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Changes in Activated T Cells in the Blood Correlate
With Disease Activity in Multiple Sclerosis
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Objective: To determine whether changes in activa-
tion markers on peripheral blood T cells correlate with
disease activity in patients with multiple sclerosis.

Design: In a prospective longitudinal study during 1 year,
we analyzed the change in percentage of activated T lym-
phocytes in the peripheral blood of 40 patients with mul-
tiple sclerosis in relation to clinical findings and changes
on brain magnetic resonance imaging (MRI) scans. The
patients underwent repeated imaging of the brain (mean
number of MRIs for each patient, 22) at the time blood
samples were obtained as well as at monthly neurologi-
cal examinations, and at the time of scoring on the Kurtzke
Expanded Disability Status Scale (EDSS) and ambula-
tion index scale.

Resvults: A change in the percentage of cells expressing
the activation markers interleukin 2 receptor (CD25), class

11 major histocompatibility complex (MHC) (13) or sur-
face dipeptidyl peptidase (CD26) correlated signifi-
cantly with a change in lesion volume or a change in num-
ber of gadolinium-enhancing lesions as detected on MRI.
Changes in CD25* cells and in CD4" cells expressing class
IIMHC also correlated with changes in disability as mea-
sured by EDSS in patients with relapsing-remitting dis-
ease, and changes in CD4*CD25" cells correlated with the
occurrence of attacks in patients with relapsing-
remitting disease. These correlations are dependent on
measurement of changes between time points sampled
at 1- or 2-week intervals.

Conclusion: There is a linkage between peripheral T-
lymphocyte activation as measured by cell surface mark-

ers and disease activity in patients with multiple sclerosis.
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ULTIPLE scerosis (MS)
is thought to result
from aberrant im-
mune respornses to
myelin antigens, and
abnormalities of immune functions have
been described.!? Lymphocytes express a
large number of cell surface structures that
define the functional diversity of the lym-
phocyte populations identified by mono-
clonal antibodies. Lymphocyte subsets in
the peripheral blood of patients with MS
have been the subject of numerous re-
ports.>* However, a comprehensive study
of specific changes in cell surface mark-
ers with disease activity as measured clini-
cally and by magnetic resonance imaging
(MRI) has not been done. We studied un-
treated patients with MS in various cat-
egories of disease with serial measure-
ments of T-cell activation markers
performed at the time of MRI. The pri-
mary hypothesis we tested was whether
changes in activated T cells in the periph-
eral blood were linked to clinical or ra-
diologic measures of disease activity.

— R —

CORRELATIONS BETWEEN
CHANGES IN LYMPHOCYTE
SUBSETS AND
CLINICAL MEASURES

The data from normal individuals were
used to calculate the SD for each measure-
ment in the absence of disease. The data
from MS patients were then weighted ac-
cording to the SD in normal individuals.
Using these weighted data, changes in per-
centage of activated T cells were corre-
lated with changes in EDSS and Al and
with the occurrence of attacks.

We found that an increase in per-
centage of CD4*CD25" cells by 6% over 2
consecutive measuremerts separated by 1
week increased the odds of having an at-
tack (odds ratio, 1.28; 95% confidence in-
terval [CI], 1.19-1.38; P<<.001;r=0.13) in
patients with RR disease. An increase in
percentage of CD25" cells was signifi-
cantly correlated with an increase in EDSS
in patients with RR MS (P=.001). In ad-
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PATIENTS AND METHODS

PATIENTS

Forty patients with definite MS were recruited from our
clinic. The study was approved by the institutional review
board at the Brigham and Women’s Hospital, Boston, Mass,
and all patients gave informed consent. The patients were
between the ages of 20 and 55 years, were ambulatory with
Kurtzke Expanded Disability Status Scale (EDSS) scores be-
tween 0 and 6.5,'° and had an MRI of the brain consistent
with MS. There were 12 patients with relapsing-remitting
(RR) MS with a minimum of 2 exacerbations in the 2 years
before study entry; 14 with relapsing-remitting progres-
sive (RR-P) MS who experienced clear-cut attacks but did
not return to their preattack functional status within 6
months and displayed a stepwise increase in disability in
the 6 months prior to entry; and 14 with chronic progres-
sive (CP) MS (7 were classified as primary progressive and
7 as secondary progressive) who had increasing disability
without stabilization in the 12 months prior to study en-
try, as shown by at least a 1-point decline in EDSS or am-
bulation index (AI) scores. Enrollment in the study was
started prior to the introduction of the new clinical clas-
sification of MS.'® The patients’ initial characteristics are
shown in Table 1. Patients previously treated with im-
munosuppressive, cytotoxic, or immunomodulatory drugs
were excluded. Patients could have received corticoste-
roids in the past but not within 2 months of study entry.
Patients with significant medical or psychiatric illness; pa-
tients who had pacemakers, aneurysm clips, other metal
implants, or shrapnel fragments present; and patients with
claustrophobia were excluded.

STUDY DESIGN

Patients were evaluated at the Brigham and Women’s Hos-
pital MS clinic and had a complete neurologic examination
with EDSS and Al ratings. Baseline testing included com-
plete blood cell count and SMA-20 blood chemistry tests. Mag-
netic resonance imaging examinations of the brain were

performed weekly for 8 weeks, biweekly for 16 weeks, and
then monthly for 6 months (mean number of MRIs per pa-
tient, 22). Clinical examinations were performed monthly and
at the time of exacerbations. Patients with a clinical exacer-
bation were treated with steroids at the discretion of the ex-
amining physician. Exacerbations were defined as episodes
of clinical worsening associated with a measurable change
in EDSS or Al occurring in a patient who was otherwise stable
or who had not taken steroids for more than 30 days.

PHENOTYPING OF PERIPHERAL
BLOOD MONONUCLEAR CELLS

Blood samples were obtained at the time of each MRI.
Staining of peripheral lymphocyte surface antigens was
performed on fresh whole blood samples using a Q-prep
machine from Coulter Immunology, Hialeah, Fla
(Table 2). The samples were analyzed on a Coulter flow
cytometer within 24 hours of staining and fixation and
the results stored in list mode for reanalysis. Table 3
shows the results of the mean + SD percentage of cells in
each clinical group. Analysis was performed with the
same gating parameters for each individual for all time
points. Voltages on the flow cytometer were kept constant
and the data were acouired on a clinical flow cytometer in
which ouality controls were run daily. Day-to-day vari-
ability in the assay and normal variations in T-lymphocyte
subsets were accounted for by weekly phenotyping of
peripheral blood mononuclear cells in a group of 10 nor-
mal individuals for 8 consecutive weeks. Information
regarding intercurrent infections and medications was
obtained at each visit.

MRI SCANS

Imaging was performed on a General Electric Signa 1.5-T
unit (General Electric, Milwaukee, Wis). Proton density and
T2-weighted images were obtained using 2 interleaved dual-
echo (echo time, 30 and 80 milliseconds) and long repiti-
tion time (3000 milliseconds) seauences. Contiguous 3-mm-
thick slices covered the whole brain from the foramen
magnum to the higher convexity with an in-plane voxel size

dition, in patients with RR MS, an increase in CD4*13*
cells correlated with an increase in EDSS (P=.01).

CORRELATIONS BETWEEN CHANGES IN
LYMPHOCYTE SUBSETS AND MRI CHANGES

The following MRI parameters were studied: change in
total volume of lesions, change in number of Gd+ le-
sions, and number of new enhancing lesions. As de-
scribed above, taking advantage of the high sampling fre-
auency in the first 6 months of the study, we analyzed
the data for simultaneous changes in percentage of ac-
tivated T cells and changes in MRI parameters using re-
peated-measures linear regressions.

Correlations Between Changes in Cell Surface Markers
and Simultaneous Change in MRI Parameters

As seen in Table 4, there was a correlation between in-
crease in percentage of CD4" cells expressing surface di-

Table 1. Characteristics of the Patient Population
With Multiple Sclerosis by Disease Category*

Multiple Sclerosis Category
I 1

Characteristics RR RR-P CP
Sex, M/F 4/10 2110 7
Age, yt 354+17 367220 435:15
Kurtzke EDSSt 21203 46x05 5004
Ambulation indext 11202 23203 2604
No. of relapses 17 20 5
No. of patients with relapses 9 9 4
Lesion volume, cm®t 50«11 100x28 59+16

*RR indicates relapsing remitting; RR-P, relapsing-remitting progressive;
CP, chronic progressive; and EDSS, Experimental Disability Status Scale.
1Values are mean + SE.

peptidyl peptidase, a marker of activation (CD4*CD26*
cells), and an increase in number of new Gd+ lesions
(P=.004) in the patients with RR disease. In patients with
RR-P disease, an increase in 13" cells (cells expressing class
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of 0.94 X 0.94 mm (24-cm field of view with a 256 X 192
acouisition matrix). The scan duration was approxi-
mately 12 minutes (using the 1/2 Fourier technioue). Im-
ages were also obtained by applying a T1-weighted spin-
echo pulse seauence after administration of an intravenous
bolus of 10 mL of 0.5-mol/L gadolinium—diethyltriamine-
pentaacetic acid (Gd-DTPA) (Magnevist; Berlex Laborato-
ries, Wayne, NJ). Postcontrast T1-weighted gadolinium posi-
tive (Gd+) images in the axial plane resulted from a 600/
19/1 (repetition time/echo time/excitations) spin-echo
seauence. Slice thickness was 4 mm with a 1-mm gap.

IMAGE EVALUATION

Proton density and T2-weighted images were analyzed
using an automated computerized procedure.'”'® An out-
line of the intracranial cavity (ICC) was obtained for all
studies.'® This ICC mask was used to define the region of
interest containing brain parenchyma and cerebrospinal
fluid (CSF). The ICC model was also used to automati-
cally reposition the images from all time points to the ref-
erence frame of one of the time points. Each point (pixel)
in the images was then assigned to 1 of 4 tissues: white
matter, gray matter, CSF, or lesion. This was performed
by combining the expectation-maximization algorithm
described by Wells and coworkers?® with an automatic
correction step for partial-volume artifacts arising from
admixtures of brain parenchyma and CSF in boundary
pixels. Lesion volumes were calculated by summing all
pixels classified as lesions by this pipeline and by multi-
plying them by 0.00264, corresponding to the volume in
cubic centimeters of an individual voxel (smallest volume
element resolved in the image). Only lesions that attained
a minimum size of 20 pixels during the course of the
study were included in this measurement. Individual
lesions were defined by spatial-temporal (4-dimensional)
connectivity.?! Six radiologists participated in rating the
Gd-enhanced images. The total number of Gd-enhancing
lesions and the number of new Gd-enhancing lesions at
each time point were determined independently by 2 radi-
ologists for each patient data set and the mean was used
in the analysis.

STATISTICAL METHODS

The data from the clinical, radiologic, and immunologic da-
tabases were combined, and correlative analysis was performed
on those dates when simultaneous EDSS and immunologic
datawererecorded and when simultaneous MRl and immu-
nologic data were recorded. From this clinical/immunological
data set, each EDSS value was compared with the previous
value to calculate the change in EDSS for each patient. The
analogous simultaneous change was calculated for each im-
munologic measure. A repeated-measures linear regression
was then performed to determine if the change in EDSS was
associated with a change in any of the immunologic mea-
sures. Toavoid colinearity, each immunologic measure was
entered into a separate regression, although each regression
was adjusted for the administration of steroids, cyclophos-
phamide (in 1 patient), and cold medications. The adjust-
ment was performed as follows: the regression analyses in-
cluded a binary marker for steroid (or other medication) ad-
ministration, which is coded as 1 for any time point when
steroids (or other medication) were administered and coded
as 0 for other time points. The program would then take this
marker into account when generating a correlation.

The repeated-measures linear regressions were calcu-
lated again using the change in the Al, the change in MRI-
measured lesion volume, the change in the total number
of Gd-enhancing lesions, and the number of new Gd-
enhancing lesions as alternative outcomes. In addition, a
repeated-measures logistic regression was used to assess the
relationship between the occurrence of an attack and the
change in each immunologic measure. All of the repeated-
measures regressions were implemented using general-
ized estimating eauations,* allowing correlation between
successive changes in clinical or MRI parameters to de-
crease over time (ie, a first-order autoregressive correla-
tion structure). Such models do not reauire a normally dis-
tributed outcome, only an additive effect of new lesions on
change in EDSS, and variability that is unrelated to the mean.

Because of the large number of outcomes and predic-
tors considered, we report only on relationships that are
significant with 2-sided P=.01 in the correlations be-
tween predictors and multiple outcomes.

Table 2. Antibodies to Cell Surface Molecules™*
Cells Expressing the

Antibody Antigen Recognized Antigen

CD3 Associated with the T-cell Mature T cells
receptor

CD4 Interacts with class IMHC ~ Subset of CD3* cells

CD8 Interacts with class | MHC Subset of CD3* cells

CD26 Transmembrane glycoprotein/ Activates T cells
exopeptidase

CD4+CD26* Transmembrane glycoprotein/ Subset of activated CD4 cells
exopeptidase

CD25 Low-affinity IL-2R Activated peripheral T cells
(Tac antigen)

CD4+CD25* Low-affinity IL-2R Subset of activated CD4 cells
(Tac antigen)

13 Nonpolymorphic class Il Monocytes, macrophages, B
antigens cells, and activated T cells

CD4+13+ Nonpolymorphicclass 11 Subset of activated CD4 cells
antigens

*MHC indicates major histocompatibility complex; IL-2R, interleukin 2
receptor.

11 major histocompatibility complex [MHC]) correlated
with an increase in T2-weighted lesion volume on MRI.
In patients with CP disease, an increase in percentage of
CD4* cells expressing class 11 MHC (CD4*13%) corre-
lated with the appearance of new enhancing lesions on
MRI (P=.002). When patients with CP disease were sepa-
rated into primary (n=7) and secondary (n=7) progres-
sive categories, this correlation was found only in the pa-
tients with secondary progressive disease (P<<.001).

Correlations Between Changes in Cell Surface Marker
Expression and Delayed Change in MRI Parameters

This analysis was performed to test the hypothesis that im-
munologic changes in the periphery may precede MRI
changes. Thus, we analyzed the data comparing changes
in percentage of activated T cells measured at 2 time points
separated by 7 days with changes in MRI parameters mea-
sured at 2 overlapping time points separated by 14 days
(Table 5). With this analysis, we found that increases in
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Table 3. Activated T Cells in Patients With Multiple
Sclerosis and Normal Individuals by Disease Category*

Multiple Sclerosis Category

T Cells Normal RR RR-P cP
CD25¢ 30+5.9 26+7.3 31«77 3075
CD4*CD25*  14+2.8 10+ 4.81 15+ 4.7 11+04
CD26* 72+7.3 64 +11.5% 68+7.9 61 +10.2§
CD4*CD26* 37 +3.7 41270 40+57 35+59|
13+ 24 +3.4 21+4.97 24 + 5.8# 29+20
CD4+13+ 4409 4324 52+32 46+05

*Values are mean + SD percentages. RR indicates relapsing remitting;
RR-P, relapsing-remitting progressive; and CP, chronic progressive.

1P = .04 for RR vs normal; P<.05 for RR vs RR-P.

1P =.002 for RR vs normal; P<<.05 for RR vs RR-P.

§P<.001 for CP vs normal; P<..05 for CP vs RR-P.

|P<.05 CP vs RR-P.

P<<.05 RR vs CP.

#P<<.05RR-Pvs CP.

Table 4. Correlations Between Changes in Percentage
of Activated T Cells and Simultaneous MRI Changes*

B = SEM
I
No. of Gd+ Lesions}
T Cells Category  Volume (em®)f  Total New
CD4*CD26* RR 0.23+0.08
(P=.004;r=0.16)

13+ RR-P 0.32+ 0.11 .

(P=.004;r=0.19)
CD4+13+  CP 012+ 0.04

(P=.002;r=0.19)

*MRI indicates magnetic resonance imaging; MS, multiple sclerosis; Gd+,
presence of gadolinium-enhancing lesions,; RR relapsing remitting; RR-P.
relapsing-remitting progressive; and CP, chronic progressive. The
correlations were generated using repeated-measures linear regression
analysis. Ellipses indicate that no correlations were found.

1 The change in T2-weighted Gd+ lesions that correlated with a change in
the percentage of 13+cells of 3.4% (corresponding to 1 SD of variation in
normal individuals).

1The number of Gd+ lesions that correlated with a change in the
percentage of CD4+CD26¢ cells of 3.7% and a change in the percentage of
CD413+cells of 0.89% (corresponding to 1 SD of variation in normal
individuals).

percentage of CD25* cells correlated with an increase in
T2-weighted lesion volume (P=.006; r=0.33) in patients
with RR disease. In patients with CP disease, increases in
percentage of CD26" cells correlated with increased T2-
weighted lesion volume on MRI (P=.01; r=0.22). Anin-
crease in percentage of the subpopulation of CD4*CD26*
cells also correlated with increased T2-weighted lesion vol-
ume in patients with CP disease (P=.01;r=0.27). In con-
trast, a decrease in percentage of CD4* cells expressing I3
correlated with an increase in Gd+ lesions (P=.001; r=0.33)
and with the appearance of new Gd+ lesions (P=.01;
r=0.31) in patients with CP disease (Figure). When pa-
tients were divided into primary and secondary progres-
sive categories, we found that the correlation between
change in CD4"CD26" cells and T2-weighted lesion vol-
ume was strengthened in the secondary progressive group
(P<<.001; r=0.35) while it was lost in the primary pro-
gressive group. The correlation of CD4'13* changes with
Gd+ lesions did not show such a differential association
with the CP subcategories (Table 6).

Correlations Between Surface Activation Markers and
MRI Changes Dependent on Freauency of Sampling

Changes in percentage of lymphocyte populations in the
peripheral blood in response to immunologic events are
likely to occur over short periods. We wanted to test the
hypothesis that sampling of peripheral blood for mea-
surement of changes in T-lymphocyte populations has
to be performed freauently to correlate with changes on
MRI. To test this hypothesis, we analyzed the changes
between 2 time points separated by 1 week, 2 weeks, or
1 month for each of the markers and the MRI param-
eters. We found that the correlations described above were
present with the 1- and 2-week intervals (as above) but
not with the 1-month intervals. This finding suggests that
the changes in percentage of activated T cells in the blood
that are associated with disease activity occur rapidly and
need to be measured at short intervals.

B COVMENT _ pay

Multiple sclerosis is a chronic inflammatory disease
of the central nervous system. There is increasing

Table 5. Correlations Between Changes in Percentage of Activated T Cells and Lagged MRI Changes*

B + SEM
I 1
No. of Gd+ Lesionst
1

T Cells MS Category Volume (cm®)t Total New
CD25* RR 0.36 + 0.13 (P=.006; r=0.33)
CD26* CP 0.220.09 (P=.01;r=022)
CD4+CD26* CP 0.27 £0.10 (P=.01;r=0.27)
CD4+13+ CP . -0.44 £ 0.11 (P=.001;r=0.33) -0.24 £ 0.09 (P=.01;r=0.31)

*Lagged changes were obtained by comparing changes in percentages of activated T cells measured at 2 time points separated by 7 days with changes in
magnetic resonance imaging (MRI) parameters measured at 2 overlapping time points separated by 14 days. The correlations were generated using
repeated-measures linear regression analysis. Gd+ indicates presence of gadolinium-enhancing lesions. Ellipses indicate that no correlations were found.

1 The change in T2-weighted Gd+ lesions that correlated with a change in the percentage of CD25*cells of 5.9%, a change in the percentage of CD26*cells of
7.3%, or a change in the percentage of CD4*CD26*cells of 3.7% (corresponding to 1 SD of variation in normal individuals).

$The number of Gd+ lesions that correlated with a change in the percentage of CD4*13+cells of 0.89% (corresponding to 1 SD of variation in normal individuals).

(REPRINTED) ARCH NEUROL/VOL 57, AUG 2000

1186

WWW ARCHNEUROL.COM

Downloaded from www.archneurol.com on January 23, 2009
©2000 American Medical Association. All rights reserved.



evidence suggesting that MS is a T-cell-mediated auto-
immune disease associated with a variety of immune ab-
normalities.>** A number of antigen-nonspecific abnor-
malities have been described.**?” Studies®” have
demonstrated selective changes in certain lymphocyte sub-
populations in patients with MS. However, cross-
sectional studies cannot give information on changes that
are linked to disease activity if those in the population
have the same mean percentage as normal individuals.

In the present study, we investigated the hypoth-
esis that systemic activation of the immune system is as-
sociated with radiologic or clinical evidence of disease
activity. In the analysis of the results, care was taken to
account for changes that may be secondary to intercur-
rent infections or the intake of medications. Further-
more, we believe that analyzing the data by looking at
changes that are weighted for the normal SD of a mea-
surement is essential to ensure that we are investigating
biologically significant changes and not fluctuations that
are inherent to the method. Using the same approach,
we have recently reported correlations between change
in serum levels of intracellular adhesion molecule 1 and
tumor necrosis factor receptors and the change in Gd-
enhancing lesions on MRIL.*® We analyzed each clinical
subgroup separately because evidence from our labora-
tory and others showed that clinical subgroups were im-
munologically different** and different by their MRI
charcteristics.** In this study, we found no correlations
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Correlation between change in percentage of CD26* cells and change in
T2-weighted lesion volume (left), and correlation between change in
percentage of CD413 cells and number of gadolinium-positive (Gd+) lesions
(right) on magnetic resonance imaging in patients with chronic progressive
multiple sclerosis.

between activation markers and clinical or radiologic
markers when the patients were grouped together.

The major finding in this study was that changes in
activated T-lymphocyte populations correlated with clini-
cal and radiologic measures of disease activity. These data
support the hypothesis that the immune dysregulation
in MS is found not only in the central nervous system
but also in the peripheral blood. On T-cell activation,
CD25 (interleukin 2 receptor [IL-2R]), CD26, and 13
(class I MHC) are up-regulated. As a control for the ac-
tivation markers studied, we measured changes in per-
centage of total T cells (CD3*) and CD4"* cells. Change
in these populations did not correlate with clinical or MRI
measures of disease activity.

Activated T cells produce 1L-2,* which stimulates
other cells of the immune system and up-regulates the
expression of its own receptor on T cells.*® The human
IL-2R is composed of 2 different polypeptide chains,
a and §, each capable of binding IL-2 with different
affinities.*” The « chain, also known as the Tac protein,
binds IL-2 with low affinity while the combination of
the 2 chains forms the high-affinity receptor responsible
for the internalization of the ligand.* Cells expressing
IL-2 and IL-2R have been identified in MS plaaues.*
Antibodies to CD25 detect the low-affinity receptor
for IL-2. In this study, we found correlations of the per-
centage of CD25" cells with attacks and with EDSS as
well as with T2-weighted lesion volume in patients with
RR disease. A population of CD4*CD25* cells with sup-
pressor function has been recently described in a mouse
model.***! If such a population exists in humans, one
would postulate that an increase in suppressor
cells occurring at the time of an attack might help in
recovery.

Class 11 MHC (I3) antigens are minimally ex-
pressed on CD4* cells, but with activation of T cells, the
expression of I3 increases. In 2 of the patient groups (RR-P
and CP), we found correlations between this activation
marker and MRI parameters. In the patients with CP dis-
ease, the correlation with Gd-enhancing lesions on MRI
was in a positive direction with the concurrent analysis
butin a negative direction with the lagged analysis. This

Table 6. Correlations Between Changes in Percentage of Activated T Cells and Lagged MRI Changes
in Patients With Primary and Secondary Chronic Progressive (CP) Multiple Sclerosis*

B + SEM
I 1
No. of Gd+ Lesions}
I 1
T Cells CP Category Volume, cm®t Total New
CD26* Primary 0.17 £ 0.09 (P=.047; r=0.22)
Secondary 0.16 + 0.30 (P=.61; r=10.08)
CD4+CD26* Primary 0.22 £ 0.16 (P=.16; r=0.25)
Secondary 0.40 + 0.06 (P<.001; r=0.35) S S
CD4+13+ Primary S -0.28 £ 0.11 (P=.01; r=0.22) -0.14 £ 0.10 (P=.17; r=0.26)
Secondary -0.38£0.17 (P=.03; r=0.41) -0.28 £ 0.17 (P=.01; r=0.35)

*Lagged changes were obtained by comparing changes in percentages of activated T cells measured at 2 time points separated by 7 days with changes in
magnetic resonance imaging (MRI) parameters measured at 2 overlapping time points separated by 14 days. The correlations were generated using
repeated-measures linear regression analysis. Gd+ indicates presence of gadolinium-enhancing lesions. Ellipses indicate that no correlations were found.

1 The change in T2-weighted Gd+ lesions that correlated with a change in the percentage of CD25*cells of 5.9%, a change in the percentage of CD26*cells of
7.3%, or a change in the percentage of CD4*CD26*cells of 3.7% (corresponding to 1 SD of variation in normal individuals).

$The number of Gd+ lesions that correlated with a change in the percentage of CD4*13+cells of 0.89% (corresponding to 1 SD of variation in normal individuals).
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finding raises 2 possibilities: The first is that the percent-
age of I37CD4" cells decreases 1 week prior to MRI ac-
tivity and peaks at the time of appearance of Gd-
enhancing lesions. The second possibility is that a decrease
in percentage of CD4'13* cells in the periphery reflects
the migration of these cells to lymphoid organs or to the
central nervous system just prior to the appearance of
new lesions on MRI.

The membrane-bound dipeptidyl peptidase CD26
serves as an accessory molecule for T-cell activation.* It
is a surface protease that has the ability to inactivate cy-
tokines and is closely associated with adenosine deami-
nase.** The number of CD26* cells is increased in pa-
tients with human T-lymphotropic virus type 1-associated
myelopathy.* Patients with active rheumatoid arthritis
have increased CD4*CD26" cells in the blood.*® In MS,
an increase in Tal* cells (Tal recognizes an epitope of
CD26") in the CSF has been reported.** In this study,
we found correlations between changes in the CD26-
expressing T lymphocytes and lesion activity on MRI in
patients with RR and CP disease, consistent with the pre-
sumed function of CD26 in T-cell activation.

A high sampling freauency appears to be crucial for
measuring these correlations. Thus, the change in per-
centage of activated T cells occurs rapidly and must be
measured at freauent intervals.

In conclusion, we have demonstrated that changes
in activated T cells in the peripheral blood reflect dis-
ease activity as determined clinically and radiologically.
These measurements may be useful for understanding the
pathogenesis of MS and for immune monitoring in phase
1 and 2 clinical trials.
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