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novel molecular markers are urgently needed 
for clinical use. 

Interleukin-22 (IL-22) is a recently identified 
IL-10 superfamily cytokine mainly activated by 
lymphocytes in chronically inflamed tissues, 
and its receptor consists of two chains: IL-22 
receptor 1 (IL-22R1) and IL-10 receptor 2 (IL- 
10R2) [5]. Interestingly, IL-10R2 is expressed 
ubiquitously in various organs [6], whereas the 
expression of IL-22R1 is restricted to epithelial 
cells [7]. Therefore, IL-22 may have critical roles 
as a biological mediator from the immune sys-
tem to epithelial cells. IL-22 likely exerts multi-
ple functions under inflammatory conditions 
due to its regulatory roles in various genes 
involved in chemotaxis, proliferation, innate 
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Abstract: Lung cancer is one of the most common human cancers and is the leading cause of cancer-related mor-
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we found that the expression of IL-22 was upregulated in non-small-cell lung cancer (NSCLC) tumor specimens, 
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associated fibroblasts (CAFs) compared to the levels in cell cultures of normal fibroblasts. Moreover, treatment with 
the supernatant of CAF cell cultures significantly increased the proliferation, migration and invasion of A549 and 
H1650 cells but reduced apoptosis via the activation of PI3K-Akt-mTOR signaling, and the application of an anti-
IL-22 antibody can partially block the effects induced by the CAF cell culture supernatant. Finally, we also identified 
a panel of critical genes with differential expression between A549 cells treated with and without IL-22. In summary, 
our results demonstrate a novel regulatory function of IL-22 secreted by CAFs in NSCLC and provide a potential 
therapeutic target for treating lung cancer. 
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Introduction

Lung cancer is one of the most common human 
cancers and is the leading cause of cancer-
related mortality [1]. Among them, 85% of lung 
cancer patients suffered from non-small-cell 
lung cancer (NSCLC), which is often diagnosed 
at the advanced or metastatic stage [2]. De- 
spite recent advances in targeted therapies, 
the 5-year overall survival rates of lung cancer 
patients still remain below 15% [3, 4]. Although 
several studies have identified several immune-
related cytokine biomarkers, including IL-1, 
IL-6, IL-13 and IL-12, in NSCLC, these biomark-
ers had relatively low sensitivity and specificity, 
especially for early diagnosis, prognosis evalua-
tion, and prediction of recurrence. Therefore, 
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validated the expres-
sion of IL-22 and IL-22 
receptor (IL-22R) in lu- 
ng cancer tissues co- 
llected from surgery, 
and the correlation of 
their expression and 
the advanced clinical 
pathology of NSCLC 
was analyzed. Further- 
more, we quantified the 
IL-22 level in primary 
CAF cells as well as the 
NSCLC cell lines A549 
and H1650. Moreover, 
we explored the poten-
tial role of IL-22 in regu-
lating the proliferati- 
on, apoptosis, migrati- 
on and invasion of lu- 
ng cancer cells. Throu- 
gh transcriptome ana- 
lysis, the activation of 
the critical signaling 
pathway PI3K-Akt-mT- 

immunity and inflammation [8, 9]. However, the 
role of IL-22 in carcinogenesis, especially NS- 
CLC, remains obscure. 

Cancerous tissue is a complex mix of tumor 
cells, stromal cells and extracellular matrix 
(ECM), all of which make up a disordered and 
aggressive niche in comparison with organized 
and homeostatic normal tissue. It has been 
well established that the tumor microenviron-
ment plays an indispensable role in cancer 
development. Cancer-associated fibroblasts 
(CAFs) are involved in cancer initiation, growth, 
invasion, metastasis, therapeutic resistance 
and microenvironmental events, including an- 
giogenesis/lymphangiogenesis, ECM remodel-
ing, cancer-associated inflammation and me- 
tabolism reprogramming. In addition, CAFs are 
the predominant cellular components and play 
a central role in the tumor microenvironment 
[10]. At the molecular level, there is a sophisti-
cated network underlying the interactions am- 
ong CAFs, cancer cells and cytokines, accord-
ingly targeting CAFs. This provides a novel str- 
ategy in cancer therapy. 

In this study, we first attempted to highlight the 
critical role of IL-22 secreted by cancer-associ-
ated fibroblasts in lung cancer tumors. First, we 

OR was examined. Finally, we identified a panel 
of critical genes with differential expression lev-
els between CAFs alone and CAFs treated with 
IL-22. These results suggest a novel regulatory 
function of IL-22 secreted by CAFs in NSCLC 
and provide a potential therapeutic target for 
treating lung cancer. 

Methods

Patients and clinical tissue samples

Forty pairs of lung cancer tissue samples and 
adjacent tissue samples were obtained from 
specimens surgically resected from NSCLC 
patients at Changzhou Tumor Hospital. The tis-
sue specimens were immediately snap-frozen 
in liquid nitrogen at the time of surgery and 
stored at -80°C until processed. All the collect-
ed cases were diagnosed as NSCLC pathologi-
cally without any preoperative radiotherapy 
and/or chemotherapy. All patients provided 
informed consent. The present study was ap- 
proved by the institutional review board of the 
hospital. The following information was collect-
ed from patients: age, sex, tumor size, tumor 
location, tumor invasion, lymph node metasta-
sis, and tumor stage. The clinical information of 
the patients is shown in Table 1.

Table 1. Clinical information of the patients
Parameters NO. IL-22 P value IL-22R p value
Age (years) 0.824 0.742

    <40 16 1.461 ± 0.73 1.627 ± 0.74

    ≥40 24 1.569 ± 1.07 2.123 ± 0.88
Tumor size (cm) 0.015 0.048
    ≥5 14 3.615 ± 0.89 2.842 ± 1.01
    <5 26 1.899 ± 0.82 1.750 ± 0.97
Histological grade 0.738 0.685
    Differentiation 19 2.311 ± 0.97 0.79
    Poor differentiation 21 2.124 ± 1.12 1.868 ± 0.85
Invasion depth 0.139 0.417
    Tis-T2 25 1.785 ± 0.88 1.679 ± 0.82
    T3-T4 15 2.123 ± 0.89 1.821 ± 1.02
Lymph node metastasis 0.005** 0.004**
    N0 6 1.168 ± 0.65 1.612 ± 0.65
    N1-N3 34 3.080 ± 1.06 2.780 ± 0.98
Distant metastasis 0.003 0.038
    M0 12 1.768 ± 0.38 1.263 ± 0.60
    M1 28 2.866 ± 0.88 2.178 ± 1.21
Note: **P<0.01.
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Immunohistochemistry

The tissue samples were perfused with PBS, 
collected and fixed with formalin. Then, the tis-
sues were sliced into 3 μm sections and stained 
with hematoxylin and eosin (H&E). Later, the 
tissues were incubated with primary antibodies 
against IL-22, Akt, p-AKT, PI3K, p-PI3K mTOR 
and p-mTOR purchased from Abcam, USA. The 
immunoreactivity in sections was detected us- 
ing a horseradish peroxidase-3,3’-diaminoben-
zidine kit (200x magnification, Invitrogen, USA). 
Five regions from three sections obtained were 
observed. 

Detection of IL-22 in the CAFs

CAFs were isolated from the tumor tissues of 
NSCLC patients as previously described [10]. 
Elisa-Kit was purchased from Abcam (USA) to 
detect the expression level of IL-22 in the cell 
culture supernatant of CAFs. The operating pro-
cedure was followed by the Kit protocol.

Cell culture and treatment

Human NSCLC cell lines A549 and H1650 were 
cultivated in RPMI-1640 medium (Invitrogen, 
USA) supplemented with 10% FBS (fetal bovine 
serum, Invitrogen, USA) at 37°C in a humidified 
incubator (5% CO2). Cells were either treated 
with the supernatant from the CAFs or the 
supernatant from CAF+anti-IL-22 antibody (IL- 
22A) for 72 h. 

Reverse transcription-PCR and quantitative 
real-time PCR

Total RNA was first extracted from cells or clini-
cal tissue samples using TRIzol Reagent (In- 
vitrogen) based on the manufacturer’s proto-
col. Total cDNA was reverse transcribed from 
isolated RNA using PrimeScript RT Master Mix 
(Takara, Dalian, China). Quantitative real-time 
PCR was performed to detect the expression 
levels of IL-22 and IL-22R using SYBR premix Ex 
Taq (Takara, Dalian, China) on an ABI Biosystems 
thermal cycler. The relative expression levels of 
target genes were normalized to those of GA- 
PDH. The mRNA level was calculated with the 
2-ΔΔCt method. The reactions were performed at 
95°C for 30 seconds, followed by 40 cycles of 
95°C for 5 seconds and 60°C for 30 seconds. 
The sequences of the primers were as follows: 
IL-22 forward, 5’-GCTAAGGAGGCTAGCTTG-3’ 

and reverse, 5’-CAGCAAATCCAGTTCTCC-3’; IL- 
22R forward, 5’-CTCCACAGCGGCATAGCCT-3’ 
and reverse, 5’-ACATGCAGCTTCCAGCTGG-3’; 
GAPDH forward, 5’-GGCTGCTTTTAACTCTGGTA- 
3’ and reverse, 5’-ATGCCAGTGAGCTTCCCGT-3’.

Cell proliferation analysis

After 72 h of treatment, the proliferation of 
A549 and H1650 cells was measured by a cell 
counting kit-8 (CCK-8) with the BrdU labeling 
method according to the manufacturer’s ins- 
tructions. Briefly, the cells were washed with 
PBS buffer (pH 7.4), harvested by trypsinization 
and reseeded into a 96-well plate. Then, the 
plate was preincubated in a humidified incuba-
tor (37°C, 5% CO2). Ten microliters of the CCK-8 
solution was added to each well of the plate, 
and the plate was incubated for 1 to 4 h. The 
absorbance was measured at 450 using a 
microplate reader.

Western blot analysis

Total proteins were isolated from A549 and 
H1650 cells using a protease inhibitor cocktail. 
Protein concentrations were determined by a 
BCA Protein Assay Kit (Pierce, USA). The appro-
priate amount of proteins were resolved by 
10% SDS-PAGE (sodium dodecyl sulfate poly-
acrylamide gel electrophoresis) gel, transferred 
onto a polyvinylidene fluoride (PVDF) mem-
brane, blocked in 5% nonfat dry milk in Tris-
buffered saline (pH 7.4) containing 0.05% 
Tween 20, and blotted with antibodies against 
Akt, p-AKT, PI3K, p-PI3K mTOR and p-mTOR. 
β-actin served as the internal control. Then, the 
cells were incubated with HRP and secondary 
antibodies. The relative expression of the pro-
tein was evaluated with the gray value ratio of 
each protein and β-actin.

RNA isolation, cDNA library preparation, and 
RNA-seq analysis

TRIzol Reagent (Invitrogen, Carlsbad, CA, USA) 
was used to extract the total RNA from the 
obtained cells according to the manufacturer’s 
instructions. Total RNA quality was assessed by 
NanoDrop 2000 spectrophotometry (Thermo 
Fisher, Waltham, MA, USA). Only samples with a 
total RNA concentration of .1 mg/mL and a 260 
nm/280 nm optical density ratio between 1.8 
and 2.0 were submitted for double-stranded 
cDNA synthesis. The rRNA was removed, the 



IL-22 regulates lung cancer proliferation

4080 Am J Transl Res 2019;11(7):4077-4088

and adjacent tissue using RT-qPCR. As shown 
in Figure 1, the expression of both IL-22 and 
IL-22R was significantly increased in the tissue 
samples of patients with NSCLC compared with 
that in the adjacent tissue (Figure 1A and 1B). 
Immunohistochemistry was performed to ex- 
amine the expression levels of IL-22 and IL-22R 
in NSCLC tissues and adjacent normal tissues. 
The results showed that the expression levels 
of IL-22 and IL-22R in NSCLC tissues were 
increased compared with those in adjacent 
normal tissues (Figure 1C). Furthermore, we 
isolated CAFs from the NSCLC tissue samples 
and cultured them for 72 h. Compared with that 
of normal fibroblasts, the expression of IL-22 
was significantly upregulated in the cell culture 
supernatant of CAFs (Figure 1D). These results 
indicated that IL-22 and IL-22R were upregulat-
ed in lung cancer tissue and IL-22 enriched in 
cell culture supernatant of CAFs.

Il-22 promoted the proliferation of NSCLC cells 
in vitro

Moreover, we treated cells with the cell culture 
supernatant of CAFs, and it was observed that 
compared with untreated cells, the treatment 
of the cell culture supernatant of CAFs induced 
a significant increase in proliferation (P<0.01; 
Figure 2) and decreased the apoptosis of A549 
and H1650 cells (Figure 3), while the addition 
of the IL-22 antibody partially blocked the 
effects induced by the cell culture supernatant 
of CAFs. 

IL-22 promoted the migration and invasion of 
NSCLC cells in vitro

Furthermore, we also examined the effects of 
the cell culture supernatant of CAFs on the 
migration and invasion ability of A549 and 
H1650 cells. As shown in Figures 4 and 5, 
treatment with the cell culture supernatants of 
CAFs induced a significant increase in the 
migration and invasion abilities of A549 and 
H1650 cells, while the addition of the IL-22 
antibody partially blocked the effects induced 
by the cell culture supernatant of CAFs. 

Il-22 regulated the expression of the PI3K-AKT-
mTOR pathway in A549 and H1650 cells in 
vitro

Next, we performed Western blot analysis to in- 
vestigate the effect of the cell culture superna-
tant of CAFs on the expression of PI3K-AKT-

mRNA was enriched using magnetic beads with 
oligo (dT) and the mRNA randomly fragmented 
using fragmentation buffer. The mRNA was 
used as a template to synthesize the first-
strand cDNA using 1st Strand Enzyme Mix 
(Vazyme). The second-strand cDNA was synthe-
sized using 2nd Strand Marking Buffer and 2nd 
Strand/End Repair Enzyme Mix (Vazyme). The 
products were purified by VAHTSTM DNA Clean 
Beads, and then the ends of the double-strand-
ed products were repaired and A-tailed. An 
adapter was ligated to the A-tailed products 
using ligation mix. Suitably sized fragments 
were selected using VAHTSTM DNA Clean 
Beads to construct the cDNA library by PCR. 
RNA sequencing was performed using Illumina 
HiSeq XTen (Vazyme Biotech Co., Ltd).

The quantitative analysis of gene expression 
was completed by Cufflinks based on RPKM 
(reads per kb per million reads). Differentially 
expressed genes (DEGs) were identified with 
adjusted P<0.05 for multiple tests by Benjamini-
Hochberg Method [11] for controlling the false 
discovery rate. Cluster analysis was performed 
on differentially expressed genes using the 
software cluster and Java Treeview. Gene func-
tional annotations were based on a genome 
database and mapped by GO terms. GO enrich-
ment analysis was carried out using WEGO. 
Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathways were identified according to 
p-values and adjusted q-values using a BLAST 
search against the KEGG database and were 
then mapped onto KEGG pathways [12]. 

Statistics

All values were expressed as the means ± SDs. 
The data for cell invasion were analyzed using 
an unpaired two-tailed t-test. Chi-squared anal-
yses were performed to determine the correla-
tion between various pathological parameters, 
and Fisher’s exact test was also performed 
when necessary. They all use SPSS-19 soft-
ware. P<0.05 was considered to indicate statis-
tical significance.

Results

IL-22 and IL-22R were upregulated in lung can-
cer tissue

First, we compared the expression of IL-22 and 
IL-22R in tissue samples of patients with NSCLC 
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mTOR in A549 and H1650 
cells in vitro. The treatment 
of the cell culture superna-
tant of CAFs induced a sig-
nificant increase in the ex- 
pression and phosphoryla-
tion of PI3K, AKT and mTOR 
(Figure 6), while the addi-
tion of the IL-22 antibody 
partially blocked the activa-
tion of the PI3K/AKT/mTOR 
signaling pathway induced 
the cell culture supernatant 
of CAFs.

IL-22 altered gene expres-
sion profiling of A549 cells

To profile the differentially 
expressed genes for A549 

Figure 1. Comparison of the levels of IL-22 and IL-22R in tissue samples of patients with NSCLC and the adjacent 
tissues. A: RT-qPCR analysis of the expression of IL-22 in tissue samples of NSCLC patients. B: RT-qPCR analysis 
of the expression of IL-22R in tissue samples of NSCLC patients. C: IHC was performed to examine the expression 
levels of IL-22 and IL-22R in NSCLC tissues and adjacent normal tissues. D: Elisa-Kit analyze the expression of IL-22 
in cell culture supernatant of CAFs.

Figure 2. Effect of IL-22 on the proliferation of NSCLC cells in vitro. A: Compared 
with that of the control group, the proliferation rate of A549 cells was signifi-
cantly increased after CAF treatment, which was significantly decreased in the 
CAF+IL-22A group. B: The proliferation rate of H1650 was significantly higher 
than that in the control group, which was significantly reversed after treatment 
with IL-22A. *P<0.05 vs. CAF group. **P<0.01 vs. CAF group. 
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Figure 3. Effect of IL-22 on the apoptosis of NSCLC cells in vitro. (A) Compared with that in the control group, the 
apoptosis rate of A549 was significantly decreased in the CAF group, which was significantly augmented in the 
CAF+IL-22A group. (B) Quantitative analysis of (A). (C) The proliferation rate of H1650 was significantly lower than 
that in the control group, which was significantly reversed after treatment with IL-22A. (D) Quantitative analysis of 
(C). *P<0.05 vs. CAF group. **P<0.01 vs. CAF group. 

Figure 4. Effect of IL-22 on the migration of NSCLC cells in vitro. (A) Compared with that in the control group, the 
migration of A549 cells was significantly increased after CAF treatment, which was significantly decreased in the 
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cells treated with or without IL-22, genome-
wide RNA sequencing was conducted between 
three independent experiments. Hierarchical 
cluster analysis was applied for the changed 
gene with a fold-change >1.5 (P<0.05, FDR< 
30%) or a fold-change <0.667. As shown in 
Figure 7, we found that 2158 genes were sig-
nificantly altered when treated with IL-22 com-

CAF+IL-22A group. (B) Quantitative analysis of (A). (C) The migration of H1650 cells in the CAF group was significant-
ly higher than that in the control group, which was significantly reversed after treatment with IL-22A. (D) Quantitative 
analysis of (C). *P<0.05 vs. CAF group. **P<0.01 vs. CAF group. 

Figure 5. Effect of IL-22 on the invasion of NSCLC cells in vitro. (A) Compared with that in the control group, the 
migration of A549 cells was significantly increased after CAF treatment, which was significantly decreased in the 
CAF+IL-22A group. (B) Quantitative analysis of (A). (C) The migration of H1650 cells in the CAF group was significant-
ly higher than that in the control group, which was significantly reversed after treatment with IL-22A. (D) Quantitative 
analysis of (C). *P<0.05 vs. CAF group. **P<0.01 vs. CAF group.

Figure 6. Effect of IL-22 on the expression of PI3K/
AKT/mTOR in NSCLC cells in vitro. A: The protein lev-
els of p-mTOR and p-PI3K/AKT in A549 cells treated 
with CAF were significantly increased compared with 
those in the control group, which were reversed af-
ter treatment with IL-22A. B: The protein levels of p-
mTOR and p-PI3K/AKT in H1650 cells treated with 
CAF were significantly increased compared with 
those the control group, which were reversed after 
treatment with IL-22A. 
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and cytoplasm (Figure 8). 
The differentially expressed 
mRNAs in A549 cells treat-
ed with or without IL-22 
were further subjected to 
pathway analyses. Twenty 
pathways were significantly 
enriched (P<0.05), includ-
ing the p53 signaling path-
way, metabolic pathways 
and peroxisome pathway 
(Figure 9), suggesting that 
IL-22 was able to regulate 
global signaling pathwa- 
ys regarding apoptotic and 
metabolic regulatory func- 
tions.

Discussion

IL-22 has been shown to  
be critical in the progres-
sion of inflammatory disea- 
se, but its biological func-
tion in carcinogenesis re- 
mains obscure. In the pres-
ent study, we first identified 
that the expression of IL-22 
and the IL-22 receptor (IL- 
22R) in clinical lung cancer 
tissues, demonstrated by 
RT-qPCR, was positively co- 
rrelated with the tumor size 

pared to those in the control. Of those, 1375 
genes were upregulated, while 783 genes were 
downregulated. To understand the important 
biological process affected by IL-22 cocultured 
with A549 cells, a gene ontology (GO) analysis 
was performed and revealed that IL-22 was 
involved in the regulation of small molecule 
metabolic processes, response to oxygen-con-
taining compounds, response to organic sub-
stances, the regulation of locomotion, cell pro-
liferation, motility, cell migration, cellular res- 
ponses to chemical stimuli, and the positive 
regulation of cellular processes and biological 
processes. Moreover, in terms of cellular com-
ponents, we found that the most abundant 
genes were focused on protein binding and the 
binding of cofactors, coenzymes and other mol-
ecules, suggesting that IL-22 affected the inter-
action of proteins and biological molecules. In 
addition, for molecular function, the most 
enriched GOs are vesicle, extracellular organ-
elle and exosome, cytosol, cytoplasmic part 

and metastasis of NSCLC. Notably, we noticed 
a strong expression of IL-22 consistently in stro-
mal cells at the invasive front of the tumor, sug-
gesting that IL-22 signaling may play a critical 
role in lung cancer cell invasion. A significantly 
elevated level of IL-22 was secreted by primary 
CAFs compared to that secreted by normal 
fibroblast cells, which was consistent in the 
NSCLC cell lines A549 and H1650 cocultured 
with CAFs. Moreover, we found that IL-22 was 
able to regulate the proliferation, apoptosis, 
migration and invasion of lung cancer cells via 
the activation of the critical signaling pathway 
PI3K-akt-mTOR, facilitating the progression of 
NSCLC. 

In NSCLC, increasing evidence has revealed the 
importance of the local microenvironment in 
carcinoma initiation and progression. Activated 
stromal cells might be essential for tumor initia-
tion, the progression of ductal carcinoma in 
situ to an invasive type, and metastasis pro-

Figure 7. Differentially expressed genes for A549 cells treated with IL-22 or with-
out treatment. Hierarchical cluster analysis was applied for the changed gene 
with a fold-change >1.5 (P<0.05, FDR<30%) or a fold-change <0.667. A total 
of 1375 genes were upregulated after treatment with IL-22, while 783 genes 
were downregulated. 
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cesses [13, 14]. Approximately 80% of fibro-
blasts acquire an aggressive phenotype and 
contribute to cancer progression, including 
tumor growth, invasion and metastasis, directly 
or indirectly through paracrine activation by 
various growth factors and cytokines. Notably, 
the activation of these pro-carcinogenic fibro-
blasts, termed CAFs, is not reversible, similar to 
the activation of related myofibroblasts. In our 
study, we first provide evidence that the in- 
creased level of IL-22 in NSCLC was secreted by 
CAFs, further leading to the activation of the 
PI3K-Akt-mTOR signaling pathway, ultimately 
resulting in cell proliferation, apoptosis, migra-
tion, and invasion in lung cancer. 

Indeed, consistent with our current findings, 
previous studies have suggested that IL-22 may 

possibly promote cell proliferation and anti-
apoptosis via the activation of various path-
ways, such as STAT3, MAPK, and/or NF-κB sig-
naling in different types of cells [15, 16]. The 
autocrine production of IL-22 has been sug-
gested to contribute to human lung cancer cell 
survival, migration and resistance to chemo-
therapy through the upregulation of anti-apop-
totic proteins, including Bcl-2, and via IL-22R1/
STAT3 [9, 17]. Furthermore, IL-22 promotes epi-
thelial cell transformation and breast tumori-
genesis via MAP3K8 activation [18]. Interes- 
tingly, in gastric cancer, CAFs have been shown 
to produce IL-22 to further support the invasion 
of gastric cancer cells, possibly via STAT3 and 
ERK signaling [19]. Genetic evidence has also 
suggested that a specific genetic polymorphism 
in IL-22 (rs2227484 genotype) was associated 

Figure 8. Results of GO analysis. The regulation of IL-22 was prominent in small molecule metabolic processes, re-
sponses to organic substances, cell proliferation, cell migration, cellular responses to chemical stimuli, the positive 
regulation of cellular processes and biological processes. IL-22 affected the interaction of proteins and biological 
molecules. The most enriched GOs are vesicle, extracellular organelle and exosome, cytosol, cytoplasmic part and 
cytoplasm. 
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conditions, while normal ce- 
lls catabolize glucose by mi- 
tochondrial oxidative pho- 
sphorylation. On the other 
hand, in a metastatic lymph 
node of breast cancer pa- 
tients, immunohistochemi-
cal analysis revealed that 
metastatic breast cancer 
cells are positively stained 
by a glycolytic marker [21]. 
Thus, mCAFs likely contrib-
ute to metabolic reprogra- 
mming of the tumor micro-
environment via cytokine 
secretion, such as IL-22.

CAFs could be a novel pro-
spective therapeutic target 
in cancer immunotherapy. 
As a crucial component wi- 
thin the cancer microenvi-
ronment, CAFs are activat-
ed at the early stages and 
widely contribute to tumor 
initiation, growth, invasion, 
metastasis, and therapy 
resistance via growth fac-
tors, cytokines and other 
biological molecules. Curr- 
ent CAF-targeted cellular 
therapies have undergone 

with a 2.263-fold increased risk for advanced 
NSCLC [20]. The corresponding high level of 
plasma IL-22 might contribute to the develop-
ment of NSCLC. In addition, elevated IL-22 was 
also shown to promote survival and resistance 
to chemotherapy in human lung cancer cells via 
elevated anti-apoptotic proteins [9]. 

In the current study, genome-wide RNA se- 
quencing was performed to further understand 
the global genetic changes associated with 
IL-22 treatment. Interestingly, we found that 
2158 genes were significantly changed be- 
tween cells treated with IL-22 and cells treated 
without IL-22. GO analysis revealed that IL-22 
treatment was able to regulate several major 
biological events, including metabolic process-
es. Glucose metabolism, a metabolic process, 
in tumor cells significantly differs from that in 
normal cells. On one hand, it was considered 
that tumor cells principally take up high levels 
of glucose and secrete lactate under aerobic 

preclinical evaluation and clinical trials [22], 
including the inhibition of CAF activation, block-
age of CAF-epithelial interaction, inhibition of 
CAF-related angiogenesis, and destruction of 
metabolism uncoupling between CAFs and can-
cer cells. For example, the inhibition of IL-22 
secretion from CAFs in NSCLC could be a prom-
ising therapeutic strategy. 

In summary, we have demonstrated the elevat-
ed expression of IL-22 in NSCLC tumor speci-
mens, which was correlated with the advanced 
clinicopathological stages of patients. Further- 
more, IL-22 was profoundly elevated in the 
coculture of primary CAFs and lung cancer ce- 
lls. Moreover, IL-22 treatment induced incre- 
ased the proliferation and migration of A549 
and H1650 cells but reduced apoptosis, possi-
bly via the activation of PI3K-Akt-mTOR signal-
ing. Finally, IL-22 regulates a globally altered 
gene expression profile in lung cancer cells, 
including metabolic signaling pathways, cell 

Figure 9. Results of pathway analysis. Twenty pathways were significantly en-
riched (P<0.05), including the p53 signaling pathway, metabolic pathways and 
peroxisome pathway. IL-22 was able to regulate global signaling pathways re-
garding apoptotic and metabolic regulatory functions. *P<0.05 vs. cells not 
treated with IL-22. **P<0.01 vs. cells not treated with IL-22.
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proliferation and migration. Together, these re- 
sults suggest that IL-22 produced by CAFs pro-
motes lung cancer invasion via the PI3K-Akt-
mTOR signaling pathway. 
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