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Abstract
Natural killer (NK) cells constitute a first line of defense against viral infections; their function is
governed by the integration of signals from multiple activating and inhibitory surface receptors.
We hypothesized that since NKs become rapidly activated by cytokines, response to anti-HCV
therapy would be predicted by the phenotype and function of NKs. We used a cohort of 101
patients (56 African-, 45 Caucasian-American) who received Pegylated-IFN and Ribavirin for 48
weeks. Multiparameter FACS analysis was used to examine relative expression of 14 different
inhibitory/activating receptors. IL-28B genotyping (rs12979860) was also performed. Pre-
treatment levels of inhibitory receptors CD158a, CD158b and CD158e were higher in patients
who demonstrated poor viral decline within the first 28 days of therapy. Higher expression levels
of inhibitory receptors NKG2A, CD158b and CD158e were demonstrable in patients who failed to
achieve SVR. Patients carrying the IL-28B T allele had higher NKG2A expression on effector
NKs. We created a mathematical regression model incorporating race, viral level, and two
inhibitory receptors. The area-under-the curve was 0.88 which is highly predictive of SVR.
Moreover, the model performed complementarily with IL-28B across the CC, CT, and TT
genotypes. Purified NKG2Aneg NKs treated with pegylated-IFN-α for 4 hours demonstrated
higher levels of interferon-γ–inducible protein-10 (IP-10) and tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) compared to their NKG2Apos counterparts.
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Conclusions—These results provide novel insights into the associations of NK phenotype with
IL-28B genotype and gene expression patterns, as well as the role of NKs in mediating IFN-
induced viral clearance of chronic HCV infection.

Keywords
Human; NK Receptors; Cytokine SNP

Hepatitis C virus (HCV) is a major causative agent of chronic hepatitis, with an estimated
global prevalence of 3%, i.e., 200 million people, and is a leading cause of cirrhosis, liver
cancer and indication for liver transplantation in the Western world [1]. Current antiviral
treatment, based on the combination of pegylated IFN-alfa (α) and the nucleoside analog
ribavirin (PEG/RIB), is associated with significant frequency of side effects and sustained
virologic response (SVR), i.e., serum HCV RNA negativity six months after cessation of
antiviral therapy, in less than 50% of treated subjects [2]. Understanding the precise
mechanisms whereby HCV is controlled has important implications for predicting response
and developing novel therapeutic strategies.

Natural killer (NK) cells constitute a first line of defense against viral infections; their
function is governed by the integration of signals from a wide spectrum of activating and
inhibitory cell surface NK receptors (NKRs) [3]. Furthermore, in contrast to T cells, NK
cells do not require priming in order to recognize virus-infected cells. We hypothesized that
since NK cells are rapidly activated by cytokine stimulation, the response to anti-HCV
therapy (the major component of which is IFN-α) would be predicted by the pre-treatment
phenotype and function of NK cells. Here, we show lymphocytes have higher expression
levels of inhibitory receptors CD158a (KIR2DL1), CD158b (KIR2DL2/DL3) and CD158e
(KIR3DL1) in patients with impaired viral kinetics whereas higher pre-treatment expression
levels of the activating receptor NKp44 correlates directly with early viral decline following
initiation of antiviral therapy. These and other markers were also predictive of SVR.

Recently, variation within or near the IL-28B gene (encoding interferon-lambda 3) has been
associated with SVR [4]. We found that HCV-infected patients carrying the unfavorable T
allele at position rs12979860, located on the long arm of chromosome 19, demonstrate
higher expression of NKG2A, an inhibitory NKR. A multivariate model was developed to
predict SVR comprised of four variables: race, pre-treatment viral level, NKG2A and
CD158e (KIR3DL1) expression on lymphocytes. To explore the mechanism by which NK
receptor expression in chronic HCV infection is linked to antiviral responsiveness, we
characterized the in vitro effect of PEG on purified NK cell subsets. Our data provide novel
insights into the associations of NK phenotype with IL-28B genotype and gene expression
patterns, as well as the roles of NK cells in mediating therapy-induced viral clearance of this
common infection.

Materials and Methods
Study population

This study utilized one hundred and one participants from the Study of Viral Resistance to
Antiviral Therapy of Chronic Hepatitis C (Virahep-C), a multicenter study sponsored by the
National Institutes of Health aimed at understanding the mechanisms of resistance to
antiviral therapy for chronic HCV infection among interferon treatment-naive individuals
infected with genotype 1 HCV (1a and 1b), as well as the differences in outcome by race
among AAs and CAs [5]. Patients for this study were selected on the basis of having
received maximal doses of PRG/RIB. Two patients from the AA and two from the CA
group had early discontinuation of therapy, three subjects achieved SVR and had received
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greater than 6 months of therapy; one patient failed to achieve SVR having received 4
months of therapy. Eight patients had dose reductions in the first 28 days 5 AAs (Day 15-22)
and 3 CAs (day 6-28). This research was conducted in accordance with the Helsinki
principles: all patients gave informed, written consent prior to their participation in Virahep-
C and its associated basic science components, and all components of Virahep-C were
approved by their local Institutional Review Boards. Extensive demographic data was
available on all patients and the characteristics of the study cohort are shown in Table 1.

Sample collection and storage
All patients were treatment-naïve prior to enrollment and study samples were collected 2
weeks before beginning of therapy. Peripheral blood mononuclear cells (PBMCs) were
isolated from whole blood by cellular preparation tubes (Becton-Dickinson, Franklin Lakes,
New Jersey; anticoagulant sodium citrate). PBMCs were viably frozen in 80% FBS
(BioWhittaker, Walkersville, MD), 10% DMSO, and 10% RPMI 1640 Media (Life
Technologies, Grand Island, NY) in liquid nitrogen for subsequent analyses.

HCV viral assessment
Quantitative measurements of viral levels were obtained using the Roche Amplicor assay
version 2 at baseline (2 weeks before initiation of treatment), during treatment, at the end of
treatment (24 weeks) and at the end of follow-up (48 weeks following the start of treatment).
The primary endpoints were early viral kinetics (early viral response, EVR) and sustained
virological response (SVR) defined as undetectable HCV RNA 24 weeks following end of
treatment. Kinetics were defined as Marked (responders had a decline in HCV titers greater
than 3.5 log10 or to undetectable between baseline and day 28 of therapy), Intermediate
(responders had declines of 3.5–1.4 log10) and Poor (responders had declines of less than 1.4
log10).

Liver histology
Participants had a liver biopsy within 18 months of study enrollment. Liver biopsies were
scored by a single pathologist, who was blinded to patient outcome and clinical status.
Biopsies were assessed for the severity of hepatitis C by grading inflammation and staging
of fibrosis using Metavir activity and fibrosis score.

Antibodies for analysis of cell surface antigen expression/FACS analysis
Four-color multiparameter flow cytometry was performed using a BD FACSCanto II or BD
FACScan instrument (BD Biosciences, San Jose, CA) compensated with single
fluorochromes and analyzed using Diva™ or CellQuest™ software (BD). Lymphocyte
populations were identified by their characteristic forward scatter/side scatter properties.
Fluorochrome-labeled (PerCP/APC) monoclonal antibodies (MAb) specific for CD3/CD56
(BD) were used to identify NKs (CD3-CD56+) and NTs (CD3+CD56+) within the overall
lymphocyte population. Anti-NK receptor (NKR) antibodies (FITC/PE) CD161, CD94,
CD16, CD158a, CD158b, CD158e and NKG2D were obtained from BD Biosciences. Anti-
NKG2C-PE and TRAIL-PE MAbs were supplied by R&D systems (Minneapolis, MN).
Anti-NKG2A-PE, NKp30-PE, NKp44-PE, and NKp46-PE were obtained from Immunotech
(Beckman Coulter, Fullerton, CA). Thawed PBMCs (1-2 × 106) were stained for cell surface
antigen expression at 4°C for 30 minutes. Then, washed twice in 2 ml phosphate-buffered
saline (PBS) containing 1% bovine serum albumin and 0.01% sodium azide (Facs Wash)
and fixed in 200ul of 1% paraformaldehyde (Sigma-Aldrich, St. Louis, MO). Anti-IFN-α/β
R1 antibody was purchased from R&D. Isotype-matched control antibodies were used to
determine background levels of staining.
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IL-28B Genotyping
Among the 101 individuals included in this study, a subset of 57 consented to participate in
host genetics studies and had DNA available for genotyping. Genomic DNA samples were
genotyped for SNP rs12979860 at the University of Maryland and Duke University using
the TaqMan SNP Genotyping Assays (Applied Biosystems, Foster City, CA) according to
the standardized manufacturer's protocol [6] [7]. Replicate genotyping in 8% of the samples
resulted in a >98% concordance rate.

Interferon-α response
NK cells were enriched from PBMCs (n=4) using the NK Isolation Kit (negative selection,
Miltenyi Biotech, Auburn, CA) according to manufacturer's instructions. Enriched NK
fractions were stained for expression of CD56/CD3/NKG2A as described above. FACS
sorting (Aria, BD) was used to isolate NKs based on the expression of NKG2A and cultured
for 4 hours at one million/ml in the presence or absence of PEG-IFN-α (100ng/ml IFN-α
part; Roche). After culture NK cells were washed and RNA extracted from cell pellets using
the PicoPure™ RNA Isolation Kit (Arcturus, Applied Biosystems, Carlsbad, CA). cDNA
was transcribed using 250ng of RNA in a 20ul reaction using the Quantitect RT Kit (Qiagen,
Valencia, CA).

Real-time PCR
Expression of IFN-response genes (ISGs) was assessed using the Step One Plus Real time
PCR system using the Fast SYBR Green Master Mix Protocol (Applied Biosystems).
QuantiTect primer assays for use with Sybr Green detection were purchased from Qiagen/
Superarray (IP-10 #QT01003065 and TRAIL #QT00079212).

Statistical modeling to predict SVR
Continuous variables were summarized as mean +/- standard deviation, and categorical
variables as frequency and percentage. Student t-test and chi-square test were applied, as
appropriate. Univariate and multivariate logistic regression analyses were conducted to
identify significant predictors of SVR. As candidate predictors of SVR, we investigated
inhibitory and activating receptor expression levels, IL28B genotype (dichotomized as CC
versus CT/TT), as well as clinical factors that have been previously associated with SVR
including, gender, race, fibrosis score and pre-treatment HCV viral load. Variables that were
significantly associated with SVR on univariate analyses (p<0.05) were included in the
multivariate logistic regression models. We also tested for interactions between race and
IL-28B genotype, HCV pre-treatment viral load, and the receptor expression levels. We
found no evidence of significant racial interactions, with the exception of a borderline
significant interaction between race and pre-treatment viral load (log viral load mean [+/-
SD] of 6.05 [1.01] for Caucasians and 6.33 [0.66] for African Americans). With the ultimate
intention of developing a model that does not require invasive testing (ie, liver biopsy), we
excluded fibrosis score from the modeling scenarios. The most robust model, based upon
Chi-square, is shown in Table 3 and includes the expression of two NK inhibitory receptors.
The sample size allows for inclusion of two other variables in the regression model in
addition to race and viral load. To evaluate the diagnostic accuracy of the model, we
calculated the concordance (c)-statistic, which is the equivalent of the area under receiver
operating characteristic curve. This statistic may range from 0 to 1, with 1 corresponding to
perfect discrimination and 0.5 being what may be expected by chance alone. A diagnostic
test with a c-statistic ≥ 0.7 is generally considered a clinically useful test.

For all analyses, a two-tailed p-value <0.05 was considered statistically significant. ROC
curves were generated using JMP (Version 7. SAS Institute Inc., Cary, NC, 1989-2007) and
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logistic regression analyses were conducted using STAT 11.1 (StataCorp. 2009. Stata
Statistical Software: Release 11. College Station, TX).

Results
Pretreatment PBMC were analyzed from a total of 101 HCV genotype 1-infected patients
who subsequently underwent antiviral treatment with PEG/RIB. As shown in Table 1, the
study group was comprised of 55 African-Americans (AAs) and 46 Caucasian-Americans
(CAs); there were no differences in the two racial groups with regards to gender, viral level
or histologic severity at baseline. In keeping with prior reports [5], a higher proportion of
AAs demonstrated poor early viral kinetics and diminished likelihood of SVR.

Association of inhibitory and activating NK receptor expression with early viral kinetics
Impaired IFN responsivessness has been detected as early as 24 to 48 hrs after the first dose
of PEG/RIB, implicating the innate rather than adaptive immune response in mediating
defective early viral kinetic responses [8]. In this study, “marked” responders had a decline
in HCV titers of >3.5 log10 or to undetectable levels between baseline and day 28 of therapy,
“intermediate” responders had declines of 1.4 to 3.5 log, and “poor” responders had declines
of <1.4 log, as described previously [9]. IFN-α, a type I interferon, has been shown to
activate NK cells which in turn might mediate early viral kinetics. In keeping with this
hypothesis, multiparameter FACS analysis identified statistically higher expression of
inhibitory receptors CD158a (KIR2DL1), CD158b (KIR2DL2/DL3) and CD158e
(KIR3DL1) on pre-treatment lymphocytes from patients who subsequently demonstrated
poor viral decline after initiation of antiviral therapy and lower levels of the activating
natural cytotoxicity receptor (NCR) NKp44 on the CD56bright (immature/regulatory) NK
subset (Figure 1).

Differential expression of activating and inhibitory receptors associated with long-term
virologic response to treatment

As shown in Table 2, higher expression levels of inhibitory receptors NKG2A, CD158e
(KIR3DL1) and CD158b (KIR2DL2/DL3) on total lymphocyte and NK populations were
demonstrable in patients who failed to eradicate HCV with combination therapy. Figure 2
demonstrates representative distribution of these receptors according to SVR and racial
categories; importantly, these receptors did not vary according to race but were associated
with subsequent treatment response. Flow-cytometric analysis also demonstrated an
association with SVR and increased expression of NK activating receptors. Pre-treatment
NKRp44 and tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) expression
levels were higher on NK cell populations in those who subsequently experienced SVR with
combination therapy. CD161, a co-stimulatory molecule, was found at statistically higher
levels on pre-treatment NK cells from patients who achieved SVR as compared to those
with resistance to antiviral therapy. Supplemental Figure 1 shows that these associations of
activating receptors with SVR were independent of race.

Expression of inhibitory receptor NKG2A correlates with IL-28B genotype
Although there is compelling evidence that the host immune response largely determines
whether HCV is eradicated spontaneously or becomes persistent as seen in the majority of
patients [10], the role of immunity in predicting outcome of antiviral therapy was open to
question until recently. However, genome-wide association studies identified single
nucleotide polymorphisms (SNPs) on chromosome 19 within or near the IL-28B gene
encoding interferon-lambda 3 (IFN-λ3) as highly predictive of antiviral success [4] [11].
Patients homozygous for the C allele at the rs12979860 SNP have a more than two-fold
greater chance of cure, compared to those with the TT genotype. Moreover, the
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advantageous allele is significantly more frequent in Caucasian and Asian populations
relative to AAs and is estimated to explain approximately half of the difference in SVR rates
between AAs and CAs (see Table 1).

It has been hypothesized that IL-28B genotype somehow regulates the innate immune
response to HCV and modifies the threshold for virologic control [12], but data supporting
this concept have been lacking. We found that patients expressing two copies of the T allele
show statistically higher levels of NKG2A on the CD56dim (effector) NK cell population
(Figure 3A). CD56dim NK cells are more innately cytotoxic whereas CD56bright NK cells
are IFN-γ-producing cells [13]. Moreover, the IL-28B T allele was associated with a reduced
frequency of lymphocytes expressing TRAIL (Figure 3B). We did not see similar
associations with the other receptors which were associated with SVR; however, the sample
size may be limiting. In the model, there was no statistical interaction between NKG2A and
race. Thus, the expression of inhibitory NK receptor(s) may represent phenotypic correlates
of genetic variation in the IL-28B gene independent of race.

Multivariate model to predict SVR
Next, we entered the variables associated with SVR at the univariate level into multivariate
regression models, including factors previously reported as predictive such as race and pre-
treatment viral level. The most robust model is shown in Table 3 and includes the expression
of two NK inhibitory receptors. The likelihood of SVR was calculated by combining the
four variables as follows: -1.67 (race) − 1.149 (log10VL) - 0.234 (% NKG2A expression on
lymphocytes) − 0.335 (%CD158e on expression on lymphocytes) + 10.629 (constant) with
race coded as 1 for AA and 0 for CA. In order to evaluate the diagnostic accuracy of the
model, concordance (c-statistic), which is equivalent to the area under the (ROC) curve, was
calculated. By convention, a c-statistic of 0.7 or greater is considered to be clinically useful;
the c-statistic for our multivariate model was 0.88 (Figure 4A).

Within our population, for which the prevalence of SVR was 48%, the negative predictive
value (NPV) of this model was estimated at 81% and positive predictive value at 77%. Other
reports indicate that IL-28B has excellent positive predictive value, but relatively low NPV,
and thus, should not be used to withhold antiviral therapy [12]. Because the current SVR
model demonstrates strong NPV, we determined whether it performed complementarily with
IL-28B genotype. As shown in Figure 4B, the SVR model score enhanced the predictive
value of IL-28B genotype; for example, among CC patients with SVR model scores above
the 50th percentile, 90% had a chance of virologic cure whereas none of the patients with
scores in the bottom 50th percentile experienced SVR. Among patients with the TT
genotype, patients with higher SVR model scores demonstrated four-fold higher likelihood
of sustained cure. Thus, the new model provides additional discriminative information to the
IL-28B genotype.

IFN-alpha responsiveness varies according to NK inhibitory receptor expression
Because levels of NKG2A were associated with lack of antiviral response, we measured the
expression of IFN-α receptor on NK cells and found an inverse relationship with NKG2A as
a potential mechanism for impaired responsiveness to PEG IFN-α (Figure 5A). In
experiments aimed at elucidating the cause of unresponsiveness to IFN-α, we sort-purified
NK cells based on their expression NKG2A (the sorting strategy is shown in Figure 5B) and
tested gene responses following in vitro stimulation with PEG-IFN-α. As shown in Figure
5C and 5D, exogenous IFN-α induced mRNA levels of the antiviral gene interferon-γ–
inducible protein-10 (IP-10) to a much greater extent in the NKG2A-negative fraction.
Recently, the expression of TRAIL was shown to inversely correlate with HCV RNA levels
during the early phase of antiviral therapy and that IFN-α -stimulated NK cells kill an HCV
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replicating cell in a TRAIL-dependent manner [13]. In the current study, we found that
TRAIL induction was statistically lower in NKG2A-positive cells (Figure 5E and 5F). Our
data are consistent with another study which demonstrated that chronic HCV patients had
significant impairment of IFN-α -stimulated NK cell degranulation as compared to normal
controls [14]. On aggregate, these data show that surface expression of the inhibitory
receptor NKG2A may demarcate intracellular differences in IFN signaling and correlate
with cell surface expression of TRAIL.

Discussion
NK cells and their dysfunction have been implicated in all stages of HCV infection [15].
Recently, aberrant expansion of functionally impaired CD56-negative NK cells has been
demonstrated to be a harbinger of anti-HCV treatment failure [16]. NK cells are known to
become rapidly activated by cytokine stimulation. In order to test the premise that the nature
and function of NK cells are associated with the antiviral effects of IFN-α, we used the well-
characterized, longitudinal Virahep-C cohort [5]. We found that functionally impaired
CD56-negative NK cells circulated at higher levels in chronically infected HCV patients
(compared to normals), correlated with poor early viral kinetics following initiation of
antiviral therapy, and were highest in those resistant to treatment (Supplemental Figure 2).

The dominant “default” feature of NK class I receptor-mediated function is inhibition [17].
Although it is accepted that the balance of activating and inhibitory signals control NK cell
activity, the relative importance of these signals in mediating antiviral efficacy to IFN in
vivo had not been defined. We compared the expression of these markers as a predictor of
early virologic response, i.e., within 28 days following initiation of combination therapy,
and found pre-treatment differences in multiple inhibitory and activating receptors.
Moreover, by univariate analysis, we found pre-treatment levels of stimulatory receptors
NKRp44, TRAIL, CD161 were positively associated with SVR, whereas the expression
levels of inhibitory receptors NKG2A, CD158e (KIR3DL1) and CD158b (KIR2DL2/DL3)
were negatively correlated with SVR. By multivariate modeling, the expression of two
inhibitory receptors (NKG2A and CD158e) was predictive of treatment failure. The
robustness of the model ROC indicates that it provides useful discriminative clinical
information.

A recent study found an association between the IL-28B SNP and an inhibitory KIR gene,
KIR2DL3 [18]. In the current report, we found that expression levels of another inhibitory
receptor NKG2A were higher in patients homozygous for the poor response T allele of the
IL-28B (IFN-λ 3) SNP. Little is known about the interaction between type I and type III
IFNs; they utilize unique signaling receptors but share common downstream signaling [19].
We examined potential mechanisms whereby NKG2A expression on NK cells might
contribute to the differential response of IFN-α -based therapy. We provide experimental
evidence that the surface expression of NKG2A demarcate significant intracellular gene
expression differences. Using the Virahep-C cohort, Taylor and colleagues had previously
demonstrated blunted transcription of ISGs in whole PBMC of poor-response patients [20].
The importance of examining the cell of origin with regards to ISG expression was
underscored recently by the finding that ISG up-regulation was more pronounced in
hepatocytes in nonresponders to IFN therapy, but in Kupffer cells in responders [21].
Reduced expression of IFN-α receptor on NKG2A-positive NK cells compared to their
NKG2A negative counterparts suggests one mechanism contributing to the differential
response of IFN-α -based therapy.

Higher serum and hepatic levels of interferon-γ–inducible protein-10 (IP-10), a CXC
chemokine (CXCL10), have been associated with nonresponse to HCV therapy [22] [23].
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However, the fold induction in IP-10 has been associated with early viral kinetics in patients
who are IFN-responders [24], as well as SVR [25]. Our data indicate that NK cells are a
source of IP-10 following stimulation with IFN-α. Indeed, NK cells depleted of NKG2A-
positive NK cells produced significantly greater IP-10. Prior studies have demonstrated that
antiviral effector cells, including CTLs and NK, express CXCR3 and are responsive to IP-10
in chemotaxis [26]; further work is warranted to examine the role of NKG2A expression on
chemotaxis within the hepatic compartment.

We found statistically higher pretreatment levels TRAIL on total NK cells in patients who
responded to treatment as compared to nonresponders. Recent reports demonstrated that 4
hrs after IFN-α treatment, TRAIL (TNFSF10) mRNA is markedly upregulated in liver
biopsies from HCV patients, and on circulating NK cells correlated inversely with serum
HCV-RNA levels [13]. Moreover, in the latter study, HCV recovered patients had superior
up-regulation of TRAIL after in vitro IFN-α stimulation than non-responder patients. In
keeping with these results, we found that PEG IFN-α upregulated expression of TRAIL on
NK cells, but that NKG2A expression attenuated this effect.

Taken together, our data indicate that NKG2A-positive cells are increased in frequency in
patients with chronic HCV infection who are more likely to fail treatment and demonstrate
impaired response to exogenous PEG IFN-α. As a single variable, when NKG2A expression
on lymphocytes was greater than 8.0%, the sensitivity and specificity for futility (lack of
SVR) was 71.7% and 75.6%, respectively; the ROC curve (c-statistic of 0.80) is shown in
supplemental Figure 3. Because PEG-IFN-α and ribavirin is likely to remain the backbone
of antiviral therapy for the foreseeable future, our results may affect how clinicians use
direct antiviral agents such as protease or polymerase inhibitors. For example, for patients
with NK receptor expression associated with poor early viral kinetics, response to IFN-α
therapy is slower and thus are, in theory, more likely to develop resistance to direct antiviral
agents [12]. Furthermore, IL-28B genotype has now been incorporated into treatment
algorithms to predict patients' responses to anti-HCV therapy; however, because of low
negative predictive value for SVR, IL-28B genotype cannot be used to determine whether to
withhold treatment in an individual patient [12]. Our results indicate that a simple model
incorporating inhibitory NK receptor expression levels can accurately discern likelihood of
SVR across different IL-28B genotypes. These results have implications for improving
prediction of treatment response and development of new approaches that target NK
inhibitory pathways.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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EVR Early Virologic Response
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ISG Interferon-Stimulated Gene

KIR Killer Immunoglobulin-like Receptor

MAb Monoclonal Antibody

NCR Natural Cytotoxicity Receptor

NK Natural Killer cell

NKRs Natural Killer cell Receptors

NT Natural T

PEG/RIB Combination of Pegylated IFN-α and the nucleoside analog Ribavirin

SVR Sustained Virologic Response

TRAIL Tumor necrosis factor-related apoptosis-inducing ligand
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Figure 1.
NK receptor expression correlates with early viral kinetics.
Multi-parameter flow cytometric analysis was used to assess the expression of a range of
NK receptors on lymphocyte subsets in patient PBMC samples collected two weeks before
initiation of standard therapy for chronic HCV infection. Higher expression of inhibitory
killer immunoglobulinlike receptors CD158e (A), CD158b (B) and CD158a (C) was
observed on total lymphocytes from these patients who demonstrated poor early viral
decline (declines less than 1.4 log10 by day 28 of therapy) following initiation of antiviral
therapy. Activating natural cytotoxicity receptor NKp44 expression was decreased on the
immature/regulatory (CD56bright) NK cell subset in subjects who demonstrate poor early
viral kinetics (D).
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Figure 2.
Lymphocyte inhibitory NK receptor expression correlates with lack of response to
treatment.
Multi-parameter flow cytometric analysis was used to assess the expression of a range of
NK receptors on lymphocyte subsets in patient PBMC samples collected two weeks before
initiation of therapy for chronic HCV infection. Patients who failed to achieve sustained
virological response (SVR) demonstrated relatively increased levels of expression of NK
inhibitory receptors NKG2A, CD158e and CD158b. Expression is shown with respect to
SVR +/-, (A, C and E) and further broken down as a function of race (African American
[AA] or Caucasian American [CA], B, D and F).
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Figure 3.
NK receptor expression correlates with IL-28 genotype.
NK receptor expression where available was categorized according to IL-28 genotype for
each individual patient who had consented for genetic analyses (n=52). The favorable CC
genotype was associated with relatively decreased NKG2A inhibitory receptor expression
compared to subjects having the unfavorable TT genotype (A) and conversely with
relatively increased expression of the activating TRAIL receptor (B).
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Figure 4.
Multivariate model to predict SVR.
The likelihood of SVR was calculated by combining four variables: race, log10 viral load
and % of lymphocytes expressing NKG2A and CD158e as described in table 3. Receiver
operating characteristics (ROC) of SVR model is shown (A). The ROC curve returns a c-
statistic of 0.88. The SVR score model enhances the predictive value of IL-28 genotype.
There were N=57 individuals with consent to use IL-28B data. Of these, n=52 had relevant
data allowing calculation of SVR model score (B).
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Figure 5.
The NKG2A-negative NK cell subset shows enhanced response to PEG-IFN-α in vitro.
IFN-α receptor expression is increased in NKG2Aneg NK cells relative to their NKG2Apos
counterparts (A). Staining for flow cytometric analysis was performed on 5 chronic HCV
patients. NK cells were sort-purified based on their expression NKG2A following the gating
strategy shown (B). Gene responses were assessed using real-time RT-PCR following 4-
hour in vitro stimulation with PEG-IFN-α (100ng/ml). Exogenous IFN-α induced mRNA
levels of the antiviral gene interferon-γ–inducible protein-10 (IP-10) to a much greater
extent in the NKG2A-negative fraction (C and D). TRAIL induction was statistically lower
in NKG2A-positive cells (E and F).
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