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INTRODUCTION

The proportion of various cell subsets within the overall mononuclear cell popula-
i tion of peripheral blood is reported 1o differ in MS patients compared to age- and
: sex-matched controls. The differences are usually most apparent in those patients with
active (progressive or relapsing) discase. Using monoclonal antibodies (mAbs) which
recognize mononuclear cell surface proleins, the most consistently demonstraled
changes have been found in the number of T suppressor (T,) cells (T8, T5*, Leu 2a*),
although differences {rom controls have also been found in other cell subsets including
total T cclls*(T3*) and monocytes (M1°*), The extent 1o which the numbers of the
above cell subsels in MS patients differ from non-MS individuals has, however, varied
markedly from study to study.

In our study, we have analyzed same of the properties of T, (T8*) cells from MS
patients Lthat may contribute to the discrepancies existent among enumeration studies
of T, cells in MS and may be associated with the aberrant suppressor-cell function that
has been rather consistently observed in MS patients.”” Our data indicate that the '
density of T8* antigen on cells from MS patients with acljve disease is reduced.*? ]
3 Using immune modulation with OKT8 as a2 model of reduced T8 antigen density, we i
can demonstrale thal distinguishing cells with low antigen densily lrom nonfluorescent
cells can be difficult, a factor that in turn increases the variability of resulis in T, cell
cnumeralion studies in MS, In addition, OKT8-modulated mononuclear cells exhibit
reduced [unctional suppressor aclivily.

‘ DONORS

The MS paticnts included in this study werc clinically rated as having cither active
or stable discase. The active group was comprised of patientls with gradually bul
conlinually increasing disability in the preceding one year (progressive MS) or with an
cxacerbation in Lhe prior week (MS relapse). Stable patients had no clinically apparent
change in function over the preceding year. In all assays, MS paticnts' cells were
studicd together with celis from an age (210 years)- and scx-matched control.

“This work was supported by grants from the National Multiple Sclerosis Society and the Kroc
Foundation.
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METHODS
Isolation and mAb Labeling of Mononuclear Cells

Peripheral blood mononuclear cclls (PBM) were separated on ficoll-hypaque
(Pharmacia) density gradients and washed x3 in Hanks' Balanced Salt Solution
(HBSS: GIBCO, Grand Island, NY) at 4°C. Cells (n — | x [0*) were pelleted in 2 ml
Eppendor! tubes and incubated on ice for 30 minutes with mAbs recognizing
peripheral T cells (OKT3), helper cells (OKT4), or suppressor/cytoloxic cells (OKTS,
Ortho Pharmaceuticals, Raritan, NJ). Stock solutions of mAbs containing 0.1% Na

.azide were suspended in HBSS containing 10% heal inactivated and ultracentrifuged

normal goat serum (NGS), previously absorbed with mouse Ig, at a dilution of 1:20.
This dilution had been previously determined 1o be a saturating concentration. Fifty !
of diluled mAb werc added to each tube. Cells were incubaled for 30 minutes on ice
and then washed x3 in HBSS with 0.1% bovine serum albumin (BSA) and 0.01%
sodium azide by cycles of centrifugation (300 g x 10 min at 4°C) and resuspension.
Cel! pellets were then incubated with 50 gl of goat anti-mouse 1gG conjugated with
FITC (FITC Ga-M IgG from Cappel, Cocheanville, PA, 1:100 dilution of thc ~8
mg/ml stock solution in HBSS with [0% NGS, previously determined lo be a
saturating concentration). Cells were again washed x3 and cesuspended in | ml of
indicator-frce HBSS with 0.1% BSA and 0.01% Na azide.

Cell Subset Enumeration and Fiuorescence Intensity Determination
Using FACS Analysis

Ten thousand cells exposed Lo a given mAb were recorded at a rate of 500
cells/second on a Auorescence-activated cell sorter (FACS: Becton Dickinson, Sunny-
vale, CA) equipped ‘with a 2-watt argon laser (Spectra-Physics, Inc., Mountain View,
CA). The fluorescence inlensity of each cell was assigned to one of the 128 available
fluoreseence channels. In preliminary cxperiments, fluorescence detector gain settings
(amplification) were determined for each mAb so that the median fluorescence for
cells from control donors fell approximalely at the midpoint of the 128 channels.
Monoclonal antibody-labeled cells were considered positive if their fluorescence {ell 10
the right of the midpoint of the trough (approximately channel | 7) between autofluor-
escent unlabeled cells and Auorescent labeled cells. Almost all (>95%) positive cells

- were found below channel 88.

The median fluorescence of the cells considered as positive was delermined lrom
cell-frequency histograms. For cach mAb cvaluated, MS patients and controls were
compared with regard 10 the channel representing the median of fuorescence intensity.
The distribution of fluorescence intensity for T8* cells could be further compared
between MS patients and controls by determiring the number of T8 * cells found below
or above the channel number (52.5) representing the median between the usual
channcl numbers containing cells with the lowest (channel 17) and highest (channe!
88) fluarescence intensity.

Cells positive lor OKTS staining were brightest and the gain sctling was sct at 2.0,
OKT3* cclls were counted with amplification 2t 4.0. OKT4* cclls were dim even at
optimal staining conditions and it was necessary to increase clectronic amplification of
the fuorescence signal to 8.0, The laser output was set at 1SO mW at 488 nm and the
fluorescence detector at 520 V, with filters of 520 nm and 530 am long pass and 0.45
neutrzl denstty in front of the fluorescence detector. A standard preparation of
glutaraldehyde-fixed chicken red blood cells (G-CRBC) and occasionally fluorescent
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microspheres were uscd to adjust the laser ouiput inlensity to comparable levels on
different days to reduce day-lo-day variation. The strongly fluorescent G-CRBC
exhibited a fluorescence peak at channcl 42 under Lhese conditions with the gain

selting at 1.0,

Modulation Studies with OKTS

Washed and pelleted lymphocytes (n =~ 4 x 10*) were incubalted either with 20 pl of
OKTS3 diluted 1:20 in HBSS plus 10% NGS (treated cells) for 30 minutes on ice or
with HBSS plus 10% NGS only (untreated cells) and thea resuspended in 4 ml of
RPM1 1640 (GIBCO) + 10% newborn eall secum, 6 mg/ml L-glutamine, and 0.1
mg/m! genlamyein. Trealed and untreated cells were incubated in 25 em? tissue
culture flasks (Corning, Corning, NY) for 18 hours at 37°C in a humidified 5% CO,
almosphere, Following incubation, 10* trcated or 10° untrealed cells were pelleted and
then stained with OK T8 followed with FITC Ga-M 18G as described above. Treated

TABLE 1. FACS Analysis of Peripheral Blood MNCs in MS*

Median Fluorescence Intensity

Enumeration of Cell Subscis

Percent = SEM Channel Number = SEM
mAb Stable Progressive Relapsc Stable Propressive Relapse
T3 507237 491 :28 601238 460:31 430:29 419:40
n=9 =7 a=17 a-9 a-1 n=1

603225 S586=:16° 616226 444223 426228 4221228

T4 333229 376=z19 440215 553:4) 608:46 475269
8 8 4 8 6 6

411 234 333219 395236 S44z24 S1.5:34 483238

T8 173 £ 2.5 145: 7 178230 585=76 48.0=:4.4" 452232
8 8 6° g g 6

186 1.9 209=x20 20719 543294 545=:37 305:233

“Control values arc shown in italics.
ép < 0.05.
‘p < 0.001.

cells (n = 10*) were also stained with FITC Ga-M 1gG alonc as a control. In some
studies, treated and unireated cells were initially cultured with or without concana-
valin A (Con A), 3 ug/ml for 48 hours. Cells were then Lreated with mitomycin and
their suppressor activity assayed by culturing them with fresh responder cells plus Con
A for 72 hours as previously described.* Suppressor clfects of Con, A aclivated
OKT8-treated and nontreatcd cells were compared.

RESULTS

Enumeration Studies Using FACS Analysisin MS

As shown in TaBLE 1. the proportion of T8* cclis was significantly lower in
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significantly diffcrent in stable MS paticnts compared to paired conlrols. The mean
percent T3* cells for both progressive and stable MS groups was lower than for the
matched control group. The pereent T3* cells in relapsing MS did not differ from
controls. The proportion of T4* cells did not differ between any MS groups and
controls.

Median Fluorescence Intensity Studies

The median fluorescence intensity (MFI), expressed as the median fluorescence
chaanel number of OKT8* cells stained, was lower in both progressive (48.0 + 4.4)
and relapsing MS (45.2 = 3.2) when compared to same-day controls (54.5 =+ 3.7,
p < 0.05 and 50.5 = 3.3, p < 0.02, respectively). For the active MS patients overall,
MF! was significantly lower than (or controls (46.8 = 2.9 versus 53.2 = 2.7,
p < 0.001). The ratio of low:high density cclls, as defined on the basis of fluorescence
intensity being less than or grealer than 52.5, i.e., the median between channels 17 and
88, was increased in the active MS paticnts (1.80) compared both 1o the control (1.25)

512,
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FIGURE 1. T4 antigen expression on mononuclear cells from (wo control donors. For donor
(—). relatively bright T4* celis are clearly separated [rom dim aulofiuorescent cells. In contrast,
for donor (—), the weakly staining T4* cclls are difficult 1o distinguish [rom autofiuorescent
cells,
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FICURE 2. T8 antigen expression on cells of a represgntative patient with active MS (—-) and
on cantrol OKT8-modulzated (—) and nonmedulated (- - -) cells. Aftec 18-hour OKT8 modula-
lion, mononuclear cells were stained with OX T8 foliowed by FITC G a-M 1gG. MS T8 cells are
less numecrous and have lower median fluorescence than nonmodulated controls. Modulated cells
show a marked rcduction in both the number of Auorescence-positive cells and in median
fluorescence intensity.

and stablc diseasc patient (0.75) groups. There was no internal correlation between the
number of T8* cclls and the MFT in ¢cithcr MS or in controls (» = 0.08).

OKT3-labeled cells did not differ, with respect 10 MFI, between any of the MS
subgroups and their maiched controls. OKT4-labeled cells were also not consistently
diflferent between MS subgroups 2nd controls, With OKT4-labeled cells, however,
there was considerable variation in the maximal fluorescence recorded (FIGURE 1):in
addition, overlap with autofiuorcscent T4-negative cells sometimes obscured the more
dimly fuorescent T4* cells, preventing accurate determination of MFL. This problem
was a consequence of the high gain scttings neccssitated by the weak NMuorescence of
T4" cclis which in turn resulted in amplificalion of the weak signal given off by
T4-nepative cells. This overlap of cell populations interfered with the accurate
definition of T4* cells even if lymphocytes alone (low scatter cells) were counted after
clectronically gating out large celis (generslly macrophages with a high scatler
profie).
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Modulated Cell Studies

Following 18 hours of incubation with OKT8, the mecan proportion of cclls in the
mononuclear cell population considered as being T8* using the FACS was 7%
compared 10 23% for mononuclear cells cultured without antibody, The MFI of these
OKT8-modulated cells was markedly reduced comparcd to contro! cells. FIGURE 2
depicts a representative FACS profile of OKT8-stained mononuclear cells {rom a
control before and after modulation along with QKTB8-stained mononuclear cells from
an MS patient with progressive disease. When the same OKT8-stained modulated cells
as above were enumeraled using a fluorescence microscope, the mean percent positive
ceils was found to be 18%. For nonmodulated cells, in contrast, a close correlation
existed between resulls of cnumeration performed with the microscope compared (o
the FACS.

" As previously reported,! we have found that Con A-induced suppressor aclivity
dirccicd toward a mitogen-induced T cell responsc by OK | 8-modulated mononucliear
cclls was signihcanily reduced compared 10 The suppressor activity of nonmodulated

cells (29 « 5% versus 43 % 6%, p < 0.02). Using 2 “panning" technique to prepare
“enriched T4* or T8* cell populations, we have shown that this suppressor aclivily is

mediated by the T8* ccll population.”

DISCUSSION

Qur enumcralion data on T cell subsels in MS do indicate that during ¢linically
aclive phases of disease enla(l f T8" cellsin the MNT
population. The findings seem most apparenl in patients with chronic progressive
discase. Considerable overlap, however, is found in T cell subset values between stable
and active MS palienls, precluding the use of a given value for T8* ccll number as a
clear-cul indicator of active disease, Our studics did not address whether serial
determinalions of T, numbers for a given individual can predict a pending exacerbation
of discase. [n prior studies, we have shown that the amount of in vifro pokeweed
mitogen-induced immunoglobulin production by mononuclear cells of cither MS
patients or controls is not directly correlated with the absolute number of T, (T8*) cells
present bul rather with the functional propertics of the T8* cells.'

The analysis of the fluorcscence intensity of MS patients’ mononuclear cells after
staining with OKT mAbs suggests several potential mechanisms that may contribute

" to the functiona! immunoregulatory defects found in MS and provide some explanation
for the apparent discrepancies in results obtained in the various studics enumerating T
ccli subsets. We find that in active MS, particularly with progressive disease, the
proportion of cells with a high density of T8 antigen is reduced. This observation could
reflect cither a sclective depletion of a T8* subsct with high density of surface antigen,
a reduction in T8 aaligen expression (modulation), or masking of the T8 antigen. With
regard lo the first possibiiily, specific functional propertics of T8* cells have been
associated with different antigen densities. Titus er al.’ reported that high antigen
densily T8* cells mediated high levels of cytolytic activity,

With regard (o antigen modulation or masking, several lines of evidence indicate
that the expression of the T8 antigen may be linked to cell function and that removal or

blocking of the antigen can alter functional activity. Reinherz er al. found that _

incubation of T8-bearing cells with OKTS blocked their cytlolytic activity.' Iaterac-
tion between the T8 anligen and the mitogen wheat germ agglutinin results in cell
activation.' Qur data indicate that modulation of the T8 antigen from the cell surface
resulls in reduced Con A-activaled suppressor activity.”
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The dala derived from enumeration of QK T8-modulated cells using both a FACS
and a fluorescence microscope further indicate difficulties that arisc in using immuno-
filuorescence techniques Lo enumerate cells expressing low amounts of surfzce antigen.
-~ When the density of the T8 antigen on cells is reduced by modulating the cells,
significant diffcrences are found between the {wo techniques, with higher numbers
being found using Lthe microscope.® Dim cells are less likely to be counted as positive
with a FACS than with a microscope because cells retaining even a few flecks of
fiuorescence are read as posilive under the microscope bul are not distinguished from
autofluarescent cells with the FACS. Furthermore, with reduced celt Ruorescence, the
cutoll between positive and ncgative cells on the FACS becomes less sharply defined,
resulting in (urther difficulties in segregating the cells. This difficulty is comparable to
that encountered when enumerating OKTd-stained cells (see Results section). The
reduced MF{ which we find (or T8-bearing cells from active MS patients may thus
contributc Lo the discrepancies in results among studies, particularly if positive and
negative are the only criteria uscd in the analysis of fluorescence,
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