Proliferation of Astroglia and Oligodendroglia in

Response to Human T Cell-Derived Factors

Abstract. Human T lymphocytes transformed by human T cell leukemia-lympho-
ma viruses or activated by lectins were found to produce stimulating factors that
promoted both proliferation and maturation of oligodendroglial and astroglial cells

in vitro.

Mature oligodendrocytes can prolifer-
ate in vivo after trauma to the central
nervous system (/). Oligodendroglial hy-
percellularity, astrocytic proliferation,
and gliosis are seen in plaques and sur-
rounding white matter in brains of pa-
tients with multiple sclerosis (MS) (2—).
In studies of the pathogenesis of MS, T
lymphocytes have been identified in the
demyelinated regions of white matter as
well as in clusters in apparently normal
white matter far from infiltrating blood
vessels (5, 6). Since factors stimulating
mixed glial cultures have been shown to
be produced by peripheral blood B cells
or T cells in the presence of macro-
phages (7), we hypothesized that T cells

in the brains of MS patients could pro-
duce factors that induce proliferation
and maturation of astrocytes and oligo-
dendrocytes. We report that astrocytes
and oligodendroglial cells proliferate in
response to factors produced by the hu-
man T lymphocyte line Mo (8), human T
cell leukemia-lymphoma virus (HTLV)-
transformed peripheral blood T cells
from healthy individuals (9-11), and phy-
tohemagglutinin (PHA)-activated T cells
from peripheral blood and cerebrospinal
fluid of MS patients and normal control
individuals. Factors produced by Mo
cells also induce changes in surface and
cytoplasmic markers of glial cells, some
of which indicate accelerated maturatio

participating in inflammatory reactions of these cells. :

Fig. 1. Effect of activated T cell conditioned

media on glial cell proliferation. Oligoden-

droglial cells were separated from adherent
astrocytes by mechanical agitation in 1-week- 60
old cultures established from 3-day-old rat
brain. After treatment with antibody and com-
plement to delete contaminating cells, glial
cells were reseeded in Falcon Microtest II
plates for 4 days in the presence or absence of
putative growth-promoting supernatants (final
concentration, 25 percent). Conditioned (C)
and unconditioned (U) supernatants con-
tained 2 percent PHA (final concentration in
the Falcon plates, 0.05 percent). All cell line
supernatants were generated identically: the
cell line in serum-free Iscove’s medium plus 2
percent PHA was incubated for up to 7 days
at 37°C, harvested, and sterile-filtered. JLB,
JWMP, and JKK are HTLV-II—ontaining
transformants generated by cocultivation with
Mo cells (9, 14, 17). SLB and SWM are
HTLV-I-positive transformants generated by
cocultivation with ME cells (9, 14). Superna-
tants from T cells of normal healthy controls 10 H o

(NC; n = 13), one other neurological disease ul 12 3112 u 3‘
(OND) patient, and multiple sclerosis (MS;

n = 18) patients’ peripheral blood and cerebrospinal fluid (n = 2) were generated by incubating
the nylon wool-passed cells with or without 1 percent PHA for 5 days in serum-free medium
containing 0.25 percent bovine serum albumin. Similar results were obtained with E-rosette—
enriched T cells. Open bars in (c) represent cells in media without PHA; total height of bars
(open plus filled) represents cells plus PHA; filled triangles represent cerebral spinal fluid cells
plus PHA. Glial cells were exposed to [*H]thymidine (1 uCi per well) and harvested after 17
hours with an automated harvester. Data in (a) and (c) are means * standard errors for
triplicate samples from ten representative experiments. Data in (b) are means =* standard
deviations for triplicate samples from one experiment. Statistical significance was evaluated
with a two-tailed paired Student’s ¢-test comparing conditioned media with control (uncondi-
tioned) medium [(*) P < 0.01 and (**) P < 0.001]. Supernatants from peripheral blood and
cerebrospinal fluid cells without PHA did not significantly differ from unconditioned medium
(c). In parallel, cells were recovered by trypsinization from cultures with or without Mo cell
supernatants and the number of viable cells was determined by trypan blue exclusion.
Quadruplicate samples were counted. Oligodendrocyte cell counts gave 1.06 + 0.11 x 10* cells
per well in unconditioned medium and 3.99 = 0.75 x 10* cells per well in Mo-conditioned
medium (P < 0.04). After 4 days in unconditioned and Mo-conditioned media there were
1.93 + 0.29 x 10 and 5.00 = 0.63 x 10° astrocytes per well, respectively (P < 0.05).
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Conditioned media were generated by
incubating cell lines (Mo and HTLV-I
and -II transformants) (9-11) for 4 to 7
days in Iscove’s medium with or without
2 percent PHA (Wellcome). Uncondi-
tioned and control cell-conditioned me-
dia were also generated. Blood lympho-
cytes from healthy volunteers and MS
patients were exposed to 1 percent PHA
for 5 days, at which time supernatants
were harvested.

Primary glial cell cultures were estab-
lished from neonatal rat cerebrums by
the method of McCarthy and DeVellis
(12). After 7 days in primary culture,
oligodendrocytes were separated from
astrocytes and established in culture
with or without growth factor-containing
supernatants.  Oligodendroglial cells
were first treated with antibody to rat
Thy 1 (clone OX7HL, 1:100; Sera-Lab)
and antibody to fibronectin (1:20; Accu-
rate) plus guinea pig complement (C’)
(1:10) for 30 minutes at 37°C twice to
eliminate contaminating astrocytes and
neurons positive for Thy 1 and fibro-
blasts positive for Thy 1 and fibronectin.
Astrocytes were first treated with anti-
body to fibronectin plus C’ to eliminate
fibroblasts, antibody to Thy 1 for neu-
rons, and antibody to galactocerebroside
(rabbit antibody generated in our labora-
tory; 1:1000) plus C' to eliminate con-
taminating oligodendrocytes. Oligoden-
droglia and astrocytes were then seeded
at a density of 10* and 10? cells per well,
respectively.

Supernatants from Mo cell-condi-
tioned media were found to increase
proliferation of glial cells, as determined
by uptake of [*H]thymidine, total cell
counts (Fig. 1a), and autoradiography of
cells positive for galactocerebroside
(Fig. 2). Glial proliferation began by day
2, peaked on day 4, and decreased by
day 6. Thus a harvest obtained on day 4
was used. Glial proliferation increased in
a linear fashion when 5 to 50 percent
final concentrations of supernatants
were used. At concentrations above 50
percent, the supernatants had no further
enhancing effect, and in some cases were
inhibitory. A 25 percent final concentra-
tion was therefore used. These glial
growth-promoting factors were pro-
duced constitutively like some other Mo
lymphokines (13, 14), but their produc-
tion could in some cases be augmented
by PHA. Preliminary results suggest that
the Mo growth factor has a molecular
weight of 6,000 to 10,000, thus differenti-
ating it from glial stimulating factor (15).

Glial growth-promoting lymphokines
are the products of activated T lympho-
cytes (Fig. 1). The Mo line, derived from
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a patient with hairy cell leukemia, is
composed of neoplastic T cells infected
with HTLV-II (I6, 17). Lymphokine-
producing transformants have been de-
rived by cocultivation of peripheral
blood T lymphocytes from healthy adults
with lethally irradiated Mo cells (9, 11,
17). HTLV-II transformant—conditioned
media (JLB, JWMP, and JKK) signifi-
cantly increased glial proliferation (Fig.
1b). SLB and SWM, which also produce
glial proliferation factors, are HTLV-I-
infected T cell lines established by cocul-
tivation of normal T lymphocytes with
ME (9, 10), an HTLV-I-infected human
T cell leukemia cell line (Fig. 1b). While
resting peripheral blood T cells did not
elaborate growth-promoting factors (Fig.
1¢), PHA-induced blood and cerebrospi-
nal fluid T cells produced significant
levels of such factors (Fig. 1¢). Superna-
tants from the T cell line HSB2, contain-
ing interleukin-2 (18), did not stimulate
proliferation of astrocytes or oligoden-
drocytes, nor did purified interleukin-2
at final concentrations of 50, 25, and 10
percent. Products of the T lymphoblas-
toid cell line CEM, the erythroid line
K562, and the myeloid line HL60 did not
significantly stimulate either type of glial
cell to proliferate more than controls,
illustrating that non-T cells and imma-
ture T cells that do not elaborate lym-
phokines do not produce glial growth-
promoting factors. T cell ‘‘activation’’ is
not restricted to one type of virus nor is
it virus-dependent, since PHA-stimulat-
ed lymphocytes also induce these fac-
tors. Presumably the MS antigens induce
these factors in vivo as well. Primary
fibroblasts were not induced to prolifer-
ate in response to Mo cell supernatants
(from two different passages shown to
give stimulation of glial cells) or to PHA-
induced factors of normal T lymphocytes
or T lymphocytes purified from MS pa-
tients.

In addition to producing factors induc-
ing proliferation (13, 14), the Mo line also
produces factors affecting differentiated
functions of a variety of cell types (19,
20). To study the enhanced maturation of
glial cells after exposure to Mo cell-
conditioned medium and to exclude the
possibility that contaminating cell types
grew out instead of the glial cells seeded,
we analyzed glial cell surface and cyto-
plasmic markers after 4 days in culture in
the absence or presence of Mo cell-
conditioned medium. All primary anti-
bodies were centrifuged at 15,000g for 1
hour before use to avoid nonspecific
staining due to absorption of antibodies
by Fc receptors on oligodendroglia (27)
when staining the surface of living cells.
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Secondary rabbit or mouse antibodies
conjugated to fluorescein isothiocyanate
(FITC) were F(ab'), fragments; these
were also centrifuged before use. Nor-
mal rabbit and mouse serum controls
gave no reaction, indicating that when
immunoglobulin G (IgG) aggregates are
removed by high-speed centrifugation
before use, primary rat oligodendrocytes
do not bind 7§ IgG at Fc receptors.

Table 1. Effect of Mo-conditioned medium on
cytoplasmic and surface markers of primary
glial cells. Oligodendroglial cells were pre-
pared as described in the legend to Fig. 1 and
incubated in Costar 24-well cluster plates on
sterile cover slips for 4 days with or without
Mo supernatants. At the end of this period,
cells were stained for surface markers by
using indirect immunofluorescence. Surface
staining was performed for 30 minutes at
room temperature with rabbit antibody to
galactocerebroside (GalC) (1:1000), rabbit
antibody to fibronectin (1:20; Accurate) fol-
lowed by FITC-conjugated F(ab'), fragments
of goat antibody to rabbit Ig (1:20; Accurate),
mouse monoclonal antibodies to rat Thy 1
(1:100; Sera-Lab), to rat Ia’s (clone OX6HL,
1:1000; Sera-Lab), to rat T cells (clone WS/13
HLK, 1:100; Sera-Lab), to TAC (1:500) fol-
lowed by FITC-conjugated F(ab’), fragments
of goat antibody to mouse Ig (1:20; Accu-
rate). FITC-conjugated lectins (Sigma) were
used to visualize lectin receptors. Surface
tetanus toxin receptors were stained with
tetanus toxin, human antiserum to tetanus
toxin, and FITC-conjugated rabbit antibody
to human Ig (Accurate). Cytoplasmic staining
was performed on fixed cells with rabbit anti-
body to glial fibrillary acidic protein (GFAP)
(1:10), antibody to glycerol-3-phosphate
dehydrogenase (G3PDH), FITC-conjugated
goat antibody to rabbit Ig (1:20) or mouse
monoclonal antibody to myelin basic protein
(MBP) (1:100), and FITC-conjugated frag-
ments of goat F(ab’), antibodies to mouse Ig
(1:20). Symbols: +, 10 to 15 percent of the
cells scored were positive for the marker
indicated; ++, 50 to 60 percent; and +++,
100 percent. Additional abbreviations: Con A,
concanavalin A; PWM, pokeweed mitogen;
SBA, soybean agglutinin; WGA, wheat germ
agglutinin; and PNA, peanut agglutinin.

Uncon- Mo-condi-
Marker ditioned tioned

medium medium
GFAP - -
GalC +++ +++
MBP* + +
G3PDH* - ++
Fibronectin - -
Rat Thy 1 - -
TAC* + ++
Tetanus toxin - -
Con A receptor ++ +++
PHA + +
PWM* + ++
SBA* - +++
WGA* ++ +++
Lentil ++ +++
PNA* + ++

*Cell makers that.changed significantly after expo-
sure to Mo-conditioned medium.

Oligodendrocyte cultures were negative
for glial fibrillary acidic protein (Dako
PAPKkit, Immulok); that is, astrocytes did
not overgrow the oligodendrocytes and
were not responsible for uptake of
[*H]thymidine (Table 1). Of 1000 cells in
the oligodendrocyte-enriched population
stained with antibody to glial fibrillary
acidic protein and counterstained with
hematoxylin, only 2.05 + 0.85 percent
were astrocytes. The cultures were de-
termined to be 96.7 =+ 2.3 percent oligo-
dendrocytes by counting 1200 cells
stained with antibody to galactocerebro-
side and counterstained with hematoxy-
lin (22, 23). The combination of (i) stain-
ing with peroxidase-antiperoxidase (PAP)
and antibody to galactocerebroside and
(ii) autoradiography proved that oligo-
dendrocytes were the most common
type of cell proliferating in the oligoden-
drocyte-enriched cultures (Fig. 2); 68
percent of these cells were dividing in
cultures exposed to Mo cell superna-
tants. There were no contaminating fi-
broblasts [cultures were negative for fi-
bronectin and Thy 1) or neurons (nega-
tive for Thy 1 and tetanus toxin receptor
(22)] in the oligodendrocytes (Table 1).
Under the influence of Mo-conditioned
medium for 4 days, oligodendroglia ex-
pressed markers characteristic of mature
oligodendrocytes not normally seen for a
much longer period in culture or only
after induction. Myelin basic protein,
usually seen only at 21 days (24), was
seen by day 11. Glycerol-3-phosphate
dehydrogenase (25) was induced by Mo
supernatants, although previously it had
been shown to be induced only by corti-
costeroids (26). Mo cell-conditioned me-
dium did not induce surface I region—
associated antigens (Ia’s) (27) or T cell
surface markers (28) on oligodendroglia,
and, while some cells did develop TAC
antigens (interleukin-2 receptors) (29),
they did not respond to interleukin-2.
Concanavalin A binding sites, previously
identified on oligodendroglia (30);, and
binding sites for wheat germ agglutinin
and soybean agglutinin associated with
myelin (31) were also identified on the
surfaces of oligodendroglia. Expression
of receptors for pokeweed mitogen, soy-
bean agglutinin, and peanut agglutinin,
an event that usually does not occur until
day 21 in primary cultures, occurred
after a 4-day exposure to Mo factors.
These accelerated changes in differentia-
tion of oligodendrocytes are additional
effects of factors secreted by the Mo line.

Astrocytes showed fewer changes in
differentiation markers. None were Thy
1-positive, perhaps because of their ce-
rebral cortex origin (32), nor did they
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Fig. 2. Oligodendroglial
cells proliferating in . re-
sponse to Mo-conditioned
medium. Oligodendroglial
cells prepared as described
in text were grown for 4
days in Mo-conditioned
medium on sterile cover
slips in Costar 24-well
plates. They were labeled
with [*H]thymidine for 17 it
hours before harvest. At : }
harvest the cells were
stained with rabbit anti-
body to galactocerebroside ¥
(1:20) followed by swine ' <
antibody to rabbit Ig . e
(1:200; Dako). This was }-‘_u'
followed in turn by staining .

'

- -

T T

with rabbit PAP (1:200; Dako). All antibodies were centrifuged (10,000g for 1 hour) to remove
complexes. Aminoethylcarbazol was the substrate used. Stained slides were immersed in Ilford
K2 nuclear emulsion, exposed for 2 days at 4°C, and developed.

develop T cell antigens or Ia’s. There
were no contaminating oligodendro-
cytes, neurons, or fibroblasts in astro-
cyte cultures. Astrocytes expressed dif-
ferent lectin receptors than oligodendro-
cytes. While asparagus pea and poke-
weed mitogen lectin receptors usually
are not seen in primary astrocyte cul-
tures as old as 1 month, they developed
under the influence of medium condi-
tioned with T cells. The appearance of
these receptors means that the lectin-
binding sugar or a glycoprotein contain-
ing the sugar develops de novo under the
influence of Mo factors.

Recently, Raff ez al. (33) demonstrated
a bipotential glial progenitor cell in rat
optic nerve bearing the A2BS antigen.
This cell can differentiate into an oligo-
dendrocyte or an astrocyte. If we treated
the astrocyte- and oligodendrocyte-en-
riched populations from 7-day-old cul-
tures with antibody to A2B5 (1:100;
Sera-Lab) and C’ to remove such precur-
sors before incubation with Mo superna-
tants, we were still able to demonstrate
glial proliferation by [*H]thymidine up-
take, cell counts, and autoradiography.
This indicates that both distinct glial cell
types and not precursor cells constituted
the dividing populations (Fig. 2). These
results, like those of Raff er al. (33),
indicate that glial cells of the central
nervous system are highly plastic and are
able to respond to hormones or lympho-
kines present during development or in
an inflammatory environment by under-
going expansion and differentiation.

Hyperplasia of glial cells in the brain is
usually a response to injury (/-3). In MS,
astrocyte hyperplasia and gliosis result
in brain plaques that cause some of the
clinical symptoms. Oligodendroglial cells
also undergo some hyperplasia (/). In
normal white matter adjacent to the
plaques increased numbers of oligoden-
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drocytes suggest proliferation in associa-
tion with remyelination (4). Subsequent-
ly they are damaged and disappear (2—).
Proliferation of oligodendroglial cells
thus appears to be a potential mechanism
of repair and remyelination, as it is in
animal models of demyelination involv-
ing JHM virus and recurrent experimen-
tal allergic encephalomyelitis (34). Nor-
mal brains contain no leukocytes. Thus
T cells may contribute to the disease
process in MS, since activated T cells
are part of the inflammatory infiltrate
(35, 36) and since some are even seen
migrating deep into normal-appearing
white matter (5, 6). It would be desirable
to be able to produce oligodendroglial
proliferation factors and suppress astrog-
lial factors. Our results show that cere-
brospinal fluid and peripheral blood T
cells, when stimulated by PHA, make
factors as stimulatory as those produced
by the Mo line and HTLV-I and -II
transformants. Characterization of fac-
tors produced by activated T cells may
help to elucidate the pathogenesis of glial
hyperplasia in MS as well as in other
diseases involving chronic inflammation
in the presence of infiltrating lympho-
cytes.
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