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Disease activity in MS patients is associated with an increase in TH1/TH2 ratio 

Abstract 
We analyzed the relation between markers of T-cell activation and differentiation and disease 
activity in multiple sclerosis (MS). In a group of 27 MS patients monthly magnetic resonance 
imaging (MR!) scans were performed for nine months, clinical disease activity was scored and 
blood was taken for analysis of immune parameters. Before a clinical disease exacerbation 
percentage of unprimed C D ^ 8 T cells in peripheral blood decreased, whereas the ratio 
THELPER(H)1 type interferon (IFN)-y vs. THELPER(H)2 type interleukin (IL)-4 cells showed an 
increase. On the other hand, the capacity of circulating T cells to produce tumor necrosis 
factor (TNF)-« and IL-10 did not change before the occurrence of a clinical relapse. No 
changes were found in any of the immune parameters in the two months after an exacerbation, 
nor was there a quantitative relation with the number of active lesions as measured by MRI 
techniques. 

Before the occurrence of one or more active MRI lesions the percentage of unprimed 
CD4p0S T cells declined and vice versa the percentage primed CD4pos T cells increased, and 
the TH1/TH2 ratio modestly increased. Again, neither TNF-CC nor IL-10 secretion was related 
to the presence of an active lesion. Our results show that although immunological changes do 
not have a quantitative relationship with the number of active lesions, disease activity both 
determined by patient examination and by MRI techniques is preceded by a relative increase 
of circulating primed IFN-y producing CD4pos T cells. 

Introduction 
Evidence has accumulated that in multiple sclerosis (MS) the disease process is mediated by 
inflammatory events in the central nervous system (CNS). Activated CD4pos T cells, which 
have a central role in immunoregulation, are abundantly present in the CNS ' and seem to 
be involved in lesion extension . Moreover, there are indications that accumulation of primed 
T cells in the brain during active disease is mirrored by depletion of unprimed T cells in the 

, .. 21,23.30,32 

circulation 
More recently, a vast array of studies have focused on immunoregulatory disturbances 

caused by aberrant cytokine production in MS (for reviews see ' ). After priming CD4pos T 
helper (H) cells can differentiate in several directions, which can be characterized by distinct 
cytokine secretion patterns2 . A distinction can be made between cytokines with pro
inflammatory properties like IFN-y, TNF-ß and TNF-a, produced by THI cells, and cytokines 
with anti-inflammatory properties like IL-4 and IL-10, produced by TH2 cells ' . In 
agreement with many other autoimmune diseases, MS is believed to be dependent on 
activation of THI type cells which is not sufficiently counterbalanced by TH2 type cells ' . In 
line with this, evidence also exists that TNF-a promotes disease progression in MS ' ' ' , 
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while IL-10 might attenuate the disease process ' . 

Table I. Demographic and baseline characteristics of patients in both treatment arms. 

variable 

sex female 16 

male 14 

disease tvpe relapsing remitting 17 

secondary progressive 13 

age in vears 35.2 ±7.5 

EDSS (baseline1)* 5.0(3.0-7.0)" 

active MRI lesions (baseline) 1.6 ±2.7 

active MRI lesions (cumulative) 199 

relapses (cumulative) 27 

steroid interventions (cumulative") 19 

disease duration in vears 4.2 ±5.2 

mean ± SD 
* EDSS: Expanded Disability Status Scale 
8 median (minimum-maximum) 

baseline: month 0 

MS can manifest itself in different ways, but particularly in the early phases patients 
experience frequent relapses, followed by periods in which the disease follows a more or less 
stable pattern. Periods of enhanced disease activity have been found to be associated with 
enhanced levels or secretion of pro-inflammatory cytokines ' ' ' , while in stable phases 
anti-inflammatory cytokines predominate6,16'22. However, the relevance of many studies is 
hampered by their cross-sectional design. In addition, mostly clinical parameters of disease 
activity have been used, while presently the availability of MRI techniques has led to more 
sensitive markers of disease activity both clinically and subclinically. 

Here, we investigated whether changes in immune parameters are related in time to the 
appearance of clinical exacerbations, and to the occurrence of active lesions detected by MRI. 
Furthermore, we tested whether there is a quantitative relation between the number of active 
lesions detected by MRI and the extent of immune disturbances. 

Methods 
Patients 
Analyses were carried out on patients enrolled in Amsterdam at the Department of Neurology, 
Free University Hospital, The Netherlands, in a multi-centre, randomized, double-blind, 
placebo-controlled exploratory phase II trial of the CD4 mAb cM-T412. Detailed information 
on the design and the efficacy analysis of the trial are described elsewhere ' . From a total of 
30 patients 15 patients received CD4 mAb treatment, and 15 placebo, 2 of whom discontinued 
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the study after 1 month and were not included in the analysis. Patient characteristics are given 
in table I. 

Clinical and MRI examinations 
Details on clinical and MRI examinations have been described elsewhere . Briefly, frequency 
of relapses and methylprednisolone interventions were recorded monthly for nine months. 
Clinical examination (expressed in an EDSS score) and MRI were performed one month 
before and immediately prior to the start of the treatment (baseline), and were repeated at 
monthly intervals for nine months. Active lesions were defined as lesions that showed new 
Gd-DTPA enhancement on Tl-weighted images, and as enlarging or new lesions on T2 
weighted images, which were not seen on Gd-DTPA enhanced Tl-weighted images. 

Reagents 
Monoclonal antibodies (mAb) directed against CD2 (CLB-T11.1/1, CLB-T 11.1/2 and Hik27), 
and CD28 (CLB-CD28/1) were generated at the CLB Blood Supply Foundation. PerCP-
labeled CD4 mAb and fluorescein isothiocyanate (FTTC)-labeled CD3 mAb were purchased 
from Becton Dickinson (Immunocytometry Systems, San Jose, CA). Phycoerythrin (PE)-
labeled CD45RA mAb (2H4-RD1) was obtained from Coulter Clone (Hialeah, FL). FITC-
labeled CD45R0 mAb (UCHL-1) and biotinylated IgGl control mAb were from Dako 
(Glostrup, Denmark). Biotinylated IFN-y mAb was purchased from Dr. P. van der Meide 
(TNO), and biotinylated IL-4 mAb was kindly provided by Dr. T.C.T.M. van der Pouw-Kraan 
(CLB, Amsterdam). Streptavidin-phycoerythrin (SA-PE) was obtained from Molecular Probes 
(Leiden, The Netherlands). 

PMA (CMC Cancer Research, Katonah, NY) and ionomycine (Calbiochem, La Jolla, 
CA) were prepared as stock solutions in DMSO, stored at -20 °C and diluted properly before 
use. 

Blood samples and cell separation 
At each visit venous blood was collected in evacuated blood collection tubes (Vacutainer, 
Becton Dickinson, Meylan, France) containing sodium heparin (143 USP Units). The samples 
were kept at room temperature and processed within 24 hr. 

Peripheral Wood mononuclear cells (PBMC) were isolated from heparinized blood by 
Ficoll-Isopaque density gradient centrifugation, and cryopreserved immediately. To minimize 
interassay variability, samples from all timepoints from individual patients were analyzed in 
one experiment. Viability of the cells was over 95 %, as indicated by trypan-blue exclusion. 
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In vitro secretion of TNF-a and IL-10 by PBMC 
PBMC (25x10 cells/ml) were cultured in MDM, supplemented with 10 % fetal calf serum 
(FCS), penicillin, streptomycin and ß-mercaptoethanol, in a final volume of 200 nl, and 
stimulated in triplicate cultures with a triplet of CD2 mAb (CLB-T11.1/1, CLB-T11.2/1 and 
Hik27; all 5 ^g/ml) in the presence of CD28 mAb CLB-CD28/1 (5 ^ig/rnl)17 in flat-bottom 
microtiter plates (Greiner, Langenthal, Switzerland). Cells cultured without stimuli served as 
negative controls. TNF-a and IL-10 were measured after 72 hours of culture in specific 
ELISA (CLB, Amsterdam). 

Membrane phenotyping 
PBMC were washed twice with phosphate buffered saline (PBS) supplemented with 0.5 % 
bovine serum albumin (BSA) and Na-azide (5 ug/ml). Immunofluorescence staining was 
performed by incubation of PBMC with saturating amounts of combinations of PerCP-, FTTC-
and PE-labelled mAb in PBS/BSA. Stained cells were washed twice and 104 viable 
lymphocytes were analyzed using a fluorescence activated cell sorter (FACS, Becton 
Dickinson, Sunnyvale, CA). 

Flow cytometric measurement of intracellular cytokine production 
Measurement of cytokine production was performed as previously described4'18. Briefly, 
0.5x10 cells/ml were stimulated for 4 h with PMA (1 ng/ml) and ionomycine (1 ^M) in the 
presence of the protein-secretion inhibitor monensin (1 u,M). All subsequent steps were 
performed at 4°C. After cell surface staining with CD3-FTTC cells were washed twice with 
PBS and fixated with PBS/4% paraformaldehyde (5 min). Fixation was followed by 
permeabilization with PBS/0.1% saponin (Sigma)/10% human pooled serum (10 min). For all 
subsequent washing and incubation steps PBS/0.1% saponin/0.5% BSA was used. Staining of 
the cytoplasm with biotinylated cytokine mAb (IL-4, IFN-y; both 5 (j.g/ml) was followed by 
incubation with streptavidin-PE (20 min). Analysis was performed as described for the 
measurement of membrane markers. 

Statistical analysis 
First, the distribution of the number of active lesions and immune parameters was related to 
clinical exacerbations. Analysis was performed on data from 2 months before until 2 months 
after a clinical exacerbation. Because several patients showed more than one clinical 
exacerbation during the study period, they can be included more than once in this analysis. 
Patients who had no relapses and one patient who had very frequent relapses (6 relapses in 9 
months) were excluded. When analyzing the difference in distribution between one month 
pre-exacerbation and the moment of an exacerbation, data were excluded where one 
exacerbation was preceded by another. A similar procedure was followed when data from two 
months before or from one and two months after an exacerbation were analyzed. Differences 
between various timepoints were analyzed using paired Student's T-test. Repeated 
measurements MANOVA with immune parameters as a covariate was used to analyze the 
relation of these parameters with changes in the number of active lesions in relation to 
exacerbations. Second, the distribution of immune parameters was related to the presence of 
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one or more active lesions as measured by MRI techniques. This analysis was performed on 
data from 2 months before until the month in which one or more active lesions were present. 
Similar to what was done for the first analysis, active lesions that were preceded by active 
lesions one and/or two months before were excluded from the analysis. The months after the 
presence of an active lesion were not analyzed. Analysis was done using Wilcoxon's signed-
ranks test and repeated measurements MANOVA. In parametric tests the number of active 
lesions was used after log transformation. Using these analyses no differences were seen 
between patients treated with CD4 mAb and patients treated with placebo. Therefore, data of 
both groups were used in the analysis. We considered p-values <.05 to be significant. 

Results 
Clinical disease exacerbation is preceded by a decrease in unprimed CD4pos T cells and 
an increase in TH1/TH2 ratio in peripheral blood 
In agreement with earlier reports15'1 we found an association between MRI activity and 
clinical disease exacerbation. As can be seen in figure 1 the number of active lesions tends to 
increase before a clinical exacerbation, but this trend is not significant. One month after an 
exacerbation the mean number of active lesions is significantly lower in comparison with the 
moment of exacerbation (mean ± SEM 1.0 ± 0.3 at month +1 vs. 2.1 ± 0.6 at month 0; p<.05). 

Figure I. Number of active lesions in relation to exacerbations. Data are given as 
mean number of active lesions (± SEM) from 2 months pre-exacerbation till two 
months post-exacerbation. At month 1 post-exacerbation mean number of active 
lesions is significantly lower as compared to exacerbation (p<.05; Mann-
Whitney-U) 

CD4posCD45RApos/R0neg are considered to be unprimed helper T cells, i.e. T cells that have 
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not yet been activated by antigen. When analyzing the distribution of these cells in relation to 
clinical disease exacerbation, we found that the percentage of these cells is decreased during 
an exacerbation (figure 2A, mean ± SEM 35.3 ± 3.0 at month -1 vs. 31.3 ± 3.2 at month 0; 
p<.05). Vice versa, the percentage of CD4posCD45RAneg/R0pos T cells tends to be increased 
during a clinical exacerbation, but this trend was not significant (not shown). No significant 
changes can be seen in either of the two subsets in the two months after an exacerbation. Also, 
no changes can be seen in unprimed and primed CD8pos T cell subsets and in monocytes in 
relation to an exacerbation (not shown). 

As changes in the balance between THI and TH2 cytokines, a qualitative feature of T-
cell function, largely restricted to the primed CD4pos T cell subset '13, are postulated to have a 
relation with changes in clinical disease activity, we measured percentages of IFN-v and IL-4 

4 18 

producing T cells using flowcytometry ' . Analysis of the distribution of these two subsets 
separately shows that although there is a slight increase in IFN-y producing T cells and a 
minimal decrease in IL-4 producing T cells (figure 2B), changes are not significant in relation 
to a clinical exacerbation. However, the ratio THI (IFN-y) vs. TH2 (IL-4) type T cells shows a 
significant increase in the two months before, and remains stable after an exacerbation (figure 
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Figure 2. Changes in T-cell subsets in relation to exacerbations. Data are given as mean percentages of T cells. 
Mean percentage of CD4posCD45RApos/R0ne8 T cells is decreased during exacerbation as compared to 1 month pre-
exacerbation (A) (p<.05; Mann-Whitney-U). A slight but not significant increase in mean percentage IFN-y 
producing T cells and a minimal decrease in mean percentage IL-4 producing T cells (B) results in a significant 
increase in TH1/TH2 ratio from 2 months pre-exacerbation till exacerbation (C) (p<.05; MANOVA). 

2C, mean ± SEM 6.7 ± 0.8 at month -2 vs. 8.7 ± 0.7 at month 0; p<.05 MANOVA). 
Neither secretion of the pro-inflammatory cytokine TNF-a by PBMC, often found to 
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be associated with the presence of a clinical exacerbation, nor secretion of the anti
inflammatory cytokine IL-10 was significantly related to clinical exacerbations (figure 3). 

Unprimed CD4pos T cells are decreased and primed CD4pos T cells are increased in 
peripheral blood at the time of an active MRI lesion 
No significant quantitative relation was found between immune parameters and the number of 
active lesions as measured by MRI (data not shown). To investigate whether immune 
parameters are related to the presence of lesions irrespective of their number, we related 
immune parameters with the presence of active lesions on MRI independent of the presence of 
a clinical disease exacerbation. Using this method we found that the percentage of primed 
CD4pos T cells, defined as CD45RAneg/R0pos T cells, shows a linear increase during the two 
months before the presence of an active lesion (figure 4; p<.05 MANOVA). Hence, although 
in absolute amounts the changes are not impressive (CD45RAneg/R0pos: mean ± SEM 46.1 ± 
3.8 at month -2 vs. 54.8 ± 3.8 at month 0), a consistent trend can be seen. Vice versa, the 
percentage of CD4posCD45RApos/R0neg T cells tends to decrease before the presence of an 
active lesion. The decrease in distribution of these cells is significant between month -2 and 
month -1 (figure 4: 28.8 ± 5.3 at month -2 vs. 27.6 ± 3.5 at month -1; p<05). 

0 

Month 
Figure 3. No significant changes in T-cell cytokine secretion patterns in relation 
to exacerbations. TNF-ot and IL-10 were measured in culture supernatants from 
circulating T cells stimulated with a triplet of CD2 mAb in combination with 
CD28 mAb. Data are given as mean ng/ml ± SEM. 

In comparison to what was found in the first analysis, no changes in the distribution of 
EFN-y and IL-4 producing T cells were found in relation to the presence of active lesions 
(figure 5A). However, in contrast to the first analysis, in the months before the presence of an 
active lesion no significant changes were seen in the ratio THI (IFN-y) vs. TH2 (IL-4) type T 
cells (not shown). Finally, neither secretion of TNF-a nor IL-10 appeared to be related to the 
presence of an active lesion (figure 5B). 
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Discussion 
In this longitudinal study significant changes in parameters of immune activation were found 
in association with either clinical disease activity and/or disease activity as measured by MRI. 
In relation to clinical exacerbations we found a significant decrease in percentage of 
circulating 'naive' CD4posCD45RApos/R0neg T cells, which is in agreement with earlier 
studies9'2 . Correlations with MRI findings were less clear, as was also found by others . In 
relation to exacerbations no influence of changes in the naive subset on the number of active 
lesions was found. However, the presence of an active lesion was preceded by a modest 
decrease in the percentage of 'naive' T cells, and vice versa a significant increase in the 
percentage of 'primed' CD4p0S T cells. This shows that the presence of active lesions is related 
to changes in T-cell subsets, but that these changes do not correlate in a quantitative fashion 
with the number of active lesions. Nevertheless, this is still in line with the hypothesis that 
enhanced disease activity coincides with activation of the immune system. 

In several studies it has been shown that expression of the pro-inflammatory cytokine 
TNF-oc is enhanced before a clinical exacerbation in MS. Some authors have concluded that 
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Figure 4. A decrease in 'naive' CD4pos T cells and vice versa an increase in 
'primed' CD4pos T cells before the presence of active lesions. Mean percentage 
of CD4posCD45RApos/R0ne6 T cells shows a decrease in the month before the 
presence of an active lesion (p<.05; MANOVA). Mean percentage of 
CD4posCD45RAn<:g/R0pos T cells shows an increase in the two months before the 
presence of an active lesion (p<.05; MANOVA). 

this cytokine might be useful as a predictor of disease activity , but this was not confirmed by 
others2. In our study no significant changes in TNF-a secretion were found neither in relation 
to clinical exacerbations nor in relation with MRI measures of disease activity. These 
contradicting data might be partly due to differences in the design of the studies, but could 
also result from differences in cell stimulation conditions. This is most clearly demonstrated 
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by the fact that in the same group of patients as used in our study enhanced secretion of 
TNF-a w a s observed in whole blood culture upon stimulation with PHAVLPS one month 
before a relapse . While in that study monocytes were most probably the main source of 
TNF-a, we here used a system in which T cells were specifically stimulated. In a previous 
report, levels of the anti-inflammatory cytokine IL-10 in serum were found to be lower in 
active phases of the disease as compared to stable phases of disease . However, we could not 
demonstrate any relationship between IL-10 secretion upon stimulation of T cells and disease 
activity. As IL-10 can be produced by monocytes as well as by T cells, the discrepancy in 
these findings might be due to differences in the cellular source. However, one can also 
speculate that the capacity to produce IL-10 does not so much change with different phases in 
disease activity, but instead might more or less determine the chance of a patient to develop an 
exacerbation or not. Therefore, we analyzed if there is a difference in baseline secretion of IL
IO between patients that had experienced a relapse during the study period and those that 
remained free of exacerbations. However, no difference was found between these two groups 
(data not shown). 

While the balance between THI and TH2 type cells has often been associated with 
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Figure 5. No changes in percentages of IFN-yand IL-4 producing T-cells, and secretion of TNF-a a nd IL-10 in 
relation to active lesions. Mean percentages of IFN-y and IL-4 producing T-cells (A) (± SEM). Mean secretion 
of TNF-a and IL-10 (± SEM) in culture supernatants from circulating T cells stimulated with a triplet of CD2 
mAb in combination with CD28 mAb (B). 

disease progression in MS, thus far no definite conclusions can be drawn from studies on the 
momentary relationship between parameters of disease activity and production of the typical 
THI and TH2 type cytokines, IFN-y and IL-4. While some investigators showed enhanced 

101 



Chapter 8 

production of IFN-y before a clinical relapse , others found no relation at all or even an 
inverse correlation between IFN-y and clinical disease activity . In our study, using FACS-
analysis, percentages of neither IFN-y nor BL-4 producing T cells did change during 
exacerbations, but when we expressed these values as a TH1/TH2 ratio (IFN-y vs. IL-4 
producing T cells) it appeared that during the two months before an exacerbation a shift 
occurred in the balance towards a more THl-like profile. TH1/TH2 ratio was not related to MRI 
parameters of disease activity. 

In conclusion, this study shows that in MS clinical disease activity is preceded by 
immune activation. Using MRI measures of disease activity similar findings were obtained, 
although in this case evidence was less convincing. The percentage of 'naive' T cells 
diminishes before an exacerbation occurs and also before an active lesion is present. 
Furthermore, we have demonstrated that during exacerbations T cells producing THI type 
cytokines predominate over T cells producing TH2 type cytokines, independent of the number 
of active lesions. Unfortunately, in our studies alterations in immune parameters are not as 
pronounced to speculate about potential implementation of these parameters as 'surrogate" 
markers for disease activity. A major problem is that the design of the study was not 
specifically aimed at analyzing the relationship between disease activity and immune 
parameters. Several factors might more or less 'obscure' our findings. For instance, it is 
conceivable that there is substantial physiological variation in the immune parameters used 
due to other factors not directly associated with the disease process. Several patients were 
treated, some more than once, with methylprednisolone, a strong immunomodulatory agent. In 
our study, however, no significant effect of this treatment was found on any of the immune 
parameters we evaluated (not shown). Based on our findings the immune system does not 
seem to play an important role in subclinical phases of the disease, but instead they seem to 
indicate that activated T cells or their products might be involved in the transition of 
subclinical disease activity to clinical disease activity. Another problem which has not been 
solved yet, is whether exacerbations are mediated by immunological changes in the CNS that 
might have their reflection in the periphery, or that immune activation starts in the peripheral 
lymph nodes followed by entrance of activated immune cells in the CNS via the circulation. 
Although definite conclusions can not be drawn, our results seem to be in favor of the latter. 
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