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SUMMARY

T cells from patients with multiple sclerosis (MS) and normal controls were assessed for
their ability to respond in the autologous mixed lymphocyte reaction (AMLR). Cells from
stable MS patients demonstrated a significant defect in their proliferative response to non-
T cells in comparison to normal controls. Despite the defective AMLR response, T cells
from MS patients reacted as well as T cells from normal controls to allogeneic stimuli.
Furthermore, MS non-T-cells were fully capable of stimulating allogeneic MLR
responses by normal and MS T cells. Since the T4+ cell is the major subpopulation which
proliferates in the AMLR, these studies suggest a functional defect in a subpopulation of
T4+ cells in MS patients. Since the AMLR may represent an important mechanism by
which immune responses are regulated, a defect in the ability of MS T cells to respond to
autologous cells could account for several of the autoimmune features of the disease.
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INTRODUCTION

In the autologous mixed lymphocyte reaction (AMLR), T cells respond to autologous non-T-cells
(either B cells and/or macrophages) (Opelz et al., 1975; Kuntz, Innes & Weksler, 1976). T cells
activated in the autologous mixed lymphocyte reactions (AMLR) differentiate and proliferate,
acquiring helper (Shin, Wang & Choi, 1981; Sakane & Green, 1979), suppressor (James et al., 1981;
Smolen et al., 1982), and cytotoxic activities (Tomonari, 1980). Activation ofT cells in the AMLR is
a consequence of their recognition of products of the major histocompatibility locus (Dr antigens)
on non-T cells (Palacios & Moller, 1981) and represent an in vitro model for immune regulation.

The majority ofT cells which proliferate in AMLR bear the T4+ surface phenotype (Damle &
Gupta, 1982; Sakane et al., 1983). During the first 3 to 4 days of an AMLR, T-helper cell activity is
generated within the T4+ cell population (Sakane et al., 1983). After 5 to 7 days of culture,
suppressor cell activity, within another subset ofT4+ cells is observed (Sakane et al., 1983; Kotani,
Takada & Ueda, 1984). Since suppressor as well as helper cell function is generated in the AMLR,
activation of T cells in the AMLR may represent an important regulatory mechanism by which
immune system function is controlled.

Among the many immunological abnormalities which have been described in patients with
active multiple sclerosis (MS), is a depression ofconcanavalin A (Con A) inducible suppressor cells
(Arnason & Antel, 1978; Antel, Arnason & Medof, 1979). Several studies have also suggested that
the number of suppressor cells, as determined by surface markers on peripheral blood (Reinherz et
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al., 1980; Weiner et al., 1984) or cerebrospinal fluid (Coyle et al., 1980; Sandberg-Wollheim, 1983;
Panitch & Francis, 1982) lymphocytes, is also decreased during active MS. However, this has not
been a consistent finding (Kastrukoff & Paty, 1984; Rice et al., 1984; Hirsch et al., 1985).

Few studies have examined the ability of lymphocytes from MS patients to respond to allogeneic
or autologous cells in vitro. Depressed responses of MS lymphocytes to allogeneic lymphoid cell
lines have been demonstated (Knight et al., 1975). However MS lymphocytes seem to respond well
against normal allogeneic lymphocytes (Kallen, Low & Nilsson, 1975; Birnbaum & Kotilnek, 1981;
Kam-Hansen, Anderson & Link, 1983). One study has reported that T cells, obtained from active
MS patients, show increased reactivity in the AMLR (Birnbaum & Kotilnek, 1981). The increased
AMLR response may have been a consequence of an increased capacity of the non-T-cells to
stimulate T cell proliferation in the AMLR (Birnbaum & Kotilnek, 1981). However, a recent
communication has reported decreased AMLR responses in active chronic progressive MS patients
(Hafler et al., 1985).

We report in this study thatT cells from stable MS patients demonstrate a depressed AMLR in
response to non-T-cells. Furthermore, the defective AMLR response is seen in the presence of
normal allogeneic MLR responses. Since the T4+ cell population is the major responding cell in the
AMLR, these studies suggest functional abnormalities within the T4+ cell population in MS
patients.

MATERIALS AND METHODS

Patients. MS patients, with exacerbating/remitting disease, were seen in the University of
Maryland MS Clinic. At the time of study all patients were stable, not having had an attack within
the past 60 days, and were not taking any immunomodulating medication. Laboratory and staff
personnel served as normal controls.

Preparation of T- and non-Tcells. Peripheral blood was collected in preservative free heparin (20
u/ml) and the mononuclear cell (MNC) fraction was obtained by centrifugation on Ficoll-Paque
(Pharmacia Fine Chemicals, Piscataway, NJ, USA). Cells were then washed two times in phosphate
buffered saline (PBS) and resuspended at 3 x 106 cells/ml in RPMI-1640, containing 20% fetal
bovine serum (FBS). The adherent cell population was removed by incubating the MNC on FBS
coated 100 mm tissue culture plates for 1 h at 37 C. The non-adherent cell population, containing
both T and B cells was then removed and resuspended at 3 x 106 cells/ml in PBS containing 20%
FBS. These cells were then mixed with 2-aminoethyl-isothiouronium-treated sheep red blood cells
(SRBC) (Chandy et al., 1984), centrifuged at 200 g for 5 min, and placed on ice for 1 h. The SRBC
rosette forming cells were then separated from non-T-cells by centrifugation in Ficoll-Paque. T cells
in the rosetted population were treated with NH4CI2, to lyse the SRBC, washed, and counted, and
resuspended in RPMI containing 5% FBS, 10 mM HEPES buffer, glutamine, and gentamicin
(complete RPMI). Non-T-cells were similarly washed, counted, and resuspended in complete
RPMI. A portion of the cells in each fraction was routinely analyzed to determine the percentage of
T cells (OKT3 positive, Ortho Pharmaceutical Co., Raritan, NJ, USA), and the percentage B cells
(Leu- 12 positive). At least 5,000 cells in each fraction were analysed using a FACS IV, as previously
described (Hirsch et al., 1985). The T-cell enriched fraction contained average of 856 + 2-2% T3+
cells. The non-T-cell fraction contained 60-9+ 15-8% Leu 12+ cells and less than 5% T3+ cells. In
some experiments MNC were stained with additional monoclonal antibody reagents (OKT4,
OKT8, and OKIa1, Ortho Pharmaceutical Co., Raritan, NJ, USA) to determine the percentage of
these cell populations in peripheral blood MNC.

Mixed tymphocyte reactions. Non-T cells were counted and resuspended at 1 x 106 cells/ml in
Hank's balanced salt solution (HBSS), containing calcium and magnesium. Cells were treated with
50 p1g/ml mitomycin C (Sigma Chemical Co., St Louis, MO, USA) for 45 min. Cells were then
washed twice with HBSS and resuspended at 1 x 106 cells/ml in complete RPMI.

Equal volumes (0 5 ml) of mitomycin treated non-T-cells were mixed with T cells at 1 x 106 cells/
ml in 12 x 75 mm plastic tubes. Controls consisted of T cells diluted with an equal volume of
complete RPMI. The mixtures were then plated into four or five replicate wells of flat bottom
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Table 1. T cell markers on MNC from MS and normal subjects

Positive cells (0) ± s.d.*

T3 T8 T4 Ia

MS (10) 60 6+7 9 24 6+4 4 43 9+6 9 14 5+7 9
Normal(8) 61 1+107 251+49 407+68 121+45

* Prior to separation by rosetting, portions of the MNC
fraction were washed and treated with the above mono-
clonal antibodies. The percentage cells, within the lympho-
cyte peak, binding these antibodies was determined by
counting 5,000 cells on a FACS IV. No significant differ-
ences were observed between cells obtained from MS and
normal controls.

microtitre plates and cultured for 6 days at 37 C. During the last 16 to 18 h of culture, each well
received 1 yCi 3H-thymidine (3H-TdR, specific activity 40 Ci/mM, Amersham, Arlington Heights,
IL, USA). Cultures were then harvested onto glass fiber filters and prepared for scintillation
counting (Hirsch et al., 1981).

RESULTS

AMLRs were established by culturing enriched T cells with mitomycin C treated non-T-cells. These
studies demonstrate that lymphocytes from MS patients exhibited a significantly lower (P< 0 05,
Student's t-test)AMLR response in comparison to normal controls (MS = 5,429 + 2,683 ct/min/106
cells; controls = 13,071 + 2,928 ct/min/106 cells). The individual values of the AMLR responses of
MS patients and normal controls are shown in Fig. 1. The AMLR values for the combined groups
were normally distributed and thus the results could be subjected to rank-sum analysis. This
analysis showed that there was a high degree of relationship between group membership and
ranking (rg= 0-62), and that the median value of the control group was significantly higher that that
of the MS patient group (Z=2 324, P=0.01).
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Fig. 1. Individual values of AMLR responses. Enriched T cells were cultured with mitomycin C treated
autologous non-T cells (1: 1 responder to stimulator ratio) for 6 days. The incorporation of 3H-TdR, during the
final 16 h of culture, was used to determine lymphoproliferation in the AMLR. The median value of the MS
group response is significantly lower than that of the normal control group. The solid bars represent the mean
responses.
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Table 2. Allogeneic MLR response of normal and MS T cells to normal and MS B cells*

3H-TdR ct/min/106 cells
(3H-TdR W ct/min/106 cells)

Stimulator B-cells: Normal MS

1 2 3 4 5 6

Responder T cells
Normal

1 9,070 86,170 - 129,500 195,520
2 99,570 9,150 - 39,680 84,620 -

3 23,110 - 96,030

MS
4 84,920 70,300 4,800 76,910
5 94,170 78,760 27,330 11,760
6 51,140 - 2,060

* Enriched T cells were cultured with mitomycin C treated autologous
or allogeneic non-T-cells at 2: 1 responder to stimulator ratio. After 6
days, cultures were labelled with 3H-TdR for 16 h, harvested, and
prepared for scintillation counting. Values in bold represent autologous
responses. Data on subjects 1, 2, 4 and 5 were determined in one
experiment and that for subjects 3 and 6 in a second experiment.

Since others have demonstrated that T4+ cells are the major cell population which proliferate in
AMLR (Sakane et al., 1983), the distribution ofT cell subsets in the MNC population was analysed.
There were no significant differences between MS patients and normal controls in the percentages of
T3, T4, T8 and Ia positive lymphocytes (Table 1). These results suggest that there is a functional
defect in the ability of cells from MS patients to respond in the AMLR.

Previous studies suggested that the degree to which MS patients respond in the AMLR is a
function of the stimulator cell population (Birnbaum & Kotilnek, 1981). Thus, it was possible that
the B cells of MS patients were not sufficiently stimulating their own T cells. Thus, additional
experiments were performed in which normal and MS non-T-cells were used to stimulate normal
and MS allogeneic T cells. These results (Table 2) demonstrate that both normal and MS T cells
were responsive to allogeneic non-T-cells from either normal or MS subjects. When the MS patient
T cell response to normal non-T-cells was compared to the normal T cell response to MS non-T-
cells, no significant differences were observed (MS T v normal non-T, 82,038 + 8,105; control T v
MS non-T, 109,070 + 29,019). Thus, T cells from MS patients responded well in the allogeneic MLR
and, non-T-cells from MS patients functioned well as stimulators for both MS and normal T cells.

DISCUSSION

These studies demontrate that T cells from stable MS patients have a significant defect in their
ability to proliferate in an AMLR in comparison to cells from normal controls. Although we have
only investigated one stimulator to responder cell ratio, a recent report, using a 5: 1 ratio, showed
that active MS patients also had depressed AMLR responses (Hafler et al., 1985). These same
investigators, however, reported that the AMLR was depressed, though not significantly, in
inactive MS patients. The fact that our stable patients had significantly depressed AMLR reactivity
whereas Hafler's patients did not could be due to the fact that our patients had not had an attack for
2 months whereas Hafler's patients had not had an attack for 9 months. Thus, our 'stable' patients
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may more closely approximate Hafler's active patients. A previous study showed that active MS
patients had increased AMLR responsiveness (Birnbaum & Kotilnek, 1981), and that the increased
responses were a function of a more active stimulator B cell population. We have also addressed
the possibility that the B cells from MS patients may be aberrant in their ability to stimulate an
allogeneic MLR response. Our results show that MS T cells are responsive to allogeneic stimuli and
that MS non-T cells are capable of stimulating both normal and MS T cells to a similar extent.

A decreased AMLR response has been demonstrated in other diseases ofsuspected autoimmune
etiology (Sakane et al., 1983; Chandy et al., 1984). A depressed AMLR response in these diseases
may have major significance to the pathogenesis or progression of disease. First, in the type of
AMLR studied here, in which non-T-cells are used as stimulator cells, the majority of the
responding cells have the T4+ phenotype (Damle & Gupta, 1982). Furthermore, different subsets of
T4+ cells which proliferate in the AMLR develop both helper/inducer and suppressor cell activity.
Since MS patients have depressed suppressor T cells (TJ) function, especially during active disease
(Antel et al., 1979), it is possible that the decreased proliferative activity seen in the AMLR
represents the inability of the MS T4+ cell to proliferate and generate suppressor cell function. Since
the previously reported decreases in T8 + cells in active MS patients (Reinherz et al., 1980; Weiner et
al., 1984) have not been confirmed in several laboratories (Rice et al., 1984; Kastrukoff & Paty,
1984; Hirsch et al., 1985), it is possible that the depression ofCon A induced T, activity in active MS
is associated with a population of cells other than T8+ cell. Interestingly, in systemic lupus
erythematosus, decreases in the AMLR induced proliferation of T4+ cells are independent of
disease activity and have been correlated with a decrease in the development ofT4+ suppressor cell
but not helper cell activity (Sakane et al., 1983). In addition, other investigators have reported
increased helper cell activity (Levitt, Griffin & Egan, 1980) and IgG production (Goust, Hougan &
Arnaud, 1982) by MS lymphocytes in vitro. These studies indicate that there may be additional
abnormalities within the T4+ cell population in MS patients.

Patients with MS have many abnormalities of immune function which suggest that the
progression of disease has an autoimmune component. Thus, it is possible that the depressed
AMLR responses represent the inability of cells from these patients to down regulate immune
responses in vivo. There is some evidence, from the evaluation of cellular immune responses to
influenza vaccine, that the immune system of MS patients is defective in its ability to regulate
responses. After vaccination with inactivated influenza virus, the proliferative responses of MS
patients' cells to purified virus remained detectable for a longer period than that ofcontrols (Brooks
et al., 1979). Although it is possible that the reduced AMLR reactivity in MS patients represents an
inherent immunologic defect of an autoimmune disease, it is also possible that autoreactive T cells
in MS migrate to the central nervous system. In fact, cells from the cerebrospinal fluid have been
recently reported to have increased AMLR reactivity (Birnbaum et al., 1984).

Cytotoxic cells with natural killer (NK) cell characteristics are also induced by the AMLR
(Tomonari, 1980). Although we have not examined AMLR induced NK activity in this study,
endogenous NK activity is depressed in MS (Hirsch & Johnson, 1985). Since NK cells may have
important immunosuppressive (Abruzzo & Rowley, 1983; Brieva, Targan & Stevens, 1984) as well
as antiviral activities, further study of the defective AMLR response in MS may suggest additional
defects other than in the T4+ cell population, of immune regulation.

We have not yet had the opportunity to study active MS patients. However, since conflicting
results have been reported with respect to AMLR responses in this group of patients further studies
are warranted. In addition, studies on the activation of suppressor and suppressor-inducer T4+ cells
in MS patients are necessary. Such studies would directly determine if the low level of proliferation
in the AMLR is indicative of depressed T4+ cell suppressor cell function in MS.
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