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Abstract 
Objective: To analyze the effect of chemotherapy on peripheral blood NK cell 
receptor NKG2D and related immune cytokines (IL-12, IL-15, IL-18) in pa-
tients with non-small cell lung cancer (NSCLC). Methods: A total of 48 pa-
tients with NSCLC who visited the Oncology Department of the Affiliated 
Hospital of Chengde Medical College from September 2018 to September 
2019 were selected as the study subjects. Changes in the expression levels of 
NKG2D, IL-12, IL-15 and IL-18 in peripheral blood of patients at different 
time points (before chemotherapy, after the first chemotherapy and after the 
second chemotherapy) were analyzed to investigate the correlation between 
NKG2D and IL-12, IL-15 and IL-18 in peripheral blood at each time point. 
Results: The expression levels of NKG2D, IL-15, and IL-18 in the peripheral 
blood of the patient before chemotherapy, after the first chemotherapy, and 
after the second chemotherapy gradually decreased. After the first chemothe-
rapy and the second chemotherapy, the peripheral blood IL-12 was signifi-
cantly lower than before chemotherapy, and IL-12 in peripheral blood after 
the second chemotherapy was slightly increased compared with that after the 
first chemotherapy. The comparison of each factor at different time points 
was statistically significant (all P<0.05). Pearson correlation analysis showed 
that after the first chemotherapy, NKG2D in peripheral blood was positively 
correlated with IL-18 (r = 0.342, P = 0.031); after the second chemotherapy, 
NKG2D in peripheral blood was positively correlated with IL-18 (r = 0.411, P 
= 0.023), negatively correlated with IL-15 (r = -0.451, P = 0.001). Conclusion: 
There was no significant change in the number of NK cells in the peripheral 
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blood of NSCLC patients after chemotherapy, while NKG2D and related 
immune cytokines decreased, which may be one of the mechanisms for the 
suppression of immune function in patients, and this provides a potential 
target for immunotherapy in patients. 
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1. Introduction 

Lung cancer is one of the most common malignant tumors, according to incom-
plete statistics more than 1.3 million new cases annually worldwide, about 
400,000 patients are diagnosed annually in China, with an incidence rate of 
61.4/100,000 [1]. Among them, non-small cell lung cancer (NSCLC) accounts 
for more than 80% of the cases and is the most common subtype of lung cancer. 
With its invasive clinical symptoms and lack of specific early screening means, 
about 70% of NSCLC patients are already in advanced stages when they are di-
agnosed, missing the best time for treatment [2]. Currently, chemotherapy is the 
first-line treatment for advanced NSCLC, and it has extended the survival time 
of patients to a certain extent, but the overall effect is still unsatisfactory, which 
may be related to the toxic side effects caused by chemotherapy. Therefore, cla-
rifying the effects of chemotherapy on the organism and giving effective inter-
ventions are crucial to improving patient prognosis. It has been suggested that 
chemotherapy can stimulate the release of immunosuppressive factors and thus 
reduce immune damage in tumours, and that chemotherapy combined with 
immunotherapy may enhance the anti-tumour effect, but the exact mechanism 
of the effect is still unclear [3]. Abnormal expression of these factors can affect 
the killing effect of NK cells [4] [5], and the suppression of the immune system 
by chemotherapy may be related to this, but little has been reported at this stage. 
In view of this, this study analyses the effect of chemotherapy on the peripheral 
blood NK cell receptor NKG2D and related immune cytokines (IL-12, IL-15, 
IL-18) in patients with NSCLC, with a view to providing assistance in the appli-
cation of immunotherapy to patients. 

2. Subjects 

One hundred and two patients with NSCLC who attended the oncology depart-
ment of the Affiliated Hospital of Chengde Medical College from September 
2018 to March 2021 were selected as study subjects. There were 57 male cases 
and 45 female cases. The ages ranged from 35 to 77 years old, with a mean age of 
(60.278.15) years. There were 22 cases of squamous lung cancer, 71 cases of 
adenocarcinoma of the lung and 9 cases of adenosquamous lung cancer. TNM 
stage: 30 cases of stage III and 72 cases of stage IV. Inclusion criteria: 1) first 
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presentation and histopathologically confirmed NSCLC with TNM staging based 
on AJCC staging criteria (8th edition) [6]; 2) 18 - 80 years old; 3) no indication 
for surgery as assessed by pathology and imaging; 4) KPS score ≥ 60; 5) expected 
survival time of more than 3 months. Exclusion criteria: 1) immune system dis-
eases such as rheumatism and rheumatoid diseases; 2) serious dysfunction of vi-
tal organs such as heart, lung, liver and kidney; 3) serious infectious diseases; (4) 
haematological system diseases. The study was approved and agreed by the Eth-
ics Committee of the Affiliated Hospital of Chengde Medical College, while all 
patients signed an informed consent form. 

3. Methods 

General clinical data Basic clinical data of the enrolled patients were collected, in-
cluding age, gender, pathological type and TNM stage (See Table 1 for details). 

Chemotherapy regimen All patients in the group had no contraindications to 
chemotherapy and were administered cisplatin/carboplatin + pemetrexed/ gem-
citabine/paclitaxel at the following doses: gemcitabine 1250 mg/m2, pemetrexed 
500 mg/m2, paclitaxel 175 - 200 mg/m2, cisplatin 75 mg/m2, carboplatin AUC = 
6. All doses were administered intravenously in 21-day cycles. All administered 
intravenously over 21 days. 

Detection of biochemical parameters 10 ml of fasting venous blood was taken 
from patients before chemotherapy (T1), on day 21 after the first chemotherapy 
(T2) and on day 21 after the second chemotherapy (T3), respectively, and left to 
stand for 2 h at room temperature, then centrifuged at 1000 rpm for 20 min (14 
cm radius), and the supernatant was kept in a refrigerator at −80˚C. The serum 
levels of NKG2D, IL-12, IL-15 and IL-18 were measured by ELISA, and the kits 
for each factor were purchased from Kangtai Heyuan Biotechnology Co. 

Statistical treatment Data analysis for this study was performed using SPSS 
version 23.0 (SS Inc, Chicago, IL). Measures conforming to a normal distribu-
tion were expressed using the mean standard deviation, trends in peripheral 
blood factors over time were tested using ANOVA with one-way repeated 
measures data, and comparisons of levels of each factor at different time points 
were performed using the Bonferroni method. Correlations between NKG2D 
and IL-12, IL-15 and IL-18 at each time point were analysed using Pearson  

 
Table 1. General clinical date. 

Age 
Gender  
(male/ 
female) 

athological type  
(squamous/adenocarcinoma/ 
adenosquamous carcinoma) 

Staging  
(III/IV) 

Chemotherapy regimen  
(doxorubicin  

+ isplatin/gemini  
+ cisplatin/pemet  

+ carboplatin/pemet  
+ cisplatin/paclitaxel  

+ carboplatin/purple shirt  
+ carboplatin) 

60.27 ± 8.15 57/45 22/71/9 30/72 27/16/32/24/1/2 
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correlation. All P values were tested two-sided and P < 0.05 was considered a 
statistically significant difference. 

4. Results 

Changes in the number of NK cells, there was no statistically significant change 
in the number of NKs in each patient after the 1st chemotherapy and after the 2nd 
chemotherapy compared to the pre-chemotherapy period (See Table 2 for details). 

Changes in the levels of NKG2D and IL-12, IL-15 and IL-18 in peripheral 
blood over time The expression levels of NKG2D, IL-15 and IL-18 in peripheral 
blood decreased gradually before, after the 1st chemotherapy and after the 2nd 
chemotherapy in patients, and IL-12 in peripheral blood decreased significantly 
after the 1st chemotherapy and after the 2nd chemotherapy in patients compared 
with the pre-chemotherapy period, while after the 2nd chemotherapy IL-12 in pe-
ripheral blood increased slightly compared to post-chemotherapy 1. There was a 
significant difference between the two comparisons at different time points for 
each factor (*p < 0.05, the different was statistically significant) (See Table 3 and 
Figure 1 for details). 

Correlation of NKG2D with IL-15, IL-12 and IL-18 at different time points 
Pearson correlation analysis showed that: before chemotherapy, NKG2D in pe-
ripheral blood did not correlate with IL-18, IL-12 and IL-15; after the patient’s 1st 
chemotherapy, NKG2D in peripheral blood correlated positively with IL-18 (r =  

 
Table 2. Changes of NK cell numbers. 

Subgroups Pre-chemotherapy 
Post-chemotherapy 

1 cycle 
Post-chemotherapy 

2 cycles 
Statistical 

values 
p 

NK cell 
count 

2.261 ± 0.2471 2.308 ± 0.2503 2.342 ± 0.2417 F = 1.095 0.338 

 
Table 3. Changes of NKG2D and IL-12, IL-15 and IL-18 levels in peripheral blood over 
time. 

Parameter 
Number  
of cases 

NKG2D 
(ng/ml) 

IL-18 
(pg/ml) 

IL-12 
(pg/ml) 

IL-15 
(pg/ml) 

T1 102 2.12 ± 0.16 134.17 ± 11.29 12.07 ± 0.26 5.10 ± 0.09 

T2 102 1.85 ± 0.09 94.08 ± 5.96 7.42 ± 2.18 4.19 ± 1.01 

T3 102 1.32 ± 0.24 54.38 ± 9.84 8.08 ± 0.98 2.87 ± 0.09 

F-value - 125.134 1277.012 144.981 71.215 

P-value - <0.001* <0.001* <0.001* <0.001* 

Intra-group  
comparison (P) 

     

T1 vs T2 - <0.001 <0.001 <0.001 <0.001 

T1 vs T3 - <0.001 <0.001 <0.001 <0.001 

T2 vs T3 - <0.001 <0.001 0.006 <0.001 
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0.342, P = 0.031) and no correlation with IL-12 and IL-15; NKG2D in peripheral 
blood after the patient’s 2nd chemotherapy showed a positive correlation with 
IL-18 (r = 0.411, P = 0.023), a negative correlation with IL-15 (r = −0.451, P = 
0.001, P < 0.05, the different was statistically significant) and no correlation with 
IL-12 (See Table 4 and Figure 2 for details). 

5. Discussions 

In the body’s anti-tumour immune process, NK cells are the most important  
 

 
Figure 1. Changes of NKG2D and IL-12, IL-15 and IL-18 levels in peripheral blood over 
time. 

 
Table 4. Correlation between NKG2D and IL-12, IL-15 and IL-18 at different time points. 

Parameter 
NKG2D (T1) NKG2D (T2) NKG2D (T3) 

r P r P r P 

IL-18 0.09 0.585 0.342 0.031 0.411 0.023 

IL-12 0.08 0.641 −0.068 0.709 −0.239 0.091 

IL-15 0.006 0.898 0.003 0.897 −0.451 0.001* 

 

 
Figure 2. Correlation between NKG2D and IL-12, IL-15 and IL-18 at each time point. 
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class of intrinsic immune effector cells, which can activate relevant ligands 
through the tumour-deficient major histocompatibility antigen-I (MHC-I) class 
of molecules, thereby promoting the secretion of immune effectors and cyto-
kines, and exerting their immune killing effect on tumours [7]. Chemotherapy is 
one of the effective treatments for malignant tumours, but it is long and 
non-specific, killing tumour cells while damaging normal tissues to varying de-
grees, the most important of which is the phased removal of lymphocytes, the-
reby suppressing normal immune function [8]. The first-line treatment for ad-
vanced NSCLC is platinum-based combination chemotherapy, but the overall 
survival time of patients is only about 10 months, and the 2-year survival rate is 
only about 10% [9]. The reasons for the poor prognosis of patients include tumour 
invasion and the suppression of the body’s immune system by chemotherapy. 

NKG2D is a member of the NKG2 family and is the main active receptor me-
diating the killing activity of NK cells and is the target of immune editing be-
tween NK cells and tumour cells. The normal expression of NKG2D is the basis 
for the killing effect of NK cells and is one of the decisive factors in maintaining 
the immune function of the body [10]. Nie [11] demonstrated that serum 
NKG2D levels were significantly reduced in lung cancer patients, and the sup-
pression of cellular immune function was obvious and closely related to tumor 
progression. A study by Yuan Lifang [12] found that the level of NKG2A, an in-
hibitory receptor on the surface of NK cells, was significantly increased and the 
NKG2A/NKG2D ratio was significantly decreased in the peripheral blood of 
lung cancer patients, suggesting that one of the mechanisms of immune escape 
of tumor cells may be related to the imbalance of NKG2A and NKG2D expres-
sion of NK cell surface receptors. All these studies illustrate that the reduced ex-
pression of NKG2D seriously affects the immune function of the body. The re-
sults of this study showed that the levels of peripheral blood NKG2D in NSCLC 
patients were significantly lower after chemotherapy compared to those before 
chemotherapy, and gradually decreased with the extension of chemotherapy 
cycles, suggesting that the decrease in NKG2D levels caused by chemotherapy in 
patients may be one of the reasons for the impairment of immune function. The 
subjects enrolled in this study were all patients with advanced NSCLC without 
indications for surgery. The long-term application of chemotherapeutic drugs 
led to the systematic removal of normal immune cells, and the destruction of NK 
cells was particularly severe, which in turn caused a decrease in the level of the 
surface active receptor NKG2D, as well as a depletion of NKG2D to enhance the 
killing effect of NK cells. In addition, the higher aggressiveness of advanced 
NSCLC, which causes elevated expression of the inhibitory receptor NKG2A, 
also inhibits the expression of NKG2D to some extent. 

IL-12 is a cytokine secreted by monocytes, dendritic cells and other anti-
gen-presenting cells, and belongs to the class I cytokine receptor family. IL-15 is 
mainly secreted by macrophages and its effect is similar to that of IL-12, mainly 
promoting the activation and proliferation of NK cells, as well as the secretion of 
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INF- and TNF-α to enhance the cellular immunity of human cells [13] [14] [15]. 
The cytotoxicity of spleen lymphocytes was also significantly increased. In a study 
by Zhao Jiaxiu [16], IL-12 was found to promote the expression of NKG2D recep-
tors on the surface of NK cells. In a study by Mei Jia-Tuan et al. [17], IL-15 was 
shown to increase the expression of NKG2D on the surface of NK cells, thereby 
enhancing their tumour-killing effects. IL-18 is also an immunostimulatory cy-
tokine that enhances the NK cell-mediated anti-tumour immune response and 
promotes the secretion of INF- and TNF-α, which play an important role in the 
human anti-tumour immune mechanism [18]. Qi Yuanying’s study [19] found 
that IL-12 combined with IL-18 increased the killing activity of NK cells against 
tumour cells and this synergistic induction was achieved by promoting the ex-
pression of NKG2D. The results of this study showed that IL-12, IL-15 and IL-18 
in peripheral blood decreased significantly after chemotherapy in NSCLC pa-
tients and gradually decreased with the extension of chemotherapy application 
time, suggesting that chemotherapy inhibits the expression of NK cell activating 
factor, which is also one of the mechanisms of immunosuppression. The massive 
application of chemotherapy in patients with advanced NSCLC leads to damage 
to normal tissues, causing a decrease in the secretion of IL-12, IL-15 and IL-18, 
which in turn leads to impaired expression of NKG2D and a weakening of the 
killing effect of NK cells, and at the same time, the depletion of such cytokines 
for the activation of NK cells also leads to a further decrease in their levels. 

In summary, there was no significant change in the number of NK cells in the 
peripheral blood of NSCLC patients after chemotherapy, while NKG2D and re-
lated immune cytokines decreased, which may be one of the mechanisms for the 
suppression of immune function in patients, and this provides a potential target 
for immunotherapy in patients. The shortcomings of this study are that the pa-
tients enrolled in the study were from a single centre and the chemotherapy cycle 
was still short, which may cause bias in the results, and the sample size should be 
expanded and the study period extended in the future to confirm this conclusion. 

6. Conclusion 

In this study, we analyzed the correlation between NKG2D and the crowd fac-
tors at each time point, and the results showed that NKG2D only had a weak 
correlation with IL-15 and IL-18. This result seems to be contrary to IL-12, IL-15 
and IL-18 promoting the expression of NKG2D, but in fact, it is not. There are 
many factors affecting the immune function of patients with advanced NSCLC, 
besides the damage of chemotherapeutic drugs, it is also related to the invasive 
tumor damage, and the immune reconstruction of the body during chemothe-
rapy also restores the related cells and factors [20], thus leading to the poor cor-
relation between NKG2D and its related factors. 

Fundamental Project 

S＆T Program of Chengde (201804A030). 

https://doi.org/10.4236/jct.2022.1311056


J. J. Zhang et al. 
 

 

DOI: 10.4236/jct.2022.1311056 638 Journal of Cancer Therapy 
 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Yang, G.J. and Wang, Y. (2020) Current Status and Perspectives of Treatment of 

Non-Small Cell Lung Cancer with Insertional Mutations in Exon 20 of the Epider-
mal Growth Factor Receptor Gene. Chinese Journal of Oncology, 42, 22-29. 

[2] Gou, S.-L., Yuan, C., Bo, Y.-J., et al. (2020) Detection and Clinical Significance of 
Peripheral Blood Tumor Cells in Advanced Non-Small Cell Lung Cancer. Chinese 
Journal of Gerontology, 40, 730-733. 

[3] Lu, Z.L. (2020) Research Progress of Immune Checkpoint Inhibitors in the Treat-
ment of Non-Small Cell Lung Cancer. Journal of Doubtful Diseases, 19, 311-316. 

[4] Xu Z. (2019) Study on the Effect of Chemotherapy on NK Cell Receptor NKG2D 
and Related Immune Cytokines in Peripheral Blood of Patients with Non-Small Cell 
Lung Cancer. Chengde Medical College, Chengde, 1-37. 

[5] Wang, C.H., He, Y.F. and Hu, B. (2012) Study on the Anti-Tumor Mechanism of 
Cytokine-Induced Killer Cells and Its Application. International Journal of Oncol-
ogy, 39, 348-351. 

[6] Li, F. (2017) Reflections Arising from Reading the AJCC 8th Edition Lung Cancer 
Staging System. Chinese Journal of Surgery, 55, 346-350. 

[7] Song, H.S. (2018) Co-Culture with NK-92MI Cells Enhanced the Anti-Cancer Effect 
of Bee Venom on NSCLC Cells by Inactivation of NF-κB. Journal of Acupuncture 
and Meridian Studies, 11, 178-179. https://doi.org/10.1016/j.jams.2018.08.032 

[8] Zheng, L. and Chen, J. (2021) Effect of Combination Treatment Regimen on Prog-
nosis and Immune Function in Patients with Advanced Non-Small Cell Lung Can-
cer. Journal of Practical Clinical Medicine, 25, 52-56. 

[9] Siegel, R.L., Miller, K.D. and Jemal, A. (2016) Cancer Statistics, 2016. CA: A Cancer 
Journal for Clinicians, 66, 7-30. https://doi.org/10.3322/caac.21332 

[10] Chitadze, G., Bhat, J., Lettau, M., et al. (2013) Generation of Soluble NKG2D Li-
gands: Proteolytic Cleavage, Exosome Secretion and Functional Implications. Scan-
dinavian Journal of Immunology, 78, 120-129. https://doi.org/10.1111/sji.12072 

[11] Nie, Y., Du, L., Mou, Y., et al. (2013) Effect of Low Frequency Magnetic Fields on 
Melanoma: Tumor Inhibition and Immune Modulation. BMC Cancer, 13, Article 
No. 582. https://doi.org/10.1186/1471-2407-13-582 

[12] Yuan, L.F., Su, W., Wang, Y.F., et al. (2011) Study on the Expression of NKG2A and 
NKG2D in Peripheral Blood of Lung Cancer Patients and Their Clinical Signific-
ance. Chinese Journal of Cancer Control, 18, 1924-1928. 

[13] Silvia, G.B., Morgan, M., Jessica, F., et al. (2018) Interferon Lambda Is Required for 
Interferon Gamma-Expressing NK Cell Responses but Does Not Afford Antiviral 
Protection during Acute and Persistent Murine Cytomegalovirus Infection. PLOS 
ONE, 13, e0197596. https://doi.org/10.1371/journal.pone.0197596 

[14] Liu, B., Kong, L., Han, K., et al. (2016) A Novel Fusion of ALT-803 (Interleukin 
(IL)-15 Superagonist) with an Antibody Demonstrates Antigen-Specific Antitumor 
Responses. Journal of Biological Chemistry, 291, 23869-23881.  
https://doi.org/10.1074/jbc.M116.733600 

[15] Chiu, T.L., Lin, S.Z., Hsieh, W.H., et al. (2009) AAV2-Mediated Interleukin-12 in 

https://doi.org/10.4236/jct.2022.1311056
https://doi.org/10.1016/j.jams.2018.08.032
https://doi.org/10.3322/caac.21332
https://doi.org/10.1111/sji.12072
https://doi.org/10.1186/1471-2407-13-582
https://doi.org/10.1371/journal.pone.0197596
https://doi.org/10.1074/jbc.M116.733600


J. J. Zhang et al. 
 

 

DOI: 10.4236/jct.2022.1311056 639 Journal of Cancer Therapy 
 

the Treatment of Malignant Brain Tumors through Activation of NK Cells. Interna-
tional Journal of Oncology, 35, 1361-1367. https://doi.org/10.3892/ijo_00000454 

[16] Zhao, J.X. (2015) IL-18 Combined with IL-2 Promotes Peripheral Blood NK Cell 
Killing Activity and NKG2D Expression. Medical Laboratory and Clinical, 26, 1-4. 

[17] Mei, J.-T., Liu, G.-J., Feng, R.-T., et al. (2009) IL-2 and IL-15 Enhance the Expres-
sion of NKG2D in NK Cells after Immune Editing and Their Killing Activity against 
CNE2 Cells in Nasopharyngeal Carcinoma. Chinese Journal of Tumor Biotherapy, 
16, 379-382. 

[18] Shao, Q. and Wang, N. (2012) Interleukin-18 and Tumorigenic Activity of CNE2 
Cells. Current Status of Research on the Correlation between Interleukin-18 and 
Tumor Invasion and Metastasis. Chinese Journal of Cancer Control, 19, 547-551. 

[19] Qi, Y.Y. (2015) Study on the Synergistic Induction of NK Cell Killing Function and 
NKG2D Expression in Human Peripheral Blood by Il-18 and Il-2. Chengde Medical 
College, Chengde, 1-42. 

[20] Chu, W.-L., Yan, R.-N., Cai, L., et al. (2017) Effect of Pemetrexed Combined with 
Cisplatin on Immune Function in Patients with Advanced Non-Small Cell Lung 
Cancer and Evaluation of the Effect. Oncology Pharmacology, 7, 581-585. 

 
 

https://doi.org/10.4236/jct.2022.1311056
https://doi.org/10.3892/ijo_00000454

	Effects of Chemotherapy on Peripheral Blood NK Cell Receptor NKG2D and Related Immune Cytokines in Patients with Non-Small Cell Lung Cancer
	Abstract
	Keywords
	1. Introduction
	2. Subjects
	3. Methods
	4. Results
	5. Discussions
	6. Conclusion
	Fundamental Project
	Conflicts of Interest
	References

