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ABSTRACT Patients with active multiple sclerosis (MS)
have a selective loss of a subset ofT helper cells (TO), detectable
by two-color fluorescence-activated cell sorter analysis of
peripheral blood lymphocytes. By using pairs of monoclonal
antibodies to the T-cell subset markers CD4 (Th) and CD8 [T
suppressor/cytotoxic cell (Tj)] and the common leukocyte
markers Lp220 and Lp95-150, five phenotypically distinct
T-cell subsets have been identified in peripheral blood: two
CD4' Th cell subsets and three CD81 T, cell subsets. The
frequencies and absolute numbers of these five populations
were measured in patients with active and inactive MS and
were compared with those in healthy age-matched controls and
in patients with other neurologic diseases. A high frequency of
patients with active MS (80%) had a selective reduction of one
Th subset (CD4' Lp220') compared with normal controls (P <
0.001) or patients with inactive MS (P < 0.001). Three patients
examined sequentially had a further loss of the Lp220+ Th
subset as disease activity progressed. The proportion of two T,
subsets was also abnormal in patients with active MS, but this
defect was not restricted to that group. Total Th and T5 cell
frequencies and Th/TS ratios were not significantly different
between patient and normal control groups. Thus, two-color
analysis of T-cell subsets may be a more sensitive indicator than
conventional single-marker assays of abnormal immune status
in MS patients.

Recent studies have suggested that multiple sclerosis (MS)
may be a disorder ofimmune regulation in which effector and
regulatory T-cell populations are altered (1-5). Several stud-
ies have found a reduction in both the number and activity of
T suppressor/cytotoxic (Tj) cells in MS patients that may
correlate with disease activity (6, 7). The ratio of T
helper/inducer (Th) cells to T. cells (Th/T, ratio) has been
used extensively to assess abnormalities in MS patients, with
varying results. In several studies, MS patients with active
disease were found to have a greater frequency of abnormal
Th/Ts ratios (6, 7), but this is not a consistent finding (8, 9).
No clear consensus has been reached on the significance of
changes in lymphocyte subsets associated with MS.
Improvements in multiparametric fluorescence-activated

cell sorter (FACS) methods have made it possible to define
lymphocyte subsets more readily (10-12). Subpopulations of
B cells (13, 14), natural killer (NK) cells (15), and regulatory
T cells (16) can be quantitated based on the relative expres-
sion of two or more cell-surface markers. This approach has
been used to define abnormal lymphocyte subsets in im-
munodeficient and autoimmune mice (14, 17). Using pairs of
monoclonal antibodies (mAb) to the CD4 and CD8 T-cell
subset markers and to the common leukocyte antigens Lp220

and Lp95-150, we were able to define five distinct T-cell
subsets in this study. A comparison between MS patients and
controls revealed that patients with active MS have a selec-
tive loss of one Th subset (CD4' Lp220). This CD4' Th
subset did not possess the majority of helper function for
B-cell antibody production. The frequency of this subset
decreased in three patients as disease activity increased,
suggesting that loss of Lp220' CD4' cells may relate to a
worsening clinical status. One Ts subset was depleted in
active MS patients, but this defect was also seen in other
neurologic diseases. No differences in conventional single-
parameter Th/T, ratios were evident, suggesting that two-
color FACS analysis may be a more sensitive method for
monitoring abnormal immune status.

METHODS

Patients. All patients with MS satisfied the Schumacher
criteria (18) for clinically definite disease. Those with inactive
MS had been clinically stable for 6 months or longer, with an
overall disability rating of <5 on the Kurtzke disability status
scale (19). Those with active MS had acute exacerbations,
defined as the report ofnew symptoms persisting >24 hr, that
correlated with an objective change in the standard neuro-
logic examination. Evanescent symptoms involving sensory
or motor modalities that could not be objectively verified
were not considered to represent a true exacerbation. Blood
was obtained within 5 days of the onset of new symptoms.
Normal control subjects consisted of hospital and laboratory
personnel. Neurologic disease controls consisted of the
following patient groups: Parkinson disease (n = 8),
amyotropic lateral sclerosis (n = 3), myasthenia gravis (n =
2), Alzheimer disease (n = 2), cerebral vascular accident (n
= 2), alcoholic or diabetic neuropathy (n = 3), transient
ischemic attack (n = 2), and essential tremors (n = 6). The
MS groups consisted of 15 patients with active disease and 32
stable patients. Three patients with active MS were tested
serially.
The control populations consisted of 58 age-matched

healthy donors and 28 patients with other neurologic dis-
eases. Patients and healthy donors were not treated with
steroids for at least 1 month before analysis of lymphocytes
and no patient had been on immunosuppressive drugs within
1 year.

Cell Preparations. Human peripheral blood lymphocytes
(PBL) were isolated from heparinized venous blood by means
of Ficoll-Hypaque density gradient centrifugation (Litton
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Bionetics). In some experiments, unfractionated PBL were
adhered to plastic for 2 hr at 370C to remove monocytes and
were then separated into E rosette-positive (E+) and E
rosette-negative (E-) populations with 10% AET-treated
sheep erythrocytes as described (20). The E- fraction was
used without further manipulation as a source of enriched B
cells.
mAb. The following mAb were used in this study: the 60.3

mAb (IgG2a/k) to a common leukocyte cell-surface antigen
family (Lp95-150) related to the LFA-1 complex and involved
in a cell activation pathway (21); the 3AC5 mAb (IgG2a/k),
which precipitates a 220,000-Da peptide (Lp220) that is part
ofthe T200 complex (22); the G17-2 mAb (IgGl/k) to the CD4
(T4) Tp55 helper T-cell-associated antigen (23); the G10-1
mAb (IgG2a/k) to the CD8 (T8) Tp32 suppressor T-cell-
associated antigen (23); the G3-7 mAb (IgG1/k) to the CD7
(3A1) Tp41 pan T-cell antigen (23); and Leu8 (Becton-
Dickinson), a marker expressed on leukocyte subsets (12).

Conjugation of mAb with Fluorescein 5-Isothiocyanate
(FITC) and R-Phycoerythrin (PE). mAb were conjugated with
fluorescein by using FITC (24) or with the phycobiliprotein
PE derived from the red algae Porphyra yezoensis by using
the heterobifunctional cross-linker SPDP as described (25,
26). Conjugated antibodies were used at two doubling dilu-
tions above their titration end point on lymphocytes as
measured by FACS IV analysis.
Two-Color FACS Analysis of Lymphocyte Subsets. FACS

analysis with a modified FACS IV cell sorter (Becton-
Dickinson) and quantitative two-color analyses were per-
formed as described (26). Forward and right-angle scatter
gates were set on lymphocytes and to exclude monocytes and
other leukocytes. In all samples tested, 4% of the cells
evaluated expressed the monocyte marker MO-1. Data were
plotted as cell number versus logarithm ofgreen fluorescence
versus logarithm of red fluorescence (Fig. 1A). Every four to
five dots represent a doubling of fluorescence intensity.
Because only directly conjugated antibodies of high affinity
were used, fluorescence intensity is a good indicator of
density of the markers on cells (22, 26). Nonspecific staining
by irrelevant isotype-matched antibodies was <1%. Further-
more, nonspecific two-color staining was not observed in
control combinations where overlap would not be expected
(e.g., PE-anti-CD3 versus FITC-anti-Bp35 or PE-anti-CD4
versus FITC-anti-CD8).

In experiments to separate Lp220+ CD4+ cells from
Lp220- CD4+ cells, PBL were stained with PE-anti-CD4 and
FITC-anti-Lp220 mAb. Stained cells (2 x 107) were sorted
with the FACS IV. Viability after sorting was >95% by
trypan blue exclusion. Purity of FACS-separated T-cell sub-
sets was >98%.

Analysis of Data. All cell sorter analyses were performed
without knowledge of patients' clinical status. Forty thou-
sand cells per sample were analyzed and recorded on floppy
discs. Five T-cell subsets were quantitated: two CD4+
subsets and three CD8+ subsets. Comparison of mean per-
centages and mean absolute lymphocyte levels was done by
a two-tailed t test. The functions of the CD8 and CD4
molecules are more closely related to class I and class II
recognition, respectively, than to suppressor or helper ac-
tivity (27). However, for the sake of clarity we have opera-
tionally defined Th cells as any cell expressing the CD4 (T4,
Leu3a) marker and Ts cells as any cell expressing the CD8 (8,
Leu2a) marker. Three ratios were calculated: a standard
Th/TS ratio (% CD4+ cells/% CD8+ cells); Th subset ratio
(% Lp220- CD4+ cells/% Lp220+ CD4+ cells); and T. subset
ratio (% Lp95-150bfl CD8bd cells/% Lp95-150dull CD8bri
cells). The mean ± SD of the ratios for each group was
calculated. Individuals with ratios >2 SD were designated
abnormal. Comparisons of the frequency of 100 individuals

with abnormal and normal ratios in each group were assessed
by x2 analysis.

Detection of in Vitro Secretion of IgG. To determine the
effect of subpopulations ofthe CD4+ subsets on the secretion
ofIgG by stimulated B cells, 5 x 104 sorted CD4+ Lp220+ and
CD4+ Lp220- cell subsets were added to 5 x 104 E-
mononuclear cells in a vol of 0.5 ml of pokeweed mitogen
(Difco) at a final dilution of 1:100. Quadruplicate cultures
were set up for each group. On day 7, supernatants were
harvested, and IgG secretion into supernatants was deter-
mined by solid-phase immunoassay in which purified goat
anti-human IgG (Qualex) was used as described (28).

RESULTS
To determine which pairs of mAb could best divide T-cell
subsets, we tested >50 two-color combinations on normal
blood lymphocytes before screening MS patients for T-cell
abnormalities. When blc lymphocytes were stained with a
PE (red)-conjugated anti-CD4 (T4) antibody (Fig. 1B), '60%
of total lymphocytes were stained. mAb to the Lp220
common leukocyte antigen clearly divided CD4+ Th cells into
two subpopulations (Fig. 1D): an Lp220+ subset and an
Lp220- subset. The cutoff point for Lp220- cells was
determined by staining peripheral cells with anti-CD4 mAb
alone (Fig. 1B). Most, but not all, of the CD4- cells were also
Lp220+ (Fig. 1D). Approximately 50% of CD4+ cells ex-
pressed the Lp220 molecule, which is distinct from Leu8+
(12) or CD7+ (26) subsets, which represent only 15-20% of
the Th cells (data not shown).
We were able to subdivide CD8+(T8) Ts cells into three

subsets (Fig. 1C). Cells stained with PE-anti-CD8 antibody
and a FITC-conjugated antibody to the common leukocyte
marker Lp95-150 (60.3) divided Ts cells into three subsets:
one CD8du` Lp95-150bn subset and two CD8bn populations,
Lp95-150bl cells and Lp95-150dull cells. The CD8dull subset
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FIG. 1. Characterization of two Th (CD4+) and three T, (CD8+)
T-cell subsets by using quantitative two-color FACS analysis. (A)
Data plotted as cell number (vertical) vs. logarithm of green fluo-
rescence vs. logarithm of red fluorescence. (B) Histogram of 40,000
blood lymphocytes stained with PE-anti-CD4 mAb only; note
autofluorescence in both populations. (C) Three CD8+ T, subsets are
evident in normal PBL: CD8d"J' Lp95-15Obn cells; CD8bn- Lp95-150""1
cells and CD81 Lp95-150bli cells. (D) Two CD41 Th cell subsets are
present in normal lymphocytes, Lp220+ and Lp220-. Comparison of
D with B enables determination of positive and negative cells. (E and
F) Same as C and D, respectively, using blood lymphocytes from a
patient with active MS. T, subsets appear normal (E) but Lp220+ Th
cells (F) are depleted.
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consisted of some cells expressing the IgG1 Fc receptor and
having NK cell activity (29).
We compared the frequency of these five subsets in

patients with active and inactive MS with the frequency in
healthy age-matched controls and in patients with other
neurologic diseases (Table 1). The frequency of total CD4'
Th cells did not differ between groups. However, as illus-
trated in Fig. 1, a comparison between patients with active
MS (Fig. iF) and healthy individuals (Fig. ID) revealed that
active MS patients had a low frequency of the Lp220' Th
subset. The mean percentage of Lp220' Th cells in patients
with active MS (14.4%) was significantly less than that of
patients with inactive MS (28.2%) or that of healthy controls
(29%) (P < 0.001).
When ratios of Lp220- Th cells to Lp220' Th cells (Th ratio)

were calculated, the differences between active MS and
control groups were even more evident. As shown in Fig. 2
and summarized in Table 1, increased Th ratios in active MS
were significantly different from those observed in healthy
controls (P < 0.001), in patients with inactive MS (P < 0.001),
or in those with other neurologic diseases (P < 0.001). Serial
samples were obtained from three patients with active MS.
Patient 1 had a Th ratio of 2.0 five days before an exacerbation
and a Th ratio of 3.9 the second day of the exacerbation
episode. Patient 2, who has active chronic progressive
disease, had a Th ratio of 1.3 when first tested, which rose to
4.7 during a superimposed acute exacerbation 10 days later.
Patient 3, who had severe chronic progressive disease, had a

Th ratio of 3.4 at the time of the first test and 4.4 four weeks
later when the patient was clinically worse. Little or no
change in the Th ratio was seen in a group of healthy controls
tested repeatedly over a 3-month period (time 0 mean = 0.9
± 0.1 vs. 2-month mean = 0.8 ± 0.1). In spite of these
dramatic differences in Th ratios between active MS patients
and control groups, no difference in Th/T, ratios between
groups was evident (Table 1). Thus, the Th ratio was a more
sensitive indicator of abnormal immune status than was the
Th/Ts ratio.
The decrease in the frequency of Lp220' Th cells in MS

patients was due to an absolute decrease in Lp220' cells and
not simply due to a conversion of Lp220' Th cells into
Lp220- Th cells. As shown in Fig. 3 (Upper), the absolute
number of p220- CD4' cells is similar in patients with active
MS and normal healthy controls. However, Lp220' CD4'
cells are significantly depleted, particularly in active MS
patients with acute exacerbations (Lower).
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FIG. 2. Comparison ofTh cell subset ratios in patients with active
and inactive MS with ratios in healthy controls and patients with
other neurologic diseases. The percentages of Lp220- CD4' cells
and Lp220' CD4' cells were calculated for each of four sample
groups: active MS, inactive MS, other neurologic diseases, and
normal controls. The Th cell ratio was determined by dividing the
percentage of Lp220- CD4' cells by the percentage of Lp220' CD4'
cells. The mean Th ratios for each group are shown in Table 2. Lines
indicate changes where repeat samples were tested.

In subsequent studies, we attempted to define the function
ofthe Lp220 molecule and the Lp220' Th cell subset depleted
during acute exacerbations. The CD4' population is known
to contain Th cells that augment B-cell immunoglobulin
production (30), so it was important to determine whether
T-cell help for antibody production was restricted to Lp220'
CD4' or Lp220- CD4' subpopulations. Unfractionated T
cells or Lp220' CD4' T cells or Lp220- CD4' T cells isolated
by cell sorting were mixed with autologous B cells and
cultured in vitro with pokeweed mitogen; after 7 days, total
IgG production was measured (Table 2). Neither B cells,
unfractionated T cells, nor the cell-sorter fractionated sub-
sets alone produced significant IgG. However, in a series of
experiments the helper effect of Lp220- CD41 cells was

consistently 2 to 3 times greater than that ofthe Lp220' CD4'
subset. When equal numbers of Lp220' and Lp220- were

mixed together and cultured with autologous B cells, the
helper activity was less than with Lp220- CD4' T cells alone.
The presence of anti-CD4 and anti-Lp220 mAb in cultures of
unfractionated T cells did not inhibit Th activity, ruling out

Table 1. T-cell subset abnormalities in patients with MS

Group
Median % Th cells % T, cells
age, yr Sex CD4+ CD8bn

Category n (range) F M Total Lp220+ Th ratio Total Lp95-150d"" T, ratio Th/TS ratio

Active MS 15 38 9 6 47 ± 3 14 ± 2* 3.3 ± 0.9* 29 ± 2 8 ± 2 5.9 ± 2.1t 1.6 ± 0.1
(23-70)

Inactive MS 32 38 27 5 52 ± 1 28 ± 1 0.9 ± 0.1 29 ± 2 13 ± 1 1.3 ± 0.2 2.0 ± 0.1
(16-72)

Other neurological disease 28 69 10 18 52 ± 2 26 ± 2 1.1 ± 0.1 26 ± 1 7 ± 1 3.4 ± 0.7 2.2 ± 0.2
(37-92)

Healthy controls
Total 58 34 38 20 51 ± 1 29 ± 1 0.9 ± 0.1 31 ± 1 12 ± 1 1.4 ± 0.2 1.9 ± 0.1

(20-66)
Ages 20-45 36 30 19 17 51 ± 2 30 ± 2 0.8 ± 0.1 30 ± 1 15 ± 1 0.8 ± 0.1 1.9 ± 0.1
Ages 46-66 22 53 19 3 51 ± 2 27 ± 2 1.0 ± 0.1 32 ± 2 8 ± 1 2.6 ± 0.5 1.9 ± 0.2

Total Th cells = mean percent CD4' cells ± SEM; total T, cells = mean percent CD8+ cells + SEM. Th ratio = % Lp220- CD4' cells/%
Lp220+ CD4+ cells (± SEM); T, ratio = % CD8 I Lp95-150bn cells/% CD8bn Lp95-150d" cells (+ SEM). Th/TS ratio is expressed as mean +
SEM.
*P < 0.001 versus healthy controls, inactive MS, and other neurologic diseases.
tP < 0.001 versus healthy controls.
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FIG. 3. Absolute numbers of CD41 cell subsets in patients with
active MS and in normal controls. The total leukocytes and cell
differential were obtained for each individual tested. The absolute
numbers for Lp220- and Lp220+ CD41 subsets were calculated by
multiplying the percentage of each subset by the absolute lympho-
cyte number per mm3 of whole blood. The distinction between
nonacute and acute active MS was made on the basis of the presence
or absence of a clinical exacerbation, defined as neurological changes
occurring over a period of 1-5 days. Lp220+ cells were clearly
depleted in acute MS patients.

the possibility that the lack of helper activity in the sorted
Lp220+ CD41 subset was due to a blocking effect of the
anti-p220 mAb.
A second series of experiments suggested that the Lp220

molecule may play a role in T-cell activation. First, when T
cells were fractionated into buoyant and dense fractions by
using Percoll gradients, the proportion of CD41 cells that
were Lp220' was highest in dense fractions (46% of total
CD41 cells) and lowest in buoyant fractions (12.5% of total
CD4 cells). Second, when T cells were stimulated to prolif-
erate, the expression of Lp220 molecule decreased as inter-
leukin 2 receptor expression increased (31). The role the
Lp220 molecule plays in promoting interleukin 2-dependent
T-cell activation is described in detail elsewhere (31). Thus,
the Th cells depleted in active MS express the Lp220 molecule
that is found principally on dense Th cells and is involved in
T-cell activation.

Several previous studies have reported that CD8' T, cells
are selectively depleted in patients with active MS (6). In this
series of MS patients, we detected a depletion of a subset of
CD8' cells, but this depletion was also seen in other control
groups (Table 1). Of the three T, subsets that were measured
(Fig. 1C), the CD8dull cells, thought to contain the NK cell
subset (29), were not statistically different between groups

Table 2. Quantitative comparison of helper function provided by
p220O CD41and p220- CD41 T cells for B-cell IgG production

IgG, ng/ml
Lymphocyte population Exp. 1 Exp. 2 Exp. 3

p220k CD4' and p220- CD4+
and B cells 1800 400 1050

p220O CD4+ and B cells 1350 190 540
p220- CD4+ and B cells 2500 400 2600
B cells alone 125 65 170
p220k CD41 and p220- CD4' 52 25 50
p220+ CD4+ alone 25 25 50
p220- CD41 alone 25 25 50

(data not shown). However, the proportion of the two CD8bN
subsets was clearly altered in many MS patients. The
frequency of Lp95-15Odull CD8b1 cells was lower in many
patients with active MS. The ratio of Lp95-150br CD8bri cells
to Lp95-150dull CD8bri T, cells (T, cell ratio) was significantly
higher in patients with active MS than in age-matched healthy
controls (P < 0.001), minimally different from age-matched
patients with inactive MS (P < 0.05), and not different from
the other neurologic disease group (P < 0.1). The Tr cell
ratios in patients with inactive MS (P < 0.01) and other
neurologic diseases (P < 0.001) were also clearly different
from normal controls, suggesting that the alterations in the T,
ratio may reflect an abnormal immune status. Thus, abnormal
T, ratios, unlike abnormal Th ratios, were not restricted
principally to active MS. Further testing revealed that there
was a clear difference between the T, ratios of younger and
older healthy individuals (P < 0.05). The T, ratios of older
healthy individuals were not statistically different from those
of the other neurologic disease group (median age, 69 years).
Therefore, the high proportion of "abnormal" T, ratios found
in the other neurologic disease group may be related to age
as well as disease status. The median age for both MS groups
was 38 years, similar to the control group (34 years),
indicating that the difference in T, ratios between these
groups was not age related.

Like the Lp220 marker, the Lp95-150 common leukocyte
marker used for subdividing CD8bn cells changes in expres-
sion after T-cell activation. Dense T-cell fractions have fewer
Lp95-150bri CD8br cells (25% of CD8bri cells); buoyant
fractions have 50%o of Lp95-150bri CD8bri cells. Furthermore,
after stimulation with mitogens such as phytohemagglutinin
or pokeweed mitogen, virtually all CD8bn cells become
Lp95-150bn (unpublished data). Thus, the Lp95-150 marker
on T, cells may also distinguish cells at different stages of
activation.

DISCUSSION
Using two-color FACS analysis of PBL, we have identified
two Th and three T, cell subsets. These T-cell subsets were
measured in patients with MS during clinically active and
inactive stages of disease. We have found that a high
frequency of patients with active MS have a selective
depletion of one Th subset (Lp220+ CD4+). Both the fre-
quency and absolute levels of this subset were greatly
depleted in patients with active disease. In addition, when
three patients with active MS were tested serially, the levels
of Lp220+ Th cells in peripheral blood decreased as disease
activity increased. Our observation that MS patients with
acute exacerbations have the lowest levels of Lp220+ Th cells
(Fig. 3) supports this possibility. A longitudinal study will
help determine more precisely the kinetic relation of Lp220+
Th cell depletion to the onset of exacerbation.
The difference between patients with active MS and

control groups was also clearly evident when the proportion
of Lp220- to Lp220+ Th cells was expressed as a "Th subset"
ratio. The depletion of Lp220+ Th cells in patients with active
MS was not apparent when we used standard single-marker
analysis of CD4+ cells nor when we calculated conventional
Th/T, ratios (Table 1). Our results revive the possibility that
monitoring of appropriate T-cell subsets may be an important
indicator of immune status.
The loss of Lp220+ CD4+ cells from the peripheral blood

of MS patients could be due to selective migration of these
cells out of the blood stream or to selective destruction of this
subset. Lesion progression in MS is associated with large
numbers of CD4' cells at the lesion margin with extension
into the adjacent normal appearing white matter (32). Simi-
larly, a selective migration of Lyt-l cells to the central
nervous system from the peripheral blood has been observed
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in mice induced to develop experimental allergic enceph-
alomyelitis (EAE) (33). In addition, a selective depletion of
Lp220' CD4' cells has been observed during acute EAE in
macaques (unpublished observations). The implication is that
CD4' cells may be leaving the blood and entering the central
nervous system with sequestration or trapping of these cells
in the brain. EAE can be induced by adoptively transferring
myelin-basic protein-specific T-cell clones into mice (34);
recently, Waldor and coworkers have shown that a rat mAb
L3T4, specific for the CD4 homologue in mice, when inoc-
ulated in vivo cannot only prevent the development of EAE,
but can also cure mice that already have EAE (35). These
results strongly suggest that Th cells play an active role in this
neurologic disease and presumably in MS as well.

Alternatively, the depletion of Lp220 CD4' cells could be
due to the selective lysis of this T-cell subset. The absolute
decrease of Th cells seen in MS is reminiscent of the Th cell
depletion observed in patients with acquired immunodefi-
ciency syndrome (AIDS) (36) and chronic lymphadenopath-
ies (37). In patients with chronic lymphadenopathy, a subset
of CD4' cells (Leu8+) are depleted (38), and, as with MS
patients, the depleted subset lacks Th activity.
The precise function of the Lp220' Th cells is not yet

known. It is clear that the Lp220- Th cells, and not the
Lp220' Th cells possess the majority of helper activity for
B-cell IgG production (Table 2). The most likely possibility is
that Lp220' and Lp220- Th cells differ in their state of
activation. Expression of the Lp220 molecule decreases as T
cells are activated, and the Lp220 molecule itself apparently
plays a role in lymphocyte activation (31). Antibody to the
Lp220 molecule rapidly increases the expression of interleu-
kin 2 receptors on activated T cells and promotes T-cell
proliferation in interleukin 2-dependent T-cell proliferation
assays (36). The loss of a Lp220+ CD4+ T-cell subset in active
MS could explain why some MS patients have defective
T-cell proliferative responses (39).
The common leukocyte markers used to subdivide Th and

Ts cells both change in expression after activation by
mitogens: the Lp220 molecule decreases after T-cell activa-
tion (31) and the Lp95-150 molecule recognized by mAb 60.3
increases (unpublished data). The 60.3 mAb reacts with an
epitope common to all members of the Lp 95-150 family of
molecules, some of which are part of the LFA-1 complex.
Thus, Lp220+ Th cells and Lp95-150dul1 CD8bbr T, cells have
surface phenotypes expected of resting T cells. In patients
with active MS, the Th and Ts cell subsets that are depleted
both have resting cell phenotypes. This pattern contrasts
sharply with that observed in patients with juvenile rheuma-
toid arthritis (data not published); many of these patients
have decreased numbers of T-cell subsets with an activated
cell phenotype: Lp220- Th cells and Lp95-150bi T, cells. The
significance of these differences between juvenile rheuma-
toid arthritis and MS is not yet known.

We thank Mr. Derek Hewgill for his help in preparing the sorted
cell populations used in this study. This work was supported in part
by Grants CA39935 and RR00166 from the National Institutes of
Health and by Genetic Systems Corporation.

1. McFarlin, D. E. & McFarland, H. F. (1982) N. Engl. J. Med. 307,
1183-1188.

2. Lisak, R. P. (1975) Ann. Clin. Col. Sci. 5, 324-334.
3. Oger, J., Roos, R. & Antel, J. P. (1983) Neurol. Clin. 1, 655-679.
4. Weiner, H. L. & Hauser, S. L. (1982) Ann. Neurol. 11, 437-449.

5. Santoli, D., Moretta, L., Lisak, R. P., Gilden, D. & Koprowski, H.
(1978) J. Immunol. 120, 1369-1371.

6. Reinherz, E. L., Weiner, H. L., Hauser, S. L., Cohen, J. A.,
Distaso, J. A. & Schlossman, S. F. (1980) N. Engl. J. Med. 303,
125-129.

7. Hauser, S. L., Reinherz, E. L., Hoban, C. J., Schlossman, S. F. &
Weiner, H. L. (1983) Ann. Neurol. 13, 418-425.

8. Minglioli, E. S. & McFarlin, D. E. (1984) J. Neuroimmunol. 6,
131-133.

9. Kastrukoff, L. F. & Paty, D. W. (1984) Ann. Neurol. 15, 250-256.
10. Herzenberg, L. A. & Herzenberg, L. A. (1978) in Handbook of

Experimental Immunology, ed. Weir, D. B. (Blackwell, Oxford),
3rd Ed., pp. 22.1-22.20.

11. Parks, D. R., Hardy, R. R. & Herzenberg, L. A. (1983) Immunol.
Today 4, 145-150.

12. Lanier, L. L. & Loken, M. R. (1984) J. Immunol. 132, 151-156.
13. Clark, E. A., Shu, G. & Ledbetter, J. A. (1985) Proc. Natl. Acad.

Sci. USA 82, 1766-1770.
14. Hayakawa, K., Hardy, R. R., Parks, D. R. & Herzenberg, L. A.

(1983) J. Exp. Med. 157, 202-218.
15. Perussia, B. & Trinchieri, G. (1984) J. Immunol. 132, 1410-1415.
16. Reinherz, E. L. & Schlossman, S. F. (1980) Cell 19, 821-827.
17. Hayakawa, K., Hardy, R. R., Honda, M., Herzenberg, L. A.,

Steinberg, A. D. & Herzenberg, L. A. (1984) Proc. Natl. Acad.
Sci. USA 81, 2494-2498.

18. Schumacher, G. A., Beebe, G., Kibler, R. F., Kurland, L. T.,
Kurtake, J. F., McDowell, F., Nagler, B., Sibley, W. A., Tourtel-
lotle, W. W. & Willman, T. L. (1965) Ann. N.Y. Acad. Sci. 122,
552-558.

19. Kurtzke, J. F. (1965) Neurology 15, 654-661.
20. Pellegrino, M. A., Ferrone, S., Dierich, M. P. & Reisfeld, R. A.

(1975) Clin. Immunol. Immunopathol. 3, 324-333.
21. Beatty, P. G., Ledbetter, J. A., Martin, P. J., Price, T. H. &

Hansen, J. A. (1983) J. Immunol. 131, 2913-2918.
22. Clark, E. A., Ledbetter, J. A., Dindorf, P. A., Holly, R. C. & Shu,

G. (1985) Human Immunol., in press.
23. Ledbetter, J. A., Tsu, T. T., Draves, K. & Clark, E. A. (1984) in

Perspectives in Immunogenetics and Histocompatibility, ed.
Heise, E. (Am. Soc. Histocomp. Immunogenet.), Vol. 6, pp.
325-340.

24. Goding, J. W. (1976) J. Immunol. Methods 13, 215-226.
25. Oi, V. T., Glazer, A. N. & Stryer, L. (1982) J. Cell Biol. 98,

981-986.
26. Ledbetter, J. A., Hewgill, D., Watson, B. & Shoenhard, M. (1984)

in Perspectives in Immunogenetics and Histocompatibility, ed.
Heise, E. (Am. Soc. Histocomp. Immunogenet.), Vol. 6, pp.
119-129.

27. Meuer, S. C., Schlossman, S. F. & Reinherz, E. L. (1982) Proc.
Natl. Acad. Sci. USA 79, 4395-4397.

28. Reinherz, E. L., Morimoto, C., Penta, A. C. & Schlossman, S. F.
(1980) Eur. J. Immunol. 10, 570-572.

29. Perussia, B., Fanning, V. & Trinchieri, G. (1983) J. Immunol. 131,
223-231.

30. Reinherz, E. L., Kung, P. C., Goldstein, G. & Schlossman, S. F.
(1979) Proc. Natl. Acad. Sci. USA 76, 4061-4065.

31. Ledbetter, J. A., Rose, L. M., Spooner, C. E., Beatty, P. G.,
Martin, P. J. & Clark, E. A. (1985) J. Immunol. 135, 1819-1825.

32. Traugott, U., Reinherz, E. L. & Raine, C. E. (1982) Science 219,
308-310.

33. Hauser, S. L., Bahn, A. K., Chi, M., Gilles, F. & Weiner, H. L.
(1984) J. Immunol. 133, 3037-3042.

34. Trotter, J., Subramanian, S., Rassenti, L., Jen-Chou, C.-H., Fritz,
R. B. & Steinman, L. (1985) J. Immunol. 134, 2322-2327.

35. Waldor, M. K., Subramanian, S., Hardy, R., Herzenberg, L. A.,
Lanier, L., Lim, M. & Steinman, L. (1985) Science 227, 415-417.

36. Fahey, J. L., Detels, R. & Gottlieb, M. (1983) N. Engl. J. Med.
308, 842-843.

37. Nicholson, J. K. A., McDougal, J. S., Spera, T. J., Cross, G. D.,
Jones, B. M. & Reinherz, E. L. (1984) J. Clin. Invest. 73, 191-201.

38. Kurtzke, J. F. (1977) in Multiple Sclerosis, A Critical Conspectus,
ed., Field, E. J. (University Park Press, Baltimore), pp. 83-142.

39. Merrill, J. E., Mohlstrom, C., Uittenbogaart, C., Kermaniarab, V.,
Ellison, G. W. & Myers, L. W. (1984) J. Immunol. 133, 1931-1937.

Immunology: Rose et A


