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Summary

Natural killer (NK) cells play an important role in virus infection, their

action being regulated by several activating and inhibitory receptors. The

NKp30 activating receptor and its isoforms have recently emerged as

important determinants of efficient NK cell responses. We determined the

relative proportions of NKp30 isoforms in patients with chronic hepatitis

C virus (HCV) infection and healthy donors (HD). NK cell function

(degranulation and cytokine production) and correlations with clinical

parameters were assessed following unsupervised hierarchical clustering of

patients according to isoform expression. NKp30 receptor expression on

NK cells and all isoforms were reduced in HCV-infected patients. Patients

were clustered into two groups: the HCV-1 group had similar isoform

expression to the HD group, whereas the HCV-2 group had lower

expression. The latter showed a better functional activity, and a higher

proportion of the activating a isoform and of the NKp30 isoform a/c ratio

compared with the HCV-1 cluster. There was a positive correlation

between the activating a isoform and liver stiffness and an inverse

relationship between the immunosuppressive c isoform and the fibrosis 4

score, suggesting a potentially important role of NKp30 isoforms in

influencing liver damage and ensuing fibrosis.

Keywords: interferon-c; liver fibrosis; natural killer cells; unsupervised

hierarchical clustering.

Introduction

Natural killer (NK) cells are a major component of the

innate immune system that are instrumental in establish-

ing a coordinated and efficient adaptive immune response

in viral infections.1 Their activity is tightly regulated by a

complex network of signals, which interact with

membrane-expressed, germ line-encoded, inhibitory and

activating receptors.2 The latter allow recognition of

altered self via binding to ligands expressed by stressed

cells, effectively functioning as danger signals.3 Up-regula-

tion of these receptors, such as NKG2D, NKG2C and the

natural cytotoxicity receptors (NCRs: NKp30, NKp46,

NKp44), with concomitant reduction of ligands of inhibi-

tory receptors (i.e. killer-cell immunoglobulin-like recep-

tors or NKG2A) may tip the balance of NK cells from

inhibition to activation.4 The major activating receptor

NKG2D recognizes stress-induced self molecules, is con-

stitutively expressed at high levels on NK cells and may

further augment its expression during chronic viral infec-

tions such as hepatitis C virus (HCV).5 In contrast NCRs

are variably expressed and their ligands less defined,

although increasing evidence indicates that they recognize

tumour-induced or pathogen-derived molecules.4 Some

viruses can evade NCR-mediated killing by inhibiting

expression of their ligands on cellular targets or affecting

expression of NCRs themselves.6 Among NCRs, NKp30

has recently received attention because it is involved in

both dendritic cell killing and dendritic cell maturation

and appears not only to be critical for tumour-cell recog-

nition but also to influence the prognosis of different

infectious diseases.7,8 There are six different splice vari-

ants of the NKp30-encoding gene NCR3, which are

known to be expressed on the cell surface. Three of them

Abbreviations: FIB-4, fibrosis 4 score; HCV, hepatitis C virus; HD, healthy donors; IFN-c, interferon-c; mAb, monoclonal
antibody; MFI, mean fluorescence intensity; NCR, natural cytotoxicity receptors; NK, natural killer; PBMC, peripheral blood
mononuclear cells; qPCR, quantitative real-time PCR; TNF-a, tumour necrosis factor-a; HAI, histology activity index.
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(NKp30a–c), the most frequently represented isoforms,

encode a molecule with an extracellular V-type domain,

and the other three (NKp30d–f) encode a C-type immu-

noglobulin domain.9 Cells transfected with NKp30a and

NKp30b release large amounts of interferon-c (IFN-c)
after NKp30 engagement or co-culture with target cells,

whereas NKp30c-transfected cells produce interleukin-10

and very little IFN-c. Therefore, NKp30a and NKp30b are

thought to represent immune stimulatory isoforms, which

are able to release T helper type 1 (Th1) cytokines

whereas NKp30c mediates an immunosuppressive signal

by producing interleukin-10. These differences in the acti-

vating potential are thought to be due to the fact that

NKp30c, in contrast to NKp30a and NKp30b, shows a

reduced association with CD3f after cross-linking. Impor-

tantly, the predominant expression of its immunosup-

pressive isoform c, compared with the

immunostimulatory a and b isoforms, was associated with

reduced survival of patients with gastrointestinal stromal

tumour, which expresses NKp30 ligands. Concomitant

with this, decreased NKp30-dependent tumour necrosis

factor-a (TNF-a) and CD107a release, and defective IFN-

c production have been documented.10 Moreover, recent

data indicate that children with metastatic neuroblastoma

have deficient transcription of the NKp30a and NKp30b

isoforms over the immunosuppressive NKp30c isoform

compared with those with localized neuroblastoma.

Importantly, serum levels of NKp30 ligands such as B7-

H6 correlated with deficient production of IFN-c by NK

cells and were involved with tumour progression and

resistance to chemotherapy, suggesting the existence of an

important mechanism of tumour escape from NK

immune surveillance via NKp30 receptor down-modula-

tion.11

Until recently NKp30 isoforms were not investigated in

viral infections, as most studies in the field focused on

NK cell-mediated control of cancer.10,11 Because NKp30

expression is significantly down-modulated on NK cells

from HIV-1-infected individuals, one study sought to

determine the potential prognostic impact of the isoforms

a, b and c in HIV-1 infection.12 However, there was no

correlation between the relative NKp30 isoform expres-

sion levels and surface NKp30 expression in HIV-1-

infected patients. Moreover, NKp30 down-regulation did

not convey any prognostic value, nor did the relative

proportions of NKp30 isoforms affect disease progression.

Hepatitis C virus shares with HIV the high propensity

to induce a chronic, even though curable, infection.13 NK

cells from these patients have variable expression of

NKp30 with some studies indicating normal,5

increased14,15 or reduced16,17 ex vivo expression of NKp30

on peripheral blood NK cells. Interestingly, exposure of

NK cells to cell-associated HCV resulted in impaired NK

cytotoxic and cytokine-secreting function, which was

selectively associated with reduced surface expression of

NKp30, suggesting that interaction of NKp30 with an as

yet undefined virus-induced ligand(s) may directly

influence NK function.18 Moreover, enhanced expression

of NKp30 on NK cells resulted in protection from devel-

oping HCV infection in multiply exposed uninfected

individuals,19 and was associated with an early virological

response to IFN-a-based therapies,20 emphasizing the

importance of this activating receptor in the control of

HCV infection. We therefore investigated the frequencies

of NKp30a, b and c isoforms in a group of HCV-infected

individuals seeking possible associated functional implica-

tions and clinical correlates.

Materials and methods

Patients

Peripheral blood mononuclear cells (PBMC) were isolated

by Ficoll-Hypaque density gradient centrifugation from a

total of 65 patients with chronic HCV infection and from

27 healthy donors (HD). Patient characteristics are

summarized in Table 1.21 Written informed consent was

obtained from each individual. The study protocol

conformed to the ethical guidelines of the 1975 Declara-

tion of Helsinki and was approved by our institutional

ethics committee. Freshly isolated PBMC were processed

for RNA extraction after storage at �20° in RNAlater

(Sigma-Aldrich, St Louis, MI). Alternatively, cells were

cryopreserved in liquid N2 until use.

RNA extraction and quantitative PCR

The levels of expression of the three major NKp30

isoforms were measured by quantitative real-time PCR

Table 1. Characteristics of patients and healthy donors

HCV-positive

patients

Healthy

donors

No. of subjects 65 27

Sex (M/F) 31/34 9/18

Age (years) 66 (25–83) 48 (25–60)

ALT (U/ml) 40 (13–331) 20 (14–33)

HCV RNA (IU/ml) 7�1 9 105 (7�4 9 103–1�1 9 107) Negative

Viral genotype 57/65 ND

1 30

2 22

3 2

4 3

Stage1 1 (1–4) ND

HAI1 5 (3–15) ND

ALT, alanine aminotransferase; HAI, histology activity index; ND,

not done.

Data are shown as median and range.
1According to Knodell.21
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(qPCR) and normalized to the expression level of the

housekeeping gene b2-microglobulin (B2M). Total cellular

RNA was extracted from frozen ex vivo or exposed PBMC

with the RNeasy Plus Mini kit and gDNA eliminator spin

columns (Qiagen, Milan, Italy). RNA quantity and purity

were determined on a NanoDrop 2000 Spectrophotome-

ter (NanoDrop Technologies, Wilmington, DE). First-

strand cDNA was synthesized from 5 lg of total RNA

using SuperScript III reverse transcriptase and random

primers, according to the manufacturer’s instructions

(Life Technologies, Carlsbad, CA). The PCR primers and

TaqMan probes (Life Technologies) for the NKp30 tran-

scripts and the B2M housekeeping transcript were

designed as previously described.10 Quantitative PCR was

performed using TaqMan Gene Expression Master Mix

(Life Technologies) and NKp30 or B2M primers (10 lM)
and probes (5 lM) in a final volume of 25 ll using a

CFX96 Real-Time machine detection system (BioRad,

Hercules, CA). One initial incubation at 50° for 2 min

was followed by one cycle of denaturation (95° for

10 min) and 45 cycles of amplification (95° for 15 sec-

onds and 60° for 60 seconds). The efficiencies of NKp30a,

NKp30b and NKp30c PCR primers were 99�4%, 93�8%
and 101�7%, respectively. Each sample was amplified in

triplicate and the qPCR data were analysed using the

2�DCt method.22

Unsupervised hierarchical clustering

The DDCt method (�[(HCVNKp30 � HCVB2M) �
(HDNKp30 � HDB2M)]) was used to determine the level

of expression of NKp30 isoforms in HCV-positive

(HCV+) patients compared with HD.22 Unsupervised

hierarchical clustering was applied to data using the

ORANGE CANVAS program with Pearson’s centred correla-

tion.12 The cluster produced was based on the different

levels of expression of each NKp30 isoform in HCV

patients compared with HD: �DDCt cluster. The propor-

tions of the distinct NKp30 isoforms were determined as

the ratio of the relative quantities of each isoform and

the total quantity of the three isoforms. A second

clustering was applied to HCV+ patients to compare the

relative quantities of each isoform with the other. Profile

AB is characterized by a predominant expression of the

immune stimulatory NKp30a and NKp30b isoforms,

whereas profile C shows higher expression of the immune

suppressive NKp30c isoform.10 The NKp30 isoform a/b,

a/c and b/c ratios were determined by the following for-

mula: NKp30x/NKp30y = 2(DDCtNKp30y � DDCtNKp30x).12

NK cell phenotype and functional characterization

Flow cytometric analysis of frozen PBMC from HCV+
patients and HD was performed using a FACSCalibur

(Becton Dickinson, BD, San Diego, CA) or CyAn ADP

instrument (DAKO, Santa Clara, CA). To characterize

the NK cell phenotype the following mouse anti-human

monoclonal antibodies (mAbs) were used: CD3-FITC

(Immunotools, Friesoythe, Germany), CD56-Pc5

(Beckman Coulter, Brea, CA), CD16-phycoerythrin (BD)

and NKp30-Alexa Fluor�647 (BioLegend, San Diego,

CA). Briefly, 2 9 105 PBMC were stained with mAb for

30 min at 4°, washed, immediately fixed in CellFix

solution (BD) and analysed using the KALUZA 1.3 soft-

ware provided by Beckman Coulter. Lymphocytes were

identified by the characteristic forward scatter (FSC)

and side scatter (SSC) parameters. Total NK cells were

identified as a CD3� CD56+ population within the lym-

phocyte gate or as CD56bright (CD3� CD56bright CD16�)
and CD56dim (CD3� CD56dim CD16+/�). The percent-

ages of NKp30+ cells were expressed as the frequency of

cells of the CD3� CD56+ gated population. Functional

assay was performed after cross-linking of NKp30 and

the FccR+ P815 murine cell line as target cells as

described.5 Briefly, PBMC were washed and incubated

for 4 hr at 37° with FccR+ P815 murine target cells

(effector : target = 1 : 1) in the presence of the mAb

specific for the NKp30 receptor (kindly provided by A.

Moretta, University of Genoa, Italy), anti-CD107a

PE-Cy7 (BD) and the Protein Transport Inhibitor Gol-

giStop (BD). After washing, PBMC were stained for sur-

face NK cell markers using CD3-PacificBlue (BD) and

CD56-Pc5.5 (Beckman Coulter). Subsequently, cells were

fixed with BD Cytofix/Cytoperm and permeabilized with

the BD Perm/Wash buffer (BD) according to the manu-

facturer’s instructions, in the presence of IFN-c-FITC
(Beckman Coulter) and TNF-a-phyoerythin (BD). LIVE/

DEAD� Fixable Near-IR Dead Cell Stain Kit (Life Tech-

nologies) was used to determine the viability of the

cells. Data analysis was performed with the KALUZA 1.3

software.

HCV replication system

Huh-7.5 cells and Japanese fulminant hepatitis HCV

genotype 2a strain JFH-1 clone (pJFH-1) were kindly

provided by T. Wakita (National Institute of Infectious

Diseases, Tokyo, Japan) and were grown as previously

described.23 HCV RNA transfection was achieved by

electroporation with genomic HCV RNA transcribed in

vitro from pJFH-1, as previously described.24 Culture

medium was collected, concentrated 30-fold using an

Amicon Ultra-15 device (molecular weight cut off:

1 9 105 Da; Merck KGaA, Darmstadt, Germany), stored

at �80° and subsequently used to infect naive Huh-7.5

cells. HCV RNA in culture medium was determined by

qPCR. To this end, total RNA was extracted with a QIA-

amp Viral RNA kit (Qiagen) from 140 ll of culture med-

ium and qPCR was performed with an AgPAth-ID

One-Step RT-PCR Kit (Life Technologies) and a CFX96
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Real-Time machine detection system (BioRad) according

to manufacturer’s instructions and relative to a standard

curve comprised of serial dilutions of JFH-1 plasmid.

The forward and reverse primers were 50TCCCGGGAGA
GCCATAGTG-30 and 50-GCACCCTATCAGGCAGTACC
A-30, respectively. The TaqMan probe was 50-6(FAM)-

TCTGCGGAACCGGTG-MGB-30. Briefly, naive Huh-7.5

cells were seeded at a density of 1 9 106 in a T75 tissue

culture flask, infected overnight with 1 9 106 copies of

cell-culture-derived HCV, and analysed after 6 days by

flow cytometry or immunofluorescence for HCV protein

expression using human mAbs B12.F8 specific for HCV

core25 and CM3.B6 specific for HCV non-structural pro-

tein 3 helicase/nucleoside triphosphatase domain.26

Exposure of PBMC to HCV+ Huh-7.5 cells

Freshly isolated PBMC (107 cells) from HCV+ patients

and HD were co-cultured with 2�5 9 106 uninfected or

HCV-infected Huh-7.5 cells. After 24 hr, PBMC were

washed and total RNA was extracted. More than 90% of

HCV-infected Huh-7.5 cells used in the experiments

expressed HCV core protein and non-structural protein 3

(data not shown).
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Figure 1. NKp30-expressing natural killer (NK) cells and expression of NKp30 isoforms are reduced in hepatitis C virus (HCV) -infected individuals

compared with healthy donors (HD). (a) Representative experiment showing the gating strategy and NKp30 expression among CD3� CD56+ cells.

(b) Frequency of NKp30-expressing NK cells in HCV+ patients (n = 33), and HD (n = 26). (c) Levels of the three major NKp30 isoforms (NKp30a,

b and c) in HCV+ patients (n = 55) and HD (n = 19). Results are expressed as mean � SEM. (d) NKp30 isoform a/c ratio in HCV+ patients and

HD. Data in (b) and (d) are shown as box and whiskers with middle bars being median values, box plots are 25% and 75% centiles, whiskers are

minimum and maximum values.
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Statistical analysis

All statistical and graphic analyses were performed using

GRAPHPAD PRISM software (GraphPad Software Inc, La

Jolla, CA). The two-tailed Mann–Whitney test was used

to detect differences between groups and correlations

between variables were evaluated by calculation of

Spearman’s correlation coefficient. A P-value ≤ 0�05 was

deemed statistically significant.

Results

NKp30 isoform expression level

To investigate the role of NKp30 in HCV+ patients we

explored the expression of NKp30 on NK cells and

quantified the three major NKp30 isoforms (NKp30a, b

and c) in PBMC from HCV-infected individuals and HD,

using qPCR and the 2�DCt analysis method. There were no

differences in the proportions of total peripheral blood NK

cells between HCV patients and HD (mean � SEM, HCV:

14�8% � 1�8; HD: 18�3% � 2�0). The gating strategy for

NKp30+ NK cells is shown in Fig. 1(a). There was a

significantly lower expression of NKp30 on NK cells from

HCV-infected patients (Fig. 1b). A statistically significant

reduction in the percentage of NKp30+ cells was also

observed among CD56bright and CD56dim cells of HCV+
patients compared with HD (data not shown). Although

there was a trend towards reduced expression of all NKp30

isoforms in HCV-infected individuals, a statistically signifi-

cant reduction was observed for the isoform c only

(Fig. 1c). We then examined the ratios of the different

NKp30 isoforms, a/b, a/c and b/c, in HCV+ patients and

HD. As shown in Fig. 1(d), the NKp30 isoform a/c ratio

was significantly higher in HCV-infected subjects com-

pared with HD, whereas no differences in the a/b and b/c

ratios were found (data not shown). The percentage of

NKp30+ NK cells and the distribution of NKp30 isoforms

were similar in patients infected with genotype 1 compared

with those infected with genotypes 2 and 3 (data not

shown).

Unsupervised hierarchical clustering performed on the

relative expression of NKp30 isoforms from HCV+
patients and HD showed that the AB was the predomi-

nant profile among healthy individuals, 64% of whom

(16/25) expressing mainly the NKp30a and b isoforms, in

agreement with previous work.7 HCV-infected patients

had similar isoform distribution with profile AB being

mostly represented (51/65, 78%, data not shown). There

was no difference in the frequencies of NKp30+ NK cells

between patients characterized by profile C compared

with those with profile AB (data not shown). When

clustering was applied to expression of the three NKp30

isoforms analysed using the DDCt method, HCV+
patients were classified into two groups reflecting the
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Figure 2. Unsupervised hierarchical clustering

of hepatitis C virus positive (HCV+) patients

based on NKp30 mRNA expression levels iden-

tified two groups with different isoform

expression. (a) HCV+ patients (n = 55) were

clustered into two groups: HCV-1 (n = 34),

and HCV-2 (n = 21) based on NKp30 isoform

expression levels as compared with healthy

donors (HD) (n = 19). Data are expressed as

median and interquartile range. (b) Frequen-

cies of NKp30+ NK cells for each of the two

clusters of HCV+ patients and for HD. HCV-1

n = 19, HCV-2 n = 12, HD n = 26. Middle

bars are median values, box plots are 25% and

75% centiles, whiskers are minimum and max-

imum values.

ª 2015 John Wiley & Sons Ltd, Immunology, 146, 234–242238

S. Mantovani et al.



mRNA expression level compared with HD (HD = 19,

NKp30a mean DCt 11�78; NKp30b mean DCt 7�89 and

NKp30c mean DCt 10�13). The HCV-1 cluster of patients

displayed an expression level of all NKp30 isoforms equal

to control samples (n = 34, NKp30a mean DCt 11�46;
NKp30b mean DCt 8�05 and NKp30c mean DCt 10�84),
whereas patients belonging to the HCV-2 cluster showed

NKp30a, b and c mRNA expression levels significantly

lower than HCV-1 and HD (n = 21, NKp30a mean DCt

12�76; NKp30b mean DCt 10�20 and NKp30c mean DCt

13�26) (Fig. 2a).
Comparison of the proportions of NKp30+ NK cells

between the two clusters of patients showed that HCV-2,

in which all three isoforms were under-represented, had a

statistically lower proportion of cells expressing NKp30

compared with HD (Fig. 2b).

Functional analysis

We next studied NKp30-mediated cytolytic potential and

cytokine production of HCV+ patients and HD using an

ex vivo redirected functional assay without cytokine

stimulation. PBMC were incubated with the FccR+ P815

murine target cell line in the presence or absence of

anti-NKp30 mAb. There was a trend towards increased

CD107a degranulation in the reverse antibody-dependent

cellular cytotoxicity assay in HCV-infected individuals

(data not shown), as shown previously;5 however, no

differences in IFN-c and TNF-a production were noted

compared with HD (data not shown). When we analysed

the functional characteristics for each group of patients

defined by the clustering analysis, we found that the

proportion of NK cells expressing CD107a and producing

IFN-c and TNF-a from HCV-2 patients, showing a

reduced mRNA expression level of all three NKp30

isoforms, was significantly increased compared with

HCV-1 and HD (Fig. 3a–c). Individuals grouped under

clusters HCV-1 and HCV-2 did not differ in terms of

clinical, biochemical, histological and virological parame-

ters (data not shown).

To determine whether the increased functionality of

NK cells from HCV-2 patients was the result of different

proportions of the three NKp30 isoforms, we determined

the ratio of the relative quantities of each isoform to the

total quantity of the three isoforms. The relative expres-

sion of NKp30b and c isoforms was similar in HCV-1

and HCV-2 clusters compared with each other and with

HD. Interestingly, NK cells from individuals belonging to

the HCV-2 cluster showed a significantly increased

percentage of the immunostimulatory NKp30a isoform

compared with HCV-1 patients and HD (Fig. 4a). More-

over, the NKp30 isoform a/c ratio was significantly

increased in the HCV-2 cluster of patients compared with

those clustered as HCV-1 and with HD (Fig. 4b).

Exposure of PBMC from HCV-infected patients and HD

to cell-culture-derived HCV did not alter the relative

proportions of NKp30 isoforms (data not shown).

Interestingly, a statistically significant correlation was

found between liver stiffness assessed by transient elastog-

raphy and NKp30a isoform mRNA expression levels in

HCV-infected individuals (Fig. 5a). NKp30c isoform
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expression levels instead correlated negatively with fibrosis

4 (FIB-4) score, a non-invasive method to determine the

extent of liver fibrosis27,28 in these patients (Fig. 5b).

Moreover, there was a positive correlation between the

NKp30 isoform a/c ratio and the FIB-4 index in HCV+
patients (Fig. 5c).

Discussion

It had previously been reported that certain viral proteins,

namely haemagglutinins and neuraminidases, were recog-

nized by NCRs and involved in NK cell killing of cells

infected with different viruses.4 Among these receptors,

NKp30 has been shown to bind viruses and cell-derived

ligands that may not even share structural similarity.4

Interestingly, NKp30 interaction with viral ligands does

not always result in activation, hence representing a

potential means for viruses to escape host immune

responses.29 The expression of NKp30 on NK cells was

significantly lower in this series of HCV-infected

individuals, in agreement with most previously published

studies,16,17 and emphasizing the importance of this

receptor in HCV pathogenesis.8 To better understand the

molecular mechanisms involved in the regulation of

NKp30, we elected to draw from the experience gained by

others assessing the prevalence of V-type isoforms in

patients with gastrointestinal stromal tumour to trace for

the first time the NKp30 isoform profile in untreated

patients with chronic HCV infection. Analysis of the

crude NKp30 isoform profile showed that the prevalence

of profile AB, characterized by a predominant expression

of the immune stimulatory NKp30a and NKp30b

isoforms, and of profile C, which is associated with the

immunosuppressive NKp30c isoform,10 were not signifi-

cantly different in HCV-infected individuals and HD,

akin to findings in a cohort of prospectively followed

HIV-1-infected individuals in whom NKp30 isoforms did

not seem to play a major role in the progression of

HIV-1 infection and were not associated with any

parameter of disease severity.12 Interestingly, the

immunosuppressive isoform c mRNA was significantly

decreased in PBMC from HCV-infected patients

compared with HD, whereas no statistically significant

differences were observed in mRNA encoding for

isoforms a and b. Short-term exposure of PBMC to

HCV did not alter the overall composition of NKp30

isoforms, suggesting that either HCV proteins are not

ligands of NKp30 or that a prolonged exposure to viral

proteins would be required to detect changes in isoform

composition.

The differential expression of the three major isoforms

in patients with chronic HCV infection may be explained

by applying unsupervised hierarchical clustering. This

approach allowed us to group patients into two clusters

characterized by different NK functional features.

Notably, HCV-infected individuals belonging to cluster 2,

exhibiting a reduced expression of all NKp30 isoforms,

were characterized by a functionally fitter NK functional

profile compared with cluster 1, showing significantly

reduced CD107a expression and cytokine production.
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Figure 4. The relative expression of NKp30

isoforms differ among hepatitis C virus-posi-

tive (HCV+) individuals. (a) Frequencies of

the distinct NKp30 isoforms shown as the ratio

of the relative quantities of each isoform to the

total quantity of the three isoforms for the

HCV-1 (n = 34) and HCV-2 (n = 21) patient
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interquartile ranges. (b) NKp30 isoform a/c
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HCV-2 patients and for HD. Middle bars are
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values.
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Why HCV cluster 2 exhibited better NK cell function is

unclear, although remarkably, the immune activating

NKp30a isoform was significantly better represented in

this cluster compared with patients from HCV cluster 1

or HD. Importantly, further analysis of our data by

considering expression of the isoforms as a ratio,

indicated that the NKp30 isoform a/c ratio was signifi-

cantly higher in HCV-infected subjects compared with

HD, suggesting a stronger immune stimulatory capacity

in patients than in controls, whereas ratios a/b and b/c

were identical to HD. Importantly, HCV-2 patients

showed a significantly higher a/c ratio compared with

HCV-1 patients and HD, corroborating the findings that

HCV-2 patients are characterized by an immune stimula-

tory profile.

Interestingly, in HCV-infected individuals we found a

statistically significant correlation between NKp30 isoform

a mRNA level and liver stiffness, a non-invasive marker

of liver fibrosis21 and an inverse correlation between

isoform c and FIB-4, an indirect index of fibrosis.27

Furthermore, the a/c ratio correlated with the FIB-4

score. Although this is correlative evidence, it is tempting

to postulate that a concomitant increase of the immune

stimulatory a isoform and reduction of the immunosup-

pressive c isoform, would be associated with advanced

liver disease. This is currently being evaluated in along-

term prospective study.

In any case, although the present study was not

prospectively designed, implicating possible variations in

the relative representation of the different NCR3 gene splice

variants, it is important to emphasize that previous work

established that the proportion of NKp30 isoforms remains

stable over time, as shown for gastrointestinal stromal

tumour and HIV-1-infected patients10,12 allowing analysis

of a single time-point per patient. Moreover, given the het-

erogeneity of HCV-infected patients, it is likely that, as in

HIV-infected individuals, a greater number of prospec-

tively followed patients may be needed to better define the

clinical relevance of NKp30 isoforms in this setting. Further

studies are in progress to address this point.
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