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SUMMARY

In the present study, we evaluated the NK cell cytotoxic activity in a group of HCV-infected individuals.
Although the number of NK cells present in the peripheral blood of the HCV-infected patients was
comparable to non-infected individuals, spontaneous NK cytotoxicity was four-fold |d®we®-001)

than in normal donors. This functional impairment was not overcome by depletion of adherent or B
cells, and it was partially restored by short-term (18 h) stimulation with IL-2. However, long-term
stimulation (72 h) with this lymphokine induced activated killer cell (LAK) activity comparable to
normal controls. The reduction in NK cytotoxic response does not seem to be due to soluble suppressive
factors, since incubation of normal peripheral blood mononuclear cells (PBMC) with infectious HCV
serums for a 4-h period does not affect NK spontaneous cytotoxic activity. Sucdesstub infection

of PBMC with HCV infectious serum also resulted in an impairment of NK cytotoxicity, suggesting that
altered NK function is associated with HCV infection and may be responsible, at least in part, for the
chronicity of the infection.
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INTRODUCTION attributed to NK cells [10,11]. These responses may be

. . . . ... increased by stimulation with interferons-alpha (I&N-IFN-8
HCYV is responsible for a high percentage of chronic hepatitis in nd IFN+, and IL-2 [10,11]. Upon stimulation with IL-2, even

infected individuals [1,2]. It has been suggested that this cllnlcaf r short periods of time, enhanced NK lytic activity against

outcome might be associated with an impaired immune respons
[3-5]. However, T cell response does not seem to be altered, a5562 cells has been observed [10,11]. Exposure of lymphocytes

to high amounts of IL-2 X1000 U/million cells) for 72h
reported by several authors [6—8]. In the same context, our grou{s tes | hoki tivated kil LAK s, LAK cell
has reported that T cell proliferation and IL-2 receptor expressio enerates lymphokine-activated killer ( . ) cells. cels.
through CD3 and CD28 activating pathways are unaltered in HCA'® able to lyse tumour cells_ that are resistant _to NK_ceIIs lysis
infection [9]. Other effector mechanisms such as NK cell cyto-[l(l)l’l%j]’ fortelxamﬂlgé;onhstlm#lattgd Ior Smrt E'X:f prlllmzd NK
toxicity have been poorly studied in this infectious disease. C?f.s. nctJI not lyse cells eftectively, while cells do so

NK cells are a subset of lymphocytes distinguishable from refmciently. _ .

and B lymphocytes by their phenotype (CDED16', CD56') Ther.e haye bgen several reports.of NK cytotoxic |mpa|rment
morphology and functional responses [10,11]. These cells repreL-jloon viral “infection [10,11]. Infections by cytomegalovirus,

sent between 5% and 15% of the mononuclear cell population, bul%psteln—Barr virus and h_erpes_ virus have beef‘ related to l.OW
; . . spontaneous NK cytotoxic activity [10,11]. This decrease in
in some organs, as in the liver, up to 45% of the lymphocyte

population are NK cells [10-12]. cytotoxic response may be a consequence of either viral infection

Host defence against tumour cells and spontaneous lysis oqf NK cells themselve;_ or the secretion of SOIUbIPT _factors by
Lo . infected cells that condition NK spontaneous cytotoxicity.
virus-infected cells are the most prevalent functional roles :
The aim of the present study was to assess the effect of HCV

infection on NK cytotoxicity using as effector cells peripheral

Correspondence: Dr Juan B. De Sanctis, Institute of Immunology,P!00d mononuclear cells (PBMC) from HCV-infected patients and
Central University of Venezuela, Aerocav care off #1216, PO Box 02-uninfected control PBMC incubated with a HCV RNA-positive
5304, Miami, FL 33102-5304, USA. serum. The effect of IL-2 on this NK function was also evaluated.
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PATIENTS AND METHODS effector-to-target (E:T) ratios (40:1, 20:1, 10:1 and 5:1) in tripli-
cate into 96-well U-bottomed microtest plates (Falcon Plastics,
Oxnard, CA)2'Cr release was measured in 1@Gamples of cell-

free supernatants using a gamma counter (Compugamma; Wallac-
LKB, Uppsala, Sweden). Total release of radioactivity was deter-
mined by counting the radioactivity released from B0° labelled
S'K562 cells treated with 1% Triton-100. The percentage of lysis was
0?alculated by the following formula:

Patients

Eleven patients (seven males and four females), mean age845
years, with diagnosis of HCV chronic infection were studied.
Levels of alanine-aminotransferase (ALT) activity in these patient
were above the normal upper limits (12860 U/). They showed
no evidence of other chronic or autoimmune liver disease. None
the patients was at end-stage liver disease, and thus they were not
immunodeficient. All patients were repeatedly positive for anti- % specific lysis=
bodies against HCV (anti-HCV) (2nd generation; Ortho Diagnos-

tics, Neckargerind, Germany). In addition, HCV RNA was In some experiments,210° PBMC/ml from normal controls
assessed in patients’ sera and PBMC by nested polymerase chajgre incubated with 10@l of HCV RNA-positive serum or with
reaction (PCR) according to the method of Inchauspal. [13], serum from patients with acute hepatitis A (HAV) infection,
and HCV genotype analysis was determined following the methodhronic hepatitis B infection (HBV DNA-positive) or with auto-

of Okamotoet al.[14]. Eighteen seronegative healthy individuals immune hepatitis (hypergammaglobulinaemia, presence of auto-

Experimental release spontaneous releasex

100
Total release- spontaneous release

were used as controls. antibodies and absence viral or inherited diseases). Two series of
experiments, a short time incubation (4 h) and a long time exposure
Cell separation (48 h), with the sera were performed. At the end of the incubation,

PBMC were separated from heparinized venous blood of healthgells were washed three times with PBS and cytotoxicity assays
controls and HCV-infected patients by standard Ficoll-Hypaquevere performed as described above.

gradient. Cells were adjusted ax20°/ml in RPMI 1640-10% In another set of experiments,x20® PBMC/ml from three
fetal calf serum (RPMI—FCS) and separated in four differenthormal controls were infected with HCV RNA-positive serum and
aliquots: (i) fresh non-treated cells, (ii) cells cultured for 18 h atused as target for autologous NK cell cy_toéoxicity. After 48 h of
37°C without stimulus, (iii) cells cultured for 18 h with 100 U/ml incubation, cells were washed, labelled with A&rO, and used as
IL-2, (iv) cells cultured for 72 h with 1000 U/ml IL-2 (LAK cell ~targetin a similar fashion as the K562 cells described above. Non-
generation). infected cells were added to the wells at 5:1 arlt RE:T cell

In order to determine if adherent cells were involved as'atios.
suppressor cells of NK activity, we re-tested the NK cytotoxic
activity in seven out of 11 patients comparing PBM@rsus
PBMC depleted from adherent cells and B cells. The latter cel
population was obtained by sequential incubation of PBMC
(5% 10° cell/ml) on plastic surfaces and nylon wool columns.
Non-adherent cells (mainly T and NK cells) were incubated in
the absence or presence of IL-2, as described above, and tested
NK cytotoxic cell activity.

In vitro infection of PBMC with HCV RNA-positive sera
IPBMC from healthy donors, obtained by Ficoll-Hypaque gradient,
were adjusted at 210° cells/ml in RPMI-FCS and then added to
the wells of a 24-well culture plate (Falcon, Becton Dickinson).
Then, 100ul of a serial dilution of a HCV RNA-positive serum
enotype I1) or control human serum were added to each well and
the plate was incubated for 48—96 h af@7n a 5% CQ atmo-
sphere cell incubator. After incubation, cells were collected from
) . the plates washed four times with PBS (20010 min) and
Cell immunophenotyping resuspended in 1 ml of the same buffer. In order to eliminate
The percentage of T cells, B cells, monocytes and NK cells wag, o gpecific adherence of HCV particles to the cells, PBMC were

determined in whole blood by direct staining with anti-CD3-FITC, ,1qcessed with a digestion buffer following the method described
anti-CD19-FITC, antl-CD14-FITC. (Coulter Corp., Hialeah, FL) . cripier et al. [23]. Briefly, cells were incubated with trypsin
and anti-CD16-PE (Leu-11c-PE; Becton Dickinson, Mountaln(ﬁna| concentration ©5%) (Geco-BRL, Gaithersburg, MD),

Vi(_ew, QA), respectively. Non-specific t_)ino!ing was determined pNase A (5mg/ml) (Sigma Chemical Co., St Louis, MO) and
using irrelevant mouse immunoglobulin isotypes IgGll-FITC, EDTA (final concentration ©2%) for 15 min at 37C. After an
IgG2-FITC and IgG1 RD (Coulter). Flow cytometry analysis Was ,qgitional wash with PBS, cells were processed for total RNA

assessed by an Epics 753 flow cytometer (Coulter) using a 488 Nt 5 ction with RNAzol (Biotecx, Houston, TX) following the

argon laser excitation, previously calibrated with fluorescent qirctions of the manufacturer. Presence of HCV RNA in cell

beads. samples and supernatants of the final wash was evaluated by nested
PCR according to the method of Inchausgpeal.[13] using specific

Cytotoxicity assays primers derived from the highly conserved®n-coding region of

A short-term (4h) chromium release assay, usif@r-labelled  HCV genome. Additional controls included cells samples incubated

K562 and U937 cell lines as targets, was performed in order tawith (i) normal human serum (NHS), and (i) HCV RNA-positive

monitor NK or LAK cytotoxicity, respectively, as described serum inactivated at 100 for 15 min. Only those samples that were

previously [15]. Briefly, 5x10° K562 or U937 cells (ATTCC, repeatedly positive for HCV RNA are presented. In parallel, the

Rockville, MD) were labelled with 150Ci of Na®'CrO, (200-500  cytotoxic activity of these infected cells was also assayed.

uCi/mmol) (New England Nuclear, Boston, MA) for 1 h at°87

Labelled cells were washed three times with RPMI medium plus

5% FCS and resuspended at 50* cells/ml in RPMI containing RESULTS

10% FCS. A fixed number (10° cells in 100ul) of labelled K562 ~ HCV RNA profile of the patients

or U937 was mixed with 10@I of effector cells at four different Table 1 shows the HCV RNA analysis done in the HCV-infected

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$09451—-457



NK cells in HCV infection 453

Table 1. HCV RNA profile in HCV-infected patients NK and LAK activity in HCV-infected patients

Figure 2 illustrates the NK spontaneous cytotoxic activity (using

K562 cells as targets) in PBMC from HCV-infected patients in the

presence or absence of IL-2. The basal NK cytotoxic activity in

HCV-infected patients was significantly diminished in all E:T cell

ratios P<0-:001) when compared with non-stimulated controls.

I I Treatment with 100 U/ml IL-2 for 18h increased significantly

M =1V (P<0-01) the NK activity in both patients and controls. However,

(] Il upon IL-2 stimulation, NK activity in HCV-infected patients

Il \% remained significantly loweiR<0-01) than that of controls at all

I - E:T cell ratios.

I v In order to determine if the decreased NK cytotoxicity against

. =l K562 cells was due to the presence of suppressor cells, PBMC

|||I IT from patients were depleted from monocytes and B cells by

" I incubation on plastic dishes and passage through nylon wool

I I columns. The depletion of adherent and B cells did not increase
NK spontaneous cytotoxicity. The percentage of cytotoxicity

] o ~ observed in PBMC from HCV-infected patients -1 1-8%,
HCV RNA and virus genotypes were assessed as described in Patlen§7 +1:50, E:T ratios 40:1 and 20:1, respectively=7) was
and Methods using the Inchausgteal. [13] protocol and the Okamott al. comparabl’e to  the Iymphocyte-elnriched cell population

method [14], respectively. (106 £58% and 7+ 3:7%, respectively). Addition of IL-2 to
PBMC and to lymphocyte-enriched cell populations increased NK

: . . cytotoxic activity in HCV-infected patients in a comparable fash-
atients. All were positive for HCV RNA in serum samples. .
b P P on (287*x11 versus 403+95 and 204*103 versus

Genomic sequences of HCV were also identified in nine out of ) . ) . .

11 PBMC samples. HCV genotype analysis showed a prevalenc iﬁ = 134I,L E'T ratl_t'(l)ls 40:1 tagﬁ hZ%l,Nlr(espetcttlve'ly'Lt_ 7)th

of 100% and 66% of genotype Il (1b) in serum samples and PBMC, houg _t par |fa yI re-etz a Itsh € | Cio OX'cc'j y, tis |
respectively. Co-infection with two genotypes was also observe nhancement was far less than the values observed in norma
: BMC stimulated with IL-2 (68 = 107 and 545 + 106 for E:T

in one serum sample (genotypes | and Il) and two PBMC sample i £ 401 and 20-0—7). This diff ianificant
(genotypes I-IV and I-Il). These results were confirmed by typing' 20 ©! #%:% an :n=7). This difference was significan

P . P<0:005,n=7) for both ratios. Moreover, cytotoxic activity in
rum and PBM mples with individual f primers for h(
Zinuotyf)led € samples with individual sets of primers for eac purified NK cell populations ¥80% CD56,<1% CD3,<1%

CD19") obtained from HCV-infected patients was also impaired
compared with controls (18 7 and 13+ 5 compared with 56 3
nd 40+ 2 for E:T ratios of 40:1 and 20:1, respectively=3,

HCV RNA HCV genotype

Patient Serum PBMC Serum PBMC

P OOWO~NOOT, WNPE
+ 4+ o+

+ o+ + o+ o+ o+ o+
+ +

P
+ o+ +

Cell subpopulations in HCV-infected patients
I(:_li_glérle 1 s:ow? the percenttage (;f’\(l::zculﬁlti;g ﬁell Its#bgopulationf<o_001)'
, Blymphocytes, monocytes an cells) in hea onors an . . .
HCV-i);lfer:tedypatients asgessed by flow cytometry.yThe percen- Figure 3 represents LAK activity O.f PBMC aga_lnst U937 cells
tages observed for the different cell subpopulations were (:ompa?c-rorn controls and HCV-infected pa.tle.nts. No differences were
able between patients and controls. NK cells accounted fon.SerVEd between both groups. A similar response was observed
112+ 34% and 138+55% of the total cell population in using K562 cells as targets (results not shown).
controls and patients, respectively.
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Cell types '

Fig. 2. NK cytotoxic activity in HCV-infected patients using K562 cells as
Fig. 1. Phenotypic distribution of peripheral blood mononuclear cells targets. NK activity of 10 HCV-infected patients (HCV) and 10 healthy
(PBMC) from HCV-infected patients{) and healthy controlsl) as  controls (C) was measured in non-stimulated or IL-2 (100 U/ml for 18 h)-
tested by flow cytometry with specific MoAbs to: T lymphocytes (CD3), stimulated peripheral blood mononuclear cells (PBMC). Significant low
B lymphocytes (CD19), monocytes (CD14) and NK cells (CD16) as NK activity (*P<0-001) was observed in HCV-infected patients compared
described in Patients and Methods. Data are expressed asmednof  with the control group for all effector:target (E:T) cell ratidl, C; O,
the positive cells recorded for seven patients and seven controls. HCV: @, C + IL-2; N, HCV + IL-2.
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30— incubated with the specified serum samples for short (4h) or
long (48 h) periods of time. At 4 h, no differences were observed
24 when the various treatments were compared. However, at 48 h, in
% both donors, a marked decrease in NK cytotoxic activity was
'é 18 observed in three of the four samples incubated with HG&rum.
E The other serum samples did not affect NK spontaneous
,‘E’ 12 cytotoxicity.
[]
f;’ NK cytotoxic activity of in vitro infected PBMC with a HCV RNA-
N positive serum
In order to investigate in more detail the effect of HCV on NK
0 cytotoxicity, in vitro cell infection experiments were performed

c C+lIL-2 HCV HCV +IL-2 using PBMC from uninfected controls incubated with a HCV
Fig. 3. Lymphokine-activated killer (LAK) activity in HCV-infected ~RNA-positive serum. Viral RNA sequences could be identified
patients. LAK activity was measured in peripheral blood mononuclearin three out of 10 donors. A typical result of a successful infection
cells (PBMC) stimulated with IL-2 for 72 h using the NK-resistant U937 experiment is represented in Fig.4. The Fig.4a illustrates the
cell line as target. The results represent the meard. of the percentage of  results of nested PCR analysis done in one PBMC donor cultured
cytotoxicity of cultured non-stimulated cells and IL-2 (1000 U/ml)-acti- ith different dilutions of a HCV RNA-positive serum. After 48 h
Vate;d Ice(”é)ml\fasgr?dt,i” Ilg,f':cv'i”femed pagiems ((ijC\t/) andtﬁo ;‘,?fa"hyof cell culture, genomic sequences of HCV were detected in the
controls (C). No statistical differences were observed between the differe .y : : I
groups for all effector:target cell ratiol, 40:1;], 20:1;@, 10:1;N, 5:1. BMC (columns ii—iv). No eral RNA yvas Identm.ed in the last Ce."
wash (column v), suggesting that virus detection was associated
with infection of these cells and not with viral particles present in

NK cytotoxic activity of normal PBMC incubated with sera the culture. Heat-inactivated HCV RNA serum did not infect
obtained from patients with hepatitis A, B, C or autoimmune PBMC (columr_l vi). Furthermore, by using a strand-specmc
hepatitis reverse transcriptase (RT)-PCR assay in which the sense primer
Table 2 illustrates the effect of sera from different patients with &S used for CONA synthesis, we could identify negative strands of
diagnosis of HAV, HBV, HCV or autoimmune hepatitis (AH) on HCV RNA in this PBMC sample (Fig. 4b). Treatment of these cells

NK cytotoxic activity. PBMC from two healthy donors were with trypsin and RNase before RNA isolation and PCR analysis did
) not modify the above results, suggesting that detection of HCV

RNA was not attributable to viral adherence to the cells.
) . . NK cytotoxic activity was assayed in the thrieevitro infected
Table 2. Spontaneous cytotoxic activity of two normal peripheral blood Lo Lo L .
. . BMC donors. Significantly diminished activity was observed in
mononuclear cells (PBMC) incubated with several serum samples o h inf I ith uninf |
patients with different types of hepatitis tl ese in ec_ted cells compared with uninfected contrB_sQ-OS)
(Fig.5). This effect was dependent on the concentration of serum
used, since inhibition of NK activity increased with serum con-
Incubation time centration, reaching total inhibition with undiluted serum. In
addition, a cytotoxicity assay in which thege vitro infected

4h 48h cells (with undiluted serum) were used as target against autologous
E-T rati E T rati NK cells was performed. SpeciffiéCr release was observed in the
+T ratio +Tratio experiments performed with the three different donors
Serum type n 401 20:1 201 20:1 (6:11+ 0-88%, 45 = 1-6%, E:T ratios 5:1 and-8:1, respectively).

NHS 4 281+25 22515 27231 221*20 DISCUSSION

HAV 2 2660+ 32 23020 254*20 200*20

HBV 3 280*26 205*+18 268+30 225+35 NK cells represent an important lymphocyte population involved

AH 2 275+30 230+10 225+45 183+40 in the immune response. Both cytotoxic and immunoregulatory

HCV (1) 1 280%x45 230+x15 76+x30 50%30 functions of these cells have been described [10,11]. However, the
1
1
1

HCV (2) 310+32 200x14 150x35 130*25  gle of NK cells in human disease is poorly understood. Current
HCV (3) 300£4.2 210*x13 120*x25 60+ 30

evidence seems to indicate that a decreased NK cell number or
HCV (4) 250+ 80 220+ 12 250+30 220+50

cytotoxic activity is often associated with the development and or
progression of cancer, acute or chronic viral infection, autoimmune

Peripheral blood monunculear cells (PBMC) from two healthy donorsdiseases, immune deficiency syndromes and psychiatric illness
were incubated with 10@l of either normal human serum (NHS), serum [10]. The anti-viral activity of NK cells has been well studied in
fr_om patients with acute infection_qf hepatitis A virus (HA\(), hepatitis B gnimal models [10,11]. In humans, there have been few reports that
virus (HBV), autoimmune hepatitis (AH) or HCV. Individual HCV  gpq 4 positive correlation between sensitivity to viral infection
samples are represented (labelled 1-4). Two series of experiments, &hd depressed NK activity [10,11,16].

short-time incubation (4 h) and a long-time exposure (48 h) with the sera . L . ) . .
were performed. At the end of the incubation, cells were washed thrice with HCV infection is associated with a high percentage of chronic

PBS and cytotoxic assays were performed as described in Patients aftPalitis [1,2]. The mechanisms responsible for this clinical out-
Methods. Results represent the meard. of triplicate experiments per- COMe are at present unknown. Several hypotheses have been
formed on both donors, number of serum samples used from individual Postulated to explain possible pathways leading to chronic liver
patients with the described pathology. damage, and these include: (i) escape from immunosurveillance;
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Fig. 5. NK cytotoxic activity ofin vitro infected cells with a HCV RNA-
positive serum. Peripheral blood mononuclear cells (PBMC) from three
healthy donors were incubated with serial dilutions of a HCV RNA-positive
serum, as described in Patients and Methods. After 48h, cells were
harvested and tested for HCV infection and NK cytotoxic activity against
the K562 cell line. Statistical difference % 0-05) was observed when
cells were incubated with undiluted (1@0of serum in 1 ml RPMI) media.
M, Controls; HCV serum dilution®, 1/100;@, 1/10;K, 1.
(b}
HCV-infected patients resemble those observed in HBV infection
:g?g [20], and patients’ PBMC may be infected by the virus [21—-24].
872 However, these effects may not be related to T lymphocyte hyper-
or hyporesponsiveness. Previous reports demonstrated that T
603 lymphocytes from HCV-infected patients proliferate in response
to specific antigen or under stimulation with anti-CD3 and anti-
CD28 MoADbs [3,7,9]. Likewise, cytotoxic T lymphocyte (CTL)
310 response does not seem to be altered in HCV infection [6,8]. The
281, 27 effect of viral infection on the functional roles of other lymphocyte
234 populations has not been fully assessed.
194 In the present study, we evaluated the NK cytotoxic activity of

HCV-infected patients and the effect of IL-2 in modulating such
activity. Cytotoxic assays were carried out in both sporadic and
post-transfusion non-treated HCV-infected patients. The results
show that basal NK cytotoxic activity is significantly diminished in
HCV-infected patients, regardless of the fact that PBMC or NK-
enriched cell populations were used in the assay. This diminished
. - 3 F NK activity does not seem to be related to a deficit in the

! " i v v.ou circulating NK cells, since the percentage of this cell population
Fig. 4. Electrophoretic analysis of polymerase chain reaction (PCR)jn HCV-infected patients was comparable to that observed in
products from peripheral blood mononuclear cells (PBMC) infested o 5thy controls. Moreover, no major absolute differences in
vitro with a HCV RNA-positive serum. PCR pro.dUCtS. representing positive, lymphocyte populations were observed between patients
(a) or negative (b) strands of HCV RNA were identified in PBMC from a and controls.

healthy control incubated with serial dilutions of a HCV RNA-positive . . 0
serum as described in Patients and Methods. (i) Molecular weight markers AS Shown in Table 1, nine (82%) of the 11 PBMC samples

(X174 DNA digest withHae ll; ii—iv, 1/1, 1/10 and 1/100 dilutions of the ~ Studied were positive for HCV RNA, with a prevalence of
HCV RNA-positive serum; (v) last cell wash; line (vi) heat-inactivated genotype Il (1b). Despite the fact that two PBMC samples were
HCV RNA serum. The arrows show the 267 base pair (bp) PCR product.negative for HCV RNA, the cytotoxic activity observed in these
samples was comparable to the infected ones.

Diminished NK cytotoxic activity in HCV-infected patients
(i) suppression of host effector responses; and (iii) generatiorinay be attributed to the effect of suppressive cells and/or factors
of viral variants [17]. A tentative assumption is that an present in PBMC-infected cells. To address this aspect, basal NK
altered immune response is partially responsible for viral chroniCytotoxic activity in HCV-infected patients was assayed using
city [3-5]. Evidence to support this hypothesis may be linked toPBMC depleted of monocytes and B cells and purified NK cells.
the fact that IFNe therapy is effective in 40—-50% of patients with The results showed that, in spite of the depletion of monocytes and
chronic hepatitis [18], HCV-infected patients may develop auto-B cells, NK cytotoxic activity was still significantly low compared
immune hepatitis [19], the histopathologic lesions observed irwith healthy controls. Therefore, monocytes and B cells or their
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soluble factors do not seem to be implicated in the diminished NKColmenares for providing information on some of the patients included in
activity observed in HCV-infected patients. this study.
We also assessed the effect of IL-2 on NK cell cytotoxicity.
Even though IL-2 increases NK cytotoxic activity [10], a short REFERENCES
priming with IL-2 was not sufficient to overcome completely the
:Tg\?lzﬁf (iyt;)tOXltCi ::Sp(%_nhse O];chltwed hrL:lman r’::Kllce“EI frc;m JJ, Alter HJ. Long-term clinical and histopathological follow-up of
-intected patients. Thus, [L-2 was only partially able 10 ., qnic post-transfusion hepatitis. Hepatology 19D4969—74.
rgstgre NK cytotoxic activity in these pat.lents, this activity being , Houghton M, Weiner A, Han J, Kuo G, Choo QL. Molecular biology of
significantly lower than that observed in PBMC from healthy  the hepatitis C viruses: implications for diagnosis, development and
controls, regardless of cell culture conditions. Furthermore, it is  control of viral disease. Hepatology 19914:381-8.
important to add that LAK activity in HCV-infected patients was 3 Botarelli P, Brunetto MR, Minutello MAet al. T-lymphocyte response
comparable to that of controls. to hepatitis C virus in different clinical courses of infection.
Several authors have reported infection of PBMC and human Gastroenterology 1993,04580-7.
cell lines by HCV [21-26]. Following the same approach, we 4 Farci P, Alter HJ, Govindarajan & al. Lack of protective immunity
incubated PBMC from healthy controls for 48 h with a HCV RNA- against reinfection with hepatitis C virus. Scienge 19286 135-40.
positive serum, confirmed virus infection using RT-PCR and 5 Spengler U, LeChr.na”n M, Irgang B, D“.mou"n FL, Sauerbruch T.
. . L ", Immune response in hepatitis C virus infection. J Hepatol 128@0—
evaluated its effect on NK cytotoxic activity. Presence of positive o5
or negative strands Qf HCV R'_\IA V_Vas cgnflrmed by neSted PCRin 6 Minutello MA, Pileri P, Unutmaz Det al. Compartmentalization of T
these cells, suggesting that viral infection was achieved. The NK  jymphocytes to the site of disease: intrahepatic CD4ells specific
activity of the infected cells was impaired compared with PBMC  for the protein NS4 of hepatitis C virus in patients with chronic hepatitis
incubated with NHS. Moreover, the results obtained in cytotoxicity ~ C. J Exp Med 199317817-25.
assays using autologous infected cells suggest that non-infected Schupper HP, Scheffel HJ, Aceituno S, Paglieroni T, Holland PV,
NK cells are able to lyse infected PBMC. Zeldis JB. Peripheral-blood mononuclear cell responses to recombinant
Diminished NK cytotoxicity seems to be specific to HCV hepatitis C virus antigen in patients with chronic hepatitis C.
infection, since the spontaneous cytotoxic activity of PBMC o Iéepatology 1993&310556‘60' ellial.C T v
incubated with serum from other viral hepatitis infections (HAV, erny A, McHutchison JG, Pasquineliieral. Cytotoxic T lymphocyte
. - response to hepatitis C virus-derived peptides containing the HLA A2
HBV) or autoimmune hepatitis was comparable to that of PBMC binding motif. J Clin Invest 19959552130
|ncupated v_\nth NHS. Overall, the_ above flndl_ngs support the data g corado JA, Toro FI, Baroja ML, Bianco NE, Machado IV. CD3 and
obtained with PBMC from HCV-infected patients and suggest a  cp2g activating pathways in HCV infection. Viral Immunol 1994;
direct correlation between HCV infection and a deficient NK  7:37-40.
spontaneous cytotoxic response. 10 Whiteside TL, Herberman RB. Role of human natural killer cells in
Impairment of NK cytotoxic activity has also been reported in  health and disease. Clin Diagn Lab Immunol 198425-33.
other models of viral infection, including Epstein—Barr virus, HIV 11 Trinchieri G. Biology of natural killer cells. Adv Immunol 1989;
and measles virus [10]. In this regard, our results are in agreement 47:187-376. o ‘
with the findings of Casakt al.[27], who reported a failure in the 12 Hata K, Van Thiel DH, Heberman RB, Whiteside TL. Natural killer
NK activity of measles virus-infected lymphocytes after 48h of activity of human liver-derived lymphocytes in various hepatic
. . . . . : . diseases. Hepatology 19914:495-503.
virus infection. The mechanism by which these viruses disturb the13

e ) . . . Inchauspe G, Abe K, Zebedee S, Nasoff M, Prince AM. Use of
specific immune function are still unknown, but direct modulation conserved sequences from hepatitis C virus for the detection of viral

by viral proteins and/or lymphocyte effector signals upon viral  rNA in infected sera by polymerase chain reaction. Hepatology 1991;
infection may represent two major possibilities. 14:595—600.
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