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Short report

T cell subsets and disease progression after total
lymphoid irradiation in chronic progressive multiple
sclerosis
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SUMMARY T lymphocyte subset percentages were determined in 16 total lymphoid irradiation
(TLI) treated and 18 sham treated control patients with chronic progressive multiple sclerosis.
During the first year after treatment, the ratio of T helper/inducer to T suppressor/cytotoxic cells
(Th/Ts ratio) was significantly higher in sham treated multiple sclerosis patients who worsened
clinically compared with TLI treated and sham treated multiple sclerosis patients who remained
clinically stable. TLI caused a fall in the percentage of T helper cells in treated patients, while the
percentage of T suppressor cells remained stable during the first year after treatment. In contrast,
the percentage of T suppressor cells fell in sham treated multiple sclerosis patients who worsened
clinically.

Total lymphoid irradiation (TLI) has proven to be an
effective and relatively safe method of inducing sus-
tained immunosuppression in patients with
inflammatory diseases of putative autoimmune
aetiology.' 7 In these patients, TLI has caused a
significant decrease in the absolute lymphocyte count,
and the percentage of helper/inducer T cells, with a
decreased ratio of helper to suppressor T lymphocytes
(Th/Ts ratio) which has persisted for up to 4 years
following radiotherapy.7

In this report, we present the results of deter-
minations of T lymphocyte subsets in TLI treated
chronic progressive multiple sclerosis patients and
their sham treated controls.
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Patients and methods

The design of the multiple sclerosis TLI study has been
described in detail elsewhere.8 In a double blind study, 40
patients with chronic progressive multiple sclerosis were ran-
domised into either a TLI treatment group or a control
group treated with a sham TLI protocol. Patients were well
matched for sex, age and duration of disease.

Immediately before treatment the patients were scored
clinically on a practical functional scale. Following treat-
ment the patients were evaluated and scored at monthly
intervals for 6 months and then every 3 months. Immediately
before treatment and periodically after treatment, blood was
obtained to measure T lymphocyte helper and suppressor
subsets. Samples were missed in patients who entered the
study very early before lymphocyte testing was begun and in
patients who missed appointments or were dropped out of
the study because of severe progression or other reasons
which are discussed in a previous detailed report.8 Informed
consent was obtained from each subject after the nature of
the study was fully explained.

Patients in each treatment group were further subdivided
according to their clinical course during the first year after
treatment. Patients who were clinically unchanged or who
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T cell subsets after total lymphoid irradiation in chronic progressive multiple sclerosis
did not worsen severely enough to change at least one point
on the functional scale were classified as stable. Patients were
classified as clinically worse if they progressed severely
enough to change one or more points on the functional scale.
All statistical correlations and probability estimates are
derived from t tests of the means, two tailed.

Phenotypic determination of mononuclear cell popu-
lations were determined by reacting monoclonal antibodies
(Becton-Dickinson Immunocytometry Systems, Mountain-
view, CA) to CD3 (LEU-4), CD4 (LEU-3), and CD8 (LEU-
2) receptors.

Initial analysis of patient samples for immunofluorescence
were determined by fluorescent microscopy using an
Olympus microscope and counting 200 cells to determine the
percent positive cells under 40X objective. Towards the end
of the study a FACS 440 cell sorter was installed and flow
cytometric analysis was employed for the remaining studies.
The transition to flow cytometric analysis was distributed
equally across the clinical subgroups.

Results

By the end of the first year, two of the TLI patients
and 11 of the control patients in the T cell analysis
subgroups had worsened severely enough to decline
one or more points on the functional scale. The two
TLI patients who worsened did not have a sufficient
number ofT cell determinations to justify inclusion as
a subgroup in the statistical analysis. Therefore, only
one TLI subgroup consisting of 14 TLI treated
patients who remained clinically stable during the first
year post treatment and two sham subgroups (stable
and worse), are included in the statistics.
During the first year after treatment Th/Ts ratios

were signficantly higher in the group of sham control
patients who worsened clinically compared with either
the group of TLI treated patients or sham controls
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who were clinically stable (fig). There was no
significant difference in Th/Ts ratios between the
group of TLI treated patients and the group of sham
controls who were clinically stable. When the serial
Th/Ts ratios from each individual patient were aver-
aged, Th/Ts ratios of sham control multiple sclerosis
patients who worsened clinically remained
significantly higher (1 72, SD 39) than the ratios of
TLI treated patients (1 22 SD 27, p < 0.001) or sham
control multiple sclerosis patients who were clinically
stable (l31 SD 0-14, p < 0.02).
When pre-treatment Th/Ts ratios are also included,

eight of the 11 multiple sclerosis control patients who
worsened had at least one Th/Ts ratio that was equal
to or greater than two standard deviations above the
mean Th/Ts ratio of the clinically stable multiple
sclerosis control and TLI treated patients.
Towards the end of the study, it was necessary to

convert the analysis of patients samples from
fluorescent microscopy to a FACS 440 cell sorter. To
determine whether this conversion introduced a

significant bias into the study, we recalculated the p
values after excluding all (n = 17) FACS analysed
samples. With the FACS samples excluded, the
differences between the patient groups remained
significant. Sham treated patients who worsened clin-
ically had significantly higher Th/Ts ratios (1-75, SD
0.61) than TLI patients (1-22, SD 0 58) (p < 0-01) and
sham patients who remained clinically stable (1-25,
SD 37) (p < 0-02).

Observation of changes in the percentages of Th
and Ts cells between pre- and post-treatment levels
may provide some insight into the evolution of inter-
group differences in Th/Ts ratios in the post treatment
period (table). Pre-treatment T cell subset deter-
minations were performed in eight TLI treated mul-
tiple sclerosis patients and 14 sham treated multiple
sclerosis controls. For the group of seven sham con-
trol patients who remained clinically stable, there was
no change in the Th and Ts cell percentages between
pre- and post-treatment periods. For the group of
seven sham treated controls who worsened clinically,

the percentage of the Th cells remained unchanged;
however, there was a significant fall in the percentage
of Ts cells in the first year post treatment resulting in
an increase in the Th/Ts ratio. For the group of eight
patients treated with TLI, the percentage of Ts cells
remained unchanged. However, there was a
significant fall in the percentage ofTh cells in the post
treatment period resulting in a significant fall in the
Th/Ts ratio. Although the number of patients who
had pre- and post-treatment samples is small, the data
show trends which suggest that the significantly higher
post treatment Th/Ts ratios in the control patients
who worsened was the net result of a decrease in the
percentage of suppressor cells in these patients in con-
trast to a decrease in the percentage of helper cells in
TLI treated patients who remained stable.

Discussion

TLI treatment in rheumatoid arthritis patients causes
lymphocytopenia, a decreased percentage of T helper
cells and a reduction of the Th/Ts ratio.7 We have
observed similar results in chronic progressive mul-
tiple sclerosis patients treated with TLI.

In our study, TLI treatment of chronic progressive
multiple sclerosis patients was associated with a

significant decrease in the percentage ofT helper cells
and a related reduction in the Th/Ts ratio during the
first year after treatment when compared to pre-
treatment levels in the same patients.
When our patients were grouped according to clin-

ical outcome, the Th/Ts ratio was significantly higher
in sham treated control multiple sclerosis patients
who worsened clinically during the first year after
treatment than in TLI treated and sham control mul-
tiple sclerosis patients who remained clinically stable.
A number of prior studies have demonstrated

abnormalities of T cell subsets in active multiple
sclerosis.9 -15 The results of these studies have not
always been uniform. Variabilities in the results have
been ascribed to the use of different anti T cell mono-
clonal antibodies, difference in counting techniques

Table Comparison ofpre- and post- treatment Th/ Ts ratios and percentage of T helper and suppressor cells in patients
who had paired pre- and post- treatment samples. The percentage of T suppressor cells fell significantly in sham treated
control multiple sclerosis patients who worsened clinically. In contrast, in TLI treated patients the percentage of T helper
cells fell significantly while suppressor cells remained unchanged. As a result of these changes in T cell subsets in the post-
treatment period, the Th/Ts ratio was significantly higher for sham treated control patients who worsened clinically
compared to clinically stable TLI patients (p < 0-001) and clinically stable sham treated multiple sclerosis controls
(p < 0 005)

Controls-stable Controls-worse TLI-stable

Pre Post Pre Post Pre Post

% Helper (H) 45-86 + 11-8 41 53 + 11-3 47-0 + 15 50-4 + 10 50 6 + 16 38-5 + 11 (p < 0-005)
% Suppressor (S) 36-43 + 6-6 33 40 + 7-4 37-9 + 12 27-6 + 7 (p < 0-005) 31 3 + 8 33-2 + 7
H/S Ratio 1-32 + 0-48 1 30 + 0-35 1 41 + 0-7 1-96 + 0-7 1 78 + 09 1-18 + 0-3 (p = 002)
Patients 7 7 7 7 8 8
Samples 7 15 7 14 8 17
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and the timing of sample acquisition. Increased Th/Ts
ratios associated with decreased percentages ofT sup-

pressor cells have most commonly been reported in
chronic progressive multiple sclerosis.'6 It is not
known how these abnormalities in T cell subsets are

related to clinical progression or if they are merely an

epiphenomenon; however, in general, an increase in
Th/Ts ratio is considered to be a marker of enhanced
immune activity.
Our study is the first study to show that TLI reduces

both the percentage of T helper cells and the Th/Ts
ratio in multiple sclerosis patients. The findings
relating Th/Ts ratios to disease activity are consistent
with previous reports associating high Th/Ts ratios
with active multiple sclerosis and add further support
to the concept that multiple sclerosis is an auto-
immune disease.
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