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ABSTRACT T 

Objective.Objective. Interferon-̂  (IFNp) treatment is emerging as a potentially effective form of therapy in 
variouss immune-mediated conditions. This study evaluated the effects of IFNp therapy on the cell 
infiltrate,, cytokine profile, and expression of metalloproteinase 1 (MMP-1) in synovial tissue 
fromm patients with rheumatoid arthritis (RA). To further assess the mechanism of action, in vitro 
experimentss were conducted to determine the effects of IFNp on the production of MMP-1, 
MMP-3.. tissue inhibitor of metalloproteinases 1 (TIMP-1), and prostaglandin E2 (PGE2) by human 
fibroblast-likefibroblast-like synoviocytes (FLS). 
Methods.Methods. Eleven patients were treated for 12 weeks with purified natural fibroblast IFNp (Frone, 
Ares-Serono,, Geneva, Switzerland) subcutaneously 3 times weekly with the following dosages: 6 
millionn IU (n=4), 12 million IU (n=3), and 18 million IU (n=4). Synovial biopsy specimens were 
obtainedd by needle arthroscopy at 3 time-points: directly before and at 1 month and 3 months 
afterr initiation of treatment. Immunohistologic analysis was performed using monoclonal 
antibodiess specific for the following phenotypic markers and mediators of joint inflammation 
andd destruction: CD3, CD38, CD68, CD55, tumor necrosis factor a (TNFa), interleukin-1 fi (IL-
lp),, IL-6, MMP-1, and TIMP-1. In addition, we measured the production of MMP-1, MMP-3, 
TIMP-1,, and PGE2 by RA FLS and dermal fibroblasts in the presence and absence of IFNp. 
Results.Results. A statistically significant reduction in the mean immunohistologic scores for CD3+ T 
cellss and expression of MMP-1, and TIMP-1 at 1 month, CD38+ plasma cells and expression of 
IL-66 at 3 months, and expression of IL-i p at both 1 and 3 months was observed in synovial 
tissuee after IFNp treatment. The scores for CD68+ macrophages and TNFa expression also 
tendedd to decrease, but the differences did not reach statistical significance. The in vitro 
experimentss revealed inhibition of MMP-1, MMP-3, and PGE2 production by RA FLS, whereas 
TIMP-11 production was only slightly decreased. These effects were more consistent in RA FLS 
thann in dermal fibroblasts. 

Conclusion.Conclusion. The changes in synovial tissue after IFNp treatment and the in vitro data support the 
vieww that IFNp therapy has immunomodulating effects on rheumatoid synovium and might help 
too diminish both joint inflammation and destruction. Larger weII-controlled studies are warranted 
too show the efficacy of IFNP treatment for RA. 

INTRODUCTIO N N 

Interferon-pp (IFNp) treatment is emerging as a potentially effective form of therapy in various 
immune-mediatedd conditions. IFNP therapy might also be an alternative approach for the 
treatmentt of rheumatoid arthritis (RA) patients. This type I interferon could inhibit tumor 
necrosiss factor (TNFa) and interleukin-ip (IL-lp) secretion, and enhance IL-10 and IL-1 
receptorr antagonist production (for review, see refs.1 and 2). Conceivably, concurrent targeting 
off  TNFa, IL-ip, and other proinflammatory cytokines by use of counterregulatory cytokines, 
suchh as IFNp, could be more effective in suppressing joint destruction than inhibition of TNFa 
alonee (3). Other possible immunomodulatory effects of IFNp treatment include enhancement of 
TT cell cytotoxicity, regulation of antibody production, inhibition of T cell proliferation and 
migration,, enhancement of IL-2 production by Thl cells, inhibition of IFN-y production by 
activatedd peripheral blood mononuclear cells (PBMC), up-regulation of transforming growth 
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factorr pi (TGFP-1) and TGFp receptor type II expression on PBMC, down-regulation of class II 
majorr histocompatibility complex (MHC) expression on monocytes, enhancement of class I 
MHCC expression on virus-infected cells and tumor cells, activation of natural killer cells, down-
regulationn of several adhesion molecules, and enhancement of soluble adhesion molecules in 
serumm (1,2,4). 
IFNpp treatment of patients with relapsing remitting multiple sclerosis reduces the rate of 
exacerbationn and decreases the number and frequency of lesions on magnetic resonance images. 
Recentt studies showed that IFNp therapy also ameliorates collagen-induced arthritis (CIA) in 
rodentss and primates. Constitutive expression of IFNP by gene therapy resulted in reduced paw 
swelling,, improvement in histologic features, decreased serum levels of anticollagen antibodies, 
andd suppression of cytokine production in DBA/1 mice with CIA (5). A study in rhesus monkeys 
withh CIA revealed remarkable clinical improvement and decreased serum levels of C-reactive 
proteinn after systemic treatment with recombinant IFNpia (1). A pilot study in 12 RA patients 
showedd statistically significant improvement after 3 months of treatment (1). 
Thee aim of the present study was to evaluate the effects of IFNp therapy on the cell infiltrate, 
cytokinee profile, and the expression of metalloproteinase 1 (MMP-1) and tissue inhibitor of 
metalloproteinase-11 (TIMP-1) in the synovial tissue from RA patients who were treated with 
IFNp.. To further assess the mechanism of action, in vitro experiments were conducted in the 
presencee and absence of IFNp, determining its effect on the production of MMP-1, MMP-3, 
TIMP-1,, and prostaglandin E2 (PGE2) by RA fibroblast-like synoviocytes (FLS) and dermal 
fibroblasts. fibroblasts. 

PATIENT SS AND METHOD S 

Patients s 
Elevenn patients who participated in a pilot study of the effects of IFNp in RA (1) were evaluated. 
Alll  patients fulfilled the American College of Rheumatology (ACR; formerly the American 
Rheumatismm Association) criteria for RA (6) and had active RA, defined as: > 6 tender joints, > 
66 swollen joints, and at least 1 of the following 2 criteria: duration of morning stiffness > 45 min, 
orr an erythrocyte sedimentation rate > than 28 mm/hr. Nine patients were taking disease-
modifyingg antirheumatic drugs, the dosage of which has been stable for at least 3 months prior to 
studyy entry and during the study. All patients gave informed consent, and the study protocol was 
approvedd by the Medical Ethics Committee of the Leiden University Medical Center. 
Thee patients were treated for 12 weeks with purified natural fibroblast IFN-P (Frone, Ares-
Serono,, Geneva, Switzerland), which was injected subcutaneously 3 times weekly as follows: 
patientt 1-4 received 6 million IU, patients 5-7 received 12 million IU, and patients 8-11 received 
188 million IU. Clinical assessment, performed by 1 observer (PPT), included tender joint count 
(688 joints), swollen joint count (66 joints), patient's global assessment of pain (on a 0-10-cm 
visuall  analogue scale (VAS)), patient's global assessment (on a 0-10-cm VAS), and physician's 
globall  assessment (on a 0-10-cm VAS). Laboratory analysis included serum levels of C-reactive 
protein.. Patients were considered to have responded to treatment if they fulfilled at least 20 % 
improvementt in the tender joint count and the swollen joint count and 20 % improvement in at 
leastt 3 of the remaining clinical and laboratory assessments as described above (7). 
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Synoviall  tissue 
Small-boree arthroscopy (2.7-mm arthroscopy Storz. Tuttlingen, Germany) was performed under 
locall  anesthesia. Biopsies of synovial tissue were obtained from the entire joint using a 2-mm 
graspingg forceps (Storz) at 3 time points: before, 1 month after, and 3 months after treatment. On 
eachh occasion, an average of at least 20 biopsy samples was obtained. Biopsy specimens were 
nott available from patient 11 at 3 month after initiation of treatment. The tissue was collected 
andd snap-frozen en bloc in Tissue-Tek OCT (Miles, Elkhart, IN) by immersion in methhylbutane 
(-70°C).. Frozen blocs were stored in liquid nitrogen until sectioned for staining. Five-micrometer 
sectionss were cut in a cryostat and mounted on glass slides (Star Frost adhesive slides, 
Knittelglaser,, Germany); slides were stored at -70°C until immunohistochemical analysis could 
bee performed. 

II  mm u no histochemistry 
Seriall  sections were stained with the following mouse monoclonal antibodies (Mab): anti-CD3 
(Bectonn Dickinson, San Jose, CA) to detect T cells, anti-CD38 (Becton Dickinson) to detect 
plasmaa cells, anti-CD68 (EBM11, DAKO, Glostrup, Denmark) to detect macrophages, Mab 67, 
whichh recognizes CD55 on FLS, anti-MMP-1 (36665.111, R&D Systems Europe, Abingdon, 
UK),, and anti-TIMP-1 (7-6C1, Oncogene Research Products, Cambridge, MA). Staining was 
alsoo done with the following rabbit polyclonal antibodies: anti-TNFa (IP-300, Genzyme, 
Cambridge,, MA), anti-IL-lp (LP-712, Genzyme), and anti-IL-6 (Dept, of Nephrology, Leiden 
Universityy Medical Center, Leiden, The Netherlands). For control sections, the primary 
antibodiess were omitted or irrelevant antibodies were applied. 
Stainingg for cell markers was performed, as described previously (8). Following a primary step 
off  incubation with Mab, bound antibody was detected according to a 3-step immunoperoxidase 
method.. Staining for MMP-1 and TIMP-1 was performed using biotinylated tyramine for 
amplification.. Horseradish peroxidase activity was detected using hydrogen peroxide as substrate 
andd amino ethylcarbazole as dye. Alkaline phosphatase-conjugated swine anti-rabbit antibodies 
(DAKO),, naphtol-AS-MX-phosphate, Fast Red Violet LB and levamisole (Sigma, St. Louis, 
MO)) were used to detect of the rabbit polyclonal antibodies, as described previously (8). 

Microscopicc analysis 
Alll  sections were coded and randomly analyzed. After immunohistochemical staining, sections 
weree scored semiquantitatively on a 5-point scale by 2 independent observers (TJMS and JV), 
whoo wrere unaware of the clinical data, as described previously (8,9). CD68 expression was 
scoredd separately in the intimal lining layer and the synovial sublining. Minor differences 
betweenn the observers were resolved by mutual agreement. 

Inn vitr o experiments on fibroblast-lik e synoviocytes and dermal fibroblasts 
FLSS from RA patients and dermal fibroblasts were prepared as described previously (10). 
Synoviall  biopsy specimens were obtained from patients other than those described in the clinical 
study.. The experiments wrere performed on 2 separate preparations of both FLS and dermal 
fibroblasts.. Cells at passage 3 were seeded at 20,000 cells/well and incubated for 48 h in DMEM 
withh 10% fetal calf serum followed by another 48 hours in the presence or absence of 125 pg/ml 
off  IL-l p together writh various concentrations of IFNp\ Thereafter medium was removed and 
storedd at -20°C, as previously described (10). Medium was analyzed for levels of MMP-1 
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(Bindazymee pro-MMP-1 enzyme immunoassay kit. The Binding Site, Birmingham, UK), MMP-
33 (Bindazyme pro-MMP-3 enzyme immunoassay kit. The Binding Site), TIMP-1 (TIMP-1 
humann ELISA system, Biotrak, Amersham International, Little Chalfont, UK), and PGE2 (10). 

Statisticall analysis 
Thee Wilcoxon signed ranks test for matched pairs was used to compare data before and after 
treatment.. Bonferroni corrections for multiple comparisons were not applied in this exploratory 
study. . 

RESULTS S 

Clinicall  and demographic features 
Thee clinical study group consisted of 6 women and 5 men. The mean (  SD) age was 49  15 
yearss (range 27 to 68 years), and the mean duration of disease was 50  38 months (range 2 to 
1111 months). Erosions were present in 8 of the 11 patients and 9 patients were seropositive for 
IgMM rheumatoid factor. The study patients exhibited on average significant improvement in the 
tenderr joint count, swollen joint count, patient's assessment of pain, patient's global assessment, 
andd physician's global assessment after 3 months of IFNp therapy (all P < 0.05), as described 
previouslyy (1). Patients 1 and 4 fulfilled the ACR criteria for 20% improvement (20% ACR 
response)) at 1 month after initiation of IFNp administration and patients 1,4, 6, and 7 had a 20% 
ACRR response at 3 months after initiation of IFNp. 

Findingss of immunohistochemistry 
Thee negative control sections were all negative. The tissue from patient 9 at month 1 could not 
bee evaluated. In all cases where data were missing because the tissue sections did not fulfil l our 
qualityy control criteria to allow reliable evaluation, the patients were not significantly different 
fromm other patients participating in the study. The mean scores for cell markers, cytokines, 
MMP-1,, and TIMP-1 are shown in Table 1. In the patients treated with 6 million IU, 12 million 
IU,, and 18 million IU of IFNp, nonparametric analysis revealed a significant decrease in the 
meann scores for infiltration by CD3 + T cells (from 2.3  1.1 to 1.6  0.8; P = 0.03), and for 
expressionn of MMP-1 (from 2.6  1.0 to 1.6  0.8; P=0.02) and TIMP-1 (from 2.6  1.2 to 1.8
1.3;; P=0.03) at month 1, but not at month 3 (Figure 1). There was also a significant decrease in 
thee scores for IL-i p at month 1 {from 2.6  1.1 to 1.6 ; P - 0.02) and at month 3 (from 2.6
1.11 to 1.9  1.0; P = 0.03). The scores for infiltration by CD38 +plasma cells (from 2.1  1.0 to 
1.55  1.2; P = 0.04) and expression of IL-6 (from 1.9 8 to 1.1 ; P - 0.04) were reduced 
att month 3. Changes in the synovial features were also observed in synovial tissue from patients 
whoo had a modest clinical response, but who did not fulfil l the 20% ACR criteria. The changes 
inn scores 1 month after initiation of IFNp treatment seemed to be more pronounced than the 
changess in scores at month 3 after initiation of IFNp treatment. The scores for CD68+ 
macrophagess in the synovial sublining and TNFa expression also tended to decrease, but these 
differencess did not reach statistical significance. There was no clear relationship between the 
effectss on the synovium and the dosage of IFNP (data not shown); patients were treated with 
presumablyy therapeutic dosages in all groups. 
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tl l 

Beforee therapy 

11 1 

Afterr  1 month 

off  therapy 

10 0 

Afterr  3 months 

off  therapy 

10 0 

CD3 3 

CD38 8 

CD688 (lining) 

CD688 (sublining) 

CD55 5 

IL-1 P P 

TNF-a a 

1L-6 6 

MMP- 1 1 

TIMP- 1 1 

2.33 + 1.1 

2.11 0 

1.77 9 

2.66 3 

1.11 5 

2.66 1 

2.66 + 1.1 

1.99 + 0.8 

2.66 0 

2.66 2 

1.66  0.8 + 

1.44  0.9 J 

1.22  0.4 : 

2.3+1.2 2 

1.00  0.8 

1.66  0.8 + 

2.00  0.7 

1.4  1.2 

1.66  0.8 + 

1.88  1.3 * 

1.9++ 1.4 

1.55  1.2 + 

1.77 7 

2.22 0 

1.22 6 

1.99  1.0 f 

1.99  0.9 

1.11 * 

2.2++ 1.4 

2.33  1.3 

TableTable I. Mean semiquantitative scores for the expression of CD3+ T-cells. CD38+ plasma cells, CD6S+ 

macrophages.macrophages. CD55+ fihrohiast-like synoviocytes, and for the expression oflL-lp. TNFa. 1L-6. MMP-l. and 

TIMP-1TIMP-1 in synovial tissue before, after one month, and and after 3 months of I'FN'f3 therapy. Values ore the mean

'' P< 0.05 versusprefherapy. versusprefherapy.'' Only 9patients were evaitiable. 

Findingss of in vitr o experiments on FLS and dermal fibroblasts 
Inn vitro experiments revealed that IFNp inhibits the production of MMP-1 and MMP-3 by RA 
FLSS both in the presence and in the absence of IL-l[ 3 (Table 2). TIMP-1 production was only 
slightlyy decreased by IFN0 in the presence of IL-lp . PGE2 production was diminished by 
IFNpp in the presence and in the absence of IL-ip . 
Inn contrast, there was no clear effect of IFNp on MMP-1, MMP-3, and TIMP-1 production by 
dermall  fibroblasts. However, PGE? production was inhibited, showing that the cells responded to 
IL-i pp and IFNp. The results were similar for the 2 separate populations of FLS and dermal 
fibroblastss that were investigated. 
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DISCUSSION N 

Thee results presented in this study demonstrate changes in the synovium during IFNP therapy of 
RAA patients. A statistically significant reduction in the mean immunohistologic scores for 
infiltrationn by CD3+ T-cells and CD38+ plasma cells, as well as reduced scores for the 
expressionn of IL-lp\ IL-6, MMP-1, and TIMP-1, was observed in synovial biopsy specimens 
fromm RA patients after IFNp therapy. There was also a tendency towards lower scores for 
infiltrationn by CD68+ macrophages and TNFa expression after therapy. In vitro experiments 
revealedd that IFNP can decrease the production of MMP-1, MMP-3, and PGE2 FLS from RA 
patients. . 

Cellss IFN-P MMP-1 MMP- 3 TIMP- 1 PGEj 

U/mll  (Mg-'ml) ((i&'ml) <ng/ml) (ng/ml) 

IL-i pp IL-i p IL-i p IL-l p IL-l p IL-l p IL-1P IL-i p 
++ - + - + + 

Ü Ü 

ICr r 

104 4 

10h h 

10* * 

2.077 2 

0.955  0.05 

0.511 6 

0.433  0.02 

0.500  0.07 

2.7544 5 

1.455 +0.22 

1.000 7 

1.033  0.09 

0.833 9 

0.555 + 0.03 

0.244  0.05 

0.133 3 

0.111 1 

0.144 2 

2.122 8 

0.888  0.05 

0.699  0.06 

0.355  0.09 

0.666 3 

1.233 2 

0.955  0.09 

1.099 6 

1.266  0.1! 

1.199 8 

2.255 7 

1.499 0 

1.077  0.33 

1.455 7 

1.41+0,17 7 

366 4 

300  I 

111 2 

7  1 

111 5 

3299  30 

1488 7 

1144 5 

688 + 8 

999 4 

0 0 

102 2 

104 4 

10h h 

10" " 

0.233  0.02 

0.322 + 0.02 

0.444 3 

0.522  0.08 

1.!!  3  0.04 

1.55 0 

2.066 + 0.26 

1.655 3 

1.800 5 

2.22 5 

0.900  0.27 

1.055 1 

1.155 6 

1.055 0 

2.077  0.44 

2.611 7 

3.933  0.69 

3.322  0.10 

2.688  0.20 

2.755 + 0.35 

1.200 5 

0.955  0.09 

0.933 7 

1.11+0.13 3 

1.600 3 

2.7422  0.20 

3.355 4 

2.744  0.20 

3.055  0.54 

3.733  0.52 

188  3 

10++ 1 

122 3 

10  1 

200  3 

5033  68 

3377 + 9 

3433  43 

2966  21 

2466  14 

TableTable 2. Effects oflFNB on the production of MMP-1, MMP-3. TIMP-1 and PGE: by rheumatoid FLS and dermal 

fibroblastsfibroblasts in the presence and absence of IL-1B (125 pg/ml). Values are the mean  SEMofi experiments. Similar 

resultsresults were obtained in a separate experiment using different preparations of FLS and dermal fibroblasts. 

Semiquantitativee analysis is a reliable and cheap method that allows evaluation of the entire 
synoviall  tissue sections in a time-efficient manner. Highly significant correlations can be found 
withh manual counting and digital image analysis (9). The changes described in the present study 
aree substantial in light of the conservative microscopic scoring system that we used (9). 
Althoughh it seems unlikely that the features of synovial inflammation are susceptible to placebo 
effects,, this cannot be completely excluded until placebo-controlled studies become available. 
Thiss is the first study to describe changes in the cell infiltrate and cytokine expression in 
synoviall  tissue from RA patients following IFNp treatment. Our findings confirm and extend the 
observationss in the joints of mice with CIA after IFNp gene therapy (5). The reduction in the 
numberr of T-cells could be explained by an effect on T-cell trafficking secondary to 
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downregulationn of adhesion molecules by IFN'P (I I) . Inhibition of T-cell proliferation (12) may 
alsoo play a role. The reduction in the number of plasma cells in RA synovial tissue suggests that 
IFN'PP could also affect humoral immune responses. This notion is supported by previous studies, 
showingg that IFN-p1 inhibits T-ccll-dependent immunoglobulin secretion in vitro (13) and the 
anticoll  lagen antibody response in mice with CIA in vivo (5). 

0,5 5 

0 0 

-0,5 5 

-1 1 

-1,5 5 

FigureFigure 1. Mean  changes in the semiquantitative scores for infiltration by CD3 I T cells. CD38+ plasma 

cells.cells. CD6H+ macrophages. CD55+fibroblast-like synoviocytes and for the expression oflL-l/3. TNFa, IL-6. 

MMP-I.MMP-I. and TIMP-l in synovial biopsies at I month ( | ) and at 3 months ( §j ) after initiation of 'IFN'[i  therapy. 

*=P<0.05. *=P<0.05. 

Thee clinical improvement after IFNp therapy (1) was associated with a reduction in the cell 
infiltrate,, as well as with diminished expression of IL-i p and MMP-I. which are believed to play 
aa major role in joint destruction. Since TIMP-l expression is also reduced after treatment, it is at 
presentt unclear whether changes in the balance between MMPs and TIMPs after IFNp therapy 
occurr and whether they would alter the course of joint destruction. However, our in vitro data 
showingg that IFNp has a marked inhibitory effect on MMP-1. MMP-3. and PGE2 production, 
ratherr than on TIMP-l production, by RA FLS provide an additional argument for a possible role 
off  IFNP in preventing joint destruction. 

Thee data from this study suggest that some of the changes in the synovial tissue could be 
transient.. Similarly, a recent study in patients with multiple sclerosis showed a significant 
decreasee in the number of circulating T-cells expressing HLA-DR antigens and CD25 after 2 
monthss of treatment, followed by a return to pretreatment levels after 3 - 12 months (14). This 
mightt be caused by down-regulation of IFNp receptors or the development of neutralizing 
antibodiess to IFNp during treatment (15). The return to pretreatment values was. however, not 
associatedd with reduced clinical efficacy. It is at present unclear whether the clinical effects in 
RAA patients wil l continue during prolonged IFNp therapy. 

Takenn together, the changes in synovial biopsy specimens from RA patients treated with IFNp 
andd the in vitro effects on FLS support the view that IFNp therapy has immunomodulating 
effectss on rheumatoid synovium and might have a beneficial effect on both joint inflammation 
andd erosive disease. The results warrant larger well-controlled studies. 
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