tion of lipid raft domains Janes et al., 1999The analysis
(Fig. 5A) revealed an increased proportion of ex vivo SLE T
cells that bound CTB compared with that in normal T cells
(2.5+0.4%,n=18,in SLE versus 0.2 0.1%,n» = 10, in con-
trols, P=0.0095). PHA stimulation resulted in dramatic in-
creases in the percentages of GMlls in both SLE and

mitogenic stimulation.

Ex vivo and PHA-stimulated T cells were analyzed for
CD4:CDS8 ratio by flow cytometry. Patients with SLE had
a significantly reduced CD4:CD8 ratio compared with that
of healthy controlsKig. 5C, P=0.0022), as described pre-
viously ury et al., 2004 This was due to a significant
reduction in the number (%) of CD4T cells (P <0.0001,
Fig. 5D), and to a significant augmentation in the propor-
tion of CD8" T cells (P=0.0447,Fig. 5E). Interestingly, in
healthy controls PHA-stimulated T cells had a significantly
reduced CD4:CD8 ratio compared with that of ex vivo T
cells (Fig. 5C, P=0.0052), which was caused by a signifi-
cant reduction in the percentage of CD# cells (Fig. 5D,
P=0.0145), and an increase in the percentage of TD8
cells (Fig. 5, P=0.0156). This altered phenotype paralleled
the one obtained in untouched vivo SLE T cells. In con-
trast, in SLE patients, PHA-stimulation did not induce sig-
nificant changes in the CD4:CDS8 ratio, neither in the number
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Fig. 4. (A) CD38 is associated with floating rafts in ex vivo SLE T cells. Floating rafts (R), and Soluble fractions (S) were prepared from untouthed T cel
purified by immunomagnetic depletion of non-T cells (see Se@jdrom one SLE patients (lanes 1 and 2) and one healthy control (lanes 3 and 4) without any
ex vivo stimulation. Proteins were separated on SDS-PAGE and analyzed by Western blotting with anti-CD38, antn@Dehti-CD3e antibodies. This is

a representative experiment out of eight experiments done in eight different SLE patients and eight healthy controls. Densitometric data 08-G;288, CD
CD3- in floating rafts (R) were calculated ashing. 2A (see SectiorB for specific numbers). (B) Increased CD38 expression and translocation into the Brij
98-insoluble fraction in T cells upon PHA stimulation. SN and P fractions were prepareéFias i from: ex vivo untouched SLE T cells (lanes 1 and 2), ex

vivo normal healthy control T cells (lanes 5 and 6), PHA + IL-2-stimulated SLE T cells (lanes 3 and 4), or PHA + IL-2-stimulated normal T cells (lanes 7 and
8). Proteins were separated by 12% SDS-PAGE, transferred, and analyzed by Western blotting with anti-CD38, anti-Fyny-actiraatitibodies. This is a
representative experiment out of eight experiments done with cells from eight different SLE patients and eight healthy controls.

of CD4*, nor CD8 T cells compared with that of ex vivo  tion of CD38 in floating rafts in both SLE PBMC and T
SLE T cells Fig. 5C-E, respectively). cells. Consistent with previous report8l¢ocer-Varela et

Taken together, these resultsiigs. 4 and 5ndicate that al., 1991 al-Janadi and Raziuddin, 1993he percentage of
ex vivo SLE T cells show an increased raft expression and CD3" T cells that express CD38 is significantly higher in
altered phenotype, which can be recapitulated by PHA stim- SLE patients than in healthy controls. Moreover, we have
ulation of normal T cells. PHA stimulation also induces in- found a significant increased percentage of CDB38",
creased CD38 expression, and active recruitment of CD38CD4"CD38", and CD23CD38" T cells in patients with
to lipid rafts. This may be associated with an augmenta- SLE in comparison to normal controls. CDBD38" T
tion in the proportion of the plasma membrane adopting a cells are increased in advanced viral infectiof®lles-
lipid raft structure, as judged by the increased expression ofIsles et al., 1998 and CD8CD38" lymphocyte percent
GM1 on the cell surface, and the distinct expansion of the is a useful immunological marker for monitoring HIV-1-
CD38'GM1* T cells. infected patientsNlocroft et al., 1997. In this regard, PHA-

stimulation of normal T cells results in reduced CD4:CD8

ratio and increased CD38 expression, which paralleled the
4. Discussion altered phenotype of ex vivo SLE T cells. The contribu-

tion of the increased CO&ED38" T cells to the pathol-

In this study, we provide evidence of increased insolu- ogy of the SLE disease remains uncle&rkeller-Yuksel
bility of CD38 in the non-ionic detergent Brij 98 at phys- et al., 1997, but together with increased CH@D38" and
iological temperatures in SLE PBMC as compared with CD25"CD38" T cells could be indicative of persistent T cell
normal PBMC, which correlated with an increased propor- activation.
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Fig. 5. Increased lipid raft expression and altered phenotype in ex vivo SLE T cells. Effect of PHA stimulation. Number (%) oézD@anel A), or CD38

cells (panel B) expressing GM1 on the cell surface in ex vivo or PHA-stimulated T cells from 18 SLE patients (black histograms) and 10 healthgmemtrols (
histograms). The relative proportions of T cells expressing CD4 or CD8 (panel C) were expressed as a ratio (CD4:CD8) on ex vivo or PHA-stimwated T cell
from eight SLE patients (black histograms) or from seven healthy controls (open histograms). The number (%) @z®BKD), or CD8 (panel E) T cells.

All results are expressed as mean + S.E.M. Phalues are indicated in each panel (two-tailed unpaired Studetiets).

CD38 function in T cells is mediated by cell-surface as- extent surprising that in normal resting T cells CD38 was
sociation with the TCR/CD3 complexMorra et al., 1998; detected exclusively in soluble fractions. The mechanism by
Zubiaur et al., 1997, 1999and the localization of CD38 which CD38 in T cells is included or excluded from rafts
to lipid raft domains is essential for CD38-mediated signal- is not known, but it may be related rather with the signifi-
ing in CD38-transfected murine T cell linegubiaur et al., cant differences in the lipid raft composition and dynamics
2002, orin Jurkat T cells, which constitutively express CD38 between resting and activated/effector T cells, and not with
(Munoz et al., 2008 In these T cell lines, CD38 appears to the level of expression of CD38. Thus, the organization of
localize to the rafts without the need for ligatiad{noz et GM1-lipid rafts on the T cell membrane appears develop-
al., 2003; Zubiaur et al., 2002Therefore, it was to some  mentally regulatedHare et al., 2008 Interestingly, in rest-
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ing human T cells from peripheral blood Lck and the raft The low number of cells used in this study precluded the
glycosphingolipid GM1 reside in intracellular membranes, analysis of the protein composition of CD38-containing rafts
while in activated/effector T cells the amount of these mark- in either resting or activated SLE T cells but it is likely that
ers at the plasma membrane increases significantiygto et the anomalous expression or changes in membrane location
al., 200). These dramatic increases in GM1 cell surface ex- of signaling molecules as CD3-or Lck found in these pa-
pression can be recapitulated in vitro by a number of differ- tients Qury et al., 2003; Krishnan et al., 2004ay lead to
ent stimuli including PHA Tuosto et al., 2001 TCR/CD3 anomalous lipid raft-mediated signaling. It has been shown
cross-linking with a soluble CD3 ligandTfomas et al.,  that ligand-mediated cross-linking of GM1 moieties in lipid
20038, or with anti-CD3/CD28 bead$S(aughter etal., 2003;  rafts facilitates an exchange of proteins including the redistri-
Tuosto et al., 2001 Likewise, murine and human T cell  bution ofthe TCR and adhesion moleculesin T céllg¢hell
lines, which have an effector phenotype, express high lev- et al., 2002. We speculate that the increased expression of
els of GM1 on the cell surface, and CD38 is readily detected CD38 in floating rafts from SLE T cells, or from activated T
in lipid rafts (Zubiaur et al., 2002; Munoz et al., 200®ur cells may modulate TCR signaling by providing or seques-
present findings are significant in this regard, as the dramatictering signaling molecules to the engaged TCR. This aspect
changes in the distribution of CD38 into Brij 98-insoluble will require further study and may help in searching for new
and -soluble fractions upon mitogenic stimulation of normal molecular mechanisms of positive or negative regulation in
T cells Fig. 4B) correlated with increased GM1 expression T cells.
on the cell surfaceFig. 5A), and a distinct expansion of
GM1*CD38' T cells Fig. 5B). Likewise, in untouched SLE
T cells a significant proportion of CD38 is associated with Acknowledgments
lipid rafts, which again correlates with increased basal ex-
pression of GM1 on the cell surfacEi¢. 5A). Note that we Dr. Sancho’s work was supported by Ministerio de Edu-
have just measured the GM1 pool that is on the cell sur- cacbny Ciencia (former Ministerio de Cienciay Tecnoiaj
face, which is only a fraction of the total GM1 pool (sur- grant SAF2002-00721. Dr. Zubiaur’s work was supported by
face +intracellular). Increased basal expression of total GM1 Instituto Carlos IlI-FIS, Ministerio de Sanidad y Consumo,
has been reported previously in SLE T cells compared with grant FIS03/0389, by a “Raom y Cajal” contract from the
normal T cells Jury etal., 2004; Krishnan etal., 200&here- ~ Ministerio de Educaéin y Ciencia, and by a Grant 209/02
fore, SLE T cells possess more extensive basal levels of lipid from the Consejéa de Salud de la Junta de AndakEsther
rafts than normal T cells, which may be indicative of their J. Padnwas supported by a fellowship from grant SAF2002-
“activated” phenotype that could result from the exposure 00721. Pilar Miioz was supported by a fellowship FPI (For-
of SLE T cells to the abnormal frequency of differentiated macbn de Personal Invesigador) from the Ministerio de Ed-
dendritic cells found in these patien®lgnco et al., 2001 ucacbn y Ciencia, Spain. M& del Carmen Navarro was
Increased lipid raft expression on the plasma membranesupported by a contract I3P from the Consejo Superior de
may constitute a means by which effector T cells acquire Investigaciones Cietficas.
an improved signaling machineryiosto et al., 2001 In
contrast, displacement of the CD4:Lck signalosome from
the lipid rafts by a soluble, dimeric peptide-MHC Class Il References

chimera induces Ag-specific T cell anergihpmas et al., _ _
20033, suggesting that the defective partitioning of signal- Alcocer-Varela, J., Alarcon-Riquelme, M., Laffon, A., Sanchez-Madrid,
‘ » SUgg . g . - p . 9 . 9 . F., Alarcon-Segovia, D., 1991. Activation markers on peripheral blood
Ing mglecwes in lipid rafts is an earlY: negauve_ ?'gnal|ng T cells from patients with active or inactive systemic lupus erythe-
eventin T cells. The study of raft protein composition in the matosus. Correlation with proliferative responses and production of
Jurkat T cell line have revealed that CD38, Lck and CD3-  IL-2. J. Autoimmun. 4, 935-945. o _
¢ reside in a subset of |ipid rafts separately from LAT and al-Janadi, M RaZ|UQd|n, S 1993. _B cell hyperactivity is a function of T
. . L cell derived cytokines in systemic lupus erythematosus. J. Rheumatol.
other key signaling moleculeM@noz et al., 2008 which is 20 1885-1891
compatible with other studies showing that in resting T cells pelies-Isles, M., Houde, 1., Lachance, J.G., Noel, R., Kingma, I., Roy, R.,
Lck and LAT are located in different raft subseBrévot et 1998. Monitoring of cytomegalovirus infections by the CT#D38"
al., 2002; Schade and Levine, 2002; Slaughter et al., 2003 T-cell subset in kidney transplant recipients. Transplantation 65,
After cellular activation, these rafts coalesce, leading to Lck 279-282. _
and LAT colocalization in the same raft po ulatidbrevot Blanco, P., Palucka, A.K., Gill, M., Pascual, V., Banchereau, J., 2001.
) pop Induction of dendritic cell differentiation by IFN-alpha in systemic
etal., 2002; SChaqe and Levine, 2902; Slaughter et a!.,)2003 lupus erythematosus. Science 294, 1540-1543.
CD38 residency in a subset of lipid rafts together with Lck Bombardier, C., Gladman, D.D., Urowitz, M.B., Caron, D., Chang, C.H.,
and CD3¢ provides a structural basis for initiating CD38- 1992. Derivation of the SLEDAI. A disease activity index for Iu-
mediated signaling in this compartment, where fuIIy phOS- pus patients. The Committee on Prognosis Studies in SLE. Arthritis
phorylation of CD3¢, CD3-, Lck and LAT occurs, as well as Rheum. 35, 630-640. . L
. ! = ! Brown, D.A., London, E., 2000. Structure and function of sphingolipid-
the translocation of key signaling molecules as Sos and p85-  and cholesterol-rich membrane rafts. J. Biol. Chem. 275,

phosphatidylinositol 3-kinase into raft§lgnoz et al., 2008 17221-17224.



1038 E.J. Pavon et al. / Molecular Immunology 43 (2006) 1029-1039

Brown, D.A., Rose, J.K., 1992. Sorting of GPIl-anchored proteins to membrane domains (rafts). Biochim. Biophys. Acta 1508, 182-

glycolipid-enriched membrane subdomains during transport to the api- 195.

cal cell surface. Cell 68, 533-544. Lynne, J.E., Schmid, 1., Matud, J.L., Hirji, K., Buessow, S., Shlian, D.M.,
Carbone, J., Gil, J., Benito, J.M., Navarro, J., Munoz-Fernandez, A., Giorgi, J.V., 1998. Major expansions of select CD&ubsets in acute

Bartolome, J., Zabay, J.M., Lopez, F., Fernandez-Cruz, E., 2000. In- Epstein-Barr virus infection: comparison with chronic human immun-

creased levels of activated subsets of CD4 T cells add to the prog- odeficiency virus disease. J. Infect. Dis. 177, 1083-1087.
nostic value of low CD4 T cell counts in a cohort of HIV-infected Manes, S., del Real, G., Martinez, A.C., 2003. Pathogens: raft hijackers.
drug users. AIDS 14, 2823-2829. Nat. Rev. Immunol. 3, 557-568.
Deaglio, S., Mehta, K., Malavasi, F., 2001. Human CD38: a Mitchell, J.S., Kanca, O., Mcintyre, B.W., 2002. Lipid microdomain clus-
(r)evolutionary story of enzymes and receptors. Leuk. Res. 25, 1-12. tering induces a redistribution of antigen recognition and adhesion
Drevot, P., Langlet, C., Guo, X.J., Bernard, A.M., Colard, O., Chauvin, molecules on human T lymphocytes. J. Immunol. 168, 2737-2744.
J.P,, Lasserre, R., He, H.T., 2002. TCR signal initiation machinery is Mocroft, A., Bofill, M., Lipman, M., Medina, E., Borthwick, N., Timms,
pre-assembled and activated in a subset of membrane rafts. Embo. J. A., Batista, L., Winter, M., Sabin, C.A., Johnson, M., Lee, C.A.,

21, 1899-1908. Phillips, A., Janossy, G., 1997. CD8CD38" lymphocyte percent: a
Erkeller-Yuksel, F.M., Lydyard, P.M., Isenberg, D.A., 1997. Lack of NK useful immunological marker for monitoring HIV-1-infected patients.
cells in lupus patients with renal involvement. Lupus 6, 708-712. J. Acg. Immun. Def. Synd. Hum. Retrovirol. 14, 158-162.

Gonzalez-Escribano, M.F., Aguilar, F., Torres, B., Sanchez-Roman, J., Morra, M., Zubiaur, M., Terhorst, C., Sancho, J., Malavasi, F., 1998.
Nunez-Roldan, A., 2004. CD38 polymorphisms in Spanish patients CD38 is functionally dependent on the TCR/CD3 complex in human

with systemic lupus erythematosus. Hum. Immunol. 65, 660-664. T cells. Faseb. J. 12, 581-592.
Grammer, A.C., Lipsky, P.E., 2003. B cell abnormalities in systemic lupus Munoz, P., Navarro, M.D., Pavon, E.J., Salmeron, J., Malavasi, F., Sancho,
erythematosus. Arthritis Res. Ther. 5 (Suppl. 4), S22-S27. J., Zubiaur, M., 2003. CD38 signaling in T cells is initiated within
Gray-McGuire, C., Moser, K.L., Gaffney, P.M., Kelly, J., Yu, H., Olson, a subset of membrane rafts containing Lck and the CD3-zeta subunit

J.M., Jedrey, C.M., Jacobs, K.B., Kimberly, R.P., Neas, B.R., Rich, of the T cell antigen receptor. J. Biol. Chem. 278, 50791-50802.
S.S., Behrens, T.W., Harley, J.B., 2000. Genome scan of human sys- Ortolan, E., Vacca, P., Capobianco, A., Armando, E., Crivellin, F., Horen-
temic lupus erythematosus by regression modeling: evidence of link- stein, A., Malavasi, F., 2002. CD157, the Janus of CD38 but with a
age and epistasis at 4p16-15.2. Am. J. Hum. Genet. 67, 1460-1469.  unigue personality. Cell Biochem. Funct. 20, 309-322.

Gringhuis, S.I., Leow, A., Papendrecht-Van Der Voort, E.A., Remans, Ramzaoui, S., Jouen-Beades, F., Michot, F., Borsa-Lebas, F., Humbert, G.,
P.H., Breedveld, F.C., Verweij, C.L., 2000. Displacement of linker Tron, F., 1995. Comparison of activation marker and TCR V beta gene

for activation of T cells from the plasma membrane due to redox product expression by CD4and CD8 T cells in peripheral blood
balance alterations results in hyporesponsiveness of synovial fluid T and lymph nodes from HIV-infected patients. Clin. Exp. Immunol.
lymphocytes in rheumatoid arthritis. J. Immunol. 164, 2170-2179. 99, 182-188.

Hare, K.J., Pongracz, J., Jenkinson, E.J., Anderson, G., 2003. Modeling Rozzo, S.J., Allard, J.D., Choubey, D., Vyse, T.J., lzui, S., Peltz, G.,
TCR signaling complex formation in positive selection. J. Immunol. Kotzin, B.L., 2001. Evidence for an interferon-inducible gene, Ifi202,
171, 2825-2831. in the susceptibility to systemic lupus. Immunity 15, 435-443.

Janes, P.W.,, Ley, S.C., Magee, A.l., 1999. Aggregation of lipid rafts Salojin, K.V., Zhang, J., Madrenas, J., Delovitch, T.L., 1998. T-cell anergy
accompanies signaling via the T cell antigen receptor. J. Cell Biol. and altered T-cell receptor signaling: effects on autoimmune disease.
147, 447-461. Immunol. Today 19, 468-473.

Janeway, C.A., Travers, P., Walport, M., Shlomechik, M., 2001. Immuno- Schade, A.E., Levine, A.D., 2002. Lipid raft heterogeneity in human
biology. Garland Publishing, New York. peripheral blood T lymphoblasts: a mechanism for regulating the ini-

Jury, E.C., Kabouridis, P.S., Abba, A., Mageed, R.A., Isenberg, D.A,, tiation of TCR signal transduction. J. Immunol. 168, 2233-2239.
2003. Increased ubiquitination and reduced expression of LCK in T Schuck, S., Honsho, M., Ekroos, K., Shevchenko, A., Simons, K., 2003.
lymphocytes from patients with systemic lupus erythematosus. Arthri- Resistance of cell membranes to different detergents. Proc. Natl. Acad.
tis Rheum. 48, 1343-1354. Sci. U.S.A. 100, 5795-5800.

Jury, E.C., Kabouridis, P.S., Flores-Borja, F., Mageed, R.A., Isenberg, Simons, K., Ehehalt, R., 2002. Cholesterol, lipid rafts, and disease. J.
D.A., 2004. Altered lipid raft-associated signaling and ganglioside Clin. Invest. 110, 597-603.
expression in T lymphocytes from patients with systemic lupus ery- Simons, K., Ikonen, E., 1997. Functional rafts in cell membranes. Nature
thematosus. J. Clin. Invest. 113, 1176-1187. 387, 569-572.

Kammer, G.M., Perl, A., Richardson, B.C., Tsokos, G.C., 2002. Abnormal Simons, K., Toomre, D., 2000. Lipid Rafts and Signal Transduction. Nat.
T cell signal transduction in systemic lupus erythematosus. Arthritis Rev. Mol. Cell Biol. 1, 31-39.

Rheum. 46, 1139-1154. Slaughter, N., Laux, I, Tu, X., Whitelegge, J., Zhu, X., Effros, R., Bickel,
Kay, J.E., 1991. Mechanisms of T lymphocyte activation. Immunol. Lett. P., Nel, A., 2003. The flotillins are integral membrane proteins in lipid

29, 51-54. rafts that contain TCR-associated signaling components: implications
Kong, P.L., Odegard, J.M., Bouzahzah, F., Choi, J.Y., Eardley, L.D., for T-cell activation. Clin. Immunol. 108, 138-151.

Zielinski, C.E., Craft, J.E., 2003. Intrinsic T cell defects in systemic Tan, E.M., Cohen, A.S., Fries, J.F., Masi, A.T., McShane, D.J., Rothfield,

autoimmunity. Ann. NY Acad. Sci. 987, 60-67. N.F., Schaller, J.G., Talal, N., Winchester, R.J., 1982. The 1982 revised
Krishnan, S., Nambiar, M.P., Warke, V.G., Fisher, C.U., Mitchell, J., De- criteria for the classification of systemic lupus erythematosus. Arthritis

laney, N., Tsokos, G.C., 2004. Alterations in lipid raft composition Rheum. 25, 1271-1277.

and dynamics contribute to abnormal T cell responses in systemic Thomas, S., Kumar, R., Preda-Pais, A., Casares, S., Brumeanu, T.D.,

lupus erythematosus. J. Immunol. 172, 7821-7831. 2003a. A model for antigen-specific T-cell anergy: displacement of
Lin, P., Medeiros, L.J., Wilder, R.B., Abruzzo, L.V., Manning, J.T., Jones, CD4-p56(Ick) signalosome from the lipid rafts by a soluble, dimeric

D., 2004. The activation profile of tumour-associated reactive T-cells peptide-MHC class Il chimera. J. Immunol. 170, 5981-5992.

differs in the nodular and diffuse patterns of lymphocyte predominant Thomas, S., Kumar, R.S., Casares, S., Brumeanu, T.D., 2003b. Sensi-

Hodgkin's disease. Histopathology 44, 561-569. tive detection of GM1 lipid rafts and TCR partitioning in the T cell
Lindgvist, A.K., Alarcon-Riquelme, M.E., 1999. The genetics of systemic membrane. J. Immunol. Meth. 275, 161-168.

lupus erythematosus. Scand. J. Immunol. 50, 562-571. Tuosto, L., Parolini, I., Schroder, S., Sargiacomo, M., Lanzavecchia, A.,
London, E., Brown, D.A., 2000. Insolubility of lipids in triton X- Viola, A., 2001. Organization of plasma membrane functional rafts

100: physical origin and relationship to sphingolipid/cholesterol upon T cell activation. Eur. J. Immunol. 31, 345-349.



E.J. Pavon et al. / Molecular Immunology 43 (2006) 1029-1039

1039
Wakeland, E.K., Liu, K., Graham, R.R., Behrens, T.W., 2001. Delineat- activation in the absence of the CD3-zeta immune receptor tyrosine-
ing the genetic basis of systemic lupus erythematosus. Immunity 15, based activation motifs. J. Biol. Chem. 277, 13-22.
397-408. Zubiaur, M., Guirado, M., Terhorst, C., Malavasi, F., Sancho, J., 1999.
Zhang, W., Trible, R.P., Samelson, L.E., 1998. LAT palmitoylation: The CD3-gamma delta epsilon transducing module mediates CD38-
its essential role in membrane microdomain targeting and tyro-

induced protein-tyrosine kinase and mitogen-activated protein kinase
sine phosphorylation during T cell activation. Immunity 9, 239— activation in Jurkat T cells. J. Biol. Chem. 274, 20633-20642.
246. Zubiaur, M., Izquierdo, M., Terhorst, C., Malavasi, F., Sancho, J., 1997.
Zubiaur, M., Fernandez, O., Ferrero, E., Salmeron, J., Malissen, B., CD38 ligation results in activation of the Raf-1/mitogen-activated pro-
Malavasi, F., Sancho, J., 2002. CD38 is associated with lipid rafts

tein kinase and the CDg¢-associated protein-70 signaling pathways
and upon receptor stimulation leads to Akt/protein kinase B and Erk in Jurkat T lymphocytes. J. Immunol. 159, 193-205.



	Increased association of CD38 with lipid rafts in T cells from patients with systemic lupus erythematosus and in activated normal T cells
	Introduction
	Material and methods
	Patients and healthy controls
	T lymphocyte isolation
	Antibodies and reagents
	FACS analysis
	Detergent solubilization of cells at 37°C
	Fractionation of floating rafts by sucrose gradient ultracentrifugation
	Densitometric and statistical analysis

	Results
	A significant percentage of CD38 is insoluble in Brij 98 at 37°C in PBMC from SLE patients
	Increased association of CD38 with floating rafts in PBMC from SLE patients
	Increased CD38 expression in SLE T cells and T cell subsets
	CD38 is associated with floating rafts in ex vivo SLE T cells
	Increased CD38 expression and insolubility in Brij 98 upon mitogenic stimulation

	Increased lipid raft expression and altered CD4:CD8 ratio in ex vivo SLE T cells
	Recapitulation in normal T cells upon mitogenic stimulation


	Discussion
	Acknowledgments
	References


