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Abstract

Ribavirin is an important component of interferon-based and direct antiviral treatment regimens 

for hepatitis C virus (HCV) infection. Immunomodulation, in particular improvement of the host 

interferon (IFN) response, has been proposed as ribavirin’s mechanism of action. Natural killer 

(NK) cells are sensitive biomarkers for IFN-α/β receptor signaling, as NK cell cytotoxicity and 

IFN-γ production are regulated by STAT1- and STAT4-phosphorylation, respectively. 

Specifically, pSTAT1-dependent NK cell cytotoxicity increases and pSTAT4-dependent IFN-γ 

production decreases in response to endogenous, virus-induced IFN-α and during IFN-α-based 

therapy. To assess whether ribavirin has a direct effect on NK cells and/or improves the IFN-γ 

response of NK cells in the presence of IFN-α, we prospectively studied 22 HCV patients with 

and 32 patients without 4 weeks of ribavirin pretreatment, who all received subsequent PegIFN/

ribavirin combination therapy. During ribavirin pretreatment, the frequency of CD56dim NK cells 

with cytotoxic effector functions decreased (p=0.049) as did the frequency of CD56bright NK cells 

with the capacity to produce IFN-γ (p=0.001). In vitro or in vivo exposure of NK cells to ribavirin 

improved the pSTAT4 (p<0.01) but not pSTAT1 response of NK cells to subsequent stimulation 

with IFN-α. This was associated with an increase in IFN-γ production but not cytotoxicity of NK 

cells during subsequent IFN-α-based therapy. The frequency of IFN-γ-producing NK cells was 

greater in fast second-phase virological responders than in slow responders.

Conclusion—Ribavirin enhances the pSTAT4 and IFN-γ response of NK cells to IFN-α–

stimulation.
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Introduction

The guanosine analogue ribavirin is an important component not only of interferon-based 

therapies for HCV but also new therapies with direct-acting antivirals (1). While ribavirin by 

itself only has a modest effect on HCV RNA levels (<1 log reduction) and does not induce 

viral clearance (2), it is associated with a faster second-phase virological response when 

administered together with pegylated interferon alpha 2a (PegIFN) (3, 4). Ribavirin also 

decreases on-treatment virological breakthrough and post-treatment virological relapse when 

combined with PegIFN (5, 6) and/or direct-acting antivirals (7, 8). Notably, ribavirin’s 

ability to suppress the development of viral resistance is not limited to antiviral treatment 

regimens against HCV but extends to treatment regimens against other viruses such as 

influenza A virus (9).

Several direct effects on viral replication have been proposed as ribavirin’s mechanism of 

action. These include (i) inhibition of the HCV NS5B-encoded RNA-dependent RNA 

polymerase, (ii) depletion of guanosine triphosphates by interference with the host enzyme 

inosine monophosphate dehydrogenase, and (iii) promotion of viral error catastrophe 

[reviewed in (10)]. While each of these mechanisms is supported by in vitro data, the in vivo 

evidence from clinical studies is weak. Ribavirin monotherapy results only in a modest, less 

than 1 log10 decline in HCV titer (3) and does not increase the rate of nucleotide 

substitutions (11). In combination with PegIFN, ribavirin does not improve the first phase 

virological decline (12) arguing against a primarily antiviral mode of action.

An immunomodulatory effect has been suggested as an alternative mechanism (3, 4). 

Ribavirin accelerates the second-phase (3, 4) and the third-phase (12) virological decline 

during PegIFN/ribavirin combination therapy, which are both thought to reflect immune-

mediated clearance of virus-producing hepatocytes (13). Indeed, exposure of cloned T cells 

to ribavirin enhances the proliferation of T cells, increases the production of the antiviral 

cytokine IFN-γ, and inhibits the production of the immunosuppressive cytokine IL-10 in 

vitro (14). However, these data are not confirmed in vivo because studies on immune 

responses of patients on PegIFN/ribavirin therapy demonstrate a decrease rather than an 

increase in the frequency of IFN-γ-producing T cells (15–17).

More recent studies suggest that ribavirin modulates the innate response to type I IFN. 

Based on both in vitro (18–20) and in vivo data (3, 21) ribavirin may induce a subset of ISGs 

(18–20) and improve the ability of the HCV-infected liver to response to IFN-based therapy 

(3). Rather than acting independently from type I IFN ribavirin appears to have a synergistic 

effect because it preferentially accelerates the second-phase virological response in patients 

with a suboptimal, but not absent, interferon response (4).

Having established that NK cells are a sensitive readout of a patient’s response to IFN-α 

(22, 23), we asked whether they can be used to identify a potential immunomodulatory 

effect of ribavirin. NK cells from patients with chronic HCV infection respond to IFN-α 

with greater STAT1 phosphorylation and less STAT4 phosphorylation than NK cells from 

healthy controls (24). This corresponds to an increase in pSTAT1-dependent cytotoxicity 

and a reduction in pSTAT4-dependent IFN-γ production in response to endogenous and 
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exogenous IFN-α (22, 23). We hypothesized that ribavirin may improve NK cell IFN-γ 

production, and that this may contribute to the enhancement of the second-phase virological 

decline, which has been observed when ribavirin is added to IFN-α-based therapy.

To address this question we studied prospectively collected lymphocyte samples from 

patients with chronic HCV infection who had either received 4-weeks ribavirin pretreatment 

(n=22) or no pretreatment (n=32) prior to PegIFN/ribavirin combination therapy. While 

pretreatment with ribavirin did not improve treatment outcome, likely because all patients 

received ribavirin during the long PegIFN/ribavirin phase (3), the study design allowed us to 

examine (i) whether ribavirin itself in the absence of IFN-a-based therapy has any effect on 

NK cells and (ii) whether ribavirin modulates the NK cell response to IFN-α. We show that 

ribavirin decreases pSTAT4 levels in NK cells both in vitro and in vivo and that this results 

in improved inducibility of pSTAT4 and of pSTAT4-dependent IFN-γ production in 

response to IFN-α. We also show that a better second phase response is associated with 

improved IFN-γ production by NK cells, which is consistent with the finding that ribavirin 

improves the second phase virological response when added to PegIFN therapy.

Materials and Methods

Study cohort

NK cells were studied in 54 patients with chronic HCV infection who were randomized to 

receive either 4-weeks ribavirin pretreatment (n=22) or no pretreatment (n=32) immediately 

prior to PegIFN/ribavirin combination therapy (Table 1). PegIFN was administered as a 

single subcutaneous dose of 180 μg per week. The ribavirin dose depended on the patient 

bodyweight and the HCV genotype (1000 mg ribavirin for <75 kg bodyweight and 1200 mg 

for ≥75 kg bodyweight p.o. daily for HCV genotypes 1 and 4; 800 mg p.o. daily for HCV 

genotypes 2 and 3). The 54 patients were chosen from a larger clinical study 

(Clinicaltrials.gov registration NCT00718172) (3) based on 3 included: week −4 (start of 

ribavirin pretreatment), week 0 (start of PegIFN/ribavirin therapy), days 1 and 2, and weeks 

1, 2, 4 and 12 after initiation of PegIFN/ribavirin combination therapy. The week 0, 1, 2, 4 

and 12 blood samples were drawn prior to the weekly PegIFN injection. In addition, the NK 

cell response to in vitro stimulation with ribavirin and/or IFN-α was studied using peripheral 

blood mononuclear cells (PBMC) from 22 untreated patients with chronic HCV infection 

and 23 healthy subjects. Unless otherwise indicated PBMC were separated from ACD-

anticoagulated blood on Ficoll–Histopaque (Mediatech, Manassas, VA) density gradients, 

washed 3 times with phosphate-buffered saline (PBS, Mediatech) and cryopreserved until 

use. All subjects gave written informed consent for research testing under protocols 

approved by the institutional review boards of the NIDDK/NIAMS or the NIH Clinical 

Center.

Kinetics of viral and biochemical parameters

HCV RNA levels were determined using Cobas TaqMan real-time PCR (Roche Diagnostics, 

Palo Alto, CA). The first-phase virological response after PegIFN injection was defined as 

the logarithmic decline in viral level from week 0 to the nadir during the first 3 days after 

PegIFN injection. The second-phase response was the slope of the viral decline from week 1 
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to week 4, or to the first non-quantifiable measurement if it occurred earlier. A fast second-

phase response was defined as > 0.5 log10 reduction in viral titer during that period. Serum 

alanine aminotransferase (ALT) activity was measured on every visit.

NK cell response to IFN-α stimulation

(i) Phosphorylation of STAT1 and STAT4 in response to IFN-α—Fresh pre-

warmed heparinized whole blood was stimulated in vitro with or without 600 ng/mL 

consensus sequence IFN-α (IFN-α-con1; InterMune, Brisbane, CA) for 5 min at 37°C. A 

20-fold excess of Lyse/Fix buffer (BD Biosciences, San Jose, CA) was added for 10 min at 

37°C for lymphocyte fixation and erythrocyte lysis. After centrifugation, cells were 

permeabilized with Perm Buffer (BD Biosciences) for 20 min on ice, washed twice, and 

resuspended in Staining Buffer (BD Biosciences).

All samples were stained with anti-CD56-PE (Beckman Coulter, Brea, CA) and anti-CD20-

PerCP/Cy5.5 (BD Biosciences) to identify NK cells and B cells, respectively, and with anti-

CD3-APC (both from BD Biosciences) to exclude T cells. Cells were additionally stained 

with anti-pSTAT1-Alexa488, or anti-pSTAT4-Alexa488 (BD Biosciences) for 20 min at 

room temperature. Samples were analyzed on an LSRII with FacsDiva Version 6.1.3 (BD 

Biosciences) and FlowJo Version 8.8.2 (Tree Star, Ashland, OR) software.

(ii) Effect of in vitro pretreatment with ribavirin on the NK cell response to IFN-
α—Frozen PBMC were thawed and incubated in RPMI1640 with 10% FCS with or without 

1 μg/ml of ribavirin (Sigma-Aldrich, St. Louis, MO) for 24h, followed by addition of 600 

ng/mL IFN-α–con1 (InterMune) for 5 min at 37°C. Cells were then fixed and stained for 

intracellular pSTAT1 and pSTAT4 as described above.

NK cell function

(i) Degranulation—NK cell degranulation, i.e. upregulation of the degranulation marker 

CD107a on the NK cell surface in response to target cells that do not express major 

histocompatibility molecules, was studied as readout for cytotoxicity as described (22). 

Thawed PBMC were cultured overnight at 37°C, 5% CO2 in RPMI1640 with 10% fetal 

bovine serum (FBS Serum Source International, Charlotte, NC), 1% Penicillin/

Streptomycin, 2 mM L-glutamine, 10 mM HEPES (Cellgro, Manassas, VA) without 

exogenous IL-2. The next day, PBMC were counted and stimulated in the presence or 

absence of K562 cells (ATCC, Manassas, VA) to assess NK cell degranulation (22).

(ii) IFN-γ production—Frozen PBMC were thawed and incubated with or without IL-12 

(0.5 ng/ml; R&D Systems) plus IL-15 (20 ng/ml R&D Systems) for 14h, followed by 

addition of brefeldin A for 4h and stained for intracellular IFN-γ as previously described 

(25).

Statistical Analysis

Statistical analyses were performed with GraphPad Prism Version 5.0 (GraphPad Software 

Inc, San Diego, CA). D’Agostino & Pearson omnibus normality tests were applied to 

analyze the data distribution. Paired and unpaired t-tests, Mann-Whitney nonparametric two-
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sample rank test, Spearman non-parametric tests and repeated measures analysis of variance 

(ANOVA) were used as indicated in the figure legends. A two-sided p-value of less than 

0.05 was considered significant.

Results

Effect of 4 weeks ribavirin pretreatment on HCV RNA and ALT levels

This immunological study included 22 HCV patients who did and 32 patients who did not 

receive a 4-week course of ribavirin pretreatment. All patients subsequently received a 

standard course of PegIFN/ribavirin combination therapy. As previously reported (3), 

ribavirin pretreatment resulted in a modest decrease of HCV RNA levels from 6.3±0.1 log10 

IU/ml to 5.8±0.1 log10 IU/ml (p=0.0001, Fig. 1A), but did not improve the overall SVR rate. 

During the same period, serum ALT activity decreased from 104±16.7 IU/L to 65.3±7.4 

IU/L (p<0.0001, Fig. 1C). Both parameters remained stable in the control group that did not 

receive ribavirin pretreatment (Fig. 1B, D).

Effect of 4 weeks ribavirin pretreatment on NK cell function

Two of the major effector functions of activated NK cells are cytotoxicity and IFN-γ 

production. We previously reported that NK cells from HCV-infected patients display 

increased cytotoxicity but not IFN-γ production as compared to NK cells from healthy 

controls (25). The percentage of cytotoxic, i.e. degranulating NK cells increases further, 

whereas the percentage of IFN-γ-producing NK cells decreases within hours of IFN-α 

injection (23).

To examine if ribavirin modulates the effector functions of NK cells, PBMC were isolated 

prior to and after the 4-week course of ribavirin pretreatment, and incubated with MHC class 

I negative K562 cells, the classical targets for NK cells. After coculture, CD56dim NK cells, 

which constitute 90% of all NK cells in the circulation and represent the main cytotoxic NK 

cell population (26), were assessed for cell surface expression of the degranulation marker 

CD107a, a readout for cytotoxicity and degranulation. As shown in figure 2A, the frequency 

of CD107a+, i.e. cytotoxic NK cells within the CD56dim population decreased during 

ribavirin treatment (13.81±1.2% versus 11.8±1.0%, p=0.049). In contrast, there was no such 

change in untreated patients during the same period (Fig. 2B). Consistent with our previous 

finding that NK cell degranulation correlates to ALT levels as a marker of liver injury (25), 

the decrease in the ability of CD56dim NK cells to degranulate correlated with the decrease 

in ALT levels (Rho=0.52, p=0.0159, Fig. 2C). No such correlation was observed in the 

untreated control group (Rho=−0.26, p=ns, Fig. 2D). Of note, there was no significant 

change in either the frequency of TRAIL+ NK cells or their TRAIL expression level.

To assess the capacity of NK cells to produce IFN-γ PBMC were in vitro stimulated with 

IL-12 and IL-15, and the CD56bright NK cell population, the main source of NK cell derived 

IFN-γ (27), was studied by flow cytometry. As shown in figure 3A the percentage of IFN-γ-

producing NK cells in the CD56bright NK cell population decreased during ribavirin 

pretreatment (75.9±2.5 % at week −4 vs. 62.5±3.0 % at week 0, p=0.001). Significant 

decreases in the frequency of IFN-γ-producing cells were also observed in the CD56dim 
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(32±3% vs. 22±3%; p=0.001) and the total NK cell population (35±3% vs. 25±3%, p=0.002, 

not shown). Again, no significant change was observed in the untreated control group during 

the same time interval (Fig. 3B). The decrease in the frequency of IFN-γ-producing 

CD56bright NK cells correlated with the decrease in viremia during ribavirin pretreatment 

(Rho=0.61, p=0.004, Fig. 3C). No such correlation was observed in the untreated control 

patients (Fig. 3D).

Consistent with the fact that the ability of NK cells to produce IFN-γ in response to IL-12 

depends on STAT4 phosphorylation (28), the decrease in the percentage of IFN-γ-producing 

CD56bright NK cells correlated with the decrease in ex vivo pSTAT4 levels during ribavirin 

pretreatment (Rho=0.58, p=0.019, Fig. 3E). No such correlation was observed in the 

untreated control patients (Fig. 3F).

Ribavirin improves the induction of pSTAT4 in NK cells in the presence of IFN-α

As shown in figure 4 NK cells from untreated patients with chronic HCV infection 

responded to in vitro stimulation with IFN-α with stronger pSTAT1 induction (p=0.03, Fig. 

4A) and weaker pSTAT4 induction (p=0.0252, Fig. 4B) than NK cells from healthy 

controls. When NK cells from chronic HCV patients were pretreated with ribavirin in vitro 

and then subjected to IFN-α stimulation, there was no further increase in the pSTAT1 

response (Fig. 4C, left graph) the pSTAT4 response was improved (p=0.008, Fig. 4C, right 

graph).

The same improvement in pSTAT4 inducibility was observed when NK cells from patients 

who had received the 4-week course of ribavirin pretreatment were stimulated with IFN-α in 

vitro and compared to NK cells from not pretreated patients (p=0.0093, Fig. 4D). Again, no 

such effect was observed for pSTAT1 inducibility (data not shown). These results 

demonstrate that ribavirin directly affects NK cells rather than indirectly via a reduction in 

viral titer, and that it improves pSTAT4 inducibility in the presence of IFN-α.

A 4-week course of ribavirin pretreatment increases the pSTAT4-dependent IFN-γ 
response of NK cells during subsequent PegIFN/ribavirin therapy

The observation that ribavirin improved the induction of pSTAT4 by IFN-α prompted the 

question whether it also improved the impaired IFN-γ response of NK cells during IFN-

based therapy. To test this hypothesis, we studied NK cell responses of ribavirin-pretreated 

and non-pretreated patients during the first 12 weeks of PegIFN/ribavirin combination 

therapy. As shown in figure 5, patients who had been pretreated with ribavirin had a 

significantly higher percentage of IFN-γ-producing cells in the total (p=0.0206 Fig. 5A) and 

CD56bright NK cell population (p<0.0001, Fig. 5B) upon in vitro stimulation with IL-12 and 

IL-15 than patients who were not pretreated with ribavirin. The difference in the percentage 

of IFN-γ-producing NK cells between both patient groups was apparent by week 1, 

increased further by week 2, and was maintained in the CD56bright NK cell subset until at 

least week 12 of PegIFN/ribavirin therapy. It was also observed when the total NK cell 

population (Suppl. Fig. 1A) or the CD56bright NK cell subset (Suppl. Fig. 1B) were studied 

ex vivo, i.e. without in vitro stimulation (p<0.0001, serial measures ANOVA).
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Consistent with the results of a previously published larger clinical study (3), ribavirin 

treatment did not increase the percentage of patients with a sustained virological response in 

the current study. However, within the ribavirin-pretreated group patients with a fast second-

phase virological decline had a greater percentage of IFN-γ-producing CD56bright NK cells 

than those with a slow second-phase virological decline (73.8±2.8% vs 55.8±7%, p=0.04 at 

week 1 and 81±3.3% vs 64±8.1%, p=0.044 at week 4, respectively, Fig. 5C). This was 

confirmed by ex vivo analysis of IFN-γ-producing CD56bright NK cells (4.12% vs 0.69%, 

p=0.034 at week 4, Suppl. Fig. 1C). In contrast, there was no significant difference in NK 

cell cytotoxicity between the two groups (not shown). Collectively, these findings suggest 

that ribavirin ameliorates the IFN-α induced suppression of pSTAT4 and IFN-γ induction.

Discussion

This study demonstrates an immunological effect of ribavirin that results in alleviation of the 

IFN-α-mediated suppression of the NK cell IFN-γ response. NK cell IFN-γ production is 

typically decreased in HCV-infected patients, whereas NK cell cytotoxicity is increased (25, 

29). This is thought to be due to chronic exposure to virus-induced type I IFN. As first 

described in a mouse model of lymphocytic choriomenigitis virus infection (30–32) type I 

IFN increases STAT1 expression, which displaces STAT4 at the IFN-a/b receptor resulting 

in decreased pSTAT4-dependent IFN-γ production and increased pSTAT1-dependent 

cytotoxicity.

Our current study extends these findings to HCV infection in humans. Consistent with 

results by Miyagi et al (24) we demonstrate that NK cells of patients with chronic hepatitis 

C display increased inducibility of pSTAT1 and decreased inducibility of pSTAT4 upon in 

vitro stimulation with IFN-α compared to NK cells of healthy controls (Fig. 4A and B). We 

extend these results by demonstrating that both in vitro and in vivo pretreatment with 

ribavirin improves the inducibility of pSTAT4 in the presence of IFN-α (Fig. 4C). 

Accordingly, ribavirin-pretreated patients display an increased frequency of IFN-γ-

producing NK cells during PegIFN/ribavirin therapy (Fig. 5A and B).

In contrast, ribavirin pretreatment does not further increase the inducibility of pSTAT1 in 

vitro cell cultures (Fig. 4C), and ribavirin-pretreated patients do not display an increased 

frequency of IFN-γ-producing NK cells during PegIFN/ribavirin therapy compared to not 

pretreated patients (not shown). While the mechanism of ribavirin’s effect on NK cells 

requires further investigation, the current study demonstrates that ribavirin acts directly on 

NK cells rather than indirectly via a decrease in viral titer. This is supported by the finding 

that an improvement of the pSTAT4 response to IFN-α was also observed when PBMC 

were treated with ribavirin in vitro, i.e. in the absence of the HCV (Fig. 4C).

Within the RBV pretreated patient group, IFN-γ-producing NK cells were more frequent in 

patients with a fast second-phase virological response than in those with a slow second-

phase virological response, which may point to a potential antiviral role of IFN-γ. The 

conclusion that ribavirin modulates NK cell function is consistent with the results of 

mathematical modeling, that have led to the concept that the second-phase decrease in viral 

titer during IFN-based therapy is immune-mediated (13).
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The finding that ribavirin modulates the NK cell response to IFN-α remains of interest also 

in the context of new interferon-free antiviral regimens. In the presence of ribavirin, NK 

cells may be able to mount an improved IFN-γ response to an endogenous type I IFN 

response, that is stimulated by increased HCV replication during a viral breakthrough. The 

improved IFN-γ response of NK cells may thus result in better immunosurveillance. This 

hypothesis is an interesting area for future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. A 4-week course of ribavirin pretreatment results in a modest reduction of serum HCV 
RNA and ALT levels
(A–B) Serum HCV RNA levels and (C–D) ALT activity of patients who did (A, C) or did 

not (B, D) receive a 4-week course of ribavirin pretreatment prior to PegIFN/ribavirin 

combination therapy. Week −4 marks the start and week 0 the end of ribavirin pretreatment. 

Statistical analysis: paired t-test. ALT, alanine aminotransferase; ns, not significant.
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Fig. 2. The decrease in the frequency of CD56dim cytotoxic NK cells during ribavirin 
pretreatment correlates with the decrease in ALT levels
(A–B) Changes in the frequency of CD56dim NK cells, that upregulate the degranulation 

marker CD107a in vitro in response to K562 target cells, in patients who did (A) or did not 

(B) receive a 4-week course of ribavirin pretreatment. Week −4 marks the start and week 0 

the end of ribavirin pretreatment. Statistical analysis: Wilcoxon signed rank test (left panel) 

and paired t-test (right panel) based on results of D’Agostino & Pearson omnibus normality 

test. (C–D) Correlation between changes in the frequency of CD107a+ CD56dim NK cells 

and ALT levels in patients who did (C) or did not (D) receive a 4-week course of ribavirin 

pretreatment. Statistical analysis: Spearman non-parametric test. Rho: Spearman correlation 

coefficient. MFI, mean fluorescence intensity; ns, not significant.
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Fig. 3. The decrease in the frequency of IFN-γ-producing CD56bright NK cells during ribavirin 
pretreatment correlates with the decrease in viremia and in NK cell pSTAT4 levels
(A–B) Changes in the frequency of IFN-γ-producing CD56bright NK cells in patients who 

did (A) or did not (B) receive a 4-week course of ribavirin pretreatment. Statistical analysis: 

Wilcoxon signed rank test (left panel) and paired t-test (right panel) based on results of 

D’Agostino & Pearson omnibus normality test.

(C–D) Correlation between the change in the frequency of CD56bright NK cells and the 

change in viremia in patients who did (C) or did not (D) receive a 4-week course of ribavirin 

pretreatment. Statistical analysis: Spearman non-parametric test. Rho: Spearman correlation 

coefficient. MFI, mean fluorescence intensity; ns, not significant.

(E–F) Correlation between the change in the frequency of IFN-γ-producing CD56bright NK 

cells and the change in NK cell ex vivo pSTAT4 levels in patients who did (E) or did not (F) 
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receive a 4-week course of ribavirin pretreatment. Statistical analysis: Spearman non-

parametric test.
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Fig. 4. Ribavirin improves the induction of pSTAT4 in NK cells in the presence of IFN-α
(A–B) IFN-α-induced pSTAT1 (A) and pSTAT4 (B) expression in CD3-CD56+ NK cells 

and their CD56bright and CD56dim subpopulations from chronic HCV patients (chronic 

HCV, n=22) and healthy, uninfected blood donors (healthy controls, n=23). The pSTAT1 

and pSTAT4 inducibility reflect the pSTAT1 and pSTAT4 MFI of NK cells after in vitro 

stimulation of PBMC with IFN-α normalized to the respective MFI of unstimulated cells. 

Statistical analysis: Mann-Whitney nonparametric two-sample rank test.

(C) IFN-α-induced pSTAT1 and pSTAT4 expression in NK cells from chronic HCV 

patients (n=8) after in vitro treatment of PBMCs with ribavirin. The pSTAT1 and pSTAT4 

inducibility reflects the pSTAT1 and pSTAT4 MFI of NK cells after in vitro stimulation of 

PBMC with IFN-α normalized to the respective MFI in unstimulated cells. Statistical 

analysis: paired t-test after analysis with the D’Agostino & Pearson omnibus normality test.

(D) Inducibility of pSTAT4 in CD3-CD56+ NK cells from chronic HCV patients who did or 

did not receive a 4-week course of ribavirin pretreatment. PBMCs were isolated prior to 
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(week −4) and after (week 0) of a 4-week course ribavirin pretreatment and subjected to in 

vitro stimulation with IFN-α. The pSTAT1 and pSTAT4 inducibility reflects pSTAT1 and 

pSTAT4 MFI in NK cells after in vitro stimulation of PBMCs with IFN-α normalized to the 

respective MFI in unstimulated cells. The comparison remains statistically significant if the 

outlier in the ribavirin-pretreated group at week 0 is excluded. Statistical analysis: Mann-

Whitney nonparametric two-sample rank test after analysis with the D’Agostino & Pearson 

omnibus normality test. MFI, mean fluorescence intensity; ns, not significant.
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Fig. 5. A 4-week course of ribavirin pretreatment increases the pSTAT4-dependent IFN-γ 
production of NK cells during subsequent PegIFN/ribavirin therapy
(A–B) Changes in the frequency of IFN-γ-producing CD3-CD56+ NK cells (A) and 

CD56bright NK cells (B) during therapy with PegIFN/ribavirin of patients who either had 

(solid lines, n=22) or had not (broken lines, n=31) received a 4-week course of ribavirin 

pretreatment. The frequency of IFN-γ-producing NK cells was determined after in vitro 

stimulation. Mean values ± SEM are shown. Asterisks indicate a p≤0.05 by unpaired t-test 

for the indicated time point. The comparison of the results from both patient groups by serial 

measures ANOVA is significant (p=0.0206 for panel A, p<0.0001 for panel B).
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(C) Frequency CD56bright NK cells that produced IFN-γ in response to in vitro stimulation 

in ribavirin-pretreated patients who mounted either a slow (open triangles) or fast (filled 

triangles) 2nd phase virological response to subsequent PegIFN/ribavirin therapy. Statistical 

analysis: Mann-Whitney nonparametric two-sample rank test after analysis with the 

D’Agostino & Pearson omnibus normality test. Mean values ± SEM are shown.
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Table 1

Characteristics of studied patient groups.

Ribavirin 
Pretreatment (n 

= 22)

No Ribavirin 
Pretreatment (n 

= 32)
p-value

Early virological responders (EVR), n (%) 17 (77%) 29 (88%) 0.298

Sustained virological responders (SVR), n (%) 11 (50%) 18 (56%) 0.741

Gender (male/female) 13/9 20/13 0.911

Age at Start of Therapy, mean (±SD) years 49.6 (±12.8) 51.9 (±8.5) 0.612

Ethnicity (Asian/African-American/Hispanic/Caucasian) 4/3/0/15 6/7/2/18 0.979/0.627/0.434/0.503

Body mass index, mean (±SD) 29 (±6.0) 29.2 (±6.9) 0.9314

IL-28B rs12979860 SNP (CC vs. CT/TT) 9/11 14/13 0.2974

Genotype (1/2/3/4/6) 12/3/4/1/2 18/7/5/3/0 1/0.724/1/0.642/0.173

Serum HCV RNA titer at start of treatment, mean (±SD) log10 IU/ml 6.4 (±0.6) 6.3 (±0.7) 0.843

ALT at start of therapy, mean (±SD) U/L 104 (±78.6) 103 (±93) 0.884

Ishak Inflammatory Score, mean (±SD) 7.6 (±2.8) 7.4 (±2.2) 0.797

Ishak Fibrosis Score, mean (±SD) 2.2 (±2.2) 2.1 (±2.1) 0.768

SNP, single nucleotide polymorphism
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