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Monocytes Are Differentially Activated Through HLA-DR,
-DQ, and -DP Molecules Via Mitogen-Activated Protein
Kinases

Takako Matsuoka, Hiroki Tabata, and Sho Matsushita®

When HLA-DR, -DQ, and -DP were cross-linked by solid-phase mAbs, monocytes produced monokines and only anti-DR mark-
edly activated mitogen-activated protein (MAP) kinase extracellular signal-related kinase, whereas anti-DR, anti-DQ, and anti-DP
all activated MAP kinase p38. Activation of extracellular signal-related kinase was not inhibited by neutralizing Ab to TNFe.
Anti-DR and DR-restricted T cells stimulated monocytes to produce relatively higher levels of proinflammatory monokines, such
as IL-18, whereas anti-DQ/DP and DQ-/DP-restricted T cells stimulated higher levels of anti-inflammatory monokine IL-10. IL-10
production was abrogated by the p38 inhibitor SB203580, but rather enhanced by the MAP/extracellular signal-related kinase
kinase-I-specific inhibitor PD98059, whereas IL-B was only partially abrogated by SB203580 and PD98059. Furthermore, DR-
restricted T cells established from PBMC, which are reactive with mite Ags, purified protein derivative, and random 19-mer
peptides, exhibited a higher IFN<y:IL-4 ratio than did DQ- or DP-restricted T cells. These results indicate that HLA-DR, -DQ, and
-DP molecules transmit distinct signals to monocytes via MAP kinases and lead to distinct monokine activation patterns, which
may affect T cell responses in vivo. Thus, the need for generation of a multigene family of class Il MHC seems apparenthe
Journal of Immunology, 2001, 166: 2202—-2208.

cell clone and monocyte via altered TCR ligands af- monocytes, cross-linking HLA-DR molecules with staphylococcal

fect monocyte responses to produce IL-12 with mar-enterotoxins induces phosphorylation of Src family kinases (Lyn,
ginal involvement of CD40, events which lead to specific up-reg-Fgr) (11). Another study by Kanner et al. (12) demonstrated that
ulation of IFN-y production from T cells (1). Thus, signals ligation of class Il activates Syk and ZAP-70 in B cells and acti-
transmitted to monocytes via class Il HLA molecules are involvedvated human CDA T cells, respectively . Moreover, engagement
in determining immune response patterns. It is highly conceivabl@f class Il molecules on the THP-1 monocyte cell line with staph-
that signals transmitted by class Il MHC molecules in B cells, inylococcal enterotoxin A induced ILAand TNFe (13). Although
regulating APC function during cognate T-B cell interactions, arefunctional consequences of such DR-mediated S|gnaI|_ng events_ln-
important for the following reasons: 1) cross-linking class Il mol- duced by T cells are largely unknown, these observations do raise
ecules induces an increase in intracellular calcium and cAMP i€ Possibility that signaling through class II MHC molecules may
mouse or human B cell lines (2-5); 2) class I MHC-mediatedaﬁeCt monocyte responses as well, including monokine secretion,
signals lead to homotypic aggregation of B cells (6); 3) cross-nger?E\;;ﬁsigszgg :ttice;rna}scgcr)lnHLA-DR vs -DQ (14) or on I-A
linking HLA-DR molecules on B cells induces apoptosis (7); 4) P 9

class Il MHC molecules, without the intracellular domain ex- vs I-E by others (15) suggested their distinct roles in activating

donBl h " ill not lead t . . AMPTh/Ts. Thus, HLA-DR functions as an Ir gene for schistosomal
pressed on b lymphoma cells, will notlead to an increase in c/ Ag-specific immune responses, whereas HLA-DQ functions as an
and subsequent CD80 up-regulation when stimulated with

. s . 3s gene, being epistatic to DR. However, their roles in activating

CD28-expressing autoreactive T hybridoma cells (8); and 5) €y—rn1/Th2/APC have remained elusive. To investigate the conse-
toplasmic domain mutants of class Il MHC abrogate generation ofence of signaling events through distinct subregion products of
intracellular cAMP (9) and translocation of protein kinase C ¢jass || HLA, we tested monokine secretion patterns induced by 1)
solid-phase mAbs to HLA-DR, -DQ, and -DP molecules expressed
on peripheral blood-adherent monocytes and 2) coculture of pep-
tide-pulsed monocytes with emetine-treated T cell clones of vari-
ous HLA-restriction patterns.

W e earlier reported that interactions between a €04  (PKC)® (10). Furthermore, by using human peripheral blood
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or B7/21 (anti-HLA-DP 1gG1, monomorphic) (1) were as described. Anti- the peptide-pulsed monocytes stimulated with emetine-treated T cells were
HLA class Il mAbs 1a3 (anti-HLA-DQ 1gG2a, monomorphic) (Leinco positive for IL-12 production, but not so for mock-pulsed monocytes stim-
Technologies, Manchester, U.K.) were purchased. Mouse 1gG, 1gG1, andlated with emetine-treated T cells (data not shown). The interaction be-
IgG2a were purchased for control from BioPur AG (Bubendorf, Switzer- tween HLA and peptide alone did not induce monokine production. Results
land) and Biogenesis (Poole, U.K.). Igs were purified from the ascites formwere similar in case of HLA-DQ-restricted DT13.2 and HLA-DP-restricted
of mAbs using a protein A column (Pierce, Rockford, IL). F(alof)L243 OT1.1 (data not shown).

and mouse 1gG were prepared using ImmunoPure’F(&weparation kits

(Pierce) with extensive dialysis to remove residual Fc fragments. GenisteieLISAS

(Sigma, St. Louis, MO), GF109203X (Sigma), piceatannol (Sigma),

PDY8059 (New England Biolabs, Beverly, MA), and SB203580 (Calbio- The human IL-4, IFNy, IL-18, 10, 12 (p40+ p70), GM-CSF, and TNk
chem, La Jolla, CA) were purchasebermatophagoides farinagDer f) ELISA k_|ts (BioSource Internatlonal, Camarillo, CA) and_ hgman IL-6
Ags were kindly provided by Torii Pharmaceuticals (Tokyo, Japan). Puri-ELISA kit (Genzyme, Cambridge, MA) were used for quantlt’atlpn of lym-
fied protein derivative (PPD) was purchased from the Japan BCG Labophoklne§ in the superna@ants accqrdlng to manL_Jfacturers |nst_ruct|ons.
ratory (Tokyo, Japan). Peptides with defined sequences were synthesiz&d-SA Kit for IL-18 was kindly provided by M. Kurimoto (Hayashibara
using a solid-phase simultaneous multiple peptide synthesizer pSSM_glochemlcal_Laboratorles, Okayama, Japan). Statistical significance was
(Shimadzu, Kyoto, Japan) based on the F-moc strategy and using a 10-foff’@lyzed using Studentistest.

molar excess of single F-moc amino acids, then were purified using C18 . .

reversed-phase HPLC. In the case of degenerate peptides, the introducti¥¥€stern immunoblot analysis

of re_mdomize_d sequence positions was QOne ina (.jOUbIe coqpllng step WltK)Ionocytes prepared from PBMC were added to 96-well culture plates in
equimolar mixtures of F-moc-amino acids used in an equimolar ratio  pich class Il HLA mAbs had been immobilized, followed by centrifuga-
with respect to coupling sites of the resins (all positions have 19 amino aci on. After a 10-to 60-min incubation at 37°C, ice-cold 10M sodium
residues, except for Cys). vanadate/PBS was added for washing, followed by lysing inl5 lysing
Human T cell clones buffgr (150 mM NaCl, 20 mM Tris, pH7.6, 0.5% Nonidet P-40, 2 mM
sodium orthovanadate, 1 mM NaF, and 5 mM EDTA plus a protease in- O
Human CD4 T cell clone BC20.7 that recognizes DR14 (DRA hibitor mixture purchased from Sigma). After centrifugation, supernatant g
DRB1*1405) + residues 84-100 of bacillus Calmette-Guérin (BCG) a fluids of the lysates were electrophoresed on SDS-PAGE gels and trans- 3.
protein (BCGap84-100; EEYLILSARDVLAVVSK) has been described ferred to nitrocellulose membrane. After blocking with 10% skim milk and ~ §
previously (16). OT1.1 (17) and DT13.2 (1) are specific for DP5 0.2% Tween 20 in TBS, the membrane was incubated with Abs specific for o}
(DPA1*0201 + DPB1*0501) + p53p153-165 (STPPPGTRVRAMAI extracellular signal-related kinase (Erk), c-Jun N-terminal kinase (JNK), =,
YKQS) and DQ6 (DQA1*0102+ DQB1*0602) + Der f 1p18—-31 (RSL- and p38 (Santa Cruz Biotechnology, Santa Cruz, CA) or with Abs specific S
RTVTPIRMQGG), respectively. T cell clones were fed weekly with 50 for the activated form of Erk, JNK, and p38 (Upstate Biotechnology, Lake
U/ml human rlL-2 and 10 U/ml human rIL-4 in the presence of irradiated Placid, NY), washed extensively, and subjected to chemiluminescence de-
autologous PBMC prepulsed with each peptide in RPMI 1640 mediumtection with peroxidase-conjugated anti-mouse IgG Ab using an ECL kit
(Life Technologies, Grand Island, NY) supplemented with 2 miglu- (Amersham, U.K.). Signals were analyzed using the public domain NIH
tamine, 100 U/ml penicillin, 10Qug/ml streptomycin, and 10% pooled, Image program (developed at the National Institutes of Health, Bethesda,
heat-inactivated normal human male plasma in 24-well flat-bottom cultureMD, and available on the Internet by anonymous FTP from
plates (Falcon; Becton Dickinson, Lincoln Park, NJ). Culture medium andzippy.nimh.nih.gov).
Ab preparations tested for contamination with endotoxin exhibited nega-
tive results. Human bleeding and animal experiments (ascites preparatiostablishment and analysis Bfer f-, PPD-, and X19-reactive T
were in accordance with institutional guidelines. cell lines

pe

Preparation of adherent APC Der f (crude mite Ag)-specific short-term T cell lines were established from

i PBMC from two donors carrying different HLA types (donor MA, HLA-
PBMC were freshly prepared from heparinized blood of healthy adult do- -
nors using Ficoll-Paque (Pharmacia, Piscataway, NJ). The PBMC wer@RB1*1405/DRB1*1502; donor NI, HLA-DRB1*0901/DRB1*1302).

incubated at 3¢ 107 cells in 10 ml of 10% human serum/RPMI 1640 for HLA—DR—restric_ted and_ HLA—I_DP—restricted T cell lines were establlished
1.5 h in 90-mm culture-grade plastic petri dishes precoated with heatPy coculture either with anti-HLA-DQ (HU11 and/or HU18) anti-
inactivated autologous plasma at 37°C in a,0@ubator. After removing ~ HLA-DP (B7/21) mAbs or with anti-HLA-DR .(H|U4.anﬁ L243y antl—f h
nonadherent cells, the adherent cells were recovered from plates by inciiib-A-DQ (HU11 and/or HU18) mAbs, respectively, in the presence of the
bating with ice-cold 0.05% EDTA/PBS for 10 min and repeated pipetting.crUde extract oDer f. Restriction molecules of these cell lines were con-

Monocytes were cultured for 48 h to allow adherence-induced transcriptioriiMed by inhibition assays with mAbs (data not shown), and all of the cell |
of monokine MRNA to subside (18). This population was composed prin-"”es of expected restriction patterns were used for the analysis. These cell ny

cipally of monocytes and were-90% CD14 positive, as analyzed by lines were restimulated with excess concentrations of Agsu@/énl) and
FACS (data not shown)HLA class Il (DR, DQ, and DP) alleles were then after a 48-h incubation, culture supernatants were collected for mea-
determined as described elsewhere (1). HLA types of the two monocyt§urements of IFNy and IL-4 production by ELISA. PPD-specific short-

donors were DRB1*0101/1201 and DRB1*1405/1502, both of which are€'™M T cell lines were established from PBMC of donor MA. HLA-DR-
negative for DRB4. ' restricted and HLA-DQ-restricted T cell lines were established by

coculture with anti-HLA-DQ (HU11)+ anti-HLA-DP (B7/21) mAbs or
Stimulation of monocytes anti-HLA-DR (HU4 and L243)+ anti-HLA-DP (B7/21) mAbs, respec-
) . ) . _ tively, in the presence of PPD. X19 (19-mer peptides with random se-
Ten micrograms per milliliter anti-DR Ab (L243), anti-DQ Ab (1a3), anti- qences)-reactive T cell clones were established from PBMC of donor MA,
DP Ab (B7/21), and mouse IgG (alternatively, IgG1 and IgG2a) were pre-using X19, IL-4, IL-7, IL-9, IL-15, and agonistic Ab to CD29, under

coated onto 96-well flat-bottom culture plates. Adherent cells were inCUjoned conditioné. Restriction molecules were determined by inhibition
bated at 6x 10" cells/well where mAbs are immobilized at 37°C in a £O assays with mAbs.

incubator. Culture supernatants were collected at 6, 16, 24, 48, and 72
and stored in aliquots at-80°C until determinations of lymphokine
concentrations. Results

Alternatively, T cells treated with 0, 10, 30, and p@/ml of de novo ~ Monokine production induced by anti-HLA mAbs
protein synthesis inhibitor emetine (Sigma) (19) for 1 h at 37°C were . . L L
washed three times with RPMI 1640 medium. Cells were resuspended iYve examined the monokine secretion induced by cross-linking
culture medium, incubated for 3 h at 37°C, and then washed three timeglass Il HLA molecules using solid-phase mAbs to class Il HLA,
with RPMI 1640 medium and cocultured with peptide-pulsed or mock- by which involvement of cell surface molecules other than HLA is

pulsed monocytes. Culture supernatants after a 16-h (for IL-12), 24-h (fohnlikely to occur. As shown in Fig. 1A, the effect of the anti-DQ
IL-1B, IL-10, IL-18, GM-CSF, and TNF), and 48-h (for IL-6) incubation
were collected and subjected to ELISA. Treatment of T cells by emetine
abmgated IL-4 production from BC20.7 (BC_Ga specific, DR14 restr_lcted)4 S. Matsushita, Y. Tanaka, T. Matsuoka, and T. Nakashima. Identification of peptide
in a dose-dependent manner; 2@/ml emetine treatment resulted in & jigands recognized by single CD4T cells, using limiting dilution primary culture with
complete abrogation of IL-4 production, but not IL-12 produced by pep-randomized peptides followed by epitope scanning with combinatorial peptide librar-
tide-pulsed monocytes (data not shown). Moreover, culture supernatants @fs. Submitted for publication.

T Yyore |\ uo 1sanb Aq /Bio’ jounwiwi:mmmy/:dny w

T20



http://www.jimmunol.org/

2204 HLA-DR, -DQ, AND -DP DIFFERENTIALLY ACTIVATE MONOCYTES
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75 400 2
o 300 % FIGURE 2. Activation of MAP kinases by mAbs to class Il HLAR,
200 Monocytes were cocultured for 16 h on anti-DR (L243)-coated plates, with
% 100 10 the indicated inhibitors, at the indicated concentrations. Culture superna-
oL % 2 ) e 4 72 ® S w72 ) tants were collected and stored in aliquots-80°C until determinations of

cytokine concentrations. One hundred percent fLgtoduction was 205
FIGURE 1. Monokine secretion induced by solid-phase mAbs to HLA. pg/ml. Viable cell contents were determined using trypan yéfter 10
A,DT13.2 and BC20.7 were cultured in the presencBaff 1 peptide (for and 60 min of stimulation with solid-phase mAbs (anti-DR L243, anti-DQ
DT13.2) or BCGa peptide (for BC20.7) and irradiated autologous PBMC,1a3, and anti-DP B7/21), monocytes were lysed and subjected to Western
with or without anti-class Il HLA mAbsB, Adherent cells were incubated blot analysis either with Abs specific for Erk and p38 or with the activated
at 6x 10* cells/well where 1Qug/ml of 1a3 (M) and mouse IgG2a ((J) are form of Erk and p38C, Relative densities are shown basedRin
immobilized at 37°C in a CQincubator. Culture supernatants were-col
lected at the indicated time points. nase (MEK)-1 inhibitor) and SB203580 (p38 inhibitor) inhibited

anti-DR-induced IL-B production from monocytes. Genistein ex-
mAb should be specific, because liquid-phase 1a3 (simple cocuhibited a biphasic effect and inhibited ILB1production at high
ture) did abrogate HLA-DQ-restricted T cell clonal responsesconcentrations (50.M). We then studied the phosphorylation of
(DT13.2), but not HLA-DR-restricted responses (BC20.7). How-various kinases by cross-linking class 1l HLA, among which only
ever, solid-phase 1a3 markedly stimulated monocytes to producRIAP kinases exhibited differential activation by anti-DR, -DQ,
IL-1B, IL-6, IL-10, IL-12 (p40 + p70), TNF«, and GM-CSF,  and -DP. We stimulated monocytes directly with solid-phase anti-
whereas Ig subclass-matched control (mouse 1gG2a) did not, agLA mAbs, and cell lysates were subjected to Western blot anal-
shown in Fig. 1B. IL-18 production was only marginal. The peaksysis using Abs to phosphorylated forms of Erk, JNK, and p38
of IL-1B, IL-10, IL-12 (p40+ p70), TNF«, and GM-CSF secre-  (anti-pErk, anti-pJNK, and anti-pp38, respectively). As shown in
tion were at 16 or 24 h. On the other hand, the IL-6 concentratiorFig. 2,B andC, Erk, especially Erk2, was phosphorylated only by
was sustained from 16 to 48 h. IL-12 (p40p70) showed its peak anti-DR mAb (very weak phosphorylation was detected by anti-
at 16 h and was no longer detectable at 48 h. We obtained similabQ or anti-DP in the original film), whereas p38 was phosphory-
results regarding specific inhibitory activity on Ag presentation |ated by anti-DR, anti-DQ, and anti-DP mAbs. Control mouse IgG
and kinetics when mAbs to DR (L243) and DP (B7/21) were useddid not induce phosphorylation of these kinases, and this was also

T20Z ‘T YoLe |\ uo 1senb Aq /6o jounwiwu i [:mman//:dny wody papeojumoq

(data not shown). the case when mouse IgG1 or IgG2a was used (data not shown).

. . ) ) . . Phosphorylation of INK molecules was barely detectable and was
Activation of mitogen-activated protein (MAP) kinases by anti- ,+ enhanced by stimulation (data not shown). All of these obser-
HLA mAbs vations indicate that signaling through DR molecules phosphory-
We next examined the effects of various inhibitors for signal trans-ates (i.e., activates) Erk and less efficiently p38, whereas signaling
duction molecules. As shown in FigA2 PD98059 (MAP/Erk ki-  through DQ and DP activates p38 and much less efficiently Erk.
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To confirm that MAP kinases activation is solely due to class Il Table I. Monokine production from monocytes stimulated with emetine-
ligation, we examined the effects of F(aptf anti-DR mAb L243  treated T cells+ peptidé
and anti-TNFe. As shown in Fig. 3A, F(abs)of L243 markedly

induced phosphorylation of Erk, whereas Fjalof control mouse T Cell Céohesl (HLA Relstrliction) for
IgG did not. Phosphorylation of Erk induced by F(afmj anti-DR timulation (pg/mi)
mAb was not inhibited by 1Qug/ml neutralizing Ab to TNFa _ BC20.7 DT13.2 OoT1.1
(Fig. 3B). Moreover, as shown in FigC3the anti-TNFe at 10 Monokine (DR14) (DQe) (OPS)
ng/ml inhibited the IL-1 production induced by 10 pg/ml TN&- IL-18 105.0 24.0 21.0
Indeed, monocytes stimulated by F(ghdf anti-DR mAb for 60 IL-6 87.5 62.5 140.0
min never produced more than 5 pg/ml TNHdata not shown). IL-10 172.5 787.5 725.0
; e i ; IL-18 <15.0 <15.0 <15.0
_'I'alsﬂir\lptolgether, ntte_lthtir Fc_ oc: Ig n;rbTNfrs ||k|¢|3||)_/ tot_be involved IL12 (p40 + p70) 1450 250 205
in inase activation induced by class Il ligation. GM-CSE 175.0 1150.0 8875
. ) . . TNF-a 887.5 642.5 230.0
Induction of monokine secretion from peptide-pulsed monocytes | .19/ IL-18 1.6 328 345

using emetine-treated T cells of various HLA-restriction patterns
9 P 2 Emetine-treated T cells (BC20.7, DT13.2, and OT1.1) were cultured with pep

We wanted to determine whether natural TCR-peptide-HLA inter-tide-prepulsed monocytes. The concentration of the peptides for each clonal response

: : . . : . was 625-fold as much as the EfX5, 112.5, and 62.xM for BC20.7, DT13.2, and
actions would induce monokine secretion by Slgnahng thrOnghOTl.l, respectively). Culture supernatants after a 16-h (for IL-12), 24-h (foBl|L-1

class Il HLA molecules. T cell clones of various HLA-restriction |L-10, IL-18, GM-CSF, and TNF), and 48-h (for IL-6) incubation were collected

patterns were treated with the de novo protein synthesis inhibitofnd subjected to ELISA. Results are expressed as the mean value of triplicate deter-

emetine. This is because it is highly likely that T cell membrane™"a1ons: SE was-20%.

proteins or T cell soluble factors newly synthesized after activation

work on monocytes. These T cell clones were not reactive to au-

toantigens or to alloantigens (1, 16, 17). As shown in Table I, threg+M for BC20.7, DT13.2, and OT1.1, respectively (data not
human ThO clones of distinct HLA-restriction patterns, BC20.7 shown). Monocytes were pulsed with peptides, the concentrations
(BCGa specific, DR14 restricted), DT13.2dr f | specific, DQ6  0f which were 625-fold as much as the EfY5, 112.5, and 62.5
restricted), and OT1.1 (p53 specific, DP5 restricted), were used forM for BC20.7, DT13.2, and OT1.1, respectively), followed by
emetine treatment 7 days after the last antigenic stimulation. Firsgoculture with emetine-treated T cells. These peptide concentra-

we determined the E of each clone to be 0.008, 0.18, and 0.10 tions induced plateau responses of monokine production and the
kinetics of monokine production were practically the same as that

observed with solid-phase mAbs shown in Fig3 {data not

shown). Peptide-pulsed monocytes cocultured with emetine-
blot by: anti-pErk treated T cells, as shown in Table I, produced 8.-1L-6, IL-10,
IL-12 (p40 + p70), GM-CSF, and TNFe. It is noteworthy that the

|- ! == DR14-restricted clone BC20.7 tends to induce proinflammatory
stimuiation period (min):_1 e 0 monokines such as ILAL (105 pg/ml) and TNFx (887 pg/ml)
) ) o @ 8 25 @ 8% 2 ;‘:‘§ with the IL-10:IL-13 ratio being 1.6, whereas the DQ6-restricted
stimulated by: g & € 9 §~ﬁ5 a € 3 5’3 clone DT13.2 and DP5-restricted clone OT1.1 tend to induce anti-

inflammatory monokine IL-10 (787 and 725 pg/ml, respectively)
B biot by: anti-pErk with the IL-10:IL-18 ratio being 32.8 and 34.5 for DT13.2 and

OT1.1, respectively. The magnitude of response was markedly dif-
ferent between Ab-induced (Fig. 1B) and T cell-induced (Table I)

T — ———

stimulation period (min): — 2 secretion of IL-6 and GM-CSF, the mechanisms for which are yet
stimulated by: % g S to be determined. Allogeneic monocytes that do not share restric-
e 9 9 ) i ; ) A
- tion HLA molecules exhibited marginal monokine production in
co-cultured with: o o w & 2 the presence of emetine-treated T cells, and neutralizing Abs to
g 2 g 2 3 TNF-a (20), CD154 (21), and CD23 (22) only partially abrogated
5 IL-12 or IL-10 production (data not shown).

IL-1B production (pg/mi) When Western blot analysis was done using peptide-pulsed
monocytes in the presence of emetine-treated T cells, signals of T
cell origin could not readily be discriminated from those of mono-

TNFa anti-TNFa
(pgm)  ormigGt 0 50 100 150 200 250 300

1.0 : cytes (data not shown). When we examined the monokine secre-
10 - tion induced by cross-linking class Il HLA molecules using solid-
1.0 migG1 phase mAbs to HLA-DR, -DQ, and -DP, the IL-10:Il31ratio

10 migG1 under DR, DQ, and DP stimulation was 1.8, 12.8, and 14.4, re-

spectively, indicating that differential monokine production in-
duced by stimulation through DR, DQ, and DP molecules is ob-
10 anti-TNFa served even when monocytes are directly stimulated by mAbs.

1.0 anti-TNFa

FIGURE 3. Fc and TNFe are not involved in Erk and IL{3 activation Effects of protein kinase inhibitors on monokine productions

induced by class Il ligationA, Ab preparations including F(ak'pf L243 . .
were used for stimulation of monocytes, as for Fig. BBAnti-TNF-« at We cocultured peptide-pulsed monocytes and emetine-treated

10 pg/ml and controls were added to this culture syst@nTNF-a at BC20.7 T cells in the presence of several kinase inhibitors. These
indicated concentrations were cocultured with monocytes for 16 h in thdnhibitors were dissolved in DMSO and added to the culture me-
presence of anti-TN-or control migG1 at 1Qug/ml, and IL-18 levels in dium at a final content of 0.5%, a content which did not inhibit
culture supernatant fluids were determined. DR-mediated monokine production, as shown in Fig. &he
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A % IL-18 production

ibi 50 100 150

FIGURE 4. Effect of PD98059 and — Inhibitor 2 i - :
ium

58203580 on II__ 10 and IL secre Mock (0.5% DMSO/medium)
tion. A-C, Peptide-pulsed monocytes o o 100 M
were precultured for 60 min with the Genistein (PTK inhibitor 500 M
indicated inhibitors, at the indicated GF109203X (PKC inhibitor) 100 nM
concentrations, and cocultured with Piceatannol (Syk inhibitor) 100 uM
emetine-treated T cells (BC20.7) for PDYBOSI (MEK1 inhibitor) [ 20 uM
24 h. Culture supernatants were col- 100 M
IeCt.ed and s_tore_d in alquOtS ?BOOC B iL-10 production (pg/mi) C IL-1B production (pg/ml) D % Viable cells
until determinations of cytokine con- a0 5 . m w0 20 0 0 8

0 50 100 150 200 250
t ! h H ) '

[
t

centrations. One hundred percent
IL-18 production was 115 pg/mD,
Cell viability (for the highest concen-
trations of the inhibitors shown iB
andC) was determined by trypan blue
exclusion. Results were expressed as
means* SD of triplicate cultures:,

p < 0.05.

0.5% DMSO

20 uM :|
98059
PD 100 uM

10 uM
$B203580 0¥t
PD98059 100 M

+SB203580 50 M

MEK-1 inhibitor PD98059 inhibited IL-B secretion in a dose-

dependent manner, whereas the PKC inhibitor GF109203X,(IC term T cell lines

20 nM; Ref. 23) or protein tyrosine kinase (PTK) inhibitors did not

IL-18 production at high concentrations (5pM), which corrob-
orates the results shown in FigA2We next examined the effect of
inhibitors specific for individual MAP kinase(s) on the production
of IL-1B3 and IL-10 using emetine-treated BC20.7 T cells and pep-
tide-pulsed monocytes. Interestingly, the p®1 p38 inhibitor
SB203580 (24) markedly inhibited IL-10 production, whereas
PD98059 rather enhanced IL-10 production (Fig).40n the other
hand, both PD98059 and SB203580 only partially inhibited g_-1
(Fig. 4C). Moreover, a combination of PD98059 and SB203580
completely abrogated ILA Because these inhibitors did not de-
crease cell viability after 24-h culture (Fig. 4D), itis likely that the
kinase inhibitors at the concentration we used exerted specific in-
hibitory effects on monocytes. When DQ- and DP-restricted T
cells were used for stimulation, similar effects of PD98059 and
SB203580 on monokine secretion were observed, except that the
enhancing effect of PD98059 on IL-10 was only marginal (data not
shown). These observations suggest that 1) p38 is involved in both
IL-18 and IL-10 production induced by ligating DR molecules
expressed on monocytes; 2) the MEK-1-Erk pathway is only par-
tially involved in IL-18 production, being independent from p38-
associated IL-f production; and 3) activation of Erk may inhibit
p38-mediated IL-10 production (Fig. 5).
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Restriction molecules and cytokine production patterns of short-

C - ) ) = 170 If the phenomenon observed earlier in this study occurs in a
clearly do so. Genistein exhibited a biphasic effect and inhibited .| milieu of T cell differentiation

lymphokine production

patterns of T cells would be affected by restriction HLA mol-
ecules. We then examined the production of IFNand IL-4
using Der f-specific T cell lines. As shown in Fig.A6 DR-
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FIGURE 6. Restriction molecules and cytokine production patterns of
short-term T cell linesDer f (crude mite Ag)-specific short-term T cell lines
(A), PPD-specific short-term T cell lineB)( and X19-reactive T cell clones

(C) of various restriction patterns were restimulated with excess concentrations

FIGURE 5. Summary of class Il HLA-mediated MAP kinase (MAPK) of Ags (AandB, 10 ug/ml; C, 500 uM) and then after a 48-h incubation,
activation. Note that other class Il signaling elements that can be additive otulture supernatants were collected for measurements ofyl&hd IL-4 pro-
modify the signaling via MAP kinases are not illustrated.

duction by ELISA. One spot indicates one cell line.
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restricted T cell lines produced more IFNthan IL-4, but DP- The observation that IFNAL-4 produced by T cells is associated with
restricted T cell lines produced more IL-4 than IRN = 0.02 HLA-restriction molecules even in freshly isolated short-term T cell
and 0.04 in donors MA and NI, respectively). mAbs used in thisclonal responses to crude protein Ags or randomized peptide Ags is ev-
study did not induce monokine secretion when used as a solubliglence that the phenomenon is not limited to three T cell clones used in
form (data not shown). HLA types of MA (HLA-DRB1*1502- this study. In other words, while not being complete as evidenced by Fig.
DRB5*0102-DQA1*0103-DQB1*0601/HLA-DRB1*1405- 6, DR-restricted Th2 or DQ-/DP-restricted Th1 can exist, HLA class Il
DRB3*0202-DQA1*0101DQB1*0503) and NI (HLA-DRB1* subregions may determine T cell differentiation patterns or A4,
0901-DRB4*010-DQA1*0301-DQB1*0303/HLA-DRB1*  probably through monocyte responses. However, one can speculate that
1302-DRB3*0301-DQA1*0102-DQB1*0605) were distinct. Then the DR-peptide complex delivers the strongest avidity between TCR,
we examined the production of IFM-and IL-4 from the PPD-  |eading to Thl-prone responses (31, 32). In this regard, absence of DR-
specific T cell lines (Fig. 6B). DR-restricted T cell lines produced restricted T cell clones with low IFN/IL-4 as shown in Fig. 6 rules out
more IFN+y than IL-4, but DQ-restricted lines produced more IL-4 this possibility, because low-affinity DR-binding peptides should exist
than IFN<y (p = 0.04 in donor MA). We then used X19 (random and would activate Th2-prone responses, if the phenomenon is attributed
19-mer peptide) to confirm the phenomenon observed in earlief avidity alone. Indeed, it is likely that such a phenomenon is attributed
studies because 1) DQ-restrictedf f-reactive and DP-restricted/ g high IL-12 production through DR signaling (Table 1). In activating
PPD-reactive T cells were not readily established and 2) X19 camajve T cells to generate primed Th1/Th2, dendritic cells should play
stimulate most CD4 memory T cells to proliferate in the presence piyotal roles (33) and class Il-mediated signaling in dendritic cells awaits
of cytokines under cloned conditiofisndeed, DR-, DQ-, and DP- ;) pe determined.
restricted T cell lines were obtained, the cytokine profiles of which  \ye also examined the effect of peptide concentrations on the IL-
again exhibited similar results (Fig§. When we titrated down 101 .1 ratio using T cell clones and peptide-pulsed monocytes. In-
the peptide concentration for DR-restricted responses, we founfeeq emetine-treated BC20.7 T cells (DR-restricted) stimulated pep-
that !ower concentrations Qf X19 peptide did not qud to DQ,'/DP'tide-puIsed monocytes to produce 1L-10 and |B-at practically a
restricted patterns of cytokines (data not shown), which was indeedy, ot ratio when monocytes were pulsed with lower concentrations
the case when emetine-treated BC20.7 T cells were |ncubate_d Wl&l)'nr the peptides (data not shown), thus indicating that weaker HLA-
monocytes in the presence of lower concentrations of the am'gen'ﬁeptide-TCR interaction does not alter the pattern of monocyte re- S
peptide (data not shown). These data indicate that DR-restricte . . : o3
) 4 gponses to secrete monokines. It is also known that 1) different peptide =
and already activated per ipheral CDZ ceII; carry the Thl-prope sequences are not required to differentially drive Th1/Th2 directions '§
phenotype compared \.N'th. DQ-/DP-restricted T cells, albeit theby class Il (34) and 2) differential signaling through TCR (but not
segregation pattern being incomplete. through monokine receptors) can be induced depending on the pep-
Discussion tide concentrations used, which may lead to differential activation of §'
- . . .Th1/Th2 (35, 36). Therefore, restriction molecule (DR, DQ, or DP)is 3
Monokines contribute to T cell response patterns, both at differenti- . c
ot the only one but at least one of the important molecules to deter- 3

ation (25, 26) and effector stages (27, 28). Differential activation of s . =
monokines through HLA-DR, DQ, and DP molecules described inmine monocyte responses. Another possibility to be ruled out is the o

this study may indicate distinct monocyte activation patterns, depen OIeifect of class Il expression levels. This question can be addressed<

. - : . - Using class Il transfection into human class Il-deficient monocytic €
ing on restriction molecules in Ag presentation. Therefore, the diver!'Sing class Il transfection into human class deficient monocytic

sity of class Il HLA molecules (such as DR, DQ, and DP) shoulgCells because class"f" and class 1P populations of peripheral €

increase not only the variety of binding peptides, but also the varietymonocyteS/ macrophages may belong to distinct cell ineages (28), and

of immune response patterns. Thus, the need for generation of a mlﬁ'gimulation of monocytes by IFNHeads to PTK and PKC activation

tigene family of class Il MHC seems apparent. Cytokine imbalance&nd hampers natural signaling processes through class Ii (37).
among T cell clones or distinct expression of membrane molecules Al tréeé MAP kinases phosphorylate substrates on serine/threo- S
such as CDw150 (29), are unlikely to be major factors for the currenfine residues. Erks are c_haracterlstlc_ally gctlvated by grovvt_h factors, :
observation because a similar phenomenon was observed when mafgereas JNK/stress-activated protein kinase and p38 kinase areg
were used for purposes of stimulation. Recent studies by Viola et aftrongly activated by UV irradiation, osmotic stress, and inflamma-
(30) demonstrated that mAbs immobilized on beads deliver mordo"y cytokines (38). Thus, they are differentially activated by stimuli
physiological signals than do solid-phase mAbs. Indeed, when L24@ther than class Il HLA isoforms. In other words, ligation of DR, DQ,
1a3, and B7/21 were immobilized on beads, they exhibited simila@nd DP is another set of stimuli that differentially activates MAP
results; i.e., L243 beads stimulated monocytes to phosphorylate Efinases. In other experimental systems (24), where monocytes were
and produce a higher ILLIL-10 ratio than did 1a3 or B7/21 (data stimulated with LPS, p38 and Erk but not JNK was activated, as
not shown). Soluble anti-class Il induced only marginal signalingobserved in the present study. Interestingly, inhibition of p38 sup-
(data not shown), unlike many other studies using B cells. This igoressed both IL-10 and ILAL whereas that of Erk partially sup-
probably due to lower class Il expression levels on monocytes comPressed IL-B but not IL-10 (24), which corroborates results we ob-
pared with B cells. When T cells were preactivated for 16 h withtained. Although Erk was markedly phosphorylated by anti-DR Ab,
peptide-pulsed monocytes, treated with emetine, and subjected to ce involvement in monokine secretion was only partial. Other con-
culture with freshly isolated monocytes, the IB:IL-10 ratio re-  Sequences, such as proliferation, might be a major outcome of Erk
mained unchanged and levels of I3-and IL-10 production became activation through DR; however, proliferation was not readily de-
even lower (data not shown), indicating that 1) expression of cellected using monocytes. Another set of experiments using fibroblasts
surface molecules induced as a result of TCR-peptide-MHC interads underway to delineate the biological significance of DR-mediated
tion contribute little to IL-13/IL-10 and 2) decreased monokine pro- Erk activation. As shown in Figs. 2 and 4, the effect of genistein on
duction induced by activated T cells may reflect the TCR down-mod4L-1 production was biphasic. The enhancing effect at ABDmay

ulation induced by activation. Indeed, human T cell clones used in thigndicate that certain PTKs have inhibitory effects on the B_gro-

study were stimulated with peptides every 6—7 days and CD154 diduction induced by DR ligation. On the contrary, it is likely that the

not return to null expression even on day 7 (1), which should havesuppressive effect at 5QM reflects the effect on PTKs whereby the
contributed to IL-12 production. ras-raf pathway is activated.
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Syk is associated with Erk (39) and involved in signaling through
MHC molecules (12, 40). We observed a slight enhancement o
monokine production by PKC inhibitor GF109203X and Syk inhib-

itor piceatannol (Figs. 2 and 4). The precise mechanisms are yet to 2e.

determined, but one may speculate that they negatively regulate
monokine production induced by ligating class Il HLA.
Because transmembrane and intracellular domains are markedly
different amonga- and B-chains of HLA-DR, -DQ, and -DP and
MHC molecules have no immunoreceptor tyrosine-based activa-
tion motif, it seems reasonable to speculate that HLA-DR, -DQ, or
-DP molecules are associated with distinct signal transductior}3
molecules. Differential endosomal trafficking/recycling (41), dif-
ferential signaling in monocyte subsets (28), including contami-
nated dendritic cells, and even differential localization in mem-
brane microdomains (42, 43) would also need to be considered.
Studies currently underway will address these questions using var-
ious monocytic cell lines and mass mapping techniques.
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