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SUMMARY

Human IL-17 is a cytokine secreted by CD41-activated memory T cells with the profile of effects of a

Th1 cytokine. The effects of IL-17 on many cellular constituents of joints suggest that it may participate

in inflammatory joint diseases. Proteins of the complement system are known to be regulated by pro- and

anti-inflammatory cytokines. The purpose of this work was to study the effect of IL-17 alone and

combined with tumour necrosis factor (TNF) on the expression and synthesis of factor B and C3.

Fibroblasts were stimulated with the relevant cytokine or cytokines, pulse labelled with 35S-methionine,

and the newly synthesized proteins were immunoprecipitated and subjected to SDS±PAGE. Gene

expression was determined by Northern blot analysis. IL-17 10 ng/ml induced increases in gene

expression and protein synthesis of C3, 2´25 ^ 0´26- and 2´7 ^ 0´7-fold, respectively, with concomitant

non-significant effects on factor B, 1´5 ^ 0´45- and 2´2 ^ 1´2-fold, respectively. When both IL-17 and

TNF were present simultaneously, the synthesis of factor B increased by 85% more than the expected

additive effects of these cytokines separately, while for C3 the effect of both cytokines was 19% lower

than the expected additive effect (observed/expected � 0´81). IL-4 reduced the synergistic effect by

50%. We conclude that IL-17 has a regulatory role on C3 expression and synthesis and an amplifying

effect on TNF-induced factor B synthesis. Taken together with the evidence that TNF is a major

cytokine involved in the inflammation of rheumatoid arthritis, it suggests that IL-17 has a

proinflammatory role in the inflammation process of joints. The distinct effects of IL-4, IL-17 and

TNF on the synthesis of factor B in fibroblasts suggest that factor B and the alternative pathway of the

complement system may play an important role in joint inflammation.
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INTRODUCTION

Human IL-17 is a recently described cytokine secreted by CD41

activated memory T cells [1]. This cytokine was found to

stimulate the secretion of IL-6, IL-8, prostaglandin E2, and

granulocyte colony-stimulating factor (G-CSF) in epithelial, endo-

thelial and fibroblastic cells [2], and to increase surface expression

of intercellular adhesion molecule-1 (ICAM-1) in fibroblasts [1],

synoviocytes [1, 2] and keratinocytes [3]. In addition, IL-17 was

shown to increase nitric oxide production in cartilage [4] and in

chondrocytes [5]. Stimulation of human chondrocytes with IL-17

is associated with activation of MAP kinases and NF-kB, and

induced gene expression of IL-1b , IL-6 and stromelysin [5]. In

human macrophages, IL-17 stimulates IL-1b and tumour necrosis

factor-alpha (TNF-a ) production as well as IL-6, prostaglandin E2

(PGE2), IL-10, IL-12, IL-R antagonist and stromyelysin secretion

[6]. This profile of effects suggests that most, but not all, IL-17

effects are proinflammatory. It was suggested that on the basis of

published activities and the cellular source, IL-17 might be

classified as a Th1 cytokine [7, 8]. The expression of IL-17 in

rheumatoid (RA) synovium but not in osteoarthritis (OA) [9] and

the effects of IL-17 on many cellular constituents of joints suggest

that it may play a major role in rheumatic joint disease. IL-1 and

TNF play a pivotal role in local activation leading to joint

inflammation and destruction [10]. Among other activities, IL-1

and TNF enhance the synthesis of factor B (Bf), a major activator

of the alternative pathway of the complement system, and that

of C3 [11]. Anti-inflammatory Th2 cytokines, such as IL-4 and

IL-13, decrease TNF-induced Bf synthesis, but not that of C3, in

fibroblasts [12, 13]. Numerous models demonstrated that IL-4 and

IL-13 had favourable effects in reducing joint inflammation and
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destruction [14±19]. The purpose of the present study was to

examine what are the effects of IL-17 alone and in combination

with TNF on the synthesis of C3 and Bf in fibroblasts. The nature

of the responses may elucidate the role of IL-17 in joint

inflammation and validate the assignment of this cytokine as a

Th1 cytokine.

MATERIALS AND METHODS

Reagents

Dulbecco's modified Eagle's medium (DMEM)-high d-glucose,

penicillin±streptomycin solution, l-glutamine, and heat-inactivated

fetal calf serum (FCS) were purchased from Biological Industries

(Kibbutz Beit Haemek, Israel). DMEM without methionine,

cysteine and l-glutamine and albumin bovine fraction V were

purchased from Sigma Chemical Co. (St Louis, MO). 35S-

methionine Redivue pro-mix (sp. act. approx. 1000 Ci/mmol) and

a32P-dCTP (sp. act. approx. 3000 Ci/mmol) were acquired from

Amersham (Little Chalfont, UK). Goat anti-human C3 and goat

anti-human properdin factor B were purchased from Incstar Corp.

(Stillwater, MN), and protein A Pansorbin cells from Calbiochem

Novabiochem Co. (La Jolla, CA). Recombinant human TNF-a ,

recombinant human IL-1a and recombinant human IL-17 were

purchased from R&D Systems Inc. (Minneapolis, MN).

Cell culture conditions, biosynthetic labelling and

immunoprecipitation

Fibroblast cell lines were initiated in our laboratory from skin

biopsies of four apparently normal individuals aged 18±60 years

as previously described [20]. Monolayers were maintained in

DMEM with 10% FCS at 378C until confluence. Three wells of

2 cm2 each (1´5 � 105 cells) were used per condition. Prior to the

addition of cytokines, the medium containing FCS was replaced

by DMEM with 1 mg/ml bovine serum albumin (BSA) alone

(control) or with various concentrations of cytokines for periods as

indicated in each set of experiments.

Biosynthetic labelling for the analysis of the newly synthe-

sized protein was performed essentially as previously described

[11]. In brief, following incubation in medium containing

cytokines, the cells were incubated in methionine-free medium

supplemented with excess of 35S-methionine for 2 h. The medium

was then removed, centrifuged and supernatant was kept at 2208C
for analysis of proteins secreted from the cells during the labelling

period. The cells were then lysed by freeze±thawing in the

presence of detergents. Total protein synthesis was estimated by

incorporation of 35S-methionine into TCA-insoluble proteins.

Specific proteins were sequentially immunoprecipitated from

either cell lysates or extracellular medium with monospecific

antibody and protein A, and analysed by SDS±PAGE followed by

fluorography. Incorporation of 35S-methionine into specific

immunoprecipitated protein was determined in gel slices after

digestion with 15% hydrogen peroxide for 16 h at 658C and

counted with a b -counter.

Northern blotting

Total RNA was isolated from cells following incubation in

medium containing cytokines as indicated, by RNAsol (TEL-

TEST Inc., Friends Wood, TX) according to the manufacturer's

instructions. In brief, after fibroblast cells were lysed with

RNAzol B (2 ml per 107 cells), the RNA was extracted with

chloroform, and the aqueous phase was cold precipitated by

isopropanol, dissolved with diethylpyrocarbonate (DEPC)-treated

ddH2O and quantified by absorbency at 260 nm. RNA extract

(10 mg) was run on agarose-formaldehyde gel and was blotted on

nylon membrane (Hybond-N; Amersham) with 10� SSC for 18 h.

Equal loading of samples was assured by ethidium-bromide

shadowing. The membrane containing the RNA was subjected to

UV cross-linking, prehybridized with herring sperm DNA

(Promega Corp., Madison, WI) in Rapid-hyb buffer (Amersham)

at 658C and hybridized with random labelled radioactive cDNA

probes (rediprime; Amersham). Plasmids pC3.59 with the human

C3 cDNA insert (1 kb, BstEII fragment) [21], and BfA28 with the

human factor B cDNA insert (1.8 kb, PstI fragment) [22] were

used to produce specific probes for the corresponding mRNAs

(mRNA masses of C3 and Bf are 5´2 kb and 2´6 kb, respectively,

and the cDNA probes do not cross-hybridize). Glyceraldehyde-3-

phosphate dehydrogenase (GAPDH) is a constitutively expressed

gene that was used as an internal control for mRNA concentration

in all Northern blots (1´4 kb, PstI fragment) in pGEM.

Quantification was determined by photodensitometry (com-

puting densitometer, model 300A; Molecular Dynamics, Eugene,

OR).

Statistical analysis

The significance of differences between cells treated with IL-17

and TNF together and cells treated with each cytokine alone was

determined by Student's paired t-test.

RESULTS

Effect of hIL-17 on C3 and factor B in skin fibroblasts

hIL-17 at a concentration of 10 ng/ml induced a significant

(2´7 ^ 0´7, P � 0´001) increase in the synthesis of C3. No

additional effect was observed at higher concentrations. However,

hIL-17 induced only a minor (2´2 ^ 1´2) and non-significant

(P � 0´12) increase in Bf synthesis, even at concentrations as high

as 100 ng/ml (Fig. 1b). An increase in Bf synthesis could be

readily demonstrated in these fibroblast cells following stimula-

tion with 1 ng/ml IL-1a , which has a known stimulatory effect on

Bf synthesis in fibroblasts [11] (Fig. 1b). The effect of hIL-17 on

the synthesis of C3 and Bf was pretranslational, as demonstrated

by a parallel increase in gene expression, 2´25 ^ 0´26-fold

(P � 0´025) for C3 and 1´5 ^ 0´45-fold (P � 0´18) for factor B

(Fig. 1c).

Effect of co-incubation in hIL-17 and TNF-a on C3 and Bf

synthesis

Co-incubation of fibroblast monolayers in TNF-a and IL-17

induced an increase in the synthesis and secretion of C3 and Bf

greater than each cytokine alone. These effects were distinct for

each gene, i.e. C3 and Bf. For C3, the observed enhancement was

smaller than the sum of enhancements observed for each cytokine

alone (Fig. 2a). In contrast, the simultaneous presence of TNF-a
and IL-17 had a synergistic effect on the rate of synthesis and

secretion of Bf (Fig. 2b). The ratios between the actual value and

the expected additive value obtained for Bf and C3 in seven

different experiments were summarized and the mean ratio for C3

was 0´81 ^ 0´28, suggesting no synergism, whereas the mean

ratio for Bf was 1´85 ^ 0´56 (P , 0´01). Northern blot scanning

analysis confirmed a significant synergistic effect of co-incubation

of IL-17 and TNF on factor B gene expression, confirming that the
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synergistic effect occurred also at the pretranslational level (data

not shown).

The synergistic effect on the synthesis of factor B was specific

for the combination of IL-17 and TNF, since stimulation with IL-

1b and IL-17 did not induce a synergistic increase in the synthesis

of factor B (data not shown).

Dose±response and time course studies

Both dose±response and time-course characteristics of the

synergy between hIL-17 and TNF-a on Bf expression and

synthesis were studied. Fibroblast cells were incubated with TNF-

a and hIL-17 in various concentrations for 24 h before Bf

synthesis was analysed. As shown in Fig. 3, TNF-a either alone

or combined with IL-17 induced an increase in Bf synthesis in a

dose-dependent manner, and the synergism between hIL-17 or

TNF was detected in all doses tested.

In three separate time±response studies using hIL-17 10 ng/

ml, and TNF-a 1 ng/ml, Northern blot analysis of C3 and Bf

Fig. 2. Effect of simultaneous incubation with hIL-17 and tumour necrosis factor-alpha (TNF-a) on C3 and factor B (Bf) synthesis.

Fibroblast monolayers were incubated for 24 h in medium/bovine serum albumin (BSA) (lane C) or with 10 ng/ml hIL-17 (IL-17), 1 ng/ml

TNF-a (TNF), or both (TNF 1 IL-17). Cells were subsequently subjected to metabolic labelling with 35S-methionine, and C3 protein (a)

and Bf protein (b) were immunoprecipitated from cell lysates by specific antibodies and subjected to SDS±PAGE followed by impregnating

with autofluor and exposure to x-ray film (upper inserts). Incorporation of 35S-methionine into specific immunoprecipitated protein was

determined in gel slices after digestion and counting with scintillation fluid in a b-counter. Data are expressed as the percent ratio of specific

protein to total TCA-precipitable protein in the same condition. The expected additive effects (calculated from counts/TCA from IL-17 alone

1 TNF-a alone ± control, hatched bars) were compared with the actual effects (B).

Fig. 1. Effect of hIL-17 on C3 and factor B (Bf) synthesis. Skin fibroblasts were incubated in medium containing 1 mg/ml bovine serum

albumin (BSA) alone (lane C) or with cytokines for 24 h. In (a) and (b) the cells were subsequently subjected to metabolic labelling in

methionine-free medium containing 350 mCi/ml 35S-methionine. Pro C3 protein (a) and Bf protein (b) were immunoprecipitated from cell

lysates by specific antibodies and subjected to SDS±PAGE under reducing conditions, followed by impregnating with autofluor and

exposure to x-ray film. (c) Monolayers from the same donor and passage were treated equally in parallel, and 10 mg of RNA extracted from

those cells were run on agarose-formaldehyde gel and blotted on nylon membrane. mRNA levels of C3 (5´2 kb) and Bf (2´6 kb) were

detected following hybridization with 32P-labelled cDNA probes specific to either human C3 or to human Bf. For internal control of mRNA

concentration in the various samples, the membrane was hybridized with 32P-labelled glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

cDNA, which is a constitutively expressed gene.
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mRNA expressions indicated that incubation with TNF-a alone or

together with IL-17 for a 4-h period induced small increase in Bf

gene expression. However, a longer period of incubation was

required for the enhancement of C3 mRNA expression (Fig. 4a, a

representative experiment). Both Bf and C3 mRNA expression

increased in a time-dependent manner. The shortest incubation

period tested, namely 4 h, was sufficient to induce a synergistic

effect on Bf protein secretion. This effect was maintained

throughout all incubation periods examined (Fig. 4b,c). For C3

protein secretion, a 7-h incubation with IL-17 and TNF was

required in order to obtain a marked stimulatory effect (Fig. 4d,e).

This effect increased in a time-dependent manner, exerting the

highest stimulatory effect following 48 h of incubation.

Effect of preincubation with one cytokine on the response of the

cells to the other cytokine

We next studied whether the synergistic effect of hIL-17 and

TNF-a can be produced by sequential incubation of fibroblasts

with the two cytokines. Fibroblasts were first preincubated with

either hIL-17 or TNF-a for 12 h. At the end of the first incubation

period the media were discarded, the cells were rinsed, and a

second cytokine was added for an additional 12 h before C3 and

Bf synthesis was analysed. As shown in Fig. 5, the greatest

stimulatory effect on C3 synthesis was obtained in cells incubated

for 24 h with either hIL-17 or TNF-a or both. Replacing one

cytokine with another after 12 h of incubation resulted in a

smaller increase of C3 synthesis. This lesser effect was observed

regardless of which was the second stimulator, IL-17 or TNF-a .

When we looked at the stability of the cytokines' effect on C3

synthesis after their removal, it appeared that the stimulatory

effect of hIL-17 co-incubated with TNF-a on C3 synthesis was

better preserved than the effect of each cytokine alone.

For Bf synthesis, synergism between hIL-17 and TNF-a was

demonstrated only when both were present together. Preincuba-

tion with one cytokine did not have a significant effect on the

subsequent response to the other stimulus. On the other hand, for

fibroblasts stimulated with TNF-a and IL-17 for 12 h, the syner-

gistic effect was evident 12 h after the removal of the cytokines.

Effect of hIL-4 on hIL-17 and TNF-a -stimulated factor B and C3

synthesis

We had previously reported that the effect of TNF-a on C3 and Bf

synthesis in fibroblasts can be modulated by hIL-4 [12]. C3

synthesis was enhanced by IL-4 in TNF-stimulated fibroblasts,

while the synthesis of Bf was decreased. In the current study, we

examined whether hIL-4 can affect the synergistic effect of TNF

and hIL-17. Fibroblasts were stimulated with TNF-a (1 ng/ml),

hIL-17 (10 ng/ml) or hIL-4 (20 ng/ml) alone or in combination for

24 h before C3 and Bf synthesis was determined. As shown in

Fig. 6a, hIL-4 alone had no effect on C3 or Bf synthesis, but it

augmented TNF-induced increase in C3 synthesis while decreas-

ing TNF-induced synthesis of Bf. hIL-4 also had some augment-

ing effect on C3 synthesis in hIL-17-stimulated fibroblasts. When

monolayers were incubated with TNF and hIL-17, the addition of

hIL-4 did not induce further increase in C3 protein synthesis or

gene expression.

In contrast, hIL-4 markedly decreased the synergism between

hIL-17 and TNF-a on Bf synthesis. These effects were also

detected at mRNA levels (Fig. 6b).

DISCUSSION

We report here that hIL-17 induced gene expression and protein

synthesis of C3 in fibroblasts. In addition, while hIL-17 had a

minor effect on the synthesis of Bf, it had a synergistic effect with

TNF on the production of Bf but not of C3. This is the first

reported evidence that hIL-17 may have a regulatory role in the

synthesis of complement proteins.

The reported effects of hIL-17 were achieved in concentra-

tions similar to other published activities of hIL-17 [1±5],

suggesting that these effects may have biological significance.

The effect of IL-17 alone or with TNF were demonstrated on skin

fibroblasts derived from normal donors as well as on skin and

synovial fibroblasts from an RA patient (data not shown).

The distinct effects of hIL-17 on the synthesis of C3 and Bf

deserve further clarification. C3 is involved in numerous bio-

logical activities, including immune cytolysis, clearance of immune

complexes and facilitation of T and B cell proliferation and

differentiation [23, 24]. The increase in synthesis of C3 in

Fig. 3. Dose-dependent effects of hIL-17 and tumour necrosis factor-

alpha (TNF-a) on factor B (Bf) synthesis in fibroblasts. Fibroblasts were

incubated for 24 h in medium/bovine serum albumin (BSA) (control) or

with increasing concentrations of TNF-a , hIL-17 or both TNF-a and hIL-

17 as indicated. The synthesis of Bf was determined by metabolic

labelling, immunoprecipitation and SDS±PAGE as in Fig. 1. Data are

expressed as the ratio of Bf specific counts to total TCA-precipitable

protein in the same condition. The expected additive effects (calculated

from counts/TCA from stimulation with hIL-17 alone 1 TNF-a alone ±

control, hatched bars) were compared with the actual effects obtained in

each concentration combination (B). The effect of hIL-17 alone was

negligible, as demonstrated in Fig. 1b.

Fig. 4. (See next page) Time to effect of hIL-17 and tumour necrosis factor-alpha (TNF-a) stimulation on C3 and factor-B (Bf) expression and secretion.

Fibroblast monolayers were incubated in medium/bovine serum albumin (BSA) or with 10 ng/ml hIL-17, 1 ng/ml TNF-a , or both (TNF-a 1 hIL-17) for

the indicated time intervals. mRNA levels of Bf and C3 were detected by Northern blot analysis of total RNA extracts of these cells as described in the

legend to Fig. 1c (a). The secreted Bf protein (b) and C3 protein (a- and b -chains) (d) were determined in the medium by immunoprecipitation and SDS±

PAGE, and the data are expressed as the ratio of protein specific counts to total TCA-precipitable protein in the same condition (c,e).
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Fig. 4. (See previous page for caption.)
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response to hIL-17 suggests a regulatory role of this T cell

cytokine.

Bf is a major activator protein of the alternative pathway of the

complement system [25], suggesting a proinflammatory role for

hIL-17. The fact that a significant effect of hIL-17 on the synthesis

of Bf was observed only when the cells were stimulated with

TNF-a may suggest that hIL-17 is not an independent pro-

inflammatory cytokine but that it requires co-operation or

interaction with other cytokines. Support for this hypothesis was

derived from sequential incubation experiments. Most of the

synergistic effect was achieved only when hIL-17 was present

simultaneously with TNF-a (Fig. 5). Since fibroblasts are a

source for various cytokines such as IL-1 and IL-6, which are up-

regulated by IL-17, one may suggest that the synergistic effects of

IL-17 and TNF are mediated via these cytokines. However, IL-1

did not have a synergistic effect with IL-17 and addition of anti-

IL-6 did not inhibit the synergistic effect (data not shown).

Furthermore, the synergism between IL-17 and TNF on Bf

synthesis and secretion could be detected already following 2 h of

stimulation, suggesting that the effect may not require production

of new mediators. However, the possibility that IL-1 may play a

role in mediating IL-17 effects on C3 synthesis can not be ruled

out.

The synergistic effect of IL-17 and TNF is more pronounced at

the level of protein synthesis and secretion than at the level of

mRNA, i.e. a small increase in the mRNA level resulted in a

marked increase in protein synthesis. This may suggest that these

cytokines may interact also at levels other than gene transcription

[26]. On the other hand, the observation that the effects of IL-17

and TNF are stable for at least 12 h following the removal of

cytokines may suggest the involvement of long-life mediators of

these effects. The exact nature and level of interaction of these

cytokines await further clarification.

The effects of hIL-17 and interferon-gamma (IFN-g ) in

respect to Bf synthesis in fibroblasts are similar: a small increase

in the synthesis of Bf in the presence of hIL-17 or IFN-g alone but

significant synergism with TNF-a [11]. The effects of IL-17 on

the synthesis of Bf are `mirror-image' effects of those of IL-4 and

IL-13. Neither IL-4 nor IL-13 alone had an effect on the synthesis

of Bf in fibroblasts, but both cytokines significantly decreased the

TNF-induced synthesis of Bf [12, 13]. This `mirror image' action

of hIL-17 on the one hand versus hIL-4 and hIL-13 on the other,

and the similarity of their effects to those of IFN-g , provide

support for the classification of IL-17 as a proinflammatory Th1

cytokine [7, 8].

Several lines of evidence indicate that TNF-a is the major

cytokine involved in the inflammation of RA. First, it was shown

that there was no joint inflammation in TNF-a knock-out mice

[27]. Second, chronic inflammatory arthritis developed in

transgenic mice made to over-express a mutant transmembrane

form of the murine TNF-a protein [28]. Finally, in a clinical trial

a soluble TNF receptor, TNFR:Fc, was shown to have beneficial

effects on chronic RA [29], and blocking of TNF-a in vivo by

MoAbs was shown to have a therapeutic effect on clinical severity

and joint erosion in a patient with active RA [30] and in a murine

model of RA [31].

There are several indications that the distinct effects of Th1

cytokines, IFN-g and hIL-17, and those of Th2 cytokines, hIL-4

and hIL-13, are specific for Bf and not just a general phenomenon

seen in acute-phase proteins. Several examples are the effects of

IL-17 on synthesis of IL-6, C3 and C1 inhibitor. hIL-4 has a

variable effect on the expression hIL-6, which is the major

cytokine involved in acute-phase reaction [14, 32, 33]. The effects

of hIL-17 on the synthesis of other proteins of the complement

system, which are also considered as acute-phase proteins, are also

variable. The synthesis of C3 is increased by hIL-17 but not by

hIL-4 or hIL-13 [12, 13], but both hIL-13 and hIL-4 synergise

with TNF-a for the synthesis of C3. The synthesis of C1 inhibitor,

another acute-phase protein [34], is increased in IFN-g-stimulated

fibroblasts but is not affected by hIL-4 and hIL-13, or by hIL-17.

The alternative pathway of the complement system is one of

the main routes to activate the complement system [35, 36] and

thus may serve as one of the conduction routes for TNF-induced

inflammation. The addition of hIL-4 did not abrogate the effect of

hIL-17 on TNF-stimulated fibroblasts, but rather exerted its

inhibitory activity in an independent manner (Fig. 6). This finding

Fig. 5. Effect of preincubation with one cytokine on the response to the

other cytokine. Fibroblast monolayers were incubated for two consecutive

periods of 12 h in varying combinations of control medium, 10 ng/ml hIL-

17, 1 ng/ml tumour necrosis factor-alpha (TNF-a), or 1 ng/ml TNF-a
1 10 ng/ml hIL-17. At the end of period I, the media were discarded and

the cells were rinsed before the second medium was added for incubation

period II. The cells were then biosynthetically labelled and the synthesis of

C3 and factor B (Bf) in the cell lysates was quantified as described in the

legend to Fig. 1. (a) A representative experiment. (b) The mean ^ s.d. of

two separate experiments.
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may provide an explanation for the equivocal results of a clinical

trial using hIL-4 in RA [37]. This is in contrast with promising

results obtained with hIL-10, which was shown to have an effect

on cytokine synthesis [38].

The data provided here support the classification of hIL-17 as

a Th1 cytokine [7, 8]. Furthermore, there is a clear distinction

between the responses for Bf synthesis in TNF-stimulated

fibroblasts and costimulation with IFN-g or hIL-17 on the one

hand and hIL-4 or hIL-13 on the other. This response can serve as

a yardstick to aid classification of a cytokine as being Th1 or Th2.

In conclusion, the data presented here provide evidence for the

role of IL-17 in the regulation of Bf and C3 synthesis. IL-17 is a

probable amplifier of the proinflammatory effect of TNF and may

have a major role in local inflammatory responses such as those

present in RA. We also suggest that the nature of the response of

the factor B gene can serve as a marker to classify a cytokine that

has an effect on fibroblasts as being Th1 or Th2.
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