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Interferon Beta-1 b Irhbits Gelatinase Secretion 
and In Vitro Migration of Human T Cells: 

Mech&ism for Treatment Efficacy A Possible 
' in Multiple Sclerosis 

David Leppert, MD,* t  Enimanuelle Waubant, IUD,$ Martin R. Rurk, BSc,* Jorge R. Oksenberg, PhDJ 
and Stephen L. Hauser, MDS 

Treatment with interferon beta- l b  has substantial clinical benefit in the demyelinating disease multiple sclerosis, yet 
the mechanism of action in the disease remains largely unknown. Gelatinase A (matrix metalloproteinase-2, 72-kd 
gelatinase) and B (matrix metalloproteinase-9, 92-kd gelatinase) are matrix metalloproteinases capable of enzymatic 
digestion of subendothelial basement membrane constituents. In human T cells, interleukin-2 induces gelatinase secretion 
and enhances gelatinase-dependent migration across an artificial basement membrane-like layer in vitro. Pretreatment 
of T cells with interferon beta-lb for 48 hours decreased interleukin-2-induced gelatinase production and secretion as 
determined by zymography. In parallel to the downregulation of gelatinase secretion, pretreatment with interferon beta- 
I b  inhibited T-cell migration across the basement membrane in vitro by up to 90%, but had only a minor impact on 
cell locomotion per se. For both gelatinase secretion and T-cell migration, the inhibitory effect mediated by exposure 
to interferon beta- 1 b was dose dependent. Fluorescence-activated cell sorter analysis also showed that interferon beta- 
l b  downregulates the interleukin-2 receptor a-chain and lowered the &nity of interleukin-2 to the cell surface by 
30%, which may represent an additional mechanism for the observed effects of interferon beta-lb. The dramatic effects 
of interferon beta-1 b on gelatinase expression and migration raise the possibility that its beneficial effects in multiple 
sclerosis may result From interference with the capacity of activated T cells to traverse the basement membrane and 
migrate to the central nervous system. 
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Multiple sclerosis (MS) is believed to result from an 
autoimmune response directed against one or several 
antigens of cerebral white matter tissue [ 11. The  earliest 
known event in the pathogenesis of MS lesions consists 
of the transendothelial migration of lymphocytes into 
central nervous system (CNS) white matter [2] and 
disruption of the blood-brain barrier (BBB) [3, 41. In 
controlled clinical trials, interferon beta- 1 b (IFN-P1 b) 
is the only drug to date found to have substantial activ- 
ity i n  the prevention of relapses of hlS [ 5 ] .  Interferon- 
P (IFN-P) belongs to the heterogeneous family of in- 
terferons, pleiotropic cytokines that have in common 
the capability of blocking virus replication [GI. In addi- 
tion to antiviral activity, in rodents IFN-P inhibits 
mitogen-driven lymphocyte proliferation [7],  and de- 
creases production of tumor necrosis factor-a (TNF- 

a) and interferon-a (IFN-y), two proinflanimatory cy- 
tokines that may contribute to tissue damage in MS 
[7, 81. We  recently showed that normal human T cells 
use two closely related matrix metalloproteinases 
(MMPs), gelatinases A and B, as effector molecules for 
transmigration across a basement membrane (BM) 
layer, equivalent to the subendothelial matrix [9, 101. 
Here we demonstrate that preincubation of T cells 
with IFN-Pl b reduces the capacity of interleukin-2 
(IL-Z)-activated T cells to penetrate the BM via 
suppression of gelatinase expression. These effects are 
associated with downregulation of the 1L-2 receptor 
a-chain (IL-2Ra) on the surface of T cells. Thus, 
IFN-Plb  may prevent or modify attacks of MS by 
inhibiting the migration of T cells across the BBB 
and into the CNS. 
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Materials and Methods 
Inte feron Beta- I b 
Human recombinant IFN-Plb [(IFN-P-serine) (5 X 10- 
unidni l ;  8.5 X 10- unitslnig, as calculated by the antiviral 
activity in human amniotic WISH cells (ATCC #CCL-25)] 
was generously provided by Berlex Laboratories (Richmond, 
CA). The antiproliferative activity of IFN-Plb on IL-2- 
stimulated T cells was assayed by ‘H-thymidine incorpora- 
tion as previously described [9]. 

Cell Culture 
Human peripheral blood mononuclear cells (PBMCs) were 
separated by density gradient centrifugation employing Fi- 
coll-Hypaque (Sigma Chemical, St. Louis, MO). Populations 
of enriched lymphocytes were prepared by depletion of 
tnonocytes via adherence to plastic for 2 hours in RPMI- 
1640 (CIBCO-BRL, Grand Island, NY). Nonadherent cells 
were harvested and expanded by stimulation with 2.5 pg/ 
nil of phytoheniagglutinin (PHA) (Sigma) in RPiMI/ 10% 
fetal calf serum (FCS), supplemented with 50 unitdm1 of 
recombinant IL-2 (Hoffmann-LaRoche, Nutley, NJ). Seven 
to 10 days after stimulation, cells were washed and resus- 
pended in a 1 : 1 mixture of RPMllIscove’s Dulbecco’s modi- 
fied Eagle medium (DMEM)/lYo Nutridoma NS (Boeh- 
ringer Mannheim, Indianapolis, IN) for use in assays. This 
medium showed no intrinsic gelatinolytic activity in zymog- 
raphy assays (see below). The purity of T-cell preparations 
was tested by flow cytometric analysis (see below) as de- 
scribed elsewhere [9]. Cells at  the end of the culture period 
were more than 98% positive for the T-cell marker CD3’. 
Cells were preincubated without or with IFN-Plb (5-5,000 
u n i d m l )  in the presence of 5 units/ml of IL-2. After 48 
hours cells were washed and stimulated with IL-2 (0-2,OOO 
unitslml) for the indicated times. 

Zywzographic Analysis of  T-cell Supernatant 
T cells (1-3 X 106/ni1) were incubated on plastic dishes at 
37°C and 10% carbon dioxide for 18 to 24 hours. Gelatinase 
activity in supernatants was determined as described else- 
where [9]. Briefly, sodium dodecyl sulfate (SDS) polyacryl- 
amide gels (0.75-mm thickness, 10% polyacrylamide) were 
copolymerized with 1 niglml of type A gelatin derived from 
porcine skin (Sigma). Samples (18 pl of supernatant + 6 pI 
of 4 x sample buffer) were electrophoresed under nonreduc- 
ing conditions. After electrophoresis, the gel was incubated 
in 2% Triton X-100 for 1 hour to remove the SDS and 
then incubated for 24 hours at 37°C in buffer (150 mM 
sodium chloride, 50 mM Tris-hydrochloric acid, pH 7.6, 
containing 5 mM calcium chloride). After staining with 
Coomassie blue, proteolytic activiry was identified as a clear 
band on a blue background. 

Migration Assay 
Cell migration was quantitated with Transwell inserts (6.5 
mm; Costar, Cambridge, MA) fitted with polycarbonate fil- 
ters (5-pm pore size, Nuclepore, Pleasanton, CA). Filters 
were coated with 15 pI of Matrigel (Collaborative Research, 
Bedford, MA), which was then allowed to gel for 1 hour at 
37°C. After preincubation with or without IFN-PI b (see 
above), T cells (4-5 X 10’ in 200 pI of medium) were 
added to the upper compartment of the insert. The lower 

compartment contained 500 p1 of medium. IL-2 was added 
to both the upper and the lower chamber as indicated. 
Chambers were incubated in  a 10% carbon dioxide environ- 
ment at 37°C. Migration was terminated by shaking the in- 
serts on a vacuutn pump of a pipet-aid (Drummond Scien- 
tific Co., Broomall, PA) for 10 minutes in order to detach 
adherent cells on the lower surface of the filter. Cells in the 
lower compartment were then collected and counted in a 
hemocytometer. 

Flow Cytornetry 
Cell surface marker analysis was performed using a fluores- 
cence-activated cell sorter (FACS I1 analyzer, Becton Dickin- 
son, Sunnyvale, CA). Single cell suspensions of cultured T 
cells were prepared in phosphate-buffered saline solution/ 
1% albumin and stained with the following surface markers: 
primary labeled niouse antihuman antibodies for CD3, 
CD4, CD8, CD14, CD16, CD19 (Calrag, Burlingame, 
CA), CD25 (Becton Dickinson), and CD122 (Pharmingen, 
San Diego, CA). IL-2 binding studies to T cells were per- 
formed with phycoerythrin (PE)-labeled IL-2 according to 
the manufacturer’s instructions (R&D Systems, Minneapolis, 
MN). 

Cytotoxicity Assay 
The cytotoxicity of IFN-Plb and IL-2 at dosages used in 
the assays was determined by a cytotoxicity detection kit 
(Boehringer Mannheim) based on the release of lactate dehy- 
drogenase (LDH) from T cells into serum-free culture me- 
dium. Values were standardized with L-LDH from bovine 
heart (L-2625, Sigma), and T cells lysed in culture medium 
with 2% Triton served as the 100% value for available LDH. 

Statistical Analysis 
The significance of differences of migration values was calcu- 
lated by unpaircd Student’s t test. Analysis of variance (F) 
was used to test the significance of differences present in 
cytotoxicity assays (LDH release). 

Results 
The effect of IFN-Plb on basal and IL-2-triggered 
gelatinase expression is shown in Figure 1.  In the ab- 
sence of exposure to IFN-plb, stimulation with IL-2 
induced a dose-dependent increase in both gelatinase 
A (92 kd) and B (72 kd) (see Fig lA, bottom). Preincu- 
bation with 500 units/ml of IFN-Plb  for 48 hours 
followed by its removal reduced gelatinase secretion by 
unstimulated, as well as by IL-2-triggered7 T cells: 
After exposure to IFN-PI b, zymographic activity corre- 
sponding to gelatinase B was only faintly visible, and 
n o  gelatinase A activity was present (see Fig lA, top). 
After 72  hours (see Fig 1B) of stimulation with IL-2, 
the suppressive effect of IFN-blb on gelatinase secre- 
tion was still detectable, but less pronounced, indicat- 
ing a reversible biological effect. Preincubation of T 
cells with variable amounts of IFN-Plb (0-5,000 
unitslml), followed by stimulation with a constant 
amount of IL-2 (500 u n i d m l )  over 48 hours, con- 
firmed the dose-dependent inhibitory effect of IFN- 
p I b  on gelatinase secretion (not shown). 
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LDH-release (mU/ml x 10 5 cells) 

Fig 1. An inhibitory effect o f  interferon beta-Ib (IFN-P, 
IFN-PI b) on IL-2-stimulated gehtinase secretion by T cells. 
T cells (2.6 X 1d;lmO were preincubated for 48 hours in 
serum--ee medium in the presence (+) or absence (-) of 
500 units/ml of IFN-PIb; 5 unitdm1 of IL-2 was also added 
to maintain cell viability during the culture period. Ajier 
washing to remove IFN-PI b, cells were resuspended in 
medium and exposed to diffuent concentrations of IL-2 fir 
an additional 48-hour (A) or 72-hour (B) incubation period. 
Supematants were analyzed by gehtin zymography (incuba- 
tion time, 18 hours). The control lane illustrates gelatinme 
expression in T-cell supernatant derived -om an actively 
growing line; this coatrol indicates that deuelupment condi- 
tions were similar in all zymograms. MWM = prestained 
known rnolprirlur size markers o f  217, 137, and 83 kd (Bio- 
Rad). 

IFN-P is known to have antiproliferative effects on 
PBMCs [7 ] ;  thus, preincubation with IFN-P1b might 
have reduced total gelatinase secretion because there 
were fewer T cells in IFN-PI b-pretreated, compared 
to control, samples. This was not the case. In all experi- 
ments, the numbers of pretreated and control cells were 
equalized prior to stimulation. Furthermore, assays 
were restricted to less than 72 hours to exclude differ- 

5 ~ Fh-3 preix,naton (Llrn) 

S O  0 
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5000 

Fig 2. P~~tobemagglutinin-stimulated T cells were exposed to 
inte@ron beta-16 (IFN-P, IFN-PI 6) (0-5,000 units/mO as 
described in the methods section. Afrer 48 hours, 1 6  cellr/ 
well were seeded in serum-fiee medium and stimulated with 
IL-2 fir 24 hours. Aliquots of supernatants were analyzed f i r  
lactate debydrogenase (LDH) release as a measure of cytotoxic- 
ity. The bars indicate mean % standard deviation of quadru- 
plicates. LDH releme was the same for each dose of IFN-PI b 
andfor each dosage o f  IL-2 (p(F) > 0.05). LDH at I00 
mU/ml corresponds approximately to 10% of  total LDH 
(= LDHcpO hart + LDH,,,,,). Tbese data represent f iur  
experiments. 

ences in cell numbers due to proliferative effects of IL- 
2. At the range of concentrations employed, IFN-Plb 
and IL-2 were not cytotoxic to T cells during the pre- 
incubation and stimulation periods. Figure 2 shows 
that the release of LDH is independent of the dosages 
of IFN-Plb and IL-2 employed. Thus, reduced gela- 
tinase secretion appears to be an intrinsic property of 
IFN-Plb-treated T cells and is not due to nonspecific 
cytotoxicity. Continuous exposure of T cells to IFN- 
P lb  throughout the entire assay period (i.e., without 
washing out prior to IL-2 stimulation) inhibited gela- 
tinase expression to a similar extent as did preincuba- 
tion alone. By contrast, shorter IFN-Pl b preincubation 
times (24 hours or less) were less effective in the sup- 
pression of gelatinase secretion (not shown). 

The expression of gelatinases by T cells after induc- 
tion with IL-2 or eicosanoids is associated with in- 
creased proteolysis of BM-like substrates and with ac- 
celerated transmigration in vitro [9, 101. The crucial 
role of these proteases in T-cell migration across the 
subendothelial matrix is exemplified by its almost com- 
plete suppression in the presence of the specific MMP 
inhibitor GM6001 [9]. To test the hypothesis that 
downregulation of gelatinase secretion by IFN-P 1 b 
pretreatment is associated with inhibition of T-cell mi- 
gration, the migratory capacity of T cells in vitro was 
assessed using the artificial BM equivalent Matrigel in 
a modified Boyden chamber system [3, 101. As shown 
in Figure 3, pretreatment with IFN-Plb blocked mi- 
gration of IL-2-stimulated T cells in a dose-dependent 
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Fig 3. Inhibition of IL-2-stimulated T-cell migration across a basement membrane-like mapix following preincubation of T cells 
with interfevon beta-lb (IFN-P, IFN-plb). T cells were preincubated for 48 hours with 5 unitslml o f  IL-2 and variozks amuunts 
o f  IFN-plb. AJter washing, cells were resuspended at an identical cell concentration in jksh  medium and then added to the upper 
compartment of the migration chamber. The upper and lower compartments contained the same amount o f  IL-2, indicated on the 
x axis. Migration time was 20 hours. (A) Inhibition by exposure to 2,000 unitslml or 5,000 unitslml of IFN-Plb. Bars indicate 
mean o f  triplicates 2 standard deviation. For IL-2-stimulated migration by IFN-PI b preincubation compared to control, p val- 
ues were significant (< 0.05) except for pIFN ,, "~ z,ooo un,ri,md jo un,ir,mi iL.2 being < 0.10. (B) At lower dosages of IL-2 (50 and 500 
unitslml), a dose dependency of IFNpl  b migration inhibition is present. Bars indicate mean of duplicate 2 standard deviation, 
except for where there is an asterisk representing a single replicate (iample lost due to filter leakage). p Values were signiJicant at 
< 0.05 except for piFN o z o  umtiimi, 50 unltri,ni ii-2 (not sigl~ificant). 

fashion. Exposure to high concentrations (2,000 and 
5,000 unitdml) of IFN-P1 b resulted in near-complete 
(75-90% in different experiments) inhibition of trans- 
migration of T cells stimulated with IL-2 (see Fig 3). 
This level of inhibition is similar to that observed with 
the selective metalloproteinase inhibitor GM6OO1 [9]. 
Control (i.e., non-IFN-Pl b-pretreated) T cells showed 
peak migration following exposure to 500 unitdm1 of 
IL-2; exposure to higher concentrations of IL-2 re- 
duced transmigration. Reduced migration of T cells ex- 
posed to high concentrations of IL-2 did not result 
from decreased gelatinase secretion (see Fig 1) or from 
cytotoxicity (see Fig 2). Enhanced cell-to-cell aggrega- 
tion, known to occur following exposure to high con- 
centrations of IL-2, may have interfered with efficient 
migration across the 5-pm filter support and the BM 
layer. In favor of this possibility, following preincuba- 
tion with IFN-P1 b, which antagonizes IL-2 binding 
(see below), T cells showed a shift in the peak migra- 
tion from 500 un idml  to 2,000 unitdm1 of IL-2 (see 
Fig 3). 

Analogous to the MMP inhibitor GMGOO1, IFN- 
p 1 b had only small inhibitory effects on the migration 
of T cells across an uncoated filter (i.e., without BM 
layer) [IO, 111. In a typical experiment (results of 
which are shown in Fig 41, IFN-Plb (2,000 unidml)  
pretreatment resulted in a decrease of migration rate 
of only 22% in IL-2 (500 units/ml)-stimulated T cells 
compared to 88% across the BM (see Fig 3A). With 
higher dosages of IL-2 (2,000 unidml) ,  migration of 
IFN-P1 b-treated cells showed no consistent change 
compared to control cells (not shown, n = 3). This 
indicates that (a) the locomotor response of T cells 
is only slightly reduced by IFN-Plb, and (b) reduced 
migration across the BM results mainly from impaired 
proteolytic activity due to reduced gelatinase secretion. 

To better understand the relationship between IL-2 
and IFN-Plb on gelatinase secretion and BM transmi- 
gration, the effect of IFN-Plb on the IL-2 receptor 
(IL-2R) was also studied. Incubation of T cells with 
IFN-p1 b for 48 hours decreased levels of immunoreac- 
tive IL-2Ra (CD25) and the binding of IL-2 to its 

Leppert et al: IFN-P and T-cell Gelatinases 849 



Oh migration 

control IFN-P preincubation 
T (2000 U/ml) 

6 -  

5 -  

4 -  

3 -  

2 -  

1 -  

0 -' 1 7 

T 

1 

0 500 0 500 

IL-2 (U/ml) 

Fig 4. T-cell mipation across a bhnk filter following preincu- 
bation with interferon beta-16 (IFN-P, IFN-PI 6)  (2,000 
unitslml). Cells were prepared as described in Figure 3 leg- 
end. Migration time was 4 hours. Bars indicate mean o f  
duplicates 5 standard deviation. The comparison of migra- 
tion indexes of IFN-PI 6-treated versus control cells revealed 
p values < 0.10 and > 0.05 f o r  both random and IL-2-stim- 
ulated cells. 

Flow-Cytometric Assessment of Decreases of IL-2Ra (CD25) Expi 

receptors on the cell surface as determined by semi- 
quantitative FACS. As shown in the Table, IL-2Ra 
expression was five times greater in large CD3' cells 
(representing the lymphoblastic subpopulation) com- 
pared to small CD3' cells. IFN-Plb treatment reduced 
IL-2Ra expression in both subpopulations, with an ef- 
fect that was slightly greater for large CD3+ cells than 
for small (resting) T cells. Mean fluorescence values of 
the IL-2RP (CD 122) were measured simultaneously 
(not shown) and were unchanged by IFN-Plb treat- 
ment (n = 3 ) .  Shorter incubation times (24 hours) 
with IFN-Plb resulted in a reduction of IL-2Ra ex- 
pression of only 8% or less (n = 2, not shown). In 
parallel to IL-2Ra expression, IFN-P 1 b also decreased 
the binding of IL-2 to its receptors on the cell surface; 
again, IL-2 binding was four times greater in large 
CD3' cells than in small T cells (see Table). 

Discussion 
Accumulating evidence indicates that autoreactive T 
cells play a role in the pathogenesis of human MS [12]. 
A consistent initiating event in the development of new 
MS lesions consists of an opening of the BBB [3, 41. 
This change, measured radiologically by enhanced per- 
meability to dyes, corresponds pathologically to infil- 
tration of inflammatory cells across the BBB into white 
matter tissue of the CNS in this disease. By analogy 
to murine models of demyelination, it is thought that 
activated T cells cross the intact human BBB with 
greatest efficiency. Once in the nervous system, T cells 
that are encephalitogenic (e.g., disease inducing) recog- 
nize antigen fragments bound to major histocompati- 
bility complex molecules on one or several cell types 
in the CNS. Engagement of the T-cell receptor results 
in cytokine secretion, changes in local BBB permeabil- 

ression and IL-2 Binding by IFN-;O16 Preincubation in T Cells' 

Large CD3+ Cells Small CD3' Cells 
IFN-P1 b 
units/ ml IL-2Ra Expression IL-2 Binding IL-2Ra Expression IL-2 Binding 

0 
500 

2,000 
5,000 

25 
18 (-28%) 
18 (-28%) 
21 (-16%) 

86 5 
60 (-30%) 4 (-20%) 
5 5  (-36%) 4 (-20%) 
59 (-31%) 4 (-20%) 

19 
14 (-26%) 
13 (-32%) 
12 (-37%) 

'T cells (8 days after phytohemagglutinin stimulation) were incubated for 48 hours with IFN-Plb (see methods section). T o  determine IL- 
2 R a  expression, cells were triple stained with antibodies for IL-2Ra (CD25, FITC), IL-2RP (CD122, PE), and C D 3  (Tri-Color). Small 
and large CD3+ cells were gated according to forward scatter and Tri-color parameters and plotted as histograms for IL-2RaIP staining. 
The mean values for FITC control samples were 3 and 4 log fluorescence units for large and small CD3+ cells, respectively. For IL-2 binding, 
cells were double stained with an antibody for C D 3  (FITC) and PE-labeled IL-2 and analyzed as above. Negative controls for IL-2 binding 
consisted of staining with streptavidin-PE and PE-labeled IL-2, which had been absorbed with a blocking goat anti-hu-IL-2 antibody prior 
to cell staining; background values were 10 and 6 log fluorescence units for large and small CD3+ cells, respectively. Each value expresses 
the log mean of relative fluorescence units after background subtraction. For each IFN-Plb concentration, lo4 cells were acquired. The 
relative decrease of fluorescence by IFN-P 1 b preincubation compared to controi is indicated in parentheses. Results for IL-2Ra expression 
and IL-2 binding were acquired with identical cells. These data are representative of two similar experiments using independent cell batches. 

IL-2Ra = interleukin-2 receptor a chain; IFN-Plb = interferon beta-lb; FITC = fluorescein isothiocyanare; PE = phycoerythrin. 
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ity, and enhanced (and nonselective) penetration of a 
second wave of inflammatory cells and antibody. In 
MS, bursts of multifocal BBB breakdown (measured 
as gadolinium enhancement on magnetic resonance 
images [MRIs]) occur often, seven to ten times more 
frequently than do clinical attacks [3, 131. The most 
dramatic known effect of IFN-Plb on MS is the reduc- 
tion in MRI measures of disease activity-enhanced 
BBB permeability, the appearance of new lesions, and 
the enlargement of old lesions-that accompany treat- 
ment [14]. The hypothesis that the clinical effects of 
IFN-Plb on MS may result from inhibition of T-cell 
migration to the nervous system was based in part on 
these clinical observations. 

Earlier work demonstrated that human T-cell migra- 
tion across the subendothelial BM was mediated by 
secretion of two gelatinase proteins, the production 
of which is controlled by independent genes [9, 101. 
The subendothelial basal lamina is a unique structure 
that is composed predominantly of type IV collagen 
and laminin. Type IV collagen forms a nonhelical 
multilayer network that is resistant to nonspecific pro- 
teolytic degradation, but is sensitive to gelatinase- 
mediated proteolysis. Transmigration of human T cells 
across an artificial subendothelial matrix depends on 
gelatinase expression, as it is completely blocked by se- 
lective antagonists against the active site of gelatinases 
A and B. In vivo, gelatinase has been found to open 
the BBB [ 151, and selective pharmacological blockade 
of the active site of gelatinase was effective in inhibiting 
nervous system inflammation in the disease model ex- 
perimental allergic encephalomyelitis [ 161. 

One of the molecular mechanisms by which IFN- 
Plb  may exert its functional effects on T cells is by 
interference with the IL-2R on the cell surface, which 
consequently changes the affinity of IL-2 to its recep- 
tor. The IL-2R is composed of three subunits (a, P, 
and y chain) forming monomers (a), heterodimers 
( c x ~ ,  Py), and heterotrimers (aP$ with distinct bind- 
ing affinities [17]. IFN-Plb reduced the expression of 
the low-affinity a chain and IL-2 binding to a similar 
degree, whereas the IL-2RP remained unchanged. The 
effect of IFN-Plb was more pronounced on large, 
“lymphoblastic” cells with inherently higher levels of 
IL-2R expression and IL-2 binding. In contrast to gela- 
tinase secretion and BM transmigration, the effect of 
IFN-Plb on the IL-2R and IL-2 binding was not dose 
dependent. This finding was surprising, and suggested 
that additional undefined mechanisms of action of 
TFN-Plb occur. The y chain of the IL-2R, responsible 
for transmembrane signal transduction [ 171, could not 
be studied due to the current unavailability of reagents, 
but may well be relevant to an understanding of the 
actions of IFN-Plb on the IL-2R. 

The subcellular pathways of IFN-PI b-mediated ef- 
fects in humans are poorly understood. Following 

binding of IFN-Plb to specific surface membrane re- 
ceptors, tyk2 and JAKl tyrosine kinase signal transduc- 
tion pathways are activated [18]. These signaling cas- 
cades appear to mediate many effects of IFN-Plb on 
T-cell function, including decreased proliferation to 
lectins and decreased production of IFN-)I [6, 71. In 
the current study, T-cell secretion of the predominant 
92-kd form of gelatinase (gelatinase B) was decreased 
following incubation with IFN-Plb. Gelatinase A (72 
kd) is secreted only in small amounts by T cells, and 
the effect of IFN-Plb on this MMP may also be less 
pronounced than that on the 92-kd form. It is of inter- 
est that the 92-kd gene contains a nuclear transcription 
factor activator protein (AP-1) consensus sequence in 
its regulatory region [19] that is absent in the 72-kd 
gene [2O]. Perhaps this sequence serves as a target for 
IFN-P1 b-mediated inhibition. Interferons have been 
found to modulate gelatinase expression in several hu- 
man tumor cell lines, specifically renal [XI,  colon [22], 
and melanoma lines [23]. In renal and colon carcinoma 
lines, IFN-P1 b was found to downregulate gelatinase 
expression and tissue invasiveness [21, 221, similar to 
the effects described for human T cells in the current 
report. In the renal carcinoma cells, inhibition was 
found to be mediated at the transcriptional level. 

The effects of IFN-Plb on T-cell gelatinase expres- 
sion and migration raise the possibility that its clinical 
effects in MS may result from interference with the 
capacity of activated T cells to enter the CNS from 
the peripheral circulation. In addition to the key role 
of gelatinase as a mediator of T-cell migration, other 
enzymatic activities of these proteases might also theo- 
retically contribute to the MS disease process. For ex- 
ample, gelatinase-mediated cleavage of myelin basic 
protein could contribute to accelerated antigen pro- 
cessing of this highly encephalitogenic protein [24, 251. 
In addition, gelatinases and other MMPs may activate 
cytotoxic events in MS lesions via enhancement of the 
cellular release of TNF-a from its membrane-bound 
form [26, 271. TNF-cx is a proinflammatory cytokine 
that may contribute to the MS disease process through 
enhancement of antigen-triggered lymphocyte prolifer- 
ation, lymphocyte adhesion to vascular endothelium, 
and homing to the nervous system; it may also directly 
contribute to demyelination and death of oligoden- 
droglia, the myelin-producing cells in the CNS [28]. 
Thus, the inhibitory effects of IFN-P 1 b on gelatinase 
secretion may interrupt more than one critical patho- 
genic event in MS. 

Other inhibitors of gelatinase activity have been pro- 
posed for the treatment of MS. In contrast to MMP 
antagonists such as GM6001, in which expression of 
gelatinase is normal but the function of the enzyme is 
inhibited, IFN-Plb is shown here to inhibit expression 
of the enzyme. In a therapeutic sense, the use of IFN- 
P lb  may have a strategic advantage over antagonist ap- 
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proaches, as high local concentrations of antagonists 
are known to be required in order to achieve significant 
clinical benefit [16]. It is also possible that two strate- 
gies directed against T-cell gelatinases-consisting of 
inhibition of production by IFN-Blb and blockade by 
antagonists-might be complementary and synergistic 
in their effects on the MS disease process. Finally, cur- 
rent findings establish a molecular explanation for inhi- 
bition of T-cell trafficking by IFN-Plb and thus also 
a theoretical rationale for its use in other organ-specific 
autoimmune diseases. 
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