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Peng-Cheng LIU1,#, Xiao-Wen FENG2,#, Xiao-Min ZHAO1,#, Jing YE1, Feng-Lian HE1, Hui LIU1, Ren-Ming LI1, Xue-Fu WANG2,*, Da-Hai ZHAO1,*

1Department of Respiratory and Critical Care Medicine, The Second Affiliated Hospital, Anhui Medical University, Hefei, Anhui, China; 2School 
of Pharmacy, Anhui Medical University, Hefei, Anhui, China 

*Correspondence: zhaodahai@ahmu.edu.cn; wangxuefu@ahmu.edu.cn 
#Contributed equally to this work.
 
Received February 19, 2022 / Accepted May 16, 2022

Natural killer (NK) cells typically function as frontline lymphocytes against cancer although little is known about their 
engagement in non-small cell lung cancer (NSCLC). This study compared the performance and activity of NK cells and 
their subsets in the peripheral blood of NSCLC sufferers and healthy participants. In total, 67 healthy controls (40 males; 
59.7%) and 56 patients with NSCLC (35 males; 62.5%) were included (mean age, 66.6 years). Flow cytometry identified NK 
cells and their subpopulations in external blood, and the total number, proportion, activity, surface activating, and inhibi-
tory receptor expression levels were determined. Results showed that NK cell surface receptors CD107a, IFN-γ, and TNF-α 
activity were markedly reduced in lung cancer patients compared to healthy controls. The number and ratio of NK cells 
within the lymphocyte population were decreased in patients. The concentration of the inhibitory receptors TIGIT, TIM-3, 
CD96, PD-1, and Siglec-7 were increased in patients, whereas the expression level of the activating receptor NKP30 was 
decreased. Moreover, the expression levels of IFN-γ, TIGIT, CD96, PD-1, and TIM-3 were correlated with the clinical phase 
of NSCLC. These findings suggest that surface receptors from NK cells are likely to be involved in the evolution of NSCLC. 
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According to the global cancer burden report released 
by the International Agency for Research on Cancer [1], 
there were 18.1 million new patients with cancer worldwide 
in 2018, of which lung cancer ranked first with 11.6% of all 
cancers. As the pathologic type with the highest percentage 
among lung cancers, non-small cell lung cancer (NSCLC) 
often reaches phase IIIB–IV when diagnosed and is beyond 
the opportunity for aggressive treatment [2, 3]. The treat-
ment of advanced NSCLC is difficult, with low effective rates 
and limited benefits to patients. The survival rate of five 
years is approximately 16% [4]. However, the use of preci-
sion medicine in cancer treatment is developing rapidly and 
showing promise [5]. Among those treatments, unlike tradi-
tional radiotherapy, chemotherapy, and targeted therapy, 
immunotherapy acts directly on the autoimmune system to 
restore the activity of immune cells, for instance, T cells and 
natural killer (NK) cells, by restraining immune checkpoint 
proteins from binding to their partners. The advantages of 
immunotherapy include a broad antitumor spectrum, long-
lasting curative effect, minor adverse effects, and apparent 
synergistic effects with combined radiotherapy and chemo-

therapy, which can significantly extend the survival time of 
patients [6, 7]. To date, most immunotherapy for lung cancer 
has focused on T cells, with few basic and clinical studies 
assessing NK cells.

NK cells are distributed in the internal organs mainly in 
the lungs, followed by the liver [8]. These cells account for 
5–20% of the circulating lymphocyte pool in the periph-
eral blood of normal grownups [9]. NK cells kill target cells 
directly without sensitization. Their activity depends on 
the stability of activating and inhibitory signals. NK cell-
activating receptors include NKG2D, NKp30, NKp44, and 
NKp46; moreover, NK cell inhibitory receptors include 
CD96, NKG2A, and TIM-3, together with the T cell immuno-
globulin and ITIM domain (TIGIT). In addition, NK cells 
generate cytokines and chemokines to regulate the immune 
response. This functional characteristic of NK cells suggests 
that the receptor feature of NK cells may be of great impor-
tance in the immunotherapy of lung cancer [6, 10]. However, 
studies investigating this function have shortcomings, such 
as few studies have involved human biological samples and 
one-sided detection indicators [11].
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Therefore, to assess evidence for the antitumor application 
of NK cells in NSCLC, the present study used flow cytom-
etry to analyze the number, proportion, and expression levels 
of activating and inhibitory receptors of NK cells in patients 
with NSCLC and healthy control participants.

Patients and methods

Antibodies. The mentioned antibodies were used in this 
study: fluorescein isothiocyanate (FITC)-conjugated anti-
human CD3 (OKT3), allophycocyanin (APC)-conjugated 
anti-human CD56 (5.1H11), Alexa Fluor® 700-conjugated 
anti-human CD16 (3G8), PerCP/Cyanine5.5-conjugated 
anti-human TIGIT (TIGIT; A15153G), phycoerythrin 
(PE)-conjugated anti-human CD328 (Siglec-7; 6-434), 
allophycocyanin (APC)-conjugated anti-human Siglec-9 
(K8), APC/Cyanine7-conjugated anti-human CD366 (Tim-3; 
F38-2E2), FITC-conjugated anti-human CD279 (PD-1; 
A17188B), PE/Cyanine7-conjugated anti-human CD336 
(NKP44; P44-8), PerCP/Cyanine5.5-conjugated anti-human 
CD314 (NkG2D; 1D11), PerCP/Cyanine5.5-conjugated anti-
human CD335 (NKP46; 9E2), PE/Cyanine7-conjugated anti-
human CD96 (NK92.39), PE-conjugated anti-human tumor 
necrosis factor (TNF)-α (MAb11), PerCP-conjugated anti-
human CD107a (lysosomal-associated membrane protein 
1 [LAMP-1]; H4A3), PE/Cyanine7-conjugated anti-human 
interferon (IFN)-γ (B27), PerCP/Cyanine5.5-conjugated 
anti-human CD337 (NKP30; P30-15). These antibodies and 
isotypes were obtained from BioLegend (San Diego, CA, 
USA).

Human samples. Participants included initially treated 
patients with NSCLC hospitalized in the Department of 
Respiratory Medicine of the Second Affiliated Hospital of 
Anhui Medical University from August to September 2021 
who were consistent with the following criteria: 1) Histo-
pathologic evidence supporting the diagnosis of NSCLC; 2) 
No previous cancer therapies, such as surgery, radiotherapy, 
chemotherapy, targeted treatments, and immunotherapy; 
3) No missing clinical data; and (4) Patient and family 
members provided informed consent. The exclusion criteria 
included receiving a diagnosis of acquired immunodefi-
ciency syndrome; a blood system disease, such as leukemia, 
lymphoma, or megaloblastic anemia; autoimmune disease, 
such as inflammatory bowel disease, vasculitis, or rheuma-
toid arthritis; or 4) other types of tumors. Healthy volunteers 
were selected during the same timeframe from the check-up 
center. The Ethics Committee of Anhui Medical University 
approved this study (YX2021-064[F1]). All parties provided 
a written informed consent form.

Isolation and activation of peripheral blood mononu-
clear cells (PBMCs). After fasting for a minimum of 12 h, 
venous blood (5 ml) was gathered from participants. Tubes 
containing EDTA anticoagulants were used to collect the 
samples, which were submitted for testing within 4 hours. 
PBMCs were identified from systemic blood with the Ficoll-

Paque density gradient centrifugation method and red 
blood cell lysis method. Saline was used to resuspend the 
separated PBMCs. PBMCs were incubated with anti-CD107a 
antibody and stimulants (PMA, ionomycin, monensin) for 4 
hours. The surface molecules (anti-CD16, anti-CD56, anti-
TIGIT, anti-PD-1, anti-TIM-3, anti-Siglec-7, anti-Siglec-9, 
anti-CD96, anti-NKG2D, anti-NKp30, anti-NKp44, and 
anti-NKp46) and cell viability of the cells were stained first, 
then penetrated the membrane and fixed, and finally intra-
cellular molecules IFN-γ and TNF-α were stained for flow 
detection.

Flow cytometry. PBMC suspensions were added to 
sample tubes containing the fluorescently labeled antibody. 
A Beckman Coulter flow cytometry system was used to 
detect NK cell phenotypic characteristics and the expres-
sion of CD16, CD56, IFN-γ, TNF-α, CD107a, TIGIT, PD-1, 
TIM-3, Siglec-7, Siglec-9, CD96, NKG2D, NKp30, NKp44, 
and NKp46 in NK cells. FlowJo software was used to analyze 
the resulting data.

Statistical analysis. Data collected are displayed as mean 
± standard error and were analyzed using SPSS, version 22.0, 
software. We used independent-sample t-tests for metric 
data comparisons and chi-square tests for grade compari-
sons. Metric data were subjected to a normality test and a 
homogeneity of variance test. Values of p<0.05 indicated a 
statistical difference between the data, *p<0.05; **p<0.01; 
***p<0.001; ns = not significant.

Table 1. Clinical and demographic characteristics of the study populations.

Characteristic No. (%) of healthy 
participants (n=67)

No. (%) of patients 
with NSCLC (n=56)

Gender
Female 27 (40.3) 21 (37.5)
Male 40 (59.7) 35 (62.5)

Age
<65 years 29 (43.3) 23 (41.1)
≥65 years 38 (56.7) 33 (59.0)

Smoking status
Ever-smoker 19 (28.4) 29 (51.8)
Never-smoker 48 (71.6) 27 (48.2)

Stage
I 8 (14.3)
II 21 (37.5)
III 13 (23.2)
IV 14 (25.0)

ECOG performance status
0–1 47 (84.0)
2–4 9 (16.1)

Histologic subtype
ADC 27 (48.2)
SQCC 29 (51.8)

Abbreviations: ADC-adenocarcinoma; ECOG-Eastern Cooperative Oncol-
ogy Group; NSCLC-non-small cell lung cancer; SQCC-squamous cell 
carcinoma
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Results

Patient characteristics. The study included 123 partici-
pants: 67 healthy volunteers and 56 patients with NSCLC 
(mean age, 66.6 years). Both chi-square and t-tests showed 
no statistically significant discrepancy in age or sex distri-
bution between the control and the NSCLC groups. Partici-
pants in the control group had significantly lower tobacco 
smoking rates than those in the NSCLC group. Among the 
patients with NSCLC, 29 were diagnosed with early lung 
cancer (stage I or II), and 27 were diagnosed with advanced 
lung cancer (stage III or IV); 27 patients were identified with 
lung adenocarcinoma, and 29 patients with squamous cell 
carcinoma of the lung were diagnosed (Table 1).

Abnormal number, frequency, and function of NK cells 
in the peripheral blood of patients with NSCLC. Flow 
cytometry analyses indicated that CD3−CD56+ NK cells were 
initially recognized in the lymphoid gate and then further 
distinguished into CD56dimCD16+ and CD56brightCD16− NK 
subgroups (Figure 1A). The ratio (Figure 1B) and amount 
(Figure 1E) of total NK cells of NSCLC patients were 
remarkably reduced compared to the healthy volunteers. 
No remarkable differences between the healthy volunteers 
and NSCLC patients in the ratios of CD56dimCD16+ NK cell 
and CD56brightCD16− NK cell subgroup or for the cytom-
etry of the CD56brightCD16− NK cell subset in the NSCLC 
patients (Figures 1C, 1D, 1G). However, the count for the 
CD56dimCD16+ NK cell subgroup was remarkably decreased 

Figure 1. Total number of NK cells in peripheral blood decreases in NSCLC patients. Flow cytometric gating strategy used to analyze NK cell subsets 
in PBMC samples (A). LC represents lung cancer and HD, healthy donors. Percentage of NK cells in the lymphocyte population (B) and the ratios of 
CD16+ (C) and CD16− (D) to CD56+ NK cells in NSCLC patients vs. healthy participants. Numbers of NK cells (E), CD16+ NK cells (F), and CD16− NK 
cells (G) in NSCLC patients and healthy participants’ peripheral blood.
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percentage of PD-1+ NK cells but were remarkably higher in 
the NSCLC group (Figure 3G). No significant difference was 
detected in the proportion of Siglec-7+ NK cells between the 
control and NSCLC groups, but the geometric mean fluores-
cence intensity was remarkably reduced in the NSCLC group 
(Figures 3K, 3L). No significant group difference was found 
in the proportion or Geometric mean fluorescence intensity 
of Siglec-9+ NK cells (Figures 4C, 4D).

For the activating receptors, the proportion of NKP30+ 

NK cells in the NSCLC patients was noticeably lower than 
that in the healthy volunteers (Figure 5G). By contrast, the 
proportions and geometric mean fluorescence intensity were 
not noticeably different between the two groups for NKG2D+, 
NKP44+, and NKP46+ NK cells (Figures 5E, 5F, 5I–5L).

To further explore the association between lung cancer 
and NK cell surface receptors, we divided the NSCLC group 
into different subgroups based on TNM staging and histo-

in the NSCLC group (Figure 1F). In addition, secretion of 
IFN-γ, CD107a, and TNF-α from NK cells was decreased 
in patients with NSCLC (Figure 2). Thus, compared with 
healthy participants, patients with NSCLC showed a decrease 
in the ratio of NK cell subpopulations, cell numbers, and NK 
cell function.

Activating and inhibitory receptors on the surface of NK 
cells in patients with NSCLC are abnormal and are associ-
ated with disease progression. The equilibrium of activating 
and inhibiting signals regulates the physiological functions 
of NK cells. Thus, we compared the proportion of six inhibi-
tory receptors and four activating receptors between NSCLC 
patients and healthy participants.

For the inhibitive receptors of NK cells, the ratios of 
TIGIT+, TIM-3+, and CD96+ NK cells in the peripheral blood 
of NSCLC patients were significantly increased (Figures 3E, 
3I, 4E). Both the health and the NSCLC group had a poor 

Figure 2. NK cell function decreases in NSCLC patients. Representative flow cytometry density plots for IFN-γ (A), TNF-α (B), and CD107a (C) ex-
pression on NK cells in NSCLC patients and control participants. LC represents lung cancer; HD, healthy donors; and ISO, isotype. The proportion 
of IFN-γ+ (D), TNF-α+ (F), and CD107a+ (H) NK cells in NSCLC patients and healthy participants. Geometric mean fluorescence intensity (GMFI) of 
IFN-γ+ (E), TNF-α+ (G), and CD107a+ (I) NK cells.
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pathological classification. We assessed the proportions of 
IFN-γ+, TIGIT+, TIM-3+, PD-1+, and NKP30+ NK cells across 
these subgroups (Table 2). The study reveals that the propor-
tion of NKP30+ NK cells is noticeably higher in the lung 
adenocarcinoma subgroup than in the squamous cell carci-
noma subgroup, whereas the proportions of IFN-γ+, TIGIT+, 
TIM-3+, and PD-1+ NK cells did not differ significantly 
between these two categories. The proportions of TIGIT+, 
TIM-3+, PD-1+, and CD96+ NK cells in the advanced lung 
cancer subgroup were greater than those in the early lung 
cancer subgroup, and the proportions of IFN-γ+ NK cells 

were higher than those in early lung carcinoma  group. No 
significant difference in NKP30+ NK cells was found between 
the two groups.

These findings suggest that the expression of receptors 
on the NK cell surface is abnormal in the peripheral blood 
of NSCLC patients. In general, the expression of inhibitory 
receptors was high whereas activation receptor expression 
was low, and the expression of most cell surface inhibitory 
receptors was higher with disease progression, suggesting 
the activity decreased of NK cells was enhanced with disease 
progression. However, the expression of the various cell 

Figure 3. Abnormal expression of inhibitory receptors on the surface of NK cells in NSCLC patients. Representative flow cytometry density plots for 
TIGIT (A), PD-1 (B), TIM-3 (C), and Siglec-7 (D) expression on NK cells from NSCLC patients and healthy participants. LC represents lung cancer; 
HD, healthy donors; and ISO, isotype. Proportion of TIGIT+ (E), PD-1+ (G), TIM-3+ (I) and Siglec-7+ (K) NK cells in patients with NSCLC and healthy 
participants. Geometric mean fluorescence intensity (GMFI) of TIGIT+ (F), PD-1+ (H), TIM-3+ (J), and Siglec-7+ (L) NK cells in patients with NSCLC 
and healthy participants.
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surface receptors did not appear to be associated with the 
histopathological type of lung neoplasms.

Discussion

Although treatments such as radiotherapy, chemotherapy, 
and targeted therapy have greatly extended the survival 
periods of lung neoplasms patients, long-term tumor control 
is still difficult to achieve, and a new treatment is urgently 
needed [12]. To this end, the present study sought to deter-
mine whether NK cell surface receptor expression and NK 
cell function are altered in the peripheral blood of NSCLC 
patients. We found that compared to healthy participants, 
the number and proportion of NK cells in the peripheral 
blood of NSCLC patients were decreased, the anti-cancer 
activity of NK cells was decreased, and there was increased 
expression of NK cell surface inhibitory receptors TIGIT, 

CD96, TIM-3, and PD-1. In contrast, the activation receptor 
NKP30 expression was decreased. In addition, the expression 
of the inhibitory surface receptors was higher with a more 
advanced clinical stage of the tumor. This finding is consis-
tent with those of recent studies [13, 14]. Inhibitory receptors 
CD96, TIGIT, TIM-3, and PD-1 expression were similar in 
the patient groups suggests that future research investigating 
these receptors in NSCLC is warranted.

Studies have found a clear correlation between the body’s 
immune function and the onset of tumors, with damage to 
the immune system substantially weakening its ability to 
monitor and kill tumors. Although increasingly more studies 
have found that the amount and function of immune cells 
in patients with tumors are typically abnormal, these studies 
have focused on T lymphocytes, with few studies assessing 
NK cells [15]. Moreover, previous research was carried out 
on patients with hematologic malignant neoplasms.

Table 2. Association between NK cell surface receptors and disease progression, histologic types of NSCLC.

NK cell subset
Cancer stage Histologic type

Early (%) Late (%) p-value ADC (%) SQCC (%) p-value
IFN-γ+ 28.74±6.37 6.07±2.14 0.010 14.74±6.94 19.18±7.22 0.685
TIGIT+ 49.27±5.89 66.41±4.50 0.039 55.94±5.58 57.57±6.58 0.851
TIM-3+ 28.65±3.98 61.08±5.93 0.004 41.97±7.21 57.33±11.70 0.268
PD-1+ 1.58±0.27 4.53±1.11 0.009 2.79±0.78 2.94±0.91 0.899
CD96+ 64.70±1.98 89.07±3.83 0.005 74.95±7.43 80.75±12.15 0.687
NKP30+ 34.08±4.08 28.03±4.06 0.310 38.46±4.13 24.38±3.09 0.011

Abbreviations: ADC-adenocarcinoma; NK-natural killer; SQCC-squamous cell carcinoma

Figure 4. Abnormal expression of CD96 but not Siglec-9 inhibitory receptors on the surface of NK cells in NSCLC patients. Representative flow cy-
tometry density plots for Siglec-9 (A) and CD96+ (B) expression on NK cells in NSCLC patients and control participants. LC represents lung cancer; 
HD, healthy donors; and ISO, isotype. Proportion of Siglec-9+ (C) and CD96+ (E) NK cells in patients with NSCLC and healthy participants. Geometric 
mean fluorescence intensity (GMFI) of Siglec-9+ (D) and CD96+ (F) NK cells in patients with NSCLC and healthy participants.
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Recent research has shown that NK cells play a crucial role 
in selectively identifying and killing solid tumors, including 
NSCLC [16]. Under the guidance of chemokines, activated 
NK cells kill cancer cells through missing-self mechanisms, 
antibody-dependent cellular cytotoxicity, and activating 
caspase pathways to induce apoptosis. NK cells have consid-
erable anti-cancer advantages, especially for advanced 
tumors [17]. When innate immunity and acquired immunity 
are in a non-responsive state, the killing of cancer cells by NK 
cells is still possible. Additional researchers have found that 
NK cell infiltration in lung cancer tissue is associated with a 
good prognosis for lung cancer patients [14].

Therefore, we believe that a decrease in the number of NK 
cells or abnormal function of these cells would be associated 
with an increase in the incidence and accelerate the progres-
sion of lung cancer. Most of the activating or inhibitory 
receptors of NK cells are phosphorylated through ITAM or 
ITIM motifs and recruit SHP-1, SHP-2, SHIP-1, and other 
phosphatases and bind them to activate downstream signal 
transduction [18–20].

Studies have found that the expression of CD96 is enhanced 
in patients with acute myeloid leukemia, chronic hepatitis B, 
and liver cirrhosis [21]. By competing with CD226 to bind 
CD155, CD96 directly inhibits the function of NK cells 

Figure 5. Abnormal expression of activating receptors on the surface of NK cells in NSCLC patients. Representative flow cytometry density plots of 
NKG2D+ (A), NKP30+ (B), NKP44+ (C), and NKP46+ (D) NK cells in NSCLC patients and healthy participants. LC represents Lung cancer; HD, healthy 
donors; and ISO, Isotype control. The proportion of NKG2D+ (E), NKP30+ (G), and NKP44+ (I) and NKP46+ (K) NK cells in patients with NSCLC and 
healthy participants. Geometric mean fluorescence intensity (GMFI) of NKG2D+ (F), NKP30+ (H), NKP44+ (J), and NKP46+ (L) NK cells in patients 
with NSCLC and healthy participants.
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[22]. In addition, in a lipopolysaccharide-induced model of 
inflammation, mice that were cd96−/− showed stronger sensi-
tivity and excellent anti-cancer characteristics when tested 
in subsequent tumor models. Despite these findings, most 
previous research on CD96 has been conducted in mice, with 
few studies assessing the role of CD96 in NSCLC in humans. 
However, the expression level of CD96 in mouse NK cells is 
significantly higher than that in humans, showing signifi-
cant differences [23]. The TIGIT receptor is similar to CD96 
in that both competitively bind CD155 and mediate cell 
adhesion and signal transmission [24]. In the human NK cell 
line YTS, after TIGIT binds to CD155, it inhibits the activa-
tion of TRAF6 and NF-κB through ITT-like motifs, which 
ultimately leads to a decrease in IFN-γ production by NK 
cells [25]. Knockout of the TIGIT gene in NK cells partially 
restores the activity of NK cells and significantly reduces the 
ability of tumor-infiltrating killer T cells to secrete PD-1. 
A common prognostic biomarker for tumors, the Tim-3 
receptor is co-expressed with PD-1. In addition, interleukin 
27 activates the expression of Tim-3 in T cells and induces 
transcription regulators that stimulate a module of co-inhib-
itory receptors that includes PD-1, TIM-3, TIGIT, and LAG3 
[26]. Therefore, together with previous findings, our results 
suggest that reduced T cell and NK cell function is closely 
associated with the expression of CD96, TIGIT, TIM-3, and 
PD-1 [27].

Immune checkpoint blockade is a promising treatment to 
reverse the functional reduction of immune cells. Antibodies 
against CTLA-4 and PD-1 have been used in clinical practice 
and have achieved significant results. Our findings provide 
evidence supporting the combined blockade of multiple 
receptors as a solution to the treatment of NSCLC that is 
refractory to a single blocker, such as PD-1, which is the 
direction of future tumor treatment development [28].

Recent studies have found that the tumor microenvi-
ronment can damage the local function of NK cells [29]. 
Compared with NK cells in distal lung tissue or peripheral 
blood, NKp30, NKp80, and other receptors in tumor tissues 
are reduced in expression in NK cells, and the secretion of 
granzyme B is significantly decreased [30]. As a limitation of 
this study, we did not collect lung cancer tissues to evaluate 
NK cell surface receptors. In addition, the classification of 
inhibitory or activating NK cell surface receptors does not 
fully describe their functional characteristics. For example, 
the inhibitory receptor Siglec-7 shows an expression pattern 
similar to that of an activating receptor, [31] suggesting that 
NK cell surface receptors may have other effects through 
unique signaling pathways. Follow-up research by our team 
will explore the signaling pathways of NK cell surface recep-
tors associated with lung cancer progression.

In summary, NK cells demonstrate an essential role in 
the immune system against cancer cells. This study demon-
strated that the percentage of peripheral blood NK cells in 
NSCLC patients was decreased, and the expression levels 
of various NK cell subgroups were abnormal. Inhibitory 

receptor expression on the surface of NK cells was signifi-
cantly elevated, whereas the activation receptor expression 
was weak. The function of the NK cells was reduced and was 
associated with disease progression. These findings suggest 
that systematic analysis of NK cell surface receptor expres-
sion may aid in assessing the therapeutic effect of tumors 
and for guiding multi-drug combination immunotherapy 
so that patients may obtain greater treatment benefits. 
Further research investigating NK cells in lung cancer is 
warranted to supplement and improve lung cancer treat-
ment strategies.
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