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Abstract. – OBJECTIVE: Lung cancer (LC) 
is the highest contributor to cancer-associat-
ed mortality worldwide. Approximately 85% of 
all LC incidences involve non-small cell LC (NS-
CLC). Unfortunately, owing to a significant lack 
of sensitive and robust bioindicators, most pa-
tient diagnoses occur at advanced stages of the 
disease, thereby resulting in extremely poor pa-
tient outcomes. Herein, we elucidated the role of 
interleukin-17A (IL-17A) among NSCLC patients.

MATERIALS AND METHODS: Circulating IL-
17A content was measured using enzyme-linked 
immunosorbent assay (ELISA), and its diagnos-
tic and prognostic abilities were assessed us-
ing the receiver operating characteristic (ROC) 
curve and Kaplan-Meier analysis, respectively.

RESULTS: Our analysis revealed that circu-
lating IL-17A levels were significantly augment-
ed among NSCLC vs. control samples. Moreover, 
based on our area under the curve (AUC) analy-
sis, circulating IL-17A levels fared considerably 
better than the standard bioindicator carcinoem-
bryonic antigen (CEA) in both testing and valida-
tion cohorts. Notably, we also revealed that the 
circulating IL-17A levels were accurately and reli-
ably predicted in early-stage NSCLC patients. Be-
sides, we demonstrated a strong correlation be-
tween elevated circulating IL-17A expression and 
worse prognosis among NSCLC patients.

CONCLUSIONS: Herein, we demonstrated 
that circulating IL-17A levels can serve as reli-
able and potent diagnostic and prognostic bio-
indicators for NSCLC. 
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Introduction

Lung cancer (LC) is responsible for the most 
cancer-associated deaths worldwide. Approxima-
tely 85% of all LC are non-small cell LC (NSCLC), 
which, in turn, are sub-categorized into lung ade-
nocarcinoma (LAD), lung squamous cell carcinoma 
(LSCC), large cell carcinoma (LCC), and other un-
common histological forms1-3. Unfortunately, owing 
to a significant lack of reliable detection systems, 
most NSCLC patients are diagnosed at later stages 
of the disease. In addition, NSCLC has a relatively 
enhanced recurrence rate. Therefore, the overall 
5-year survival rate remains < 15%, and patient pro-
gnosis is extremely poor4-7. Given these challenges, 
it is both urgent and necessary to establish new and 
reliable bioindicators for the early diagnosis and pro-
gnostic estimation of NSCLC patients.

Interleukin-17A (IL-17A) belongs to the IL-17 
family of cytokines, and it has a strong proinflam-
matory function in both autoimmune and inflam-
matory diseases8-15. Earlier research16-22 revealed 
that IL-17A expression is markedly enhanced in 
a large number of hepatic diseases, namely, hepa-
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titis-induced hepatic inflammatory diseases, B/C, 
and alcoholic liver disease (ALD), and it modula-
tes intracellular signaling via interaction with the 
IL-17 receptor A (IL-17RA). IL-17RA is typically 
expressed in numerous cell types, and it is acti-
vated by several IL-17 cytokines, such as IL-17A, 
IL-17F, IL-17A/F, and IL-17E (IL-25). To date, 
there are no reports on a potential association 
between circulating IL-17A levels and NSCLC 
patient outcomes. Herein, we examined the role 
of circulating IL-17A in the early diagnosis and 
prognostic evaluation of NSCLC patients.

Materials and Methods

Study Participants 
As our testing population, we obtained 105 

NSCLC, 20 pulmonary tuberculosis (PT), and 
50 healthy control (HC) serum samples from 
the First Affiliated Hospital of Xingtai Medical 
College between the period of January 2013 to 
January 2016. In addition, as our verification po-
pulation, we acquired 65 early-stage NSCLC, 15 
PT, and 35 HC serum samples from the aforemen-
tioned institution during January 2017 and Ja-
nuary 2019. Patients who received chemotherapy 
or radiotherapy were excluded from the analysis. 

This research received ethical approval from our 
institution and written informed consents from 
participants, respectively. Our protocols strict-
ly followed the guidelines of the Declaration of 
Helsinki 1964 and its subsequent revisions. Par-
ticipant clinical demographics are summarized in 
detail in Table I.

IL‑7A Enzyme‑Linked Immunosorbent 
Assay (ELISA)

Circulating IL-7A concentration was assessed 
via an ELISA kit (Carmania Pars Gene, Kerman, 
Iran) following kit directions.

Statistical Analysis
The SPSS 20.0 software (IBM Corp., Armonk, 

NY, USA) was employed for data analyses. The 
Kaplan-Meier analysis assessed survival curves, 
and the log-rank test assessed statistical signifi-
cance. The Chi-square test was employed for the 
evaluation of the link between circulating IL-17A 
levels and clinicopathological factors. The recei-
ver operating characteristic curves (ROC) were 
utilized for diagnostic metrics determination. 
The student’s t-test was employed for inter-cohort 
comparisons. Data are presented as mean ± SD of 
three distinct experiments; p < 0.05 was set as the 
significance threshold.

Table I. Baseline clinical demographics of patients within the NSCLC testing and verification populations.

                            Testing cohort (N = 105)                             Validation cohort (N = 65)

 Characteristics Number of cases Percentage (%) Number of cases Percentage (%)

Gender    
  Male 85 80.95 55 84.62
  Female 20 19.05 10 15.38
Age (years)    
  > 60 60 57.14 45 69.23
  ≤ 60 45 42.86 20 30.77
Clinical stage    
  I 45 42.86 45 69.23
  II 35 33.33 20 30.77
  III 10 9.52  
  IV 15 14.29  
Distant metastasis    
  Yes 15 14.29  0 0.00
  No 90 85.71 65 100.00
CEA(μg/L)    
  > 5 60 57.14 35 53.85
  ≤ 5 45 42.86 30 46.15
Tumor Size (cm)    
  > 4 35 33.33 10 15.38
  ≤ 4 70 66.67 55 84.62

Carcinoembryonic antigen (CEA).
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Results

Verification of Circulating IL‑17A Content 
in the NSCLC Testing Population

As shown in Figure 1A, circulating IL-17A 
levels were highly expressed in NSCLC sam-
ples. Pulmonary tuberculosis (PT) is the most 
frequently occurring benign pulmonary lesion. 
However, the currently available detection sy-
stem does not properly delineate between PT and 
NSCLC patients. In this report, we demonstra-
ted that circulating IL-17A levels were markedly 
enhanced among NSCLC and early-stage NSCLC 
patients, relative to its levels in HC and PT indivi-
duals (Figure 1A-B). We also explored the levels 
of a standard bioindicator carcinoembryonic anti-

gen (CEA) in the testing population. As depicted 
in Figure 1 C-D, the CEA content also exhibited 
a marked rise among NSCLC patients relative to 
HC and PT individuals. 

Diagnostic Ability of IL‑17A to Circulate 
in the NSCLC Testing Population

We next employed ROC-AUC to evaluate the 
diagnostic ability of circulating IL-17A. The area 
under the curve (AUC) of circulating IL-17A was 
0.9046, and of CEA was 0.7392 (Figure 2A). 
Thus, the AUC value of circulating IL-17A was 
substantially elevated, compared to CEA. In the 
case of early-stage NSCLC (stages I and II), cir-
culating IL-17A fared considerably better in de-
lineating NSCLC patients from PT patients and 

D
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B

Figure 1. Assessment of circulating IL-17A content in the NSCLC testing population. A, Evaluation of circulating IL-17A 
content among 105 lung cancer (LC) patients, 22 pulmonary tuberculosis (PT) patients, and 51 healthy controls (HC), as 
evidenced by ELISA. B, Verification of circulating IL-17A content among 35 early-stage NSCLC patients, 22 PT patients, and 
51 HC, as detected by ELISA. C, Evaluation of circulating CEA content among the NSCLC testing population, as detected 
by ELISA assay. D, Evaluation of circulating CEA content among the early-stage NSCLS testing population, as evidenced by 
ELISA assay.



IL-17A as a new circulating bioindicator for non-small cell lung cancer diagnosis and prognosis

12007

HC (AUC = 0.8860). In contrast, circulating CEA 
displayed an AUC of 0.7154 (Figure 2B). We also 
observed a strong diagnostic advantage for stage I 
patients (circulating IL-17A, AUC = 0.8910; circu-
lating CEA, AUC = 0.5597), which indicated that 
circulating IL-17A was advantageous to the early 
detection of NSCLC (Figure 2C).

Detection of Circulating IL‑17A Levels in 
the NSCLC Verification Population

We next assessed the circulating IL-17A expres-
sion in a multicentric early-stage cohort using 115 
serum specimens (65 early-stage NSCLC, 15 PT, 
and 35 HC). As depicted in Figure 3A, circulating 
IL-17A expression was increased among stage I 
and II NSCLC patients, compared to PT patien-
ts and HC. Circulating CEA was also markedly 
enhanced in early-stage NSCLC; however, it fai-
led to delineate between PT and NSCLC patients 
(Figure 3B). Herein, we demonstrated circula-
ting IL-17A and CEA AUC values of 0.8926 and 
0.8157, respectively, in delineating early-stage 
NSCLC from HC in the verification population 
(Figure 3C). Additionally, we observed circula-

ting IL-17A and CEA AUC values of 0.8483 and 
0.8133, respectively, in delineating between stage 
I NSCLC patients and HC (Figure 3D). Given this 
evidence, the circulating IL-17A AUC value was 
markedly enhanced compared to CEA. Thus, we 
verified the diagnostic precision and reliability of 
circulating IL-17A for early-stage NSCLC in the 
verification population.

Circulating IL‑17A Levels Indicate 
Worse Prognosis in the NSCLC 
Testing Population

Given the marked rise in circulating IL-17A in 
early-stage NSCLC, we next examined whether 
the circulating IL-17A content predicted NSCLC 
patient prognosis. To do this, we classified par-
ticipants into an elevated- and reduced IL-17A 
expression cohort, according to their circulating 
IL1-7A levels, using a median threshold value. 
Based on our analysis, the circulating IL-17A 
concentration was directly associated with tumor 
stage and distant metastasis (Table II). In particu-
lar, we observed that enhanced circulating IL-17A 
levels corresponded to shorter overall survival 

A B C

Figure 2. Diagnostic ability of circulating IL-17A content in NSCLC testing population. A, ROC curve of circulating IL-17A 
and CEA contents among NSCLC patients and healthy controls (HC). B, ROC curve of circulating IL-17A and CEA contents 
among the early-stage NSCLC patients, pulmonary tuberculosis (PT) patients, and HC. C, ROC curve of circulating IL-17A 
and CEA contents among stage I NSCLC patients, PT patients, and HC.
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(OS) relative to reduced circulating IL-17A levels 
(p < 0.05) (Figure 4A). As depicted in Figure 4B, 
enhanced CEA expression was also associated 
with shorter OS duration. Taken together, this 
evidence suggested that circulating IL-17A levels 
may serve as potent and reliable bioindicators of 
NSCLC patient prognosis.

Discussion

Herein, we demonstrated that circulating IL-
17A has enhanced stability, and is easy to measu-
re, which, along with its potency and reliability of 
NSCLC diagnosis and prognostic estimation, ma-
kes it an excellent candidate for clinical applica-

tion. Using ROC curves, we revealed that IL-17A 
accurately delineated early-stage NSCLC patients 
from HC, with high sensitivity and specificity. 
Additionally, based on our survival analysis, ele-
vated IL-17A concentration was closely correlated 
with shorter OS duration among NSCLC patients. 

Early-stage NSCLC, with clear surgical indi-
cation, is most effectively managed with surgical 
intervention23. Since the initial NSCLC diagno-
sis often occurs at an advanced stage, < 30% of 
patients select the surgical route24,25. Based on 
literature examining the outcome of treatments 
at different stages of the disease, it is clear that 
early disease diagnosis is very beneficial for pa-
tient prognosis. Conventional NSCLC screening 
utilizes magnetic resonance images (MRI) or 

Figure 3. Evaluation of circulating IL-
17A content in the NSCLC verification 
population. Circulating IL-17A (A) and 
CEA (B) contents among healthy con-
trols (HC), pulmonary tuberculosis (PT) 
patients, and stage I and II NSCLC pa-
tients in the verification population. C, 
ROC curve of circulating IL-17A and 
CEA contents in the early-stage NSCLC 
patients, PT patients, and HC. D, ROC 
curve of circulating IL-17A and CEA 
contents among stage I NSCLC patients, 
PT patients, and HC.
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computed tomography (CT), which are extremely 
expensive and are susceptible to high rates of false 
positives. In contrast, tumor bioindicators provide 
complementary risk assessment for appropriate 
clinical decision-making. NSCLC patients typi-
cally exhibit elevated CEA levels26-30; however, its 
expression is not specific to the early stage of the 
disease. Therefore, it is critical to identify novel, 
precise, and reliable diagnostic or prognostic bio-
indicators to enhance NSCLC patient outcomes. 
Herein, we revealed that circulating IL-17A was 
ubiquitously expressed in the serum of early-sta-

ge NSCLC patients, and it accurately delineated 
NSCLC patients from PT patients and HC, with 
high sensitivity and specificity. Thus, it has great 
potential as an NSCLC diagnostic bioindicator.

NSCLC patients receiving the same treatment 
in the same disease stage exhibit considerable 
heterogeneity in their response31-33. Emerging evi-
dence34,35 suggested that aberrant IL-17A expres-
sion is strongly associated with clinicopathologi-
cal features in numerous cancers, which further 
supports the usage of IL-17A in estimating patient 
prognosis. Moreover, repeated IL-17A detection 

Table II. Comparison of clinicopathological features of NSCLC patients, based on their circulating IL-17A content in the 
NSCLC testing population.

                                       Serum IL-17A level

 Characteristics High N = 53 Low  N = 52 Total p

Gender    1.000
  Male 43 42 85 
  Female 10 10 20 
Age (years)    0.238
  > 60 27 33 60 
  ≤ 60 26 19 45 
Clinical stage    0.005
  I 24 21 45 
  II 10 25 35 
  III  7  3 10 
  IV 12  3 15 
Distant metastasis    0.002
  Yes 13  2 15 
  No 40 50 90 
CEA (μg/L)    1.000
  > 5 30 30 60 
  ≤ 5 23 22 45 
Tumor Size (cm)    1.000
  > 4 18 17 35 
  ≤ 4 35 35 70 

Carcinoembryonic antigen (CEA).

Figure 4. Circulating IL-17A content predicted a worse prognosis among the NSCLC testing population. Kaplan-Meier 
survival analysis of overall survival (OS) of the NSCLC testing population, based on the circulating IL-17A (A) and CEA (B) 
contents.
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via peripheral blood collection is a minimally 
invasive procedure whereby one can monitor the 
progression of the disease over time. Herein, we 
revealed that elevated circulating IL-17A levels 
predicted a worse patient prognosis. Moreover, 
it was strongly associated with tumor stage and 
distant metastasis. Prior investigations36 revea-
led that CEA is a prognostic indicator of worse 
NSCLC patient outcomes. Herein, we showed that 
circulating CEA levels failed to delineate between 
NSCLC patients and HC, likely due to our relati-
vely limited sample size. In summary, circulating 
IL-17A is a potentially robust circulating dynamic 
indicator of NSCLC patient prognosis. Given its 
strong clinical significance, we recommend fur-
ther investigations into the usage of IL-17A as a 
novel diagnostic and prognostic bioindicator for 
NSCLC patients.

Conclusions

In summary, we revealed that circulating IL-
17A exhibited favorable sensitivity and specificity 
for the early diagnosis of NSCLC. Hence, it is a 
promising candidate for early NSCLC diagnosis. 

Conflict of Interest
The authors declare that they have no conflict of interests.

Availability of Data and Materials
All data generated or analyzed during this study are includ-
ed in this article. Further inquiries can be directed to the 
corresponding author.

Authors’ Contribution
S.-W. Liu designed the experiments. All authors performed 
statistical analysis, writing-original draft. All authors con-
tributed to editorial changes in the manuscript.

Funding
None.

Ethics Approval 
This study was approved by the Medical Ethical Commit-
tee of The First Affiliated Hospital of Xingtai Medical Col-
lege (No. XTFH-2021-04), Shijiazhuang, Hebei Province, 
China.

Informed Consent
Informed consent form was obtained from the patients.

ORCID ID
S.-W. Liu: 0009-0008-5551-9332

References

 1) Liu XG, Li M, Mai SJ, Cai RJ. Telomere length-re-
lated signature as a novel biomarker of prognosis 
and immune response in non-small cell lung can-
cer. Eur Rev Med Pharmacol Sci 2022; 26: 1304-
1319. 

 2) Aras F, Olmezoglu A. Predictive value of quantita-
tive metabolic tumor volume and metabolic index 
analysis in lung cancer stereotactic radiotherapy 
with F-18 FDG PET/CT. Eur Rev Med Pharmacol 
Sci 2022; 26: 3534-3543.

 3) Duma N, Santana-Davila R, Molina JR. Non-
Small Cell Lung Cancer: Epidemiology, Screen-
ing, Diagnosis, and Treatment. Mayo Clin Proc 
2019; 94: 1623-1640.

 4) Imyanitov EN, Iyevleva AG, Levchenko EV. Mo-
lecular testing and targeted therapy for non-
small cell lung cancer: Current status and per-
spectives. Crit Rev Oncol Hematol 2021; 157: 
103194.

 5) Sankar K, Gadgeel SM, Qin A. Molecular thera-
peutic targets in non-small cell lung cancer. Ex-
pert Rev Anticancer Ther 2020; 20: 647-661.

 6) Chen Z, Fillmore CM, Hammerman PS, Kim CF, 
Wong KK. Non-small-cell lung cancers: a hetero-
geneous set of diseases. Nat Rev Cancer 2014; 
14: 535-546.

 7) Nagano T, Tachihara M, Nishimura Y. Molecular 
Mechanisms and Targeted Therapies Including 
Immunotherapy for Non-Small Cell Lung Cancer. 
Curr Cancer Drug Targets 2019; 19: 595-630.

 8) Furue M, Furue K, Tsuji G, Nakahara T. Interleu-
kin-17A and Keratinocytes in Psoriasis. Int J Mol 
Sci 2020; 21: 1275.

 9) Tang M, Lu L, Yu X. Interleukin-17A Interweaves 
the Skeletal and Immune Systems. Front Immu-
nol 2021; 11: 625034.

10) McGeachy MJ, Cua DJ, Gaffen SL. The IL-17 
Family of Cytokines in Health and Disease. Im-
munity 2019; 50: 892-906.

11)  Iwakura Y, Ishigame H, Saijo S, Nakae S. Func-
tional specialization of interleukin-17 family mem-
bers. Immunity 2011; 34: 149-162. 

12) Blauvelt A, Chiricozzi A. The Immunologic Role 
of IL-17 in Psoriasis and Psoriatic Arthritis Patho-
genesis. Clin Rev Allergy Immunol 2018; 55: 379-
390.

13) Ritzmann F, Lunding LP, Bals R, Wegmann M, 
Beisswenger C. IL-17 Cytokines and Chronic 
Lung Diseases. Cells 2022; 11: 2132. 

14) Chung SH, Ye XQ, Iwakura Y. Interleukin-17 fam-
ily members in health and disease. Int Immunol 
2021; 33: 723-729.

15) Wang Y, Zang J, Liu C, Yan Z, Shi D. Interleu-
kin-17 Links Inflammatory Cross-Talks Between 



IL-17A as a new circulating bioindicator for non-small cell lung cancer diagnosis and prognosis

12011

Comorbid Psoriasis and Atherosclerosis. Front 
Immunol 2022; 13: 835671.

16) Taams LS, Steel KJA, Srenathan U, Burns LA, 
Kirkham BW. IL-17 in the immunopathogenesis of 
spondyloarthritis. Nat Rev Rheumatol 2018; 14: 
453-466.

17) Berry SPD, Dossou C, Kashif A, Sharifinejad N, 
Azizi G, Hamedifar H, Sabzvari A, Zian Z. The 
role of IL-17 and anti-IL-17 agents in the immuno-
pathogenesis and management of autoimmune 
and inflammatory diseases. Int Immunopharma-
col 2022; 102: 108402.

18)  Shaikh SB, Prabhu A, Bhandary YP. Interleu-
kin-17A: A Potential Therapeutic Target in Chron-
ic Lung Diseases. Endocr Metab Immune Disord 
Drug Targets 2019; 19: 921-928.

19) Feng Y, Chen Z, Tu SQ, Wei JM, Hou YL, Kuang 
ZL, Kang XN, Ai H. Role of Interleukin-17A in the 
Pathomechanisms of Periodontitis and Related 
Systemic Chronic Inflammatory Diseases. Front 
Immunol 2022; 13: 862415.

20) Gorczynski RM. IL-17 Signaling in the Tumor Mi-
croenvironment. Adv Exp Med Biol 2020; 1240: 
47-58.

21) Armstrong D, Chang CY, Lazarus DR, Corry D, 
Kheradmand F. Lung Cancer Heterogeneity in 
Modulation of Th17/IL17A Responses. Front On-
col 2019; 9: 1384.

22) Xu R, Ke X, Shang W, Liu S, Fu X, Wang T, Jin S. 
Distribution and Clinical Significance of IL-17A in 
Tumor-Infiltrating Lymphocytes of Non-Small Cell 
Lung Cancer Patients. Pathol Oncol Res 2022; 
28: 1610384.

23) Chen P, Liu Y, Wen Y, Zhou C. Non-small cell lung 
cancer in China. Cancer Commun (Lond) 2022; 
42: 937-970.

24) Nagasaka M, Uddin MH, Al-Hallak MN, Rahman 
S, Balasubramanian S, Sukari A, Azmi AS. Liquid 
biopsy for therapy monitoring in early-stage non-
small cell lung cancer. Mol Cancer 2021; 20: 82.

25) Vansteenkiste J, Wauters E, Reymen B, Acker-
mann CJ, Peters S, De Ruysscher D. Current sta-
tus of immune checkpoint inhibition in early-stage 
NSCLC. Ann Oncol 2019; 30: 1244-1253.

26) Shen H, Jin Y, Zhao H, Wu M, Zhang K, Wei Z, 
Wang X, Wang Z, Li Y, Yang F, Wang J, Chen 

K. Potential clinical utility of liquid biopsy in ear-
ly-stage non-small cell lung cancer. BMC Med 
2022; 20: 480.

27) Brown S, Banfill K, Aznar MC, Whitehurst P, 
Faivre Finn C. The evolving role of radiotherapy in 
non-small cell lung cancer. Br J Radiol 2019; 92: 
20190524.

28) Passiglia F, Bertaglia V, Reale ML, Delcuratolo 
MD, Tabbò F, Olmetto E, Capelletto E, Bironzo 
P, Novello S. Major breakthroughs in lung cancer 
adjuvant treatment: Looking beyond the horizon. 
Cancer Treat Rev 2021; 101: 102308.

29) Ghysen K, Vansteenkiste J. Immunotherapy in 
patients with early stage resectable nonsmall cell 
lung cancer. Curr Opin Oncol 2019; 31: 13-17.

30) Daly ME, Beagen P, Madani MH. Nonsurgical 
Therapy for Early-Stage Lung Cancer. Hematol 
Oncol Clin North Am 2023; 37: 499-512.

31) Chen Z, Chen Q, Cheng Z, Gu J, Feng W, Lei T, 
Huang J, Pu J, Chen X, Wang Z. Long non-cod-
ing RNA CASC9 promotes gefitinib resistance in 
NSCLC by epigenetic repression of DUSP1. Cell 
Death Dis 2020; 11: 858.

32) Zhao L, Zhang X, Shi Y, Teng T. LncRNA SN-
HG14 contributes to the progression of NSCLC 
through miR-206/G6PD pathway. Thorac Cancer 
2020; 11: 1202-1210.

33) Lu X, Wang J, Wang W, Lu C, Qu T, He X, Liu X, 
Guo R, Zhang E. Copy number amplification and 
SP1-activated lncRNA MELTF-AS1 regulates tu-
morigenesis by driving phase separation of YBX1 
to activate ANXA8 in non-small cell lung cancer. 
Oncogene 2022; 41: 3222-3238.

34) Bastid J, Dejou C, Docquier A, Bonnefoy N. The 
Emerging Role of the IL-17B/IL-17RB Pathway in 
Cancer. Front Immunol 2020; 11: 718.

35) Li S, Na R, Li X, Zhang Y, Zheng T. Targeting 
interleukin-17 enhances tumor response to im-
mune checkpoint inhibitors in colorectal cancer. 
Biochim Biophys Acta Rev Cancer 2022; 1877: 
188758.

36) Facchinetti F, Aldigeri R, Aloe R, Bortesi B, Ardiz-
zoni A, Tiseo M. CEA serum level as early predic-
tive marker of outcome during EGFR-TKI therapy 
in advanced NSCLC patients. Tumour Biol 2015; 
36: 5943-5951.


