Cytokine Serum Levels in Patients With Chronic HCV Infection
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The pathogenic role of immune-mediated
mechanisms in chronic hepatitis C virus
(HCV) infection has not yet been elucidated.
In this study, we report different cytokine ex-
pression profiles from hemodialysis (HD) and
non-HD HCV (+) patients. IL-1(3, IL-2, IL-4,
IL-6, TNF-a, and TGF-1 serum levels, and
liver biochemical parameters were deter-
mined in 85 individuals (41 HD patients and
44 non-HD patients). Screening for HCV RNA
and anti-HCV antibodies was performed us-
ing qualitative and quantitative reverse tran-
scription polymerase chain reaction (RT-
PCR), and standardized enzyme-linked
immunosorbent assay (ELISA) and recom-
binant immunoblot assay (RIBA) methods,
respectively. IL-4 and IL-13 demonstrated de-
creased serum levels in non-HD HCV carri-

helper (Th) 1 and Th2 lymphocytes were
highly associated with chronic HCV infec-
tion, as indicated by the increased IL-2, IL-
4, and IL-6 cytokine circulating levels in all
chronic active hepatitis (CAH) patients ex-
amined. An enhanced Th2 response (IL-4
and IL-6) coupled with increased TNF-a and
IL-1B serum levels was reported in HD HCV
(=) patients. In conclusion, our data show
that a virus-induced Th2 and IL-1f3 immuno-
suppression is an early event in HCV-related
chronicity. Long-term HD specifically exerts
a chronic effect on IL-6, IL-1B3, and TNF-a
serum circulating levels. Irrespective of the
HD status, HCV viremia, and liver biochem-
istry parameters, both Thl and Th2 re-
sponses are highly associated with chronic
HCV infection. J. Clin. Lab. Anal. 16:40-46,
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INTRODUCTION previously identified according to the different cytokine ex-
Hepatitis C virus (HCV) is a single-stranded, positive-sengrreeSSIon profiles that were originally desc_nbed N mouse T
: \ ' . - céll clones (5). Thl cells generate cell-mediated and cytotoxic
RNA species that is now recognized as the major etiologic .
agent of non-A, non-B hepatitis (1). HCV infection is foun%l Iymph_ocyte responses promoted predominantly by
' ) Interleukin (IL)-2, interferon gamma (IFN; and tumor ne-

50-70% of patients, while a significant proportion of theréf{wrOSIS factor (TNF)i. Th2 cells produce cytokines, such as

progress to cirrhosis and hepatocellular carcinoma (2). He-

modialysis (HD) patients may be at a higher risk of acquiring

HCV |nfe(_:t|on, since the preval_ence of am_"HCV ant|_b0(_:1¥ IBrant sponsor: Medicanalysis Institute of Molecular Biology Applications.
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Although the exact mechanism responsible for hepatoce&lands.

lular damage is not known, cellular immunity-mediategorrespondence to: Nick E. Spanakis, Medicanalysis Institute of Molecu-

mechanisms are believed to play an important role in chroficBiology Applications, Fleming 18, GR-151 26 Nea Filoth&ihens,

hepatitis C (4). Two subpopulations of murine CD4+ T-help€reece. E-mail: Valisdial@hol.gr
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IL-4 and IL-6, which mediate the humoral response. Thl cehses were included in this study. Selected patients who met
lular immune responses, networked by their elaboratdg inclusion criteria were divided into the following cat-
cytokines, are associated with resistance to infection, whilgories: 1) HD CAH patients (n = 10); 2) HD HCV (+) car-
Th2-related cytokines exhibit negative immunoregulatonjers (n = 11); 3) non-HD CAH patients (n = 12); and 4)
functions (6,7). In addition, some of the structurally unr@on-HD HCV (+) carriers (n = 12).

lated cytokines examined in this study may often display com-

mon properties (8), while others seem to participate (inDeetermination of Serum Levels for IL-1 B, IL-2,

synergistic or antagonistic manner) in overlapping pathwalys4, IL-6, TNF-a, and TGF-B1

(9), thereby justifying their overall study. For the cytokine quantitative assays, 20 HCV (=) HD pa-

Frpm_ different lines of evidence, it seems plausible thﬁénts (11 females and 9 males; age+3 and 20 healthy
a shift in the balance betwedm2 andThl immune re- . .~ ) .
. individuals (10 females and 10 males; aget 8] without a
sponses may play a role in the development of HCV chrQ-

nicity (4,7). However, few studies have described the effea&nICaI history of hepatitis and without symptoms or signs

of lona-term HD on the circulating levels of these c tokineO% liver disease were selected as negative controls for HD
g 9 Y FICV (+) and non-HD HCV (+) groups, respectively. All

oron the Ieve_ls of ”"2.’ “"4’. and trans_formmg growth faCf)lood samples were centrifuged and collected sera were
tor (TGF)$1 in HD patients infected with HCV. In view Ofstored at —20C for up to 1 week. All HD patients had an

the above observations, we investigated the role o]‘BI’I"lmternal vascular a-v fistula as vascular access. Each HD ses-
IL-2, IL-4, IL-6, TNF-a, and TGFB-I in the pathogenesis s

of type C chronic liver disease by examining their serup” had an average duration of 4 hr 30 min. New dialyzers

levels in HD and non-HD patients with HCV-related cApvere employed in each case. No critical adve_rse reactions to
) o the HD procedure were observed. All HD patients had been
of varying activity.

treated by means of the same type of membrane (Hemophan,
Bellco, Italy). To study the long-term effect of HD on the
cytokine circulating levels, sera from HD patients were col-
Patients and Controls lected before the first HD session of the week. Determina-

Twenty-one HCV (+) HD and 24 HCV (+) non-HD Ioa_tlon of serum levels (pg/ml) of IL@, IL-2, IL-4, IL-6,

tients (22 males and 23 females; mean age: 55, range: Xﬁ'f'“' andT GFB1 was performed, according to the assay's

69) were included in this study. They were selected un rPtOCO| (PREDICTA; Genzyme Diagnostics, Cambridge,

the following criteria: all were positive for HCV RNA and A). Mean yearly values of hematocrit (Hct), were obtained

were diaanosed histologically during aporoximately t fé)r each HD patient. In the case of HD patients, a relatively
9 109 y ng app Yy P\arge interindividual Hct variability (—3.6% to 0.5%) has been
same period for chronic HCV infection. The Scheuer “V%rbserved and the mean Het of HD HCV (+) patients did not

histology score was used for histopathological examinatiglr}fer significantly from that of HD HCV (=) patient® &

to discriminate active from non-active liver involvemen 05). There are no data available for non-HD patients of
(10).The various groups of HCV (+) patients (with or Withéithe} rou P
out CAH, on HD or not) were categorized histologically as group.

follows: H.D HCV (¥) and no_n-HD pat'.ents W!th CAH Weri:)etection of Anti-HCV Antibodies, HCV RNA
characterized for portal/periportal activity with a mild (n = ualitative and Quantitative Determination, and
9 (4 HD and 5 non-HD)), moderate (n = 12 (5 HD and gver Biochemistry Parameters '
non-HD)), or piecemeal necrosis (n = 1 HD); and for lobu- y

lar activity with focal necrosis or acidophilic bodies (n =21 Serum samples were routinely tested three consecutive
(10 HD and 11 non-HD)), severe focal cell damage (n =titnes during the study for the presence of anti-HCV anti-
(non-HD)), and damage with bridging necrosis (n = 0). HBodies by MONOLISA HCV New-Ag (MONOLISAHCV

HCV (+) and non-HD carriers included either asymptonRLUS; Sanofi Diagnostics Pasteur¢InChaska, MN), and

atic patients (APs) (n = 4) who exhibited normal serum AlWWeakly positive or indeterminate results were confirmed by
levels (<45 UJ/L for >1 year) and/or patients with minimaRIBA 3.0.The procedure was described in detail in our pre-
symptoms (elevated serum ALT levels for >6 months) efous work (11). HCV reverse transcription polymerase
chronic persistent hepatitis. These patients were charactérain reaction (RT-PCR) qualitative (Ampli€ddCV Test,

ized with no or minimal portal/periportal and/or lobular inRoche Diagnostic Systems, Basel, Switzerlamt) quanti-
flammation. No biopsy data are available for AP-HCVative (HCV-Monitof’ Test, Roche Diagnostic Systems) de-
carriers (in HD or not). Patients with active infection (posterminations were performed with previously described
tive for hepatitis B surface antigen, HIV, and systemic va@t1,12) standardized protocols. Results were expressed as
culitis) were excluded. No alcohol-, allergy-, or drug-inducedral copies/ml of human serum (lower detection limit: =10
(immunostimulating and/or immunosupppressive-treatedyal copies/ml of human serum). The duration of infection
hepatitis, autoimmune hepatitis, or previous transplantatifam non-HD patients should be considered as indicative since

MATERIALS AND METHODS
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the actual duration of infection could be longer than wh8tatistical Analysis

was estimated. Measurement of ALT, ASIdy-GT was  Comparisons of mean values of cytokines in various sub-
performed immediately after collection in nonhemolyzegroups were examined by nonparametric Mann-Whitney U-
fresh serum, collected from all patients by means of a scretst statistics. We used a 0.05 alpha level, but we multiplied
ing photometer. Results were reported in U/L. all the single-associatidPrvalues by the number of associa-

TABLE 1. HCV (+) patients’ viral profile and biochemistry data

¥-GT ALT AST
Sex/ VL (U/L) (UL) (U/L) DI ® DD
No. age (no. copies/ml) (11-50) (0-42) (0-42) (yrs) (yrs)
HCV (+) HD CAH patients
1 M/45 700,000 33 122 135 4 10
2 M/65 <2,000 62 100 119 5 7
3 M/54 500,000 68 78 121 6 5
4 M/57 125,000 27 50 72 4 8
5 M/51 200,000 25 60 123 5 7
6 F/57 130,000 30 36 89 3 9
7 F/45 <2,000 51 131 34 6 12
8 Fl47 100,000 52 78 120 5 9
9 F/43 200,000 43 120 121 4 8
10 F/54 150,000 30 90 70 7 9
HCV (+) HD carriers
1 F/66 500,000 33 41 15 8 10
2 F/45 190,000 34 30 34 3 8
3 M/65 250,000 41 56 13 4 7
4 F/55 80,000 13 706 32 2 9
5 F/50 250,000 43 89 24 5 7
6 F/69 100,000 12 78 15 6 7
7 F/45 <2,000 11 54 11 4 9
8 M/64 150,000 26 37 25 5 9
9 M/51 40,000 11 45 26 6 10
10 M/55 50,000 27 56 35 4 9
11 M/53 150,000 26 100 22 5 9
Non-HD CAH patients
1 F/55 200,000 53 124 120 6 -
2 M/54 100,000 26 36 24 4 -
3 M/57 <2,000 22 128 122 3 -
4 F/64 120,000 19 130 113 6 -
5 F/65 500,000 11 146 21 5 -
6 F/45 100,000 25 29 110 7 -
7 M/56 150,000 14 145 90 4 -
8 M/66 <2,000 19 25 124 9 -
9 M/55 100,000 21 134 58 3 -
10 F/45 150,000 34 79 115 2 —
11 F/55 200,000 32 45 92 2 -
12 F/51 100,000 20 80 111 10 —
HCV (+) non-HD carriers
1 F/56 100,000 18 67 46 4 -
2 M/54 50,000 11 56 45 3 -
3 F/45 50,000 23 43 26 2 -
4 M/44 20,000 13 66 49 5 -
5 M/55 80,000 14 52 25 6 -
6 F/67 10,000 16 45 32 5 -
7 F/66 12,000 11 71 51 3 -
8 F/45 500,000 18 52 55 8 -
9 M/65 100,000 15 33 46 7 -
10 M/55 150,000 12 68 55 6 -
11 M/65 100,000 21 87 53 5 -
12 M/45 500,000 22 90 45 4 -

VL, viral load; DI, duration of infection; DD, duration of dialysis.
4n case of HD patients duration of infection was estimated from the initial detection of anti-HCV antibodies.
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TABLE 2. Mean values of the serum levels (in pg/ml) of IL-2,  ception of IL-B), significantly higher levels compared with

IL-4, IL-6, IL-1 B, TGF-B1 and TNF-a in subgroups of non-HD HCV (+) carriers. However, these findings were dif-

patients (HD and/or non-HD) with HCV-related hepatitis of .

varying activity ferent (in the case of IL-2ZTGF (1, and IL-B) when we
compared non-HD CAH with HD CAH patients (Table 2).

Subgroups IL-2 14 1L-6 IL-B TGF#ITNFA  The remaining comparisons between these groups and oth-
A Healthy individuals 45.8 65.0 495 22.0 73.0 61.2¢ers are listed in Table 3.

B Non-HD HCV 36.3 408 454 143 927 517

C HD HCV () 538 774 920 515 986 1312 yp Hey (+) carriers and HD CAH patients

D HD HCV (+) 69.5 769 828 350 1452 104.8

E Non-HD CAH 95.0 981 760 149 1627 1029 |ncreased GFB1 serum levels were reported in HD HCV

F HD CAH 100.1 1242 147.8 57.0 250.2

193.4 (+) compared with HD HCV (-) patients. However, when

HD HCYV (+) cytokine data were judged against those from
tions (36, given the six groups and six cytokines) before cofn-HD HCV (+) patients, all cytokine serum levels showed
paring them to the alpha level. This procedure is equival&ignificantly increased levels (see Table 3). HD CAH pa-
to the Bonferroni method of adjusting for multiple compartients’ cytokine serum levels exhibited (with the exception
sons. Linear regression analysis was used to investigateGh&--1p), significantly higher levels compared with HD
relationship between covariates (HCV viremia, liver histoHCV (+) carriers. These findings displayed a different pro-
ogy, and liver biochemical parameters) and cytokine sertife when HD CAH cytokine serum levels compared with
levels. The statistical analyses were performed with the SF$3 HCV (-) and non-HD CAH patients. Differences be-
for Windows 95 statistical package. tween these two groups of patients were observed in IL-2
and TGFB1, and in IL-1, respectively.

RESULTS
i Patient demographics data
Prevalence of HCV RNA (+) and Anti-HCV (+)
Patients With respect to age, gender, known duration of liver dis-

ease, and levels of serum ALT, ASAGT, and HCV RNA,

A total of 45 patients (21 HD and 24 non-HD) were screengd o a5 no significant correlation to the amounts of cytokine
three consecutive times and were reported as anti-HCV (f)q|s.

by means of ELISA Il and subsequent confirmation by RIBA
3.0.These patients were also tested for HCV RNA and found
to be HCV (+). The HCV viral load (number of HCV copie®!SCUSSION

per ml of human serum) was measured twice and remainegpg aim of this study was to assess whether: 1) a cytokine
practically constant during an 18-month period (Table 1). imbalance, oriented toward a Th1- or Th2-type response (in-
, cluding cross species), plays a role in chronic hepatitis C;
Serum Levels of Cytokines IL-1  B,IL-2, IL-4, IL-6, and 2) the reported cytokine profile was actually differenti-
TGF-B1, and TNF-a ated in case of those HCV (+) patients enrolled in long-term
Non-HD HCV (+) carriers and non-HD CAH patients HD. Within this context, we investigated the role of IB;1
IL-2, IL-4, IL-6, TNF-a, and TGF{31 by measuring their

Non-HD HCV (+) carriers exhibited decreased IL-4 anferipheral circulating levels in the sera of HD and non-HD
IL-13 serum levels compared with healthy individuals. Norﬂ)'atients with CAH C of varying activity.

HD CAH cytokine serum levels demonstrated (with the eX- 5 results demonstrated decreased IL-4 serum levels

coupled with a decreased Il3Tesponse in non-HD HCV

carriers. These findings suggest that the aforementioned re-
sponses comprise an early event in HCV-related chronicity
c IL-2 IL-4 IL-6 IL-1B  TGFP1 TNFa  gnd support the hypothesis for a selective virus-induced im-

TABLE 3. P values, obtained by Mann-Whitney-U test (two-
tailed significance) and corrected with Bonferroni test

Cvs.F  0.000 0.000 0.000 0.172  0.000 0.000 Mmunosuppression (8). Thus, IL-4- and IB-impaired pro-
Cvs.D 0016 0.869 0.072 0.005 0.000 0.002 duction may actually contribute to the progression of HCV
Avs.E  0.000 0000 0000 0000 0000  0.000P€rsistence, notwithstanding the presence ofimmune defense
Avs. B 0.007 0000 0161 0000 0035 0041 mechamsn_ws such as |CytOtO'XIC| klllﬁr (I:ellks z;nd ar_lftlbodyhd|-
Evs. F 0337 0000  0.000 0000 0002  0.000 rected against HCV. Ater_natlve y, the lack o auni ormT 2_

response among the various Th2 type cytokines reported in
Bvs.D 0.001 0000 0.000 0.000 0.000 0.000 L L

non-HD HCV carriers indicates that in vivo responses may
Dvs.F 0.000 0.000 0000 0.001 0.000  0.00

Odiffer among the various HCV antigens, although the de-
creased levels of IL-4 and ILB1could actually represent a
Not significantP values are in bold. systemic response rather than local production within the liver.

Bvs. E 0.000 0.000 0.000 0.908 0.000 0.000
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In HCV carriers enrolled in long-term HD, the predomiprecisely describe host—virus interactions. Furthermore, nei-
nance of TGH31 response was more profound (Table 3). It ther the cytokines nor the biochemical markers examined in
possible that the difference in patient etiology and the effebis study correlated with the hepatitis C viral load.
of long-term HD through endotoxin contamination (13), qual- In conclusion, our data provide evidence that a virus-in-
ity of dialysate (14), and membrane characteristics (15) méyced Th2 and IL{fAimmunosuppression is an early eventin
mask or alter the initial cytokine profile. HCV-related chronicity. In addition, long-term HD specifi-

Interestingly, when we attempted to compare T&N&Ad cally exerts a chronic effect on ILB-andTNF-a serum circu-
IL-13 serum levels in HD CAH patients vs. HD HCV carrifating levels, while irrespective of the HD status, HCV, viremia,
ers, these cytokines, which were previously shown to sharel liver biochemistry parameters, both Th1 and Th2 are highly
common biological activities (16), demonstrated similassociated with progressive chronic HCV infection.
immunoserological profiles (Table 2 and Fig. 1). This was
also the case when HD HCV carriers were compared Witk NOWLEDGMENTS
HD HCV (-) patients. However, when we compared non-

HD CAH patients and non-HD HCV carriers, TNFand The authors are indebted to V. Theodorou and T. loannides

IL-1B did not parallel each other. This was also confirmd@r outstanding technical assistance.

when TNF-a and IL-13 serum levels from non-HD HCV

carriers were judged against healthy controls. Our finding&FERENCES
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