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ABSTRACT Multiple sclerosis (MS) is an immune-
mediated demyelilnating disease of the central nervous system.
The etiology of the dis is still unknown. Activated T
lymphocytes are considered essential in mediating the inflam-
matory process leading to demyelination in MS. They operate
through a complex network of cytokines among which y
interferon (RIFN) plays a key role. Here we report that
exposure to -IFN of T lymphocytes from patients with MS
activates, by a protein kinase C-mediated pathway, a previ-
ously undescribed -IN-activated Ca2@ influx, functionally
coupled to the IEFN receptor. The influx, mainly expressed by
CD4+ T lymphocytes, was found in 12 of 15 (80%) patients with
cliniclly active MS and in 14 of 30 (46%) patients with stable
MS. The influx was found in only 3 of24 (12%) control patients
and in none of the 15 healthy subjects studied. Our results
document the appearance in MS lymphocytes of a -IFN-
activated, protein kinase C-dependent, Ca2+ influx that might
be due to the expression of a new cation-specific pllemma
channel. This finding suggests that at least part of '-FN's
contribution to the pathogenesis of MS is exerted through a
Ca2+-dependent regulation of T lymphocyte activity.

Multiple sclerosis (MS) is a clinically heterogeneous demy-
elinating disease of unknown etiology of the central nervous
system. Combined clinical/pathological/epidemiological
data suggest a genetic predisposition to the disease triggered
by viral or autoimmune (or possibly both in concert) phe-
nomena (1).
Immunological abnormalities leading to central nervous

system demyelination in MS involve primarily T lympho-
cytes and are modulated by an intersecting network of
cytokines in which T-lymphocyte-secreted 'y interferon (ya
IFN) is considered essential. y-IFN increases major histo-
compatibility complex class II expression on central nervous
system resident cells (2), stimulates macrophages to release
cytokines able to damage oligodendrocytes (i.e., tumor ne-
crosis factor a) (3), and triggers the production by microglial
cells of molecules potentially noxious to the myelin sheath,
such as nitric oxide metabolites (4). The central role of y-IFN
in MS is also confirmed by the increase in exacerbation rate
seen in MS patients undergoing systemic y-IFN treatment (5)
and by the protective effects of systemic administration of
3-IFN (6). This latter effect has been attributed, at least in
part, to inhibition of y4EN synthesis (7). However, the
relationships between 'o'-IFN secretion, T-lymphocyte acti-
vation, and the y-IFN-evoked intracellular signals occurring
during different phases of MS are still elusive.

In the present study we have investigated the effects of
y-IFN on Ca2+ release from intracellular stores and influx

across the plasmalemma in peripheral blood lymphocytes
(PBLs) from patients with definite MS. Patients affected by
other diseases (including active autoimmune diseases and
other inflammatory and noninflammatory neurological dis-
eases) and healthy donors were studied as controls.
We found that exposure of T lymphocytes from patients

with MS to y-.IFN activates a previously undescribed Ca2+
influx functionally coupled to the y-IFN-receptor (Y-IFN-R)
and distinct from the influx processes described so far (8).
This Ca2+ influx, which appears to be activated by a protein
kinase C (PKC)-dependent intracellular pathway, is overex-
pressed in MS during the phases of clinical activity and tends
to disappear during recovery from clinical exacerbation.

PATIENTS AND METHODS
Patient Selection. Forty-five patients (27 women, 18 men)

with a mean age of 35.5 yr (range, 23-57 yr) were diagnosed
as affected by definite MS (disease duration, 7.9 yr; range,
2-30 yr) according to the clinical classification of McDonald
and Halliday (9). The clinical course of the disease was
relapsing-remitting in 32 patients and relapsing-progressive in
13 patients. We subdivided patients as follows: MS patients
experiencing a clinically active phase (13 relapsing-remitting
and 2 relapsing-progressive patients) and MS patients clini-
cally stable (6 relapsing-remitting and 24 relapsing-progres-
sive patients). Activity ofthe disease was defined as a clinical
status of exacerbation of previous symptoms and signs or
appearance ofnew symptoms and signs, lasting >24hr. In the
group of patients with clinically active MS, PBLs were
obtained within 10 days after the onset of neurological signs
and symptoms. The control group included 24 patients (14
women, 10 men) with a mean age of 45.6 yr (range, 20-68 yr).
Eleven patients were affected by other neurological diseases,
including cerebrovascular disorders (5 patients), viral en-
cephalomyelitis (3 patients), meningioma (1 patient), para-
neoplastic neuropathy (1 patient), and neurosyphilis (1 pa-
tient). Thirteen patients were studied during an active phase
of other autoimmune disorders, including rheumatoid arthri-
tis (3 patients), type 1 insulin-dependent diabetes mellitus (2
patients), myasthenia gravis (2 patients), lupus erythemato-
sus sistemicus (2 patients), autoimmune thyroiditis (1 pa-
tient), sarcoidosis (1 patient), chronic idiopathic polineurop-
athy (1 patient), and connective tissue disease of unknown
origin (1 patient). Fifteen healthy donors (6 women, 9 men)
with a mean age of 27.5 yr (range, 24-36 yr) were also
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included in the study. At the time of sample collection all
patients had not received any steroid or other immunosup-
pressive treatments for at least the previous 3 months.
Statistical analysis was performed by the Student's t test for
unpaired data.

Purification of Lymphocyte Subsets. Human PBLs were

isolated by conventional Ficoll/Hypaque density gradient
centrifugation. Adherent cells were discarded to eliminate
macrophages before fluorimetric analysis. Subsets of lym-
phocytes (B cells, CD4+, CD8+) were purified from mac-

rophage-depleted PBLs by negative selection with anti-
CD4+- and anti-CD8+-antibody coupled Dynabeads (Dynal,
Oslo). The purity (>90%6) of our preparations was confirmed
by fluorescence-activated cell sorting (FACS) analysis.

yIFN-R-Enriched T Lymphocytes. t-IFN-R-enriched T
lymphocytes and the fluorescein isothiocyanate-conjugated
anti-t-IFN-R monoclonal antibody (Ab) 'yR99 (10) were

provided by F. Novelli (University of Turin, Turin, Italy).
y-IFN-R-enriched T lymphocytes were obtained from two
healthy subjects by culturing PBLs for 72 hr in complete
medium (RPMI 1640 plus 10%1 fetal calf serum) supplemented
with phytohemagglutinin (PHA) (10 pg/ml) or by alloactiva-
tion of PBLs (from three healthy donors) for 5 days with the
Epstein-Barr virus-transformed lymphoblastoid cell line SL1
(10). To assess the purity and the levels of y-IFN-R expres-
sion of our preparations, PHA-stimulated or alloactivated T
cells were harvested after culture and tested by double-
fluorescence FACS analysis with a phycoerythrin-conjugate
anti-CD3 Ab (Becton Dickinson); the presence of t-IFN-R
was assessed by using the anti-y-IFN-R Ab yR99.
Measurements of Cytosolic Ca+. Fluorimetric analyses

were performed on PBLs, lymphocyte subsets (B cells,
CD4+, and CD8+), and PHA-stimulated and alloactivated T
cells as follows: Cells were resuspended in Krebs/Ringer/
Hepes (KRH) medium containing 125 mM NaCl, 5 mM KCl,
1.2 mM KH2PO4, 1.2 mM MgSO4, 2 mM CaCl2, 6 mM
glucose, and 25 mM Hepes-NaOH (pH 7.4). Cells were

washed three times by centrifugation, resuspended, and
loaded for 30 min at 25°C with the Ca2+-sensitive dye fura-2
(Calbiochem), administered in the same KRH medium as

acetoxymethylester at the final concentration of 2.5 pM.
Cells were then diluted in KRH medium to a final concen-
tration of 3-4 x 106 cells per ml and kept at 37°C until use.
Cell aliquots (4 x 106 cells) were centrifuged, resuspended by
gentle swirling in 1.5 ml of KRH medium supplemented with
250 pM sulfinpyrazone (Sigma) (to prevent dye leakage), and
finally transferred, under continuous stirring, to a thermo-
statted cuvette (3rC) in a Perkin-Elmer LS-5B fluorimeter
(11). The experiments were carried out in plain KRH or

according to the Ca2+-free/Ca2+ reintroduction protocol (12).
In this latter case, the samples were supplemented with
excess EGTA (3 mM), and 1 pg of y-IFN per ml (correspond-
ing to an antiviral titer of 2.5 x 107 units/mg) (Genzyme) was
added 1 min later. After 3-4 min of continuous recording,
Ca2+ (3 mM) was reintroduced into the medium and the
ensuing peak (Ca2+ influx) was recorded. In parallel exper-
iments, the small cytosolic Ca2+ ([Ca2+]i) changes occurring
in nonstimulated cells, as a consequence of medium Ca2+
chelation and reintroduction, were carefully evaluated and
the corresponding values were subtracted from the expen-
mental traces as described (12).

In the experiments aimed at establishing the voltage de-
pendence of the Ca2+ influx, parallel aliquots of cells were
analyzed while suspended in the medium as above or mod-
ified by isosmotic substitution of30, 60, or 120mM NaCl with
KC1.
Experiments aimed to assess the existence of an electro-

neutral cotransport were performed in samples ofcells loaded
with fura-2 as above, washed, and resuspended in a lightly

buffered medium containing 0.3 M sucrose/5 mM Hepes/
Tris, pH 7.4, and devoid of Cl- and P04-.
La3+ measurements were performed as described (12).

Briefly, cells (loaded with fura-2 as above) were resuspended
in sulfate-free, phosphate-free KRH medium supplemented
with 1 mg of gelatin per ml and tested. La3+ (50 uM) was
added 3 min after administration of 1 pg of y-IFN per ml and
1 min before Ca2+ reintroduction in the medium.

Characterization of yIFN-Induced Ca+ Influx. We tried to
interfere with the y-IFN-induced Ca2+ influx with drugs
known to act on all other Ca2+ channels described so far (8).
The following drugs were used: SC 38249 (provided by H.
Ruegg, Sandoz), a blocker of voltage-gated, second messen-
ger-operated, and store-dependent Ca2+ channels (12-14);
specific blockers of voltage-gated Ca2+ channels [1 pM
diltiazem (Sigma) and 20 AM verapamil (Sigma) for the L
type; 0.2 pM w-conotoxin (provided by E. Sher, Consiglio
Nazionale delle Ricerche Cytopharmacology Center, Milan)
for the N type] (8, 15); and the adenylyl cyclase activator
forskolin (10 AM) (Sigma). Overnight pretreatment with
pertussis toxin (0.1 uM) (Sigma), a selective blocker of
GO/Gi-type GTP-binding proteins (16), was also tested.
Mn2+ permeability was measured by quenching of fura-2

fluorescence as described (12). Cells loaded with fura-2 were
suspended in an incubation medium from which CaCl2 was
omitted, KH2PO4 was reduced to 0.6 mM, and MgC12 was
substituted for MgSO4. Fluorescence was excited at 360 nm,
the Ca2+/fura-2 isosbestic wavelength at which changes are
caused by Mn2+ quenching (17). Emission was recorded at
500 nm. Mn2+ (100 pM) was added to the medium 2 min after
thapsigargin (Calbiochem) (which induces depletion of intra-
cellular Ca2+ stores), PHA, or exposure to yIFN. At the end
of the recordings, Mn2+ quenching values were estimated in
each preparation by cell permeabilization with Triton X-100
(0.1%).

In macrophages, transmembrane signaling at the y-IFN-R
is known to include activation of PKC (18, 19). The role of
this kinase in the influx induced by y-IFN in MS lymphocytes
was therefore investigated with administration of stauro-
sporin (0.1 ,uM) (Sigma), a PKC blocker (20), and phorbol
12-myristate 13-acetate (PMA; 0.1 ,uM) (Sigma), a PKC
activator.

RESULTS
Results are summarized in Figs. 1-4. In no case was any
[Ca2+]i increase observed in PBL preparations exposed to
'yIFN while bathed in Ca2+-free medium (see Figs. 1, 2, and
4). This excludes an effect of yIFN on intracellular Ca2+
release. In contrast, Ca2+ influx was documented by [Ca2+]
increase in the cells bathed in Ca2+-containing medium.
Consistent increases of [Ca2+]i after exposure to rIFN were
observed in lymphocytes of 12/15 (80%) MS patients in a
clinically active phase and of 14/30 (46%) of those in a
clinically stable phase (Fig. 1A). The observed influx was
slow, with an initial delay of :10 sec followed by a progres-
sive 2- to 3-min rise of the [Ca2+]i (Fig. 1A). Plateau values
in acute and stable patients were, on the average, 46% (range,
23-82) and 44% (range, 30-68) higher than resting levels,
respectively. In the continuous presence of y-IFN, the pla-
teau phase ofthe influx was maintained for prolonged periods
of time (tens of minutes). When excess EGTA was added,
[Ca2+]i returned quickly to or below resting levels (Fig. 1A).
In contrast, none of the patients with autoimmune disorders
or healthy subjects exhibited [Ca2+li increase after exposure
to y-IFN. Among the other neurological disease patients,
only 3 of 11 (27%) (affected by viral encephalomyelitis,
ischemic cerebrovascular stroke, or meningioma) exhibited
moderate [Ca2+]i increases (average of 20% over basal val-
ues; range, 16-25; active MS vs. other neurological disease
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FIG. 1. Influx-sustained [Ca2+]j re-
sponses induced in PBLs and in differ-
ent lymphocyte subsets by t-IFN.
(A-E) Traces have been recorded in
fura-2-loaded cells from a representa-
tive MS patient. PBLs were exposed to
y-IFN (1 pg/ml) in Ca2+-containing (A)
or Ca2+-free (B) [obtained with the
addition of excess (3 mM) EGTA
where indicated] KRH medium. Under
the latter conditions, a [Ca2+]i rise (due
to influx of the cation across the plas-
malemma) was observed only when
Ca2+ (3 mM) was reintroduced into the
medium. Experiments as in B, but car-
ried out with CD4+, CD8+, and B lym-
phocytes, are illustrated in C, D, andE,
respectively. (F) PHA-activatedT lym-
phocytes. (G) Experiments as in B
(mean of three ± SD) in which the PBL
preparations were preincubated for 30
min with the indicated concentrations
ofanti 'yIFN-RAb GIR-301 (21) before
exposure to y-IFN. Traces obtained
from total PBLs or lymphocyte subsets
(B cells, CD4+, CD8+) not showing any
y-IFN-induced Ca2+ influx were super-
imposable to the trace in E.

patients, P < 0.001; stable MS vs. other neurological disease
patients, P < 0.05). When lymphocytes were exposed to
-t-IFN in the Ca2+-free medium, the [Ca2+]i rise observed
after reintroduction of the cation was quicker and easier to
measure than the slow rise observed in the Ca2+-containing
medium (see Fig. 1A and B). Thus, although our experiments
were carried out in both experimental conditions, only results
obtained by the second approach are presented in the figures
following Fig. 1A.
The CD4+ lymphocyte subset exhibited the highest y-IFN-

induced influx, while CD8+ lymphocytes responded weakly,
and B lymphocytes were consistently negative (Fig. 1 C-E).
The dose-dependent inhibition observed (Fig. 1G) in PBLs

preincubated with an Ab against the y-*IFN-R (Ab GIR-301;
Genzyme), able to abrogate all binding of y-IFN to y-IFN-R
(21), suggests that the Ca2+ influx is triggered by stimulation
of the receptor. However, expression of the y-IFN-R per se

[Ca2+] nM

appears insufficient to induce Ca2+ influx since receptor-rich
cells from healthy donors, such as resting B lymphocytes, or
PHA-stimulated and alloactivated T-lymphocyte prepara-
tions (constituted by 85-95% of CD3+ cells and by 50-70%
of y-IFN-R positive cells as assessed by FACS analyses; data
not shown), failed to exhibit -tIFN-induced [Ca2+]i re-
sponses (Fig. 1F). Similar results were also observed with
the 'yIFN-R-enriched lymphomonocytic cell line U937 (19).
Omission ofNa+ and C1- from the medium failed to modify

the y-IFN-induced influx (Fig. 2 A and B), thus excluding the
involvement of neutral cotransporters and antiporters (8, 12).
In contrast, influx was blocked by La3+ (Fig. 2C) and pro-
gressively inhibited by KCl-induced depolarization (Fig. 2D).
The Y-IFN-activated Ca2+ influx, revealed in MS lympho-

cytes, presents unique features compared to all other known
Ca2+ influx processes (8, 12, 15). Fig. 3 shows that the
y-IFN-activated influx is impermeable to Mn2+ [as revealed
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FiG. 2. y-IFN-induced influx of Ca2+ in PBLs from patients with MS: Effects of ion substitutions and additions into the medium. All
experiments shown were carried out according to the Ca2+-free/Ca2+ reintroduction protocol, as described for Fig. 1B, using PBLs from a
representative MS patient. (A) Standard KRH medium. (B) Medium containing 0.3 M sucrose and 5 mM Hepes/Tris (pH 7.4). (C) Sulfate- and
phosphate-free KRH medium supplemented with 1 mg of gelatin per ml. La3+ (50 ;&) was added where indicated. (D) Medium as described
for Fig. 1B, but with the indicated concentrations of KCI replacing NaCl equimolarly. (D) Data are mean values (±SD) of three separate
experiments.
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by the fura-2 quenching technique (12)] (Fig. 3A) and insen-
sitive to the imidazole drug SC 38249 (Fig. 3D). In contrast,
the channels activated in the same PBL preparations by
thapsigargin and by PHA were positive in the latter two tests
(Fig. 3 B-D). Likewise, the y-IFN-activated influx was
unaffected by specific blockers of voltage-gated Ca2+ chan-
nels (diltiazem, verapamil, w-conotoxin), by forskolin, and
by overnight pretreatment with pertussis toxin.
The role of PKC in the influx induced by y-IFN in MS

lymphocytes was investigated (Fig. 4 A-E). When the PKC
blocker staurosporin (20) was administered, a 40-60o de-
crease ofthe Ca2+ influx was observed (Fig. 4A). Conversely,
administration ofPMA induced a Ca2+ influx superimposable
on that activated by -y-IFN (Fig. 4 C and D). In lymphocytes
from healthy donors or patients unresponsive to y-IFN, the
phorbol ester did not affect [Ca2+]j (Fig. 4E), even after
preactivation with PHA. Finally, coadministration of optimal
doses ofPMA and y-oIFN did not increase the effect of either
agent (Fig. 4B), confirming that both act on the same influx
mechanism.
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FIG. 3. Mn2+ and Ca2+ influx into
PBLs from patients with MS. (A-C)
Traces show fura-2 fluorescence re-
corded from suspensions ofPBLs from
a representative MS patient, bathed in
a Ca2+- and sulfate-free, phosphate-
poor medium, excited at 360 nm, with-
out (dashed lines) and with (continuous
traces) the indicated treatments: y-IFN
(1 pg/ml), thapsigargin (Tg; 0.1 MM),
PHA (20 pg/ml). Mn2+ (100 pAM) was
added where indicated. (D) PBLs sus-

100 1ooo pended in the Ca2+-containing KRH
[SC 38249]pM medium exposed fist to the above in-

dicated treatments and 3-4 min later to
the indicated concentrations of the
channel blocker SC 38249. (D) Data are
from a single experiment representa-
tive of three consistent experiments.

DISCUSSION
Our results demonstrate in T lymphocytes (primarily CD4+)
of MS patients the appearance of a y-IFN-induced Ca2+
influx activated by PKC and functionally coupled to the
-t-IFN-R. The nature ofthis Ca2+ influx cannot be established
with certainty inasmuch as electrophysiological experiments
have not been carried out yet. However, some of its prop-
erties (i.e., the blockade by La3+ and the voltage-dependence
of its functioning) strongly support the influx to be sustained
by a cationic channel. Compared to previously described
channels, the putative one activated by y-IFN in MS lym-
phocytes exhibits different features concerning pharmacol-
ogy and ion permeability. The very slow activation rate,
documented by the progressive [Ca2+]i rise during the first
2-3 min, is consistent with a mechanism of coupling with the
receptor by an enzyme (PKC) rather than a G protein. Once
the [Ca2]1i plateau is reached, however, it is maintained for
many minutes and can therefore exert a long-standing effect
on the target cells. The plateau levels of the influx we
observed are moderate compared to [Ca2+]i elevations de-
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FiG. 4. Demonstration ofthe PKC-mediated role in the -tIFN-induced Ca2+ influx. Traces (A and B, and C and D) were obtained with PBLs
from two representative patients with MS. All experiments were carried out according to the Ca+-free/Ca2+ reintroduction protocol as
described for Fig. 1B. (A) Comparison between the [Ca2+]i responses induced by y-IFN (1 pg/ml) in PBLs without (continuous trace) and with
(dashed line) pretreatment with staurosporin (St; 0.1 pM, administered 15 min before -f-IFN). (B) Comparison ofthe responses induced by yIFN
(1 pg/ml) administered without (continuous trace) and with (dashed line) PMA (0.1 puM). (C and D) Comparison of the responses induced by
..IFN (1 pg/ml) and PMA (0.1 ,uM) administered to parallel aliquots ofPBLs. (E) Lack of [Ca2+]i effect ofPMA (0.1 pM) administered to PBLs
of a healthy control.
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scribed in other cell systems using different stimuli (8, 12). It
should be emphasized, however, that the analyzed cell prep-
arations are far from homogeneous. In the responding subsets
of lymphocytes the obtained values might therefore be much
higher than herewith reported.

t-IFN, mostly produced by activated T cells, is known to
modulate the activity of macrophages by up-regulating sur-
face expression of major histocompatibility complex class II
molecules. The possibility that T lymphocytes are not only
the producers but also the targets and effectors of t-IFN is
still open. In fact, although it is known that 'y-IFN-R is
up-regulated during human T-lymphocyte alloactivation (10),
only limited evidence has been provided for an autocrine/
paracrine control of T lymphocytes by vIFN (22). Our
demonstration of a PKC-dependent Ca2+ influx in response
to the interaction of -IFN with its receptor reveals an
intracellular pathway by which such control can occur.
The cytotoxic and immune enhancing effects of -t-EN on

cell targets are considered crucial for T-lymphocyte-
mediated central nervous system demyelination. This is
confirmed by the increase in exacerbation rate seen in MS
patients undergoing systemic v-IFN treatment (5). Even the
protective effects of systemic administration of 3-IFN (6)
have been attributed, at least in part, to its inhibition of -TIFN
synthesis (7). Our finding provides evidence for a cellular
mechanism by which y-IFN could trigger relapses in MS
patients.
The YTIFN-activated Ca2+ influx was not detected in 20%

of MS patients studied within 10 days after the onset of an
acute exacerbation. However, we cannot exclude that the
expression of a relatively short-lived influx occurs in an early
clinical, or even preclinical, phase (23). To preliminarily
characterize the kinetic of the TIFN-activated Ca2+ influx,
we have serially evaluated the presence of this influx in PBL
samples collected every 4 days from a patient with relapsing-
remitting MS experiencing an acute exacerbation. We dem-
onstrated a close correlation between the continuous decline
of the TIFN-activated Ca2+ influx and the disappearance of
the symptoms (40% over resting value, first recorded at day
4; absence of detectable Ca2+ influx, finally recorded at day
20 when the patient had completely recovered). The recent
evidence of transcriptional cytokine gene activity in circu-
lating PBLs fromMS patients observed 4-6 weeks prior to an
acute attack, combined with the apparently short life-span of
the vI-N-activated Ca2+ influx, might explain the absence of
this influx in some of our MS patients.¶
Our observation that T lymphocytes from almost half of

MS patients with clinically stable disease express the TIFN-
activated Ca2+ influx is not in contrast with the possible role
of this channel in the immunopathological processes occur-
ring in MS. Magnetic resonance imaging studies have in fact
clearly demonstrated ongoing disease activity in the absence
of clinical signs and symptoms (24). When we analyzed PBLs
from three relapsing-remittingMS patients with a particularly
benign course ofMS [>10 yr of disease, expanded disability
status graded <3 according to Kurtzke (25), no evidence at
the time of PBL collection of clinical activity or gadolinium-
enhanced inflammatory lesions by magnetic resonance im-
aging of the brain], we did not detect any v-IFN-activated
Ca2+ influx.
Although this influx is a prominent feature of T lympho-

cytes from MS patients exposed to v-IFN, we still need to

IDuring the 9th Congress of the European Committee for Treatment
and Research in Multiple Sclerosis held in Florence, Italy (Oct.
31-Nov. 2, 1993), P. Rieckmann, M. Albecht, U. Michel, S. Poser,
and the MS Study Group reported in MS patients an increase of
tumor necrosis factor a mRNA expression 4-6 weeks prior to a
relapse.

define its involvement in other immune-mediated processes
as well as its susceptibility to other extracellular stimuli. The
detection of this signaling pathway of the -TIFN-R in PBLs
from three of our control patients points out that it can
operate in other diseases beside MS. It is conceivable that the
activation of a ubiquitous intracellular enzyme such as PKC
could result from other extracellular signals; v-TFN is prob-
ably only one, presumably the most important in MS.
Whether, and to what extent, the selective activation of

Ca2+ influx in T lymphocytes accounts for the deleterious
effects of v-IFN in patients with MS can only be inferred at
present. A better definition of the relationship between
clinical activity and the appearance of this influx might
ultimately lead to more accurate diagnoses and to the devel-
opment of new strategies for the treatment of MS.
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