
Abstract. Background/Aim: The natural killer (NK) cell
function of patients with malignant tumours may be
suppressed by deficiency, and the poor prognosis of renal
cell carcinoma (RCC) patients may be due to escape from
NK cell cytotoxicity, especially with respect to natural
cytotoxicity receptors (NCRs) on the NK cell surface.
However, the specific mechanism remains unclear.
Therefore, in this study, we sought to explore the role of
NCR, especially NCR3 splice variants, in the process of NK
cell deficiency in RCC patients. Materials and Methods: We
used flow cytometry to analyse the phenotype of NK cells
from the peripheral blood and kidney tumour tissue of RCC
patients. The NKp30-mediated NK cell killing function was
measured by antibody-dependent cell-mediated cytotoxicity
(ADCC) in NK and RCC cell coincubation. We extracted
RNA from the peripheral blood mononuclear cells (PBMCs)
of RCC patients and renal carcinoma tissue and carried out
real-time quantitative PCR to detect the mRNA levels of
NKp30a, NKp30b and NKp30c. mRNA expression levels of
cytokines (IL-6, IL-8, IL-10, IL-18 and TGF-β) based on
RNA extracted from renal carcinoma tissue and adjacent
normal kidney tissues were also measured by real-time
quantitative PCR. Results: Regarding the phenotype of NK
cells in RCC patients, the proportion of NK cells in tumour
tissue was significantly reduced, with changes in the NK cell
proportion being most obvious in NKp30+ NK cells.

Furthermore, the results of the ADCC function assay
showed limited NKp30+ NK cell-mediated cytotoxicity in
RCC patients. Through real-time quantitative PCR, we
found lower expression of NKp30a and NKp30b, the
immunostimulatory splice variants of NCR3 encoding
NKp30, in RCC patients. Moreover, expression of activating
cytokines (IL-6 and IL-8) in renal cancer tissue was
decreased, though inhibitory cytokine (TGF-β) expression
remained unchanged, which may result in an
immunosuppressive cytokine microenvironment. Conclusion:
Decreased expression of immunostimulatory NCR3 splice
variants and the inhibitory cytokine microenvironment in
RCC patients may contribute to deficient NK cell cytotoxicity
and renal carcinoma cell immune escape from NK cell
killing, which may provide a theoretical basis for finding
new immunotherapeutic targets for RCC.

Natural killer (NK) cells play an important role in human
antitumour innate immunity by interacting with receptors on
the surface of NK cells and ligands on the surface of tumour
cells (1-3). NK cells can be activated to kill tumour cells
through induction of positive signalling pathways and
inhibition of negative signalling pathways (4, 5). Activating
receptors on the surface of NK cells include DNAM-1,
natural killer group 2 member D (NKG2D) and natural
cytotoxicity receptors (NCRs) (6). The NCR family consists
of NKp30, NKp44 and NKp46. NKp30 and NKp44 are type
I transmembrane glycoproteins composed of one
immunoglobulin-like extracellular structural domain, with
NKp46 containing two domains. The three NCR family
members (NKp30, NKp44 and NKp46) are encoded by the
genes NCR3, NCR2 and NCR1 (7, 8). The NCR3 gene is
transcribed by alternative splicing into three splice variants
of NKp30 (NKP30a, NKp30b and NKp30c) that have
different biological functions (9). NKp30a and NKp30b exert
immunostimulatory effects by inducing cytotoxic effects and
Th1 cytokine secretion, respectively, whereas the NKp30c
isoform has immunosuppressive effects by triggering release
of interleukin (IL)-10 (10-12).
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The function of NK cells may be suppressed to a relatively
low level in patients with malignant tumours (13, 14). For
example, it has been found that NK cell activity is markedly
reduced in hepatocellular carcinoma patients and associated
with poor prognosis (15-17). Renal cell carcinoma (RCC) is
one of the most common malignant tumours in the urinary
system, and its poor prognosis may result from escape from
NK cell cytotoxicity by kidney cancer cells (18, 19). There
have also been some studies investigating the correlation of
NK cell receptors and RCC. For instance, as an inhibitor of
vascular endothelial growth factor (VEGF) and a targeted
therapy for renal cell cancer, axitinib increases expression of
the ligand for NKG2D on the surface of cancer cells and
enhances NK cell recognition and killing effects towards renal
carcinoma cells (20). Another study found that valproic acid
upregulates NKG2D ligand expression on the surface of renal
cancer cells, leading to increased susceptibility of these cells
to cytotoxicity mediated by NK cells (21). However, NCRs, as
the most important activating receptors on the surface of NK
cells, have not been systematically investigated for specific
roles in the NK cell phenotype and function in RCC. To date,
there is no research focusing on how NCRs participate in the
process of RCC escape from NK cell cytotoxicity.

In this study, we analysed the phenotype of NK cells in
RCC patients and preliminarily found that their proportion
in kidney tumour tissue was significantly reduced. Such
changes in the proportion of NK cells were most obvious in
NKp30+ NK cells. We also used antibody-dependent cell-
mediated cytotoxicity (ADCC) to measure NK cell function,
with the results showing that the cytotoxicity mediated by
NKp30+ NK cells is limited in renal cancer patients.
Accordingly, NKp30 may play an important role in the
mechanism of deficient NK cell function and that of renal
cancer cell escape from immune killing by NK cells.
Therefore, in the further study, we sought to explore the role
of NKp30 in the above process by analysing the changes of
different splice variants of NCR3 and the variation of the
cytokine microenvironment in RCC patients, which may
provide a theoretical basis for finding new targets for renal
cancer immunotherapy.

Materials and Methods

Specimens and peripheral blood samples. Surgically resected kidney
tumour specimens along with matched non-neoplastic surrounding
kidney tissue were obtained from RCC patients of the Shanghai East
Hospital from January 2020 to December 2022. Peripheral blood
was obtained from the above patients and healthy controls (HCs).
A written informed consent was obtained from each individual. The
study protocol was approved by our institutional ethical committee.
Tissue samples were stored in tissue storage solution (Miltenyi
Biotec, Bergisch Gladbach, Germany) or RNA later (Sigma-Aldrich,
St. Louis, MO, USA). Clinical characteristics of patients and HCs
are listed in Table I.

PBMC/TIL/KIL isolation. Peripheral blood mononuclear cells
(PBMCs) were obtained from the peripheral blood of RCC patients
(n=20) and healthy controls (n=20) by standard methods. Tumour-
infiltrating lymphocytes (TILs) were obtained from renal tumour
specimens removed by surgery (n=20), and the control group cells
were kidney-infiltrating lymphocytes (KILs) derived from normal
kidney tissue adjacent to the renal carcinoma (n=20). Tissue samples
were treated by enzymatic and mechanical dissociation with the
human Tumour Dissociation Kit by gentle MACS Dissociator
(Miltenyi Biotec), according to the manufacturer’s instructions. The
cell suspension was filtered in a 70 μm cell strainer (Miltenyi
Biotec) and centrifuged twice at 50 g for 2 min. The supernatant
containing lymphocytes was processed for flow cytometry or
cryopreserved in liquid N2.

Flow cytometry. Flow cytometry analysis of ex vivo isolated PBMC,
KIL and TIL cells after co-culture with the A498 renal cancer cell
line, was performed using CyAn (Beckman Coulter, Brea, CA, USA)
and FACSCalibur (Becton Dickinson, Franklin Lakes, NJ, USA).
The following mouse anti-human fluorescent antibodies were used:
CD3-FITC (76-228, ImmunoTools, Friesoythe, Germany), CD56-
Pc5.5 (IM2659U, Beckman Coulter), CD56-Pc5 (IM2654U,
Beckman Coulter), NKp30-Alexa Fluor®647 (325212, BioLegend,
San Diego, CA, USA), NKp44-PE (558563, Becton Dickinson),
NKp46-Brilliant Violet 421™ (331913, Becton Dickinson) and CD3-
PacBlue (520026, Becton Dickinson). Briefly, 2×105 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 were expressed as the
frequency of cells of the CD3–CD56+ gated population. 

Antibody-dependent cellular cytotoxicity (ADCC) assay. Functional
redirecting assay, also named reverse antibody-dependent cellular
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Table I. Clinical characteristics of renal cell carcinoma (RCC) patients
and healthy controls (HCs).

                                                                         RCCs                    HCs

Number of subjects                                            20                        20
Male/Female                                                     15/5                     15/5
Median age (years) – range                        56 (44-69)           52 (39-62)
Median tumour size (mm) – range             51 (21-87)               None 
Pathology                                                             
   Clear cell RCC                                               17                          
   Papillary RCC                                                 3                           
Grade                                                                    
   Ⅰ                                                                        2                           
   Ⅱ                                                                      14                          
   Ⅲ                                                                     4                           
   Ⅳ                                                                     0                           
Stage                                                                     
   Ⅰ                                                                        3                           
   Ⅱ                                                                      15                          
   Ⅲ                                                                     2                           
   Ⅳ                                                                     0                           



cytotoxicity (ADCC) assay, was performed after cross-linking of
NKp30 and FcγR+ P815 murine cell line, as previously described
(22). Briefly, PBMC, TIL and LIL were incubated overnight with
or without IL-15 (20 ng/ml, PeproTech EC, London, UK) and
subsequently washed and incubated for 4 hours at 37˚C with 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 (557729, Becton Dickinson) and
TNFα-Alexa Fluor®488 (560242, Becton Dickinson). Data analysis
was performed with the Kaluza 1.3 software (Beckman Coulter).

RNA extraction and real-time PCR. Expression of major NKp30
isoforms was quantified by real-time PCR (qPCR) in PBMC of
RCC patients, HC and in TIL and KIL as described (23). IL-6, IL-
8, IL-10, IL-18 and TGF-b mRNA expression were evaluated in
RCC specimens and surrounding matched non-neoplastic kidney
tissue. Tissue RNA extraction was performed with TRIzol reagent
(Thermo Fisher Scientific, St. Louis, MO, USA) 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 5 μg 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, Hercules, CA, USA) 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.

Statistical analysis. Data for PBMCs obtained from the kidney
cancer group and healthy control group were analysed using
unpaired t-tests. The paired t-test was performed to analyse the
paired data of tumour tissue and normal kidney tissue. Statistical
analysis was performed with GraphPad 9.0 (GraphPad Software
Inc., San Diego, CA, USA) statistical software. A p-Value ≤0.05
was considered statistically significant.

Results

Phenotype of NK cells in the peripheral blood and tumour
tissue of RCC patients. We used flow cytometry to detect and
compare the proportions of total NK cells (CD3– CD56+
cells) and NK cell subsets, including NKp30+, NKp44+ and
NKp46+ NK cells, in PBMCs from renal carcinoma patients
and healthy controls. There was no significant difference
between the two groups in the proportions of total NK cells,
NKp44+ and NKp46+ NK cells; however, the NKp30+ NK
cell percentage among PBMCs of RCC patients was
significantly lower than that of healthy controls (Figure 1).

We found no significant difference in proportions of
NKp44+ and NKp46+ NK cells between TILs in renal
carcinoma specimens and KILs in the adjacent normal
kidney tissue, similarly to the results for the peripheral
blood. However, the total NK cell (CD3–CD56+ cell)
percentage in kidney cancer tissue was significantly lower
than that in the normal kidney tissue adjacent to the renal
cancer, and the proportion of NKp30+ NK cells in kidney
cancer tissue was significantly higher than that in the
adjacent normal kidney tissue, showing the opposite results
to peripheral blood (Figure 2).

NKp30-mediated NK cell killing function assay using the
peripheral blood and tumour tissues of RCC patients.
Studies of NK cell phenotype have found that the phenotype
of NKp30 cells is significantly different from that of NKp44
and NKp46 cells. Therefore, NKp30 may play an important
role in renal cancer cell escape from NK cell killing. We
further used an NKp30-mediated ADCC assay to examine
the killing function of NK cells collected from the peripheral
blood and renal cancer tissues of RCC patients. The NK cell
degranulation function was reflected by the percentage of
CD107a+ NK cells detected by flow cytometry, and the
ability to release cytokines was reflected by the percentage
of IFNγ+ NK cells. We evaluated the NKp30-mediated NK
killing function of PBMCs and found no significant
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Figure 1. The proportion of total natural killer (NK) cells (CD3–CD56+ cells), NKp30+, NKp44+ and NKp46+ subsets in peripheral blood
mononuclear cells (PBMCs) of renal cancer carcinoma patients (RCC) (n=20) and healthy controls (HCs) (n=20). There was no significant
difference in the proportions of total NK cells (A), NKp44+ (C) and NKp46+ (D) between the groups. The proportion of NKp30+ NK cells (B) among
PBMCs of RCC patients was significantly lower than that of HCs. Statistical analysis was performed with unpaired t-tests.



difference in NK cell degranulation or cytokine release
between the RCC group and the healthy control group in the
absence of IL-15 stimulation. However, with IL-15
stimulation, both the degranulation function and cytokine
release of NK cells of renal cancer patients were
significantly lower in comparison with those of healthy
participants. Then, we further determined the killing function
of NK cells extracted from renal cancer tissue and adjacent
normal kidney tissue, and our results revealed that with or
without IL-15 stimulation, the level of cytokine release
between the groups was not remarkably different but that the
NK cell degranulation effect of the renal cancer group was
lower than that of the normal kidney tissue group (Figure 3).

NCR3 splice variant mRNA expression in peripheral blood
and tumour tissues of RCC patients. mRNA levels of the
three NCR3 splice variants, NKp30a, NKp30b and NKp30c,
were evaluated by real-time quantitative PCR in PBMCs of
renal cancer patients. mRNA expression of NKp30a and
NKp30b was remarkably lower in PBMCs of renal cancer
patients compared to healthy controls, with no significant
difference for NKp30c between the two groups (Figure 4).
The same method was applied to examine mRNA levels of
NKp30a, NKp30b and NKp30c among tumour-infiltrating
lymphocytes (TILs) of renal cancer tissue and kidney-
infiltrating lymphocytes (KILs) in adjacent normal kidney.
There were no significant differences in mRNA levels of
NKp30a and NKp30c between the TIL and the KIL group.
However, compared with normal kidney tissue, mRNA
expression of NKp30b in renal cancer tissue was remarkably
lower (Figure 5).

Measurement of cytokine levels in the tumour tissue of RCC
patients. Real-time quantitative PCR was performed to
evaluate mRNA levels of several common cytokines (IL-6,
IL-8, IL-10, IL-18 and TGF-β), which can reflect the status
of the body’s cytokine microenvironment, in both renal

tumour tissue and surrounding normal kidney tissue. The
results showed that in tumour tissue, mRNA levels of IL-6,
IL-8 and IL-10 were significantly lower than those in normal
kidney tissues. However, mRNA levels of IL-18 and TGF-β
in tumour tissue were not significantly different from those
in the surrounding normal kidney tissues (Figure 6).

Discussion

It has been found that in patients with various kinds of
malignant tumours, such as liver cancer and oral squamous
carcinoma, the NK cell proportion is reduced and the NK
cell killing function is suppressed (13, 14). NK cell
cytotoxicity is remarkably downregulated in hepatocellular
carcinoma patients, and a lower level of NK cell activity is
associated with worse prognosis (15-17). In oral squamous
carcinoma tumour tissues, both the biological function and
antitumour activity of NK cells are reduced (24, 25). 

RCC is one of the most aggressive malignancies of the
genito-urinary tract, having a poor prognosis especially in
patients with metastasis (26). For advanced renal cancer,
surgical resection combined with the currently available
immunotherapy is still of limited efficacy (27). Finding new
immunotherapy targets may be the key breakthrough to
improve the efficacy of renal cancer treatment. Although
most immune therapies have focused on enhancing T cell
functions, there is a growing interest in developing therapies
that can target other immune cell subsets, such as natural
killer cells. For example, one study focusing on a functional
screen to rapidly identify antibodies that can activate NK
cells, found that bispecific antibodies targeting NCR3 can
potently activate NK cells (28). In terms of studies focused
on the NK cell phenotype in RCC, researchers have
investigated the phenotype of NK cells extracted from
peripheral blood lymphocytes and TILs in renal cancer
patients, as early as 1997 (29). They found that tumour
grading correlated inversely with the proportion of NK cells,
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Figure 2. The proportion of total natural killer (NK) cells (CD3-CD56+ cells) and NKp30+, NKp44+ and NKp46+ subsets among tumour-infiltrating
lymphocytes (TILs) of renal carcinoma tissue (n=20) and kidney-infiltrating lymphocytes (KILs) from adjacent normal kidney tissue (n=20). The
proportion of NK cells (CD3-CD56+ cells) among TILs was significantly lower than that among KILs (A). The proportion of NKp30+ NK cells
among TILs was significantly higher than that among KILs (B). There was no significant difference in NKp44+ and NKp46+ NK cell percentages
between the TIL and the KIL groups (C and D). Statistical analysis was performed with paired t-tests.



indicating lower NK cell cytotoxicity in more aggressive
renal carcinoma (29). Since then, only a few studies have
focused on the correlation of RCC and NK cells, especially
with regard to the association between receptors on the
surface of NK cells and immune escape by kidney cancer
cells. We found two articles about NKG2D, one of which
reported that the VEGF inhibitor axitinib, a targeted
therapeutic agent for kidney cancer, increases expression of
the ligand NKG2D on the surface of renal cancer cells to
enhance the ability of NK cells to recognize and further kill
cancer cells (20). Another study found that valproic acid
increases NKG2D ligand expression on the surface of renal
cancer cells, thereby enhancing the vulnerability of cancer
cells to NK cell-mediated immune effects (21). Nevertheless,
the NCR receptor system, involving an important activating
receptor on the surface of NK cells, has not been explored
in renal cancer.

Our results showed that the proportion of NK cells in the
tumour tissue of RCC patients was remarkably lower than
that in adjacent normal kidney tissue, consistent with
previous reports and suggesting that the reduced NK cell
percentage in renal cancer tissue may be one of the

mechanisms by which RCC cells escape from the
cytotoxicity mediated by NK cells. However, in our research,
the percentage of NK cells obtained from the peripheral
blood of RCC patients was not significantly different
compared to the healthy control group. This may be because
we included more early-stage to mid-stage renal carcinoma
cases, in which the NK cell number in peripheral blood was
not significantly different from that in healthy individuals.
That can be explained by the lower clinical benefit of
surgical treatment in patients with advanced renal cancer,
and the difficulty to obtain histological specimens of
advanced renal cancer. Further studies including a larger
number of patients with all clinical stages are needed.

Natural cytotoxic receptors (NCR) engage in an important
activating receptor system on the surface of NK cells, mainly
NKp30, NKp44 and NKp46. We first examined and
compared the NCR phenotype and function of NK cells in
RCC patients simultaneously and found that the percentage
of NKp30+ NK cells in peripheral blood lymphocytes was
significantly lower in the renal cancer group than that in the
healthy control group. However, proportions of NKp44+ and
NKp46+ NK cells in RCC patients were not significantly
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Figure 3. NKp30-mediated natural killer (NK) cell killing function in the peripheral blood and tumour tissues of kidney cancer patients. In the
antibody-dependent cellular cytotoxicity (ADCC) assay of peripheral blood NK cell killing function (A, B), there was no significant difference in
NK cell degranulation or cytokine release between the renal cell carcinoma (RCC) group (n=20) and the healthy control (HC) group (n=20) in the
absence of IL-15 stimulation. Under IL-15 stimulation, both degranulation function and cytokine release were significantly lower in RCC patient
cells (n=20) than in those of the HC group (n=20). In samples of renal cancer tissue and adjacent normal kidney tissue (C, D), there was no
significant difference in the cytokine release level between tumour-infiltrating lymphocytes (TIL) of renal carcinoma tissue (n=20) and kidney-
infiltrating lymphocytes (KILs) from adjacent normal kidney tissue groups (n=20) with or without IL-15 stimulation, but the NK cell degranulation
effect in the TIL group (n=20) was lower than that in the KIL group (n=20). Statistical analysis was performed using the t-test.



different from those in healthy participants when comparing
not only peripheral blood lymphocytes but also samples from
kidney cancer tissues. The results highlighted the specificity
of NKp30 among the receptors of NK cells and indicated
that it may have an important effect in the escape of renal
cancer cells from the immune killing by NK cells. Therefore,
we further investigated the cytotoxic effect of NKp30+ NK
cells using the ADCC method. The results showed that the
NKp30-mediated degranulation function of NK cells in RCC
patients was significantly lower than that in healthy controls,
not only in peripheral blood but also in kidney tumour tissue.
These results are also compatible with the decreased
proportion of NK cells in patients with renal carcinoma,
suggesting that the proportion and function of NK cells are
suppressed in renal cancer in association with NKp30, one
member of the NCR family.

The ADCC assay is an in vitro killing test. However, the
cytokine microenvironment within the tumour tissue is

extremely complex in vivo, which explains why the
percentage of IFNγ+ NK cells in the tumour tissue was not
significantly different from that in normal kidney tissue for
the process of NK cell killing reflected by ADCC.
Additionally, lymphocytes in tumour tissue, which are
influenced by the internal environment of the tumour tissue,
showed remarkably higher NKp30+ NK cell levels than those
in normal kidney tissue, which is opposite to the results for
peripheral blood lymphocytes. This is a seemingly
paradoxical phenomenon. Although NKp30+ NK cells were
enriched in tumour tissue, the NKp30-mediated ADCC effect
was relatively low, which may be due to NKp30 isoform
expression, the cytokine microenvironment of the tumour
and the interaction of NKp30 with its ligands.

NKp30 is encoded by the NCR3 gene, and the transcript
can be processed by alternative splicing into three main
splice variants: NKp30a, NKp30b and NKp30c. These three
isoforms have different biological functions. NKp30a and
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Figure 4. Measurement of mRNA levels of the three NCR3 splice variants (NKp30a, NKp30b and NKp30c) in peripheral blood mononuclear cells
(PBMCs). mRNA levels of NKp30a and NKp30b in PBMCs of patients with renal cell carcinoma (RCC) (n=20) were significantly lower than those
in healthy controls (HCs) (n=20) (A, B). There was no significant difference in NKp30c mRNA level between the two groups (C). Statistical analysis
was performed with the unpaired t-test.

Figure 5. Measurement of mRNA levels of NKp30a, NKp30b and NKp30c in tumour-infiltrating lymphocytes (TILs) in renal carcinoma tissue and
kidney-infiltrating lymphocytes (KILs) in adjacent normal kidney tissue. There were no significant differences in the mRNA levels of NKp30a and
NKp30c between the TIL (n=20) and KIL (n=20) groups (A, C), but mRNA expression of NKp30b in TILs (n=20) was lower than that in KILs
(n=20) (B). Statistical analysis was performed with the paired t-test.



NKp30b are immunostimulatory because they induce
cytotoxicity and promote Th1 cytokine secretion,
respectively, whereas NKp30c has an immunosuppressive
effect by inducing the release of IL-10. An increase in
mRNA encoding NKp30c, as opposed to the NKp30a and
NKp30b isoforms, indicates poor prognosis, tumour
progression and metastasis (23, 30, 31). For instance, in
gastrointestinal sarcoma, elevated expression of the NKp30c
isoform correlates with a reduced survival rate and reduced
release of NKp30-dependent TNF-α and CD107a (32). In
cervical cancer patients, decreased expression of the NKp30c
isoform was found when compared against healthy subjects,
which describes a unique down-modulation or non-fitness
status of the immune response (33). The diverse expression
of NKp30 isoforms is also influenced by the cytokine
microenvironment. Indeed, NK cells can be affected by
different cytokine microenvironments to generate different
splice variants of NCR3, which have distinct functions. A
group of researchers have reported that cytokines, including
TGF-β/IL-15/IL-18, promote the expression of NKp30b and
NKp30c to a large extent (34). In the placental tissues of
pregnant women undergoing miscarriage, expression of

NKp30a and NKp30b, the activating isoforms of NKp30, are
highly upregulated and associated with increased secretion
of cytokines, such as TNFα, IL-10 and VEGF-A (35).

Our results showed that although the mRNA levels of
NKp30c were not significantly different in PBMCs and TILs,
those of NKp30a and NKp30b in PBMCs of the kidney
cancer group were reduced compared with those in the
healthy group, and the mRNA level of NKp30b in renal
cancer tissue was decreased compared with that in normal
kidney tissue. In other words, in renal carcinoma, although
there was no remarkable change in the inhibitory isoforms
of NKp30, its activating isoform was suppressed, which may
be involved in the immune escape of renal cancer cells
mediated by NKp30. To some extent, this may also offer an
explanation for a seemingly contradictory phenomenon:
although NKp30+ NK cells were enriched in renal cancer
tissue, the NKp30-mediated ADCC of RCC patients was
relatively low. Overall, NKp30+ NK cells were enriched in
renal carcinoma, but the inhibitory effect due to the altered
NCR3 splice variants was predominant, which resulted in a
NKp30-mediated NK cell cytotoxicity effect that was also
deficient.
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Figure 6. Determination of mRNA levels of common cytokines (IL-6, IL-8, IL-10, IL-18 and TGF-β). mRNA levels of cytokines IL-6, IL-8 and IL-10
in RCC tissue were significantly lower than those in normal kidney tissue (A, B, C), whereas mRNA levels of IL-18 and TGF-β in RCC tissue were
not significantly different from those in surrounding normal kidney tissues (C, D). Statistical analysis was performed with the paired t-test.



Impaired NK effector function may be related to the
potent immunosuppressive activity of the tumour
microenvironment (TME) (36-39). Such distinct expression
of NCR3 splice variants is influenced by the cytokine
microenvironment, which is extremely complex in vivo,
especially in tumour tissues (40, 41). In acute myeloid
leukemia, the previously reported NCR3 encoding NKp30,
which purportedly influence mRNA splicing into isoforms
with discrete functions, did not affect the immunotherapy
outcome in a study, which may also be due to the complex
microenvironment in vivo (42). In our study, we found that
although the expression of cytokines in inhibitory signalling
pathways (e.g., TGF-β) remained unchanged, that of
activating cytokines (e.g., IL-6, IL-8) was decreased in renal
cancer tissue (43-45), creating an inhibitory
microenvironment that may suppress the activating NCR3
splice variants NKp30a and NKp30b and accordingly inhibit
the NK cell killing function. Therefore, to address the role of
NKp30 in the mechanism of kidney cancer cell escape from
NK cell immune killing, we carried out analyses from two
perspectives: expression of different isoforms of NKp30 and
changes in the cytokine microenvironment. We found that
both decreased NCR3 activating splice variants expression
and the inhibitory cytokine microenvironment may contribute
to restrict the killing function of NK cells and promote escape
of renal cancer cells from NK cell-mediated cytotoxicity. 

RCC is a highly angiogenic tumour, and the discovery of
vascular endothelial growth factor (VEGF) and
mammalian/mechanistic target of rapamycin (mTOR)
pathways in the development of RCC has led researchers to
study therapeutic agents targeting these pathways, resulting
in multiple Food and Drug Administration (FDA) approvals
of drugs in this category (46). These drugs were associated
with improved response and decreased risk of toxicities;
however, a durable complete response is uncommon (3, 47-
49). Hence, there is a need for a continued search for novel
targets and drugs in addition to already existing targeting
agents. According to our results, splice variants of NCR3 and
tumour cytokine microenvironment may become new
therapeutic targets for RCC. Potential novel immuno-
modulatory agents, which focus on the splice variants of
NCR3 and cytokine microenvironment, may modulate the
anti-tumour function of NK cells and further improve the
prognosis of RCC patients.

Conclusion

In conclusion, our study found that both the proportion and
function of NK cells are decreased in renal carcinoma tissue.
NKp30, a member of the NCR family on the surface of NK
cells, may play an important role in the mechanism of
restricted NK cell function. In addition, decreased expression
of immunostimulatory NCR3 splice variants and the

inhibitory cytokine microenvironment in RCC patients may
be involved in the mechanism of restricted NK cell function
and kidney cancer cell escape from NK cell cytotoxicity,
providing a theoretical basis for finding new targets for renal
cancer immunotherapy.
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