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Cytokine flow cytometry differentiates the clinical status of
multiple sclerosis (MS) patients
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SUMMARY

In this study we have examined intracellular cytokines in peripheral blood mononuclear cells (PBMC)
of MS patients by flow cytometry (cytokine flow cytometry). MS progressive patients showed an
increased number of cells producing interferon-gamma ({ffNafter activation with phorbol 12-
myristate 13-acetate and ionomycin, compared with patients with clinically inactive fétr6Q01)

and with healthy controlsR(=0001). These cells belonged to the CDdnd CD8 subsets in similar
proportions. Clinically inactive patients showed a lower level of cells producing IL-2 than controls
(P=0-03) and active MS patient® & 0-03). Most IL-2-producing cells were CD4ymphocytes,
although a small part of the IL-2 was also produced by C8lls. The percentage of cells producing
simultaneously IL-2 and IFN-was increased in active MS and they were mainly CDynphocytes.

No differences in the production of IL-4 were observed between groups. However, we found an
increased IL-10 production in clinically active MS patiens=£ 0-03). Treatment with IFNs-of active

MS patients showed lower levels of cytokines when compared with untreated MS patients. This
methodological approach could help in the follow up and therapeutic monitoring of MS patients.

Keywords multiple sclerosis intracellular cytokines flow cytometry interferon-beta

INTRODUCTION as of assessing the simultaneous production of different cytokines

MS is a T cell-mediated chronic inflammatory disease of theby '[Ir;etr?zr:te gell [g]f.la e developed this method in order to obtain
central nervous system. The role of cytokines in the pathogenesis IS Study w v velop : ! '

of the disease has been extensively studied, although many queré':l_pld and accurate information about the immunological situation

tions remain unresolved [1-3]. In this sense, the measurement &fol\rqio?iantlems which could help in their follow up and therapeutic
cytokine levels could be a useful marker of disease activity. Theif™ 9.

. - . . o We report an increase of proinflammatory cytokines (inter-
detection might have diagnostic and prognostic implications a T .
. . S - . . eron-gamma (IFNy)) in clinically active forms of MS compared
well as a putative value in monitoring clinical trials, possibly

. . . . with inactive forms and with healthy controls, this increase being
I h .M f diff ! -
eading to new therapeutic strategies. Measurements of di eren&ue both to CDZ and CD8 T cell subpopulations and disappear-

cytokines in biological fluids from MS patients performed in ing after treatment with [FNg. Th sment of immunoreaul
previous studies have given conflicting results. Differences in the g after treaime - [Ne assessment o unoreguia-

methodology used, specimen sampling or handling, or in patienEOry cytokines (IL-4 and I_L-10) n the_sa}me pat|ent_s allo_wed_ usto

selection criteria, can partly explain the discrepant findings [4,5].draw a more complete picture of their immunological situation.
The demonstration of cytokines at the single-cell level could

help to solve the above mentioned problems [6]. The detection of

intracellular cytokines by the use of anti-cytokine MoAbs and flow MATERIAL AND METHODS

cytometry recently introduced by Jurggal. [7] (‘cytokine flow Patients

cytometry' [8]), adds the possibility of defining the T cell sub- Tyenty-seven patients with MS were studied. Thirteen (eight

populations involved in the production of these cytokines as We”female, mean age 42years, range 20—67years) had chronic

active progressive forms and 14 (10 female, mean age 38years,

Correspondence: Alfonso’ Behez-lbarrola, Department of Immunol- range 29_56 years) had rela.lpsing-re.m.itting cIin.icaIIy stlable. forms

ogy, Clnica Universitaria, School of Medicine, University of Navarra, Of the disease. All these patients satisfied the diagnostic criteria of
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study. The control group consisted of 14 healthy subjects (1G5tatistical analysis

female, mean age 40 years, range 19-65 years) who were age- aDifferences between groups were tested with the Mann—Whitney

sex-matched to the patients. non-parametridJ-test when data were not normally distributed,
To determine whether the treatment could influence intraceland with Student's paired-test when the data were normally

lular cytokine production, we also studied a group of 16 patientdistributed. Reported® values are two-tailed an&<0-05 was

(eight active progressive forms, mean age 42years, range 32eonsidered statistically significant.

52years, and eight relapsing-remitting stable forms, mean age

33years, range 22—48years) treated with IFkBetaseron) at a

dose of 8<10°PU subcutaneously every other day. RESULTS

. . . . The production of cytokines by unstimulated or PMA-activated
Peripheral blood mononuclear cell isolation and processing ; . . .
lymphocytes was evaluated in 13 chronic active progressive MS

Peripheral blood mononuclear cells (PBMC) were isolated from”’ " . o ;
P ( ) atients, 14 stable relapsing-remitting MS patients and 14 controls.

heparinized venous blood by density gradient centrifugation Orgesults are expressed as the percentage of cviokine-producin
Ficoll-Hypaque. Blood sampling was done early in the morningCeIIS in the totalplymphocyte popﬁlation 9 y P 9

and managed blind with respect to the clinical status of the patient:
PBMC at the interface were collected and washed three times wit
PBS. After washing, the cells were adjusted to a concentration 0%
2x10° cells/ml in RPMI1640 supplemented with 10% heat-
inactivated fetal calf serum (FCS) and 2im-glutamine and
cells were stimulated for cytokine production for 4 h at@G%wvith
10ng/ml phorbol 12-myristate 13-acetate in combination with
1 ug/mlionomycin (PMA+ I; (Sigma, St Louis, MO) in the presence

pontaneous cytokine production by PBMC
reshly isolated lymphocytes from MS patients and healthy con-
trols did not constitutively express proinflammatory cytokines (IL-
2, IFN-y) (Table 1). No differences were found between the three
groups.

Concerning immunoregulatory cytokines (IL-4, IL-10)
of 10ug/ml of brefeldin A (Sigma), which disrupts intracellular g:tilher;)e’ glgl;;)tp\gaSHrc])c\/)\:e(\j/?reck:i?hlinn ucr:)Sr:;?;lljlzaedd Jg”;;gei?g v(\)/]:a
protein transport and causes cytokines to accumulate in the Gol ’ ! .
apparatus, yielding an enhanced cytokine signal that can b etected spontaneous IL-10 production. Moreov_er,_t_he percgntage
detected by flow cytometry. Preliminary experiments indicated.Of cel!s that spontaneously produged IL-10was S|gp|f|cantly hlghgr
that maximal accumulation of intracellular cytokine occurred after” active for:)ng of MS than in magtlve forms of the disease (12-59%
4h of PMA+ 1 stimulation in the presence of brefeldin A. versus6.77%; P=0-03). No differences were found between

To determine the T cell subpopulation responsible for theContrOIS and MS patients.
cytokine production, a two- or three-colour staining technique . . . . .
was performed. The activated cells were pooled and washed i ytokine production after stimulation with PMAI

PBS with bovine serum albumin (BSA; 0-5%) and sodium azidesétcer;?ﬁtlvféllgn.r\:v.':]gg.MeA;\l_AlS(T:?Lentzg’ tgz 56;9?2;%‘3 822;;;56 q

(0-01%) (PBS—BSA-azide). Then 100of the cellular suspen- Ing N inactive patients w igniti Y ]

sion were stained with a fluorochrome-conjugated antibodyWhen compared with active MS patients (17-2 us26-75%;
P=0-03) and with healthy controls (17-24%ersus 25-08%;

specific for a cell surface antigen (CD4 or CD8 PerCP; Becton_ . . .
Dickinson, San JGs€A) for 15 min at room temperature. There- P =0-03). No differences were found between active MS patients
d healthy controls.

- . . n
after, cells were fixed (Fix and Perm; Caltag, San Francisco, CA)F’1 Conceming IFNy-secreting cells (Table 2), we found a higher

according to the manufacturer’s instructions. After washing in . . . L . .
g g percentage in active MS patients than in inactive patients (19-10%

PBS-BSA-azide, cells were resuspended in1@d PBS and an versus11-51%;P<0001) and healthy controls (19-10%&rsus
optimal dose of a fluorochrome-conjugated antibody for intra-
14-57%;P =0-001).

cellular staining (double-labelling was performed with anti-human . . .
9( g P When we studied the simultaneous expression of {Rihd IL-

IL-2-FITC-anti-human IFNy—PE, and ant-human IPN-FITC— peripheral blood lymphocytes, we found that active MS

anti-numan |L-4-PE; Becton Dickinson; for single-labelling, anti- patients showed a higher percentage of double-positive cells than
human IL-4—FITC and anti-human IL-10—FITC (Caltag, Ingelheim, inactive MS patients (7-87%ersus4-28%: P — 0-007). Controls

Germany) were used) was added, together with; 1@ permea- 0 0 . .
bilizing solution (Fix and Perm; Caltag). Cells were incubated for(S'62 Vo 1:52%) were not different from MS patients.

30min at 4C and washed once in PBS—BSA-azide. The super-

natants were aspirated and the pellets resuspended ipl 530

0-5% paraformaldehyde to be analysed by flow cytometry. Table 1. Percentage (mean s.d.) of non-activated peripheral blood lym-
As controls we included cells labelled with isotype-matched phocytes producing cytokine; in non-treated clinically different groups of

irrelevant MoAbs and non-activated lymphocytes labelled with MS patients and controls.

anti-cytokine antibodies.

Controls Inactive MS Active MS
Acquisition and analysis of flow cytometry data (h=14) (h=14) (h=13)
Samples were analysed on a FACSORT flow cytometer (Becton
Dickinson) using Cell Quest software (Becton Dickinson). TenIL-2 0-64= 0-46 0-77-0-29 0-51-0-37
thousand events per lymphocyte population were acquired antFN-y 0-67+0-46 0-78-0-60 0-58+ 0-40
analysed. Analysis gates were set on lymphocytes according tt--4 0-72+0-47 1548231 1.06=1-01
forward and side scatter properties. Results are expressed as thel 6.78+ 517 6-777-84% 12.59£ 9-94*
percentage of cytokine-producing cells in a population of specified
cells (see Results). *P=0-03.
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Table 2. Percentage (mean s.d.) of phorbol 12-myristate 13-acetatdonomycin (PMA+ I)-activated peripheral blood lymphocytes cytokine-producing
cells in non-treated and IFR-treated clinically different groups of MS patients and controls.

Controls Non-treated inactive MS Non-treated active MS IFMeated active MS
(n=14) h=14) h=13) h=28)
IL-2 25-08+ 5-68%1 17-24- 11-28*t 26-75-10-41*t1t 17.95 7-6511t
IFN-y 14.57+ 3.79** 11-51+ 4-61tt 19:1@ 5-54**ffxxx 11-98+ 3.79***
IL-4 2-78+1-92 2-56+- 1-68 1-72-1-09 197 1-29
IL-10 2-51+1.92 2-38-1-58 3-82- 3-09 3:29+ 3-80

*tP=0-03; *P=0-001; **P=0-002; tP<0-001; tTP=0-003.

No differences were found in the production of IL-4 or IL-10 forms,n= 8) with IFN-8 was evaluated in terms of the production

between groups. of intracellular cytokines by PBMC.

We found that the levels of proinflammatory cytokines, namely
Phenotypic characterization of the cytokine-producing IL-2 (26-75%versusl7-95%:P = 0-003) and IFNy (19-10%versus
subpopulation 11-98%;P =0-002), were lower in active MS patients under IBN-

To determine the lymphocyte subpopulation responsible for théreatment compared with untreated patients. However, the percen-
production of cytokines, we performed three-colour flow cyto- tage of IL-4- or IL-10-producing cells was not altered by this type
metry by staining lymphocytes with anti-CD4 or anti-CD8 and two of treatment (Table 2).
anti-cytokine antibodies with different fluorochromes.

Our results show that IL-2 was mainly produced by CD4
cells, although CD8 lymphocytes contributed in some proportion
(Fig.1). Both CD4 IL-2* and CD8 IL-2* subsets were Quantification of intracellular cytokines at the single-cell level
decreased in inactive MS patients with respect to active patientsonstitutes a valuable approach to evaluate the immunological
(P=0-05 andP=0-01, respectively) and controlP£0-05 and status of patients with MS. We have shown in this study a good

DISCUSSION

P =0-01, respectively). correlation between the cytokine profile and the clinical activity of
By contrast, IFNy was produced in similar proportions by patients.
CD4" and CD8 T cells (Fig.2). Both CD#ZIFN-y" and In order to detect cytokine production we induced non-specific

CD8" IFN-y* subsets were increased in active MS patients comdymphocyte activation. As few resting lymphocytes express cyto-
pared with inactive patientsP(=0-001 andP<0-001, respec- kines, we took the fact that only activated lymphocytes express
tively). When compared with controls, active MS patients cytokines as evidence of the specificity of the labelling. We used
showed higher values of the CD#FN-y* subset P=0-01) and PMA+1 to activate PBMC of MS patients (activation was con-
inactive MS patients show a decrease in the CIFN-y* T cell firmed by induction of CD69, data not shown). We decided to use
subset P =0-01). the same activator (PMA: 1) for the induction of all the cytokines

The effect of treatment with IF8-on the production of cytokines

The effect of the treatment of MS patients (chronic progressive 30
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Controls Inactive MS Active MS Fig. 2. IFN-y production by peripheral blood phorbol 12-myristate

Fig.1.1L-2 production by peripheral blood phorbol 12-myristate 13- 13-acetate- ionomycin (PMA+ I)-activated lymphocytes in CD4

acetatet ionomycin (PMA+ l)-activated lymphocytes in CD4 and cDg and cb8 T cells in non-treated clinically different groups of
T cells in non-treated clinically different groups of MS patients and MS patients and controls®, CD8" IFN-y"; O, CD4" IFN-y*.
controls.O, CD8" IL-27; B, CD4" IL-2*. *** P=0-05; ,tP=0-01. *P=0.-01; *P<0-001; P=0-01; TP =0-001.
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for more general applicability in clinical practice. This type of PBMC activation with PMA+ | led to the production either of
activation has been criticised as not being a physiologic stimuluslL-2 or of IFN-y. Only a small percentage of cells produced both
However, different studies show that the cytokine phenotypesytokines simultaneously, as already reported [7,9]. This modest
derived upon PMAK | activation represent the physiologic poten- percentage of mainly CD4 cells was nevertheless higher in
tial of cellular cytokine production [8,10,11]. clinically active MS. These data are in concordance with the Thl

With this approach we have shown that clinically active pattern of cytokines described in MS patients [33,34], including the
patients show a higher percentage of IFNroducing lympho-  study of T cell clones derived from MS patients in different clinical
cytes after stimulation with PMA-I than healthy controls or situations [35].
inactive MS patients. The quantification of IFNproduction by Finally, we found lower frequencies of IL-2- and IFN-
PBMC of MS patients has offered conflicting results when usingproducing cells in patients with progressive MS who were treated
ELISA for detection of this cytokine in plasma [12,13], cerebro- with IFN-3 than in untreated cases. This type of treatment is being
spinal fluid (CSF) [14] or culture supernatants [15—20]. In theseused in the relapsing-remitting form of the disease, although some
cases, no correlation with clinical activity or magnetic resonanceclinical trials are trying to extend this application to other clinical
imaging (MRI) findings was found. Only investigators using forms [36]. This result supports the use of IBNin progressive
detection of cytokine mRNA [21,22] showed a good correlationforms of the disease, given the biological response to the treatment
with disease activity, as supported by our results. we have observed in these patients.

Our study shows that the level of production of IL-2 is lower in In conclusion, we believe that this method of cytokine detec-
inactive forms of MS (remission) than in active MS, in agreementtion could help in the follow up of MS patients, offering valuable
with other published data [23-25]. Importantly, however, asinformation about their immunological situation.
previously noted by Merriletal. [26], the production of IL-2 is
!ower in remission than in controls, probably indicating an REFERENCES
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