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Role of Therapeutics for Allergic Diseases in Targeting Histamine
H; Receptor Gene Expression
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Histamine H, receptors are down-regulated as one step in receptor desensitization. Five phosphorylation sites of the
H, receptor seem to play a key role in receptor down-regulation. In contrast, an increase in the H; receptor expression
level following its mRNA elevation was found in the nasal mucosa in hypersensitivity model rats. Up-regulation of the
H, receptor was induced by the direct stimulation of the H; receptor. H; receptor up-regulation was suppressed by

pretreatment with antiallergic agents.
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Fig. 1. Therapeutics for Allergic Diseases
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Fig. 2. Up- and Down-regulations of Histamine H; Receptor Expression through Receptor Gene Expression and Receptor Desensiti-

zation, Respectively
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Fig. 3. Absence of Down-regulation in Mutant Histamine H; Receptor Lacking 5 Putative Phosphorylation Sites

A structures of wild-type (wild H;-R) (upper) and site-directed mutant receptor (5 sites mutant H;-R) (lower) . B: time-course of wild-type (@) and mutant
(O) histamine H, receptor expression level determined with [3H] mepyramine binding assay in CHO cells after stimulation of 100 um histamine. *p<0.001 vs. wild-

type Hi-R (n=6).
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Fig. 4.

Down-regulation of Five Mutant Histamine H; Receptors Having One Putative Phosphorylation Site among Five Putative

Sites 24 Hours after Stimulation of 100 uM Histamine in CHO Cells
Histamine H; receptors were determined by [*H]mepyramine binding assay. Abbreviations are as follows: wild control: wild receptors without stimulation,
wild: wild receptors stimulated with histamine, 140T, 142T, 396S, 398S and 478T: mutant receptors having one putative threonine (T) and serine (S) residues with
position numbers, 5 sites mutant: mutant receptor lacking five putative phosphorylation sites. *»p<(0.001 vs. wild control (n=4), *p<{0.001 vs. wild (n=4).
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Fig. 5. In vitro Phosphorylation of Wild-type and Mutant
Histamine H; Receptors Expressed in sf9 Insect Cells

Receptors in membranes were incubated with 10 4Ci of 100 um [y-32P]
ATP and various protein kinases, and phosphorylation was detected with
radio-autography after SDS-PAGE (upper), and phosphorylation was
quantified (lower). Abbreviations are as follows: WT: wild-type histamine
H, receptor, 5A: mutant histamine H, receptor lacking five putative phos-
phorylation sites, PKC, PKA and PKG: protein kinases C, A and G, respec-
tively, CaMKII: calcium calmodulin-dependent protein kinase II.
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Fig. 6. Increase in Histamine H; Receptor Gene Expression after Stimulation of H; Receptor-bearing HeLa Cells with Histamine

HeLa cells were incubated in the absence of fetal bovine serum 24 hours prior to 10 um histamine stimulation. A: time-course of receptor expression level (A) .
Histamine H, receptors were determined with [*H]mepyramine binding assay. Control of receptor expression level at time zero without stimulation was represented
as 100%. *p<<0.01 vs. control (n=4). B: time-course of receptor mRNA level after histamine stimulation (l) and control (O). *p<{0.01 vs. control (n=4). C:
time-course of histamine H; receptor gene promoter activity (4). *p<(0.01 vs. control (n=4). D: decay of histamine H, receptor mRNA level after protein synthe-
sis termination. Protein synthesis was terminated with actinomycin D three hours after 10 um histamine stimulation (M) and control (O).
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Fig. 7.

Protein Kinase C-mediated Increase in Histamine H; Receptor Gene Expression in HeLa Cells

The receptor mRNA level (A) and the receptor gene promoter activities (B) were determined four hours after 10 um histamine stimulation in HeLa cells.
R031-8220, rottlerin and Go-6976, protein kinase C inhibitors, were pre-treated one hour before histamine stimulation. A: histamine H; receptor mRNA was deter-
mined with quantitative real-time PCR. *p<(0.05 vs. control without histamine (n=4), ¥p<0.05 vs. control with histamine (n=4). B: histamine H, receptor gene
promoter activity was determined using luciferase reporter gene with H; receptor gene promoter from —8368 to —6277. *p<(0.05 vs. control without histamine (n
=4), #p<<0.05 vs. control with histamine (n=4). C: time-course of histamine H, receptor mRNA level in HeLa cells with () and without (A) protein kinase C-

activation phorbol ester (PMA). *p<0.05 vs. control (n=4).
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Fig. 8. Chemical Structure of Toluene 2,4-Diisocyanate (TDI) (A), and Experimental Schedule for the Preparation of TDI-induced

Nasal Hypersensitivity Model Rats Using Brown-Norway Rats
Arrows indicate sensitization time with 10% TDI.
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Fig. 9. Photographs of Control Brown-Norway Rats (Left) and Model Rats after TDI Provocation with TDI (Right)
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Fig. 10. Scoring Criteria for Symptoms of Nasal Hypersensitivity (A), and Scores of Control Rats and TDI-induced Hypersensitivity
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Fig. 11. Up-regulation of Histamine H; Receptor in Nasal Mucosa of TDI-sensitized Nasal Hypersensitivity Rats

A: time-course of histamine H, receptor mRNA level after provocation with TDI. Control (O), TDI provocation (M) and pretreatment of d-chlorphenira-
mine (30 mg/kg wt, ip) 15 min before TDI-provocation (A). *p<0.01 vs. control (n=4) and *p< 0.01 vs. TDI-provocation. B: expression level of histamine H,
receptor in nasal mucosa of control rats and TDI-induced model rats 24 hours after provocation. The receptor was determined with [*H]mepyramine binding assay,
and the control value was represented as 100% . *p<0.05 vs. control (n=4). C: Suppression of histamine H, receptor mRNA elevation by pre-treatment of anti-
histamines (d-chlorpheniramine and olopatadine, 30 mg/kg wt, ip) 15 min before provocation. *p<(0.05 vs. control (n=4), and *p<0.05 vs. TDI-none (n=4).
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Effects of Suplatast on IgE Receptor-mediated Elevation of Allergy Cytokine mRNAs in RBL-2H3 Cells

RBL-2H3 cells pre-treated with 100 um suplatast (IPD) were sensitized with 100 ng/ml anti-dinitrophenyl (anti-DNP) monoclonal antibody for 12 hours. IL-4
mRNA (A), IL-5mRNA (B) and IL-9 mRNA (C) were determined one hour after the stimulation of sensitized cells by 100 ng/ml DNP-HAS (DNP). *p<{0.05 vs.

control (n=4) and *p<0.05 vs. DNP (n=4).
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HeLa fifld 2 W 27512 K 0, H, Z&EKHEIT
EHFF—E COITFINENT S H ZRKER
FTREFEZS SR ITIENHLNERD, Sk
BN TH ZOMENGI SR IIN TS EER
515, PieAH I VHEIFABMFEIIBNTEZSY 2
CH ZBERENT DT FINOERDOHILST,
H, Z8EFH L X)) L7 OMEGERZ N 2EIR

WEEZSZR I LU TWD AR RBEINS.
FTHUTHLUT, TUIF—REETIN T v b akh
EICBITBHEAY I H 25K mRNA L)L |
FidMLc 07 LILF —RERERICX D FT TR
HEWL X)LV THIfI SN, 6 ORFERIZE RS
S UH ZBEKRS T FIVEER LW, SRR
L) 2@ il 2 & T H)L oIz
5L TwaseEEz6N5. Lhl, TNTNORE
BT, ROEREEIZE< RIS, 2704 REK
WEBERASY 22 H SERFEBMAICIER L,
H, /K& T 70— —iGEHEoME z 1L T
ERZ5IEE T (Fig. 13). THUIKHL T, /&
Wi, SR EOMERE, KMUOXT I8 X MIE R
53 Uik, RO A I DUSNADT LIVF— AT
I —ELEOHZ N L TERHZRIESEIT &
ZZiH50N %5, IL-4 mRNA, KU IL-5 mRNA O L
N7 VIVF =TI T v MEREICBWT LR
L, 3OY L)LF —HEERERICEID, @
flanz., ZhsDT7LIVF—AF 1 T—¥ ="kt
28I H ZRRERTFRIEZSI SR T E
WOWBZIH SN T D20 ENH D, IL4, KU
IL-5 13AARIR Th2 Y1 R A > TH B0, N
MICBNWTHEEINS. 150 2L T, Z0#EK
THIATLHE S 7 FIVITIE NF-kB OB 52380 5 i
ENTWD. D £/, &2 NF-«kB OERLETHE
TUEZHIHIT 2 ZENMESNTNS. D EXF
> H, Z&AK mRNA L X)L FROMIFHIERICB N
T, fEHT 2EMMOENNS, X704 KK
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Fig. 13. Regulation Mechanism of Histamine H; Receptor Gene Expression as Target of therapeutics for Allergic Diseases

EONERHTERZRBT 20184 L T, /INEE
Vi, W2 EDOMEE, KRUOXT T8 X S ERRH
EJTLHEEbN5.

INEEY, SBIREOEE, KUOXT I8 X b
DEER 3T &2 OVE RS R I BLR FE 72 5.
TULINF—FFTINTy FhZ2HWDTY LILF —EEH
HIE AT HBTUEICET % in vivo DIFTERE R 2 5
EHEZRWS in vitro DEBRTHETESD 2 &N
ZTOMBEHDERIZ/-NWNAEETHS. RBL-
2HIMIfIC BT 2407 LILF—HA M1 >
@ mRNA L N)b EFITR 9 2N 280 <7223,
invivo DEBRFERELI VW —-FNR BN
7. ZOHEMELT, invivollBWT, EMRT
VIWVF =TI Fy RT—=INERICH D=0 &
ZzoN%., LML, RBL2H3 #ifl D IgE Z 754K
FIPIZ £ B IL-9 mRNA L N)L ERNAT 54 2 b
DOBHICXVIFFR2ITHH SN~ Z L1 2 DY
DIER TN OMIENICEET S I E2ERL T
W5, 5, AT 55 A NOENSTOREEST
EEEAEEERIAL, AHRERDLZODET IV
W2z Lz,

AT IH AL, NE#EE, KRTESOEMTER
THREFGEEEZN L TolERIINEEZLN
%, 2LT, ZOMOEYNGEDOEEIIGERE L
LTHWBNELDITREEEZLNS. L,
MR T LIVF =T F %y NT—0 OFIED -

DIZ, ZOFMOEYOIRBIE L L TORGIEDHEL
NHEHETHS.
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