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Lymphocyte Adherence to Myelinated

Tissue in Multiple Sclerosis

PAULADORE-DUFFY, VIRGINIA GOERTZ, and BARBARAL. ROTHMAN,Department of
Neurology, University of Connecticut School of Medicine,
Farmington, Connecticut 06032

A B S T R A C T A small subpopulation of human
peripheral blood T lymphocytes has the capacity to
adhere selectively to myelinated sections of human
and nonhuman brain tissue. Adherence of lymphocytes
from patients with multiple sclerosis is significantly
greater than adherence of control lymphocytes. Mono-
cytes inhibit binding in controls. This function ap-
pears to be lost by multiple sclerosis monocytes.

INTRODUCTION

Human peripheral blood lymphocytes from patients
with multiple sclerosis (MS)1 adhere in significantly
higher numbers to measles virus infected human
epithelial cells than lymphocytes from healthy con-
trols or patients with other diseases (1, 2). The phe-
nomenon is not measles virus specific,2 requires
viable monocytes,3 and is mediated by a prostaglandin-
sensitive mechanism (3, 4). It is not known whether
increased lymphocyte adherence (LA) to virus-infected
cells has a direct relationship to cytopathic mecha-
nisms responsible for chronic demyelination observed
in MS patients. Kuttner and Woodruff (5) reported
that rat thoracic duct lymphocytes have the capacity
to bind to myelinated sections of rat brain. It is likely
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1 Abbreviations used in this paper: FCS, fetal calf
serum; LA, lymphocyte adherence; MEM, Eagle's minimal
essential medium; MS, multiple sclerosis; POX, peroxidase.

2 Dore-Duffy, P., and R. B. Zurier. Lymphocyte adherence
to virus-infected cells. Manuscript submitted for publication.

3Dore-Duffy, P., and R. B. Zurier. Lymphocyte adherence
in multiple sclerosis: role of monocytes. Clin. Immunol.
Immunopathol. In press.

that human lymphocytes also have a receptor for
myelin. We examined peripheral blood lymphocytes
from patients with MS and controls for adherence to
calf and human brain sections. Results show that a
small percentage of human T lymphocytes has the
capacity to adhere selectively to myelin, and that
this capacity is enhanced in patients with MS. Re-
moval of monocytes increased adherence of control
lymphocytes to white matter but did not affect ad-
herence of MS lymphocytes. Experiments in which
autologous or allogeneic monocytes were added back
to monocyte-depleted cell suspensions indicated that
monocyte-mediated control of LA to white matter is
defective in MSpatients.

METHODS

Patients and controls. Patients were evaluated in the Uni-
versity of Connecticut Health Center MSClinic. "Definite"
MS(6) patients not currently on steroids or nonsteroidal anti-
inflammatory agents were asked to participate. Controls were
healthy volunteers from the university population. All donors
stopped all medication for 48 h. Fasting blood samples were
taken between 8 and 9 a.m. Seven patients with neuro-
logical diseases other than MS included myasthenia gravis,
central nervous system lupus, glioblastoma, Huntington's
disease, senile dementia, and cerebrovascullar disease. Donors
were all age and sex matched.

Mononuclear cell isolation. Mononuclear cells were
obtained from defibrinated venous blood by centrifugation
on Ficoll-Hypaque gradients (LSM, Bionetics Laboratory
Products, Litton Bionetics Inc., Kensington, Md.) (7). Cells
were incubated at 37°C, 60 min, washed, and resuspended
in RPMI 1640 (Gibco Laboratories, Grand Island Biological
Co., Grand Island, N. Y.) at 2-3 x 107 cells/ml.

Adherence to microexudate-coated flasks (8). Vero cells
were grown to confluency in Eagle's Minimal Essential
Medium (MEM) (Gibco) supplemented with 5%fetal calf serum
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(FCS). Cells were fed daily with MEM+ 20% FCS for 3-4 d,
then removed with 5 mM EDTA. Flasks were rinsed
thoroughly with MEM+ 20% FCS. Mononuclear cells were
added to flasks for 1 h at 37°C, pH 7.4. Nonadherent
cells were decanted, then treated as above. Monocytes were
counted by staining for peroxidase (POX) activity (9).
Mononuclear cells routinely had 10-15% POX-positive cells.
Preparations with <1% residual monocytes were used in
experiments. Monocytes were removed with 5 mMEDTA,
washed, and counted.

Assay for adherence to brain. The adherence assay was
performed according to Kuttner and Woodruff (5) with the
modifications indicated. Fresh brain sections were cut
coronally, embedded in O.C.T. (Lab-Tek Products, Naper-
ville, Ill.) at -20°C, and 8-,um sections were used. Slides
were fixed with 1.5% glutaraldehyde in 0.1 M sodium
cacodylate buffer, pH 7.4, (10 min, 4°C), rinsed three times,
or used without fixation. Slides were treated with 0.2 M
lysine (Fisher Scientific Co., Pittsburgh, Pa.) for 10 min at
4°C, washed in cold buffer. 2 x 106 cells/0.2 ml were added
per slide, gently rotated (40 rpm) for 30 min at 4°C. Non-
adherent cells were removed with cold buffer. Slides were
fixed with 1.5% glutaraldehyde and stained with Turks
solution. LA was measured with a calibrated ocular grid
(American Optical Corp., Buffalo, N. Y.), dimensions 10 x 10
mm. Binding was determined from triplicate slides, 10 sep-
arate fields per slide. The density of lymphocytes bound
per 105 Am2 and 103 Um2was calculated.

E-Rosettes (10). Equal volumes of lymphocytes mixed
with 0.5% sheep erythrocytes in MEMand FCS were
incubated at 37°C for 30 min, centrifuged, then incubated
overnight at 4°C. Lymphocytes were more than three sheep
erythrocytes adhered were counted. E-rosette forming cells
were removed by centrifugation on Ficoll-Hypaque gradients.

RESULTS

We examined control LA to gluitaraldehyde-fixed
sections of calf, rat, and human cerebrum and
cerebellum, human heart, mouse liver, monkey kidney
(CV-1), human amnion, and human epithelial cells.
Adherence to most tissues was uiniformly low and
random (.5 lymphocytes/105 ,um2). Adherence to calf,
rat, and human cerebrum and cerebellum was restricted
to white matter (35-60 lymphocytes/105 ,um2) with no
adherence to gray matter. LA to unfixed sections was
slightly lower than fixed sections. All experiments were
run on both fixed and unfixed tissue. Data represent
adherence to fixed tissue.

Similar experiments were performed using MS
lymphocytes (Table I). MS LA to human cerebellum
was also restricted to white matter. However, ad-
herence was higher than seen for controls (Table I;
Fig. 1). The mean+SEMMS lymphocytes bound per
unit area of white matter was 130+3.8 lymphocytes/
105 pnm2 which is significantly (P < 0.01) different from
the mean+SEM(41+2.9 lymphocytes/105 ,Am2) for con-
trols (Table I). LA to the molecular layer (gray matter)
was negligible (Fig. 1). Adherence to the granular layer
was low. A slight overlap in values for controls and MS
patients is seen. Similar results were seen with sections
of cerebrum. LA in seven patients with other neuro-
logical illnesses was similar to controls (45+4.0
lymphocytes/105 ,Um2).

TABLE I
Comparison of LA to White Matter in Controls

and Patients with Multiple Sclerosis

White Granular Molecular
No.* matter layer layer

Lymphocytes/JO5 prn2t
Controls

Calf cerebellum 22 30+2.1 16+1.8 2±1.0
Human cerebellum 10 41±2.9 20±2.3 4+2.4

MSpatients
Calf cerebellum 15 157±3.0§ 12±2.0 5.2±2.0
Human cerebellum 10 130±3.8§ 14±2.0 3.0±+1.0

* Number of individual donors tested in paired experiments.
4 Mean±SEM of patients tested. Individual means were
calculated from the average of 10 separate fields per slide;
three slides per demonstration.
§ Significantly (P < 0.01; Student's t test) different from the
mean±SEMfor controls.

Optimal LA was seen with -2 x 106 cells/0.2 ml. LA
was first seen after 20 min incubation with control
cells and 10 min incubation with MScells. Maximum
values were reached by 30-40 min and did not
increase with prolonged incubation. It was impos-
sible to determine accurately the percentage of lympho-
cyte binding to white matter, because total myelinated
surface area varied per slide. Binding was slightly
higher at 40C than at room temperature.

Mononuclear cells from MS patients and controls
were incubated overnight at 40C with sheep erythro-
cytes (10). E-rosettes were removed by centrifugation
on Ficoll-Hypaque gradients. Preparations with <5%
residual E-rosette-forming cells were used. Results
indicate that removal of E-rosette-forming T cells
virtually eliminated all binding to white matter in
controls (58±3.8 to 5.5±2.2 lymphocytes/105 u.m2) and
MS patients (106±6.0 to 12±3.0). Indirect immuno-
fluorescent stains (unfixed slides) with goat anti-human
immunoglobulin were negative for B cells and removal
of EAC rosettes did not alter LA. Monocytes did
not bind to myelin in significant numbers. Thus, the
adherent population appears to be a T cell.

When control cells adherent to Vero cell micro-
exudate-coated surfaces (8) were removed, LA of non-
adherent cells (<1% monocytes) to white matter was
increased. The mean±SEMLA per unit area of white
matter was 143±8.6 lymphocytes/105 gm2 for depleted
cells which was significantly different (P < 0.001) from
53±8.3 lymphocytes/105 gm2 for mononuclear cells. No
effect was seen when MS monocytes were removed.
The mean±SEMlymphocytes/105 Am2 was 139±6.0 for
mononuclear cells and 108±8.0 for monocyte-depleted
preparations. Experiments were performed in which
monocyte-depleted cell suspensions were reconstituted
with 1 and 5% of autologous or age- and sex-matched
allogeneic monocytes and then tested for their ability
to bind to myelin (Table II). Control LA was reduced
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FIGURE 1 Lymphocyte adherence to human cerebellum: (A) Nonoverlaid section at x45, (B)
overlaid with control PBL at x45, (C) overlaid with MSmononuclear cells at x40, and (D) at
x1OO. Adherence is restricted to white matter (W). Adherence to granuilar (g) and molecular
(M) layers is low. MSadherence is three to four times that seen in controls.

to normnal levels by addition of 1 or 5% control
monocytes. Addition of MSmonocytes had no effect.
MS LA was reduced to control levels by addition of
5% control monocytes, whereas addition of auto-
logouis monocytes at either concentration had no

effect. 1% control monocytes did not always reduce
adherence significantly. Results suggest that monocyte-
mediated control of LA to myelin is defective in
MSpatients.

DISCUSSION

A population of circulating human T cells adheres
preferentially to myelinated brain sections. This
capacity is enhanced in MST cells. No adherence was

seen to the molecular layer (gray matter). MS lympho-
cytes seen in the granular layer of cerebellar cortex
are probably adhered to myelinated fibers extending
from the white matter. Therefore, human LA to white
matter appears to depend on the presence of myelin,
and may be comparable to similar observations seen

with rat thoracic duct lymphocytes reported by Ktuttner
and Woodruff (5). It is possible that LA to white matter
is a nonspecific cell-surface phenomenon, and not
directed by antigen-reactive cells. In all experiments
we were carefuil to exclude serum, and cells were

incubated at 37°C for 60 min to remove cytophilic
antibodies. It is possible that myelin-associated anti-
bodies provided attachment sites for Fc-receptor-bear-
ing cells. Although it is unlikely that the elevated
and variable TG levels in MSreported by Santoli et al.
(11) could account for the consistently observed dif-
ferences between controls and patients in these studies,
this possibility cannot be excluded. That binding was

enhanced on glutaraldehyde-fixed sections suggests
that adherence might be due to interactions of free-
aldehyde groups with cell surface proteins. However,
binding was not altered after treatment of slides with
lysine and adherence to myelin was observed on un-

fixed tissue. Similar glutaraldehyde-mediated effects
were seen with rat thoracic duct lymphocytes (5)
and further discussed by these same authors (12).

Lymphocyte Adherence to Myelin in Multiple Sclerosis
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TABLE II
LA to Human Cerebellum: Role of Monocytes

Cell suspension Control MS

Lymphocytes/lO5 yn2*

Mononuclear 41±6.2 110± 11.0
Monocyte depletedt 93±8.4§ 97±15.0
Reconstituted autologous

monocytes"
1% 45±4.4 115±12.0
5% 39±6.0 135±11.0

Reconstituted allogeneic
monocytes"

1% 85±6.45 57.5± 10.0A1
5% 64.4±10.0§ 38.0±8.05

* Mean±SEM; six paired experiments (six MSpatients and
six controls); individual values calculated from triplicate
slides with 10 separate fields per slide.
t Monocytes depleted by adherence to microexudate-coated
flasks (8). Mononuclear cells 10-15% POX-positive cells;
adherent monocytes 99% POXpositive; nonadherent (mono-
cyte depleted) 1% POX-positive cells.
§ Significantly different (P < 0.001; Student's t test) from the
mean±SEMfor mononuclear cells.

Monocyte-depleted cells were reconstituted with 1 and 5%
allogeneic (MS with control) or autologous (control with
control) monocytes. Cell numbers adjusted to 2 x 106 total
cells/0.2 ml per slide. Viability determined by trypan blue
stain.

91 Significantly different (P = 0.05; Student's t test) from the
mean±SEMfor MSmononuclear cells.

Monocyte removal from mononuclear cell sus-
pensions enhanced control LA but had no significant
effect on adherence of MS lymphocytes to white
matter. These results suggest that either MSmonocyte
function is defective or that the MST cell is not re-
sponsive to normal monocyte signals. Our recom-
bination experiments to test this hypothesis tended
to support defective monocyte function, but it should
be noted that MS T cells did not respond as ef-
fectively to normal monocytes at 1% concentrations.
These differences could be because the control mono-
cytes were allogeneic. It is not known whether
direct contact is necessary for monocyte control of ad-
herence or whether there is a requirement for a soluble
mediator. Studies to answer this question are in
progress.

Monocytes are also required for LA to virus-infected
cells.3 Monocyte removal results in decreased ad-
herence to infected cells. Thus, different lymphocyte
subpopulations and/or control mechanisms might reg-
ulate adherence to virus-infected cells. In fact, evi-
dence not reported here indicates that removing cells
that adhere to measles virus-infected human epithelial
cells does not significantly alter LA to white matter
(Dore-Duffy, unpublished observations). We have
shown in the infected cell system that prostaglandins

of the E series may be substituted for monocytes.
However, we have not yet completely defined the
role of prostaglandins in LA to myelin.

Although the precise mechanisms and specificity that
determine why MS lymphocytes adhere so avidly to
myelinated tissue are not clear, the observations
presented in this paper should provide useful in-
sights into the cytopathic mechanisms responsible for
demyelination in MS.
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