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Abstract. 56 

The activating natural cytotoxicity receptor NKp30 is critical for natural killer (NK) cell function 57 

and tumor immune surveillance. The natural cytotoxicity receptor-3 (NCR3) gene is transcribed 58 

into several splice variants whose physiological relevance is still incompletely understood. In this 59 

study, we investigated the role of NKp30 and its major ligand B7 homolog 6 (B7-H6) in patients 60 

with hepatocellular carcinoma (HCC). Peripheral blood NK cell phenotype was skewed toward a 61 

defective/exhausted immune profile with decreased frequencies of cells expressing NKp30 and 62 

natural killer group 2 member d (NKG2D) and an increased proportion of cells expressing T-cell 63 

immunoglobulin and mucin-domain containing-3 (Tim-3). Moreover, NKp30-positive NK cells had 64 

a reduced expression of NCR3 immunostimulatory splice variants, and an increased expression of 65 

the inhibitory variant in patients with advanced tumor, resulting in deficient NKp30-mediated 66 

functionality. Tumor-infiltrating lymphocytes showed a prevalent inhibitory NKp30 isoform 67 

profile, consistent with decreased NKp30-mediated function. Of note, there were significant 68 

differences in the cytokine milieu between the neoplastic and the surrounding non-neoplastic tissue 69 

which may have further influenced NKp30 function. Exposure of NK cells to B7-H6 expressing 70 

HCC cells significantly down-modulated NKp30, that was prevented by siRNA-mediated 71 

knockdown, suggesting a role for this ligand in inhibiting NKp30-mediated responses. Interestingly, 72 

B7-H6 expression was reduced in HCC tissue and simultaneously augmented as a soluble form in 73 

HCC patients’, particularly those with advanced staging or larger nodule size. Conclusions: these 74 

findings provide evidence in support of a role of NKp30 and its major ligand in HCC development 75 

and evolution. 76 

Introduction. 77 

Natural killer (NK) cells play a significant role in innate immune responses to cancer cells via 78 

recognition of germline-encoded ligands of positive and negative signaling receptors. Lysis of 79 

tumor targets occurs through reduction of inhibitory signals and a simultaneous increase in 80 
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activating signals that are necessary for NK cell triggering (1-3). Activating receptors include 81 

DNAM-1, NKG2D, and the natural cytotoxicity receptors (NCR), whose ligands comprise both 82 

MHC-like and non-MHC molecules. The NCR family includes NKp30 (NCR3), NKp44 (NCR2) 83 

and NKp46 (NCR1) which are type I transmembrane glycoproteins comprising one (NKp30 and 84 

NKp44) or two (NKp46) Ig-like extracellular domains (4). The NCR3 gene is transcribed into three 85 

major isoforms (NKP30a, NKp30b and NKp30c) of the NKp30 protein that are generated by 86 

alternative splicing and that have different biological functions. The NKp30a and NKp30b isoforms 87 

are considered immunostimulatory as they induce cytotoxicity and Th1 cytokine secretion, 88 

respectively, while the NKp30c isoform shows an immunosuppressive activity triggering IL-10 89 

release. Furthermore, the relative abundance of the mRNA encoding the NKp30c isoform compared 90 

to isoform a or b can negatively impact on the prognosis and evolution of different malignancies 91 

and might be associated with advanced liver disease in HCV-infected patients (5-8). Moreover, the 92 

expression of different NCR3 splice variants by NK cells delineates functionally distinct subsets 93 

and is governed by the cytokine-defined microenvironment (9,10). The NKp30 receptor recognizes 94 

the HLA–B-associated transcript 3 (BAT3), the human cytomegalovirus pp65 tegument protein and 95 

the cell surface protein B7 homolog 6 (B7-H6), a member of the B7 family of receptors (11-13). 96 

Interestingly, B7-H6 is not expressed by normal human tissues but is selectively expressed on 97 

stressed cells, including both solid and transformed blood cells, which can up-regulate B7-H6 98 

expression and enhance tumor susceptibility to NK cell lysis (14-16). The interaction of B7-H6 on 99 

tumor cells with NKp30 on NK cells results in interferon-γ (IFN-) production and tumor cell 100 

killing, suggesting that the NKp30–B7-H6 axis can be exploited for cancer immunotherapy (17). In 101 

addition, B7-H6 can also be induced as a stress protein by viral infections closely linked to 102 

carcinogenesis such as hepatitis B virus (HBV) (18). Current evidence indicates that malignant cells 103 

can also bypass the NK surveillance by releasing B7-H6 as soluble proteins that block NKp30 104 

activity, suggesting that this may be an immune escape mechanism of tumor cells from NK cell-105 

mediated killing (19). It is clear from the aforementioned that the NKp30-B7H6 axis represent an 106 
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important pathway in chronic inflammation proceeding to tumor development. One such example is 107 

hepatocellular carcinoma (HCC) which may develop in the setting of advanced chronic hepatitis B 108 

(HBV) and chronic hepatitis C (HCV) virus infections (20).  109 

In this study we have investigated the NKp30-B7-H6 axis in patients with HCC. We showed that 110 

peripheral and tumor-infiltrating NKp30+ NK cells have deficient NKp30-mediated functionality 111 

and altered expression of NCR3 splice variants. Moreover, B7-H6 expression was reduced in HCC 112 

tissue and simultaneously augmented as a soluble form in the serum of HCC patients, particularly 113 

those with advanced staging or larger nodule size. These findings provide evidence in support of a 114 

role of NKp30 and its major ligand in HCC development and evolution. 115 

 116 

Materials and Methods. 117 

Complete technical details are reported in Supplementary Materials and Methods. Briefly, paired 118 

blood and tissue infiltrating lymphocytes were obtained from patients undergoing surgical liver 119 

resections for HCC (Supplementary Table 1) and prepared for phenotype determination and 120 

redirected functional analysis via NKp30 ligation, RNA extraction and qPCR to detect NKp30 121 

isoforms. Primary HCC cell cultures were established as described in Supplementary M&M. Liver 122 

samples from HCC and cirrhotic patients were retrospectively examined as described in 123 

Supplementary M&M. NKp30 down-regulation experiments using B7-H6 expressing cells and B7-124 

H6 siRNA knock-down are also described in Supplementary M&M. 125 

Statistical analysis was performed using the GraphPad Prism 6 software. The non-parametric 126 

Wilcoxon matched-pairs signed rank test or Mann-Whitney U test as well as parametric paired or 127 

unpaired t test were used as appropriate. The Dunn’s multiple comparison test was used to compare 128 

more than two groups of data. Pearson test was used to examine correlations. A p value ≤0.05 was 129 

deemed statistically significant. 130 

 131 
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Results. 132 

Peripheral NK cells show an exhausted phenotype in HCC patients and NKp30-expressing 133 

NK cells are enriched in tumor-infiltrating lymphocytes. 134 

We investigated the frequency of circulating NK cells in HCC patients and HC, according to the 135 

gating strategy shown in Supplementary fig. 1, and found that frequencies of total peripheral NK 136 

cells and of the CD56bright  and CD56dim subsets (Fig. 1A) were comparable in HCC patients and 137 

HC. The frequency of peripheral NK cells carrying NKp30 receptor and its expression were instead 138 

significantly lower in patients with HCC compared to HC (Fig. 1B-C). There were no differences in 139 

NKp30 expression according to liver disease etiology (not shown). The frequency of the 140 

immunomodulatory T-cell immunoglobulin- and mucin-domain-containing molecule-3 (Tim-3) 141 

receptor was significantly higher in HCC patients’ NK cells, compared to HC NK cells (Fig. 1D). 142 

Moreover, there was a statistically significant reduction in the proportion of NKG2D+ (Fig. 1E) and 143 

a significant increase in the proportion of CD69+ (Fig. 1F) NK cells from patients with HCC 144 

compared with controls. At the same time, no statistically significant differences were noted in the 145 

proportion of  programmed death receptor 1 (PD-1), NKG2A, Fas ligand (FasL), T cell 146 

immunoreceptor with Ig and ITIM domains (TIGIT)  and  NKp46 (Supplementary Fig 2A-E) 147 

expressing NK cells compared to HC. We further investigated intrahepatic NK cell receptors in 148 

HCC patients and found a lower frequency of total NK cells in TIL compared to LIL (Fig. 2A), as 149 

shown by others (21, 22). However, the proportion of NKp30+ NK cells and the mean fluorescence 150 

intensity (MFI) of the NKp30 receptor were significantly higher in TIL- compared with LIL-NK 151 

cells (Fig. 2B-D). There was a higher frequency of NKp30+ NK cells in the CD56bright  subset in 152 

TIL compared with LIL (Fig. 2E). In contrast, the proportion of NKp46+ NK cells and the NKp46 153 

MFI were similar in tumor and non-tumor NK cells (data not shown).  154 

 155 

Deficient NKp30-mediated functionality and altered NKp30 isoform profile in HCC patients.  156 
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Altered expression of NKp30 receptor in HCC patients prompted us to study the NKp30-mediated 157 

cytolytic potential and cytokine production of peripheral and intrahepatic NK cells of HCC patients, 158 

using an ex vivo redirected functional (ADCC) assay. PBMC, TIL and matched LIL were incubated 159 

overnight with or without IL15 and subsequently co-cultured with the FcR+ P815 murine cell line 160 

in the presence of anti-NKp30 mAb. Patients with chronic HCV infection without HCC were added 161 

as disease controls. There was no difference in peripheral NKp30-mediated cytotoxicity between 162 

patients with HCC, patients with chronic HCV infection and HC (Fig. 3A). NKp30 expression was 163 

reduced in the HCV+ disease control group (not shown) compared to HC, in keeping with 164 

previously published data from our laboratory (8). After IL15 stimulation, NKp30-mediated 165 

cytotoxicity was significantly augmented in HCV+ patients compared to HC, whereas HCC patients 166 

displayed a lower cytotoxic potential compared to HCV+ patients (Fig. 3A). NKp30-mediated IFN-167 

γ production was significantly reduced in peripheral blood NK cells from both HCC and HCV+ 168 

patients compared to HC, which was maintained in HCC patients also after IL15 stimulation (Fig. 169 

3B). There was a trend toward a more profound reduction in IFN secretion for HCC patients 170 

compared to non-HCC, HCV+ controls (Fig. 3B). The NKp30-mediated functional dichotomy 171 

exhibited by peripheral blood NK cells in chronic HCV infection, i.e. increased degranulation and 172 

poor cytokine production, is consistent with previous findings from our own and other laboratories 173 

(23, 24). 174 

When we analyzed the intrahepatic compartment, we found that the NKp30-mediated degranulation 175 

ability of TIL-NK cells tested by reverse ADCC was significantly reduced compared with matched 176 

LIL-NK cells (Fig. 3C). IL15 stimulation was unable to rescue NKp30-mediated degranulation in 177 

TIL-NK cells, despite being able to boost NKp30 expression (data not shown). No statistically 178 

significant differences in IFN-γ (and TNFα, not shown) production were noted following NKp30 179 

ligation (Fig. 3D).  180 

Recent studies have shown that the NKp30 isoform expression pattern affects the NK cell 181 

functionality, the prognosis and evolution in the settings of cancer and infection (6-8). We 182 



9 

 

investigated whether alternatively spliced variants of the NCR3 gene might explain the reduced 183 

NKp30-mediated cytokine production of peripheral blood NK cells in HCC patients. To this end, 184 

we quantified the three major NKp30 isoforms (NKp30a, b and c) in freshly isolated PBMC of 185 

patients and HC using qPCR. The relative expression of the immunostimulatory NKp30a and 186 

NKp30b isoforms was significantly lower in HCC patients than in HC (Fig. 4A). In agreement with 187 

the low NKp30a and b transcripts, the ac and bc ratio values were lower in NK cells from 188 

patients with HCC compared to HC (Fig. 4B). Interestingly, when HCC patients were analyzed 189 

according to the Barcelona Clinic for Liver Cancer (BCLC) staging classification, we found that the 190 

immunosuppressive NKp30c isoform was increased in patients with advanced tumor (Fig. 4C). 191 

Notably, there was a statistically significant positive correlation between the NKp30 a/c isoform 192 

ratio and IFN by NK cells, providing further evidence in support of the immunostimulatory 193 

function of the NKp30a isoform (Fig. 4D).  194 

In consideration of the inhibitory function of NKp30 (25) and the potential role of microenvironment 195 

cytokines in influencing the NCR3 splice variants (9), we explored whether a switched NKp30 196 

isoform profile could explain the deficient degranulation efficiency of TIL-NK cells in HCC 197 

patients. To this end, we quantified the three major NKp30 isoforms in freshly isolated LIL and 198 

matched TIL-NK cells. As shown in fig. 4E, the relative expression of the immunostimulatory 199 

NKp30b isoforms was significantly lower in TIL-NK cells than in LIL-NK cells. TIL-NK cells 200 

exhibited a reduced bc ratio compared to the matched non-tumor liver counterpart, suggesting a 201 

prevalent inhibitory NKp30-mediated signaling (Fig. 4F). This difference in tissue-specific NKp30 202 

isoform profile and NK cell functionality prompted us to examine changes in the cytokine content 203 

in the neoplastic and the surrounding non-neoplastic liver tissue. To this end, we analyzed mRNAs 204 

of selected cytokines that were previously shown to be involved in the necroinflammatory process 205 

leading to advanced fibrosis and liver carcinogenesis (26-31), as well as in NK cell regulation (32). 206 

There was a reduced mRNA content of certain cytokines, including IL-6, IL-8 and IL-10, in the 207 
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tumor compared with the non-neoplastic tissue, whereas no statistically significant differences were 208 

observed for IL-18 and TGF- mRNAs (Fig. 5).  209 

 210 

NKp30 receptor is downregulated after exposure to B7-H6 expressing HCC cells.   211 

To assess whether NKp30 expression could be influenced by B7-H6 contact we performed co-212 

culture experiments with hepatocellular carcinoma Huh7.5 cell line expressing the B7-H6 ligand. 213 

As shown in fig. 6A, B7-H6 expression was higher on HCV-infected Huh7.5 cells than on 214 

uninfected cells. The frequency of NK cells carrying the NKp30 receptor and its expression were 215 

downregulated after exposure of PBMC from HC to uninfected Huh7.5 cells, expressing low levels 216 

of B7-H6. A stronger downregulation was shown when PBMC were incubated with HCV-infected 217 

Huh7.5 cells, expressing higher levels of B7-H6, both as percentage and MFI (Fig. 6B-C). In 218 

contrast, NKp46 expression remained unchanged (data not shown). Representative dot plots 219 

showing NKp30+ and NKp46+ NK cell frequencies after B7-H6 exposure are shown in 220 

supplementary 3.  B7-H6-induced NKp30 downregulation was also confirmed by siRNA-mediated 221 

knockdown. Surface B7-H6 expression was evaluated on HepG2 cells after transfection with B7-222 

H6- and or negative control-siRNA by flow cytometry and qPCR (Fig. 6D and Fig. 4S). As shown 223 

in fig. 6D, siRNA-mediated knockdown of B7-H6 was able to reduce B7-H6 expression in HepG2 224 

cells. The frequency of NK cells carrying the NKp30 receptor and its expression were higher after 225 

exposure of PBMC from HC to siRNA-B7-H6-transfected HepG2 cells compared to siRNA-226 

negative control (Fig. 6E-F). B7-H6-induced NKp30 downregulation was also confirmed after 227 

PBMC exposure to the breast carcinoma cell lines MCF-7/VC or MCF-7/B7-H6, retrovirally 228 

transduced with pMXneo or pMXneo-CD8L-Myc tag-B7-H6, respectively (Fig. 5S).  Furthermore, 229 

to assess whether NKp30 expression could be influenced by soluble B7-H6 (sB7-H6) we performed 230 

experiments incubating PBMC from HC with heterologous HC’s serum and HCC patients’ serum. 231 

No statistically significant differences were observed, suggesting that NKp30 down-regulation 232 

requires B7-H6 to be cell-associated (Supplementary Fig. 6).  233 



11 

 

 234 

B7-H6 protein expression is reduced in tumor tissue of HCC patients.   235 

Expression of the NKp30 ligand B7-H6 was evaluated in HCC biopsy specimens by 236 

immunohistochemistry and compared to cirrhotic livers. B7-H6 was highly expressed in cirrhotic 237 

livers and was significantly less expressed in HCC tissue stratified according to the degree of 238 

differentiation: well-, moderately- and poorly-differentiated tissue (Fig. 7A). Interestingly, we 239 

found that poorly-differentiated tumor cells showed a trend toward lower B7-H6 expression 240 

compared to better differentiated HCC tissues. Immunohistochemical staining showed that B7-H6 241 

was mainly localized in the cytoplasm and on the membrane of hepatocytes as shown in fig. 7B. To 242 

investigate whether different levels of B7-H6 protein expression by immunohistochemistry in situ 243 

were caused by a decrease in gene transcription, we analysed B7-H6 mRNA levels in HCC tissues 244 

along with matched non-tumor specimens but we were unable to detect significant differences (Fig. 245 

7C), suggesting that decreased B7-H6 protein expression did not result from reduced transcript 246 

levels, and might have occurred via other post-transcriptional mechanisms. Schlecker et al. 247 

demonstrated a novel mechanism of immune escape in which tumor cells impede NK cell 248 

recognition by metzincin-mediated shedding of B7-H6 (33). To address whether this mechanism 249 

plays a role in B7-H6 downregulation on HCC patients we treated HCC primary cell lines with 250 

different ADAM-specific inhibitors. B7-H6 surface expression was measured by flow cytometry on 251 

untreated HCC primary cell lines or after exposure to ADAM-10 and ADAM-17 inhibitors LT4 or 252 

MN8 or to solvent alone (DMSO) for 24 h. As shown in Supplementary fig. 7, there was a modest 253 

and not always consistent increase in B7-H6 surface expression only after exposure of HCC cells to 254 

MN8. 255 

 256 

Soluble B7-H6 serum concentrations are elevated in HCC patients with intermediate and 257 

advanced tumors and correlate with clinical parameters. 258 
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Based on in situ expression of B7-H6 in HCC, we next investigated whether sB7-H6 was detectable 259 

in patients’ sera by ELISA. As shown in fig. 8A, higher serum B7-H6 levels were detected in HCC 260 

patients with intermediate and advanced tumor, classified according to the BCLC staging 261 

classification, compared to early stage tumors (BCLC-A) and to HC and cirrhotic patients. 262 

Differences between HC, cirrhosis and HCC remained highly significant when HCC were not 263 

stratified according to BCLC stage (not shown). There were no significant differences in sB7-H6 264 

levels when HCC patients were stratified according to etiology or tumor grading (data not shown). 265 

Moreover, there were positive correlations between sB7-H6 levels and HCC nodule size and serum 266 

alpha fetoprotein values (Fig. 8B and C). 267 

 268 

 269 

Discussion. 270 

Functional deficiencies of circulating and intrahepatic NK cells have been demonstrated in various 271 

human cancers including hepatocellular carcinoma (21, 22, 25, 34, 35). Nevertheless, the mechanisms 272 

responsible for altered NK cell effector function and their association with disease progression 273 

remain largely unexplored. Previous studies found a reduction in the proportion of peripheral blood 274 

NK cells and of CD56dim phenotype in HCC patients (21, 22, 35) which could contribute to reduced 275 

immune surveillance, whereas no differences were found in our study between patients and 276 

controls. These discrepancies might be a consequence of patient selection, since our patients had an 277 

overall more advanced disease, a larger proportion of them being categorized as BCLC-B, C, D, 278 

whereas the vast majority of patients in Cheung et al.(22) and Cariani et al.(35)  were classified as 279 

BCLC-A. An altered NK cell phenotype may reflect NK cell anergy which, however, does not 280 

always correlate with altered expression of activating and inhibitory receptors on NK cells in HCC 281 

patients. Relevant to this statement, there are controversial data regarding the frequencies of NK 282 
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cells carrying NKG2D and NKG2A receptors in circulating and intrahepatic NK cells (21, 22, 35). 283 

Interestingly, phenotypic analysis of our patients with HCC showed decreased frequencies of NK 284 

cells expressing NKp30 and NKG2D activating receptors, together with an increased frequency of 285 

Tim-3, suggesting that innate immunity is skewed toward exhausted anti-tumor immune responses 286 

despite of an increased proportion of NK cells expressing the CD69 early activation marker. Recent 287 

studies have reported conflicting data about Tim-3 function in NK cells (36-38). Ndhlovu and 288 

colleagues showed that Tim-3 inhibits NK cell–mediated cytotoxicity (36), whereas another study 289 

suggested that Tim-3 may instead enhance IFN-γ production (37). Both studies focused on healthy 290 

donors and not patients with chronic diseases, such as cancer. In cancer patients, da Silva and 291 

colleagues showed that Tim-3 could function as an NK-cell exhaustion marker in advanced 292 

melanoma and that its blockade reverses the NK exhausted phenotype (38). Functional NK cell 293 

deficiency might be also associated with an increased regulatory T cell frequency, an altered 294 

dendritic cell function and an increased proportion of myeloid-derived suppressor cells (21, 25, 39). 295 

Apart from those mechanisms, alternative splicing of the NCR3 gene has been shown to profoundly 296 

influence NKp30-dependent function and it has been correlated with the prognosis and evolution in 297 

gastrointestinal stromal tumor patients, as well as other cancers, viral infections and miscarriage (5-
298 

10). However, no information is currently available on NCR3 splice variant profile and function in 299 

liver cancer. In the present study we showed that in HCC patients NK cells displayed reduced 300 

NKp30 expression, as well as NKp30-mediated cytokine secretion and cytotoxicity. We also 301 

showed, for the first time, that peripheral and tumor infiltrating NKp30-expressing NK cells 302 

displayed altered expression of the major NKp30 isoforms (NKp30a, NKp30b and NKp30c), which 303 

is compatible with defective NKp30-mediated tumor immune surveillance in HCC patients. Indeed, 304 

PBMC of HCC patients displayed a lower mRNA expression level of the NKp30a and b 305 

immunostimulatory isoforms compared to HC and in those patients with advanced tumor, 306 

expression of the inhibitory NKp30c isoform was clearly increased. Furthermore, NK cells 307 

displaying a reduced NKp30 a/c isoform ratio exhibited a reduced NKp30-mediated cytokine 308 
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production. Moreover, considering the relative expression of the different NCR3 alternative splice 309 

variants, there was a bias toward a prevalent inhibitory NKp30 isoform profile in the liver 310 

compartment, consistent with decreased NKp30-mediated function. The aforementioned shed new 311 

light on the role for the NKp30 receptor in HCC surveillance. In line with this interpretation, 312 

NKp30-mediated cytokine production by circulating NK cells was found to be reduced in HCC 313 

patients compared with controls, in keeping with a lower frequency of NKp30+ NK cells and a 314 

lower density of NKp30 receptor expression in HCC compared with HC. These findings somehow 315 

differ from those obtained in the intrahepatic compartment in which NKp30-mediated NK cell 316 

degranulation was reduced despite higher relative frequency of NKp30+ cells and higher density of 317 

the NKp30 receptor in neoplastic compared with non-neoplastic adjacent tissues. In this respect, 318 

NKp30-mediated responses may be influenced by differences in the cytokine milieu between the 319 

neoplastic and non-neoplastic tissue, as shown in previous studies supporting an epigenetic role for 320 

certain cytokines, such as TGF-, IL-15 and IL-18, that are enriched in a specific 321 

microenvironment, to convert the NCR3 splice variant profile of NK cells and to affect the NK 322 

cytolytic behavior (9, 10). In line with these findings, our data showing a reduced pro-inflammatory 323 

cytokine (IL-6, IL-8) mRNA content and a concomitant inhibitory signal delivered by unaltered 324 

TGF- mRNA expression in the neoplastic tissue, support the existence of an inhibitory 325 

microenvironment affecting NK cell responses. Thus, the evidence gathered in this study pointed to 326 

peculiar characteristics of the neoplastic tissue in patients with HCC, in whom the NKp30 isoform 327 

analysis was compatible with an inhibitory profile, despite an increased relative proportion of 328 

NKp30 positive NK cells.  329 

Our data clearly emphasized the role of B7-H6 in regulating NKp30 expression. Interaction of B7-330 

H6 with NKp30 on NK cells leads to efficient NK cell activation and target cell killing (40). The 331 

absence of B7-H6 transcripts in normal tissues and the presence in tumor cells, on inflammatory 332 

monocytes during sepsis and in viral infections, define B7-H6 as an example of a stress-induced self 333 

molecule (18, 41, 42). Until now, hepatic B7-H6 expression remained poorly explored. Zou et al. 334 
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investigated B7-H6 protein expression on HBV-induced acute on chronic liver failure and another 335 

study showed B7-H6 expression at the transcriptional level in hepatocellular carcinoma (18, 43); 336 

however, the non-neoplastic liver was only poorly explored. In the former study, B7-H6 expression, 337 

assessed by immunohistochemistry, was found to be markedly enhanced on HBV-infected 338 

hepatocytes compared to the healthy liver and its expression positively correlated with the severity 339 

of liver injury in this clinical setting (18). In addition, Fiegler et al. observed elevated B7-H6 mRNA 340 

levels in HCC tissue compared to normal liver controls (43). Importantly, our results compared tumor 341 

tissue and cirrhotic liver showing a significantly reduced B7-H6 expression in HCC tissue by 342 

immunohistochemistry. Notably, the HCC tissue exhibited different intensity of B7-H6 expression 343 

according to tumor differentiation status, the ligand being less expressed, though not significantly 344 

so, in poorly differentiated HCC. Decreased B7-H6 expression was not caused by altered gene 345 

transcription, since tumor B7-H6 mRNA levels were not significantly different from those of the 346 

surrounding non-neoplastic tissue, suggesting that other mechanisms might be involved. Similarly 347 

to other members of the B7 family, B7-H6 was also identified in a soluble form capable of binding 348 

to NKp30 receptor and to prevent NKp30-mediated NK cell triggering. Release of sB7-H6 was 349 

shown to be at least in part compatible with a metzincin-mediated shedding mechanism, since 350 

ADAM-specific inhibitors slightly increased B7-H6 surface expression on primary HCC cell lines, 351 

in agreement with data in melanoma patients (33). The role of soluble B7-H6 in HCC is not entirely 352 

clear, since a short incubation with heterologous serum containing cell-free B7-H6 was unable to 353 

decrease the proportion of NKp30+ NK cells in vitro, whereas cell-associated B7-H6 clearly was. 354 

Instead, a competing role for B7-H6 has convincingly been shown in ovarian carcinoma in which 355 

down-modulation of the NKp30 receptor expression and function on tumor-associated NK cells 356 

were associated with the presence of its ligand B7-H6 as a surface/cytosolic molecule in tumor cells 357 

as well as a soluble molecule (19). In line with this observation, and in agreement with our data 358 

showing a clear ligand-induced receptor down-modulation, higher NKp30 expression observed in 359 

TIL compared to LIL may be due to an absent down-regulatory effect caused by reduced ligand-360 
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receptor interaction. Evidence in support of this hypothesis comes from our data showing decreased 361 

expression of B7-H6 ligand in HCC tissues. Moreover, significantly elevated levels of sB7-H6 were 362 

detected in sera of HCC patients with intermediate and advanced tumor compared with healthy 363 

controls and cirrhotic patients, suggesting a potential inhibitory role for this soluble ligand on 364 

NKp30 expression and NKp30-mediated NK cell activity. Our data suggesting that B7-H6 is 365 

released by sheddases from neoplastic cells are compatible with larger amounts of soluble ligand 366 

being shed from larger neoplastic nodules or advanced HCC. This may represent an evasion 367 

mechanism from the host immune surveillance. 368 

In conclusion, our study provides evidence in support of an alteration of the NKp30/B7-H6 axis in 369 

HCC and reveals several mechanisms that can be exploited for novel immunotherapeutic 370 

approaches for liver cancer. It may be envisaged that beyond restoring cytotoxic T lymphocyte 371 

activity with checkpoint inhibitors, such as PD-1/PD-L1-specific monoclonal antibodies (44), it 372 

could also be possible to associate specific immune interventions to modulate altered NK cell 373 

activity. Also, it is of interest that sorafenib, which for years was the only systemic treatment 374 

available for patients with advanced HCC (45), primes proinflammatory responses of macrophages 375 

located within the HCC microenvironment and induces anti-tumor NK cell responses in a cytokine-376 

dependent fashion, providing new insights for immune stimulatory treatments (46).  377 

 378 
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 504 

Legends. 505 

Figure 1. Peripheral NK cells of HCC patients show an exhausted phenotype in HCC patients 506 

and NKp30-expressing NK cells are enriched in tumor-infiltrating lymphocytes. Frequencies 507 

of circulating NK cells, CD56bright and CD56dim subsets (A), NKp30+ NK cells and NKp30-MFI (B-508 

C) in HCC patients (n=55) and HC (n=39). Frequencies of circulating Tim-3 (D), NKG2D (E) and 509 

CD69 (F) expressing NK cells in HCC patients (n=14, n=47 and  n=44, respectively) and HC 510 

(n=10, n=38 and n=34, respectively). Middle bars represent median values, box plots are 25% and 511 
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75% percentiles, whiskers are minimum and maximum values. The Mann-Whitney U test or the 512 

unpaired t test were used to compare data. 513 

Figure 2. Increased proportion of NKp30 receptor-positive NK cells and NKp30 density in 514 

TIL-NK cells of HCC patients. The frequency of total NK cells in TIL (n=23) was lower 515 

compared with matched LIL (A), with a relative increase of NKp30+ NK cells (B) and NKp30 516 

receptor density (C). (D), Representative dot plots showing the frequencies of NKp30-positive NK 517 

cells in LIL and matched TIL. (E), Frequency of NKp30-expressing LIL and TIL-NK cells within 518 

the CD56bright and CD56dim subsets (n=18). Middle bars represent median values, box plots are 25% 519 

and 75% percentiles, whiskers are minimum and maximum values. The Wilcoxon matched-pairs 520 

signed rank test or paired t test were used to compare data. 521 

Figure 3. Deficient NKp30-mediated function in HCC patients. (A), NKp30-mediated 522 

degranulation in unstimulated or IL15-stimulated PBMC of HCC patients (n=30), HC (n=29) and 523 

HCV+ patients (n=11). (B), NKp30-mediated cytokine production in unstimulated or IL15-524 

stimulated PBMC of HCC patients (n=11), HC (n=15) and HCV+ patients (n=11). NKp30-525 

mediated degranulation (C) and NKp30-mediated cytokine production (D) in unstimulated or IL15-526 

stimulated LIL and matched TIL-NK cells (n=13). Middle bars represent median values, box plots 527 

are 25% and 75% percentiles, whiskers are minimum and maximum values. The Mann-Whitney U 528 

test, unpaired t test or the Wilcoxon matched-pairs signed rank test were used to compare data. 529 

Figure 4. Altered NKp30 isoform balance in HCC patients. Relative expression of NKp30 530 

isoforms (A) and NKp30 ac, bc and ab ratios (B) in PBMC of 15 HC and 33 HCC patients. (C), 531 

NKp30c isoform expression in HCC patients with stratified according to BCLC staging 532 

classification. (D), The Pearson correlation coefficient was used to examine dependence between 533 

NKp30 a/c isoform ratio and NKp30-mediated IFNγ production upon IL-15 stimulation, in 19 HCC 534 

patients. The relative expression of NKp30 isoforms (E) and the NKp30 ac, bc and ab ratios (F) 535 

were determined in LIL and matched TIL-NK cells from 19 HCC patients.  536 
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Figure 5. Cytokine profile in HCC and non-neoplastic tissue. IL-6, IL-8, IL-10, IL-18 and TGF-537 

 mRNA expression on HCC tissues compared with matched non-neoplastic surrounding tissue 538 

(n=11). The Wilcoxon matched-pairs signed rank test was used for comparison. 539 

Figure 6. NKp30 is down-regulated after co-culture with a B7-H6 positive HCC cell line. (A), 540 

B7-H6 expression on uninfected or HCV-infected Huh7.5 cell line. (B), Frequency of NKp30+ NK 541 

cells (B) and NKp30 MFI (C) in HC PBMC (n=11) cultured alone or co-cultured with uninfected or 542 

HCV-infected Huh7.5 cell line. (D), B7-H6 expression on HepG2 cells transfected with B7-H6- and 543 

or control-siRNA. The frequency NKp30+ cells (E) and NKp30 expression (F) after exposure of 544 

PBMC from 10 HC to siRNA-B7-H6-transfected HepG2 cells, siRNA control-transfected HepG2 545 

cells and medium alone. The paired t test was used to compare data. 546 

Figure 7. B7-H6 protein expression is reduced on neoplastic tissue in HCC patients. (A), 547 

Immunohistochemical analysis of B7-H6 protein expression on HCC tissue stratified according to 548 

degree of differentiation compared to cirrhotic livers (n=28). Data are presented as mean values ± 549 

SEM. The Dunn's Multiple Comparison test was used to compare data, ***P<0.001. WD-HCC= 550 

well differentiated HCC (n=18), MD-HCC= moderately differentiated HCC (n=34), PD-HCC= 551 

poorly differentiated HCC (n=5). (B), Representative B7-H6 and matched negative control or 552 

haematoxylin-eosin immunohistochemistry staining on cirrhotic samples and HCC tissue classified 553 

as WD-, MD- and PD-HCC (100x magnification). (C), mRNA B7-H6 expression on HCC tissues 554 

along with matched non-neoplastic specimens (n=11). The Wilcoxon matched-pairs signed rank test 555 

was used. Not statistically significant (ns). 556 

Figure 8. Soluble B7-H6 protein correlates with clinical parameters and is higher in patients 557 

with BCLC stage B. (A), Serum B7-H6 concentrations in HCC patients stratified according to 558 

BCLC stage (n=87), cirrhotic patients (n=39 ) and HC (n=48). Data are presented as mean values ± 559 

SEM. The Dunn's Multiple Comparison test was used to compare data, *P<0.05,  ***P<0.001. The 560 

Pearson correlation coefficient was used to examine dependence between sB7-H6 protein (B) and 561 

maximum nodule size or sAFP (C), in HCC patients.   562 
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Supplementary materials and methods. 

Study Subjects.  

A written informed consent was obtained from each individual. The study protocol is compliant 

with the ethical guidelines of the 1975 Declaration of Helsinki and was approved by our 

institutional ethical committee (protocol numbers: 20160004446, 20150000576, 201430031379). 

Liver resections.  

Surgically resected HCC specimens along with matched non-neoplastic surrounding tissue were 

obtained from patients at Fondazione IRCCS Policlinico San Matteo, Pavia, Fondazione IRCCS Ca' 

Granda Policlinico Hospital, Humanitas Research Hospital IRCCS and San Paolo Hospital, Milan. 

Tissue samples were stored in tissue storage solution (Miltenyi Biotec, Bergisch Gladbach, 

Germany) or RNA later (Sigma-Aldrich, St. Louis, MO, USA). 

Isolation of tissue-infiltrating lymphocytes.  

Tissue samples were treated by enzymatic and mechanical dissociation with the human Tumor 

Dissociation Kit by gentleMACS Dissociator (Miltenyi Biotec), according to the manufacturer's 

instructions. The cell suspension was filtered in a 70µm cell strainer (Miltenyi Biotec) and 

centrifuged twice at 50g for 2 min. The supernatant containing lymphocytes was processed for flow 

cytometry or cryopreserved in liquid N2. 

HCC primary cell cultures.  

To establish in-vitro primary tumor cell cultures, the cell pellet was plated in tissue culture flasks 

(Corning, NY, USA) with Dulbecco's Modified Eagle Medium (Thermo Fisher Scientific, 

Waltham, MA, USA) supplemented with 20% fetal bovine serum (FBS, HyClone, GE Healthcare, 

South Logan, Utah, USA), 1% antibiotic antimycotic solution (100 U/ml penicillin, 0.1 μg/ml 

streptomycin, 0.25 μg/ml amphotericin B) (Sigma-Aldrich) and 1% non-essential amino acids 

(Thermo Fisher Scientific).  

ELISA.  



Serum concentrations of soluble B7-H6 were measured by ELISA (EIAab, Wuhan, China) in 

patients with HCC, cirrhosis and HC, according to the manufacturer’s instructions. 

Flow cytometry and functional analysis.  

Peripheral blood mononuclear cells (PBMC) were isolated from HCC patients and HC by standard 

methods. Flow cytometry analysis of ex-vivo isolated PBMC, non-tumour liver-infiltrating 

lymphocytes (LIL), tumour-infiltrating lymphocytes (TIL) and PBMC after co-culture with cell 

lines, was performed using a CyAn (Beckman Coulter, Brea, CA) and a FACSCalibur (Becton 

Dickinson, Franklin Lakes, NJ) instruments The following mouse anti-human fluorescent 

antibodies were used: CD16-PE (Becton Dickinson), CD3-FITC (ImmunoTools, Friesoythe, DE), 

CD56-Pc5.5 (Beckman Coulter), CD56-Pc5 (Beckman Coulter), NKp30-Alexa Fluor®647 

(BioLegend, San Diego, CA), NKp30-PE  (Becton Dickinson), NKp46-Brilliant Violet 421™ 

(Becton Dickinson), CD3-PacBlue (Becton Dickinson), NKG2A-APC (Beckman Coulter), CD69-

PE (Becton Dickinson), TIGIT-PE (Becton Dickinson), Tim3-PE (Becton Dickinson), FASL-PE 

(BioLegend ), PD-1-APC (Becton Dickinson), NKG2D-APC (Beckman Coulter), CD14-FITC 

(ImmunoTools), CD3-Alexa Fluor®647  (Becton Dickinson), B7-H6-APC (R&D, Minneapolis, 

USA). Briefly, 2x105 PBMC were stained with mAb for 30 min at 4°C, washed, immediately fixed 

in CellFix solution (Becton Dickinson) and analysed. Lymphocytes were identified by the 

characteristic forward scatter (FSC) and side scatter (SSC) parameters. Total NK cells and NK cell 

subsets were identified as a CD56+ population within the CD3 negative gate. The proportions of 

receptor positive cells s were expressed as the frequency of cells of the CD3-CD56+ gated 

population. Functional redirecting assay, also named reverse antibody-dependent cellular 

cytotoxicity (ADCC) assay, was performed after cross-linking of NKp30 and FcγR+ P815 murine 

cell line as previously described (1). Briefly, PBMC, TIL and LIL were incubated overnight with or 

without IL-15 (20ng/ml, PeproTech EC, London, UK) and subsequently washed and incubated for 4 

hours at 37°C with FcγR+ P815 murine target cells (E:T=1:1) in the presence of anti-NKp30 

specific mAb (R&D), anti- CD107a-PE (Becton Dickinson) and the Protein Transport Inhibitor 



GolgiStop (Becton Dickinson). After washing, lymphocytes were stained for surface NK cell 

markers using CD3- Brilliant Violet 421™ (Becton Dickinson) and CD56-Pc5.5 (Beckman 

Coulter). Cells were fixed with BD Cytofix/Cytoperm and permeabilized with the BD Perm/Wash 

buffer (Becton Dickinson) according to the manufacturer's instructions, in the presence of IFNγ-

Alexa Fluor®647 (Becton Dickinson) and TNFα-Alexa Fluor®488 (Becton Dickinson). 

LIVE/DEAD® Fixable Near-IR Dead Cell Stain Kit (Thermo Fisher Scientific) was used to 

determine the viability of the cells. Data analysis was performed with the Kaluza 1.3 software 

(Beckman Coulter). 

Immunohistochemistry. 

 Liver samples from HCC patients and cirrhotic patients were retrospectively collected  at the 

Division of Clinical Pathology, Geneva University Hospitals, Geneva and at Fondazione IRCCS Ca' 

Granda Policlinico Hospital, University of Milan, Milan. Liver samples were formalin-fixed, 

paraffin-embedded and processed for histological staining. Serial 4 μm sections were 

deparaffinised, rehydrated and antigen-retrieval technique was performed with a pH 6 citrate 

solution in a pressure cooker for 30 min. After blocking of endogenous peroxidase with DAKO 

REAL Peroxidase-Blocking Solution (Agilent Technologies, Santa Clara, CA, USA), sections were 

incubated for 1h at room temperature with a rabbit polyclonal B7-H6 antibody (Abcam, Cambridge, 

UK) diluted 1:250 in DAKO Real Antibody Diluent (Agilent Technologies). After two 5-min 

washes in DAKO Washing Buffer (Agilent Technologies), sections were incubated for 15 min at 

room temperature with labelled polymer-HRP and the secondary antibody from the EnVision + 

Dual Link System-HRP (DAB+) kit (Agilent Technologies). Sections were briefly washed and 

incubated with 3,3'-diaminobenzidine (DAB) solution (Agilent Technologies) for 120” and the 

nuclei were visualized by hemalum staining (Merck, Darmstadt, Germany). Prepared slides were 

preserved by using the Eukitt mounting medium (Kindler, Freiburg, Germany). All specimens were 

incubated with PBS instead of primary antibody as negative control. The intensity of B7-H6 

staining was evaluated in a double-blind fashion by two expert pathologists and classified 



evaluating the percentage of cells that stain by immunohistochemistry (on a scale of 0 to 5) and the 

intensity of that staining (on a scale of 0 to 3), for a possible total score of 8 (AIIRed score) (2). To 

validate the specificity of the rabbit polyclonal B7-H6 antibody we used western blotting method 

with a B7-H6 positive breast carcinoma cell line. Briefly, the breast carcinoma cell lines MCF-7/VC 

and MCF-7/B7-H6 (retrovirally transduced with pMXneo or pMXneo-CD8L-Myc tag-B7-H6 

respectively) were kindly provided by Adelheid Cerwenka, Heidelberg, Germany. They were 

maintained in Dulbeccos’s modified Eagle’s medium supplemented with 1% GlutaMAX (Thermo 

Fisher Scientific), 10% fetal cow serum (Thermo Fisher Scientific) and 1% penicillin/streptomicine 

(Thermo Fisher Scientific). Cells were washed three times with phosphate-buffered saline (PBS) 

and then lysed in lysis buffer containing 62.5mM Tris-HCl (pH 6.8), 25% glycerol, 2% SDS, 0.02% 

bromophenol blue, 5% β-mercaptoethanol, protease inhibitors (Roche, Basel, Switzerland), 

0.5μl/ml PMSF (Sigma-Aldrich) and 0.5μl/ml sodium orthovanadate. Equal amounts of protein 

were separated by Sodium Dodecyl Sulphate - PolyAcrylamide Gel Electrophoresis and transferred 

to the polyvinylidenedifluoride membrane. Non-specific binding sites were blocked with 5% non-

fat dry milk in Tris-buffered saline. Membranes were incubated overnight at 4°C with 1:250 

dilution of rabbit polyclonal B7-H6 antibody (Abcam, Cambridge, UK) and 1:1000 dilution of 

mouse monoclonal β-actin antibody (Sigma-Aldrich). Goat anti-rabbit (Licor, Nebraska, USA) and 

goat anti-mouse (Licor) were used as secondary antibodies. Protein signal was visualized by 

Odissey system (Licor).  

HCV Replication System.  

Huh7.5 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 grown 

as previously described (3). HCV RNA transfection was achieved by electroporation with genomic 

HCV RNA transcribed in vitro from pJFH-1, as previously described (4). Culture medium was 

collected, concentrated 30-fold using Amicon Ultra-15 device (Molecular weight cut off: 1x105 Da, 

Merck), stored at -80°C and subsequently used to infect naïve Huh7.5 cells. Briefly, naïve Huh 7.5 



cells were seeded at a density of 1  106 in T75 tissue culture flask, infected overnight with 1  106 

copies of culture-derived HCV (HCVcc), and analyzed after four and six days by flow cytometry or 

immunofluorescence for HCV protein expression using human mAb B12.F8 specific for HCV core 

(5). After four days in culture, HCV core expression of HCV-infected Huh 7.5 cells was >98% in all 

cases. Copy numbers of HCV RNA in culture medium were determined by quantitative real-time 

PCR (qPCR). Total RNA was isolated from 100 l of concentrated culture supernatant with the 

QIAamp MinElute Virus Spin Kit (Qiagen, Hilden, Germany) and qPCR was performed with 

AgPAth-ID One-Step RT-PCR Kit (Thermo Fisher Scientific) and the CFX96 Real-Time machine 

detection system (BioRad, Hercules, CA, USA) 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 5-TCCCGGGAGAGCCATAGTG-3 and 5-GCACCCTATCAGGCAGTACCA-3, 

respectively. The TaqMan probe was 5-6(FAM)-TCTGCGGAACCGGTG-MGB-3 (Thermo 

Fisher Scientific). 

RNA extraction and qPCR.  

Expression of major NKp30 isoforms was quantified by real-time PCR (qPCR) and normalized to 

2-microglobulin gene in PBMC of HCC patients, HC and in TIL and LIL as previously described 

(6). Expression of the distinct NKp30 isoforms compared with each other () was determined using 

the following formula NKp30x NKp30y = CtNKp30y – CtNKp30x. NKp30 isoform ratio was 

determined by the following formula: NKp30x/NKp30y=2(ΔΔCtNKp30y- ΔΔCtNKp30x). Tissue and HepG2 

RNA extraction was performed with TRIzol reagent (Thermo Fisher Scientific) using a 

gentleMACS Dissociator (MiltenyiBiotec) and with RNeasy Plus Mini kit and DNAse treatment on 

column (Qiagen), following the manufacturer's instructions. First-strand cDNA was synthesized 

from 5μg of total RNA using SuperScript III reverse transcriptase and random primers, following 

the manufacturer's instructions (Thermo Fisher Scientific). The Fast SYBR® Green Master Mix 

(Thermo Fisher Scientific) and the SsoAdvanced Universal SYBR Green Supermix (BioRad) were 



used. All reactions were performed using the CFX96 Real-Time machine detection system 

(BioRad). Each sample was amplified in triplicate and the qPCR data were analysed using the 2−ΔCt 

method. B7-H6, IL-6, IL-8, IL-10, IL-18 and TGF- mRNA expression were evaluated in HCC 

specimens and surrounding matched non-neoplastic tissue and normalized to glyceraldehyde 3-

phosphate dehydrogenase gene. The following primers were used: GAPDH forward 5-

CGGATTTGGTCGTATTGG-3 and reverse 5-GGTGGAATCATATTGGAACA -3 (Primm, 

Milan, Italy); B7-H6 PrimePCR™ SYBR® Green Assay qHsaCID0016055 (BioRad); IL-6 

PrimePCR™ SYBR® Green Assay qHsaCID0020314 (BioRad); IL-8 forward 5’- 

GACCACACTGCGCCAACAC-3’ and reverse 5’ CTTCTCCACAACCCTCTGCAC-3’ (Thermo 

Fisher Scientific); IL-18 PrimePCR™ SYBR® Green Assay qHsaCID0006163 (BioRad); TGF-beta 

PrimePCR™ SYBR® Green Assay qHsaCID0017026; IL-10 forward 

5’GCCTAACATGCTTCGAGATC-3’ and reverse 5’-TGATGTCTGGGTCTTGGTTC-3’ (Thermo 

Fisher Scientific). 

Exposure of PBMC to B7-H6 positive cell lines or to serum containing sB7-H6.  

1 105 freshly isolated PBMC from HC were co-cultured overnight alone or with 1105 uninfected 

or HCV-infected Huh7.5 cells expressing the NKp30 B7-H6 ligand. Identical conditions were used 

to co-culture PBMC with siRNA treated HepG2 cells or the breast carcinoma cell lines MCF-7/VC 

or MCF-7/B7-H6, retrovirally transduced with pMXneo or pMXneo-CD8L-Myc tag-B7-H6, 

respectively (7). B7-H6 expression was evaluated by flow cytometry using anti-human B7-H6 

antibody (R&D). 1.5 105 freshly isolated PBMC from HC were incubated overnight alone, with 

serum from heterologous HC and with serum from HCC patients containing sB7-H6. NKp30 

expression on NK cells was evaluated by flow cytometry. 

siRNA-mediated knockdown. 

Silencer® Select siRNA n266791 (Thermo Fisher Scientific), designed to knock down the B7-H6 

gene expression, and a Silencer® Select negative control siRNA were used to a final RNA 



concentration of 10nM. HepG2 cells were reverse transfected following the manufacturer's 

instructions. siRNA knockdown was assessed by qPCR and flow cytometry.  

Exposure of HCC primary cell lines to ADAM-10 and -17 specific inhibitors. 

The selective ADAM-10 and -17 specific inhibitors MN8 and LT4(8) were used. HCC primary cell 

lines were treated with 2.5 µM to 50 µM of MN8, LT4 or with dimethyl sulfoxide for 24 hours. The 

modulation of surface B7-H6 expression was verified by flow cytometry using anti-human B7-H6 

antibody (R&D). 
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Supplementary Table 1. Clinical characteristics of patients and controls. 

  HC Cirrhotic patients HCV patients HCC patients 

Number of subjects  66 95 11 170 

Male/Female 44/22 67/28 3/8 133/37 

Median age (years) - range 47 (21-86) 56 (29-83) 69 (37-77) 65 (30-85) 

ALT (mU/ml) median, range 26 (14-45) 80 (6-281) 70 (12-254) 51 (8-294) 

AST (mU/ml), median, range  na* 75 (15-336) 71 (15-187) 66 (17-326) 

APRI, median, range na 1.69 (0.26-8.30) 1.10 (0.15-1.67) 1.62 (0.20-17.63) 

FIB-4, median, range na 3.62 (0.79-24.53) 3.16 (1.35-5.35) 5.08 (0.49-34.04) 

Liver stiffness, median, range na 17.75 (6.80-41.00) 14.50 (7.10-20.90)  na 

BCLC score         

A na na na 67 

B na na na 32 

C na na na 43 

D na na na 15 

CTP score         

A na 72 na 107 

B na 22 na 29 

C na 1 na 14 

MELD score         

 15 na 91 na 125 

15-20 na 4 na 6 

 20 na 0 na 10 

HCC size** (mm), median, range na na na 30 (8-180) 

Etiology         

HBV na 13 0 17 

HCV na 67 11 115 

HBV + HCV na 0 0 3 

NASH na 3 0 7 

NASH + Ethanol  na 12 0 2 

HBV or HCV  + Ethanol  na 0 0 8 

Unknown na 0 0 18 

*na: not applicable.         

**Maximum nodule width.         

ALT, alanine aminotransferase; AST, aspartate aminotransferase; APRI, aspartate aminotransferase to platelet 

ratio index; FIB-4, fibrosis-4; BCLC, Barcelona Clinic Liver Cancer; MELD, Model for End Stage Liver Disease; 

CTP, Child-Turcotte-Pugh. 
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Supplementary Fig. 2. HCC patients were further examined for expression of other 

molecules, including PD-1 (A, n=14), NKG2A (B, n=44), FasL (C, n=6), TIGIT (D, n=10), NKp46 

(E, n=45), simultaneously with HC ( A, n= 10; B, n=37; C, n=6; D, n=10; E, n=34). There were 

no statistically significant differences between patients with HCC and controls. Middle bars 

represent median values, box plots are 25% and 75% percentiles, whiskers are minimum and 

maximum values. The Mann-Whitney U test was used to compare data.
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Supplementary Fig. 5. Co-culture of freshly isolated PBMC from HC with breast carcinoma cell lines MCF-

7/VC or MCF-7/B7-H6, retrovirally transduced with pMXneo or pMXneo-CD8L-Myc tag-B7-H6, 

respectively. Flow cytometry was used to evaluate B7-H6 expression on MCF7/VC and MCF-7/B7-H6 cell 

lines, as shown in panel A. Frequencies (B)of NKp30+ NK cells and NKp30 MFI (C) were evaluated by flow 

cytometry in PBMC from HC (n=7) after overnight culture with MCF-7/VC or MCF-7/B7-H6 cell lines. The 

paired t test was used to compare data.
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Supplementary Fig. 6. Freshly isolated PBMC from HC were incubated alone or with 

heterologous  serum from healthy controls or HCC patients containing soluble B7-H6. 

The frequencies of NKp30+ NK cells were evaluated by flow cytometry in HC PBMC 

(n=9) after overnight incubation. The paired t test was used to compare data.
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Supplementary Fig. 7. Exposure of HCC primary cell lines to MN8 “A Disintegrin And 

Metalloproteases” (ADAM)-10 and -17 specific inhibitor.
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