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Abstract: Previous research has shown that CCR10 acts as a vital oncogene in the progression of multiple malignan-
cies. However, its effect on the treatment of non-small-cell lung cancer (NSCLC) has not been investigated. Current 
research examined the effect of CCR10 on the cellular survival and migration of NSCLC, and the modulation of 
cell death and found that the expression levels of CCR10 and CCL27 (ligand) were highly upregulated in human 
NSCLC tissue and cell lines, A549 and H157, compared with adjacent normal lung specimens. MTT and colony 
formation assays revealed that the blockage of CCR10 inhibited the multiplication and survival of A549 and H157 
cells. Further study showed that metastasis-relevant VEGF-C/D, MMP-2/9, TIMP-1/2 were also regulated via CCR10 
activation. Notably, increased NF-κB levels were detected in cells with activated CCR10, whereas the levels of NF-
κB decreased in cells with blocked CCR10. Finally, the recovery of NF-κB expression counteracted the suppressive 
influence of CCR10 blockage on NSCLC cell survival, migration, and invasion. These results improved our knowledge 
understanding the molecular mechanisms of CCR10-CCL27 in progression of NSCLC.
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Introduction

Non-small-cell lung cancer (NSCLC) includes 
adenocarcinoma (AD) and squamous cell carci-
noma (SCC), ranking among the top 10 cancers 
in prevalence and mortality worldwide. NSCLC 
is a tumor with high malignancy, rather poor 
prognosis, and strong migratory and invasive 
abilities [1]. Although there is increasing 
research on its invasive and migratory abilities, 
malignancy remains the major cause of death 
in NSCLC [2]. To fully understand the underlying 
mechanisms and signaling pathway activation 
is important in NSCLC as to identification of 
novel treatments that target tumor proli- 
feration.

Chemokine receptors, G-protein-coupled re- 
ceptors found predominantly on the surface of 
leukocytes, are associated with the develop-
ment of multiple cancers [3]. CCR10 is a che-
mokine receptor usually expressed through 

melanocytes, plasmacytes, skin-homing T lym-
phocytes [4], and CCL27 (CCL28)-stimulated 
cells [5]. CCR10 is expressed in various can-
cers, and its role in cancer has been widely 
studied. Due to the expression of CCL27 (its 
ligand) in the epidermis, the effect of CCR10 in 
metastasis was initially proposed [6]. Previous 
data indicate that CCR10/CCL27 acts as the 
immune escape factor of cancer cells relating 
to cancer progression [7, 8]. For example, the 
CCR10-CCL27 interaction plays a crucial role in 
T-cell homing in inflamed skin [9, 10]. CCR10 is 
overexpressed in malignant melanoma, and  
the interaction between CCL27 and CCR10 
accelerates melanoma growth and metastasis 
[7, 11]. However, the effect of activated CCR10 
in the multiplication and metastasis of NSCLC 
cells remains unclear.

This study aimed to assess the expression ratio 
of CCR10 chemokine-receptor mRNA in patient 
specimens and human NSCLC cell lines. In par-
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ticular, we aimed to evaluate the underlying 
predictive value of crosstalk between CCR10-
CCL27 in the growth and metastasis of NSCLC 
cell lines, and analyze the relative signal path-
way of various molecules in NSCLC cell lines, 
such as VEGF-C/D, MMP-2/9, and TIMP-1/2, 
which are known to be regulated by PI3K/Akt 
sensors.

Materials and methods

Patients

This study included 30 patients with NSCLC 
(Table 1) aged 38-63 years (mean: 56 years). 
Pathologic clinical data were acquired from 
medical records. Relevant tissues around the 
NSCLC tumor were obtained from at least 1 cm 
around the tumor. All cases underwent pneu-
monectomy at the Affiliated Hospital of Qingdao 
University and Baotou Cancer Hospital from 
September 2015 to April 2017 and were ran-
domly chosen. The local Ethics Committee of 
the affiliated hospital of Qingdao University pro-
vided approval for this study (Approval number: 
NCT01563872). All specimens in this study 
were used with the written informed consent of 
subjects and clinicians. All specimens under-
went reexamination and were diagnosed by two 
pathological doctors.

based on the standard procedure in manufac-
turer’s instructions. Briefly, cells with 5 × 103 
cells/well in quantity were inoculated in a 
96-well plate and cultured until 80% conflu-
ence was obtained. CCK-8 was added to each 
well after 0, 24, 48, and 72 h of transfection. 
After 1 h of incubation, cellular viability was 
detected by measuring the absorbance of the 
dye at 450 nm.

MTT method

The MTT method was performed to evaluate 
viability. In short, the cell specimens were stim-
ulated in 0.5 mg/mL of methyl thiazolyl tetrazo-
lium (20 μL), and the supernatant was discard-
ed later. Subsequently, dimethylsulfoxide (150 
μL) was poured into each well and rotated for 
10 min, dissolving the formaldehyde dye. 
Finally, the absorbance was detected at 540 
nm using an Infinite 200 Micro-plate Reader 
(Tecan, Männedorf, Switzerland).

Colony formation assay

Two days after CCL27 treatment, the cells that 
have been transfected were suspended in 8 mL 
of 0.4% top agar with RPMI-1640/DMEM includ-
ing 10% fetal bovine serum, and placed in 
12-well plate containing 0.5% bottom-layer 

Table 1. Clinical characteristics of patients

Characteristics N CCR10 expression 
(M ± SD) T P

Gender
    Male 18 1.8714 ± 0.3014 -0.902 0.381
    Female 12 1.7903 ± 0.2962
Age
    < 60 13 1.5847 ± 0.1352 0.068 0.849
    ≥ 60 17 1.5793 ± 0.1361
Histological classification
    AD 21 1.7258 ± 0.1637 2.304 0.038*

    SCC 9 1.6156 ± 0.2263
Differences
    Good + Not bad 18 1.5148 ± 0.1267 -1.647 0.179
    Weak 12 1.5402 ± 0.2603
Metastasis
    Yes 12 1.7238 ± 0.1126 2.593 0.027*

    No 18 1.6382 ± 0.1058
TNM
    I + II 19 1.9603 ± 0.1227 -2.350 0.013*

    III + IV 11 1.8974 ± 0.1243
*: P < 0.05.

Cells

Six cell specimens of NSCLC cell 
strains (A549, SPC-A1, NCI-H1975, 
NCI-H1299, NCI-H1650, and SK- 
MES-1) were bought in the Institute 
of Biochemistry and Cell Biology, 
Chinese Academy of Sciences. The 
cell specimens were incubated at 
37°C with 5% CO2 in RPMI-1640 or 
DMEM medium (10% fetal bovine 
serum, 100 U/ml PCN, 100 mg/ml 
SM). The cells were cultured in 100 
ng/ml of CCL27 for 2 days between 
performing different tests. For 
wortmannin treatment, the cells 
were firstly cultured with 100 ng/
ml of CCL27 for 36 h, and then 
treated with 5 nM wortmannin for 
12 h.

CCK8 assay

The growth of NSCLC cells was 
measured using the Cell Counting 
Kit-8 (CCK-8) in a 96-well plate 
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agar (0.5 mL). Following 14-day culture, 3 wells 
of each plate were randomly selected to count 
the number of visible colonies.

Transwell migration assays

Two days after CCL27 treatment, NSCLC cells 
were lysed using trypsin treatment and rinsed 
using D-Hanks solution 1 time. To detect the 
migratory or invasive ability of the cells, culture 
or matrigel inserts with pore size of 8 μm  
were placed in culture plates with 24 wells. 
DMEM/F-12 culture liquid (400 μL) including 
10% fetal bovine serum and 20 ng/ml hepato-
cyte growth factor were added in the lower part 
of transwell chamber. Next, the cells (1 × 105 
cells/ml) were placed in the higher chamber to 
incubate for 20 h, and the migration of cells 
stained with crystal violet in the pores was 
observed under the microscope.

Wound-healing assay

A 10-μL pipette tip was used to scrape the con-
fluent cells in 6-well plates. After the cells 
migrating to the wound were fixed, the scratched 
area was detected under a microscope. 
Migration ratio (%) was obtained by dividing the 
48-h width by the 0-h width.

Western blotting

Cell specimens were dissolved using the RIPA 
buffer (50 mM Tris-HCl, 150 mM NaCl, 1% 
NP-40, 0.1% SDS, pH 8.0) after adding protein-
ase restrainer. The protein consistencies were 
detected using the bicinchoninic acid Protein 
Quantitation Kit. The protein specimen was 
electroblotted onto PVDF membranes with 
pore sizes of 0.45 after 10% SDS-PAGE separa-
tion. The cytomembranes were blocked in PBST 
with 5% BSA for 1 h at room temperature and 
cultured overnight at 4°C with the correspond-
ing primary antibodies, including anti-GAPDH 
(1:5000, ab9485, Abcam), anti-TIMP-1 (1:500, 
ab61224, Abcam), anti-TIMP-2 (1:1000, ab- 
1828, Abcam), anti-MMP-2 (1:1000, ab86607, 
Abcam), anti-MMP-9 (1:1000, ab38898, Ab- 
cam), anti-VEGF-C (1:2000, ab9546, Abcam), 
anti-VEGF-D (1:1000, ab95542, Abcam), anti-
PI3K (1:1000, ab86714, Abcam), anti-Akt 
(1:2000, ab8805, Abcam), and anti-p-Akt 
(1:1000, ab38449, Abcam). The secondary 
antibody of Amersham ECL peroxidase, includ-
ing goat anti-mouse IgG (1:10000, A0216, 

Beyotime) and goat anti-rabbit IgG (1:10000, 
A0208, Beyotime), was cultured with the mem-
branes at room temperature for 1 h. Western 
blotting immunoreactivity was measured using 
the SuperSignal West Femto Maximum Sensi- 
tivity Substrate Kit (Thermo) and C-DiGit Blot 
Scanner.

RNA extraction with real-time quantitative poly-
merase chain reaction (Q-PCR) method

RNA was extracted differently from treatment-
stimulated NSCLC cells and TRIzol reagent-
treated cardiac tissues based on the manufac-
turer’s protocol. miR-506 expression was 
detected using the LightCycler®480 (Roche, 
Germany), and GAPDH was used as an intrinsic 
control. Q-PCR (20 μL) was performed using 
SYBR Green PCR Master Mix at 95°C for 10 
min, and 40 cycles at 95°C for 15 s, 60°C for 
30 s, and 72°C for 30 s using the Lightcycle 
480 high throughput real-time fluorescent 
quantitative PCR instrument. The (2-ΔΔCT) target 
amount was acquired through the standardiza-
tion of intrinsic reference, and data associated 
with a calibrating instrument (means of the 
controls). Primer sequences used for Q-PCR 
were displayed as follows: CCR10 F: 5’-CAG CCT 
TAT TCC TGG CAT GT-3’, CCR10 R: 5’-CTT GCA 
AAC TGC CTG ACA TT-3’; VEGF-C F: 5’-TGC CGA 
TGC ATG TCT AAA CT-3’, VEGF-C R: 5’-TGA ACA 
GGT CTC TTC ATC CAG C-3’; VEGF-D F: 5’-GTA 
TGG ACT CTC GCT CAG CAT-3’, VEGF-C R: 5’-AGG 
CTC TCT TCA TTG CAA CAG-3’; MMP-2 F: 5’-AGC 
GAG TGG ATG CCG CCT TTA A-3’, MMP-2 R: 
5’-CAT TCC AGG CAT CTG CGA TGA G-3’; MMP-9 
F: 5’-GCT GAC TAC GAT AAG GAC GGC A-3’, 
MMP-9 R: 5’-TAG TGG TGC AGG CAG AGT AGG 
A-3’; TIMP-1 F: 5’-CAT CCT GTT GTT GCT GTG 
GCT GAT-3’, TIMP-1 R: 5’-GTC ATC TTG ATC TCA 
TAA CGC TGG-3’; TIMP-2 F: 5’-CTC GCT GGA CGT 
TGG AGG AAA GAA-3’, TIMP-2 R: 5’-AGC CCA 
TCT GGT ACC TGT GGT TCA-3’; PI3K F: 5’-CTC 
TCC TGT GCT GGC TAC TGT-3’, PI3K R: 5’-GCT 
CTC GGT TGA TTC CAA ACT-3’; Akt F: 5’-ATC CCC 
TCA ACA ACT TCT CAG T-3’, Akt R: 5’-CTT CCG 
TCC ACT CTT CTC TTT C-3’; GAPDH F: 5’-CCT 
GAG GCT CTT TTC CAG CC-3’, GAPDH R: 5’-TAG 
AGG TCT TTA CGG ATG TCA-3’.

Statistical analysis

Results are expressed as mean ± SD. Com- 
parison among multiple groups and between 
two groups were analyzed by one-way analysis 
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of variance analysis (ANOVA) with Tukey post 
hoc test and 2-tailed Students’ t-test, respec-
tively. SPSS 18.0 and Graphpad (9.0) were 
used to perform statistical analysis. Differences 
were significant when P < 0.05.

Results

CCR10 expression was increased in NSCLC 
samples and cells

To probe the effect of CCR10 in the progression 
of NSCLC, we investigated the expression pat-
tern of CCR10 in 30 patients with NSCLC. In 30 
NSCLC tissues, CCR10 level was more upregu-
lated than the adjacent normal healthy hepa- 
tic specimens (Figure 1A). Subsequently, we 
detected normal levels of CCR10 in pneumo-
cytes and cancer cell strains (A549, SPC-A1, 
NCI-H1975, NCI-H1299, NCI-H1650, and 
SK-MES-1) using Q-PCR. It suggested that the 
mRNA expression of CCR10 was accelerated in 
6 cell strains compared with pneumocytes, 
especially in cells (A549, SK-MES-1 cells) 
(Figure 1B). The findings showed that CCR10 
may have positive affect in the development of 
NSCLC.

CCR10 activation increased cell growth and 
multiplication in NSCLC cancer

For detecting the function of CCR10 in NSCLC 
cell growth and proliferation, cells (A549, 
SK-MES-1) were induced using 100 ng/ml of 
CCL27 (ligand of CCR10) and underwent colony 
formation, CCK-8, and MTT assays. Colony for-

SK-MES-1) (Figure 2C, 2D). Furthermore, CCK-8 
assay was used to estimate cell multiplication 
(A549, SK-MES-1). Compared with the control 
group, CCR10 activation upregulated the multi-
plication of cells (A549, SK-MES-1) at 0, 24, 48, 
and 72 h after incubation, but the blockage of 
CCR10 by anti-CCR10 antibody reversed the 
effect of CCL27 (Figure 2E, 2F). In total, these 
data suggested that CCR10 activation dis-
played a simulative effect on cell viability and 
proliferation of cells via crosstalk with CCL27.

CCR10 activation promotes the invasive and 
migratory abilities of NSCLC cells

To measure the function of CCR10 in invasive 
and migratory abilities of NSCLC cells, the cells 
(A549, SK-MES-1) were induced using 100 ng/
ml CCL27 (CCR10 ligand) and underwent 
wound-healing and transwell migration assays. 
CCL27 treatment promoted the migration of 
cells (A549, SK-MES-1), but receptor blockage 
of CCR10 reduced the migratory rate of cells 
(A549, SK-MES-1) by wound-healing assay 
(Figure 3A, 3B). We also found that CCR10 acti-
vation enhanced the invasion of cells (A549, 
SK-MES-1); however, CCR10 blockage com-
pletely reversed the effect of CCL27 stimula-
tion (Figure 3C, 3D).

CCR10 activation increases the levels of VEGF-
C/D, MMP-2/9, and TIMP-1/2

VEGF-C/D, MMP-2/9, and TIMP-1/2 are widely 
known as key regulators of cancer metastasis 
[12, 13]; therefore, we assessed the expres-

Figure 1. Express level of CCR10 in NSCLC specimens and cell lines. A. Q-
PCR showed the expression of CCR10 in NSCLC cancers (N = 30) vs. that 
in paracancerous healthy tissue (N = 30). B. Q-PCR showed the expression 
of CCR10 in non-neoplastic lung cells vs NSCLC cell strains (A549, SPC-A1, 
NCI-H1975, NCI-H1299, NCI-H1650, and SK-MES-1). The differences were 
significant (P < 0.05, P < 0.01).

mation assay showed that the 
addition of CCL27 in cell cul-
ture caused a significant in- 
crease in the number of cells 
at 48 h posttreatment, where-
as the addition of anti-CCR10 
antibody abated the effect of 
CCL27 in all cells (A549, 
SK-MES-1) (Figure 2A, 2B). 
The MTT test was used to 
evaluate the viability following 
48 h CCL27 stimulation thera-
py. NSCLC cell viability was 
increased by approximately 
75% and 100% in the control 
and CCL27 treatment groups, 
respectively. The incubation  
of anti-CCR10 antibody im- 
paired the cell viability (A549, 
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Figure 2. Role of CCR10 activation in NSCLC cell viability and multiplication. 
Cells (A549 and SK-MES-1) were stimulated in 100 ng/ml CCL27 and/or 
anti-CCR10 antibody for 48 h. A, B. Multiplication of cells (A549, SK-MES-1) 
was measured 48 h after CCL27 treatment by colony formation assay. C, D. 
The NSCLC viability was detected through MTT method 48 h post treatment. 
E, F. At 24, 48, and 72 h post treatment, the multiplication of cancer cells 
was decided through CCK-8 assays. Compared with Control group, the differ-
ence was significant (P < 0.05); Compared with CCL27 group, the difference 
was significant (P < 0.05).

sion of these 6 regulators in 
cells (A549, SK-MES-1) follow-
ing CCL27 stimulation at both 
levels of mRNA and protein, 
using QRT-PCR and west- 
ern blotting analyses. Western 
blotting results clearly demon-
strated that the expression  
of VEGF-C/D, MMP-2/9, and 
TIMP-1/2 was increased after 
CCL27 stimulation, whereas 
this increment was because 
of the use of CCR10 antibody 
(Figure 4A, 4B). Meanwhile, 
QRT-PCR data indicated a sim-
ilar trend for mRNA expres-
sion of 6 regulators in all cells 
(A549 and SK-MES-1) (Figure 
4C, 4D). The results suggest-
ed that CCR10 activation pro-
motes the expressions of 
VEGF-C/D, MMP-2/9, and 
TIMP-1/2.

CCL27 stimulation activated 
the PI3K/Akt signal transduc-
tion

Previous studies have sug-
gested that the activated 
PI3K/Akt signal pathway was 
closely related to the upregu-
lation of VEGF-C/D, MMP-2/9, 
and TIMP-1/2 in NSCLC [14-
16]. Furthermore, we deter-
mined the expression and 
phosphorylation of PI3K and 
Akt using western and QRT-
PCR. Western blotting indicat-
ed that the expression of PI3K 
and phosphorylated Akt in 
cells (A549 and SK-MES-1) 
increased following CCL27 
stimulation, whereas the inhi-
bition of CCR10 reversed the 
activation of PI3K and Akt 
pathway. Akt expression lev-
els were unchanged after dif-
ferent treatments (Figure 5A, 
5B). QRT-PCR also suggested 
that PI3K mRNA expression 
was upregulated via CCL27 
treatment, but decreased af- 
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Figure 3. CCR10 activation promoted migratory and invasive ability of NSCLC cells. Cells (A549, SK-MES-1) were 
stimulated by 100 ng/ml CCL27 and (or) anti-CCR10 antibody for 48 h. A, B. Migratory capability of cells (A549 
and SK-MES-1) were detected through wound-healing assay. C, D. Transwell migration assay was carried out to 
determine the invasive capability of A549 and SK-MES-1 cells. Compared with Control group, the differences were 
significant (P < 0.05, P < 0.01); compared with CCL27 group, the differences were significant (P < 0.05, P < 0.01).

ter the addition of CCR10 antibody; however, 
the Akt levels were not altered (Figure 5C, 5D).

Inhibition of PI3K activity counteracted the role 
of CCL27 stimulation in cell multiplication and 
metastasis of NSCLC patients

Knowing that PI3K/Akt signal pathway was 
related to the expressed VEGF-C/D, MMP-2/9, 

and TIMP-1/2 in NSCLC [14-16], coupled with 
our data confirming that this pathway was acti-
vated in cells (A549 and SK-MES-1), this path-
way was blocked using wortmannin treatment. 
The downregulation of Akt phosphorylation 
clearly indicated the successful inhibition of 
this pathway in all cells of A549 and SK-MES-1 
by wortmannin, even though the expressed 
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Figure 4. CCR10 activation regulated the level of gene related to cancer 
metastasis. Cells (A549, SK-MES-1) were stimulated by 100 ng/ml CCL27 
and (or) anti-CCR10 antibody for 48 h. A, B. WB were used to estimate the 
expressive VEGF-C/D, MMP-2/9, and TIMP-1/2 in protein level in A549 and 
SK-MES-1 cells. C, D. Q-PCR was used to examine the VEGF-C/D, MMP-
2/9, and TIMP-1/2 in mRNA level in A549 and SK-MES-1 cells. Compared 
with Control group, the differences were significant (P < 0.05, P < 0.01, P < 
0.001); compared with CCL27 group, the differences were significant (P < 
0.05, P < 0.01, P < 0.001).

PI3K and Akt were not 
changed (Figure 6A, 6B). WB 
data also indicated that ex- 
pressed VEGF-C/D, MMP-2/9, 
and TIMP-1/2 decreased after 
PI3K inhibition in cells (A549, 
SK-MES-1) (Figure 6A, 6B).

Colony formation was per-
formed to assess cell growth 
after PI3K inhibition. The 
results showed that number of 
generated colonies was signif-
icantly reduced due to PI3K 
inhibition in CCL27-stimulated 
cells (A549, SK-MES-1) (Figure 
7A, 7B), suggesting that PI3K/
Akt signal pathway was relat-
ed to the CCL27-accelerated 
development of cells (A549, 
SK-MES-1).

Moreover, PI3K deactivation 
remarkably reduced the mi- 
gration of CCR10-actived cells 
(A549, SK-MES-1), through 
the demonstration of wound-
healing method (Figure 7C, 
7D). Meanwhile, PI3K inhibi-
tion also led to an obvious 
reduction in the amount of 
invasive A549 and SK-MES-1 
cells following wortmannin, 
using transwell assay (Figure 
7E, 7F). Thus, PI3K/Akt signal 
pathway also participated in 
the CCL27-stimulated cell me- 
tastasis (A549, SK-MES-1).

Discussion

Molecular mechanisms facili-
tate tumor metastasis and 
serve as a major measure  
for prediction and therapeutic 
prevention of malignant mela-
noma metastasis. Previous 
studies have examined the 
role of chemokine receptors 
during tumor proliferation 
[17]. Differentiation in the 
growth of chemokine recep-
tors and interaction with 
ligands has proven to be cru-
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Figure 5. CCR10 activation regulated expression and phosphorylation of PI3K and Akt. Cells (A549, SK-MES-1) 
were stimulated by 100 ng/ml CCL27 and (or) anti-CCR10 antibody for 48 h. A, B. WB were applied to evaluate the 
expressed PI3K and Akt, and phosphorylated Akt at protein level in A549 and SK-MES-1 cells. C, D. Q-PCR was used 
to evaluate the mRNA level of PI3K and Akt in A549 and SK-MES-1 cells. Compared with Control group, the differ-
ence was significant (P < 0.01); Compared with CCL27 group, the difference was significant (P < 0.01, P < 0.001).

cial molecular mechanisms leading to local 
lymph nodes and distant metastasis. More 
specifically, a role of CCR10 in the development 
of tumors has been demonstrated [18, 19]. The 
present data demonstrated that crosstalk 
between CCR10, which had high expression 
levels in NSCLC specimens and cell lines, and 
CCL27 promote viability, multiplication, migra-
tion, and invasion of cells (A549 and SK-MES-1), 
which could be reversed using anti-CCR10 anti-
body. Moreover, CCR10 activation increased 

the expression of metastasis-related VEGF-
C/D, MMP-2/9, and TIMP-1/2, and promoted 
the activation of PI3K-Akt pathway. Further- 
more, PI3K inhibition by wortmannin inhibited 
the expression of VEGF-C/D, MMP-2/9, and 
TIMP-1/2, and antagonized the influence of 
CCL27 stimulation in cell (A549 and SK-MES-1) 
viability and metastasis. In brief, this informa-
tion suggested an interaction between CCR10 
and CCL27 that affects the properties of NSCLC 
cell lines.
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Kai et al. found that CCR10 was overexpressed 
in SCC [20]. Kuehnelt-Leddihn et al. proposed 
that the overexpression of CCR10 in primary 
human cutaneous melanoma was associated 
with worsening melanoma prognosis [21]. In 
malignant melanomas, T lymphocyte density 
was significantly decreased from thin melano-
mas to intermediate and thick ones. CCR10 
expression was found both in benign and malig-
nant lesions and it was directly correlated with 

protein kinase (MAPK and PI3K) activated by 
ERK1/2 mitogen, STAT3, and NFkB. However, 
few studies reported on the downstream signal 
pathways regulated by CCL27-CCR10 interac-
tion in NSCLC. PI3K/Akt signal pathway was 
upregulated in CCL27 and CCR10 specimens 
and played a key role in cell multiplication, 
migration, and survival [23, 24]. In malignant 
melanoma and glioma, CCR10 accelerates cell 
multiplication via activated PI3K/Akt pathway 

Figure 6. Wortmannin administration reduced growth and metastasis of 
CCL27-stimulated NSCLC cells. Cells (A549, SK-MES-1) were stimulated by 
100ng/ml of CCL27 and (or) 2 μM Wortmannin (WTMN) for 48 h. WB was 
used to evaluate the expressed VEGF-C/D, MMP-2/9, TIMP-1/2, PI3K and 
Akt, as well as phosphorylated Akt at protein level in (A) A549 and (B) SK-
MES-1 cells. Compared with CCL27 group, the difference was  signifcant (P 
< 0.01).

the Breslow depth and in- 
versely with T lymphocyte  
density [7]. Chen et al. report-
ed that chemokine receptor 
CCR10 is highly expressed  
in human glioblastoma com-
pared with control brain tis-
sue. In vitro, signaling through 
CCL27-CCR10 mediates acti-
vation of p-Akt, and subse-
quently induces proliferation 
and invasive responses. Cell 
proliferation and invasion pro-
moted by CCL27 were blocked 
by inhibition of p-Akt or CCR10 
[22]. In breast cancer, CCR10 
expression was found upregu-
lated in breast cancer cells 
and tissues. CCL27/CCR10 
axis promoted breast cancer 
cell invasion and migration via 
increasing MMP-7 expression  
and inducing ERK1/2 activa-
tion [11]. These studies have 
demonstrated an oncogenic  
function of CCR10 on the 
malignancies. This research 
showed an increased expres-
sion of CCR10 in NSCLC cell 
lines. Moreover, we found that 
CCR10 expression and acti- 
vation by CCL27 were associ-
ated with proliferation, inva-
sion, and migration. These 
results showed that CCR10 
and CCL27 may be associated 
with NSCLC cell invasion and 
metastasis.

Intracellular signal mediated 
by chemokine receptors de- 
pends on adjacent G-proteins. 
Some signal molecules asso-
ciated with the activated che-
mokine receptors contain Akt, 



Role of CCR10/CCL27 on NSCLC

13144 Am J Transl Res 2021;13(11):13135-13146

[22]. In hepatocellular carcinoma, phosphory-
lated Akt has also proven to act as a crucial  
factor in carcinogenesis, and p-Akt level is 
actively related to poor prognosis in HCC 
patients. Meanwhile, expressed CCR10 obvi-
ously increased the phosphorylated hepa- 
tocellular Akt [25, 26]. In the current study, 
PI3K/Akt signal pathway was activated via 

crosstalk between CCR10 and CCL27 in can- 
cer cell lines, A549 and SK-MES-1 cells. To 
assess the participation of PI3K/Akt during 
CCL27 and CCR10 mediated migration of 
NSCLC cells, PI3K inhibitor Wortmannin was 
applied to treat cells [27]. The management  
of wortmannin, causing dephosphorylation of 
Akt, antagonized the influence of CCL27 stimu-

Figure 7. Wortmannin administration reduced the expression of gene related to cancer metastasis and PI3K/Akt 
pathway. Cells (A549, SK-MES-1) were stimulated by 100 ng/ml of CCL27 and (or) 2 μM Wortmannin (WTMN) for 
48 h. Growth of (A) A549 and (B) SK-MES-1 cells was measured 48 h after CCL27 treatment by colony formation 
assay. Wound healing assay were performed to detect the migration of (C) A549 cells. Invasive ability of (D) A549 
cells was measured by transwell migration assay. Wound healing assay were performed to detect the migration of 
(E) SK-MES-1 cells. Invasive ability of (F) SK-MES-1 cells was measured by transwell migration assay. Compared with 
CCL27 treatment group, the difference was statistically signifcant (P < 0.01).



Role of CCR10/CCL27 on NSCLC

13145 Am J Transl Res 2021;13(11):13135-13146

lation in cell viability and metastasis, suggest-
ing that PI3K/Akt participated in the multiplica-
tion and migration of tumor cells.

In short, this study shows high expression of 
CCR10 in NSCLC cells. CCR10 expression is 
related to growth, multiplication, migration, and 
invasion of NSCLC cells. CCR10 activation by 
CCL27 can lead to the generation and activa-
tion of PI3K/Akt, improve the level of VEGF-
C/D, MMP-2/9, and TIMP-1/2 production, and 
participate in invasive and migratory character-
istics of NSCLC cells.
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