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Defective Production of Anti-Inflammatory Cytokine, TGF-f3
by T Cell Lines of Patients with Active Multiple Sclerosis’

. Foroozan Mokhtarian,”* Yong Shi,* Djamshid Shirazian,* Linda Morgante,” Aaron Miller,*

and David Grob*

Divisions of *Immunology and *Neurology, Department of Medicine, Maimonides Medical Center, and SUNY, Health
science Center, Brooklyn, NY 11219

* Activated T lymphocytes play an important role in the pathogenesis of multiple sclerosis (MS). These T cells secrete

both pro-and anti-inflammatory cytokines. We have studied the production of these two kinds of cytokines by PBL
of patients with MS and compared it with normal controls and other autoimmune diseases (OAD). PBL of 29
patients with MS, 14 patients with OAD, and 14 healthy normal controls were cultured for 5 wk. PBL of MS
patients produced more pro-inflammatory cytokines, IL-2, IFN-y and TNF/lymphotoxin, and less anti-inflammatory
cytokine, TGF-B, during wk 2 to 4 in culture than PBL of normal controls. PBL of MS patients also produced more
IL-2 and TNF/lymphotoxin than PBL of OAD patients. Decreased TGF-B production by lymphocytes of patients
with MS correlated directly with disease activity. MS patients with active disease produced less TGF-8 than MS
patients with stable disease. The cells producing TGF-8 were primarily CD8" T cells and CD45RA™ T cells. These
findings emphasize the complexity of immune response in MS patients and suggest that the increased production
of pro-inflammatory cytokines by lymphocytes of patients with MS, combined with the decreased production of
TGF-B (anti-inflammatory cytokine), may play an important role in the mechanisms and manifestations of MS.

Journal of Immunology, 1994, 152: 6003.

ultiple sclerosis (MS)® is characterized by an
M inflammatory response within the central ner-

vous system (CNS), and immune abnormalities
in the peripheral blood, cerebrospinal fluid, and brain. In
the blood, there is activation of T cells (1) and increased
serum levels of IL-2 and IL-2R (2). IFN-v (3), IL-1, IL-2,
and IL-2R (4) and TNF (5) have been detected in cere-
brospinal fluid of patients with MS. IFN-y and TNE/LT
production are both reported to play active roles in the
pathology of MS. Although treatment with a preparation
of IFNs potentiated the exacerbations of exacerbating re-
mitting MS (6), using an IFN inducer in the treatment of
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chronic progressive MS appeared to be different and some-
what beneficial (7, 8). Increased TNF levels were observed
in the cerebrospinal fluid and sera of patients with acute
relapsing MS and in patients with Landry-Guillian-Barré
syndrome (9, 10). TNF was present in the cerebrospinal
fluid of patients with MS and other inflammatory neuro-
logic diseases (5, 11) and its level correlated with severity
and progression of MS (12). Immunohistochemical studies
of MS brain have also indicated strong intrathecal immune
activation and cytokine production (13-15). In brain le-
sions in MS, TNF was associated with astrocytes, macro-
phages and endothelial cells (16, 17).

Culture of PBL of normal human donors in the presence
of IL-2 results in the generation of long term proliferating
T cells that produce a variety of cytokines in vitro (18).
Previous studies on the in vitro production of IFN-y by
lymphocytes of MS patients have yielded conflicting re-
sults, ranging from deficient (19, 20) to normal (21, 22)
and elevated production (3), probably caused by different
durations and conditions of culture. Some investigators
have found low production of IFN-+y in short term cultures
of PBL with PHA (23) and IL-2 (24), leading to the con-
clusion that T cells from MS patients were defective in
production of IFN-y.

0022-1767/94/$02.00
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Table I.  Clinical status of MS patients

MS Disability Duration of MS
Patients Age  Sex Score? Type® (yn
Active®

1 40 F 6.0 CP 5

2 46 F 6.5 cP 16

3 31 M 5.0 ER 4

4 58 F 5.0 cp 5

5 43 F 2.5 ER 2

6 34 F 7.0 CP 8

7 34 M 6.0 ER 16
Stable?

1 27 F 7.0 CcP 9

2 50 M 6.0 ER 3

3 46 M 6.0 CP 18

4 33 M 7.0 CP 7

5 33 M 3.0 ER 5

6 45 F 2.5 ER 2

7 26 F 5.5 ER 6

# MS patients were scored on Kurtzke Extended Disability Status Score.

2 CP is chronic progressive and ER is exacerbating remitting disease.

€ Patients with progression of disease since the last 3-mo visit.

9 Patients with no apparent worsening of disease since the last 3-mo visit,

In this report the immunoregulatory role of cytokines in
ystemic T cell activation and clinical manifestation of MS
vas investigated. The production of pro-inflammatory cy-
skines (IL-2, IFN-v, and TNF/LT) and anti-inflammatory
ytokines (TGF-B and IL-4) in cultures of lymphocytes
rom patients with MS and other autoimmune diseases
JOAD) and from normal controls has been determined.
he role of different T cells subsets in the production of
‘GF- has also been investigated.

Aaterials and Methods
ubjects

udies of pro-inflammatory cytokine production were Initially carried
ttin PBL of 15 patients with MS, 11 of whom had chronic progressive
’P) and 4 had exacerbating remitting (ER) disease. Studies of both pro-
d anti-inflammatory cytokine production were later carried out in PBL
14 additional MS patients (7 CP, 7 ER), 7 of whom had active disease
d 7 of whom were stable at the time of study (Table I). Active or stable
sease was judged by whether or not symptoms and disability worsened
ring 3 mo before the study. All patients had clinical MS as defined by
* Poser criteria (25), with scores ranging from 2.5 to 7 on the Kurtzke
tended Disability Status Score (26). The range of disability was similar
patients with active or stable disease. Comparative studies were carried
t in a total of 14 patients with OAD, consisting of 2 with Landry-
ullain-Barré syndrome, 2 with Sjogren’s syndrome, 3 with SLE, 2 with
ronic thyroiditis, and 5 with chronic inflammatory myeloneuropathies.
urteen healthy staff members served as normal controls, Age and sex
tribution were comparable in patients with MS and OAD and in nor-
1 controls. None of the patients (MS and OAD) was receiving corti-
steroids or other immunosuppressive medications (e.g., azothioprine
“losporin or related compounds) during the 30 days before and at the
te of this study, and none had Abs to HTLV-1.

eparation of T cell lines

nphocytes were isolated from peripheral venous blood (PBL) by
nphoprep (Accurate Chemical & Scientific Corp., Westbury, N.Y.)
sity gradient centrifugation and cultured at 2 X 10° cells/ml in a
aplete culture medium (CM) consisting of RPMI 1640 supplemented
h 10% FCS, 2 mM glutamine, 1% sodium pyruvate, 1% nonessential
noacids, 25 mM HEPES, 5 X 10™5 M 2-ME, 100 mg/ml gentamicin,

15 U/ml human rIL-2 (Genzyme, Boston, MA). The PBL cultures

PRO- AND ANTI-INFLAMMATORY CYTOKINE PRODUCTION IN Mg

from MS and OAD patients and normal controls were incubated at 37°C
in 5% C0,/95% air and fed every 3 to 4 days by replacing half of the
growth medium with fresh IL-2 containing medium, leading to T cel]
lines (=95% T cells, as tested by FACS) after the first week in culture,
The T cell lines were cuitured for 5 wk, and the supernatants of cultures
from MS and OAD patients and normal controls were harvested weekly
and tested for cytokine activities concurrently. Cell viability was deter-
mined weekly by the trypan blue dye exclusion method, and cell cop-
centration was adjusted to 2 X 10° live cells/ml so that the number of
cultured lymphocytes among patients and normal controls remained com-
parable and to ensure that fluctuations in cytokine levels were not merely
a reflection of concentration of live cells. To ensure that lymphokine-
activated killer cells (LAK) did not develop, T cell lines were toutinely
checked by FACS. The results clearly indicated that none of the T cell
lines were lymphokine-activated killer cells, as evidenced by their strong
staining for CD4 or CD§ Ags.

Measurement of pro-inflammatory cytokines

IL-2. To assay for IL-2 in cultured lymphocytes, the cells were washed
twice in CM without IL-2 to remove free IL-2 and were incubated for
48 h in IL-2 free CM to deplete residual IL-2 before the harvest of
supernatant, as previously reported (27). IL-2 was measured by ELISA,
employing the multiple Ab sandwich principle (Endogen, Boston, MA).
Immunoplates were coated with mouse mAb specific for human I1-2 10
capture the IL-2 present in the samples. Rabbit polyvalent Ab to human
IL-2 and alkaline phosphatase-conjugated goat anti-rabbit IgG Ab, fol-
lowed by p-nitrophenyl phosphate substrate, were added sequentially.
The amount of IL-2 in the test sample was determined on the basis of a
standard curve constructed in each experiment by using IL-2 standards
(Endogen) and expressed as pg/0.1 ml.
IFN-vy. IFN-y was measured by a double Ab RIA, which is a solid phase
assay based on the “forward sandwich” principle. Polystyrene beads
coated with mouse mAb specific for human IFN-y were incubated with
each culture supernatant or each standard for 2 h at room temperature.
**Llabeled mouse mAb to IFN-y was added and incubated with the
beads for 2 h at room temperature. Unbound labeled Ab was removed by
aspiration and washing the beads. The bound radioactivity in each well
was determined by counting the beads in a gamma counter, and was
converted to concentration of IFN-vy (U/ml) by reference to a standard
curve constructed in each experiment from IFN-vy standards expressed as
U/ml. Reagents were purchased from Centocor (Malvern, PA) and Ad-
vanced Magnetics (Cambridge, MA).
TNF/LT. TNF/LT was measured using WEHI 164 cell line. This cell
line was originally obtained from Dr. N. Ruddle, School of Hygiene and
Public Health, Yale University (New Haven, CT) and later purchased
from American Type Culture Collection (Rockville, MD). Briefly, 5 X
10 cells/well were incubated with serially diluted supernatants of cul-
tured lymphocytes, in the presence of 4 ug/ml of actinomycin D, and
cultured at 37°C for 44 h. A total of 20 pl of 5 mg/m} of 3-(4,5-di-
methylthiazol-2-y1)-2,5 diphenyl tetrazolium bromide (Sigma, St. Louis,
MO) in PBS was added to all wells and incubated at 37°C for another 4 h,
followed by the addition of 150 pl of acidified alcohol (0.04 M HCl in
isopropanol) to each well to solubilize the colored product. The plates
were read on an ELISA plate reader at 570 nm (M, 700 Da, Dynatech,
Chantilly, VA). Cytotoxicity was calculated as:

OD of cell culture well treated with sample

% Cytotoxicity = 1 — - -
OD of cell culture well treated with medium

X 100.

TNF/LT activity was determined by transformation to probits of the per-
centage of cytotoxicity vs log serial dilution of the sample. The resulfs
were expressed as 1/dilution that produced 50% cytotoxicity (if the di-
lution factor was 1077, it was expressed as 100).

Because this bioassay could not distinguish between TNF-« and TNF-
B(LT), solid phase enzyme immunoassay, employing the multiple Ab
sandwich principle for human TNF-a (Genzyme Corp., Boston, MA) and
TNF-B (R & D Systems, Minnzapolis, MN), was also employed 01
TNF/LT positive supernatants, as described above, to distinguish be-
tween the two cytokines. By comparing the OD of the samples with the

standard curve, the concentration of the TNF-a or TNF-B in the test
sample was then determined. :
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Measurement of anti-inflammatory cytokines

IL-4. IL-4 was measured by direct immunoassay. The sensitivity of this
assay is 3.0 pg/ml. All reagents were purchased from R & D Systcmg
Murine mAb against human IL-4 was first coated on a polystyrene mi-
crotiter plate. Standards with known amounts of IL-4 and samples were
then added to the coated wells and incubated. Horseradish peroxidase-
conjugated polyclonal Ab against IL-4 and tetramethylbenzidine sub-
strate were used to detect the IL-4 bound to the solid phase.

TGF-B. Active form of TGF-B was measured in the cell supernatants,
without previous acidification. TGF-B was measured by its ability to
inhibit the growth of mink lung epithelial cell line, Mv 1 Lu (ATCC). My
1 Lu cells were plated in a 96-well plate at 3500 per 100 ul of DMEM
containing 10% FCS, Serial dilutions of each sample were added to trip-
licate wells 5 h after plating of cells, and incubated at 37°C for 72 h.
[PH]TdR was then added and the cells were incubated for an additional
24 h.

Inhibition of growth was expressed as the percent decrease of
[PH]TdR incorporation by cells receiving the sample when compared
with incorporation by cells alone. Human rTGF-B1 standards (R & D
Systems) (0.01 to 5 ng/ml) were run in each assay which produced 5 to
80% inhibition of Mv 1 Lu cell growth. The specificity of this bioassay
was demonstrated by inhibition of the assay by using polyclonal rabbit
anti TGF-B1 and 2 Ab (R & D Systems). Culture supernatants were
treated with 0.5 pg/ml of anti-TGF-B Ab at a final dilution of 1/8 for 1
h at room temperature. This concentration of Ab completely neutralized
0.5 ng/ml of rTGF-£1.

Separation of T cell subsets

Separation of T cell subsets on the basis of CD4, CD8, CD45RA, or
CD29 expression was performed after first removing macrophage (Mé)/
monocytes and Ig positive cells (B cells) from the cell suspension by
panning technique (28). Cell cultures were depleted of Md¢/monocytes by
incubation on FCS-coated plates, and B cells were removed by incuba-
tion on petri dishes precoated with purified goat anti-human IgG Ab
(Southern Biotechnology Associates, Inc., Birmingham, AL). The Ig-
negative cell population was then incubated separately with each mouse
anti-human CD4, CD8, CD45RA, and CD29 mAb (Coulter Inmunology,
Hialeah, FL) for 30 min on ice. The Ab-T cell complexes were then
washed free of Ab and added to prewashed magnetic beads with co-
valently attached goat anti-mouse IgG (Advanced Magnetics). The num-
ber of beads to cell ratio was 50:1. The cells were incubated with the
beads in RPMI 1640 supplemented with 10% FCS for 30 min on ice with
gentle shaking every 10 min. After this incubation, the cell-mAb-bead
complexes were separated from unlabeled cells in a strong magnetic field
using BioMag Separators (Advanced Magnetics) for 5 min. This proce-
dure was repeated once to ensure removal of all mAb-labeled cells. T
cells in CD8-depleted population were >95% CD4 ™, and CD4-depleted
population contained >90% CD8" T cells. CD45RA depleted T cells
were >96% CD29™, and CD29 depleted T cells were >93% CD45RA™,
as demonstrated by indirect FACS analysis. The negatively selected pop-
ulation of T cell subsets was cultured in CM for 4 days and supernatants
were harvested as above.

Statistical analysis

The significance of the results was determined by Student’s t-test and was
confirmed by nonparametric Wilcoxon signed rank test. Statistical anal-
yses were performed with Apple Macintosh plus/Statview 512 software.
All probability values were two-tailed.

Results
Production of pro-inflammatory cytokines

IL-2 production by lymphocytes of MS and OAD patients
was low and similar to that of normal controls at the end
of 1 wk of culture (Fig. 14). IL-2 production by lympho-
cytes of MS patients then steadily increased during the
5 wk tested, was significantly higher than IL-2 production
by lymphocytes of normal controls during the second
through the fifth week of culture (p < 0.05,p < 0.03,p =

6005
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FIGURE 1. Culture supernatants of IL-2-activated T cell
lines from patients with MS, OAD, and normal controls (CTL)
were harvested at 5 weekly intervals and assayed for proin-
flammatory cytokines. Values represent the mean =+ SD of 29
MS patients, 14 OAD patients, and 14 normal controls. A.
Production of IL-2 was measured by ELISA in duplicate wells
for each sample. Results are expressed as pg/0.1 ml, as de-
termined from standard curve. Before IL-2 assay, T cell lines
were washed twice in CM without IL-2. The T cells were then
incubated in IL-2-free medium for 48 h and supernatants col-
lected for IL-2 determination. p < 0.05, p < 0.03, p < 0.03,
and p < 0.002, MS vs CTL for wk 2 through 5; p < 0.03 and
p < 0.05, MS vs OAD for wk 2 and wk 3. p < 0.05, p < 0.03,
and p < 0.001, OAD vs CTL for wk 3 through wk 5. B.
Production of IFN-y was measured by RIA in duplicate wells
for each sample. Results are expressed as U/ml, as deter-
mined from standard curve. p < 0.03, MS and OAD vs CTL
for wk 1; p < 0.02, MS and OAD vs CTL for both wks 2 and
3. C. Production of TNF/LT was measured by bioassay in
serial dilutions of each sample. The results are expressed as
1/dilution which produced 50% cytotoxicity on WEH! 164
cell lines. p = 0.05, MS vs CTL and p < 0.02, OAD vs CTL
for wk 1. p < 0.01, MS vs CTL and OAD for wk 2.




6006

0.03 and p < 0.002), and also significantly higher than that
of OAD patients during the second and third weeks of
culture (p < 0.03 and p < 0.05). IL-2 production by lym-
phocytes of OAD patients was significantly higher than
IL-2 production by lymphocytes of normal controls during
the third through the fifth week of culture (p < 0.05,p <
0.03, p < 0.001) (Fig. 14). IL-2 production by lympho-
cytes of normal controls remained at constant low levels
during all 5 wk tested.
IFN-v production after 1 wk of culture of lymphocytes
from MS and OAD patients was significantly lower than
from normal controls (p < 0.03 for both MS and OAD)
(Fig. 1B). IFN-vy production by lymphocytes of MS and
OAD patients increased sharply and reached its peak at the
end of wk 2 and 3 for MS and wk 2 for OAD patients, and
then declined gradually during the fourth and fifth weeks.
In cultures of lymphocytes from normal controls, IFN-y
production also increased, but remained significantly
lower than those of MS and OAD patients (p < 0.02 and
p < 0.02 respectively) during the second and third weeks
of culture (Fig. 1B). In the fourth and fifth weeks, produc-
tion of IFN-vy by lymphocytes of MS and OAD patients
and normal controls were not significantly different.
TNF/LT production, like IFN-vy production, after 1 wk
of culture of lymphocytes from MS and OAD patients was
lower than from normal controls (p = 0.05 for MS and
p < 0.02 for OAD) (Fig. 1C). Unlike IFN-y, TNF/LT
production by lymphocytes of OAD and normal controls
only marginally increased at the end of the second week.
TNF/LT production in cultures of lymphocytes of MS pa-
tients was significantly higher than those of OAD and nor-
mal controls only at the end of the second week of culture
(p < 0.01) (Fig. 1C). TNF/LT production by lymphocytes
of MS patients declined sharply during wk 3 to 5. Like-
wise, the lymphocytes of OAD patients and normal con-
trols did not produce significant amounts of TNF/LT dur-
ing wk 3 to 5 in culture (Fig. 1C). TNF/LT bioactivity was
found to be caused entirely by the production of LT and
not TNF-a: the positive samples were all retested, in sep-
arate experiments by immunoassays for LT and for

TNF-a, and they were found to be positive for LT but not
for TNF-a.

Production of anti-inflammatory cytokines

IL-4. No significant amount of IL-4 was detected in any
of the lymphocyte cultures of MS, OAD, and normal con-
trols, as tested by ELISA and compared with the standard
curve prepared from IL-4 standards (data not shown).

TGF-B. TGF-B production after 1 wk was low in lym-
phocyte cultures of MS and OAD patients and normal con-
trols. Production of TGF-f after 2 wk in cultures of lym-
phocytes of normal controls rose to significantly higher
levels than those of MS (p < 0.05) and OAD patients
(p < 0.05) (Fig. 2). Production of TGF-8 in cultures of
normal controls was still higher, although not signifi-
cantly, than those of MS in the third week of culture. In the

R SRS

PRO- AND ANTI-HINFLAM

MATORY CYTOKINE PRODUCTION IN MS

60 W MSs
OAD
CTL

o
o

20

TGF-b activity (% inhibition of Mv 1Lu cell growth)

-
N
« 3
=3

Weeks

FIGURE 2. Production of active form of TGF-8 by IL-2-ac-
tivated T cell lines from 14 patients with MS, 4 with OAD,
and 7 normal controls (CTL) at 4 weekly intervals. Values
represent the mean = SD of the percentage of growth inhi-
bition of Mv 1 Lu cell line in triplicate wells for each sample.
p < 0.05, CTL vs MS and OAD for wk 2.

fourth week of culture, production of TGF-8 in all three
groups was comparable and started to decline. The spec-
ificity of this bioassay was tested by neutralization with
the specific Ab. Ab to TGF-£1 and 2 neutralized this bio-
activity when tested on four different TGF-f positive sam-
ples (data not shown).

Cytokine production at different stages of disease in
MS patients

Initially, 15 MS and 10 OAD patients and 7 normal con-
trols were tested for the production of pro-inflammatory
cytokines. No significant differences were noted in the
generally high level of pro-inflammatory cytokines pro-
duced by lymphocytes of MS patients at different stages of
disease. However, when the production of anti-inflamma-
tory cytokine TGF-8 was measured in another 14 MS pa-
tients, 4 OAD patients, and 7 normal controls, significant
differences in the level of TGF-f production was observed
among MS patients at different stages of disease. The av-
erage TGF-B production (as indicated by percentage of
inhibition of indicator cell growth) by lymphocytes of 7
MS patients who had active disease (11.2%) was signifi-
cantly lower (p < 0.002) than by lymphocytes of 7 MS
patients with stabie disease (33.4%) and by lymphocytes
of 7 normal controls (44.5%) (p = 0.002) (Fig. 3). The
average TGF-f production by lymphocytes of 4 OAD pa-
tients was 20.7% and statistically was not significantly dif-
ferent from the average production by lymphocytes of MS
patients with active or stable disease (Fig. 3). One MS
patient, who had been in remission for over 1 yr at the time
of blood sampling, had an inhibition rate of 48.5%.
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FIGURE 3. Production of active form of TGF-$ by IL-2 ac-
tivated T cell lines from seven patients with stable and seven
patients with active MS, four with OAD, and seven normal
controls (CTL). Supernatants were harvested on day 14 after
culture and TGF-B was assayed, as described in Materials
and Methods. Patients with stable MS had no apparent wors-
ening of disease since their last 3-mo visit. Patients with ac-
tive MS had progression of disease since the last 3-mo visit.
p < 0.002, active MS< stable MS, and p < 0.002, active
MS < CTL.

TGF-B production by subsets of T cells

To determine the subsets of T cells producing TGF-8, T
cell lines from three MS patients and one normal control
were separated and purified after the second week in cul-
ture. The resulting T cell subsets, always in the same num-
ber of T cells/ml, were cultured and the supernatants were
analyzed for TGF-8 production. Supernatants collected
from unseparated T cell cultures of two MS patients with
active disease (patients 1 and 2) and one with stable dis-
ease (patient 3), produced 17.0%, 3.5%, and 20.4% inhi-
bition of growth of Mv1 Lu cell line, respectively (Fig. 4),
whereas supernatant from T cells of one normal control
showed 24.4% inhibition. Supernatants from CD8* T cell
depleted cultures of the three MS patients and one normal
control produced comparable TGF-f activity of 7%, 6.9%,
8.6%, and 7.2% inhibition, respectively, which was much
lower than supernatants from their corresponding unsepa-
rated T cells. Supernatants from CD4" T cell depleted
cultures showed TGF-8 activity of 39%, 32.4%, 29.7%,
and 35.6% inhibition for patients 1, 2, 3, and normal con-
trol, respectively. The level of TGF-8 production was no
longer different in the separated T cell subsets. CD4* T
cell-depleted cultures produced a much higher level of
TGF-8 than CD8™ T cell-depleted cultures, indicating that

+the T cells producing TGF- were therefore primarily

CD8 and not CD4 T cells (Fig. 4).
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FIGURE 4. Production of active form of TGF-B by unsepa-
rated and CD47"- and CD8"-depleted subsets of T lympho-
cytes from three MS patients and one normal control (CTL).
PBL were first cultured in IL-2 medium for 14 days, at which
time T cell subsets were separated by magnetic beads and
cultured in IL-2 medium for another 4 days. The supernatants
were harvested for measurement of TGF-B activity by using
Mv 1 Lu cell growth inhibition assay. Each set of bars repre-
sents the values for unseparated and subset-depleted T cells
from each of three MS patients (patients 1, 2, and 3) and
one CTL.

TGF-B activity in unseparated T cells of the two MS
patients with active disease (patients 1 and 2) was lower
than that of a patient with stable disease (patient 3) and of
a normal control (Fig. 4, left column). However, when the
concentration of CD8™ T cells was increased by depletion
of CD4™ T cells from each culture, but maintaining the
same concentration of total T cells, TGF-f activity of both
patients with active disease rose to a greater degree than
that of the MS patient with stable disease and the normal
control (Fig. 4, right column).

Separation of T cells of one MS patient and one normal
control into CD29*(CD45RA™) and CD45RA™ subsets
indicated that supernatants of CD29" T cell-depleted
cultures produced 33% and 29% inhibition, whereas
CD45RA™ T cell-depleted cultures produced 1% and
7.8% inhibition of TGF-B activity (Fig. 5). The T cells
producing TGF-8 were therefore primarily CD45RA™
T cells.

When the supernatants from the above T cell subsets
were also tested for the production of IFN-v, no significant
differences in the levels of this cytokine were noted (data
not shown).

Discussion

MS is believed to be a T cell-mediated autoimmune demy-
elinating disease of the CNS (29). The presence of activated
T cells in MS PBL and cerebrospinal fluid, as indicated by
the expression of HLA-DR Ag, and of IL-2R-bearing T cells
in PBL, cerebrospinal fluid, and brain tissue (2, 15, 30), sug-
gests that the disease may be initiated by autoreactive T cells.
We have previously shown that the precursor frequency of
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TGF-b activity (% inhibition)

Unseparated CD45RA-depit.CD29-deplt.

FIGURE 5. Production of active form of TGF-B by unsepa-
rated and CD45RA™- and CD29 " -depleted subsets of T lym-
phocytes from one MS patient and one normal control (CTL).
See legend of Figure 4 for culture conditions and assay. Each
set of bars represents the values for unseparated and subset-
depleted T cells from one MS patient and one CTL.

IL-2-activated T cells is much higher in the PBL. of MS pa-
tients than of normal controls (31).

In the present study, T cells of MS and OAD patients
produced more pro-inflammatory cytokine IL-2, IFN-vy
and TNF/LT than those of normal controls, and T cells of
MS patients produced more IL-2 during the second
through the fifth weeks of culture than the T cells of OAD
patients or normal controls. It appears that T cells of MS
patients are more activated and produce more IL-2 than T
cells of OAD patients. Other studies have found increased
levels of IL-2 and IL-2R in the sera (2) and cerebrospinal
fluid (4) of MS patients. These findings support the pres-
ence of a systemic T cell activation (32). It has also been
suggested (33) that an excess of IL-2 may trigger autore-
active effector cells and break autotolerance.

Although during the first week of culture the T cells of
MS and OAD patients produced less IFN-y than those of
normal controls, during the next 4 wk they produced sig-
nificantly more. In other studies, short term cultures of
lymphocytes of MS patients with PHA or IL-2 induced
lower than normal production of IFN-vy in vitro (23, 24).
Our findings confirmed the previous reports of low IFN-vy
production during the first week of culture. This may be
caused by refractoriness or feed back inhibition induced
by IL-2 activation of these already activated cells (27, 31).
This low IFN-vy production, however, did not last longer
than the first week of culture, and by the end of the second
week a significantly increased production was observed by
T cells of MS and OAD patients compared with normal
controls. IFN-+ is known to induce expression of class II
MHC Ag (30). Production of IFN-y by PBL may therefore
be followed by increased Ag presentation and immuno-
logic activity in the CNS (15) and is likely to induce tissue
damage and demyelination, as observed in an experimen-
tal autoimmune encephalomyelitis (EAE) model (34). A
significant increase in the exacerbation rate was reported

after systemic administration of IFNs to MS patients (6).
Increased production of both IFN-y and TNF was also
found preceding onset or exacerbation of clinical symp-
toms in MS patients (35). Increased levels of TNF have
been found in the sera of MS patients (10). The level of
TNF-a in the cerebrospinal fluid of MS patients correlated
with the progression of disease (12). Our data also suggest
high production and likely involvement of TNF/LT in the
pathogenesis of MS. TNF/LT production by T cells of MS
patients was higher than by T cells of OAD patients. This
cytokine is cytotoxic to other cells (36) and is found to be
involved in demyelination in an in vitro system (9). The
type of pathology seen in the CNS of animals with EAE,
a well known model for MS, is reminiscent of the type of
pathology produced by TNF in the in vitro system.

Although production of pro-inflammatory cytokines in
the cultures of lymphocytes of MS patients was higher
than that of normal controls, there was no correlation be-
tween the level of production and the clinical condition of
MS patients. As discussed by Trotter et al. (37), correla-
tion with strictly clinical data could be complicated by the
possible occurrence of subclinical events in MS.

A possible explanation for T cell activation and the
higher frequency of IL-2-activated T cell clones in MS
patients may be that lymphocytes of MS patients produce
lower amounts of inhibitors of cell protiferation or anti-
inflammatory cytokines. Production of anti-inflammatory
cytokine TGF-f3 is associated with inhibition of EAE in
natural recovery (38) and in mice orally fed with MBP (39,
40). TGF-f3 exerts suppressor activity on proliferation to
MBP and down-regulates the production of inflammatory

cytokines in the brain (40). Studies using mice orally toler- -

ized with MBP have shown TGF-8 to be the effector cy-
tokine in the induction of tolerance. CD8" T cells were
found to produce TGF-B in both natural recovery and oral
tolerance in EAE. In this study we found that PBL of
normal controls produced more TGF-8 than MS patients
after activation by IL-2. Furthermore, patients with MS
produced significantly less TGF-8 at the time of active
disease (exacerbation/progression). Only the production of
the active form of TGF-f was found to be different among
MS patients at different stages of disease, and between the
MS patients and controls, whereas the latent form of
TGF- was not different (data not shown). Also studies of
EAE in rats have indicated that suppressor T cells released
TGF-B in vitro, which suppressed IL-2 and IFN-vy produc-
tion (38). Our failure to detect IL-4 in the supernatants of
T cell cultures does not preclude the production of this
cytokine in small quantities. Our finding is consistent with
that of Lewis et al. (41), who reported very low production
of IL-4 mRNA, and secretion of protein, by activated hu-
man PBL cultures. Like our cultures, these activated PBLs
produced high levels of IFN-y and IL-2. This difference
was found to be caused by the low frequency of CD4" T
cells expressing IL-4 mRNA (<5%), compared with those
expressing IFN-y and IL-2 (33% and 60%, respectively).
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Our study suggests that TGF- producing CD8™ T cells
may play a role in down-regulating the activation of T
cells in the peripheral blood. It is not clear whether in MS
patients a defect in high production of pro-inflammatory
cytokines or in low production of anti-inflammatory cyto-
kines, or both, results in activation of disease. The higher/
lower production of pro-/anti-inflammatory cytokines may
be caused by different percentages of T cell subsets in the
PBL of MS patients compared with normal controls. In
fact, a reduction in the number of CD8™ (suppressor) T
cells during exacerbation of MS has been suggested (32),
but this issue remains controversial. A decrease in sup-
pressor inducer CD45RA™ T cells in the PBL (27) and
in the CNS (42) of MS patients has been described.
CD4"CD45RA™ T cells were decreased in PBL of pa-
tients with active SLE and with rheumatoid arthritis (43).
Studies on autologous mixed lymphocyte reaction have
indicated that CD45RA Ag is involved in the generation of
suppressor signals by CD47CD45RA™ T cells, and of
suppressor function of CD8"CD45RA™ T cells (44, 45).
Taken together, these studies strongly suggest a defect in
the down-regulation of immune response in patients with
MS, as evidenced by a reduction in the expression of
CD45RA Ag. We have further observed that although the
production of TGF- resided mostly in CD8™ T cells and
only in CD45RA™ T cells, IFN-y was produced by CD4 ™,
CD8", CD45RA™ and CD29*(CD45R ™) T cells (data not
shown). This study showed that during progression or ex-
acerbation of MS (active disease), production of anti-in-
flammatory cytokine TGF-f declined below normal. This
is possibly caused by a lower number of CD8"CD45RA ™"
T cells, as suggested by our and several other studies (27,
32, 42-45), and may prove to be a mechanism for poten-
tiation of disease. We have found that although unsepa-
rated T cells of active and stable MS patients and normal
controls made variable amounts of TGF-j3, after purifica-
tion of CD8™ T cells and CD45RA™ T cells and culture of
the same number of cells, the level of TGF-$ production
among patients and controls was no longer different (Figs.
4 and 5). This further suggests that the lower production of
TGF-B by unfractionated T cells of MS patients with ac-
tive disease is caused by the lower frequency of TGF-8-
producing CD8"CD45RA™ T cells. Studies of in situ hy-
bridization are in progress to determine the percentage of
TGF-B-producing CD8 *CD45RA™ T cells in MS patients
and normal controls.

The current study and other reports, taken together, sug-
gest that in MS, probably as a result of immunoregulatory
abnormalities in the PBL, the migration of increased in-
flammatory and immune cells to the CNS and the produc-
tion of increased levels of pro-inflammatory cytokines and
decreased levels of anti-inflammatory cytokines results in
damage to the blood brain barrier and to the myelin sheath.
Efforts must be made to devise therapeutic strategies that
effectively interfere with these mechanisms.
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