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SUMMARY

To investigate whether tumour necrosis factor oo (TNFea) plays a role in the pathogenesis of hepatitis
C virus-associated mixed cryoglobulinaemia (HCV-MC), we measured soluble TNFe and its soluble
p55 (sTNFR1) and p75 (STNFR2) receptors in the serum of patients with HCV-MC. TNF¢a, sTNFR1
and sTNFR2 were measured in the serum of 32 patients with HCV-MC, 18 patients with hepatitis C
without MC (HCV) and 18 healthy volunteers, using specific immunoassays. Correlations between clin-
ical and biological parameters and the concentrations of TNFo and sSTNFRs were established by study-
ing detailed clinical records of the 32 HCV-MC patients. Although higher, TNFo levels were not
significantly different in HCV-MC patients compared with healthy or HCV controls. sSTNFR1 and
sTNFR2, however, were significantly higher in HCV-MC compared with controls or with HCV patients,
and higher concentrations of sSTNFR1 and sTNFR2 were observed in patients with severe visceral vas-
culitis, compared with patients with limited purpura. sSTNFR1 concentrations positively correlated with
fibrinogen levels but TNFeo, STNFR1 and sTNFR2 did not correlate with other biological parameters
such as rheumatoid factor concentrations, CH50 or C4 values. These data suggest a role for TNFa in

the pathogenesis of the immune complex-mediated vasculitis associated with HCV-MC.
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INTRODUCTION

Tumour necrosis factor a (TNFa) and interleukin (IL)-1a/B
are the two most important proinflammatory cytokines in vivo
[1-3]. Both cytokines (TNFa and IL-1a) exist as cell-associated,
biologically-active precursors acting through juxtacrine interac-
tions on target cells during cell-to-cell contacts [4-7], as well as
soluble mature molecules acting through autocrine and paracrine
interactions. TNFa and IL-10/f act on endothelial cells (EC) to
induce a proinflammatory state characterized by vascular throm-
bosis, leucocyte adhesion and tissular infiltration, which has been
observed in several models of vasculitis [1-3]. TNFe acts on cells
through fixation to two specific membrane receptors, namely p55
TNFR (TNFR1) and p75 TNFR (TNFR2) [2,8]. These two recep-
tors belong to a large family of receptors including CD40, Fas and
the nerve growth factor receptor [9]. The TNFR1 mediates the
majority of the effects of the soluble 17 kD form of TNF¢, while
TNFR2 appears to be a specific ligand for the 23kD precursor
membrane forms of TNFe [8,10]. After cell stimulation by various
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stimuli, including TNF « itself, these two receptors can be prote-
olitically cleaved into two soluble forms, sSTNFR1 and sTNFR2,
which can be detected at high concentrations for a prolonged
period of time in the circulation of patients with various inflam-
matory diseases [8,11-13].

Type II and type III mixed cryoglobulinaemia (MC) are asso-
ciated with autoimmune or chronic infectious diseases [14,15].
MC have been recognized to be strongly associated with chronic
hepatitis C virus (HCV) infection [16-19]. MC associated with
HCV (HCV-MC) is more likely to be observed in female patients
over 50 years-old with cirrhosis on liver biopsy, although this last
point is controversial [20,21]. Chronic palpable purpura, leg ulcer,
peripheral neuropathy and renal glomerulopathy are well known
clinical manifestations of MC [14,15]. HCV-MC can induce cuta-
neous vasculitis revealed by chronic purpura, but also severe
visceral vasculitis reproducing polyarteritis nodosa [22-24]. MC
clinical manifestations are due to an immune complex-mediated
vasculitis affecting small- and medium-sized vessels [14,15]. Since
immune complex-induced vasculitis is characterized by endothe-
lial inflammatory lesions in which TNFo seems to be an impor-
tant mediator, we investigated whether TNFo and sSTNFRs were
increased in the serum of patients with HCV-MC, and suggest a
role for the cytokine in this disease.
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PATIENTS AND METHODS

Patients

Thirty-two patients (aged 36 to 81 years) with HCV-MC were
included in this retrospective study. Control groups were com-
posed of 18 patients with HCV chronic infection without MC
(HCV, aged 26 to 76) and 18 healthy volunteers (aged 25 to 71).
All the patients and the subjects belonging to the control groups
were negative for the human immunodeficiency virus. Chronic
HCYV infection was defined as follows: alanine amino-transferase
values more than twice the upper normal limit for more than
6months, anti-HCV antibodies detected by third generation
ELISA, HCV-RNA detected by polymerase chain reaction ampli-
fication techniques using specific primers, and histological lesions
compatible with chronic hepatitis C on liver biopsy. Patients were
considered as having HCV-MC if they had evidence of HCV
infection associated with clinical symptoms of vasculitis and the
presence of serum cryoprecipitates and complement consump-
tion. All patients with HCV-MC were untreated and clinically
active at the time of blood collection. Detailed clinical records
were obtained for 32 patients with HCV-MC. Clinical manifesta-
tions were classified and scored as follows: low-grade severity vas-
culitis limited to chronic palpable cutaneous purpura and
leukocytoclastic vasculitis on skin biopsy, in the absence of high
blood pressure, proteinuria and elevated creatininemia, with
normal neurological examination and electromyography; high
grade severity vasculitis consisting in extensive cutaneous purpura
associated with severe visceral involvement affecting either the
kidney (high blood pressure with systolic > 160 mmHg or diastolic
>95 mmHg and/or creatininaemia > 120 umol// and/or proteinuria
>1g/24 h and histological findings related to cryoglobulinemia on
renal biopsy), or the peripheral nerves (clinical symptoms and
abnormal electromyography associated with vasculitis on neuro-
muscular biopsy), or the digestive tract, or the central nervous
system (ischemic clinical manifestations associated with vasculitis
on biopsy and/or microaneurisms/non-athreromatous occlusions
on aortoarteriography).

Several biological parameters were studied, including
rheumatoid factor (kit for quantitative determination using
haemagglutination purchased from Laboratoire Fumouze,
Levallois-Perret, France), cryoglobulin, haemolytic complement
CHS50, complement C4 fraction, C-reactive protein (CRP) and
fibrinogen concentrations.

Detection, isolation and characterization of cryoglobulin
Cryoglobulin was precipitated from serum isolated at 37°C
and incubated at 4°C for up to 7days in the presence of 0-1g//
sodium azide. The immunoglobulin composition of the washed
cryoprecipitates was determined using a previously described
immunoblotting method [25].

TNFo and soluble TNFRs measurements

Blood was obtained by venipuncture and serum aliquoted and
stored at —80°C until assayed. TNFa, sSTNFR1 and sSTNFR2 were
measured using specific ELISAs from R & D Systems (Abingdon,
UK). These assays are sandwich immunoassays using a capture
anti-TNFo, anti-sTNFR1 or sTNFR2 MoAbs and polyclonal
antibodies, which each did not cross-react with the other mole-
cules measured. The detection limit is less than 5 pg/ml, and intra-
and inter-assay variations are less than 10% for TNFea. For both
sTNFR1 and sTNFR2 assays, the detection limit is 25 pg/ml, and

intra- and interassay variations are less than 8%. These three
assays are not influenced by the presence of rheumatoid factors,
even at high concentrations, as pointed out by the manufacturer
and tested in our laboratory.

Soluble forms of endothelial leucocyte adhesion molecule
(sELAM), intercellular adhesion molecule-1 (SICAM-1) and
vascular cell adhesion molecule-1 (sVCAM-1) were measured in
HCV-MC sera using a specific ELISA from R & D Systems.

Statistical analysis

Analysis was done using the SPSS Base 8.0.1 statistical package
(SPSS Inc., Chicago, IL, USA). Values of TNFa and sTNFRs are
presented as the mean + s.e.m. Differences between TNFo and
sTNFRs concentrations in the different groups were tested using
the Tukey’s test. Correlations between variables were analysed
using Pearson’s or Spearman’s rank correlations. Level of signif-
icance was fixed at 0-05 for all statistical tests. Tukey’s box-plot
representations were used in some of the figures. Briefly, the
horizontal line in the middle of a box marks the median of the
samples, while the hinges of each box represent the 25th and 75th
percentiles (thereby including 50% of the data within a box). The
vertical lines extending above and below each box show the range
of values that fall within 1-5 s.d. of the hinges. Values between 1-5
and 3 s.d. outside the hinges are considered outside values.

RESULTS

Patients characteristics

Characteristics of the different patient groups are summarized in
Tables 1, 2 and 3. The HCV control group (Table 1) consisted of
six females and 12 males, with a mean age of 51 + 15, mean ASAT
and ALAT concentrations of 80 + 10 IU/l and 110 = 16 1U//,
respectively, and a mean Knodell index of 9 £ 1. The HCV-MC
group with vasculitis limited to the skin (Table 2) consisted of 10
females and four males, with a mean age of 66 + 10, mean ASAT

Table 1. Characteristics of control patients with hepatitis C without
mixed cryoglobulinemia

Patients, ASAT ALAT Knodell
sex, age (N:6-53 1U/[)  (N:7-401U/I) HCV RNA index
1. F69 79 50 + 6
2. K76 144 112 + 11
3. F 58 110 180 + 14
4. M, 52 102 100 + 7
5. M, 45 87 100 + 8
6. M, 71 22 17 + 9
7. M, 66 96 74 + 7
8. M, 27 46 98 + 7
9. M, 34 35 85 + 8
10. F, 56 184 179 + 12
11. M, 34 30 65 + 8
12. M, 48 120 170 + 13
13. M, 31 24 38 + 9
14. M, 55 33 38 + 3
15. M, 56 89 135 + 13
16. M, 58 95 186 + 12
17. F, 26 63 178 + 10
18. F, 63 77 85 + 8
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Table 2. Characteristics of patients with low grade severity forms of
hepatitis C-associated mixed cryoglobulinemia vasculitis

Table 3. Characteristics of patients with highly severe forms of vasculitis
due to hepatitis C-associated mixed cryoglobulinemia

Patients, ASAT ALAT HCV Knodell Cryo Clinical Patients, ASAT ALAT HCV Knodell Cryo Clinical
sex, age 1U/1 U/l RNA index type  symptoms sex, age 1U/1 IU/I RNA index type symptoms
1. F, 67 15 16 + 7 11 S, J 1. M, 61 11 20 + 5 111 S,J, DT, PN, K
IgMK 2. M, 63 34 17 + 11 11 S, J, K (MPGN)
2. F 69 31 22 + 7 III S, J IgMx
3. F 48 29 83 + 6 11 S 3. F 36 21 16 + 2 11 S, PN, CNS, K
IgMx IegMx
4. M, 71 293 184 + 14 I S 4. M, 60 9 50 + 7 I S, J, PN, GS
IgMx IgMx
5. M, 78 26 33 + 2 11 S 5. E72 60 75 + ND 11 S, J, K (MPGN)
IgMx IgMx
6. F, 46 100 80 + 12 11 S 6. M, 71 90 120 + 6 11 S, J, PN, GS
IgMK IgMA
7. F, 60 35 47 + ND I S 7. F, 81 24 32 + 6 I S, PN, GS
IgMx IegMx
8. FE71 25 34 + 5 111 S 8. M, 58 73 60 + 8 11 S, PN
9. F 80 10 18 + ND I S IgMA
IgMx 9. F, 66 77 62 + 6 11 S,J, PN
10. E 71 60 42 + 6 11 S IgMx
IgMx 10. F, 74 70 40 + 10 I S, J, PN
11. F, 67 142 128 + 7 11 S, J IgMx
IgMK 11. F 59 52 65 + 7 111 S, PN
12. M, 63 166 360 + 10 I S 12. M, 81 30 41 + ND I S, PN, CNS
IgMx IgMxk
13. M, 67 55 38 + 7 111 S 13. F, 70 100 120 + ND 11 S, PN, GS
14. F, 61 24 52 + 6 1I S, J IgMxk
IgMx 14. M, 71 22 40 + 5 11 S, DT, K (MPGN)
IgMx
. . 15. F 62 68 85 + 10 II S, J, PN
S, skin; J, joints. oM
eMx
16. M, 72 28 35 + 5 111 S, PN, GS
and ALAT concentrations of 71 211U/l and 80 +25 IU/l, respec- ~ 17. E54 200 300 + 11 11 S, PN
tively, and a mean Knodell index of 7-4 + 1. The HCV-MC group IgMx
with severe visceral vasculitis (Table 3) consisted of 10 females 18. K76 40 46 + 3 EMK S,J, PN

and eight males, with a mean age of 66 + 11, ASAT concentration
(57 +111U/I), ALAT concentration (68 £ 15) and a mean Knodell
index at 7 + 0-7.

Increased sSTNFRI and sTNFR2 concentrations in patients with
HCV-MC

Although higher, concentrations of TNFa were not significantly
different in HCV-MC patients than in healthy controls (25 *
10 pg/ml versus 5 + 1-5 pg/ml, P < 02, Fig. 1a), or in HCV controls
(25 £ 10 pg/ml versus 7-4 + 3-5 pg/ml, P < 0-3). In addition, TNFo
concentrations in HCV patients were not significantly different
from healthy controls (7-4 £ 3-5pg/ml versus 5 + 1-5pg/ml, P <
0-9). On the other hand, sSTNFR1 (2219 + 248 pg/ml versus 584 £
36 pg/ml, P < 0-0001) and sTNFR2 (6987 + 980 pg/ml versus 2603
+ 136 pg/ml, P < 0-001) were found to be elevated in HCV-MC
patients compared with healthy controls (Fig.1b,c). Similarly,
when compared with patients with HCV without MC, sTNFR1
(2219 * 248 pg/ml versus 1459 £ 98 pg/ml, P < 0-03) and sSTNFR2
(6987 £ 980 pg/ml versus 3940 + 275 pg/ml, P < 0-03) concentra-
tions were found to be significantly higher in HCV-MC patients
(Fig. 1b,c).

Higher sSTNFRI and sTNFR?2 concentrations in patients with
severe vasculitis

Correlations were studied between TNF¢, sTNFR1 and sTNFR2
concentrations and the severity of HCV-MC vasculitis. Fourteen

S: skin, J: joints, DT: digestive tract, K: kidney, MPGN: mem-
branoproliferative glomerulonephritis, PN: peripheral nerve, CNS: central
nervous system, GS: general symptoms (fever, weight loss).

patients belonged to the low-grade severity group consisting of
limited cutaneous vasculitis, and 18 patients belonged to the high-
grade severity group consisting of severe extracutaneous visceral
vasculitis (Tables 2 and 3). TNFa concentrations were not signif-
icantly different in patients with severe vasculitis compared with
those with limited cutaneous diseases (25 + 14 pg/ml versus 26
15 pg/ml, data not shown). On the contrary, sSTNFR1 concentra-
tions were significantly higher in the case of high-grade severity
vasculitis (2625 = 382pg/ml versus 1698 = 850 pg/ml in low-
severity vasculitis, P < 0-04, Fig.2a). sSTNFR1 concentrations in
the severe vasculitis group were also significantly higher than in
the HCV or the healthy control groups (2625 *+ 382 pg/ml versus
1459 + 98, P < 0-03 and 2625 + 382 pg/ml versus 584 + 36 pg/ml,
P < 0-0001, Fig.2a). Notably, STNFR1 concentrations in the
low-severity group were significantly higher than in the healthy
controls (1698 £ 850 pg/ml versus 584 £ 36 pg/ml, P < 0-01) but not
the HCV patients (1698 £ 850 pg/ml versus 1459 + 98 pg/ml,
P < 0-9). Concentrations of sSTNFR2 were also found to be
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Fig. 1. Elevated TNFe, sTNFR1 and sTNFR2 concentrations in patients
with HCV-MC. TNF« (a), sTNFRI1 (b) and sTNFR2 (c) were measured
in patients with HCV-MC (HCV+/Cryo+) and compared with healthy
controls (control) and with patients with HCV infection without MC
(HCV+/Cryo-). In the box-plot representation, horizontal lines represent
the median for each sample, open circles represent outside values (<0-05,
compared with respective control).

significantly higher in patients with severe vasculitis compared
with those with low-severity forms (8772 £ 1560 pg/ml versus 4693
+ 649, P < 0-02, Fig.2b), the HCV patients (8772 + 1560 pg/ml
versus 3940 £ 275 pg/ml, P < 0-001) and the healthy controls (8772
+ 1560 pg/ml versus 2603 £ 136 pg/ml, P < 0-0001). sTNFR?2 in the
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Fig. 2. Higher sSTNFR1 and sSTNFR2 concentrations in HCV-MC patients
with severe vasculitis. STNFR1 (a) and sTNFR2 (b) concentrations were
measured in HCV-MC patients with severe vasculitis defined by visceral
involvement in comparison with low-severity vasculitis limited to skin
involvement (*P <0-05).

low-severity vasculitis group was not significantly different from
that in both the HCV and healthy control groups (4693 + 649
versus 3940 + 275 pg/ml, P = 0-9 and 4693 * 649 versus 2603 £+ 136
pg/ml, P = 0-4, respectively).

Correlations between sTNFRI and sTNFR2 and biological
parameters in patients with MC

Since this was a major concern in our study, correlations were
studied between TNFa, sSTNR1, sSTNFR2 and the concentrations
of rheumatoid factors in the patients with MC. No correlation
was observed in any case (P = 0-4, P = 0-7 and P = 0-3, respec-
tively, n = 31, using either Spearman’s or Pearson’s test). No cor-
relations between TNFa and the concentrations of various
biological parameters, including CRP (P =0-7, n = 21), fibrinogen
(P=08,n=21), CH50 (P =02,n=26),C4 (P=03,n=27) or
cryoglobulin (P = 0-8, n = 28), were observed (data not shown).
Similarly, no correlation was observed between sTNFR1 or
STNFR2 concentrations and CH50 (P = 0-5 and P = 0-6, n = 26),
C4 (P =09 and P =03, n=27) or CRP (P =09 and P = 0-6,
n =21, data not shown) levels. On the contrary, a weak significant
correlation was observed between sTNFR1 and fibrinogen con-
centrations (r = 0-5, P < 0-03, n = 21, Fig. 3a), and an almost sig-
nificant correlation between sTNFR2 and fibrinogen (r = 0-41,
P < 0-06, Fig. 3b).
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Fig.3. Correlations between sTNFR1 (a), sSTNFR2 (b) and fibrinogen
concentrations in HCV-MC patients (r = 0-5, P<0-05 and r =0-41, P <0-06,
respectively, n=21).

Correlation between sSTNFRI and sTNFR2 and soluble
adhesion molecule concentrations

When studied in all three groups, concentrations of TNF ¢ signif-
icantly correlated with both sSTNFR1 and sTNFR2 (r = 0-634 and
r=0-579, respectively, P < 0-0001, n = 68, data not shown). Simi-
larly, in HCV-MC patients, a positive correlation was observed
between sTNFR1 and TNF concentrations (r = 0-51, P < 0-003,
n = 32) as well as STNFR2 and TNFa concentrations (r = 0-37, P
< 0-05, n = 32, data not shown). In addition, a close correlation
was observed between concentrations of STNFR1 and sTNFR2 (r
=0-78, P < 0-0001, Fig. 4a). In a previous report, we observed that
soluble adhesion molecules, especially sVCAM-1, are interesting
markers in HCV-MC and are associated with the severity of the
disease [26]. We therefore studied correlations between TNFo
and sTNFRs levels, and sELAM, sICAM-1 or sVCAM-1 con-
centrations, in HCV-MC patients. A positive correlation was
observed between sELAM concentrations and TNFo (r = 0-46,
P < 0-01, data not shown) and sSTNFR1 (r = 0-4, P < 0-03), but
not sSTNFR2 (r = 0-3, P < 0-2, data not shown). A positive corre-
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Fig.4. Correlations between sTNFR2 and sTNFR1 (a) and between
STNFR2 and sVCAM-1 (b) concentrations in HCV-MC patients (r =0-78,
P<0-0001 and r = 0-44, P<0-02, respectively).

lation was also observed between sVCAM-1 concentrations and
STNFR2 (r = 0-44, P < 0-02, Fig.4b), but not with sSTNFR1 (r =
0-35, P < 0:06) or TNFe (r = 0-26, P < 0-4). No correlation was
observed between sSICAM-1 concentrations and TNFeo, sTNFR1
and sTNFR2 concentrations (data not shown).

Evolution of sSTNFRI and sTNFR2 in HCV-MC patients

over time

For nine patients with HCV-MC, we were able to study sTNFR1
and STNFR2 concentrations over time. sSTNFR1 concentrations
remained elevated but appeared largely to parallel clinical status
during treatment (Fig.5, presenting four patients, one with a
low-severity form and three with severe forms of the disease).
STNFR2 concentrations paralleled sTNFR1 concentrations but
appeared to follow clinical status less closely than sSTNFR1 (data
not shown).

DISCUSSION

MC, a major extrahepatic manifestation of chronic HCV infec-
tion [16-19], is a cause of immune complex-induced vasculitis
affecting small- and medium-sized vessels, characterized by EC
inflammation, leucocyte infiltration and vascular thrombosis
[14,15]. Since TNFa is a major proinflammatory cytokine known
to induce EC inflammation through fixation to its specific TNFR1
and TNFR2 [1,2,8], we asked whether TNF« is involved in HCV-
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Fig.5. Evolution of sSTNFRI1 concentrations over time in four HCV-MC patients. Patient 1(a) suffered from a low-severity form of the
disease (patient 3 in Table 2). Patients 2(b), 3(c) and 4(d) (patients 10, 1 and 18, respectively, in Table 3) suffered from severe visceral forms
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MC pathogenesis. In this study, we found that TNFo levels were
higher in patients with HCV-MC, but not significantly different
from those in HCV control patients. Concentrations of sTNFR1
and sTNFR2, however, were increased in the serum of patients
with HCV-MC compared with healthy volunteers. When com-
pared with patients with chronic hepatitis C, who have previously
been shown to have increased serum sTNFRs concentrations [27],
sTNFR1 and sTNFR2 were higher in HCV-MC patients. These
differences could not be due to variable severity of the underly-
ing liver diseases, since mean Knodell index was higher in the
HCYV control group than in the HCV-MC patients. In addition,
sTNFR1 and sTNFR2 concentrations were found to be signifi-
cantly higher in cases of severe vasculitis with visceral involve-
ment than in patients with limited cutaneous symptoms. Finally,
in a few patients in which a follow-up was possible, STNFR1 con-
centrations appear grossly to parallel the clinical status during
treatment of HCV-MC, whereas sTNFR2 appears to be a less reli-
able marker.

A major concern in this study was the presence of rheuma-
toid factor in the serum of HCV-MC patients. As reported by the
manufacturer and tested by us, the assays were not influenced
by the presence of serum rheumatoid factor. In addition, neither
TNFa nor sTNFRs concentrations correlated with the concen-
trations of rheumatoid factor, indicating that elevated TNFo and
sTNFRs concentrations were not related to the concentrations of
rheumatoid factor. A weak positive association has been observed
between fibrinogen levels and sSTNFR1 concentrations, but other
important biological parameters such as CH50, C4 or CRP con-
centrations were not associated with TNFo or sTNFRs concen-
trations. In addition, concentrations of TNFo correlated with
those of sSTNFR1 and sTNFR2. Furthermore, TNFo and sSTNFR1
concentrations correlated with concentrations of sELAM,
whereas concentrations of sTNFR2 correlated with those of
sVCAM-1, two leuko-endothelial adhesion molecules which
appear to be involved in HCV-MC pathogenesis [26]. On the
contrary, no correlation was found between TNFq, sSTNFRs and
concentrations of SICAM-1, a molecule which does not seem to
be an interesting marker in this disease [26].

Together, these data provide indirect evidence for the involve-
ment of TNFo in the pathogenesis of HCV-MC, although TNFo
concentration did not appear to be the most reliable serum
marker of its own involvement. Indeed, the assay used in this
study is able to detect the 17kD soluble mature form of TNFe¢,
but not the 26 kD transmembrane precursor form. The latter is,
however, biologically active through fixation to TNFR2, which is
the main TNF receptor on EC and may play an important local
role in HCV-MC pathogenesis [10,28]. A similar observation has
been made in the case of soluble IL-15 and membrane-associated
IL-1¢ in a model of infectious vasculitis [7]. Therefore, STNFRs
appears to be a more reliable serum marker of TNFq involve-
ment in HCV-MC, a finding previously reported in other diseases
[11-13].

sTNFR1 and sTNFR2 have been found to be increased in
numerous other immune complex-mediated human diseases,
notably in rheumatoid arthritis [12] and in systemic lupus erythe-
matosus [13]. sSTNFRs elevated concentrations reflect the role of
TNFo in these two diseases. In rheumatoid arthritis, TNFo has
been consistently found in the inflamed joints, and anti-TNF
MoAbs have been successfully used to treat patients [29,30]. In
animal models of systemic lupus erythematosus, TNFa has been
found in the injured kidney and TNFe injections aggravated the

disease [31,32]. TNFo involvement has been unequivocally
demonstrated in numerous other animal models of immune
complex-mediated diseases [33]. Complement fragments such as
C5a and C3a, which play a central role during immune complex-
mediated injury, as well as immune complexes themselves, have
been shown to be potent TNFo and IL-1 inducers from mononu-
clear cells in vitro [34-37]. In HCV-MC, immune complex depo-
sition on vessels may activate the complement cascade, inducing
C3a and C5a production. Through its chemotactic functions on
leucocytes, C5a may induce neutrophil and/or monocyte migra-
tion to the site of injury [38]. Monocytes activated by both C5a,
C3a and immune complexes produce TNFe, which in turn stim-
ulates EC adhesion molecule and tissue factor expression through
interaction with its TNFR1 and TNFR2 [28,39]. In accordance
with this hypothesis, we recently observed that leuco-endothelial
soluble adhesion molecule concentrations are increased in
patients with MC and correlated with vasculitis, notably sVCAM-
1, which is known to be central in mononuclear cell adhesion to
EC [26].

The physiological properties of STNFRs in vivo appear to be
mainly inhibitory of TNFea functions [8]. Interferon o has been
used with success to treat essential MC [40] as well as HCV-MC
[18,40,41], and these beneficial effects are probably mostly due to
its antiviral effect. However, interferon o has also been shown to
be a potent inducer of sSTNFR1 by monocytes [42] and may thus
exert direct anti-inflammatory effects in MC.

In conclusion, this is the first report showing that TNFc,
sTNFR1 and sTNFR?2 are increased in the serum of patients with
HCV-MC, and that STNFR1 and sTNFR2 levels are associated
with the severity of vasculitis, thus suggesting a potential role for
TNFo in this disease.
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