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S100A6 represses Calu-6 lung cancer cells growth via
inhibiting cell proliferation, migration, invasion and enhancing
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S100 calcium binding protein A6 (S100A6) has been reported to involve in many kinds

of cancers through regulating intracellular calcium homeostasis. Previous studies found

that S100A6 increased in lung cancer patients' plasma and pleural effusion. This study

focused on its function in Calu-6 lung cancer cells. S100A6 gene was transferred into

Calu-6 lung cancer cell line by lentivirus vector, the empty vector transfected cells and

the blank cells were set as control groups. MTT was evaluating cell proliferation. The

transwell assay was reflecting cell migration and cell invasion. The flow cytometric anal-

ysis was detecting cell apoptosis and cell cycle of three groups (Calu-6, Calu-6/neo,

Calu-6/S100A6). Nude mouse tumorigenicity was then applied to evaluate S100A6's

effect on cellular tumorigenicity. Compared with control groups, Calu-6/S100A6 cells

showed a weakening trend in the cell behaviours of proliferation, migration and inva-

siveness, while had an enhancement of cell apoptosis, with all P < .05. The cell cycle of

Calu-6/S100A6 cells had a reduction of S phase and an increase of G1 phase (P < .05).

In animal study, after 5 weeks of cell injection, the tumour bulk of Calu-6/S100A6 group

was smaller than controls, with P < .05. Our results demonstrate S100A6 inhibits the

growth of Calu-6 lung cancer cells, as well as impairs Calu-6's ability in tumorigenesis. At

cellular level, S100A6 is supposed to act as a tumour suppressor gene in lung cancer.
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1 | INTRODUCTION

Lung cancer is still the leading cause of cancer related mortality all over

the world. As the global cancer statistics showed, lung cancer had an

estimated 2.3 million new cases and caused an estimated 1.8 million

deaths worldwide in 2020.1 For those air polluted countries, in particular,

like India and China, lung cancer continues to be a dramatic threat to

people's health, as well as a medical and financial burden.2 Histologically,

lung cancer could be divided into non-small cell lung cancer (NSCLC) and

small cell lung cancer (SCLC), the former one, accounting for around

85%, is the most common type and could be further classified into ade-

nocarcinoma (38.5%), squamous carcinoma (30%) large cell carcinoma

(2.9%), etc.3 Insidious onset of lung cancer, lack of typical symptoms and

radiologically occult result in an advanced stage and poor prognosis

when diagnosed. In recent years, the prognosis of some lung adenocarci-

noma patients has been significantly improved due to widespread use of

targeted therapies against diver mutations, for example, epidermal

growth factor receptor (EGFR) mutations and anaplastic lymphoma
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kinase rearrangement.4 However, for those patients without diver muta-

tion genes who present with metastatic disease, including part of adeno-

carcinoma patients and a majority of squamous carcinoma patients,

platinum-based chemotherapy remains the first-line treatment and the

prognosis is still poor.5 Therefore, exploring the molecular mechanism

involved in the occurrence of lung cancer is expected to determine the

effective treatment target and improve the outcome of lung cancer.6

S100A6, is an important member of S100 protein family, has been

confirmed to have a relationship with a variety of tumours.7 Currently,

this calcium binding protein family is known to have 25 members, at

least 16 of which are located in epidermal differentiation complex

(EDC) on chromosome 1q21- an area prone to chromosomal

rearrangements.8 This instability leads to the occurrence of many

tumours. In lung cancer, S100A6 was found to have an abnormal

expression in tumour cell lysates, plasma and pleural effusion samples

of patients.9,10 In addition, high S100 protein peak indicates a long

median survival period. In this study, we plan to confirm the effects of

S100A6 on the biological behaviours of lung cancer cell line, and

explore the possible molecular mechanism of this malignancy.

2 | MATERIALS AND METHODS

2.1 | Cell culture

We purchased the lung cancer cell line Calu-6 from Chinese Academy

of Sciences, preserved them at 37�C and 5% CO2. Cells were cultured

and expanded for 1 to 2 weeks in a medium containing high glucose

DMEM (Gibco, USA) combined with 15% heat-inactivated foetal

bovine serum (FBS, Zhengbo, Beijing, China) and 100 U/mL strepto-

mycin/penicillin (Gibco, USA).

2.2 | pLVX-AcGFP1-N1-S100A6 construction

The S100A6 gene originated from human, and we referred to the

website of “https://www.ncbi.nlm.nih.gov/gene/6277” for its detailed
information. HindIII/EcoRI was added as the restriction site, and then

we designed the primers. The upstream primer information was

5-CCCAAGCTTACCATGGCATGCCCCCTGGTCA-3 and the sequence

of downstream primer was 5-CGGAATTCCGGTCAGCCCTTGAGG

GCTTCATT-3. The target gene was amplified by the S100A6 tem-

plate. It was digested, linked and transformed with the carrier

pcDNA3.1-eGFP-MCS, and the monoclonal plasmids were then

selected. The size (273 bp + 900 bp = 1173 bp), which was identified

by the method of PCR, was consistent with our expectation.

2.3 | Production and concentration of lentivirus
vector

Plvx-acgfp1-n1-S100A6, pspax2 and pmd2.G were co-transfected

into 293 T cells in ratio 2:1:1. After 72 hours, we observed the

fluorescence expression under microscope, collected the supernatant

and filtered it by a PVDF (polyvinylidene fluoride) filter (0.45 μm, Mil-

lipore). Thirty-fold concentrated stock was obtained using an ultracen-

trifugation under 4�C at 50 000 g for 150 minutes prior to be

resuspended in PBS and stored at �80�C.

2.4 | Cell's infection

Calu-6 cells in logarithmic growth phase were collected, adjusted to a

density of 1*106 mL by trypsin digestion and planted with a quantity

of 2 mL per well in six-well plates (JET BIOFIL, Guangzhou, China). Six

well plates were then placed in the incubator for further culture.

When cell convergence reached 80%-90%, S100A6 over-expressed

lentivirus (MOI = 10), as well as empty lentivirus were separately

added, and all the operations were strictly carried out following up kit

instructions. We divided the cells into three groups, namely Calu-6/

S100A6, Calu-6/neo and Calu-6. After 48 hours, we used fluores-

cence microscopy to observe the infection efficiency, which was also

detected accurately by QPCR and WB (western blot).

2.5 | RNA extraction and QPCR

Sample processing: using TRIzol reagent (Invitrogen, USA) for cell lysis,

after centrifugation, supernatant was collected. Chloroform,

2-propanol and 75% ethanol were added into the supernatant

sequentially to get purified RNA. After the extraction, we examined

the purity and concentration of RNA by Nanodrop 2000 (Thermo,

USA). cDNAs were synthesized from 2 mL RNA using an oligo dT

primer and the RevertAid First Strand cDNA Synthesis Kit (Thermo,

USA) as instructed by the manufacturer. PCR process was divided into

four steps: incubation (95�C, 5 minutes), denaturation (94�C,

30 seconds for 44 circles), annealing (55�C, 30 seconds) and extension

(72�C, 30 seconds). Primers' specific information was listed as follows:

S1006 forward primer (5-GGGAGGGTGACAAGCACAC-3) and S1006

reversed primer (5-AGCTTCGAGCCAATGGTGAG-3); glyceraldehyde-

3-phosphate dehydrogenase (GAPDH, an endogenous control) for-

ward primer (5-GGAGCGAGATCCCTCCAAAAT-3) and GAPDH

reversed primer (5-GGCTGTTGTCATACTTCTCATGG-3).

2.6 | Western blot

Western blot analysis was used to determine the expression of target

protein. Cell extracts were acquired by a Total Protein Extraction Kit

from infected cells and spun in a microfuge for 10 minutes at

14 000 rpm at 4�C. The whole cell lysates, which were first added to

loading sample buffer, were then heated at 95�C for 5 minutes, sepa-

rated by 10% sodium dodecyl sulphate-polyacrylamide and terminally

transferred to a nitrocellulose membrane. Membranes were pre-

incubated for 1 hour with 5% non-fat milk, and then incubated with

primary antibody against S100A6 (MAB769Hu22, USCN Life Sciences
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Inc., Wuhan, China, 1/500 dilution) at 4�C overnight. The control

group, with the mouse GAPDH antibody, was set up at the same time.

After washing three times at 25�C in TBST (tris buffered saline

tween), the membranes were incubated with the horseradish

peroxidase-conjugated secondary antibodies (LAB769Hu71, USCN

Life Sciences Inc., Wuhan, China, 1/5000 dilution). Immunoreactivity

was visualized using enhanced chemiluminescence system.

2.7 | MTT colorimetric assay

Cells of three groups, with a concentration of 5-10 � 104/mL and a

quantity of 100 μL per well, were seeded into every well of 96-well

plates. MTT assay was performed to analyse cell proliferation. In general,

a total of 10 μL MTT stock solutions was added to every well and cells

were incubated at 37�C for 4 hours before adding 110 μL Formazan

solution. Next, the absorbance of each well was detected by ELISA

(enzyme linked immunosorbent assay) at 490 nm. Proliferation rates were

tested at 24, 36, 48, 60 and 72 hours, respectively, after transfection.

2.8 | Transwell migration and invasion assay

Transwell assay was applied to investigate S100A6's function in cell

migration and invasion in vitro. Briefly, cells of three groups (each

100 μL), which were pre-adjusted to a density of 1*106/mL, were

placed in the upper chamber of six-well transwell plates. Matrigel-

uncoated plates were used to evaluate cell migration, while matrigel-

coated plates were used for cell invasion detection, and all of them

consisted of 8.0 μm pore size filters. Lower chamber was added

500 μL dulbecco's modified eagle medium (DMEM) containing 10%

FBS, at the same time, bubbles should be avoided in the lower cham-

ber. After incubation (37�C, 48 hours), lower chamber cells were fixed

with 4% paraformaldehyde in PBS (room temperature, 10 minutes),

and stained with 1% Crystal Violet (room temperature, 30 minutes).

The migration and invasion cells were counted and took photography

under the 100-fold optical microscope. We calculated the cells' rela-

tive number in five separate fields.

2.9 | Flow cytometry

Flow cytometry was performed to examine cell apoptosis and cell

cycle. We collected those logarithmic phase cells, adjusted them to a

density of 1*106/mL, seeded them in six-well plates (2 mL per hole)

and put the plates to incubator for 48 hours. Cells were then washed

twice by cool PBS, centrifuged at 1000 rpm for 5 minutes at 4�C and

1-5*105 of them were taken, mixed with 100 μL binding buffer after

absorbing PBS. Next, cells were incubated at 4�C in the dark for

15 minutes at the presence of 10 μL Annexin V-FITC and 5 μL of PI

staining solution. The mixture was added to 400 μL binding buffer

before being analysed by FACSCalibur system in 1 hour. In the detec-

tion of cell cycle, cells were fixed in 75% ethanol for 1 hour after

centrifugation, then treated with 100 μL RNaseA solution,

resuspended and bathed in water at 37�C for 30 minutes. Cell precipi-

tation was then stained by PI dyeing solution (400 μL) in the dark at

4�C for 30 minutes, analysed by Cell Quest and MidFit software at an

excitation wavelength of 488 nm. The cell cycle is mainly composed

of three phases - G1, S and G2.

2.10 | Animal experiment

For the mouse experiment, we used 8- to 10-weeks-old Balb/c-nude

mice obtained from USCN Life Sciences Inc. Fifteen mice were grouped

into Calu-6 (four mice), Calu-neo (four mice) and Calu-6/S100A6 (seven

mice), respectively. To analyse the influence of S100A6 to tumour for-

mation, 2.5*106/L stably transfected Calu-6/S100A6 cells (sup-

plemented in 200 μL PBS) were injected into the mice's right flank. The

same amount of Calu-6 and Calu-6/neo cells were injected to the con-

trols simultaneously. We measured tumour volume in every mouse

weekly, recorded the data. After 5 weeks, mice were sacrificed, and the

tumour was removed, and photographed.

2.11 | Statistical analysis

We selected GraphPad Prism 7.0 for making histogram, line chart and

data analysis and used SPSS 22.0 to analyse the data. Every group of

cells had two replicates and the final data were the average values

of these three groups. The values in the histograms were showed with

the style of average ± SE. In the migration figure (Figure 3) and inva-

sion figure (Figure 4), the number of cells in the fourth quadrant of

each field was counted in each group. The cell counts of three groups

and their replicates were statistically analysed. The histogram was dis-

played in the form of mean ± SE using GraphPad Prism 7.0. In

Figure 5, the proportion of apoptotic cells was counted as the sum of

the proportion of the first quadrant and the fourth quadrant of each

group and their repeated groups. The average value was taken, and

the histogram was displayed in the form of average ± SE with Gra-

phPad Prism 7.0. One way analysis of variance (ANOVA) was used to

compare differences of the data among three groups after the confir-

mation of the normal distribution, and rank sum test was used to ana-

lyse the differences of the data that do not conform the normal

distribution. We assessed the differences among three groups in MTT

proliferation, cell cycle and animal experiment using two-way ANOVA

test. A two-tailed P < .05 was considered statistically significance.

3 | RESULTS

3.1 | S100A6's expression at mRNA and protein
levels after transfection

The infection efficiency was illustrated by fluorescence microscope,

RT-PCR method and western blot. As shown in Figure 1, S100A6 had

WANG ET AL. 773



an obviously elevated expression at mRNA level (Figure 1A) and pro-

tein level (Figure 1B) in the Calu-6/S100A6 group, but not in the con-

trol groups, indicating a high transfection efficiency. In addition to

that, Calu-6 cells were observed having a weak green fluorescence

after the transfection, as listed in Figure 1C, also suggesting a success-

ful transfection.

3.2 | S100A6 inhibited cells' proliferation,
migration and invasion

S100A6's effects on the proliferation of cells were measured by MTT

method. The Figure 2 gave us the information that, Calu-6/S100A6

cells had a downward trend of proliferating in comparison of control

groups, with a P < .05.

Transwell assay was used to examine the functions of S100A6 on

Calu-6 cells' biological behaviours, including cell migration and inva-

sion. As listed in Figure 3, with a mean cell count of 110.6 ± 6.36, the

migration ability of Calu-6/S100A6 cells decreased markedly com-

pared with Calu-6 cells (418.6 ± 8.38) and Calu-6/neo cells (395.7

± 10.29), the P-value was less than .05. Meanwhile, the invasion

capacity of Calu-6/S100A6 cells reduced in contrast with control

groups, with 118.2 ± 2.99 (Calu-6/S100A6), 430.8 ± 7.12 (Calu-6) and

390.5 ± 5.83 (Calu-6/neo), respectively, the difference was statisti-

cally significant (P < .05), as showed in Figure 4.

3.3 | S100A6 enhanced apoptosis and suppressed
the cell cycle of Calu-6 cells

We applied Flow cytometry assay to assess S100A6' effects on

cell apoptosis and cell cycle. Results are listed in Figure 5, with

a apoptotic cells mean proportion of (13.88 ± 0.71)%, the

Calu-6/S100A6 group had a stronger apoptotic ability than its

counterparts -(8.86 ± 0.49)% and (10.11 ± 0.36)%, respec-

tively (P < .05).

As for the changes of cell cycle after transfection, the proportions

of Calu-6/S100A6 cells in G1 phase and S phase accounted for

F IGURE 1 S100A6's expression in three groups after transfection. A, mRNA level of S100A6 was detected positive in Calu-6/S100A6 cells

by RT-PCR. B, The protein level of S100A6 was detected positive in Calu-6/S100A6 cells using Western-blot. GAPDH expression was used as a
control in the same panel. C, Calu-6 cells were observed having a weak green fluorescence after the transfection

F IGURE 2 MTT assay determined Calu-6/S100A6 cells had a
downward trend of proliferating in comparison of control groups
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F IGURE 3 Transwell assay indicated the migration ability of Calu-6/S100A6 cells decreased compared with Calu-6 cells (418.6 ± 8.38) and

Calu-6/neo cells (395.7 ± 10.29)

F IGURE 4 Transwell assay showed that the invasion capacity of Calu-6/S100A6 cells reduced in contrast with control groups, with
118.2 ± 2.99 (Calu-6/S100A6), 430.8 ± 7.12 (Calu-6) and 390.5 ± 5.83 (Calu-6/neo)
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(75.16 ± 0.78)% and (8.69 ± 0.84)%, respectively, which differed sig-

nificantly from those in Calu-6 cells (60.98 ± 0.64, 21.06 ± 0.70) and

Calu-6/neo cells (58.97 ± 0.18, 21.98 ± 1.80), indicating that S100A6

suppressed the cell cycle and the transition from G1 to S phase of

Calu-6 cells. Figure 6 listed the data, and the differences were dramat-

ically significant (P < .05).

F IGURE 5 Flow cytometric analysis demonstrated the percentages of apoptotic cells. Calu-6/S100A6 group had a higher apoptotic cells
mean proportion of (13.88 ± 0.71)% than its counterparts -(8.86 ± 0.49)% and (10.11 ± 0.36)%, respectively
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3.4 | S100A6 suppressed tumour formation of
Calu-6 cells

The results of animal test were showed in Figure 7. After 2 weeks of

injection, over time, the gap between Calu-6/S100A6 group and con-

trol groups tumour volumes was widening. Specifically, at the end of

the third week, the tumour volume in three groups was 32.86

± 1.87 mm3 (Calu-6), 31.71 ± 3.91 mm3 (Calu-6/neo) and 7.97

± 2.97 mm3 (Calu-6/S100A6), respectively. Until the last day of the

fourth week, compared with the groups of Calu-6 (147.36

± 17.48 mm3) and Calu-6/neo (153.84 ± 16.93 mm3), the tumour size

of Calu-6/S100A6 group was obviously small, being 56.08

± 8.95 mm3. After 5 weeks, the differences among three groups fur-

ther expanded; in particular, the tumour bulk of Calu-6/S100A6 group

was 112.53 ± 15.19 mm3, which was smaller than that of Calu-6

group (318.21 ± 53.27 mm3) and Calu-6/neo group (332.49

± 52.95 mm3), with P < .05.

All the results at the cellular level had three replications and were

displayed as mean ± SD.

F IGURE 7 Animal experiments showed different tumour volume in three groups. After 5 weeks, the tumour bulk of Calu-6/S100A6 group
was 112.53 ± 15.19 mm3; it was smaller than that of Calu-6 group (318.21 ± 53.27 mm3) and Calu-6/neo group (332.49 ± 52.95 mm3)

F IGURE 6 Flow cytometric analysis showed change in cell cycle.
The proportions of Calu-6/S100A6 cells in G1 phase and S phase
accounted for (75.16 ± 0.78)% and (8.69 ± 0.84)%, respectively,
differing from those in Calu-6 cells (60.98 ± 0.64, 21.06 ± 0.70) and
Calu-6/neo cells (58.97 ± 0.18, 21.98 ± 1.80)
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4 | DISCUSSION

In this study, we investigated the role of S100A6 played in lung cancer

cell line by transfecting Caulu-6 cells with S100A6 overexpression lentivi-

rus vector and injecting them to nude mice. Through comparing cells'

behaviours and mice's tumour volume among three groups with different

interventions, we believed overexpressed S100A6 has a close relation-

ship with decreased cell proliferation, migration, invasion, cell cycle,

tumorigenicity and an enhanced apoptosis of lung cancer cell, suggesting

this protein may inhibit the genesis and development of this malignancy.

The S100 protein family, which is the largest subfamily of

calcium-binding proteins, has been proved to get involved in a variety

of biological processes of multiple tumours.11 In this family, S100A6 is

the first one to be found to have a close association with cellular pro-

liferation, and has been identified to participate in tumour progression

and invasion.12 For example, in cervical cancer, investigators demon-

strated that S100A6 overexpression promoted the metastatic ability

and epithelial-mesenchymal transition of HeLa and CaSki cells,

whereas had no significant effect on apoptosis.13 In gastric cancer,

Wang et al found S100A6 had a remarkable increased expression in

patients' tissues, and this overexpression had a clear correlation with

high invasive cell behaviours, including positive lymph node involve-

ment as well as vascular invasion.14 Similar conclusions were also

reached in pancreatic cancer and human nasopharyngeal carci-

noma.15,16 However, S100A6, along with another member-S100A1,

was considered to be associated with better prognosis in breast can-

cer patients.17

In lung cancer, the action mechanism of S100A6 is suggested to

be complex and it has an altered expression in different subtypes. It

was reported that S100A6 has a higher expression in lung adenocarci-

noma mixed subtype with bronchioloalveolar carcinoma (BAC) com-

ponent than in pure BAC. Ishii et al assessed S100A6 expression in

tumour cells' nucleus and cytoplasm of 92 lung adenocarcinoma using

immunohistochemistry, and data analysis showed invasive tumour,

compared with normal lung tissue and non-advanced lesions, had sig-

nificantly higher cytoplasmic S100A6 expression, but have no obvious

nuclear S100A6 immunoreactivity. This trend was more obvious in

adenocarcinoma with a BAC component.18 In lung squamous cell can-

cer (SCC), investigators detected the expression of S100A6 in

177 patients and further divided the cohort into two groups according

to S1006's level. Data showed that S100A6 was an independent risk

factor for the prognosis of SCC, predicting unfavourable prognosis.19

However, a separate investigation came to opposite conclusion. In the

study of De Petris et al, the presence of post-translationally modified

S100A6 was confirmed in tumour cell lysates, as well as pleural effu-

sion and plasma samples. In addition, high S100A6 peak intensity was

demonstrated to be related with longer median survival (35 months

for high peak intensity vs 18 months for low peak intensity).20 More-

over, S100A6 tended to have a lower expression in squamous histol-

ogy than other subtypes. As to the SCLC, S100A6 was identified to

be under expressed as compared with NSCLC and normal lung tis-

sue.21 These contradictory research results suggested S100A6 may

take on various functions in different pathological subtypes of lung

cancer. At the cellular level, compared with previous research, our

study drew an opposite conclusion. Investigators analysed the

S100A6 expression in the human bronchial epithelioid cell lines (HBE)

and NSCLC cell lines (A549, H441 and H1975), finding that S100A6

had the highest expression in A549 cells. Moreover, subsequent

experiment indicated that S100A6 overexpression could promote the

invasion, migration, proliferation and angiogenesis of A549 lung can-

cer cells by inhibiting the P53 acetylation.22 The main reason may be

that A549 belongs to lung adenocarcinoma cell line, while Calu-6

belongs to undifferentiated lung cancer cell line. This also suggested

that S100A6 may play a different role in different subtypes of lung

cancer. This is not the first contradiction in S100 protein family.

S100A2, as another important member in S100 protein family, has

been proved to play inconsistent roles in lung cancer.23-25 We will

demonstrate the exact effect on diverse lung cancer cell types using

multiple SCC cell lines and adenocarcinoma cell strains in our future

experiments.

There is still lack of researches on the mechanism of S100A6 in

lung cancer, only a small amount of experiments confirmed that

S100A6 has an interaction with P53, promotes its transcriptional

activity, consequently facilitating the apoptotic activity of this

antioncogene.26,27 In future, we need more in-depth researches to

clarify the exact mechanism of S100A6 in lung cancer.

In conclusion, our experiments identify S100A6 played an inhibi-

tive role in the carcinogenesis and progress of Calu-6 cell line via

inhibiting proliferation, migration, invasion and enhancing apoptosis

as well as suppressing cell division. In future, we will illustrate its func-

tion using more kinds of lung cancer cell lines.
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