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Abstract  The purpose of this study was to investigate 
the role of histamine in human rheumatoid synovial fi- 
broblasts in the production of factors responsible for tis- 
sue remodelling and cartilage breakdown in rheumatoid 
arthritis. We examined the effects of histamine of tritiat- 
ed thymidine incorporation, production of matrix metal- 
loproteinase-1 (MMP-1), histamine H~-receptor expres- 
sion, phosphoinositide metabolism and intracellular cal- 
cium ion concentration ([Ca2+]i) in human rheumatoid 
synovial fibroblasts. Tritiated thymidine incorporation 
studies demonstrated that histamine markedly stimulated 
the proliferation of rheumatoid synovial fibroblasts. Im- 
munofluorescence and Northern blot analyses revealed 
that proMMP-1 production was also stimulated by hista- 
mine. The levels of inositol phosphates and [Ca~+]i in the 
cells were elevated in response to histamine, indicating 
that the cells expressed histamine H~-receptors; and 
Northern blot analysis indicated that these HI-receptors 
were up-regulated by histamine. In in situ hybridization, 
large amounts of histamine H~-receptor mRNA were also 
detected in rheumatoid synovial tissue. These results 
suggest that the interaction between Hi-receptor expres- 
sion in rheumatoid synovial fibroblasts and histamine se- 
cretion by mast cells and macrophages in the affected 
sites is an important event responsible for tissue remod- 
elling and joint destruction in rheumatoid arthritis. 
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Introduction 

The synovial tissue of patients with rheumatoid arthritis 
shows pronounced hyperplasia of sublining fibroblasts 
associated with various types of inflammatory cells. This 
results in invasive resorption of cartilage and bone in the 
joints, a process known as tissue remodelling [5, 20, 21]. 
Such an inflammatory process can be initiated by a vari- 
ety of events, including immune activation in the rheu- 
matoid joint, in which activation is followed by cell mi- 
gration, extracellular matrix degradation and cell prolif- 
eration. The matrix-degrading enzymes are considered to 
play key roles in tissue remodelling under pathological 
conditions [19, 28, 35] and in rheumatoid arthritis, me- 
talloenzymes provide essentially all the proteolytic activ- 
ity necessary to hydrolyze the collagens of the synovium 
and cartilage matrix [2, 8, 9, 19]. The joint destruction is 
caused by certain factors responsible for the degradation 
of extracellular matrix macromolecules [9, 19, 32] in- 
cluding the matrix metalloproteinases (MMPs), which 
are secreted by rheumatoid synovial fibroblasts [26, 33]. 
In previous studies [23, 24, 26], we demonstrated that in- 
terleukin 1, growth factors and lipid peroxide stimulate 
rheumatoid synovial fibroblasts to produce MMPs and 
that MMPs are responsible for tissue remodelling and 
development in arteries [36] as well as for destruction of 
stromal tissue by tumour cells [39]. 

Increases in the number of mast cells and histamine 
concentrations in rheumatoid synovium [10] and joint 
fluid [15] have been reported and consequently mast 
cells have attracted attention as potentially important 
participants in rheumatoid arthritis [6, 11, 18]. Histamine 
is a widely occurring chemical mediator that serves as a 
neurotransmitter and a modulator of gastrointestinal and 
smooth muscle cell functions [13] mediated by histamine 
receptors. At least three subtypes (HI, H 2 and H3) have 
been identified on the basis of their pharmacological 
properties [22]. Histamine Hi-receptors are known to be 
coupled to the phosphoinositide hydrolysis pathway and 
their activation results in an increase in the intracellular 
calcium concentration, [Ca2+]i [29, 38]. H2-receptors are 
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coupled to adenylate cyclase, and thus their activation in- 
creases the concentration of intracellular adenosine 
3',5'-cyclic phosphate (cAMP) [17]. In previous reports 
[38, 40], we have also described the expression of hista- 
mine Hi-receptors in arterial smooth muscle cells in rela- 
tion to the cell proliferation that results in the formation 
of atherosclerotic foci. 

As histamine is also an initiator of inflammatory reac- 
tions, these findings led us to hypothesize that histamine 
plays a role in the pathophysiology of rheumatoid arthri- 
tis. However, the role of histamine in the regulation of sy- 
novial fibroblast growth and metabolism has yet to be 
clarified. In order to explore our hypothesis, we studied 
the effects of histamine on the production of MMP-1, ex- 
pression of histamine receptors and DNA synthesis by 
cultured rheumatoid synovial fibroblasts. We also exam- 
ined the accumulation of phosphatidylinositol phosphates 
(IPs), mobilization of [Ca2+]i and levels of cAMR which 
are second messengers of H l- or H2-receptors, in these 
cells in order to analyse the mechanism by which hista- 
mine acts on human rheumatoid synovial fibroblastso 

Materials and methods 

Cell culture 

Synovia were obtained from patients with active rheumatoid ar- 
thritis, as described previously [26]. Briefly, the tissue specimens 
were cut into small pieces and incubated in Dulbecco's modified 
Eagle's medium (DMEM; Nissui Pharmaceutical Company, To- 
kyo, Japan) supplemented with 10% (v/v) fetal calf serum (FCS; 
Filton, Brooklyn, Australia), 100 U/ml penicillin and 10 gg/ml 
streptomycin. Synovial fibroblasts grew from these explants with- 
in a week, and these cells were trypsinized and subcultured in the 
medium described above. Cells cultured up to the seventh passage 
were used in the experiments. Synovial fibroblasts obtained from 
patients with surgical orthopedic trauma and osteoarthritis were 
used as a control for the in in situ hybridization experiments. 

Incorporation of tritiated thymidine 

The incorporation of tritiated thymidine was determined by a pre- 
viously described method [24]. Briefly, the cells were plated in 
24-well culture plates with DMEM supplemented with I0% (v/v) 
FCS. When they had reached semiconfluence they were washed 
three times with phosphate-buffered saline (PBS; Nissui) and in- 
cubated in serum-free medium for 24 h to arrest cell growth. Then 
the medium was replaced with serum-free DMEM containing 
1 gCi/ml of tritiated thymidine (Amersham Japan, Tokyo, Japan), 
and various concentrations of histamine (Wako Pure Chemicals, 
Osaka, Japan), which had been dissolved in distilled water and 
pH-adjusted to 7.0, were added. The cells were subsequently incu- 
bated for a further 24 h and harvested with 0.5 ml 0.5 M sodium 
hydroxide. After neutralization with an equal volume of 0.5 M hy- 
drochloric acid (HC1), the cells were washed three times with 2 ml 
0.6 M sodium chloride (NaC1)/0.06 M trisodium citrate on mixed 
cellulose acetate-cellulose nitrate filters (Millipore, Bedford, 
Mass., USA), and washed three times with 10% (v/v) trichloroace- 
tic acid (TCA; Wako); then the radioactivity remaining on the fil- 
ters was measured. 

Immunofluorescence microscopy 

Cells grown on a coverslip were cultured in DMEM for 24 h, incu- 
bated for a further 12 h in serum-free medium in the presence of 1 

gM histamine, incubated in serum-free medium containing 1 
gg/ml of monensin overnight, and fixed with 95% (v/v) cold ace- 
tone. Indirect immunofluorescence staining with sheep antibody 
against human proMMP-1 (a gift from Prof. Hideaki Nagase, De- 
partment of Biochemistry and Molecular Biology, Kansas Medical 
Center, Kansas, USA) was performed, as described previously 
[37]. After incubation with the antibody for 1 h, the cells were 
washed three times with PBS, incubated with fluorescein isothio- 
cyanate-conjugated rabbit anti-[sheep IgG] IgG for 1 h, washed a 
further three times with PBS, and observed under an Olympus flu- 
orescence microscope. 

Northern blotting analysis 

Partial cloning of the human proMMP-1 gene was performed as 
follows: a GeneAmp RNA PCR Kit (Perkin Elmer Cetus, Nor- 
walk, Conn., USA), which employed the reverse transcriptase- 
polymerase chain reaction (RT-PCR) method, was used to isolate 
the proMMP-1 gene from a human aortic endothelial cell line [37] 
and a human smooth muscle cell line [30]. The total RNA was ex- 
tracted from these cells by the acid guanidium isocyanate/phe- 
nol/chloroform method, and poly(A)+mRNA was isolated by oli- 
go(dT)-cellulose chromatography. Single-strand cDNA was syn- 
thesized from it by use of morony murine leukaemia virus-RT, ran- 
dom hexamer and 100 ng RNA as a template. After the addition of 
2.5 U Ampli Taq DNA polymerase, dNTP mixture and the syn- 
thetic oligonucleotide primers, PCR was performed, directly for 
60 cycles (94 ° C, 1 min; 55 ° C, 1 min; 74 ° C, 1 min). The synthet- 
ic oligonucleotides (5': ATGCACAGCTTTCCTCCA; 3': TCAA- 
TTTTTCCTGCAGTT) for proMMP- 1 gene that we made expaned 
the 1410 base pair (bp) DNA sequence corresponding to base resi- 
dues 72-1481 of the human proMMP-1 gene [1]. The primers (5': 
ATGAGCCTCCCCAAT TCC; 3': GATGAGCTCCCGGTGCTG) 
for the human histamine Hi-receptor gene yielded the DNA se- 
quences of a 680 bp product corresponding to residues 1 (transla- 
tion initiation site)-680 of the human H 1-receptor gene [ 16]. These 
RT-PCR products were cloned in pBluescript SK(+) by use of a 
pCR-Script SK(+) cloning kit (Strategene, La Jolla, Calif., USA). 
We confirmed the sequences of the positive clones by automated 
laser fluorescent DNA squencing (Pharmacia, Uppsala, Sweden). 
After addition of various concentrations of histamine, the cells 
were incubated for 24 h and the total RNA was extracted. 

The cells were seeded into 60 mm Petri dishes (lxl06/dish) and 
cultured in 5 ml of medium. The cells were incubated in serum-free 
medium for 24 h prior to the experiment to arrest cell growth. After 
removal of the old medium, fresh medium containing various con- 
centrations of histamine was added, the cells were incubated for a 
further 24 h, and the total RNA was extracted from these cultures. 
Ten micrograms of RNA was separated by electrophoresis on 1.4% 
(w/v) agarose gel containing 6.2% (w/v) formaldehyde and lx3- 
(N-morpholino)propanesulfonic acid (MOPS), transferred to Gene 
Screen Filters (New England Nuclear-Du Pont, Mass., USA) and 
prehybridized. Next, the cDNA fragments for human proMMP-1 
were labelled with ~z[32p]dCTP by the random priming method and 
hybridized at 42 ° C overnight with the filters at 65 ° C in a solution 
containing 50% (v/v) formamide, 5xDenhardt's solution, 5xsaline 
sodium phosphate EDTA (SSPE), 1% (w/v) sodium dodecyl sul- 
phate (SDS) and 100 gg/ml denatured salmon sperm DNA. The fil- 
ters were washed three times with 2xSSPE at room temperature for 
15 min, with 2xSSPE and 2% (w/v) SDS at 65 ° C for 45 min, and 
finally with 0.1xSSPE at room temperature for 15 min. Autoradi- 
ography was performed with Kodak X-OMATTMAR films (East- 
man Kodak Company, Rochester, New York, USA) at -70 ° C for 2 
days. The autoradiographs were analysed quantitatively with a den- 
sitometer, as described previously [40]. 

Measurement of tritiated IPs formation 

The amounts of tritiated IPs formed were determined as described 
previously [38]. Rheumatoid synovial fibroblasts in six-well cul- 



ture plates were labelled with tritiated inositol (1 gCi/well) in ino- 
sitol-free medium for 48 h, then washed three times with Krebs-N- 
2-hydroxyethylpiperazine-N'-2-ethanesulfonioc acid (HEPES) bi- 
carbonate (KHB) buffer, which comprised 125 mM NaC1, 4.7 mM 
potassium chloride, 2.2 mM calcium chloride, 1.2 mM magnesium 
chloride (MgC12), 1.2 mM potassium KH2PO 4, 15 mM sodium bi- 
carbonate, 11 mM glucose, and 15 mM HEPES (pH 7.4), and pre- 
incubated in 1.8 ml KHB buffer containing 10 mM lithium chlo- 
ride (LiCI) for 5 min at 37 ° C. Histamine (100 gM) in KHB buffer 
containing 10 mM LiC1 was added to the solution, and the reaction 
was carried out for 0, 0.5, 1, 5 and 10 min at 37 ° C and then termi- 
nated by quick aspiration of the buffer. Next, 1 ml of 5% (w/v) 
TCA was added to each well and tritiated inositol monophosphate 
(IP~), tritiated inositol biphosphates (IP2), and tritiated inositol tri- 
phosphates (IP3) were separated by Bio-Rad AG1-X8 chromatog- 
raphy, as described by Berridge et al. [4]. The radioactivity in each 
eluate was determined by liquid scintillation counting. 

Measurement of cAMP 

Synovial fibroblasts were incubated in 10 ml of Hanks' medium 
containing 10 mM HEPES (pH 7.4) and 0.25% (w/v) bovine se- 
rum albumin, and then incubated for 40 rain at room temperature 
with 1 mM fura-2/AM dissolved in dimethyl sulphate [final con- 
centration, 0.1% (v/v)]. After the cells had been loaded with the 
indicator, the cells were washed twice and resuspended in KHB 
buffer at a concentration of lxl05 cells/ml. Fluorescence excita- 
tion was made with a Hamamatsu 75Xe lamp, and excitation 
wavelengths of 340 and 380 nm were selected by computer-con- 
trolled movement of filters in the light path. Paired recordings 
were made every 5 s, and fluorescence images were captured with 
a Hamamatsu SIT camera (C2400-08th) and stored in a digital im- 
age processor (Argues-100). The [Ca2+]i was calculated from the 
ratio of the fluorescence intensity obtained with excitation at 340 
and 380 nm on a pixet basis, as described previously [38]. 

200 

Rheumatoid synovial fibroblasts (3xl05/well) in 24-well plates were 
washed twice with 1 ml of KHB buffer (pH 7.4) at 37 ° C and prein- 
cubated for 10 rain in 800 gl of the buffer, and then 100 ~tl of KHB 
buffer containing 10 gM histamine and 100 gl of 10 mM 3-isobutyl- 
1-methylxanthine were added to each well. After incubation for var- 
ious times (0, 1, 5, 10, 15 and 20 rain), the reaction was terminated 
by aspirating the medium quickly; and next 1 ml of 5% (w/v) cold 
TCA was added to the cells. The resulting solution was centrifuged 
at 3,000rpm for 10 rain, the extracted supernatant was washed 
twice with 6 ml water-saturated diethyl ether, and the amount of 
cAMP in the extract was measured by use of an Amersham cAMP 
[125I] assay system. After incubation with rabbit anti-succinyl 
cAMP serum followed by centrifugation at 3,000 rpm for 10 min, 
the supernatants were discarded; and the radioactivity in the precipi- 
tated samples was counted with a gamma counter. The results ob- 
tained with standards were used to construct a standard curve. 

Measurement of prostaglandin E~ (PGE2) 

Rheumatoid synovial fibroblasts were cultured in the presence of 
100 gM histamine in 2 ml of PBS for 0, 5 and 10 rain at 37 ° C, 
and the reaction was terminated by quick aspiration of the buffer. 
The aspirated solutions were stored at -70  ° C until analysed. Mea- 
surement of PGE 2 was performed with a PGE 2 [125I] radioimmu- 
noassay kit (Du Pont de Nemours and Company, Boston, Mass., 
USA). In this assay, an analogue of PGE2 was used as a tracer and 
rabbit anti-PGE 2 as the antiserum (specific antibody). PGE 2 in the 
sample was extracted with a B OND-ELUT C 18 extraction column 
(Analytichem International, Harbor City, Calif., USA); the result- 
ing extracted sample was incubated with the tracer and antiserum 
overnight at 4 ° C, cold precipitating reagent was added, and the 
mixture was incubated at 4 ° C for 30 rain. After centrifugation at 
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Measurement of [Ca2+]i 
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Fig. 1 Effect of histamine on DNA synthesis by rheumatoid syno- 
vial fibroblasts. The amount of DNA synthesized was determined 
by measuring the incorporation of tritiated thymidine, as described 
in Materials and methods. Histamine (10-100 gM) stimulated cell 
proliferation in a concentration-dependent manner. DPM=Dis- 
integration per minute. Mean-+standard deviation (SD), n=4 
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Fig. 2 Effect of histamine on promatrix metalloproteinase 
(MMP)-I gene expression in rheumatoid synovial fibroblasts. The 
intensity of each band was measured densitometrically, and the 
amount of proMMP-1 mRNA was calculated as a percentage of 
the control value. The bars represent the amounts of proMMP-1 
gene transcribed in rheumatoid synovial flbroblasts 

3,000 rpm for 30 rain, the supernatants were discarded and the ra- 
dioactivity of each precipitate was counted in a gamma counter. 
The results obtained with known amounts of PGE 2 were used to 
construct a standard curve. 

In situ hybridization 

Human tissues were fixed in 4% paraformaldehyde in PBS at 4 ° C 
overnight, dehydrated, and embedded in low-melting-point paraf- 
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Fig. 3A, B Immunocytochemi- 
cal staining of proMMP-1 pro- 
duced by rheumatoid synovial 
fibroblasts. Immunofluores- 
cence staining revealed that 
histamine stimulated produc- 
tion of proMMP- 1 by rheuma- 
toid synovial fibroblasts. A Un- 
treated control cells, B cells 
treated with I gM histamine 
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Fig. 4 Time course of tritiated inositol triphosphate accumulation 
by lithium chloride-treated rheumatoid synovial fibroblasts. 
Mean+SD, n=3 

fin wax. Sections 5 gm thick were mounted on silane-coated glass 
slides and dried at 37 ° C. Some sections were stained with haema- 
toxylin and eosin to confirm the presence of pathological changes 
of active rheumatoid arthritis or osteoarthritis. After removal of 
the wax with alcohol, the sections were treated with 20 gg/ml pro- 
teinase K, post-fixed in 4% paraformaldehyde in PBS, treated with 
0.25% acetic anhydride in 0.1 mol/1 triethanolamine, and dehy- 
drated again. A Digoxigenin (DIG) Oligonucleotide 3'-End Label- 
ling Kit (Boehringer Man.nheim Biochemica, Mannheim, Germa- 
ny) was used for experiments. DIG-labelled single-stranded sense 
or antisense RNA probes were synthesized with T 7 or T z RNA 
polymerase after linearization with EcoR I or with Sac I following 
mung bean nuclease treatment. The probe was added to the hy- 
bridization solution (50% formamide, 10 mmol/1 TRIS-HC1 [pH 
7.6], 1 mmol/1 ethylenediamine tetraacetic acid, 600 mmol/1 NaC1, 
lxDenhardt's solution, 0.25% SDS, 10% dextran sulphate, 200 
gg/ml yeast-tRNA) at a final concentration of 1 gg/ml. After by- 
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Fig. 5 Time course of the intracellular calcium ion concentration 
[Ca2÷]i) response of rheumatoid synovial fibroblasts to histamine. 
Fura-2 loaded cells were exposed to histamine (100 ~tM) for the 
time designated by the bar. The lines show the time course of sev- 
en independent cells, indicating synchronous elevation of [Ca2÷] i 
in response to histamine 

bridization at 50 ° C overnight, a washing procedure that included 
RNAse treatment (20 ~tg/ml) was performed. After incubation 
with buffer containing 100 mM maleic acid, 100 mM TRIS-HC1 
(pH 7.5) and 150 mM NaC1, the sections were incubated with 
buffer 1 containing alkaline phosphatase-conjugated anti-DIG an- 
tibody followed by washing with buffer containing 100 mM TRIS- 
HC1 (pH 9.5), 100 mM NaC1 and 50 mM MgC12. The sections 
were then visualized with nitroblue tetrazolium chloride and 5- 
bromo-4-chloro-3-indolylphosphate p-toluidine salt (Wako). 
Counterstaining was performed by immersing the slides in 0.5% 
methyl green in 0.1 mol/1 sodium acetate solution (pH 4.0) for 5 
min at room temperature. 
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Fig. 6 Formation of cAMP by rheumatoid synovial fibroblasts. 
[]Histamine (100 btM), • histamine (100 gM)+indomthacin (1 
btg/ml). Mean_+SD, n=5 

Results 

Histamine, at concentrations of 10-100 btM, stimulated 
DNA synthesis by rheumatoid synovial fibroblasts in a 
concentration-dependent manner, and maximal stimula- 
tion (twofold) was observed with 100 btM (Fig. 1). The 
effect of histamine on proMMP-1 mRNA production by 
rheumatoid synovial fibroblasts was analysed by North- 
ern blotting analysis of the total cytoplasmic RNA from 
the synovial fibroblasts stimulated by histamine. As 
shown in Fig. 2, the amount of mRNA for proMMP-1 
transcribed by the cells increased in the presence of his- 
tamine in a concentration-dependent manner. 

Immunofluorescence staining showed that histamine 
stimulated proMMP-1 production; proMMP-1 was de- 
tected in the cytoplasm of histamine-treated rheumatoid 
synovial fibroblasts but not in that of the untreated con- 
trol specimens (Fig. 3). This result is consistent with that 
of the Northern blotting analysis. 

The accumulation of IP3, which is a second messen- 
ger of the Ht-receptor, was investigated. Histamine (100 
gM) increased the accumulation of IP 3 by rheumatoid 
synovial fibroblasts compared with that by untreated 
cells, and maximal stimulation (2.5-fold) was seen 1 min 
after the addition of histamine (Fig. 4). The accumula- 
tion of IP t and IP 2 also increased in response to hista- 
mine in a time-dependent manner (data not shown). As 
shown in Fig. 5, consequently, activation of phospholi- 
pase C via IP 3 led to the synchronous elevation of [Ca2+]i 
immediately after the addition of the histamine. The ac- 
cumulation of cAMP, which acts as a second messenger 
of histamine H2-receptors, was also investigated. Five 
minutes after the addition of 100 }.tM histamine to the 
culture, increased cAMP accumulation by rheumatoid 
synovial fibroblasts was seen. This reaction, however, 
was inhibited markedly by the addition of 1 gg/ml indo- 
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Table 1 Production of prostaglandin E 2 (PGE a) in rhumatoid sy- 
novial fibroblasts stimulated by histamine 

Time(min) PGE2(pg/gg protein;mean ±standard deviation) 

0 0.517±0.148 
5 3.797±0.739 

10 3.767±0.095 
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Fig. 7 Effect of histamine on H~-receptor gene expression. The 
intensity of each band was measured densitometrically, and the 
amount of Ha-receptor mRNA was calculated as a percentage of 
the control value. The bars represent the amounts of the H~-recep- 
tor gene transcribed in rheumatoid synovial fibroblasts 

methacin, an inhibitor of prostaglandin production (Fig. 
6). The addition of 100 btM histamine stimulated PGE 2 
production by rheumatoid synoviai fibroblasts in a time- 
dependent manner. The cells had produced 3.767_+0.095 
pg PGEJmg protein by 5 rain after the addition of the 
histamine (Table 1). 

The expression of HI-receptor mRNA was investigat- 
ed by Northern blotting analysis and in situ hybridiza- 
tion. The amount of HI-receptor mRNA transcribed in- 
creased in the presence of histamine. Maximal stimula- 
tion (1.5-fold) was observed in the presence of 1 btM his- 
tamine (Fig. 7). As shown in Fig. 8, in situ hybridization 
demonstrated that large amounts of histamine H~-recep- 
tor mRNA were expressed in synovial epithelium and 
stromal fibroblasts in the rheumatoid synovial tissue 
(Fig. 8B) and in osteoarthritis, the expression of the H 1- 
receptor was localized mainly in the epithelium of on the 
surface of synoviai tissue. However, the amount of the 
receptor expressed in the synovial tissue affected with 
osteoarthritis was less than that in the rheumatoid syno- 
vial tissue (Fig. 8E). 

Discussion 

Histamine is produced from histidine by histidine decar- 
boxylase (HCD) through a single enzymatic reaction [3, 
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Fig. 8A-F In situ hybridization of synovial tissue with the human 
histamine H~-receptor RNA probe. Light micrographs show rheu- 
matoid arthritis with an intense infiltrate composed of lympho- 
cytes (A), which are positive for methyl green but not with the H 1- 
receptor RNA probe (B). Synovial epithelium and fibroblasts are 
strongly stained with the H~-receptor RNA probe (B). In osteoar- 
thritis, the amount of expression of the H~-receptor in them is less 
than that in rheumatoid arthritis (D). A-C Rheumatoid synovial 
tissue, D-F synovial tissue of osteoarthritis. A-D Haematoxylin 
and eosin staining; B, E antisense; C, F sense. (Original magnifi- 
cation, x40 for all) 

25]. HCD is distributed mainly in mast cells, basophils 
and macrophages. Therefore, it is likely that macro- 
phages and mast cells, which are involved in the patho- 
logical process of rheumatoid arthritis, are possible pro- 
ducers of histamine [44]. In addition, various researchers 
have reported that histamine can stimulate the growth of 
carcinoma cells, smooth muscle cells and fibroblast cell 
lines [27, 34, 43]. In the present study, we found that his- 
tamine stimulated DNA synthesis and proMMP-1 pro- 
duction by rheumatoid synovial fibroblasts and con- 
firmed, using Northern blotting analysis with a human 
proMMP-1 cDNA probe, that the expression of proM- 

MP-1 mRNA was up-regulated by histamine. MMP-1 is 
capable of degrading types I, II and III of interstitial col- 
lagen [45], and collagens are major structural proteins in 
the intercellular spaces and play important roles in mor- 
phogenesis [14, 31]. Therefore, degradation of collagen 
is controlled precisely by collagenolytic enzymes, in- 
cluding proMMPs. Histamine has been also reported to 
stimulate human articular chondrocytes to produce colla- 
genase [46]. Therefore, ability of rheumatoid synovial fi- 
broblasts and chondrocytes to synthesize MMP-1 sug- 
gest that histamine secreted by both mast cells and mac- 
rophages participates in the regulation of the turnover of 
pathological extracellular matrix macromolecules as well 
as in the cell proliferation in joints affected by rheuma- 
toid arthritis. 

Of the three types of histamine receptors, the Hi-re- 
ceptors are linked to PI breakdown [12] and calcium mo- 
bilization [7]; and the H2-receptors are linked to cAMP 
formation [17]. We demonstrated that histamine stimu- 
lated hydrolysis of IPs and [Ca2+]i elevation via phospho- 
lipase C activation. Both these processes increase the 
transcription of jun and fos protooncogenes, resulting in 
the enhancement of activator protein-1 (AP-1) complex 
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formation, and this complex can then stimulate the tran- 
scription of some other genes. In fact, the regulatory re- 
gion for the proMMP-1 gene contains an AP-l-respon- 
sire element. Therefore, our results indicate that synovial 
fibroblasts express the Hi-receptors on their surface. We 
confirmed this expression using Northern blotting analy- 
sis with a human histamine Hi-receptor cDNA probe and 
by in situ hybridization: relatively large amounts of the 
Hi-receptors were expressed in synovial fibroblasts 
when compared with synovial tissue obtained from pa- 
tients with osteoarthritis. We also demonstrated that his- 
tamine stimulated transcription of the Hi-receptor gene 
in these cells. We believe that focally produced hista- 
mine is the most important factor involved in pathologi- 
cal processes limited to a specific organ(s) or focal 
site(s), even though histamine is present even in serum. 
Therefore, we suggest that expression of large amounts 
of the Hi-receptor and secretion of histamine are patho- 
logically important events in rheumatoid arthritis. 

Our study showed that histamine slightly increased 
the amount of  cAMP accumulated by rheumatoid syno- 
vial fibroblasts, although the pattern was not like that of  
smooth muscle cells in response to PGE 2. However, the 
addition of indomethacin, an inhibitor of  PG synthesis, 
inhibited the elevation of cAMP induced by histamine. 
Histamine has also been reported to stimulate human 
rheumatoid synovial cells and articular chondrocytes to 
produce PGE 2 [42], which prostanoid alters vascular 
tone and permeability of the synovial vessels. A pharma- 
cological study using antagonists against H l- and H2-re- 
ceptors suggested that Hi-receptors are expressed in 
rheumatoid synovial cellls and human articular chondro- 
cytes [41]. Therefore, this elevation of cAMP levels, 
which was inhibited by the addition of indomethacin, is 
considered to be due to histamine-induced PGE 2, and not 
to a direct effect of histamine. Therefore, it would appear 
that synovial fibroblasts express H l- but not H2-rece p- 
tors. 

We conclude that expression of large amounts of his- 
tamine Hi-receptor by rheumatoid synovial fibroblasts 
and production of histamine by mast cells and macro- 
phages may play an important role in both remodelling 
and disruption of the joints of patients suffering from 
rheumatoid arthritis. 
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