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CD3- and CD28-Activating Pathways in HCV Infection
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ABSTRACT

We investigated the proliferative response and IL-2 receptor (IL-2R) expression in peripheral
blood mononuclear cells (PBMC) activated with anti-CD3 mAb alone or in combination with
anti-CD28 mAb in a group of hepatitis C virus (HCV)-infected patients with detectable
viremia demonstrated by “nested” PCR. PBMC from HCV patients and controls showed sim-
ilar proliferative responses either to anti-CD3 mAb, 64.1, and/or to anti-CD28 mAb, 9.3. No
differences were found in anti-CD3 or anti-CD3 plus anti-CD28-induced proliferative re-
sponses between patients who demonstrated circulating PBMC bearing HCV-RNA when
compared to those with negative HCV-RNA PBMC. Moreover, flow cytometry studies con-
firmed that anti-CD3 alone or in combination with anti-CD28 were able to induce a significant
increase of IL-2R expression in patients or controls PBMC. Both groups showed similar basal
CD28 expression. These results indicate that both CD3- and CD28-activating pathways are
preserved in HCV-infected patients with chronic active liver disease.

Hepatitis C virus (HCV) as hepatitis B virus (HBV) induces chronic liver disease (5). However, in contrast
to HBYV infection, the hypothesis that host immunological alterations might be associated with the clini-
cal outcome of hepatitis C awaits further demonstration (14). In T-cell-mediated immune responses, the inter-
action between the T-cell antigen receptor (TCR/CD3) complex with a putative antigen is complemented by
antigen-presenting cells that provide essential signals for T-cell activation (4). This process can be mimicked
in vitro utilizing monoclonal antibodies (mAbs) directed against the CD3 antigen (12). Interactions with other
accessory T-cell surface molecules are also necessary for a full immune response (16). For instance, the CD28
antigen amplifies the responses of antigen and mitogen-activated T cells (1,10,11). We investigated the im-
mune response of patients with chronic HCV infection using peripheral blood mononuclear cells (PBMC) that
were activated through the CD3 and CD28 surface molecules. Fourteen patients, mean age 39 + 14 years, with
the diagnosis of chronic HCV infection were selected. They showed an alanine-aminotransferase (ALT) activ-
ity 3.5-fold above the normal upper limit and repeatedly positive antibodies to HCV (anti-HCV) (2nd genera-
tion, Abbott Laboratories, North Chicago, IL) at least three times before being admitted to the study. All pa-
tients were also positive for HCV RNA in serum as tested by nested PCR according to the method of Inchauspe
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etal. (8) and 70% of them were tested for HCV RNA in PBMC. All patients were studied before interferon-c2a
therapy; 4 of them were reevaluated after 6 months of therapy (Roferon A®, F. Hoffmann-LaRoche, Basel,
Switzerland). Fourteen seronegative healthy individuals were used as controls. PBMC were isolated from he-
parinized blood using Ficoll-Hypaque gradient separation medium (Pharmacia Chemicals, Uppsala, Sweden).
Cells (1 x 105) were cultured in the presence of optimal concentration (10 ng/ml) of anti-CD3 mAb 64.1
(Bristol Myers Squibb, Seattle, WA) and/or 50 ng/m! of anti-CD28 mAb 9.3 (Bristol Myers Squibb, Seattle,
WA). The cells cultures were carried out in triplicate and incubated for 96 hr at 37°C in a 5% CO, atmosphere.
PBMC were also cultured in the presence of 0.5 pg/ml of phytohemmaglutinin (PHA) (Wellcome Diagnostics,
Dartford, England). Cell proliferation was assessed by [3H]thymidine incorporation (New England Nuclear,
Boston, MA). The expression of IL-2 receptor (IL-2R) was evaluated by direct immunofluorescence in un-
stimulated and stimulated PBMC as described above, using FITC-conjugated anti-IL-2R (p55) mAb (Ortho
Diagnostics System, Raritan, NJ). Basal expression of CD28 on the surface of PBMC was evaluated by indi-
rect immunofluorescence using the anti-CD28 mAb 9.3 (IgG,,) (1 pg/ml) and FITC-conjugated goat anti-
mouse IgG (Becton-Dickinson, Lincoln Park, NJ). Fluorescence analysis was performed by flow cytometry
(EPICS 753, Coulter Corporation, Hialeah, FL).

Figure 1 shows similar PBMC proliferative responses to anti-CD3 mAb (10 ng/ml) from HCV patients and
controls. When the anti-CD28 mAb was added (50 ng/ml) in combination with the anti-CD3 mAb, a signifi-
cantly higher proliferative response was observed in either patients or controls when compared to anti-CD3
alone (Fig. 1). No differences were observed between patients and controls when increasing concentrations of
mAb 64.1 were used ranging between 1 and 50 ng/ml. Similarly, both groups responded equally to PHA (data
not shown). When we compared the proliferative response of patients with PBMC positive for HCV RNA ver-
sus patients with PBMC negative for HCV-RNA, no difference was found (Fig. 1). Interferon-c2a therapy did
not alter the proliferative response to anti-CD3 and/or anti-CD28. Basal expression of CD28 molecule on
PBMC from HCV-infected patients was similar to controls (mean + SD = 66.5 + 9.1 and 78.0 + 8.5%, respec-
tively). Besides, under nonstimulated conditions, IL-2R expression in PBMC from HCV patients and controls
were similar (Table 1). A clear enhancing effect on IL-2R expression was observed in PBMC stimulated with
the anti-CD3 mAb 64.1 (10 ng/ml) in HCV patients and controls (Table 1). When the anti-CD28 mAb 9.3 was
added at optimal concentration (50 ng/ml) to the PBMC cultured with mAb 64.1, a significant increase in the
expression of IL-2R was observed in both groups when compared to that obtained with mAb 64.1 alone (P<
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FIG. 1. Proliferative response of PBMC from HCV-infected individuals. PBMC were stimulated with mAbs 64.1
(anti-CD3) and 9.3 (anti-CD28). HCV-infected patients represent mean % SE of 14 patients and 14 controls. HCV (+)
PBMC and HCV (-) PBMC values represent mean + SE of 4 patients each. In all the cases spontaneous proliferation
(medium) was always below 1,000 cpm.
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TaBLE 1. IL-2R ExprESSION ON PBMC rroM HCV-
INFECTED PATIENTS CULTURED WITH ANTI-CD3
AND/OR ANTI-CD28

Culture condition

NS 64.1% 64.1 + 9.3¢
Patients 4+ | 30+ 4 50 £ 5%
Controls Bk 2543 47 + 6*

4Values are indicated as percentage of positive cells for IL-
2R expression (mean = SD) of 9 experiments for each condi-
tion. NS, nonstimulated cells.

bAnti-CD3 mAb, 64.1 (10 ng/ml).

¢Anti-CD-3 mAb, 64.1 (10 ng/ml) + anti-CD28 mAb, 9.3
(50 ng/ml).

*P <0.001.

0.001) (Table 1). There was a significant direct correlation between PBMC proliferative responses and IL-2R
expression to both stimuli in either HCV patients (» = 0.98) or controls (r=0.99).

The factors that contribute to the persistence of liver necroinflammation in HCV chronic infection are still
under investigation (7,14). The identification of several HCV strains, the existence of mutant viruses, and the
possible inability of the host immune system to mount an effective response have all been suggested as con-
tributors of chronic HCV infection (6). We investigated the lymphocyte activation function of PBMC through
the CD3 and CD28 pathways in a group of HCV-infected patients with chronic hepatitis and detectable
viremia. We found that the PBMC from HCV-infected patients were able to sustain proliferative responses
when stimulated with both anti-CD3 and/or anti-CD28 mAbs. This response correlated directly with the ex-
pression of [L-2R. Recently, we demonstrated that PBMC from HBV chronic carriers bearing “‘e” antigenemia
and positive HBV-DNA responded less than healthy controls when cultured with anti-CD3 mAb (2). In con-
trast, PBMC from patients chronically infected with HCV and detectable viremia did not show perturbation of
the CD3 activation function. Furthermore, we found that the pattern of response mediated by CD3 and CD28
pathways was unaltered among patients who presented PBMC infected by HCV and patients who did not show
circulating PBMC infected by HCV. This observation tends to suggest that infection by HCV of immunocom-
petent cells does not alter T-cell responses. Our results are in agreement with the reports of Botarelli et al. (3)
and Schupper et al. (15) who concluded that the majority of patients with chronic hepatitis C showed antigen-
dependent PBMC proliferative responses to both HCV structural and nonstructural proteins. Recent reports
have suggested that the second signal delivered by CD28 could prevent clonal anergy in vitro (9). In this re-
gard, PBMC-derived T-cell clones have been obtained by Minutello et al. from HCV-infected individuals
demonstrating that these patients maintained antigen-dependent responses (13) suggesting that the CD28 path-
way is indeed unaltered. In addition, HCV-infected patients showed similar expression of CD28 to those ob-
tained in normal controls. This report adds new evidence that suggests that in HCV chronic infection the anti-
gen-independent T-cell proliferative response is also unaltered. In addition, our results indicate that, in contrast
to HBV infection, HCV-infected patients with chronic liver disease, active viremia, and irrespective of the
presence of circulating mononuclear cells bearing HCV-RNA, do not exhibit abnormalities of T cells activated
through CD3 and CD28 pathways.
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