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ABSTRACT

Objective. Chronic hepatitis C virus
(HCV) infection is associated with an
array of autoimmune laboratory and
clinical manifestations. The goals of
our study were to identify host and/or
virological factors that are implicated
in the pathogenesis of these manifesta -
tions.

Methods. We performed a detailed
prospective study of various demo -
graphic, virological, biochemical, im -
munological (including lymphocyte
subsets, Fcy-receptor and HLA class-|
genotyping), histological and host
genetic parameters in 3 well defined
subgroups of HCV patients (n = 40):
patients with liver disease only (group
I, n= 11) or with laboratory (group I,
n = 20) and clinical (group Ill, n = 9)
autoimmune manifestations.

Results. Group Il patients, mainly
with features of mixed cryoglobuline -
mia, were older, with higher levels of
rheumatoid factor and circulating cry -
oglobulins while they tended to have a
longer estimated disease duration com -
pared to the other two groups of pa -
tients. We did not identify any specific
immunological features that could dif -
ferentiate symptomatic versus asymp -
tomatic patients, except fromthe eleva -
ted soluble interleukin-2 receptor lev -
els. An increased frequency of the
R/R131 FcRylllA and the NA1/NAl
FcyRIIIB genotypes was observed in
our total HCV population, regardless
of autoimmune manifestations, com -
pared to historical controls. No statisti -
cally significant differences in HLA
class 1l allele frequencies was detected
between patient subgroups or in com -
parison to healthy controls.
Conclusions. Chronically infected HCV
patients with symptomatic mixed cryo -
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globulinemia display a number of
unique characteristicsthat differentiate
them from asymptomatic patients with
chronic hepatitis C.

I ntroduction

Chronic hepatitis C virus (HCV) infec-
tion is uniquely associated not only
with chronic liver disease and its com-
plications (cirrhosis, hepatocellular
carcinoma) but also to a number of
autoimmune phenomena (1, 2). The
role of the host immune response in the
development of liver disease is crucial
(3, 4). HCV by itself is not cytopathic
and chronic liver damage is thought to
be mediated primarily through host
immune responses (5). On the other
hand, the distinctive propensity of
HCV to establish chronic infection in
the majority of exposed individuals
(50-85%) (6), indicates the ability of
the virus to circumvent the host de-
fense mechanisms, at least during the
initial phases of HCV infection. Once
chronic HCV infection has been estab-
lished, a subset of patients (~20%)
develops chronic liver necroinflamma-
tion that eventually leads to cirrhosis
(7). A number of hogt, viral and exter-
nal factors have been identified so far
that confer an increased risk for pro-
gressive liver disease (7).

Between 10 to 55% of patients with
chronic HCV infection demonstrate a
number of circulating autoantibodies
including rheumatoid factor (RF),
cryoglobulins, antinuclear antibodies
(ANA), antithyroid (antimicrosomal or
antithyroglobulin) antibodies, smooth
muscle antibodies (SMA) and antimi-
tochondrial antibodies (AMA) (1, 8).
Although these autoantibodies are fre-
guently detected in the circulation of
infected patients, only a small percent-
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age of these patients develop clinical
autoimmune syndromes (8, 9). Among
them the syndrome of HCV -associated
mixed cryoglobulinemia is the best
characterized and studied (9, 10). Other
autoimmune manifestations include
autoimmune thyroiditis, sialadenitis
(Sjogren-like) and arthritis (8). In
regards to the pathogenesis of these
clinical extrahepatic autoimmune man-
ifestations, data are limited. It is cur-
rently unclear what are the major deter-
minants, either host or virus specific,
that differentially regulate the devel op-
ment of laboratory and/or clinical auto-
immune manifestations in a subset of
chronically infected HCV patients.
The goals of our study were to better
characterize and compare a number of
host and virological factors between
well-defined subgroups of chronically
infected HCV patients. Specificaly, we
included patients with evidence of liver
disease only (Group |), asymptomatic
patients with circulating autoantibodies
(Group 1) and patients with sympto-
matic autoimmune manifestations
(mainly mixed cryoglobulinemia, Group
I11). An extensive array of clinical, lab-
oratory (RF, cryoglobulin levels, auto-
antibody titers), virological (HCV RNA
levels, viral genotype, liver histology),
immunological (lymphocyte subpopu-
lations, serum cytokine levels such as
interleukin-2, -4, -8, -10, interferon-b,
tumor necrosis factor-a, serum cyto-
kine receptor levels such as soluble
interleukin -2 receptor) and genetic (Fcg
Receptor genotypes, HLA class |1 typ-
ing) parameters were evaluated and
compared between these groups.

Materials and methods

Sudy design - Patients

This was a prospective study of pa
tients with chronic HCV infection pre-
senting to the Departments of Gastro-
enterology and/or Rheumatic and Im-
munologic Diseases at the Cleveland
Clinic Foundation, Cleveland, Ohio.
Patients belonging to Groups | and Il
were consecutive patients seen at the
Department of Gastroenterology by
one of the authors of the study (Z.M.Y.)
while patients from Group Il were
patients seen at the Department of
Rheumatic and Immunological Dis

eases during the study period. All

patients had chronic HCV infection

documented by the presence of anti-

HCV antibodies and HCV RNA in the

serum. Patients with co-existent liver

diseases (including co-infection with
hepatitis B virus, alcoholic liver dis-
ease, drug-induced liver diseases, Wil-
son’s disease, alpha-1 anti-trypsin defi-
ciency, hemochromatosis, malignan-
cies, autoimmune liver diseases), hu-
man immunodeficiency virus infection,
history of organ transplantation, preg-
nancy and those who were receiving
treatment with antivirals and/or im-
munomodulatory agents (<4 weeks
prior to the recruitment in the study)
were excluded from the study. The one
month cut-off period was set arbitrarily
in order to avoid interference with the
laboratory and immunological assays.

The study was approved by the Institu-

tional Review Board of the Cleveland

Clinic and patients signed an informed

consent prior to their enrolment in the

study.

For each patient a detailed clinica his-

tory and physical examination was per-

formed. According to their initial labo-
ratory and clinical data, patients were
classified into three groups:

- Group | included patients with
chronic HCV infection only, with-
out laboratory or clinical manifesta-
tions of autoimmunity.

- Group Il included patients with
chronic HCV infection and circulat-
ing autoantibodies such as RF, cryo-
globulins, ANA, antithyroid (anti-
microsomal or antithyroglobulin)
antibodies, SMA or AMA, without
any associated clinical manifesta-
tions.

- Group Il included patients with
chronic HCV infection, circulating
autoantibodies and associated clini-
cal autoimmune manifestations in-
cluding symptoms of mixed cryo-
globulinemia (glomerulonephritis,
arthritis, neuropathy or skin mani-
festations such as palpable purpura,
ulcers or digital gangrene), sida
denitis (Sjogren’ s like-syndrome) or
thyroiditis.

Laboratory assays
Each patient has blood drawn once at
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the initial visit and a number of tests
were performed while serum was also
kept in -70°C for subsequent assays.
Each specimen was examined for the
presence of anti-HCV antibodies by a
commercial enzyme immunoassay
(Cobas Core Anti-HCV EIA, Roche)
and a quantitative HCV RNA assay
(Cobas Amplicor HCV, Roche Diag-
nostics). In the majority of patients, the
genotype of the infecting HCV strain
was determined using a commercialy
available line probe assay (Inno-Lipa
HCVII, Innogenetics).

Specimens which were positive for
both assays (anti-HCVand HCVRNA)
were further tested with a number of
standard assays which included: acom-
plete blood cell count and differential,
cryoglobulin quantification (measured
in nmg/ml, positive >50 ng/ml), RF
(positive >20 1U/ml), ANA, AMA,
SMA, antithyroid antibodies, anti-HIV
antibodies and hepatitis surface antigen
(HBsAQ).

Flow cytometry analysis

Fresh whole blood specimens were
stained with a panel of monoclonal
antibodies labeled with FITC, PE,
PerCP or APC and subsequently ana-
lyzed on a utilizing four-color flow
cytometric analysisin a FACScan flow
cytometer (Becton Dickinson/BD,
CA). The monoclona antibodies that
were utilized in this study included:
CD3- APC,CD4-FITC, CD8 - PerCP,
CD25 - PE, HLA DR - PE, CD19 -
FITC, CD45 - APC, CD13- PE. All
labeled antibodies and their respective
controls were from BD. After gating in
the lymphocyte population, 5000
events were acquired and the percent-
ages of the different lymphocyte sub-
populations were estimated in the gated
population.

Serum cytokine and cytokine-receptor
assays

All serum specimens were stored ini-
tialy at -70°C until the specific assays
were performed. Serum soluble inter-
leukin-2 receptor (sIL2R) levels were
measured using a commercialy avail-
able assay (normal range < 600 Units/
ml). The serum levels of interferon-g
(IFN-g), IL-2, IL-4, IL-8, IL-10 and
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tumor necrosis factor-a (TNF-a) were
determined by commercially available
sandwich ELISAs (R&D Systems, Inc.,
Minneapolis, MN) according to the
manufacturer’s instructions. Each spec
imen was assayed in duplicates and all
results were expressed as pg/ml. The
sensitivity of each assay wasfor: IFN-g
=3 pg/ml, IL-2=7 pg/ml, IL-4=10
pg/ml, IL-8=10 pg/ml, IL-10=2 pg/
ml, TNF-a=4.4 pg/ml. Specimens with
undetectable levels were reported as 0
pa/ml for statistical purposes.

HLA class |1 typing

A blood sample from each patient was
assayed for HLA class Il typing by
polymerase chain reaction - sequence
specific oligonucleatide probing (PCR-
SSOP), (Allogen Laboratories, The
Cleveland Clinic Foundation, Cleve-
land, OH). The results of HLA class||
typing for the whole HCV population
was compared to a control group of
cadaveric donors (n=191) from the
same institution.

Fcy-receptor (FcyR) genotyping

The FcgR-I1A, FcgR-I11A and FcgR-
[11B genotypes were determined at the
University of Alabamaat Birmingham,
Birmingham, AL (Dr. Robert P. Kim-
berly), as previously described (11).
Specifically, for each FcgR the follow-
ing genotypes were determined: for Fcg
R-1IA = H/H131, H/R131 and R/R131;
for FcgR-11IA = F/F, F/V and V/V176
and for FcgR-111B = NALNAL, NAL
NA2, NA2/NA2. Furthermore, the
alelic frequency of H or R/131 (FcgR-
[1A), NA1 or NA2 (FcgR-Il1A) and
F176 or V176 (FcgR-111B) was estimat-
ed in each group and for the whole
group of HCV infected individuals.

Liver biopsy data

Thirty-one patients (77%) underwent
liver biopsy as part of their evaluation
for their chronic liver disease. Each
liver biopsy was graded for necroin-
flammatory activity by the modified
Histologic Activity Index (HAI, score
0-18) and for the stage of fibrosis
(score 0-6), as previously described
(12). The HAI and fibrosis score was
calculated for each group of patients
and compared between groups.

Table|. Demographic characteristics of the 3 patient subgroups with chronic HCV infec-
tion. Statistical significant differences between groups are indicated with asterisks.

Parameter Group | Group 11 Group |11
(n=11) (n=20) (n=9)
Age (years) (mean+ SD.) 431+52 47.1+ 4.8* 54.2 + 14**
Sex (M/F) 8/3 12/8 712
Estimated disease duration 16.6+ 8.6 176+ 88 224+43
(mean + S.D.) (years)
Mode of transmission
Transfusion 1/11 (9%) 3/20 (15%) 4/9 (44%)
VDU 6/11 (54%) 6/20 (30%) 3/9 (33%)
Unknown 4/11 (37%) 11/20 (55%) 2/9 (22%)
ALT(U/L 93.6+485 89.9+ 61 73.7+51.1
(mean = SD.) (normal <45 U/L)
HCVRNA (copies/ml, median) 1.3x 108 1.4x 108 0.5x 108
Genotype 1 (%) 5/9 (56%) 17/18 (94%)***  6/6 (100%)
Liver biopsy
HAI score 5+27 55+17 54+23
Fibrosis score 24+15 28+2 24+18
(n=9) (n=17) (n=5)

* p=0.05 (Group | versus|l), ** p=0.05 (Group | versuslIl), *** p=0.03 (group | versus|I)
1VDU: intravenous drug use; HAI: Histologic Activity Index.

Satistical analysis

For comparison of non-parametric val-
ues the Wilcoxon rank sum test or two-
tailed student’s t-test were used. Com-
parison of percentages between groups
was performed with the c2 or Fisher's
exact test. Statistical significance was
set at p-vaue of 0.05. For the HLA
analysis, the Fisher’'s exact test was uti-
lized with the Bonferroni correction for
multiple tests (P value x the number of
alleles examined). Correlation between
nonparametric values was performed
using the Spearman rank correlation
method and a correlation coefficient
was estimated for each comparison.

Results

Patient characteristics

Forty patients (27 males, 13 females)
with chronic HCV infection were pro-
spectively recruited for the study.
Chronically infected HCV patients
were categorized into three groups:
Group | (n=11) consisted of patients
without circulating autoantibodies or
clinical manifestations of autoimmuni-
ty; Group Il (n=20) included patients
with circulating autoantibodies only
while in group 1l (n=9) patients with
clinical autoimmune manifestations
were recruited.
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The demographic characteristics of the
3 groups of patients are presented in
Table . Patientsin groups Il (mean age
=47 years) and Ill (mean age=54
years) were older compared to patients
in groups | (mean age=43 years, p
value=0.05 for both comparisons).
There was no significant difference
between groups in terms of sex, esti-
mated disease duration (EDD), mode
of HCV transmission, ALT or HCV
RNA levels. Most of the patients had
elevated aminotransferase levels (73%
ingroup I, 75% in group Il and 62% in
group I11) but their levels did not differ
significantly between groups (Table ).
Similarly, the HCV RNA titers were
comparable between the 3 groups. Spe-
cifically, in group | patients the HCV
RNArange was between 1.7x10°to 7.3
x 10°copies/ml (mean=2.2x 10° copies/
ml), in group Il 23 x 103 to 2.9 x 10°
copies/ml (mean=1.3x10° copies/ ml)
and in group Il 262 x 10° to 3.8 x 10°
copies/ml [mean = 1.2 x 10° copies/ ml.
median = 0.5x 10° copiesml)]. Serum
HCV RNAlevels tended to be lower in
cryoglobulin positive (mean =1.38 x
10°copies/ml, median=0.94x 10°copies/
ml, n=18) compared to cryoglobulin
negative (mean=1.7 x 10° copies/ml,
median=1.33x 10% copies/ml, n=21)
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Tablell. Autoantibodies in patients with |aboratory or clinical autoimmune manifestations.
The frequency of various autoantibodies in patients with laboratory (Group 1) or clinical
(Group 1) autoimmune manifestations are presented. Comparisons between groups were
performed with the Fisher's exact test and the Wilcoxon rank sum test (see Patients and
Methods) and the respective p-values are also shown.

Autoantibody Group |1 Group |11 p-value
(n=20) (n=9)
Anti-thyroid 1/20 (5%) 2/9 (22%) NS
ANA 2/20 (10%) 419 (44%) NS
AMA 0/20 (0%) 1/9 (11%) NS
SMA 8/20 (40%) 4/9 (44%) NS
RF 15/20 (75%) 8/9 (89%) NS
Median (1U/ml) 275 0.002
Cryoglobulins 10/20 (50%) 9/9 (100%) 0.01
Median (ng/ml) 520 >0.001

patients, but the difference did not reach
statistical significance. The mgjority of
patients were genotype 1 (28/ 33, 85%).

Liver biopsy was performed in the ma-
jority of studied patients (31/40, 77%).
The necroinflammatory activity (asses-
sed by the modified HAI score) and the
fibrosis stage (assessed by the fibrosis
score) were similar across al sub-
groups of HCV patients (Table I). The
incidence of cirrhosis as evidenced by
an advanced fibrosis stage (score 5-6)
was 11% (1/9), 29% (5/17) and 20%
(1/5) of patientsin groups |, Il and 111,
respectively (p=NS).

Autoantibodies

Patients belonging to groups Il and 111
displayed a number of circulating
autoantibodies (Table I1). The percent-
age of patientswith anti-thyroid, AMA,
ANA or SMA was similar between
group Il and Il patients (Table I1).
Group Il patients with mixed cryoglo-
bulinemia were more commonly posi-
tive for serum cryoglobulins (100%)
compared to patients with circulating
autoantibodies only (50%, p=0.01).
Although the number of patients with
positive RF did not differ between
groups (p=0.635), the levels of serum

RF were much higher in patients with
clinical autoimmune features (median
=275 1U/ml) compared to asympto-
matic RF positive patients (median= 33
IU/ml), p=0.002. Similarly, the con-
centration of circulating cryoglobulins
was much higher in symptomatic
(median=520 ng/ml) vs. asymptomatic
patients (median =55 ng/ml), p<
0.0001.

The correlation between the RF and
cryoglobulin levels was estimated for
the whole group of HCV patients,
using the Spearman rank correlation
method. A statistically significant cor-
relation between RF and cryoglobulin
levels was detected (correlation coeffi-
cient = 0.672, p = 0.0001, n=40).

Patients with clinical autoimmune
manifestations (Group I11)

The demographic, clinical and labora-
tory findings of the nine patients with
clinical autoimmune manifestations are
presented in Table I11. The majority of
patients were males (7/9, 78%) with
long disease duration (22+4 years). All
patients had circulating cryoglobulins
(100%, median concentration=520 ny/
ml, range 203-10165 ng/ml) while all
except one patient were RF positive

Tablelll.Theclinical and laboratory findings of patients with clinical autoimmune manifestations (group I11).

Patient Sex/Age Mode of EDD Clinical RF Cryos Other
(years) transmission (years) manifestations (1U/ml) (g/ml) autoantibodies
M/72 Transfusion 20 Lcv 341 2260
M/49 VDU 30 ArthritissMPGN/ 187 4890
LCV/Sidadenitis
3 M/40 VDU 20 Neuropathy Neg 401 ANA(1:80)
/skin nodules
4 F/52 Unknown Unknown Retinal vasculitis/ 36 520 ANA(1:640)
arthritis AMA(1:320)
SMA(1:80)
5 M/43 VDU 20 Arthritis 76 309 ANA(1:320)
SMA(1:80)
Anti-thyroid
6 F/62 Transfusion 19 LCV/IMM/ 76 309 Anti-thyroid
GN/thyroiditis
7 M/46 Transfusion 27 Digital necrosis/ 161 367
GN
8 M/44 Transfusion 21 Digital necrosis 61 663 ANA(1:320)
SMA(1:80)
9 M/80 Unknown Unknown LCV/neuropathy 1370 10165

1VDU: Intravenous drug use; EDD: estimated disease duration; LCV: leukocytoclastic vasculitis, MPGN: membranoproliferative glomerulonephritis, MM:
mononeuritis multiplex; GN: glomerulonephritis; RF: rheumatoid factor; cryos: cryoglobulins; ANA: antinuclear antibodies; AMA: antimitochondrial anti-

bodies; SMA: smooth muscle antibodies.

S-104



Virological and host factorsin HCV associated autoimmune diseases /D. Vassilopoulos et al.

Table I'V. Lymphocyte subsets in the three groups of HCV patients. The absolute number
and percentage of different lymphocyte subpopulations are presented. All values are

expressed asmean + 1 S.D. (standard deviation).

Parameter Group | Group 11 Group 111
(n=11) (n=18) (n=9)

Lymphocytes (/) 2281.8 +658.5 2179.4 +618.3 1681.1 +750.4
CDA4 (%) 487 £ 94 489+ 79 419 + 106
CD8 (%) 257 + 9 248 + 82 189+ 65
CD19 (%) 122 + 56 121 + 6.1* 254 + 16.4**
CD4CD25 (%) 205 + 44 183 + 6.7 184+ 58
CD8CD25 (%) 46 + 22 45 + 42 26+ 24
CD4DR+ (%) 69 + 26 82+ 32 109+ 47
CD8DR+ (%) 9 + 8 92+ 33 84+ 33

(8/9,88%). Their clinica manifesta-
tions were typical of symptomatic mix-
ed cryoglobulinemia and consisted of
vasculitis (5/9, 55%), arthritis (3/9,
33%), neuropathy (3/9, 33%), skin
manifestations like digital necrosis or
nodules (3/9, 33%) and glomerulone-
phritis (2/9, 22%). Four patients (44%)
were ANA positive (titer range 1:80 —
1:640), three were SMA positive
(33%), two had circulating anti-thyroid
antibodies (22%) and one patient was
AMA positive (11%). Despite the pres-
ence of these autoantibodies, none of
the patients had other clinical or labora
tory features indicative of a specific
autoimmune disease such as autoim-
mune hepatitis, primary biliary cirrho-
sisor systemic lupus erythematosus. Of
the two patients with anti-thyroid anti-
bodies, one (patient #6) had thyroiditis.
None of these patients were on antiviral
or immunomodulatory treatment at the
time of their evaluation. Three patients
had previously received therapy: pa
tient #3 combination antiviral therapy
with IFNa/ribavirin and low dose pred-
nisone; patient #4 IFNa alone and pa-
tient #6 |[FNa and low dose prednisone.
All patients had completed their thera-
py 7, 13 and 2 months, respectively pri-
or to their enrollment to the study.

Lymphocyte subpopulations

The number of total lymphocytes did
nor differ between the 3 groups of stud-
ied patients (Table IV). Although there
was a mild decrease in the absolute
number of tota lymphocytes in
patients with clinical autoimmune
manifestations (1681 + 750/m), the dif -

ference compared to group | (2281
658/m) and group Il (2179 + 618/m)
patients did not reach statistical signifi-
cance.

Similarly, there was no difference in
the subpopulations of CD4 and CD8 T
cells (CD3+) between the 3 groups (Ta-
ble V). When the subsets of activated
CD4 or CD8 T cells (CD25 or DR+)
were compared between patients with
different laboratory or clinical autoim-
mune manifestations, no statistically
significant difference was demonstrat-
ed (Table V).

The population of B cells (CD19+) was
expanded in patients with clinical man-
ifestations (25.4+16.4%) compared to
group | (12.2 £5.6%, p=0.02) and
group Il (12.2+£6.1%, p=0.01) patients.
The absolute number of B cells though
did not differ between the 3 groups,
most likely due to the decreased ab-
solute number of lymphocytesin group
I11 patients (data not shown). Similarly,
there was no difference in the number
of CD5+ cells among the total lympho-
cyte population or inthe B cell subpop-
ulation (data not shown).

Serum cytokines and soluble cytokine
receptors

A number of different Thl and Th2
cytokines were measured in the serum
of patients from each group. Serum
Thl cytokines such as IL-2 and IFN-g
were undetectable by the ELISA assay
that was utilized in our study (R&D
Systems, MN, USA, data not shown).
IL-4 was detected in very low levelsin
the whole group of HCV patients
(mean =0.7 £ 1.71 pg/ml, n=35), with-
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out significant differences between the
3 groups (data not shown). Another
prototype Th2 cytokine, the IL-10 was
detected similarly in relatively low lev-
els (mean = 2.16 + 1.78 pg/ml, n=34).
Despite its frequent presence in the
serum of HCV infected patients there
was no statistically significant differ-
ence among the 3 groups (Fig.1).
TNF-a is a pleiotropic cytokine that
playsasignificant rolein tissue inflam-
mation including hepatitis and vasculi-
tis. Serum levels of TNF-a were mea-
sured in the serum of 35 HCV patients
utilizing a sensitive ELISA assay (sen-
sitivity 4.4 pg/ml, see Materials and
Methods). The levels of TNF-a were
detected inrelatively low levels (1.74 +
2.3 pg/ml, n=35). Patients from group
Il displayed higher levels (2.56+2.57
pg/ml) compared to group | (0.56+
1.32pg/ml, p=0.03) and group |11 (0.82
+1.19, p=0.1) patients.

Serum IL-8 was found in high levelsin
the majority of patients with chronic
HCV infection (180.6 +356.9 pg/ml, n
=36). Despite the presence of increased
IL-8 levels, we did not detect any dif-
ferences between patients belonging to
the different groups (Fig. 1).

SIL2R levels were elevated in the ma-
jority of HCV patients (37/40, 92%).
Thelevels were particularly elevated in
patients with symptomatic mixed cryo-
globulinemia (1405552 U/ml, normal
<600 U/ml) compared to patients with
laboratory autoimmune phenomena or+
ly (826£ 349 U/ml, p=0.01) or patients
without laboratory and clinical autoim-
mune manifestations (916 + 252 U/ml,
p=0.07).

FcyR-genotyping

Genetic polymorphisms of the FcgR-
1A, FgR-111A and FagR-111B have been
linked to an increased risk of specific
autoimmune diseases and certain of their
clinical manifestations (13). The FcgR
genotypes were determined in our HCV
population and their frequency was com-
pared between the 3 patient groups.
FcoRIIA is expressed mainly in mono-
cytes/macrophages and neutrophils. A
gene polymorphism at position 131
creates two different allotypes; one
contains histidine (H131) and the other
arginine (R131) at this position. Cells
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Fig. 1. The serum levels of interleukin-10 (IL-10), IL-8, TNF-a and sIL2R in the 3 groups of patients are displayed.

Table V. Distribution of FcgRIIA, FcgRITIAand FcgRIIIB genotypes among the 3 different subgroups of HCV patients. The frequency of
the FcgR genotypes and alelesin the different HCV patient subgroups are shown. The number of patients with the particular genotypes as
well as the percentage of its genotype(in parentheses) in each group are presented.

FcoRIIA FCcgRINIA FcoRIIIB
Genotype frequency
Patient groups R/R131 H/R131 H/H131 Patient F/F176 F/IV176 VIV176  Patient NAL/NA1 NAL/NA2 NA2/NA2
groups groups
| 2 6 3 | 5 6 0 | 2 4 4
(n=11) (18.2%) (545%) (27.3%) (n=11) (45.5%)  (54.5%) (0%) (n=10) (20%) (40%) (40%)
1 4 11 2 I 9 4 5 I 6 5 6
(n=17) (235%)  (647%) (11.8%) (n=18) (50%)  (222%)  27.8%) (n=17)  (35.3%)  (294%) (35.3%)
11 2 2 3 11 3 4 0 I 2 1 4
(n=7) (28.6%)  (28.6%) (42.9%)  (n=7) (42.9%) (57.1%) (0%) (n=7) (28.6%)  (14.3%) (57.1%)
Total 8 19 8 Total 17 14 5 Total 10 10 14
(n=35) (22.9%) (54.3%) (22.9%) (n=36) (47.2%)  (38.9%) (13.9%) (n=34) (29.4%) (29.4%)  (41.2%)
Allelic frequency
Patient groups R131 H131 Patient F176 V176 Patient NA1 NA2
groups groups
| 0.45 0.54 | 0.73 0.27 | 04 0.6
(n=11) (n=11) (n=10)
1 0.56 0.44 I 0.61 0.39 1 0.5 0.5
(n=17) (n=18) (n=17)
11 0.43 0.57 11 0.71 0.29 I 0.36 0.64
(n=7) (n=7) (n=7)
Total 05 05 Total 0.67 0.33 Total 0.44 0.56
(n=35) (n=36) (n=34)
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expressing the R131 dlele or the R/R
genotype demonstrate a lower affinity
for 1gG binding. The overall frequency
of the R/R, H/R and H/H genotypes
was 23%, 54% and 23% respectively in
our HCV population. The overal fre-
guency of the H131 and R131 dlele
was 0.5 for both genes. No statistically
significant difference between patient
groups was noted.

FcoRIIIA is expressed mainly in natur-
a killer (NK) cells and mononuclear
phagocytes (14). It has been shown to
play acritica role in IgG1/IgG3 bind-
ing and hence, in immune-complex
handling. A polymorphism at nucleo-
tide (nt) 559 (T - G) creates a substitu-
tion of phenylaanine (F) to valine (V)
at amino acid position 176 of the extra-
cellular domain (EC2) of the receptor.
VIV homozygotes have been found to
bind 1gG more efficiently (especialy
IgG1 and 1gG3 subclasses) (14).

In our HCV population (n=36), the fre-
quency of the low-binding genotype
(F/IF176) was 47% and of the F176 al-
lele 0.67. The frequency of the low-
binding gene or alele was independent
of the presence or absence of laborato-
ry and/or clinical autoimmune manifes-
tations (Table V).

The FcgRIIIB is the FcgR expressed
exclusively in human neutrophils and
has been shown to play a significant
role in neutrophil activation induced by
immunoglobulins and/or immune com-
plexes (14). A polymorphism of the
responsible gene is associated with the
differential biallelic expression of the
neutrophil-specific antigen NA1 or
NA2. Neutrophils from individuals
homozygous for the NA1 alele (NAL/
NA1) demonstrate a greater ability to
bind to IgG1/IgG3 as well asto phago-
cytose 1gG-opsonized targets (14).

The frequency of the NAL/NA1 homo-
zygotes in patients with HCV infection
(n=34) was 29% (Table V) with an
overall frequency of the NA1 gene of
0.44. No significant variation in gene
or dlele frequency between the 3 pa
tient groups was noted.

HLA class | typing

HLA class Il genotype was determined
by the PCR-SSOP method in the ma-
jority of studied patients (38/40, 95%).

A control group of cadaveric donors
(n=191) from the same institution was
also included in the study. The ethnic
background of our HCV population
was similar to that of the control popu-
lation (33/40 or 82% Caucasians versus
135/191 or 71%, p=NS).

The aléele frequency in the different
patient subgroups as well as of the total
HCV population is shown in Table VI.
No statisticaly significant differences
were observed between the different
groups. There was a tendency for de-
creased expression of DRB1*07 (DR7)
in patients with clinical manifestations
of mixed cryoglobulinemia (0% in
group I11) compared to patients without
clinica manifestations (45% and 30%
ingroups | and I1, respectively) or heal-
thy controls (25%). We also observed
an increased frequency of DRB1*15in
patients from group Il (57%) com-
pared to groups | and 11 (18% and 15%,

respectively). In both cases though, the
difference did not reach statistical sig-
nificance.

Discussion

Although the association of chronic
HCVinfection with autoimmune mani-
festationsis well established, its patho-
genesis remains unclear. Furthermore,
itis so far unknown if the patients with
laboratory and/or clinical autoimmune
manifestations, represent distinct sub-
sets of chronicaly infected HCV pa-
tients with specia genetic, immunolog-
ical or virological features compared to
patients with liver involvement alone.
In our study a number of host and viro-
logical factors were determined in
chronically infected HCV patients cat-
egorized according to the presence or
absence of autoimmune features.
Previous studies have compared the
characteristics of HCV patients with or

TableVI. HLA class I allele frequency in HCV patients and healthy controls. The all€elic
frequency of HLACclass || (as a percentage) in the 3 subgroups of HCV patients is shown.

Group | Group Il Group Il Tota HCV  Hedlthy
controls

n 11 20 7 38 191
Allele frequency (%)
DRB1

*01 9 15 43 18 12

*03 45 20 29 29 19

*04 9 15 14 13 29

*07 45 30 0 29 25

*11 9 30 29 24 17

*13 18 25 14 21 24

*15 18 15 57 24 30
DRB3

*01 18 25 29 24 22

*02 27 45 43 39 38

*03 9 5 0 5 12
DRB4

*01 45 45 14 39 50
DRB5

*01 18 20 57 26 29

*02 0 20 0 3 4
DQB1

*02 82 35 29 47 37

*03 18 45 43 37 55

*04 18 10 0 11 7

*05 9 40 43 32 28

*06 27 40 57 39 45
DPB1

*01 18 20 14 18 18

*02 27 40 29 34 31

*03 18 20 0 16 14

*04 63 65 71 66 66
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without circulating cryoglobulins (15,
15-17), but not of those with sympto-
matic HCV -associated mixed cryoglob-
ulinemia. Furthermore, our study was
unique as far as we examined an array
of virological, immunological, histo-
logical and genetic features of these
patients that could be implicated in the
pathogenesis of their autoimmune man-
ifestations. The patients that were
included in the study have either never
received antiviral and/or immunomod-
ulatory therapy or have completed their
treatment at least 2 months prior to
their enrollment in the study.

Patients with symptomatic autoim-
mune diseases (mainly with mixed
cryoglobulinemia) were older and
tended to have alonger EDD compared
to patients from the other 2 groups. The
majority of published studies in the lit-
erature have also indicated an older age
and prolonged EDD in HCV patients
with cryoglobulinemia (18).

We did not observe any correlation be-
tween autoimmune manifestations (ei-
ther clinical or laboratory) and markers
of the underlying liver disease, asses-
sed by ALT levels and liver biopsy
findings. There was no evidence of in-
creased incidence of cirrhosis in pa
tients with autoimmune characteristics.
In a recent metaanalysis of published
studies, Kayali et al., reported a 40%
incidence of cirrhosis in HCV patients
with cryoglobulinemia compared to
17% in patients without detectable cry-
oglobulins (18). The association re-
mained significant after adjusting for
variables such as age, gender and EDD
(18). In our study, we did not find such
an increased incidence of cirrhosis in
patients with cryoglobulinemia (data
not shown).

Limited data are available in the litera-
ture on quantitative HCV RNA levels
in HCV patients with or without auto-
immune phenomena (16, 19-21). Uti-
lizing a sensitive quantitative assay for
serum HCV RNA measurement, we
were able to detect similar levels of vi-
remia between the 3 groups of patients.
Although there was a trend for lower
HCV RNA levels in symptomatic
patients and patients with cryoglobu-
linemia in general, the difference did
not reach statistical significance. These

results are in contrast with recent find-
ings by Schmidt et al. who detected
lower plasma HCV RNA levels in
cryoglobulin positive patients (16). As
the authors suggested though, plasma
HCV RNA levels may underestimate
HCV virions present in immune com-
plexes in secondary lymphoid tissues
or in the cryoprecipitate (16).

A number of autoantibodies were
detected in patients belonging to
groups |1 and 111 including antithyroid,
ANA, SMA and rarely AMA. Sympto-
matic patients were more often positive
for antithyroid, ANAand AMA but the
difference did not reach statistical sig-
nificance. Patients with symptomatic
mixed cryoglobulinemia (group I11)
though, displayed statistically signifi-
cant higher levels of cryoglobulins
compared to asymptomatic patients. A
similar correlation between elevated
cryocrit levels and cryoglobulinemic
symptoms has been recently reported
by Trejo et al ., in alarge group of pa
tients with cryoglobulinemia (n=443,
73% HCV+) (17). Although the exact
mechanism by which HCV induces the
production of cryoglobulins is un-
known, similar findings of elevated
cryoglobulin levels have been observed
in HCV negative patients with sympto-
matic cryoglobulinemia in a recent
study by Rieu et al. (22)..

Another characteristic laboratory find-
ing in patients with symptomatic dis-
ease was the frequent presence of RF
(8/9, 89%). RF was detected in much
higher levels in this group of patients
compared to asymptomatic patients
with autoimmune characteristics. This
finding is unique to patients with HCV-
associated cryoglobulinemia, since RF
is detected less frequent in HCV-nega
tive cryoglobulinemic patients (17, 22).
A strong correlation between RF and
cryoglobulin levels was observed in
our study (p=0.0001). A similar corre-
lation between cryocrit percentage and
RF levels was dso found in HCV
patients with cryoglobulinemiain are-
cent study by Schmidt et al. (16).
Cédlular immune responses are critical
in the pathogenesis of HCV-induced
liver damage as well as in tissue injury
in HCV-associated mixed cryoglobu-
linemia (23-25). In our study adetailed
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analysis of lymphocyte subpopulations
did not reveal any significant differ-
ences between the 3 patient groups. An
expanded population of B cells was
noted in patients with symptomatic
autoimmune diseases compared to
patients with liver disease or laboratory
autoimmune findings. Although the
percentage of B cells (CD19+) was
higher in symptomatic patients, the ab-
solute number of B cells did not differ
between groups. Cacoub et al. also did
not detect any statistically significant
differences in lymphocyte subsets in
HCV patients with and without cryo-
globulinemia (15), although there was
no distinction between symptomatic
and asymptomatic cryoglobulinemic
HCV positive patients.

The Th1-Th2 type of immune response
has been studied extensively in patients
with past or chronic HCV infection
(3,4). Patients who clear HCV demon-
strate a strong Thl response while
chronically infected patients display a
mixed pattern (Th1/Th2) in the periph-
ery and a predominant Thl responsein
the liver (26,27). We measured a num-
ber of Thl and Th2 cytokines in the
serum of HCV patients. In general, the
levels of circulating cytokines were
either undetectable (IL-2, IFN-g, IL-4)
or present in small quantities (IL-10,
TNF-a). The levels of IL-8, a chem-
okine with known chemoattractant
activity for polymorphonuclear cells
and T lymphocytes (28) were detected
in high levels in the mgjority of HCV
patients. Despite the elevated levels of
serum IL-8 in our patients, we did not
identify a different pattern of expres-
sion in patients with autoimmune fea-
tures (laboratory and/or clinical).
SIL2R is released from the surface of
activated lymphocytes (T and B) and
mononuclear cells and thus represents
a marker of disease activity in various
autoimmune and viral diseases (29). A
number of studies in chronic hepatitis
C have demonstrated elevated levels of
sIL2R (30-32) while agradual decrease
of its levels after IFNa treatment is
predictive of sustained virological re-
sponse (33). In agreement to these pre-
vious studies, we detected elevated lev-
els in the majority of patients with
chronic hepatitis C. This was particu-
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larly evident in patients with sympto-
matic mixed cryoglobulinemia (group
I11) who displayed much higher levels
than patients with liver disease only or
with circulating antibodies. No correla
tion between the serum levels of sIL2R
and liver necroinflammatory activity or
fibrosis score was found (data not
shown), that could explain these find-
ings.

Recently, Lamprecht et al. reported ele-
vated levels of sIL2R in eight patients
with HCV-associated cryoglobuline-
mic vasculitis that correlated with dis-
ease activity (34). Successful antiviral
treatment with IFNa and low dose
prednisone was accompanied by signif-
icant decrease in SIL2R levels. Since
measurement of SIL2R is routine in
many clinical laboratories, its study as
a potential marker of disease activity
and/or as a prognostic factor to antiviral
or immunomodulatory therapy in these
patients should be further explored.
Genetic polymorphisms of the Fc-
receptors for the IgG immunoglobulins
(FcgRs) have been associated with
variable risk for the appearance, pro-
gression or response to immunomodu-
latory treatment of different autoim-
mune diseases (14, 35). There have not
been any studies of FcgRs polymor-
phismsin HCV -associated autoimmune
manifestations and especially in mixed
cryoglobulinemia. We studied the
genetic polymorphisms of FcgRIIA,
FcgRIITAand FcgRIIIB in the majority
of our HCV patients.

Polymorphisms of the FcgRIIA, a re-
ceptor present on the surface of mono-
cytes/macrophages and polymorphonu-
clear cells, are associated with variable
degree of 1gG binding and phagocyto-
sis of 1gG-coated cells (14). A recent
meta-analysis has shown that the low-
binding R/R131 genotype is enriched
in the SLE population (especialy in
patients without nephritis) compared to
control populations (36). The frequen-
cy of the different FcgRIIA genotypes
in our HCV population did not differ
from the reported frequencies in heal-
thy populations in the literature. Spe-
cifically, we found atotal frequency of
23%, 54% and 23% of the R/R, R/H
and H/H genotypes compared to a
reported frequency of 22-30%, 42-54%

and 19-33%, respectively in hedthy
populations (mainly Caucasians) (14,
37). Similarly, the overall frequency of
the R and H alleles was 0.5 compared
to areported frequency of 0.45 — 0.55
in healthy controls (14, 37). Further-
more, no significant variation between
the different patient subgroups was
noted.

The role of FcgRIIIA in immune com-
plex handling appears to be important
(14, 35). There is a strong association
between the low-binding phenotype
(F/F176) and the development of SLE
(with associated nephritis) (11, 35) and
an increased relapse rate in patients
with Wegener’'s granulomatosis (38). In
our study an increased frequency of the
low-binding genotype (F/F176) and
dlele (F) was noted (47% and 0.67
respectively). Interestingly none of our
patients with symptomatic mixed cryo-
globulinemia (group I11) possessed the
high-binding genotype (V/V176). Wu
et al. have found the low-binding geno-
type (F/F176) in 26% of healthy con-
trols (n=113) with a 0.56 frequency of
the F176 allele (11). The results of our
study indicate a higher frequency of the
low-binding genotype and its allele in
patients with chronic HCV infection
compared to historical controls. Our
results are similar to those obtained in
an SLE population in the same study by
Wu et al. (11). Although the small
number of patients included in our
study and the absence of a control
group, limits the generalization of our
data, further studies are clearly needed
in order to confirm these preliminary
findings.

FcgRIIIB is expressed only on neu-
trophilsand its NA1/NA1 genotype has
been associated with enhanced phago-
cytic activity (14). Homozygotes for
the high binding NA1 alele are en-
riched in patients with Wegener's gran-
ulomatosis and renal involvement (39).
We observed a high frequency of the
high binding NA1/NA1 genotype and
NA1 allele in HCV patients (29% and
0.44 respectively). The frequency of
the NA1/NA 1 genotype in healthy pop-
ulations ranges between 10-16% and of
the NA1 allele between 0.35—-0.38 (14,
37). Similarly, to the other two FcgR
polymorphisms, we did not observe
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any significant differences between the
3 different patient subgroups.

Among the host genetic factors that
determine the susceptibility and out-
come of chronic viral infections, the
HLA genotype appears to be of major
importance. This has been documented
in chronic viral infections due to HIV
(40) and hepatitis viruses (B and C)
(41). A number of studies have exam-
ined the HLA class | and Il genotypes
in patients with chronic HCV infection
and autoimmune characteristics (inclu-
ding cryoglobulinemia), with conflict-
ing results (42-49).

We determined the HLACclass |1 aleles
in our HCV patients and compared
their frequency to a control group of
cadaveric donors with similar ethnic
background. Although no statistically
significant differences were identified,
afew points can be made regarding our
observations. HLA DRB1*11 was
found more often in our HCV patients
(24%) compared to healthy controls
(17%) but the difference was not statis
ticaly significant. Furthermore, pa
tients with laboratory or clinical auto-
immune features displayed more often
this allele (approximately 30%) com-
pared to HCV patients with liver dis-
ease only (9%) (p=NS). Cacoub et al.
reported recently an increased frequen-
cy of this phenotype in HCV patients
with cryoglobulinemia (35% regardless
of vasculitic symptoms) in comparison
to patients without cryoglobulins
(17%) and healthy individuals (23%)
(43).

Interestingly, we found a decreased fre-
guency of DR7 (DRB1*07) in sympto-
matic patients with mixed cryoglobu-
linemia (0%) compared to patients with
liver disease only (45%), laboratory
autoimmune features (30%) or healthy
controls (25%). Similar results have
been reported by Cacoubet al. (43) and
Ossi et al. (49).

In conclusion, we report here the find-
ings of a detailed study of the demo-
graphic, laboratory, histological, im-
munological and host genetic charac-
teristics of patients with chronic HCV
infection and autoimmune features
(either laboratory or clinical). The sta-
tistically significant differences be-
tween the 3 groups are shown in Table
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Table VII. A summary table showing the statistically significant differences in various host and virological parameters between the study

groups.
Parameter Group | Group Il Group 111 p values
(n=11) (n=20) (n=9)

Age (years, mean = SD.) 431+5.2 471+ 4.8* 54.2 + 14** *0.05 (Ivsll)/ **0.05( vslll)
Genotype 1 (%) 5/9 (56%6) 17/18 (94%)* 6/6 (100%) *0.03 (Ivsll)
RF titer (1U/ml, median) NA 33 275* *0.002 (11 vslIT)
Cryoglobulins

% positive NA 50% 100% * *0.01 (I1vslll)

Titer (mg/ml, median) NA 55 520 * *0.001 (11 vslll)
B cells% (CD19 positive) 122+56 121+6.1* 254+16.4**  *0.01 (Il vslIll)/** 0.02 (1 vsllI)
sIL2R levels 916.6 + 252.3 826.3 + 349.2 1405.7 £ 552.4*  * 0.01 (Il vslIl)
(U/ml, mean+ S.D.)
sIL2R = Soluble interleukin 2 receptor

novel polymorphism of FcgammaRllla (CD 21. PELLICANO R, MARIETTI G, LEONE N et

V1. Multicenter studiesincluding large
number of patients and respective
healthy and disease controls from dif-
ferent ethnic and genetic backgrounds
are clearly needed in order to confirm
our findings. The application of the
new genomic and proteomic technolo-
gy will certainly assist in that direction.
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