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ABSTRACT

Objective. To elucidate the influence
that interferon-a exerts on the cytokine
network in active ocular Behget's dis -
ease (BD).

Methods. Fifty patients with active o -
cular BD were treated with human re -
combinant interferon-a2a (rhlFN-
a2a). Serumwas analysed for the pres -
ence of IL-10, TNF-a, IL-8, IL-6, slL-
2R, IFN-y, IFN-q,, IL-12, IL-4, STNFRI
(p55), STNFRII (p75), IL-1RA, G-CSF,
sE-selectin, sSVCAM-1, sICAM-1 and
neopterin before initiation of and at se -
veral time points during IFN treatment
and compared to 21 healthy controls.
Results. The levels of IFN-a, 1L1-RA
and sTNFRIlI were significantly in -
creased in the patients at baseline in
comparison to healthy controls. During
treatment with rhIFN-o.2a, when remis -
sion was achieved as defined by the
scoring system used, a significant in -
crease in levels of IFN-a, IL-2R, TNF-
a, STNF-RII, sICAM-1, sVCAM-1, neo -
pterin in the serum was observed, with
a tendency towards increased IL-1RA
as well. In contrast, leuko- and throm -
bocyte counts and sE-selectin serum
levels significantly decreased. Positive
correlations were found between IFN
dosage or serum levels and sVCAM-I,
neopterin, STNF-RIl and sIL-2R, be -
tween sSVCAM-I, sIL-2R, TNF o, STNF-
Rl and neopterin, sICAM-I and
SVCAM-|, sIL2-R and sTNF-RII, and,
finally, between sIL2-R and sICAM-I.
Conclusions. IFN-a. exerts diverse in -
fluences mainly on cytokine antago -
nists and soluble adhesion molecules.
Because STNF-RII and IL-1RAwerein -
creased by IFN-a treatment, these
might be interesting alternative treat -
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ment optionsin refractory BD. Some of
the side-effects of IFN-o. may be caus -
ed by activation of monocytes, which is
reflected by an increase in neopterin
serum levels.

Introduction

Behcet’ s disease (BD) is a multisystem
vasculitis of unknown origin. It is cha-
racterised by recurrent aphthous stoma-
titis, genital ulcerations, cutaneous sym-
ptoms such as papulopustules or ery-
thema nodosum, a positive pathergy
phenomenon (a papulopustule occur-
ring 24-48 hours after intracutaneous
puncture with a sterile 1 gauge needle)
and ocular inflammation with retinal
vasculitis. Oligoarthritis, meningoen-
cephalitis or CNS vasculitis, deep vein
thrombosis and arterial aneurysms are
less common. Classification follows the
International Study Group Criteria (1, 2).
As new therapeutic options are requir-
ed, Interferon-a was introduced for the
treatment of BD by Tsambaos et al. (3)
in 1986 because of its antivira and
anti-proliferative properties. In refrac-
tory cases, interferon-a was shown to
be effective by several groups in case
reports or small case series (4). Be-
cause of the promising results of a pilot
study, (5,6), we performed a four-center,
open, uncontrolled study, wherein 50
patients were treated for refractory
sight-threatening ocular manifestations
(exclusively panuveitis or posterior uv-
eitis with retinal vasculitis). More than
90% of the patients achieved complete
remission with rhiFN-a2a (7). The
mechanism of action of rhiIFN-a in BD
is still unclear; hence, we have here
analysed its influence on the cytokine
network in BD patients.



Materials and methods

Fifty patients with refractory ocular
BD (severe sight-threatening panuvei-
tis, posterior uveitis or retina vasculi-
tis) were treated with rhIFN-a2a ac-
cording to an algorithm published el se-
where (7). All patients except 3 were
on prednisolone (mean 97 mg, range 0
to 1000) before initiation of IFN treat-
ment. The immunosuppressive agents
were stopped and prednisolone was
tapered to amaximum of 10 mg the day
before IFN was started. 52% of the
patients (n = 26, one on mycophenolate
mofetil, 19 on CSA, 4 on azathioprine
and 2 on methotrexate) were on immu-
nosuppressive agents directly before
IFN treatment, which were stopped the
day before IFN.

Forty-six of the patients fulfilled the
International Study Group Criteria (1),
while 4 had incomplete BD according
to the O' Duffy Criteria (8). Disease ac-
tivity was measured by the Behgets Di-
sease Activity Scoring system (9) and
the Posterior Uveitis Scoring System
(10). “Remission” was defined as the
scores being 0. Blood was drawn after
informed consent and approval of the
local ethics committee was obtained,
before initiation of IFN-treatment, at
weeks 1, 2, and every 4 weeks for 6
months, later every 8 weeks. The serum
was stored at —70°C until analysis.
Twenty-one healthy donors of compa-
rable age and sex distributions served
as controls. Differential blood counts
and CRP were also assessed on each
visit and in the controls.

The following cytokines, chemokines,
soluble adhesion molecules and cytoki-
ne antagonists were analysed by che-
miluminescent immunometric or sand-
wich ELISA techniques: 1L-10; TNF-
a; IL-8, IL-6; the soluble |L-2-receptor
IL-2R (DPC Diagnostic Products Cor-
poration, Los Angeles, CA, USA);
IFN-g, IFN-a (Bender Med Systems,
Vienna, Austria); IL-12, IL-4, the solu-
ble TNF-receptors STNF-RI (p55) and
STNF-RII (p75), the IL-1-Receptor-an-
tagonist IL-1RA, G-CSF, soluble adhe-
sion molecules sE-selectin, sVCAM-1,
sICAM-1 (R&D Systems Minneapolis,
MN, USA). Neopterin was measured by
ELISA(IBL, Hamburg, Germany).

A relevant influence of freezing on the
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results of the cytokine measurements
was excluded by comparing 4 fresh
samples from 4 healthy personsto sam-
ples from the same personsand time
points which had been frozen and stored
for 4 weeks.

There were no significant mean diffe-
rences or ratios between fresh and fro-
zen samples (geometric means for the
fresh/frozen samples. 1L-10: (normal
range 2.0 to 24.0) al values below
quantification limit (BQL), TNF-a:
95% confidence interval for the mean
difference (Cl.d) —0.84 to 0.54 pg/mi
(normal range up to 8.1, detection limit
1.7), IL-8: al values BQL (normal
range up to 70 pg/ml, detection limit
6.2), IL-6: confidence limit for the geo-
metric mean ratio (Cl.r) 0.87 to 1.15
(normal range up to 11.3 pg/ml, detec-
tion limit 1), slIL-2R: Cl.r 0.74 to 1.11
IU/ml (normal range 223 to 710
IU/ml), IFN-g al values BQL (normal
range up to 168 pg/ml, detection limit
1.5), IFN-a: Cl.r 0.92 to 1.12 pg/mi
(normal range up to 266.3 pg/ml,
detection limit 4.8), 1L-12: all values
BQL (normal range up to 7.8 pg/ml,
detection limit 5), IL-4: al values BQL
(normal range up to 31.2 pg/ ml, detec-
tion limit 10), STNF-RI: Cl.d 63 to 16
pg/ml (normal range 749 to 1966),
STNF-RII: Cl.d -108 to 50 pg/ml (nor-
mal range 1003 to 3170), IL-1RA: Cl.r
0.98t0 1.05 (normal range 106 to 1552
pg/ml), G-CSF: Cl.d —2.7 to 5.7 pg/ml
(normal range up to 39, detection limit
10), sE-selectin: Cl.d —9.1to 6.3 ng/ml
(normal range 29.1 to 63.4), sSVCAM-
1: Cl.r 0.95 to 1.04 (normal range 395
to 714 ng/ml), sICAM-1: Cl.d —10 to
17 ng/ml (normal range 115 to 306),
neopterin: Cl.d —0.10 to 0.060 nmol/
ml (normal range up to 10).

Statistical analysis was performed us-
ing IMP4.0.5 (SAS Ingtitute Inc., Cary,
NC, USA). Data are given as mean and
standard deviation (SD) or geometric
mean and coefficient of variation (CV)
depending on skewness. Accordingly,
differences between means or multi-
ples of geometric means of two sam-
ples were estimated, the latter by the
log-transformation method. Patients
and controls were assumed to have dif -
ferent variances. Where more than one
observation per patient were consider-
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ed, data were centered individually.
Consequently, coefficients express the
intra-individual difference, factor or
correlation. Similarly, variables with
many values below the quantification
limit (BQL) were considered dichoto-
mous and analysed by exact methods
for paired (sign-test) and unpaired data
(Fisher's exact test). For CRP levels,
the rank-sum test was applied, as ap-
proximately 25% of all values were not
quantified (<0.4 mg/dl), although with-
in the normal range. Intra-individual
correlations were estimated by center-
ing variables by patient, weighing ob-
servations by the inverse number of ob-
servations on a patient, and computing
the product-moment correlation co-
efficient, using R (version 1.5.1) (11).
The number of patients involved was
used in the degrees of freedom when
computing the p-value. The Bonferro-
ni-Holm procedure was used to adjust
for multiple tests.

Results

Clinical parameters

We recently reported elsewhere (5) that
mean BD activity score at baseline was
5.8, faling to 3.3 at week 24 and fur-
ther to 2.8 at week 52. The total num-
ber of patients was 50. The median
time to remission of BD activity score
(score=0) was 24 weeks (95% Cl week
4 to week 36). The number of patients
who achieved remission of BD activity
score was 35 (of 42 who were followed
up that long). In contrast to the posteri-
or uveitis score (PUS), BD activity
score did not reach remission in a con-
siderable number of patients dueto per-
sisting oral aphthous ulcers (12).

The posterior uveitis score (PUS) of 50
patients including 79 affected eyes fell
from 3.5 (week 0) to 0.4 at week 24. Re-
mission (defined as a posterior uveitis
score 0, remission of retina inflamma-
tion) in all affected eyes of the respon-
ders (n=71) was reached by week 24.
The number of patients in complete re-
mission of PUS was 46 (3 non-respon-
der, oneincomplete response). The me-
dian time to remission was 4 weeks
(95% CI week 2 to week 4 (7). Mean
Interferon dosage at remission by PUS
was 4.4 (SD 1.7) x 10° iU/day, and at
remission by BD score it was 3.6 (SD
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2.2) x 10% iU day. Mean prednisolone
dosage was tapered to a mean of 2 mg
(range 0 to 10) at week 52.

Baseline cytokines and a.-antagonists
in comparison to healthy controls

The serum levels of IL-4, IL-12 and
IFN-gwere below the detection limit in
all patients at baseline as well asin all
controls. Similarly, only 3 patients had
IL-8 values above the quantification
limit, and IL-10 was below the quanti-
fication limit in 90% of the controls
and 54% of the patients. For IL-6,
TNF-a, G-CSF, sIL-2R and STNF-RI
there were no differences between pa-
tients and controls. In contrast, patients
had significantly higher levels of IFN-
a, STNF-RII and IL-1RA than controls
aready at baseline (Tablel).

Baseline soluble adhesion molecules,
neopterin, CRP and differential blood
count

Leukocyte numbers were significantly
higher in patients than in controls, but
there were no significant differencesin
thrombocyte numbers, sE-Selectin,
sICAM-1 and sVCAM-1 and neopterin
concentrations (Table 1). CRP at base-
line was above 1 mg/dl in 15 of 47 pa
tients (32%), whereas none of the 21
healthy controls registered above the
normal range. This difference was sig-
nificant (p = 0.003).

Cytokines and -antagonists at
remission of PUS

During IFN-treatment, when remission
of ocular disease (posterior uveitis
score = 0) was reached (after a median
time of 4 weeks), serum levels of IFN-
a, IL-2R, TNF-a, and STNF-RII were
significantly increased. IL-1RAwas ten-
dentialy increased. No changes were
seen for IL-6, STNF-RI and G-CSF
(Tablell).

Soluble adhesion molecules, neopterin,
CRRP, differential blood count at remis-
sion of PUS

sICAM-1, sVCAM-1 and neopterin
were found to be significantly increas-
ed. Levels of sE-selectin aswell as lew
kocyte and thrombocyte counts were
significantly reduced (TableIl). Only 3
of 49 patients (6%) till had CRPserum

levels above 1 mg/dl. This difference
compared to CRPbaseline levelsissig
nificant (p<0.0001) as 11 patients with
baseline CRP levels above 1 mg/dl had
normal levels at remission of PUS.

Cytokines and -antagonists at
remission of BD activity score
Considering the time point when com-
plete remission of all features of BD
was reached (BD score = 0), which was
the case after a median treatment peri-
od of 24 weeks, the results were simi-
lar, with significant albeit lesser in-
creases in IFN-a, TNF-a, sTNF-RII, a
tendential increase in IL-1RA, and no
changes in IL-6, G-CSF, sIL-2R,
sICAM-1 and STNF-RI (Tablell).

Adhesion molecules, neopterin, CRP,
differential blood count at remission

of BD activity score

SVCAM-1 and neopterin significantly
increased when compared to baseline
levels, whereas a decrease in SE-Se-
lectin (but in this case failing to reach
significance), and significant decreases
in leukocyte and thrombocyte counts
occurred. The reductions of CRPserum
levels were not significant at remission
defined by BD score when compared to
baseline because of the small numbers
of observations made, athough at re-
mission by BD score only 1 of 31 pa-
tients (3%) still had elevated CRP lev-
els(p=0.13) (Tablell).

Correlations

Positive correlations between IFN do-
sage or serum levels and sVCAM-I (cor-
relation coefficient r=0.76, p< 0.00001),
neopterin (r=0.70, p< 0.00001), STNF-
RII (r=0.55, p= 0.00027) and sIL-2R (r
=0.46, p=0.0038), between sVCAM-I,
TNF-a, sTNF-RII, sIL-2R and neop-
terin (r = 0.70, p < 0.00001; r = 0.48, p
=0.0022; r=0.60, p= 0.00005; r = 0.47,
p =0.0027), SICAM-I and sVCAM-I (r
=0.51, p=0.00085), sIL2-R and STNF-
RII (r=0.51, p=0.00011), and between
slIL2-R and SICAM-I (r=048, p=
0.0024) were established.

Discussion

Basdlinelevels

At baseline, when the patients still had
activedisease, IL-4, IL-8, IL-10, IL-12,
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and IFN-g were not measurable in the
patients sera. TNF-a and G-CSF were
not elevated when compared to the
controls. IL-6 as a pro-inflammatory
cytokine mostly paraleling CRP (13)
only tended to be elevated at baseline.
Thelack of elevation of the pro-inflam-
matory cytokines IL-8 and TNF-a in
our patients with active ocular BD
seems to contradict the results of oth-
ers, who repeatedly reported increased
cytokine and chemokine serum levels.
Mostly, a prominent over-secretion of
TH-1 pro-inflammatory cytokines in
the active phase of the disease has been
described (14-21). It was proposed that
IL-8 is superior to CRPor ESR for mo-
nitoring the inflammatory activity of
the disease and currently is considered
to be of utmost importance in the pa-
thogenesis of BD, inducing neutrophil
chemotaxis and hyperactivity (22-28).
Itispossiblethat thereisadifferencein
cytokine serum levels between patients
with predominantly ocular BD and
more systemic manifestations. This, of
course, has to be evaluated further by
comparing patients with different ma-
nifestations of BD, especialy because
a significant reduction of 1L-8 produc-
tion by IFN-a was reported in vitro
(29-31), which would explain some of
its therapeutic effects. Recently, Bar-
dak et al. (32) reported on IL-6, IL-8
and TNF-a levels in patients with ac-
tive and isolated ocular BD, inactive o-
cular BD and healthy controls. They
found significantly higher IL-6, 8, and
TNF-a levels for their active ocular
BD patients in comparison to inactive
BD and healthy controls.

The soluble adhesion molecules are
shed from activated endothelium and
arethought to reflect this activation (3).
Elevated SICAM-1 may reflect both
immune and endothelial activation,
whereas VCAM-1 and E-selectin are
restricted to endothelium. Both VCAM-
1 and E-Selectin have a low or absent
congtitutive endothelial expression and
are induced by pro-inflammatory cyto-
kines (34). Although potentia regula-
tory roles of soluble cell adhesion mol-
ecules remain to be proven, a prelimi-
nary report has shown that siICAM-1
and sV CAM-1 suppress the endothelial
expression of the respective cellular
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molecules (35). It has been reported
that levels of soluble adhesion mole-
cules are aso elevated in active BD
(36-38). In the present study, soluble
adhesion molecules were not elevated
when compared to healthy controls. In
more generalised BD (e.g. large vessel
involvement) this might be different, as
it has been reported for patients with
“major” or “minor” Wegener's granu-
lomatosis (39) and also by Haznedaro-
glu et al. for the soluble selectins in
extensive BD (38).

In accord with previous reports on pa-
tients with active BD, we aso found
increased baseline levels of IL-1RA,
sIL-2R and sTNF-RII (14, 17, 40-43).
The soluble receptors ((STNF-RI (p55)
and sTNF-RII (p75), s-IL-2R) are shed
from the cell-surface, whereas IL-1RA
is produced by macrophages (44). In
higher concentrations they antagonise
the effects of the respective pro-inflam-
matory cytokines (45). Thus, this ele-
vation most probably reflects regulato-
ry anti-inflammatory mechanisms and
not just disease activity.

Neopterin is produced by macrophages
after stimulation by Interferons and is
known to be increased in vira infec-
tions, several autoimmune diseases and
after organ transplantation, where it
can be used to monitor immunological
complications (46,47). Baseline neop-
terin serum levels were comparable to
those of the healthy controls.

Of note, the differences in some of the
cytokine and especially chemokine lev-
el's between the present study and oth-
ers could aso be due to differences in
methodology. A Japanese group recent-
ly reported on marked differences
between whole-blood levels of IL-8
and those in plasma, which were signi-
ficantly lower and often even below the
detection limit (48). However, in the
studies by Verity et al. (49) and Bardak
et al. (32) aswell asin the study by Ev-
eriklioglu et al. (28), serum ELISAs
were used, which in some cases even
were identical to those in the present
study. As we could show that freezing
did not influence the results of the
ELISAsystems used here, the differen-
ces can neither be explained by the use
of frozen or fresh samples (most of the
other authors did not report if they used

fresh or frozen samples).

Endogenous IFN-a was significantly
elevated before exogenous treatment
with this cytokine. One hypothesis ex-
plaining this phenomenon might be
that IFN-a is not active enough to eli-
minate a persistent virus or to exert its
specific influence on the cytokine net-
work and the cellular immune system.
Asthereare at least 13 IFN-a subtypes
in man, and some are known to be
more efficacious in eliminating foreign
vira antigensthan others (50-52), there
might be adysregulation of IFN-a genes
and their respective products in pa
tients with BD which is substituted for
with exogenous recombinant IFN-aZ2a.
Such dysregulations have aready been
described for hepatitis C (51), bacterial
meningitis (53), in newborns (54) and
in mouse models (52). Alternatively,
there could be a lowered responsive-
ness to IFN-a signalling and other
functions mediated directly or indirect-
ly by IFN-a (as for example HLA-
class| expression and, consecutively,
antigen presentation) in BD patients,
which is corrected by substituting exo-
genous IFN-a. These hypotheses are
supported by the lack of elevation of
neopterin serum levels despite elevated
baseline IFN-a serum levels in the pa-
tients.

Leukocytosis at baseline when com-
pared to the healthy controls can be ex-
plained by glucocorticosteroid treat-
ment of the BD patients before initia-
tion of IFN-a treatment.

Changes under |FN-o. treatment
During the course of IFN-a treatment,
some of the cytokines and soluble cyto-
kine receptors, namely sTNF-RII, IL1-
RA, sIL-2R and TNF-a, soluble adhe-
sion molecules (sSICAM-1, sVCAM-1)
and neopterin significantly increased,
whereas soluble E-selectin decreased,
as did the number of leukocytes and
thrombocytes.

Most of these changes have been noted
previously in healthy volunteers, pa
tients with haematological or vira di-
seases being treated with IFNa or inin-
vitro experiments (30, 44, 55, 56). The
increase of neopterin is used for indi-
rect estimation of the efficacy of type |
IFN-treatment in other diseases such as
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hepatitis C and multiple sclerosis (57).

Theincrease of SICAM-1 and sVCAM-1
under IFN-a treatment might reflect
their anti-inflammatory potential, anta-
gonising the effects of cellular adhe-
sion molecules when present in abun-
dance (58). It reflects direct effects of
IFN-a, which at least in the case of
SVCAM-1 is underlined by its direct
correlation with IFN dosage. Thus, at
least in predominantly ocular BD, they
are probably not useful for the monitor-
ing of disease activity, but for predic-
tion of response to IFN-a. This seems
to contradict the results of Verity et al.
(49), and of Saglam et al. (37) who
reported elevated levels of soluble ad-
hesion molecules in patients with ac-
tive BD and a decrease under immu-
nosuppressive treatment. Also in con-
trast to the present results, for the so-
Iuble adhesion molecules sSICAM-I and
sV CAM-I, decreases in responders with
hepatitis C under IFN treatment were
described (59). One reason for this ap-
parent discrepancy could be that the
levels of the respective soluble adhe-
sion molecules were already elevated
at baselinein Hepatitis C and inthe BD
patients in the studies of Saglam et al.
and Verity et al., whereas in our cohort
with ocular BD they were similar to
those of the healthy controls. IFN-a
could exert differential effects, depend-
ing on the baseline concentration of
these molecules. Another possible ex-
planation is that the mechanism of en-
dothelial activation in hepatitis C (viral
infection) is different from that in BD
and thus as soon as the causative virus
is cleared from the circulation, endo-
thelial activation ceases and the soluble
adhesion molecules which were shed
from it, also decrease. On the other hand,
in BD, the endothelial activation may
be caused more indirectly by activated
PBMC and their cytokines, which is
then antagonised by an increase in sol-
uble adhesion molecules by shedding
from the cell surface. The effects of
IFN-a on different types of adhesion
molecules are differentia as well, be-
cause sE-selectin levels, in contrast to
the other soluble adhesion molecules
measured here, significantly decreased.
Some of these changes were signifi-
cantly related to remission only of PUS
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(slL-2R, sE-Selectin, SICAM-1) which
occurred much earlier than remission
of BD activity as awhole. This proba
bly reflects direct effects of exogenous
rhIFN-a2a, because changes were less
marked later in the course of treatment,
when exogenous | FN-a had been redu-
ced or even completely tapered off, al-
though remission of the disease was
ongoing. This contention is supported
by the positive correlation with IFN
dosage or serum level for sIL-2R and
STNF-RII as well asfor svCAM-1, al-
though positive correlations do not
necessarily imply a causal relationship.
It is now important to establish whether
these markers would aso reflect clini-
cal improvement under different thera-
peutic regimens, such as azathioprine
or CSA. If this were the case, the res-
pective recombinant cytokine antago-
nists would be interesting alternative
treatment options in refractory BD, as
already proposed for IL-1 receptor-an-
tagonist by BenEzra (60) and proven
effective in case reports for TNF-anta-
gonists (61).

The main limitations of the present
study are the previous immunosuppres
sive treatment of the patients and the
patient selection (predominantly re-
fractory ocular disease). It might well
be possible that the recent glucocorti-
costeroid treatment has influenced some
of the cytokine and cytokine-antagonist
levels measured here. Thus, especially
the production of IL-8, IL-6 and TNF-
a might have been diminished by glu-
cocorticosteroids at baseline. In con-
trast, the baseline elevation of soluble
cytokine receptors and |IFN-a suppo-
sedly would have been even more pro-
nounced without the recent glucocor-
ticosteroid treatment.

The cytokine and chemokine network
aswell as the soluble adhesion molecu-
les are still not completely understood
concerning their influences on the im-
mune system and their complex inter-
actions. Furthermore, it has been shown
that most cytokines and probably also
chemokines are able to exert contrast-
ing, if not opposite actions depending
on their environment. The possibility
for a cytokine to switch from one side
to the other (from “the good guys’ to
“the bad guys’) was nicely illustrated

by O’ Shea, Maand Lipsky in areview
article in Nature Reviews Immunology
(62). For ethical reasons, we were un-
able to examine the concentrations of
the cytokines and chemokinesin the af -
fected ocular tissue, although these
may differ from those in the serum and

more reliably reflect what isreally hap-
pening at the site of inflammation, as
was recently shown for the first timein
mucocutaneous lesions of BD patients
by Ben Ahmed et al. (63). All these dif-
ficulties hamper the interpretation of
the results of the present study. Howev-
er, the present findings alow the fol-
lowing conclusions:

IFN-a probably exerts anti-inflamma-
tory effects mainly through an increase
in soluble cytokine receptors, cytokine
antagonists and soluble adhesion mole-
cules. The activation of macrophages,
as reflected by an increase in TNF-a
and neopterin under IFN treatment may
be responsible for the major side ef-
fects of IFN such as fever, arthralgia,
headache, loss of appetite and weight.
The hypothesis of an inefficacy of IFN-
a subtypes produced by the patients re-
mains to be proven. Further studies on
the influences of IFN-a on the cytokine
network in previously untreated pa
tients with different manifestations of
BD and a combination of different me-
thods for cytokine and chemokine mea-
surements (in vitro, whole blood as-
says) are necessary in order to overco-
me the limitations of the present study.
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