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SUMMARY

Permissively recognized peptides which can activate lymphocytes from subjects with a variety of class
Il HLA types are interesting diagnostic and vaccine candidates. In this study we generated T helper
clones reactive to the permissively recognized p21—-40 and p91-110 peptides of the 16-kD heat shock
protein ofMycobacterium tuberculosi#\ll the clones specific for p91-110 secreted interferon-gamma
(IFN-vy) and were of the Thl phenotype. By contrast, the p21-40 peptide favoured the generation of
IL-4-producing clones. Antibody blockade established that the peptide-specific Th clones could either
be DR-, DP- or DQ-restricted. Thus, two permissively recognized sequences p21—-40 and p91-110 from
the same mycobacterial antigen can drive the differentiation of functionally distinct T helper subsets.
Attempts to immunize against tuberculosis should bear in mind epitope specificity if a favourable Th
subtype response is to be generated.
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INTRODUCTION either parental class Il MHC type [15]. Such T cells are known
as unrestricted or promiscuous T cells [16]. The functional
advantage of promiscuous T cells recognizing antigen in associa-

pletely defined [1]. There is evidence that peptide epitope variatior%Ion with more than one MHC molecgle. Is that they may expapd
can influence the generation of Thi and Th2 clones [2_4].preferent|ally and thus mount a rapid immune response against

Further, avidity differences during T cell activation can also shift the pathogen. Further insight into the function of promiscuous

selective differentiation into the Th1 or Th2 phenotype [5,6]. TheT cells is therefore of particular interest for the development of

S . . peptide-based vaccines.
preferential induction of Thl or Th2 cells by T cell epitopes may .
have a great impact on future vaccination against infectious We therefore ggnerated Th clones, sp(_acmc for the 921_40
diseases [7.8]. and p91-110 peptides of the 16-kD protein Mf/cobacterium

Conventionally, it is believed that effective peptide-basedﬁfirﬁuiosr's from t\{\:]%. p(ljmﬂled p:gte_l: dfnvf“:;’eth(PP?)n ,
vaccines would also need to contain large numbers of peptide -heterozygous “individuals, a investigate € clones

L e . h phenotype. We found that 16p91-110-specific clones were
as the majority of antigenic peptides have been found to be MH of high affinity for the peptide—MHC complex and were

allele-specific [9-11]. However, in tuberculosis, peptides have ) o
been found which stimulate T cells from subjects expressing re“Om'”‘f’"?“y hi, wherea_s 16p21—40-§pecmc clones were of
ower affinity and predominantly Th2 in phenotype. These

variety of HLA class Il types, a consequence of these peptides . . .
ability to bind permissively to a number of MHC molecules with data support th_e hypothesus that pepide structure can influence T
helper differentiation.

high affinity [12—14]. Such peptides can potentially overcome the
problem of genetic restriction in an outbred population.

In a previous study we demonstrated that some peptides MATERIALS AND METHODS
which bind permissively can also be recognized by Th clones
when presented by antigen-presenting cells (APC) bearing-€ll lines

HT-2 cells and antibodies to HLA-DR (L243), -DQ (L2) and -DP

Correspondence: Dr Javed N. Agrewala, Institute of Microbial Tech-(B7/21) were the gift of Professor R. Lechler (Department of

nology, Sector 39A, Chandigarh-160036, India. Immunology, Imperial College School of Medicine, London, UK).

The mechanism controlling the functional differentiation of T
helper cells into Thl and Th2 effector T lymphocytes is incom-
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HLA typing for the monomorphic class Il isotype-specific determinants of
HLA typing at the DRB1 and DQB1 loci was performed by poly- HLA-DR (L243), DQ (L2) or DP (B7/21) at 4C for 45min
merase chain reaction using sequence-specific primers (PCR-SSP)9]. Without washing out MoAb, cloned Th cells ¥2.0%well)

and at DPB1 by PCR amplification and hybridization to sequencewere added and cultured for 72 h, followed b$Ha TdR pulse for
specific oligonucleotide probes (SSOP) [17,18]. 16 h.

Peptide synthesis Cytokine ELISA

Peptides were synthesized by 9-fluorenylmethoxycarbonyl (Fmocpupernatants were harvested either after 24 h (IL-4) or 48 h (inter-
technology as previously described [13]. Their homogeneity wageron-gamma (IFNy)). Maxisorp (Nunc) plates were coated &4
assessed by analytical reverse phase high performance liquimvernight in 0- NaHCGQO; with 50ul/well of the following
chromatography (HPLC) and molecular weight confirmed by massMoAbs: murine anti-IFNy MoAb 1-DIK at 2-5ug/ml (Mabtech,
spectrometry and estimated to b®0%. Two peptides derived Vikdalsvagan, Nacka, Sweden); anti-IL-4 (mouse anti-human
from the 16-kD protein ofM. tuberculosiswere used: p21-40, IL-4; Mabtech) at Jug/ml. The plates were blocked for 1 h at room
LFAAFPSFAGLRPTFDTRLM, and p91-110, SEFAYGSFVRT- temperature in PBS—0-05% Tween—3% w/v bovine serum albumin

VSLPVGADE. (BSA). Supernatant (10d/well) was incubated in duplicate for
4 h and then washed four times. The plates were then incubated at
Generation of T cell clones room temperature for 1 h in 1Q0 of the following biotinylated

T cell clones were derived from the buffy coats of two PRilood detection MoAbs: anti-IFNy at 1pug/ml (Mabtech); anti-human
donors. The lymphocytes for cloning from buffy coats were IL-4 at 0-5ug/ml (Mabtech). After five further washes, 1p0of
selected on the basis of high proliferative responses to the peptidestreptavidin peroxidase (Sigma, Poole, UKidiml) were added to
p21-40 and p91-110 of the 16-kD protein Mf tuberculosis  each well and incubated for 30 min. Six final washes were followed
Donor J2 showed maximum response to p91-110, and J9 to p21by 150ul K-Blue substrate (ELISA Technologies, Lexington, KY)
40. Peripheral blood mononuclear cells (PBMC) from donors JXollowed by K-Red stop solution (5d) when the colour
and J9 were separated from the buffy coats using Ficoll-Paqudevelopment was optimal. The plates were read at 680 nm and
(Pharmacia, Uppsala, Sweden). PBMC were then washed anthe cytokine concentration in each sample was calculated by
cultured in 96-well (Nunc, Roskilde, Denmark) plates at a densityreference to a standard curve. The following reagents were used
of 1:5x10° PBMC per well in the presence of peptide p21—40 as standards in the cytokine ELISA: rhIFN(Pharmingen, San

for J9 and p91-110 for J2, in RPMI 1640 i16Go, Paisley, UK)  Diego, CA); rhiL-4 (Sigma). The sensitivity of each ELISA was as
supplemented with 10% AB serum, 2 nn L-glutamine, 100 U/ml  follows: IFN-y, 1-5 pg/ml; IL-4, 10—25 pg/ml.

penicillin, and 10Q:g/ml streptomycin. The remaining PBMC
were kept frozen in liquid nitrogen and were used as a subsequent
source of APC. The plates were incubated atC3h 5% CO,.

After 7 days, T cell cloning was performed by limiting dilution PBMC isolated from nine buffy coats were evaluated for the
analysis. From each of the 96 wells, 0-1 cell/well was plated in 2Qymphoproliferation against peptides p21-40, p91-110 of the
Terasaki plates in the presence of 20 U/ml recombinant humai6-kD; and p1-20, p350-369 and p65—-83 of the 38-kD protein
(rh)IL-2 (Boehringer, Mannheim, Germany) and 3000 R-irradiatedof M. tuberculosigdata not shown). The best response was seen in
autologous PBMC (% 10%well) which had been precultured with donors J2 and J9 to peptides p91-110 and p21—-40, respectively,
50ug/ml of peptide for 12—-18h. After 7 days culture, positive and the buffy coats from these donors were therefore chosen for Th
wells were identified. Only one clone was selected from eactcell cloning by limiting dilution. In total five and 10 Th clones were
Terasaki plate to avoid the selection of sister clones. The clonegenerated from J9 and J2, respectively. The clones obtained from
were expanded by restimulating biweekly with rhiL-2 (20 U/ml) donor J2 were specific for p91-110, whereas those from J9 were
and peptide-pulsed PBMC, in 96-, 48- and 24-well flat-bottomedgenerated against p21-40. The HLA type of donor J2 was DR1,
plates. All the clones stained positive for CD4 and CD3 (data notl3/DQ5, 6/DP3, 4; and J9 was DR3, 4/DQ2, 7/DP1, 4.

shown).

RESULTS

Dose response
Dose response The clones derived from both donors responded to the peptides in a
T cell clones were rested for 7—10 days before each assay. Clonéese-dependent manner. Interestingly, clones generated from the
(1x 10%well) and 1x 10* irradiated autologous PBMC pulsed with same individual showed marked variations in dose and prolifera-
different concentrations of peptides (0-675, 1-26, 11-11, 33-38ve response to the same peptide (Fig. 1a,b). Some of the clones
and 10Qwg/ml) were incubated in 20@ of complete medium responded maximally to low doses of the peptide, whereas others
in 96-well U-bottomed microtitre plates for 72h. The control required higler concentrations. None of the clones proliferated
wells consisted of Th clones incubated with medium alonewhen cultured either with medium alone or with APC in the
or with unpulsed PBMC. The cultures were pulsed withCl absence of peptide.
of ®H-TdR (Amersham, Aylesbury, UK) and harvested after 16 h
onto glassfibre filters for scintillation counting (Skatron, Lier, HLA isotype restriction of Th clones
Norway). The results are expressed as mean ct/min from triplicaténcubation of the cloned Th cells in the presence of peptide-pulsed,
cultures. autologous PBMC and MoAb against DR, DQ and DP induced 67—
93% inhibition of the proliferation using isotype-specific MoAb at
HLA isotype analysis of Th clones by antibody inhibition assay a concentration of 1 and @/ml (Fig. 2a,b). Interestingly, Th
In culture conditions as described above, peptide-pulsed PBMEIlones restricted by HLA-DR, DQ or DP could be generated
(1x 10°/well) were incubated with MoAbs (1 or 1@/ml) specific  against the peptides. Each clone was inhibited only by one of the

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$14:392—397



394

T cell proliferation (ct/min)

90 000

80 000

70 000

60 000

50 000

40 000

30 000

20 000

10 000

(a)

J. N. Agrewala & R. J. Wilkinson

10
Peptide (png/ml)

100

T cell proliferation (ct/min)

90 000 -

80 000 [~

70 000

60 000

50 000

40 000

30 000

20 000

10 000

(b)

0-1

1
Peptide (pug/ml)

10

100

Fig. 1. Th clones respond to peptide in a dose-dependent manner. Th clones were cultured in the presence of peptide p91-110 (a) and p21-40
(b) at various concentratisnith irradiated autologous peripheral blood mononuclear cells (PBMC). After 2-idR was added and 16 h
later the cells were harvested and counted@f@mission. The results represent the ct/min of incorporated radioactivity. Control cultures,

which showeck 2000 ct/min, were as follows: Th clongs medium, Th clones- PBMC without peptide, PBMG- peptide.

three tested antibodies, enabling unequivocal ascertainment @ytokine phenotype of Th clones

the relevant restricting HLA class Il isotype. Six of the 10 clonesWe next ascertained the phenotype of Th clones on the basis of
obtained from donor J2 against peptide p91-110 were DRsecretion of IFNy and IL-4 (Fig. 3). The production of cytokines
restricted and two each by DP and DQ (Fig. 2a). In the case oby each Th clone derived from the same individual against the
J9, the proliferation of four clones was inhibited by anti-DR MoAb p91-110 peptide varied considerably (IRIN78—1284 pg/ml). All

and one by anti-DQ MoAb (Fig. 2b). Thus the majority (66-67%) 10 Th clones specific for p91-110 generated from donor J2
of Th clones were DR-restricted.
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Fig. 2.Inhibition of the proliferation of Th clones by anti-MHC antibodies. Irradiated autologous peripheral blood mononuclear cells (PBMC;
1x 10°/well) preincubated with MoAbs against HLA-DR (L243), -DQ (L2) and -DP (B7/21) were cultured with Th clones obtained from
donors J2 (a) and J9 (b). Each Th clone was inhibited by only one of the three MoAbs. The results represent the percentage inhibition of Th

clone proliferation by MoAb.
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J2/13 J2/4 J2/8 J2/6 J2/14 02124 J2119 J2/15 J2/1 J2/9 affinity was calculated as the peptide concentratieg/rtil) required for
T cell clone half-maximal proliferation. The correlation between affinity and Th clone
subtype and MHC restriction pattern is also shown.
(b)
2500
Th2 clones were DR-restricted, whereas the ThO was DQ-restricted
(Table 1). No clone from either donor secreted cytokines either in
2000 - the presence of peptide-unpulsed APC or when cultured with
medium alone.
£ Affinity of Th clones
2 1500 The concentration of peptide required for optimum activation of
5 Th clones was analysed and their affinity was estimated on the
3 basis of the amount of peptide required to induce half maximal
@ proliferation of Th clones. Peptide p91-110-specific Th clones
g 1000 were stimulated in the range of 0-77—-1240¢8ml and p21-40-
5 specific Th clones by 1-17-34-88/ml. Six of seven Thl clones
were stimulated by<1-95ug/ml of peptide. By contrast, Th2
500 - clones were stimulated in the range 16-43—3#¢ighl of peptide.
‘ThO’ clones were intermediate in affinity (range 1-30—13:dnl)
’—I (Fig. 4). Thus Thl clones were stimulated by lower doses of
eptide than Th2 clones.
L W | | Pep

Jon J9/3 J9/13 J9/21 J9/31
DISCUSSION

Fig. 3. Cytokines production by Th clones. Supernates from cIonesThe purpose of thls_s.tudy was to ana_lys_e the CytOkm.e phenoty_pe of
stimulated with p91-110- (a) and p21-40- (b) pulsed antigen presentin cell clones specific for two permlsswely.recognlzed peptldes
cells (APC) were assayed for IFNand IL-4 by ELISA. Control cultures p21-40 and p9_1—110) of the 16-kD P_rOte'n M tuberculosis
consisting of Th cloner medium, and clones- APC in the absence of We found that: (i) all 10 p91-110-specific clones secreted 4£N-
peptide did notinduce any detectable cytokine secrefipizN-y; W, IL-4. By contrast, all five Th clones specific for peptide p21-40 pro-
duced IL-4 and none displayed the Thl phenotype; (ii) both peptides
generated clones which could be DR-, DQ- or DP-restricted; (iii)
showed a pure Thl phenotype secreting high levels ofJfMt no  there was hierarchy among the Th clones generated from the same
IL-4. None showed a pure Th2 pattern. Three clones exhibited éndividual with respect to the quantity of lymphokine produced,
‘ThO’ phenotype, producing both IL-4 and IF§- Thl clones, and in their peptide affinity.
specific for p91-110, were either DR-, DP- or DQ-restricted. All Both p21-40 and p91-110 were recognized by Th clones in
three ThO clones were DR-restricted (Table 1). Five p21-40+he context of parental DR and DQ alleles, and in the case of p91—
specific Th clones were generated from donor J9, all of whichl10, DP also. This finding implies that these peptides not only bind
produced IL-4 (Fig. 3b). The clones varied in IL-4 production from to HLA-DR molecules but also to DQ and DP. An additional
93 pg/ml (J9/3) to 2256 pg/ml (J9/13). Three clones showed thémplication is that peptide epitope presentation by class Il molecules
lymphokine profile of Th2 cells and two produced both IL-4 and is at least partially determined by the relatively conserved residues
IFN-v. No purely Th1 clone was generated against p21—-40. All theé94—286 in the31 exon [20]. The majority of the Th clones were,
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Table 1. Comparative account of HLA isotype and Th subset of clones generated by J2
and J9 donors

J2 J9
Donor DRB1*01/013,DQB1*05/06 DRB1*03/04, DQB1*02/07
HLA type DPB1*0301/0401 DPB1*01011/0401
Peptide p91-110 p21-40
Number of clones 10 5
DR-restricted 6 (60)* 4 (80)
DQ-restricted 2 (20) 1 (20)
DP-restricted 2 (20) 0
Thl phenotype 7 (70) 0
Th2 phenotype 0 3 (60)
ThO phenotype 3 (30) 2 (40)
IFN-y-secreting 10 (100) 2 (40)
IL-4-secreting 3 (30) 5 (100)

*Figures in parentheses indicate the percentage of Th clones.

however, DR-restricted, possibly as a consequence of lower cellulanduce similar conditions, the 16-kD protein may be an important
expression of DQ and DP [21], or lower peptide binding affinities antigenic target during bacillary latency. In this respect p91-110-
for DQ and DP [22,23]. In addition, some Th clones proliferated specific IFN+-producing Th clones may contribute to premoni-
when peptide was presented by one (restricted recognition); antion. However, vaccination with the whole antigen might equally
the remaining clones in the context of (unrestricted recognition)lead to the generation of Th2 clones, thus predisposing a person
parental HLA allele (data not shown). This phenomenon appearmore susceptible to tuberculosis. As different peptides from the
to be associated with peptide specificity and HLA type of same immunogenic protein can induce a different phenotype of
the individual, consistent with our previous observations onresponse, attempts to vaccinate against tuberculosis may meet with
promiscuous T cell clones [15]. The unrestricted p91—-110-specifidimited success unless the epitope specificity, as well as the
Thl clones tended to require a lower dose of peptide in order tgghenotype, of the response evoked is considered.
proliferate.
Peptide p91—110 binds HLA-DR1 with hlgh affinity ACKNOWLEDGMENTS
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