
function but would rather alter the intensity 
of part of the immune response. 

In summary, with the use of mice lack- 
ing cytotoxic T cells we have generated 
data that support a dual role for CD8+ T 
cells as effector and modulatory cells in the 
EAE model. The results indicate that the 
CD8+ cells are not critical to. but ~ l a v  an . , 

adjunctive role in, disease induction and 
maintenance in the EAE model. This ob- 
servation, however, may also reflect the 
bias on CD4+ cells from exogenous antigen 
priming, and CD8+ T cells may be more 
dominant in a spontaneous demyelinating 
disease, such as that from murine Theiler's 
virus infection or multiple sclerosis. 
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Role of CD8+ T Cells in Murine Experimental 
Allergic Encephalomyelitis 

Hong Jiang, Sheng-le Zhang, Benvenuto Pernis 
The course of experimental allergic encephalomyelitis (EAE), an an-imal model for multiple 
sclerosis, is affected by immunoregulatory T lymphocytes. When animals are immunized 
with encephalitogenic peptide of myelin basic protein and recover from the first episode 
of EAE, they become resistant to a second induction of this disease. Animals depleted of 
CD8+ T cells by antibody-mediated clearance were used to examine the role of CD8+ T 
cells in EAE. These cells were found to be major participants in the resistance to a second 
induction of EAE but were not essential for spontaneous recovery from the first episode 
of the disease. 

W e  have studied EAE, induced in B1O.PL 
(H-2") mice by immunizing (I)  the mice 
with 1-9Nac, the encephalitogenic NH,- 
terminal-acetylated peptide of the first nine 
amino acids of mouse myelin basic protein 
(MBP) (2, 3). This disease was reproduc- 
ible: in 102 mice, 94% of the animals 
developed EAE, with mean severity of 3.5 
and maximum severity of 5.0; the mean 
onset day was -20 days after the first 
immunization; the disease lasted - 13 days; 
and recovery was spontaneous. The first 
episode induced resistance; after a second 
immunization, most animals did not show 
any symptoms, and in those that did (only 
28% of the total animals) the disease was 
less severe and of shorter duration (mean 
severity was 0.4, maximum severity was 
2.5, and the duration was -9 days). Spon- 
taneous relapses were rare in our experi- 
ments: only 3 of 96 mice receiving the first 
immunization relapsed (2 weeks after recov- 
ery) - 

We then depleted the CD8+ T cells 
from B1O.PL mice with monoclonal anti- 
bodies (MAbs) to mouse CD8 (4, 5). We 
tested two MAbs to CD8: HO-2.2 [murine 
immunoglobulin M (IgM)] and 53-6.72 (rat 
IgG2a). Only the latter completely deplet- 
ed CD8+ T cells (Fig. 1 and Table 1). This 
depletion was evident on day 3 after the 
MAb injection and lasted for -2 weeks, 

Department of Microbiology, College of Physicians 
and Surgeons, Columbia University, New York, NY 

which suggests that the CD8+ T cells were 
eliminated and not merely prevented from 
being detected with the same labeled MAb 
by the unlabeled MAb that was injected in 
vivo. In fact, an overnight culture of spleen 
cells from day 10 of 53-6.72-injected mice 
still showed almost a complete absence of 
CD8+ T cells. The CD8+ T cells were 
probably eliminated by antibody-dependent 
cytotoxicity (ADCC) , because MAb 53- 
6.72 could bind to the Fc receptors of 
mouse monocytes. This CD8+ T cell deple- 
tion was followed by the slow appearance of 
new CD8+ T cells. 

Depletion of CD8+ T cells had no effect 
on the induction of EAE in B1O.PL mice, 
as measured by the incidence and the se- 
verity of the disease (Table 2). The spon- 
taneous recovery was similar in CD8+ T 
cell-depleted mice and in control mice; 
however, CD8+ T cells began to reappear 
-2 weeks after depletion, and it is possible 
that these CD8+ T cells contributed to the 
final stage of the spontaneous recovery in 
CD8+ T cell-depleted mice. Furthermore, 
CD8+ T cell depletion ~erformed after 
recovery in 15 mice did not by itself induce 
any relapses, But CD8+ T cell depletion did 
affect the resistance to a second induction 
of EAE. In three separate experiments, 
each with controls, CD8+ T cell depletion 
eliminated the resistance to a second induc- 
tion of the disease in mice that had recov- 
ered from the first episode of EAE; there 
was also a significant effect on the severity 
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Fig. 1. CD8+ T cell depletion in 
B1O.PL mice. Mice were injected 
intraperitoneally with a 40% ammo- 
nium sulfate-precipitated prepara- 100 

tion of ascitis of a rat MAb to mouse 
lo CD8 (53-6.72; American Type Tis- 0 

sue Culture Collection) at 0.3 mg 
per mouse on two consecutive 1 
days; the effect of this MAb on both 
CD8+ and CD4+ T cells was mon- 
itored by checking the number of 
CD8+ and CD4+ T cells in the pe- 

l 10 100 l 10 100 

ripheral blood of injected mice ev- CD8 
ery 7 days from the third day of the injection. Mononuclear cells were purified from 75 pl of peripheral 
blood drawn from the tail vein of the mice on a lymphocyte separation medium gradient (Organon 
Teknicka) and were labeled with fluorescein isothiocyanate (FITC)-conjugated MAb 53-6.72 and 
phycoerythrin-conjugated MAb GK1.5 (anti-CD4). Two-color fluorescence analysis was done on a 
FACSTAR Plus Dual Laser cell sorter and immunofluorescence microscope. (A) The profile of CD8+ and 
CD4+ T cells from normal mouse. (B) Analysis of mouse peripheral blood on day 3 after anti-CD8 MAb 
injection, in which CD8+ T cells are 0.06% and CD4+ T cells are 21% of total mononuclear cells of 
peripheral blood. 

of the second episode (Table 3). Our data 
show that CD8+ T cells participate in the 
resistance to EAE that normally follows an 
acute episode of the disease in intact ani- 
mals. In contrast, a previous study noted no 
effect of CD8+ T cell depletion on the 
resistance to a second induction of the dis- 
ease in rats (6). The difference is probably a 
result of different experimental conditions. 
It is also possible that in rats, a species in 
which activated T cells can express class I1 
major histocompatibility complex (MHC) 
antigens, CD4+ T suppressor cells are also 
involved in the immunoregulation of EAE 
(7, 8); double negative (CD4- CD8-) T 
cells may be involved as well in the regula- 
tion of EAE in this species (9). 

In B1O.PL mice, CD8+ T cells that were 
induced in response to the activated CD4+ T 
cells that produced the first episode of EAE 
were the primary cause of resistance to a 
second episode. The mechanism for this effect 
is unknown, but rats that have recovered from 
EAE mediated by an encephalitogenic CD4+ 
T cell line (Sl) contain CD8+ T cells capable 

Table 1. CD8+ T cell depletion in B1 O.PL mice. 
The percentage (mean 2 SD) of total peripheral 
mononuclear cells that were CD8+ or CD4+ 
from 12 mice before and after injection of 
53-6.72 (as described in Fig. 1) was deter- 
mined. This MAb had no effect on CD4+ T cells; 
the slight increase in the proportion of CD4+ T 
cells corresponds to what would be expected if 
CD8+ T cells were eliminated. 

Day* CD4+ T cells CD8+ T cells 

of lysing the encephalitogenic S1 T cells (1 0). 
Thus, the mechanism operating in our system 
might be one of direct lysis or suppression of 
the CD4+ anti-MBP peptide T cells by com- 
plementary, specific CD8+ T lymphocytes. 
Our depletion experiments also eliminate the 
possibility that, in our mice, the resistance to 
a second induction of EAE was due to anti- 
bodies to the 1-9Nac peptide of MBP; exam- 
ination of the serum of our mice for such 
antibodies by enzyme-linked irnrnunosorbent 
assay (ELISA) yielded only negative results. 

We have no clear evidence for partici- 
pation of CD8+ T cells in the spontaneous 
recovery from EAE (Table 2), in agreement 
with the observation that recovery from 
EAE occurs normally in T cell-deficient 
animals in which the disease was induced 
by passive administration of polyclonal en- 
cephalitogenic T cells (1 1, 12). 

The encephalitogenic CD4+ T cells, 
when fully activated, cause the disease, but 
they also directly or indirectly suppress 
themselves so that EAE, in our mice, tends 
to be a self-limiting event. Simultaneously, 
during the allergic episode, the activated 
CD4+ T cells may induce a secondary 
immunization process that produces com- 

Table 2. The effect of CD8+ T cell depletion on 
the onset of EAE in B1 O.PL mice. EAE induction 
and CD8+ T cell depletion were done as de- 
scribed in (1) and Fig. 1 ; CD8+ T cell depletion 
was started simultaneously with EAE induction. 
In the control group, there was no CD8+ T cell 
depletion, and an ammonium sulfate-precipi- 
tated preparation of normal rat serum was used 
instead of MAb 53-6.72. 

plementary suppressor CD8+ T cells. These 
CD8+ T cells are generated during the 
latter days of the allergic episode, persist 
after the recovery, and are responsible for 
the resistance to the induction of the sec- 
ond episode of EAE for an extended period. 

We assume that the MAb to CD8 in- 
jected after recovery eliminated the CD8+ 
T cells that had been primed by the CD4+ 
.T cell proliferation burst responsible for the 
first episode of encephalomyelitis. Thus, 
susceptibility to the disease was reinstated 
in spite of the progressive reappearance of 
new CD8+ T lymphocytes. 

In the accompanying paper by Koh et d. 
(13), results from a dserent approach are 
reported that fit well with our data and dem- 
onstrate a role of CD8+ T cells in the immu- 
noregulation of EM.  However, we had a 
much lower rate of spontaneous relapse and 
found no evidence that the CD8+ T cells 
contribute to the pathogenesis of the disease. 
These differences are probably a result of 
whole MBP being used as the immunogen by 
Koh et al. instead of the 1-9Nac MBP peptide 
that we used. If the 1-9Nac MBP peptide does 
not bind to the H-2" class I MHC molecules, 
it would be unable to provide a target for 
pathogenic CD8+ T cells; other peptides de- 
rived from the processing of whole MBP, 
however, may do so. 

Table 3. EAE after second challenge in CD8+ T 
cellLdepleted, EAE-recovered mice. EAE in- 
duction and CD8+ T cell depletion were done 
as described in (1) and Fig. 1; EAE reinduction 
was done 2 to 4 weeks after the mice recovered 
from the first induction of EAE with simultane- 
ous CD8+ T cell depletion. In the control group, 
EAE was reinduced with 1-9Nac MBP in EAE- 
recovered mice, and the mice were injected 
with 0.3 mg of ammonium sulfate-precipitated 
preparation of normal rat serum on day 1 and 
day 2 to serve as a control for rat anti-mouse 
CD8 antibody 53-6.72. 

Severity Mean 
Group Incidence onset 

Mean Max day 

Control 
Treated* 

Control 
Treated* 

Control 
Treated* 

Control 
Treated* 

Experiment 1 
115 0.2 
414 2.5 

Experiment 2 
215 0.7 
616 2.6 

Experiment 3 
217 0.3 
819 2.1 

Summa~y 
5/17 (29%) 0.4 

18/19 (95%)t 2.4$ 
3 19.8 * 3.2 0.0 

10 
*Reinduced and CD8-depleted. +Chi-square test 

19.6 * 1.5 0.4 * 0.7 
Group Inti- 

Severity Mean of the significance of the difference in incidence 
17 21.5 k 4.1 2.8 2 1.5 onset between the EAE-reinduced group and the EAE-rein- 
24 21.9 k 1 .O 3.4 * 1.9 Mean Max day duced and CD8+ T cell-deoleted arou~:  P < 
31 20.2 * 0.8 3.1 2 0.7 0.001. *Student's t test of the signi{cance of the 
48 27.0 k 5.1 4.3 + 1.6 Control 18/20 3.2 5.0 23.2 difference in the mean severity between the EAE- 

Depleted 1511 6 3.1 5.0 21.6 reinduced group and the EAE-reinduced and CD8+ T 
'After first injection of antibody. cell-depleted group; P < 0.001 
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G Protein Activation of a Hormone-Stimulated 
Phosphatase in Human Tumor Cells 

Ming Gui Pan, Tullio Florio, Philip J. S. Stork* 
The growth-inhibiting peptide hormone somatostatin stimulates phosphotyrosine phos- 
phatase activity in the human pancreatic cell line MIA PaCa-2. This hormonal activation 
was mediated by a pertussis toxin-sensitive guanosine 5'-triphosphate-binding protein (G 
protein) in the membranes of these cells. Activation of this G protein by somatostatin 
stimulated the dephosphorylation of exogenous epidermal growth factor receptor prepared 
from A-431 cells in vitro. This pathway may mediate the antineoplastic action of somato- 
statin in these cells and in human tumors and could represent a general mechanism of G 
protein coupling that is utilized by normal cells in the hormonal control of cell growth. 

Pertussis toxin-sensitive G proteins medi- 
ate a wide range of functions within the 
cell, including the control of cell growth 
(1, 2). Constitutively active mutants of 
these proteins have been implicated in the 
pathogenesis of some human neoplasms 
(3). However, the effectors that G protein 
pathways activate to mediate growth regu- 
lation have not been fully identified; these 
effectors may include phosphotyrosine 
phosphatases (PTPs) . Inhibition of endog- 
enous PTP activity in nontransformed cells 
in culture can induce cellular transforma- 
tion (4), and the injection of exogenous 
PTP into Xenopus oocytes can reverse the 
mitogenic effect of insulin-stimulated tyro- 

M. G. Pan and P. J. S. Stork, The Vollurn Institute for 
Advanced Biomedical Research amd Department of 
Cell Biology and Anatomy, Oregon Health Sciences 
Universitv. L474, 3181 SW Sam Jackson Park Road, 

sine kinase activity (5). These findings 
suggest that PTP activity may counteract 
the actions of tyrosine kinases to promote 
normal cell growth, and that interfering 
with this activity may lead to malignant 
transformation. 

In vitro, the enzymatic activity of PTPs 
far exceeds that of tyrosine kinases (6, 7). 
Therefore, PTPs are probably regulated in 
vivo to maintain a balance between phos- 
phorylation and dephosphorylation. Cellu- 
lar responses to increased tyrosine kinase 
activity may generate rapid stimulation of 
specific PTPs followed by a return to resting 
levels. G proteins provide hormone recep- 
tors with the ability to generate rapid stim- 
ulation and termination of effector path- 
ways. 

To explore the possibility that G pro- 
teins regulate PTP activity, we examined 

~ o r t l a n d , . ~ ~  97201. the effects of somatostatin on the undiffer- 
T. Florio, The Vollurn lnstitute for Advanced Biornedi- entiated human pancreatic cancer cell line cal Research, Oregon Health Sciences University, 
L474,3181 SW Sam Jackson Park Road, Portland, OR MIA PaCa-2 (8). This cell line expresses 
97201. somatostatin receptors and displays hormon- 
*To whom correspondence should be addressed, ally regulated PTP activity (9). To charac- 

terize the regulation of this PTP activity, we 
evaluated the action of somatostatin on cell 
membranes and on whole cells. We mea- 
sured phosphatase activity with the synthet- 
ic substrate p-nitrophenyl phosphate (p- 
Npp) (1 O),  which releases a spectrophoto- 
metrically detectable cleavage product after 
incubation with phosphatases. 

The MIA PaCa-2 cell may contain 
membrane-associated and cytoplasmic 
PTPs as well as serine-threonine phospha- 
tase activity. To ensure that the assay was 
specific for membrane-associated PTP ac- 
tivity, we incubated MIA PaCa-2 mem- 
branes with the substrate p-Npp and the 
phosphatase inhibitors microcystin-leu- 
cine-arginine (M-LR) and ZnC1,. M-LR is 
a specific inhibitor of the major serine- 
threonine protein phosphatases 1 and 2A 
(I I). At micromolar concentrations, ZnC1, 
inhibits cytosolic U P S  (12) more effective- 
ly than membrane PTPs. These inhibitors 
only slightly reduced the basal phosphatase 
activity (less than lo%), which suggests 
that a low amount of serine-threonine 
phosphatase activity was present in our 
membrane preparations (1 3). The phospha- 
tase activity that remained after inhibition 
by M-LR was unable to dephosphorylate 
specific substrates of serine-threonine phos- 
phatases (14) and was completely blocked 
by vanadate (50 kM), an inhibitor of PTP 
(15) (Fig. 1). Therefore, only PTPs were 
active under the conditions of our assay. 

Under conditions of substrate excess, 
the phosphatase activity from unstimulated 
membranes was proportional to the length 
of time and the quantity of membrane 
proteins assayed (1 3). Inclusion of somato- 
statin-14 (1 kM) doubled this activity at all 
times during a 1-hour assay. Vanadate com- 
pletely blocked both the stimulated and the 
basal phosphatase activity (Fig. 1). So- 
matostatin was active over a wide range of 
concentrations; half-maximal stimulation 
of ~hosphatase activity occurred with 2 nM 
somatostatin. This is similar to the somato- 
statin concentration that produces a half- 
maximal effect on growth in this cell line 
(16). 

We evaluated phosphatase activity in 
membranes incubated in the presence of 
guanosine 5'-triphosphate (GTP) (200 
pM) and 5'-guanylylimidodiphosphate 
(GppNHp, 200 pM), with and without 
somatostatin-14 (1 kM). GppNHp and 
GTP (1 7) increased phosphatase activity of 
MIA PaCa-2 membranes (Fig. 2); the ad- 
dition of somatostatin further increased this 
activity (Fig. 2). However, when we incu- 
bated cell membranes with the nonhydro- 
lyzable guanine nucleotide analog guano- 
sine 5'-0-(2-thiodiphosphate) (GDP-P-S, 
200 pM), somatostatin stimulation of phos- 
phatase activity was completely blocked 
(Fig. 2). This demonstrates that the effect 
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