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Abstract. Advances in the immunology have identified that 
interleukin (IL)‑17 and IL‑35 are cytokines with diverse 
functions, serving important roles in autoimmune diseases 
and chronic inflammation. Checkpoint inhibitor pneumo-
nitis (CIP) is focal or diffuse lung inflammation induced by 
immune checkpoint inhibitors and the underlying patho-
genesis has not been fully explored. The aim of the present 
study was to investigate the roles of IL‑17A and IL‑35, and the 
correlation between their levels and different T cell subsets 
in CIP. The levels of IL‑17A and IL‑35 in peripheral blood 
and bronchoalveolar lavage fluid (BALF) were measured in 
patients with non‑small cell lung cancer (NSCLC) with CIP, 
and the corresponding controls. The percentages of helper T 
lymphocyte (Th)1, Th2 and Th17 cells, and regulatory T cells 
(Tregs) in the peripheral blood were synchronically detected. 
Serum levels of IL‑17A and IL‑35 were significantly increased 
at the time of CIP diagnosis compared with the baseline, and 
significantly decreased upon clinical recovery or improve-
ment. IL‑17A and IL‑35 were also increased in the BALF 

during the development of CIP compared with the baseline. 
Serum levels of IL‑17A were positively correlated with the 
percentages of Th1 and Th17 cells as well as the ratio of Th17 
to Tregs, but negatively associated with the frequency of Tregs 
in CIP. Serum levels of IL‑35 were positively correlated with 
the percentages of Th1 and Tregs, and with the ratio of Th1 to 
Th2 cells in CIP. A higher frequency of Th1 and Th17 cells, 
as well as higher ratios of Th17 to Tregs and Th1 to Th2 cells 
were detected upon development of CIP comparing with the 
baseline. These data suggested that the activation of Th1 and 
Th17 cells, as well as Treg inhibition contributed to the imbal-
anced ratios of Th1 to Th2 and Th17 to Tregs, which resulted 
in increased secretion of IL‑17A and IL‑35 in the plasma and 
BALF; this may present a valuable index to monitor the devel-
opment and severity of CIP in patients with NSCLC receiving 
immunotherapy.

Introduction

Anti‑programmed death 1 (PD‑1)/anti‑programmed death 1 
ligand 1 (PD‑L1) antibodies pembrolizumab, nivolumab and 
atezolizumab are becoming promising new treatment options 
for a broad range of refractory malignancies; this has resulted 
in their approval by the US Food and Drug Administration 
for the treatment of >14 different types of cancer, including 
non‑small cell lung cancer (NSCLC)  (1), malignant mela-
noma (2), renal cell carcinoma (3), Hodgkin's lymphoma (4) 
and bladder cancer (5).

However, despite encouraging cl inical effects, 
PD‑1/PD‑L1‑targeting agents have also been associated with a 
spectrum of immune‑related adverse events (irAEs), including 
skin rashes, neurotoxicity, myocarditis, colitis, hepatitis, 
endocrine dysfunction and pneumonitis  (6). Among these 
irAEs, pneumonitis is rare, but potentially life‑threatening. 
Immune‑mediated pneumonitis, also termed checkpoint 
inhibitor pneumonitis (CIP), was initially described in a phase I 
trial of nivolumab in patients with different malignancies, in 
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which three (2%) patients died of severe pneumonitis (7). CIP 
is defined as the development of dyspnea and/or other respira-
tory symptoms (including cough and hypoxia) in the presence 
of new pulmonary infiltrates on chest imaging and in the 
absence of new infection (8). To date, CIP has been reported 
in ≤5% of patients in clinical trials, and the rates of grade 
3/4 pneumonitis are similar across tumor types. However, 
due to pneumonitis, patients with NSCLC appear to exhibit a 
higher treatment‑related mortality rate (9‑16). The real‑world 
incidence of CIP may be even higher, especially as immune 
checkpoint inhibitors (ICIs) are currently being widely used 
in non‑clinical trial settings. Thus, the occurrence of CIP in 
NSCLC has become regarded as an area of special interest.

To date, the molecular mechanism of CIP has not been 
fully elucidated. Current hypotheses suggest a dysregulated 
interaction between effector and regulatory T cells (Tregs) in 
the pulmonary interstitium, ultimately leading to an inflam-
matory response (17). In 2013, Barjaktarevic et al (18) revealed 
an organizing pneumonia pattern in patients with pneumo-
nitis caused by an anti‑cytotoxic T lymphocyte‑associated 
antigen‑4 antibody. Naidoo et al (19) examined tissue samples 
from 11 patients treated with anti‑PD‑1/PD‑L1 therapy at 
the Memorial Sloan Kettering Cancer Center, and found that 
interstitial fibrosis (4/11) and organizing pneumonia (3/11) 
were the most common pathological manifestations. Despite 
the aforementioned studies, a considerable lack of data has 
been reported in regard to the etiology of CIP. Rapid clinical 
improvement upon administration of corticosteroids indicates 
an immune‑mediated mechanism, and suggests that T cells 
may serve an important role in the pathogenesis of CIP.

Interleukin (IL)‑17 is an important cytokine for regulating 
immune homeostasis, and the aberrant expression of IL‑17 
has been suggested to contribute to a number of pathologies, 
including asthma, pneumonitis and the generation or exacer-
bation of pulmonary fibrosis (20). IL‑35, a recently identified 
heterodimeric cytokine, has been implicated to serve a crucial 
role in several immune‑associated diseases, such as autoim-
mune diseases and viral infections, as well as in tumors (21). 
Higher levels of serum IL‑35 are reportedly associated with 
pulmonary fibrosis  (22). Thus, the present study aimed to 
dynamically determine the alterations in the expression levels 
of IL‑17A and IL‑35 in the peripheral blood and bronchoal-
veolar lavage fluid (BALF) of patients with NSCLC‑related 
CIP, as well as to synchronically detect different subsets of 
T cells, including helper T lymphocytes (Th)1, Th2 and Th17 
cells, and CD4+CD25+ forkhead box P3 (Foxp3)+ Tregs, in the 
peripheral blood.

Materials and methods

Patients. Blood specimens from 13 patients with NSCLC 
diagnosed with CIP who received anti‑PD‑1/PD‑L1 therapy 
between July 2016 and December 2018 at the Department of 
Medical Oncology, The First Affiliated Hospital of Zhejiang 
University (Hangzhou, China), were collected within 2 weeks 
of immuno‑oncology (IO) treatment, prior to every two cycles 
of immunotherapy and upon onset of CIP. A total of 9 patients 
underwent bronchoscopy and BALF was collected at baseline 
and upon CIP diagnosis during bronchoscopy examination; 
20 patients with locally advanced/metastatic NSCLC with 

available constitutive blood samples during anti‑PD‑1/PD‑L1 
treatment were included as controls, and 10 of them received 
bronchoscopy examination both pre‑ (no more than 10 days 
before treatment) and post‑ICI treatment (after 2‑5 cycles of 
ICI treatment). BALF was collected from the middle lobe in 
control patients and a newly infiltrated area in patients with 
CIP during bronchoscopy. The present study was a planned 
analysis with a prospective observational protocol approved 
by the Ethical Committee of The First Affiliated Hospital of 
Zhejiang University. Written informed consent was obtained 
from all subjects.

Radiological and clinical assessment. A chest computed 
tomography (CT) scan was mandatory for all patients at base-
line, during therapy, at follow‑up and upon clinical suspicion 
of CIP. According to the American Thoracic Society/European 
Respiratory Society 2002 classification (23,24), the occurrence 
of new and diffuse lung parenchymal abnormalities on CT 
scans, such as ground‑glass opacities, consolidations, inter-
lobular septal thickening and intralobular lines, micronodules, 
bronchiectasis and architectural distortion, may correlate with 
drug‑induced interstitial pneumonitis.

The diagnosis of CIP was based on radiological data 
and clinical symptoms following the guidelines of the 
European Society for Medical Oncology, the Society for 
Immunotherapy of Cancer, and the American Society for 
Clinical Oncology/National Comprehensive Cancer Network, 
which include the use of imaging (chest X‑ray and/or CT), 
pulse oximetry and an infectious work‑up (including nasal 
swab, sputum, blood and urine cultures)  (25‑28). Patients 
were only diagnosed with CIP after the exclusion of other 
causes of pulmonary disorders, such as pulmonary infection, 
progression of lung cancer or radiation pneumonitis based on a 
multidisciplinary discussion between radiologists, oncologists, 
pulmonologists and infectious disease specialists, although 
the diagnostic criteria of CIP was inconsistent. CIP severity 
(G1‑G5) was defined according to the Common Terminology 
Criteria for Adverse Events, version 4.0 (29).

Detection of IL‑17A and IL‑35 in serum or BALF by ELISA. 
Peripheral blood and BALF samples were collected from patients 
and stored at ‑80˚C for subsequent experimentation; the samples 
were analyzed within 90 days of collection. The concentrations 
of IL‑35 and IL‑17A in patients with CIP and controls were 
quantified using cytokine‑specific ELISA kits (cat. no. DY6456 
for IL‑35 and D1700 for IL‑17A; R&D Systems, Inc.) according 
to the manufacturer's protocols. Briefly, 100  µl serum or 
BALF was added to microplate strips and incubated at room 
temperature for 2‑3 h. After a total of three washes, primary 
antibodies for IL‑35 or IL‑17A were added and incubated for 1 h 
at room temperature. The wash step was then repeated. Finally, 
after incubation at room temperature with substrate solution for 
30 min, stop solution (acid stop solution provided with IL‑17A 
kit and 2NH2SO4 with IL‑35 kit (both R&D Systems, Inc.) was 
added and the colorimetric density of each well was determined 
at a wavelength of 450 nm using a Multimode Reader (Tecan 
Infinite™ F200). All samples were assayed in triplicate.

Flow cytometric detection of T‑cell subsets. The frequencies of 
different T‑cell subsets in 13 patients with CIP and 20 control 
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subjects were detected by flow cytometry within 2 weeks prior 
to IO treatment, at every two cycles of immunotherapy and at 
the onset of CIP. Peripheral blood mononuclear cells (PBMCs) 
were isolated from fresh heparinized blood by standard 
Ficoll‑Hypaque density centrifugation (Biochrom, Ltd.) at 
room temperature and 670 x g for 30 min. PBMC isolation was 
performed ≤2 h after peripheral blood collection. To exclude 
non‑specific binding, isotype‑matched antibodies (mouse IgG1 
monoclonal κ antibody, cat. no. 554679, 1 µl/1 million cells, BD 
Biosciences) were used as controls; ≥2x105 cells were analyzed 
using a FC500 MPL flow cytometer and CXP‑analysis version 
2.2 (both Beckman Coulter, Inc.). For Treg analysis, cell 
surface staining was performed with fluorescein isothiocya-
nate (FITC)‑conjugated anti‑CD25 (cat. no. 560990, 20 µl/1 
million cells, BD Biosciences), phycoerythrin (PE)‑conjugated 
anti‑Foxp3 (cat.  no.  560046, 20  µl/1 million cells, BD 
Biosciences), PE‑cy5‑conjugated anti‑CD4 (cat. no. 555348, 
20 µl/1 million cells, BD Biosciences) or the appropriate isotype 
controls (mouse IgG1 monoclonal κ antibody, cat. no. 554679, 
1 µl/1 million cells, BD Biosciences). The cells were incubated 
with the antibodies for 20 min at room temperature in the dark, 
followed by washing in PBS and subsequent flow cytometric 
analysis. For cytotoxic and helper T‑cell subsets, the cells 
were incubated with PE‑conjugated anti‑CD3 (cat. no. 555333, 
20 µl/1 million cells, BD Biosciences) and PE‑cy5‑conjugated 
anti‑CD4/CD8 (cat. no. 555348, 20 µl/1 million cells for CD4 
and cat. no. 557750, 5 µl/1 million cells for CD8, both BD 
Biosciences) at 4˚C for 15 min, fixed at 4˚C for 10 min using 
fixation buffer (cat. no. 554714, BD Biosciences) and permea-
bilized at room temperature for 15 min using permeabilization 
wash buffer (cat. no. 554714, BD Biosciences). The cells were 
then stained with FITC‑conjugated anti‑interferon‑γ (IFN‑γ, 
cat.  no.  554551, 1  µl/1 million cells, BD Biosciences) or 
anti‑IL‑4 antibodies (cat. no. 559333, 20 µl/1 million cells, 
BD Biosciences) at room temperature for 30 min and assessed 
by flow cytometry using the FC500 MPX flow cytometer 
with MXP software version 2.2 (Beckman Coulter, Inc.). 
The frequencies of Tregs (CD4+CD25+Foxp3+), and Th1 
(CD3+CD8‑IFN‑γ+) and Th2 (CD3+CD8‑IL‑4+) cells were 
expressed as a percentage of the CD4+ T‑cell population by 
sequential gating on lymphocytes and CD4+ T cells.

Statistical analysis. The data were analyzed using SPSS soft-
ware version 22 (IBM Corp). Categorical data are summarized 
as counts and percentages, and quantitative data are expressed 
as the mean ± standard deviation or the median and quartile 
range according to their distribution. The χ2 test was used 
to analyze the baseline data of patients with NSCLC. The 
differences between multiple groups were determined using 
Kruskal‑Wallis with Dunn's multiple comparisons test. The 
association between measures was analyzed by Pearson's 
correlation with Bonferroni's correction. P<0.05 (two‑tailed) 
was considered to indicate a statistically significant difference.

Results

Patient characteristics. A total of 13 patients with NSCLC 
developed CIP during immunotherapy between July 2016 
and December 2018; 20 patients with NSCLC without CIP 
were included as controls. All patient baseline and treatment 

characteristics are presented in Table I. The age of the patients 
ranged between 36 and 82 years (mean, 66.8 years); the majority 
were Eastern Cooperative Oncology Group performance status 
(ECOG PS) (30) 0‑1 (n=22; 66.7%) and received single‑agent 
anti‑PD‑1/PD‑L1 therapy (n=29; 87.9%). PD‑1/PD‑L1 anti-
bodies included nivolumab (3 mg/kg; Bristol‑Myers Squibb), 
pembrolizumab (2  mg/kg; Merck Sharp & Dohme, Ltd.), 
atezolizumab (1,200 mg; Roche Diagnostics) and camreli-
zumab (200 mg; Jiangsu Hengrui Medicine Co., Ltd.). In 
total, 4 patients (12.1%) received immunotherapy combined 
with chemotherapy. PD‑L1 was detected in 14 (58.3%) of the 
24 patients for whom PD‑L1 immunostaining (IHC 22C3 
pharmDX, Agilent Technologies, Inc.) was available. None of 
the considered variables (age, sex, ECOG PS, smoking status, 
previous COPD, histological type, mutation status, PD‑L1 
expression, metastatic sites, type of immunotherapy regimen or 
previous treatment lines) were significantly different between 
the patients with CIP and the controls (Table I).

Clinical features of patients with CIP. Of the patients who 
developed CIP (n=13), pneumonitis occurred after a median 
of 3 cycles of immunotherapy (range, 1‑6). The median time 
between initial immunotherapy and the onset of CIP was 
49.8 days (range, 18‑140 days); 5 patients (38.5%) initially 
presented with dyspnea, and 6 (46.2%) with a cough, whereas 
2 patients (15.4%) were asymptomatic. Most of the patients 
exhibited grade 2‑4 pneumonitis (11/13, 84.6%), with the excep-
tion of 2 patients with grade 5 (15.4%). In addition, 11 patients 
(84.6%) with pneumonitis were treated with systemic steroids 
for a median of 24 days (range, 5‑128 days). Of these patients, 
4  completely recovered (30.8%) and 7  improved (53.8%), 
whereas 2 were admitted to the intensive care unit and 
succumbed to pneumonitis progression (15.4%) (Table II).

Alterations in the serum levels of IL‑17A and IL‑35 are associ‑
ated with CIP severity. The serum levels of IL‑17A and IL‑35 
in the patients with CIP and controls during immunotherapy 
were longitudinally monitored within 2 weeks prior to IO treat-
ment, at every two cycles of immunotherapy and upon onset of 
CIP. In patients with CIP (n=13), median serum IL‑17A levels 
increased significantly at the time of CIP diagnosis compared 
with baseline levels (P<0.001) and significantly decreased upon 
clinical recovery or improvement (n=11; P=0.034) (Fig. 1A). 
In 2 CIP cases presenting with pneumonitis progression, 
the IL‑17A level decreased upon administration of systemic 
steroids compared with CIP onset, but further increased at a 
later stage (Fig. 1E). Of note, the median serum levels of IL‑35 
displayed the same pattern as those of IL‑17A (Fig. 1C and F). 
In the control patients with NSCLC who received ICI treat-
ment (n=20), the median serum levels of IL‑17A and IL‑35 
increased slightly during immunotherapy compared with the 
baseline; however, no significant elevation in serum IL‑17A or 
IL‑35 levels was detected (Fig. 1B and D).

High frequencies of Th1 and Th17 cells are associated with 
the development of CIP. Next, the frequencies of different 
T‑cell subsets were assessed by flow cytometry in 13 patients 
with CIP and 20 control subjects. As presented in Fig. 2, the 
percentages of Th17 and Th1 cells in patients with CIP were 
significantly higher following the onset of CIP compared 
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Table I. Baseline characteristics of patients with NSCLC.

Characteristics	 Total (n=33)	 Patients with CIP (n=13)	 Control patients (n=20)	 P‑valuea

Age, years				    0.930
  ≤65	 20	 8	 12
  >65	 13	 5	 8
Sex				    0.801
  Male	 22	 9	 13
  Female	 11	 4	 7
ECOG PS				    0.614
  0‑1	 22	 8	 14
  2	 11	 5	 6
Smoking status				    0.960
  Never	 3	 1	 2
  Present	 7	 3	 4
  History	 23	 9	 14
Previous COPD				    0.829
  Yes	 16	 6	 10
  No	 17	 7	 10
Histological type				    0.619
  Squamous	 16	 7	 9
  Non‑squamous	 17	 6	 11
Mutation status				    0.343
  EGFR	 4	 2	 2
  ALK	 0	 0	 0
  ROS1	 0	 0	 0
  KRAS	 5	 1	 4
Previous target therapy				    0.906
  Yes	 4	 2	 2
  No	 0	 0	 0
PD‑L1 expression (22C3)				    0.534
  ≤1%	 10	 5	 5
  >1%	 14	 4	 10
  ND	 9	 4	 5
Pathological stage				    0.900
  IIIB	 8	 3	 5
  IV	 25	 10	 15
Metastatic sites, n				    0.663
  1‑2	 24	 10	 14
  ≥3	 9	 3	 6
Treatment line				    0.338
  1st	 8	 2	 6
  ≥2nd	 25	 11	 14
Immunotherapy				    0.886
  Nivolumab	 8	 3	 5
  Pembrolizumab	 10	 5	 5
  Atezolizumab	 6	 2	 4
  Camrelizumab	 5	 1	 4
  Pembro + Chemo	 4	 2	 2

aχ2 test. NSCLC, non‑small cell lung cancer; CIP, checkpoint inhibitor pneumonitis; ECOG, Eastern Cooperative Oncology Group; PS, 
performance status; COPD, chronic obstructive pulmonary disease; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma 
kinase; ROS1, ROS proto‑oncogene 1; KRAS, KRAS proto‑oncogene; PD‑L1, programmed death receptor ligand 1; N, number; ND, no data; 
Pembro + Chemo, pembrolizumap + chemotherapy.
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with those at baseline (P=0.014 and P=0.029; Fig. 2A and C, 
respectively), whereas no significant changes were detected in 
the control group (Fig. 2B and D). As a result, the ratios of 
Th17 to Tregs in patients with CIP (upon onset of CIP) were 
significantly higher compared with those at baseline (P=0.002; 
Fig. 3A), and the ratios of Th1 to Th2 were significantly higher 
compared with those following improvement (P=0.042; 
Fig. 3C). In the control group, the ratio of Th17 to Tregs in 
patients with NSCLC also increased following ICI treatment 
compared with that at baseline (P=0.441; Fig. 3B); however, no 
increased ratios of Th1 to Th2 were observed in these patients 
(Fig. 3D). These results suggested that higher frequencies of 
Th1 and Th17 cells, as well as higher ratios of Th17 to Tregs 
and Th1 to Th2 cells, may be associated with the development 
of CIP in patients with NSCLC.

Association between serum IL‑17A and IL‑35 levels and the 
percentages of different T‑cell subsets in patients with NSCLC 
and CIP. To further clarify the roles of IL‑17A and IL‑35 in CIP, 
the correlation between the serum levels of these cytokines and 
the percentages of different T‑cell subsets were investigated in 
patients with NSCLC and CIP (Fig. 4 for IL‑17A and Fig. 5 for 
IL‑35). The levels of serum IL‑17A were positively correlated 
with the percentage of Th17 cells (r=0.537; P=0.003; Fig. 4D) 
and the ratio of Th17 to Tregs (r=0.562; P=0.001; Fig. 4F). 
Serum IL‑17A levels displayed no significant correlation with 
the frequency of Th1, Th2, Tregs or the ratio of Th1 to Th2 
cells in patients with CIP (r=0.343; P=0.196; Fig. 4A; r=0.013; 
P=1.000; Fig. 4B; r=‑0.350; P=0.173; Fig. 4E; and r=‑0.024; 
P=1.000; Fig. 4C ). The levels of serum IL‑35 were positively 
correlated with the percentages of Th1 (r=0.525; P=0.004; 
Fig. 5A) and the ratio of Th1 to Th2 cells (r=0.479; P=0.012; 
Fig. 5C) in patients with CIP. However, no correlation was 

detected between serum IL‑35 levels and frequency of Th2, 
Th17, Tregs or the ratio of Th17 to Treg cells in patients with 
CIP (r=0.153; P=1.000; Fig. 5B; r=0.250; P=0.746; Fig. 5D; 
r=0.322; P=0.273; Fig. 5E; and r=0.195; P=1.000; Fig. 5F ). 
These data suggested that the activation of Th1 and Th17 cells, 
as well as the inhibition of Tregs may contribute to the imbal-
anced ratio of Th1 to Th2 and Th17 to Tregs, thus leading to 
increased secretion of serum IL‑17A and IL‑35, and ultimately, 
the development of CIP.

Increased levels of IL‑17A and IL‑35 in the BALF and serum 
of patients with NSCLC and CIP. To further confirm the roles 
that IL‑17A and IL‑35 serve in the development of CIP, the 
levels of these cytokines were detected in the BALF of patients 
with CIP and the control patients during immunotherapy. 
In patients with CIP (n=9), BALF IL‑17A levels increased 
significantly at the time of CIP diagnosis compared with 
baseline levels (P=0.010; Fig. 6A), but no significant altera-
tion was observed in the BALF of the control patients with 
NSCLC (n=10; Fig. 6B). Levels of IL‑35 in the BALF were 
also increased at the onset of CIP compared with those at the 
baseline (P=0.008; Fig. 6C). However, in 10 control patients 
with NSCLC who received ICI treatment, no significant eleva-
tion of IL‑35 was detected in the BALF (Fig. 6D).

Discussion

Due to the wide spectrum of irAEs and the complexity of 
normal physiological interactions between the immune 
system and non‑diseased tissues, the identification of 
biomarkers for irAEs is challenging. The underlying 
mechanism of CIP has not been fully elucidated; however, 
specific hyperactivation of the T‑cell immune response 
and/or increased levels of inflammatory cytokines appear 
to be involved in the pathogenesis of irAEs (31). Largely 
on the basis of theory, current treatments of CIP include 
discontinuing medication, systemic cor ticosteroids 
and/or additional immune‑suppressive medication, such as 
infliximab, mycophenolate mofetil, cyclophosphamide or 
intravenous immunoglobulins (26‑28,32). However, consid-
ering the complexity of CIP, the optimal guidelines for the 
management of CIP are still to be established.

IL‑17A has been extensively studied as a crucial inflam-
matory cytokine, which is associated with autoimmune 
conditions (33,34). Considering its essential role in mediating 
several acute and chronic respiratory pathologies, such as 
asthma  (35) and idiopathic pulmonary fibrosis  (36,37), it 
may be hypothesized that IL‑17A may participate in the 
autoimmune‑pathological processes involved in CIP. In addi-
tion, as an inhibitory cytokine that can modulate activated T 
cells in immune dysfunctions, IL‑35 has also been associated 
with pulmonary fibrosis, which is a characteristic pathogenic 
process of systemic sclerosis, a chronic systemic autoimmune 
disease (22,38). However, although interstitial pneumonitis 
has been reported to be the most common pattern of CIP (19), 
which shares similar pathogenesis with pulmonary fibrosis, 
limited evidence exists to clarify the roles of IL‑17A and IL‑35 
in the development of CIP.

In the present study, IL‑17A and IL‑35 were dynamically 
detected in a cohort of 13 patients with CIP and 20 controls 

Table II. Clinical features, treatment and outcome of CIP.

	 Patients with
Variable	 CIP (n=13)

Immunotherapy cycles, mean (range)	 3 (1‑6)
Time to CIP, days, mean (range)	 49.8 (18‑140)
Clinical symptoms, n (%)
  Dyspnea	 5 (38.5)
  Cough	 6 (46.2)
  Asymptotic	 2 (15.4)
Severity of CIP, n (%)
  G2	 2 (15.4)
  G3	 5 (38.5)
  G4	 4 (30.8)
  G5,	 2 (15.4)
  Steroid, n (%)	 11 (84.6)
Outcome, n (%)
  Recovered	 4 (30.8)
  Improved	 7 (53.8)
  Succumbed	 2 (15.4)

CIP, checkpoint inhibitor pneumonitis.
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with NSCLC alone. The results indicated that serum levels 
of these cytokines significantly increased at the time of CIP 
diagnosis compared with the baseline, and decreased upon 
clinical recovery or improvement. In 2 CIP cases presenting 
with severe pneumonitis progression, markedly elevated levels 
of IL‑17A and IL‑35 were observed in the final stages of 
disease. Increased levels of IL‑17A and IL‑35 compared with 

baseline were also observed in the BALF of patients with CIP. 
PD‑1/PD‑L1 inhibitors disrupt immune tolerance, increasing 
the activation of T cells and immune responses (39). Therefore, 
the elevated levels of IL‑17A in the plasma and the BALF may 
suggest a second wave of autoreactive T cells, which mediate 
not only tumor elimination, but also off‑target pulmonary 
destruction in CIP. Notably, in NSCLC patients with CIP onset 

Figure 1. Alterations in serum levels of IL‑17A and IL‑35. (A and B) Serum IL‑17A in (A) patients with CIP and (B) control patients. (C and D) Serum IL‑35 
in (C) patients with CIP and (D) controls. Kruskal‑Wallis test was used for multiple comparisons. (E and F) Changes in the levels of (E) IL‑17A and (F) IL‑35 
in one patient with severe CIP. IL, interleukin; CIP, checkpoint inhibitor pneumonitis; ICU, intensive care unit.
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Figure 2. Alterations in the percentage of Th1 and Th17. (A and B) Circulating Th17 percentage in (A) patients with CIP and (B) controls. (C and D) Circulating 
Th1 percentage in (C) patients with CIP and (D) controls. Kruskal‑Wallis test was used for multiple comparisons. (E) Dot plots of the fluctuations in Th17 
percentage in PBMCs from one representative patient with CIP. (F) Dot plots of the fluctuations in Th1 percentage in PBMCs from one representative patient 
with CIP. CIP, checkpoint inhibitor pneumonitis; Th, helper T lymphocyte; PBMCs, peripheral blood mononuclear cells; IL, interleukin; FITC, fluorescein 
isothiocyanate; IFN‑γ, interferon‑γ; PE, phycoerythrin.
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during immunotherapy, increased levels of IL‑35 seem to be 
insufficient to maintain immune tolerance or regulate reactive 
T cells for elevated levels of IL‑17A were also observed. It 
is likely that the upregulation of IL‑35 reflects a compensa-
tory response to the PD‑1/PD‑L1 axis blockage, as well as an 
anti‑inflammatory response to counteract IL‑17A during the 
development of CIP. Functionally, both IL‑17A and IL‑35 have 
been reported to regulate pulmonary fibrosis (40,41); thus, the 
aforementioned data support the cooperation of IL‑35 and 
IL‑17A in promoting CIP.

In the current study, different subtypes of T cells were 
dynamically detected, and a higher frequency of Th1 and 
Th17 cells, as well as higher ratios of Th17 to Tregs and Th1 to 
Th2, were associated with the development of CIP. In patients 
with NSCLC and CIP, the level of serum IL‑17A was positively 
correlated with the percentage of Th17 cells and the ratio of 
Th17 to Tregs, and negatively associated with the frequency of 
Tregs. Concurrently, the levels of serum IL‑35 were positively 

correlated with the percentage of Th1 and the ratio of Th1 to 
Th2 cells. These results support the notion that the activation 
of the IL‑17/Th17 pathway is involved in the pathogenesis of 
CIP. In addition, Treg depletion promotes increased suscepti-
bility of host cells to autoimmunity (42). Taken together, the 
activation of Th17 contributes to the imbalanced ratio of Th17 
to Tregs, and ultimately results in the increased secretion of 
IL‑17A. IL‑17A then stimulates the secretion of tumor growth 
factor‑β1 (43), which induces IL‑35 expression (40); together 
with the elevated levels of IL‑17A, this in turn activates resting 
fibroblasts and contributes to the progression of autoimmune 
pneumonitis.

An enhanced Th1 response has been observed in the 
development of CIP during immunotherapy. The Th1 immune 
response is considered a key player in cell‑mediated immu-
nity (44), and Th1 dysfunction may promote cancer progression. 
A shift in the Th1 to Th2 ratio towards Th2 predominance indi-
cates impairment of cell‑mediated immunity, and is frequently 

Figure 3. Alterations in the ratios of Th17 to Tregs and Th1 to Th2. (A and B) Ratio of Th17 to Tregs in (A) patients with CIP and (B) controls. (C and D) Ratio 
of Th1 to Th2 in (C) patients with CIP and (D) controls. Kruskal‑Wallis test was used for multiple comparisons. CIP, checkpoint inhibitor pneumonitis; 
Th, helper T lymphocyte; Tregs, regulatory T cells.
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observed in the advanced stages of malignancy (45), while Th1 
dominance is reportedly associated with high survival and 
low recurrence rates in patients with cancer (46). Therefore, 

Th1 polarization in patients with CIP may trigger an exces-
sive T‑cell response, yet to some extent, it also implies a more 
effective defense against NSCLC.

Figure 4. Correlations between serum levels of IL‑17A and the percentages of different subsets of T cells in patients with CIP. (A, D and F) Positive correlation 
between IL‑17A and (A) Th1, (D) Th17 and (F) Th17/Tregs. (B and C) No correlation was observed between IL‑17A and (B) Th2 or (C) Th1/Th2. (E) Negative 
correlation between IL‑17A and Tregs. Pearson correlation with Bonferroni correction used for correlation analysis. IL, interleukin; CIP, checkpoint inhibitor 
pneumonitis; Th, helper T lymphocyte; Tregs, regulatory T cells.

Figure 5. Correlations between serum levels of IL‑35 and the percentages of different subsets of T cells in patients with CIP. (A, C and E) Positive correlation 
between IL‑35 and (A) Th1, (C) Th1/Th2 and (E) Tregs. (B, D and F) No correlation was observed between IL‑35 and (B) Th2, (D) Th17 or (F) Th17/Tregs. 
Pearson correlation with Bonferroni correction was used for correlation analysis. IL, interleukin; CIP, checkpoint inhibitor pneumonitis; Th, helper T lympho-
cyte; Tregs, regulatory T cells.
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In conclusion, the results of the current study indicate 
that significantly higher levels of IL‑17A and IL‑35 in the 
plasma and BALF are associated with the severity of 
pneumonitis. Furthermore, the level of serum IL‑17A was 
positively correlated with Th1 and Th17 percentages, and the 
ratio of Th17 to Tregs, whereas that of IL‑35 was positively 
associated with the percentage of Th1 and Tregs, and the 
ratio of Th1 to Th2 cells in patients with CIP. Thus, IL‑17A, 
together with IL‑35, may contribute to the pathogenesis of 
pulmonary fibrosis during the development of CIP. The levels 
of IL‑17A and IL‑35 may be effective indicators of not only 
the development, but also the severity of pulmonary impair-
ment in CIP. Notably, due to the relatively low incidence of 
CIP, these analyses focused on PD‑1/PD‑L1 antibody‑related 
pneumonitis, and thus included a limited number of subjects. 
Further investigation is required to confirm these results and 
to determine more appropriate biomarkers for predicting the 

risk of this rare, but fatal adverse effect. Additional research 
will also improve our understanding of such regulatory 
systems and may yield insights for more effective therapeutic 
approaches to irAEs.
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