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To evaluate the oxidative burst in hepatitis C virus
(HCV) infection, intracellular hydrogen peroxide
(H,0,) production of polymorphonuclear (PMN) cells
isolated from 15 chronic HCV-infected patients and 11
controls was assessed by flow cytometry in a time ki-
netic. Under nonstimulated and phorbol myristate ac-
etate (PMA)-stimulated conditions, H,0, production
was higher in HCV-infected patients than in controls
(P <0.05) at the time points of 20, 30, and 40 min. A
positive correlation between H,0, production by
PMA-stimulated cells and serum levels of alanine ami-
notransferase and aspartate aminotransferase was
found in the HCV-infected patients ( = 0.877, P <0.01
and r = 0.9351, P <0.001, respectively). RT-PCR anal-
ysis of purified mononuclear (MN) and PMN cells from
HCV-infected patients revealed the presence of HCV
RNA in 60% of MIN and 27% of PMN cell samples. These
results suggest that a functional alteration of PMN
cells is manifested in this chronic viral infection
which may represent an additional factor in the devel-
opment of liver lesions. © 1998 Academic Press
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INTRODUCTION

Hepatitis C virus (HCV) is a major cause of chronic
liver disease worldwide and it is an important risk
factor for the development of hepatocellular carcinoma
(1). The mechanisms of hepatocellular injury and dis-
ease progression in this viral infection are poorly un-
derstood. Thus, evidence for a direct cytopatic effect by
HCV is limited. Some studies have shown a correlation
between serum levels of HCV RNA and hepatic lobular
inflammation (2, 3) but immunohistochemical studies
have not shown a direct correlation between hepatic
HCYV antigen staining and degree of inflammation (4).
Several authors have suggested that HCV chronic in-
fection might be associated with an impaired immune
response (5, 6). Some specific immunological responses
have been shown to be not altered in HCV infection.
For instance, T cell responses to nonstructural and
structural viral antigens have been reported in both
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peripheral blood and liver tissue of HCV chronic carri-
ers (reviewed in 7).

Little is known about the innate immune response in
HCV infection. In this regard, we have recently de-
scribed a functional impairment in natural killer (NK)
cell spontaneous cytotoxicity in a group of patients
with chronic HCV infection which may be attributed
either to the stimulation of NK inhibitory receptors or
to the effect of suppressive cells and/or soluble factors
released by viral-infected cells (8).

Polymorphonuclear (PMN) cells represent another im-
portant component of the primary immune response.
This leukocyte population plays a critical role in the host
defense mechanism against bacterial infections and se-
cretes several cytokines that regulate the process of he-
matopoiesis as well as inflammatory mechanisms (9, 10).
Concerning the bactericidal function, neutrophils employ
nonoxidative and oxidative mechanisms. Nonoxidative
mechanisms include release of hydrolases, proteases, cat-
ionic proteins, and other bactericidal factors, while oxi-
dative mechanisms involve the generation of NADPH
oxidase-derived superoxide (O;) and its dismutation
product hydrogen peroxide (H,0,) as the primary reac-
tive oxygen species (9).

Previous reports have shown that some PMN cell
functions are altered in patients with chronic liver
disease. These observations include an impaired neu-
trophil chemotaxis function (11), a diminished phago-
cytic activity (12), and an altered capacity of PMN cells
to produce oxygen-derived free radicals (13, 14). How-
ever, it is not clear how PMN functions may be related
to the clinical as well as the virological condition of the
patient. To address this further, we assessed the oxi- .
dative burst of PMN cells derived from chronic HCV-
infected patients under nonstimulated (resting) and
PMA-stimulated conditions and correlated their func-
tional status with biochemical and virological param-
eters.

METHODS
Patients

Fifteen patients (7 males and 8 females), mean age
42 + 18 years, with diagnosis of HCV chronic infection
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were selected for this study from the OQutpatient Clin-
ical Unit of the Institute of Immunology. All patients
were repeatedly positive for antibodies against HCV
(anti-HCV) (second generation; Ortho Diagnostics,
Neckargemiind, Germany). They were also positive for
HCV RNA in serum as determined by nested PCR
according to the method of Inchauspe et al. (15). HCV
genotype analysis was performed in patients’ sera fol-
lowing the method of Okamoto et al. (16). None of the
patients was at the end stage of liver disease and thus
they were not immunodeficient. They had no evidence
of other chronic or autoimmune liver diseases.

A control group consisting of 11 healthy individuals
(6 males and 5 females), mean age 32 + 6 years, was
selected from the laboratory staff of the Institute of
Immunology and from voluntary blood donors of the
Central University Hospital. They were seronegative
for HCV, HBV, HIV, and Chagas disease. They also
showed normal levels of aminotransferases (mean lev-
els of alanine (ALT) and aspartate (AST) aminotrans
ferases were 39 * 14 and 21 * 6 IU/L, respectively)
and bilirubin (0.4 = 0.2 mg/dl).

The protocol was approved by the Institute’s Clinical
Committee. A written consent was obtained from each
patient and control studied.

Cell Separation

Mononuclear (MN) and PMN cell populations were
isolated from EDTA-anticoagulated blood of controls
and HCV-infected patients by a modified Ficoll-
Hypaque gradient method (17). Briefly, whole blood (8
ml) was layered on 5 ml of Ficoll-Hypaque solution
(density, 1.114 g/ml) and centrifuged at 600g for 30
min. After centrifugation, MN (upper) and PMN (lower)
cell layers were collected and washed once with PBS
gel (0.01 M phosphate buffer, 2 mM EDTA, 5 mM
glucose, and 0.1% gelatin) at 450g for 10 min at 4°C.
For PCR analysis, further purification of both cell frac-
tions was done by standard Ficoll-Hypaque gradient
centrifugation (density, 1.070 g/ml). Contaminating
erythrocytes in the PMN cell fraction were lysed by
incubating this cell suspension with buffered NH,Cl
solution (150 mM NH,Cl, 10 mM NaHCO,, and 1 mM
EDTA). Cells were thereafter centrifuged at 450g for
10 min at 4°C and washed twice with PBS gel. Cell
viability was assessed by trypan blue dye exclusion
(>97% viable).

Cell Immunophenotyping

The percentages of T cells, B cells, and monocytes
were determined in MN and PMN cell preparations by
direct staining with anti-CD3-FITC, anti-CD19-
FITC, and anti-CD14-FITC (Coulter Corp. Hialeah,
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FL), respectively. Double labeling with anti-CD16—
FITC and anti-CD56-RD1 (3G8 and NKHI, respec-
tively) (Coulter Corp.) was used for NK cell phenotyp-
ing. Expression of CD16b—FITC (Leu 1la—; Becton—
Dickinson) on PMN cells was used as a marker for
neutrophils. Nonspecific binding was determined using
irrelevant mouse Ig isotypes IgG1-FITC and IgG1-RD
(Coulter Corp.). Flow-cytometry analysis was assessed
by an Epics Profile IT flow cytometer (Coulter Electron-
ics), using a 488-nm argon laser excitation, previously
calibrated with fluorescent beads.

HCV RNA Detection in MN and PMN Cells

The presence of HCV RNA in purified MN and PMN
cells was evaluated by nested RT-PCR using specific
primers derived from the highly conserved 5’ noncod-
ing region of the HCV genome (15). Briefly, after the
cells were washed four times with PBS, they were
processed for total RNA isolation using the reagent
Trizol (Gibco BRL, Gaithersburg, MD) according to the
manufacturer’s instructions. Detection of HCV RNA
sequences was carried out following the method de-
scribed by Inchauspe et al. (15). PCR products were
analyzed by 3% agarose gel electrophoresis and visu-
alized under ultraviolet light after staining with
ethidium bromide. The expected size of the amplified
DNA sequence (267 bp) was assessed by direct compar-
ison with molecular weight markers.

Oxidative-Burst Assessment in PMN

H,0, production by PMN cells was determined by
the formation of 2',7'-dicholorofluorescin from 2',7'-
dichlorofluorescein diacetate (DCFH-DA) according to
the procedure described by Davis (18). PMN cell sus-
pensions were adjusted to 2 X 10° cell/ml and labeled
with 100 ul of 0.2 mM DCFH-DA for 15 min at 37°C.
Flow-cytometric analysis was performed using 488-nm
excitation with a green photomultiplier to quantify
fluorescence emission. Peroxide production was as-
sessed in nonstimulated (PBS gel) and phorbol 12-
myristate acetate (PMA)-stimulated cells (100 ng/ml)
at different time points (0, 5, 10, 15, 20, 30, and 40
min). Specificity of the assay was assessed by incubat-
ing PMN cells with 5 mM mannose and 1 mM male-
imide as deseribed previously (19).

Statistical Analysis

Measurements from control and patient PMN cell
preparations were pooled for data analysis. Statistical
analysis was performed using Student’s ¢ test for
paired and unpaired data and the linear correlation
test. The limit for significance was taken as P-< 0.05.
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RESULTS
Characteristics of HCV-Infected Patients

Table 1 shows the clinical, hematological, and viro-
logical profiles of the patients studied. All of them
showed a chronic condition with variable degrees of
liver damage. Only one patient was at the cirrhotic
stage. Mean levels of ALT and AST in these patients
were 144 = 97 and 85 = 78 IU/L, respectively. All the
patients were positive for HCV RNA in serum as de-
termined by PCR. Genotype analysis in 12 serum sam-
ples showed a prevalence of 100% of the HCV genotype
IT (1b). Overall, hematological profile was within the
normal range. However, some patients presented alter-
ations in their total leukocyte count: 5 of 15 below 4800
cells/ul and only 1 above 10,800 cells/ul. Relative leu-
kocyte count in all the patients was within the normal
range.

HCV RNA Detection in MN and PMN Cells
of HCV-Infected Patients

Presence of HCV RNA sequences in MN and PMN
cells of HCV-infected patients was explored by the
RT-PCR method. Purity of these cell preparations was
higher than 95% as confirmed by flow-cytometry anal-
ysis (Table 2). As shown in Fig. 1, viral RNA could be
detected in both MN and PMN cells of some patients.
Presence of serum HCV RNA during cell isolation was
excluded by the absence of viral RNA in the third wash
of the cells (Fig. 1, CW). PCR analysis allowed the
detection of viral RNA sequences in at least 10° cells.
Of the 15 patients studied, HCV RNA was detected in
9 (60%) MN cell samples and 4 (27%) PMN cell sam-
ples. Those patients who showed positivity for HCV
RNA in PMN cells were also positive for this viral
marker in MN cells. Only 1 patient showed a weaker
PCR signal in his MN cells compared to PMN cells (Fig.
1, patient C).

Oxidative Burst in PMN Cells

The time course of the oxidative burst of PMN cells
isolated from HCV-infected patients and healthy donors
was analyzed under nonstimulated and PMA-stimulated
conditions. PMN cells from both groups spontaneously
produced increasing amounts of H,O, without exogenous
stimulus (Fig. 2A). This response was higher in patients
compared to controls and significant (P <0.05) at time
points of 20, 30, and 40 min. When PMN cells were
stimulated with PMA (100 ng/ml), the Hy,O, production
increased significantly (P <0.01) in both groups com-
pared to nonstimulated cells at any point of the kinetic.
However, PMA-stimulated cells of HCV-infected patients
showed a higher H,O, production compared to controls
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which was significant from the time point of 20 min
onward (P <0.05) (Fig. 2B). Despite a marked increase in
H,0, production by PMN of HCV-infected patients, the
ratio of PMA-stimulated cell vs basal activity was similar
in both patients and controls (P >0.05) at any time point
(Table 3).

No differences in H,0, production were observed
between patients with chronic hepatitis undergoing
low hepatic activity and those with mild activity. When
comparing the oxidative-burst response of HCV-in-
fected patients with biochemical and virological pa-
rameters, we found a positive correlation between
H,0, production of PMA-stimulated cells (time point of
30 min) and the levels of aminotransferases, ALT (r =
0.88, P < 0.01) and AST (r = 0.93, P < 0.0001) (Fig. 3).
No correlation was seen between these parameters in
the control group (ALT, r = —0.057 and AST, r =
—0.027). On the other hand, no correlation was ob-
served between H,0, production and total leukocyte or
relative or absolute PMN counts of HCV-infected pa-
tients. Moreover, no differences in H,0O, generation
were seen between those patients whose PMN cells
were positive for HCV RNA and those who were neg-
ative for this viral marker.

DISCUSSION

PMN cells represent a subset of leukocytes that plays
an important role in the primary immune response
against bacterial infections (20). Previous reports have
shown an impairment of PMN function in chronic liver
diseases. These functional defects include a failure in
neutrophil chemotaxis (11), a diminished phagocytic ac-
tivity (12), and an altered capacity of PMN cells to pro-
duce oxygen-derived free radicals (13, 14).

One major mechanism exerted by PMN cells in host
defense is the generation of microbicidal oxidants. Pro-
duction of oxygen-derived free radicals by phagocyte
NADPH oxidase is a crucial step in this mechanism
which can be studied in vitro by several methods us-
ing activators such as formylmethionylleucylpheny-
lalanine (FMLP) and PMA (20). With regard to viral-
mediated diseases, a previous report has shown that
PMN oxidative responsiveness following FMLP stimu-
lation seems to be depressed in patients with chronic
viral hepatitis at variable disease stages (13). In addi-
tion, Giannelli et al. (14) have reported that PMA-
stimulated PMN cells from chronic HCV-infected pa-
tients show a normal production of superoxide anion
(O;) and hydrogen peroxide (H;0,) compared to con-
trols, whereas a diminished O5 production is observed
only in patients’ adherent PMN cells in comparison to
controls. These findings point to a selective dysfunction
of PMN oxidative response in viral hepatitis. However,
it is still not clear how this cellular function-is related
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TABLE 1

Clinical, Hematological, and Virological Profiles of HCV-Infected Patients

N

Patient Liver biopsy AST IU/L ALT IU/L Total leuko Gr (%) Ly (%) Mon (%) HCV genotype*
1 CH(@m) 34 97 4,500 74.3 20.4 5.3 II
2 CH®) 19 22 8,900 53 40.5 6.5 I
3 CH® 43 £19 6,400 47.3 44.7 8 nd
4 CH() 17 17 11,800 63 29.3 7.7 II
5 nd 275 287 6,200 51 49 0 II
6 CH(m) 213 268 3,500 54.3 36.8 8.9 II
7 CH(®) 129 224 2,800 54.9 34.7 10.4 nd
8 Cir 72 111 5,400 54.8 43.2 2 II
9 CH(m) 104 237 6,700 61.3 31.2 7.5 II

10 CH®) 31 42 5,000 50 42.5 7.5 II
11 CH®D) 86 223 4,600 48.8 43.6 7.8 II
12 CH() 24 25 2,500 44.2 46 9.8 nd
13 nd 55 68 5,600 62 31 7 II
14 CH() 15 10 5,000 50 49 1 II
15 CH(m) 151 189 7,700 66 34 0 II

Note. The histological, biochemical, hematological, and virological profiles of the patients studied are represented. The leukocyte counts
were determined by a hematological counter (MD, Coulter Corp.) and represent the percentage of identified populations. The virological
profile was assessed as described under Methods. All patients were positive for HCV RNA in serum. Cir, cirrhosis; CH, chronic hepatitis with
() low or (m) mild activity; Gr, granulocytes; Ly, lymphocytes; Mon, monocytes; nd, not determined.

¢ HCV genotype was determined according to Okamoto’s method.

to clinical and virological characteristics of patients
with chronic HCV infection.

In the present report, we evaluated the oxidative
burst of highly purified PMN cells derived from chronic
HCV-infected patients and related this function to clin-
ical and virological parameters. The results showed
that, under both nonstimulated and PMA-stimulated
conditions, H,0, production by PMN cells of HCV-
infected patients was higher than homologous cells
from controls. These results indicate that a priming
state of PMN cells is manifested in chronically infected
HCV patients.

The oxidative response observed in the HCV-infected
patients was independent of the liver histological stage
since no differences in H,0, production was detected
between patients that showed a low, mild, or severe

TABLE 2

Immunophenotype of Mononuclear and Polymorphonuclear
Cells Isolated from Peripheral Blood

CD marker Mononuclear cells  Polymorphonuclear cells
CD3* 80 x5 3 =1
CD19" 14 =6 0.5+0.2
CD14* 4=*1 1 *+05
CD16a* CD56* 8§+3 2 =1
CD16b™ — 97 =2

Note. The means + standard deviation of the positivity recorded
for the 11 samples analyzed using flow cytometry of the purified cell
populations as described under Methods.

¢ CD16a/CD56 indicates the positivity recorded for the NK cell
population.

liver condition (data not shown). However, we found a
positive correlation between the H,O, production by
PMA-stimulated PMN cells and the levels of amin-
otransferases in these patients, suggesting that PMN
oxidative burst in HCV-infected patients may be a
parameter associated with liver function. No correla-
tion with any other biochemical or hematological pa-
rameter was observed.

Our finding of an augmented H,0, production by
PMA-stimulated PMN cells of HCV-infected patients
differs from findings of studies done by Giannelli et al.
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FIG. 1. Electrophoretic analysis of PCR products from MN and
PMN cells of HCV-infected patients. PCR products representing
positive strands of HCV RNA were identified in MN and PMN
isolated from EDTA-anticoagulated blood of HCV-infected patients
as described under Methods. The RT-PCR analysis performed in
three patients is shown. CW, last wash of PMN from patient C.
Molecular weight markers, ¢X174 DNA digest with Haelll, are
depicted. The arrow shows the 267-bp PCR product. 2
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FIG. 2. Kinetics of H,O, production by polymorphonuclear cells.
Freshly isolated polymorphonuclear cells from HCV-infected pa-
tients and healthy donors were incubated in the absence (A) or
presence (B) of PMA: H,0, production was determined by flow cy-
tometry using 2,7 DCFH-DA as indicated under Methods. Results
are presented as X + SE of the mean channel fluorescence intensity,
expressed in logarithmic units.

(14) who reported a normal H,0, generation by sus-
pended PMN cells from chronically HCV-infected pa-
tients. Differences in the methodology used to isolate

TABLE 3
Oxidative-Burst Index

Ratio

Time (min) Patients Controls
5 17:5'%:2.6 10.2 = 0
10 17:1. 8.6 28.2 = 8ull
15 199 +49 37.5% 12
20 23.0 74 199+ 49
30 23.0 £ 9.6 214+ 7.2
40 11.9 = 34 157+ 6.9

Note. The means * standard error of the oxidative-burst index of
polymorphonuclear cells from HCV-infected patients and healthy
donors. This index is the ratio of the baseline to stimulated value of
H,0, production at each point of the time kinetic.
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FIG. 3. Correlation between H,0, production and serum levels
of aminotransferases in HCV-infected patients. H,O, production by
PMA-stimulated PMN cells, measured as the fluorescence intensity
of 2", 7DCFH-DA at the time kinetic point of 30 min, was correlated
with the ALT (top) and AST (bottom) serum levels of HCV-infected
patients. The straight lines represent the correlation observed in
HCV-infected patients. No correlation was observed in the controls.

PMN cells and to evaluate H,O, production probably
account for these discrepancies. For instance, in our
study we measured intracellular H,O, production by
flow cytometry using DCFH-DA as probe in contrast to
the assay followed by Gianelli et al. (14) based on the
horseradish peroxidase-mediated oxidation of phenol
red by Hy,0,. Thus, estimation of peroxides may vary
depending on the technique employed as has been re-
ported by Tsukamoto et al. (21).

A second argument that could explain the aug-
mented oxidative response observed in our patients
might be associated with a priming condition mani-
fested in PMN cells due to a cytokine modulator effect.
In this regard, elevated serum levels of IL-1, IL-6, and
TNFa have been reported in patients with acute and
chronic viral hepatitis (22—24). These cytokines play an
important role in the process of inflammation and fi-
brogenesis that is manifested in chronic liver diseases.
Among these soluble mediators, special interest has
been focused on TNFa because of its pleiotropic prop-
erties which include modulation of the immune re-
sponse to infectious agents and direct antiviral effects
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(25). Both serum TNF« and TNFa mRNA levels in the
liver and MN cells have been reported to be increased
in HCV infection (26, 27). This cytokine has also been
involved in PMN functional activity and could be rele-
vant in the regulation of oxidative responsiveness by
these cells (20). Thus, it would be interesting to eval-
uate in detail the role of TNF« as well as other cyto-
kines in the regulation of the oxidative response in
HCV infection.

Certain cellular immune responses seem to be al-
tered in the HCV infection. For instance, Jirillo et al.
(12) have reported that phagocytosis and killing capac-
ity of both PMN cells and monocytes are profoundly
depressed in this viral infection. Similarly, we have
recently described a functional impairment in natural
killer cell spontaneous cytotoxicity in a group of HCV-
infected patients (8). This failure in the cytotoxic activ-
ity was not related to a deficit in the circulating NK
cells. Likewise, our finding of increased H,O, produc-
tion by PMN cells of HCV-infected patients does not
seem to be associated with a differential number of this
cell population since the relative leukocyte count in all
the patients examined was comparable to controls.

The significance that an enhanced H,0, production
by PMN cells in the physiopathology of HCV infection
may have is unknown. It has been postulated that, in
addition to causing vascular injury, neutrophils are
involved in hepatic tissue damage by attacking the
parenchymal cells (10). In this process, reactive oxygen
species, released by adherent neutrophils, may partic-
ipate in inactivating plasma antiproteases and thereby
allowing tissue proteases to cause parenchymal cell
necrosis (10). This represents an interesting mecha-
nism that requires further confirmation.

Several authors have reported the capacity of HCV
to infect peripheral blood mononuclear cells (PBMC)
and some human cell lines (28—-31). In this regard, we
examined whether PMN cells were infected by HCV
and if this phenomenon might be related with the
oxidative burst observed in these cells. Our data
showed that HCV RNA was detected mainly in the MN
cell fraction, whereas a small proportion of the patients
showed viral RNA sequences in their PMN cells. These
results are in agreement with those reported by
Schmidt et al. (32) who showed that HCV RNA can be
detected not only in PBMC but also in neutrophils
isolated from HCV-infected patients. Overall, these
findings suggest that, in addition to MN cells, PMN
cells are also susceptible to HCV infection and support
the idea that leukocytes represent a major site of ex-
trahepatic replication of HCV. Presence of HCV RNA
sequences in PMN cells does not seem to modify the
oxidative response of these cells since no differences in
H,;0, production were observed between patients
whose PMN were positive for HCV RNA and those who
were negative for this viral marker.
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HCV RNA sequences detected in PMN cells might be
the result of a phagocytosis process mediated by the
neutrophils. Viral particles or viral-protein complexes
could adhere to the cells via interaction with specific
cell surface receptors such as Fc receptors or lipopro-
tein receptors (33, 34). These kinds of receptors have
been reported in different leukocyte populations, in-
cluding PMN cells (35, 19). Furthermore, HCV inter-
action with these cell receptors could represent a crit-
ical step in the initial process of viral infection.
Whether active viral replication is effectively achieved
in the PMN cells is a subject that needs further inves-
tigation.

In summary, we have presented evidence that PMN
cells of chronic HCV-infected patients are functionally
altered regardless of the clinical and virological condi-
tion of the patient. PMN cell dysfunction might repre-
sent a cofactor that contributes to the clinical course of
the disease. Additional studies are needed to clarify the
precise role of this leukocyte population in the physio-
pathology of chronic HCV infection.
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