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SUMMARY

We studied the relationship between the HLA specificities associated with multiple sclerosis (MS)

susceptibility in southern Italy and the reactivity of the human myelin basic protein (hMBP)

immunogenic peptides 84±98 and 143±168, using short-term T-cell lines established from 9 MS patients

and from 8 healthy individuals. In our population, DR15 was significantly associated with MS (34´9% in

MS versus 13´7% in healthy controls, P , 0´05). This result is in agreement with the association found

in northern Europe, but not with data obtained in a population from the island of Sardinia (Italy). In MS

patients the frequency of reactive T-cell lines (TCL), tested for fine specificity against the

immunodominant hMBP peptides 84±98 and 143±168, was increased for the hMBP 143±168 peptide

(P , 0´05) but not for the 84±98 peptide. Although this reactivity was higher in DR151 MS patients

than in DR 152 MS patients, it seemed not to be associated with DR15 specificity in the MS population.

Furthermore, there were no significant differences in frequency of reactive TCL to hMBP peptide 84±98

in DR15-positive or DR15-negative MS patients. Consequently, it appears that peptide 84±98,

considered as a relevant autoantigen, is not implicated in the pathogenesis of MS in our population from

southern Italy.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic inflammatory disease of the

central nervous system characterized by focal T-cell, plasma cell

and macrophage infiltrates, leading to demyelination and

progressive loss of neurological functions. The prevalence of the

disease is about 1 : 1000 in the northern hemisphere (Europe and

North America) and decreases notably in southern regions [1,2].

As in other autoimmune diseases, genetic factors appear to play a

role in MS susceptibility: indeed, the degree of concordance for

MS in monozygotic twins compared with dizygotic twins (30%

and 3%, respectively) indicates a genetically determined predis-

position for the disease [3±5]. In particular, the association of MS

with the HLA class II-DRB1-1501 allele and the associated allele

DQB1-0602 are significantly increased in northern European

patients [6]. Notably, other MHC class II antigens were found to

be more frequent in MS patients from the Italian island of Sardinia

[7], Arabia (DR4) [8] and Japan (DR6) [9]. The differences in

allele frequencies show that genetic factors contribute to MS

pathogenesis, but also indicate that factors different from HLA,

such as the environment, infections and pathogen exposure play a

role in susceptibility to the disease.

T-cell responses to myelin basic protein (MBP) and proteo-

lipid protein are thought to have pathological relevance in MS

[10]. T-cell reactivity to MBP is preferentially directed against

two immunodominant regions, corresponding to human MBP

residues 84±98 and 143±168. Peptide 84±98 induces a higher

frequency of reactivity than does peptide 143±168. The analysis

of TCL reactivity in MS patients showed that MHC class II DR15

specificity is the main element of restriction for these two peptides

[11±13]. Taken together, these data suggest that activation of

T lymphocytes recognizing human MBP-derived peptides can

trigger the inflammatory process.

Here we examine the genetic factors associated with the risk

of developing MS and report the results of the in vitro analysis of

T-cell reactivity against the two human MBP immunogenic

peptides, i.e. 84±98 and 143±168. In Italy, conclusive data are

available only for the population of the island of Sardinia, where
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the DR4 allele is associated with MS. Consequently we examined

the MS population living in the District of Naples (Campania

Region, southern Italy), given the presumably different genetic

background of the two populations. As found in other Caucasian

populations [6], in our group the DR15 allele was associated with

MS. Furthermore, the DR4 allele, which is reported to be more

frequent in the MS population of Mediterranean countries [14],

was not associated with MS in our population. Lastly, we

established TCL specific for human MBP and its immunodominant

epitopes 84±98 and 143±168 from MS patients and healthy controls

to analyse and identify the immunogenic peptide, if any, associated

with the susceptibility gene in the Campanian population.

MATERIALS AND METHODS

Patients and healthy donors

Forty-three patients with MS, diagnosed according to the criteria

of Poser et al. [15], and 80 healthy individuals from the Campania

Region for at least two generations participated in this study.

Thirty-one patients had relapsing/remitting, 10 had secondary

progressive and 2 had primary progressive MS. At the onset of

the study, none of the patients had received steroid, immuno-

suppressive or interferon-b therapy for at least 6 months prior to

enrolment in the study. Approval of the local ethical committee

and informed consent of the patients were obtained before the

enrolment in the study.

PCR-specific sequence primers (PCR-SSP) HLA typing

Medium-low resolution PCR-SSP HLA molecular typing was

performed on the studied populations according to the Olerup and

Zetterquist method [16]. Briefly, blood was collected from donors

and patients in the morning after an overnight fast, in EDTA-

sterile vacutainers. After a Ficoll-Hypaque-gradient, peripheral

blood mononuclear cells (PBMC) were obtained and washed

extensively with phosphate buffer solution. Then, 5±10 � 106

cells were collected for DNA extraction with the DNAzol

Extraction Kit (Gibco Life Technologies, Milan, Italy). After

DNA purification, PCR-SSP HLA molecular typing was

performed in a 10-m l final reaction volume using primers for all

the HLA-DR specificities with the human growth hormone (hGH)

as internal control, synthesized and purified by Primm srl. (Milan-

Italy). PCR conditions were: 5 min 948C; 10 cycles 1 min 948C,

30 s 608C; 20 cycles 1 min 948C, 30 s 588C, 1 min 728C; 7 min

728C; 12´5 pmoles of each specific primer were used; hGH was 5-

fold less concentrated; 0´5 units of DNA-Taq polymerase (Roche,

Milan, Italy) were added to each reaction tube. dNTP mixes were

at a 200 mm final concentration. A 9700-Perkin Elmer thermal

cycler was used in this procedure (Norwalk, CT).

Establishment of hMBP-specific short-term T-cell lines

MBP-specific T-cell lines were generated from PBMC as

previously described [11]. Briefly, PBMC from nine MS patients

and eight controls were separated by Ficoll-Hypaque density

gradient and plated in 96-well round-bottom plates. For each

patient and control, 250 wells were plated with 2 � 105 PBMC

and cultured for 13 days with hMBP (10 mg/ml) in media

consisting of RPMI 1640, 10% heat-inactivated pooled human

serum, 1% penicillin/streptomycin and 2% glutamine. On day 4

and then every 3±4 days thereafter, 10 IU/well of human

recombinant interleukin-2 (rIL-2) (Roche) were added to the

culture. On day 10 the human rIL-2 was added for the last time

and on day 13 an aliquot of each T-cell line was extensively

washed, plated in fresh medium for an overnight period and then

analysed for reactivity to hMBP by replacing 10 000 cells from

the T-cell line with 20 000 irradiated autologous PBMC as

antigen-presenting cells in duplicate for 72 h in a round-bottom

96-well microtitre plate, and pulsing with (3H)-thymidine during

the last 18 h of culture. Lines positive for proliferation to hMBP

defined as showing both a stimulation index . 3 and a D CPM

[(CPM T cell line ^APC pulsed with antigen) ± (CPM T cell line

^APC alone)] . 500 were retested 72 h later for reactivity to the

immunodominant hMBP-peptides 84±98 and 143±168 (concentra-

tion: 10 mg/ml antigen). All the background values were subtracted

from those of antigen-specific proliferation and the range of the

stimulation indexes was between 3 and 10. To verify the peptide

specificity we resynthesized and tested the peptides twice for each

individual. There were no differences between the two batches.

Preparation and purification of antigens

Human MBP was purified in the water-soluble, lipid-free form,

according to Deibler et al. [17,18]. MBP peptides were

synthesized by Primm srl using the solid phase method and were

purified by HPLC.

T-cell proliferation assays

1 � 104 cells were incubated with 2 � 104 irradiated autologous

peripheral blood lymphocytes (PBL) per well. Triplicate cultures

were set up without antigen as control, with 10 mg/well of hMBP

or with 10 mg/well of hMBP synthetic peptides. After 3 days of

culture, 1 mCi of 3H thymidine (40 Ci/mmol; Amersham, Bucks.,

UK) was added per well, then the cells were harvested 18 h later

and thymidine incorporation measured by scintillation counting.

Statistical analysis

Results were compared by using the chi-square test and the

Fischer's exact test when appropriate. Relative risks were

calculated as odds ratios according to Woolf's formula [19]. A

P-value of , 0´05 was considered as significant. The percentage

of MBP-reactive lines was calculated separately per each subject.

Furthermore, hMBP-reactive TCL were subsequently analysed for

the specificity of each peptide (84±98 and 143±168) and the total

percentage of reactivity was calculated.

RESULTS

HLA-DR15 is associated with MS in the southern Italian

population (Campania Region)

The frequencies of HLA-DR specificities in the MS patients and

the healthy controls are shown in Table 1. We identified the DR

specificity in 43 MS-affected patients and in 80 healthy donors, all

from the Campania Region of southern Italy, by PCR-SSP low-

medium resolution molecular typing. HLA-DR15 specificity was

significantly associated with MS: 15/43 patients (34´9%) versus

11/80 controls (13´7%). The relative risk was 3´3 and the

P , 0´05, in agreement with northern European and northern

American population frequencies [1]. Furthermore, we confirm

[20,21] a decreased trend in the frequency of HLA DR7

specificity in MS patients: 7/43 patients (16´3%) versus 23/80

controls (28´7%), but the difference was not significant

(P , 0´05). Conversely, the HLA DR4 allele, alleged to be more

frequent in the MS population of Mediterranean countries, was not

associated with MS in our Campania population.
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HMBP-specific short-term T-cell lines: frequency, fine specificity

for immunogenic peptides and HLA±DR15 association in MS

patients and controls

Out of a total of 1946 wells seeded from PBMC obtained from 9

patients, 91 (4´7%) responded to hMBP in the proliferation assay

with a stimulation index . 3-fold the basal response with medium

alone (Table 2). The percentage of hMBP-reactive lines was

calculated separately for each subject by dividing the number of

hMBP-reactive lines by the total number of lines. The percentage

of hMBP-positive wells was slightly higher in healthy donors

(7%) than in MS patients (4´7%). A proliferative response to

hMBP was confirmed in 58 out of 91 lines, that were positive in

the initial proliferation screening. These 58 lines of hMBP-

specific TCL were tested for fine specificity against the

immunogenic epitopes 84±98 and 143±168. The proportion of

143±168-specific TCL was higher in MS patients than in healthy

controls: 20/58 (34´5%) versus 11/89 (12´3%),P , 0´05 (Table 2

and Fig. 1). The percentage of reactivity to the other immuno-

genic peptide (84±98) was slightly increased, albeit to a lesser

degree, in patients versus controls: 14/58 (24´1%) versus 16/89

(18´0%) (Table 2 and Fig. 1).

In the Campania population, as well as in northern Europe, the

HLA-DR15 specificity was associated with MS. We tested our

TCL for reactivity against the immunogenic peptides in patients

and controls, dividing the groups according to the presence or

absence of the DR15 allele. Our aim was to verify whether

predominant responses to different MBP regions were associated

with the presence of the DR15 allele (Fig. 2). The percentage of

TCL reactivity toward residues 84±98 did not differ significantly

between DR15-negative patients and controls: MS DR15-

negative, 23´4% versus CTR DR15-negative, 20´0% (Fig. 2).

The DR15-positive patients had a little increase in reactivity with

respect to DR15-positive controls: MS DR15-positive, 25´0%

versus CTR DR15-positive, 13´8% (Fig. 2). Conversely, the

percentage of TCL reactivity against the immunogenic peptide

Table 1 Distibution of DRB1 specificities in MS patients and controls

Controls (n � 80) Patients (n � 43)

DRB1 No´ % No´ % Rel´ risk P

11 33 41´2 18 41´9 - -

15 11 13´7 15 34´9 3´3 ,0´05

7 23 28´7 7 16´3 - NS

4 10 12´5 7 16´3 - NS

16 7 8´7 6 13´9 - -

17 8 10 9 20´9 - -

13 10 12´5 2 4´6 - -

14 10 12´5 3 7 - -

1 17 21´2 4 9´3 - -

8 3 3´75 3 7 - -

10 2 2´5 3 7 - -

12 4 5 2 4´6 - -

Table 2 Percentage of hMBP-, (84±98)MBP-peptide and (143±168)MBP-peptide reactive TCLs in MS paptients and controls

HLA-DR

MBP (84±98)MBP-peptide (143±168)MBP-peptide

No´

positive

%

positive

No´

positive

%

positive

No´

positive

%

positive

Patients

MS1 17 17/200 8´5 3/11 27´3 5/11 45´4

MS2 7/16 11/250 4´4 1/7 14´2 0/7 0´0

MS3 14/17 27/250 10´8 1/16 6´2 4/16 35´0

MS4 103/13 6/250 2´4 2/5 40´0 1/5 20´0

MS5 1/7 1/250 0´4 0/1 0´0 1/1 100´0

MS6 7/16 10/218 44´6 4/7 57´1 2/7 28´6

MS7 15/16 6/200 3´0 1/3 33´3 2/3 66´6

MS8 15/17 8/80 6´2 0/4 0´0 1/4 25´0

MS9 103/15 5/250 2´0 2/5 40´0 4/5 80´0

Total - 91/1946 4´7* 14/58 24´1² 20/58 34´5³

Controls

C1 7/16 10/250 4´0 2//8 33´0 1/8 12´5

C2 4/9 31//250 12´4 3/28 10´7 1/28 3´5

C3 11 15/250 6´0 3/12 25´5 0/12 0´0

C4 10/17 7/250 2´8 1/6 16´6 2/6 33´3

C5 7/17 18/250 7´0 3/6 50´0 1/6 16´6

C6 15/16 19/63 30´0 1/7 14´2 1/7 14´2

C7 9/15 11/280 3´9 2/8 25´0 2/8 25´0

C8 15/18 17/218 7´8 1/14 7´1 3/14 21´4

Total - 128/1811 7´0 16/89 18´0 11/89 12´3

*NS versus MBP control

²NS versus (84±98) control

³P , 0´05 versus (143±168) control; P , 0´05 versus (84±98) MS
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143±168 was significantly increased in DR15-positive patients as

compared with controls: MS DR15-positive, 58´3% versus CTR

DR15-positive, 20´7%, P , 0´05 (Fig. 2). Similarly, when pep-

tide 143±168 was tested in DR15-negative subjects, the frequency

of TCL reactivity was significantly higher in patients than in

controls (MS DR15-negative, 27´6% versus CTR DR15-negative,

8´3%, P , 0´05) (Fig. 2). The analysis of reactivity among the

group of DR15-negative/DR15-positive patients showed no

significant difference in the percentage of TCL raised against

peptide 84±98 (23´4% versus 25´0%), whereas the reactivity

against peptide 143±168 was significantly increased in DR15-

positive patients versus DR15-negative patients (58´3% versus

27´6%, P , 0´05) (Fig. 2). Similarly, we observed the same trend

of TCL reactivity against peptide 143±168 in DR15-positive and

DR15-negative controls (20´7% versus 8´3%).

DISCUSSION

Epidemiological studies indicate that MS is a multifactorial

disease caused by environmental factors acting on genetically

susceptible individuals [22]. Genomic screenings highlight the

complexity of MS genetics and suggest that more than one locus

contributes significantly to the familial risk. Association of MS

with the established Caucasian HLA haplotype (DR15-DQ6) [23]

is the most consistent finding, except in the Mediterranean area

where two haplotypes (DR4-DQ3 and DR3-DQ2) were found to

be associated with the disease [14,24]. Our results contribute a

new point to the immunogenetic map of MS in Europe,

confirming in the Campania region the association between

DR15 and MS in Caucasians. In contrast, DR4 specificity,

believed to be more frequent in the MS population of the

Mediterranean, does not appear to be associated with MS in our

district. These results suggest that the association of the DR4

allele with MS as observed in the Sardinian population reflects a

genetic isolate not shared by other Italian populations [24], and

that genetic, historical and enviromental factors determine the

notable difference in MS risk between Sardinia and the rest of

Italy [25]. Differently, the Campania Region is a heterogenous

community with a more variable genetic and historical back-

ground as compared with Sardinia. In our region the DR

association with MS, similar to that observed in Northern Europe,

could be explained partially considering the characteristic

historical events. In the past, the Campania area has been a very

complex racial `crucible' due to the different foreign dominations

by the French and the Spanish, which have been alternated for

several centuries. These observations point out that racial

susceptibility, together with the enviromental factors, determines

the distribution of the disease and the specific DR association in

the various geographical regions [25].

In an attempt to understand the mechanisms of MHC class II-

mediated susceptibility in our region, we analysed the immuno-

dominant epitopes of target autoantigens and the responsive T-cell

populations. We examined the T-cell response to hMBP in 9

patients and in 8 healthy individuals, and found that MS patients

and controls had a comparable reactivity to hMBP, with a slightly

higher frequency of responding TCL in controls (Table 2). The

presence of MBP-specific T cell reactivity in healthy donors is a

common observation as demonstrated by different authors

[11,12,26,27].What induces this autoreactivity and what is its

function in the induction or regulation of autoimmunity has been

debated. The recent observation that immunological relevant

myelin proteins were detected in lymphoid tissues of healthy

subjects [28±30] has led to the reevaluation of immune tolerance

to myelin antigens. In this context both the absence of

costimulation molecules [31], as well as a T cell dependent

regulatory activity, could contribute to modulate and mantain a

MBP-specific tolerance status.

Earlier reports on MS and control populations suggested that

some portions of the hMBP molecule are more immunogenic than

others: aa 87±106 and 154±172 [32], 84±102 and 143±168 [33],

84±102 and 149±171 [34]. Based on these data, the middle

portion of the molecule and the C-terminal end emerged as

distinct predominant regions. These epitopes may be relevant to

the pathogenesis of MS since both peptides can be presented by
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Fig. 2. Frequency of hMBP-peptide-reactive TCL in DR152 and DR151

MS patients and controls. The reactivity against (a) (84±98) and (b) (143±

168) MBP-peptides was evaluated in patients and controls according to the

HLA-DR15 allele presence. A significant increase in reactivity toward the

(143±168) MBP-peptide was observed in MS patients, when compared

with controls, independently by the presence of the DR15 allele.
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DR15 molecules of the disease-associated haplotype [35]. To

correlate the reactivity of immunogenic peptides 84±98 and 143±

168 with the observed increased frequency of DR15 specificity in

the Campania population, we studied autoreactive T-cell

responses in MS patients and healthy controls expressing the

MS-associated HLA DR15 allele. We found that the immunodo-

minant epitope 143±168 had a significantly higher reactivity in

MS patients than in controls. Although this increased reactivity in

DR15-positive patients could have suggested that this epitope was

a relevant autoantigen in MS in the Campania region, the

frequency of 143±168 peptide-specific TCL was also increased in

DR15-positive controls (Fig. 2). In addition, analysing the

behaviour of hMBP (143±168) peptide-specific TCL reactivity

within each group of MS patients and controls, we observed that

the presence of DR15 molecules in both patients and controls

seems to favour the response of TCL to peptide 143±168 in the

Campania population. These findings seem to suggest that the

hMBP peptide 143±168 is not associated with a specific DR15

allele in MS patients and probably not directly involved in the

pathogenesis of MS, but is rather related to an epitope-spreading

mechanism in our population. Furthermore, the percentage of

reactivity of TCL to hMBP-residues 84±98 was higher in DR15-

positive MS patients than in DR15-positive controls. In addition,

peptide 84±98 was recognized equally well by TCL from DR15-

positive and DR15-negative MS patients. These findings seem to

suggest that peptide 84±89 does not play a direct role as an

autoantigen at least in our examined patient cohort.
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