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Abstract
Background

S100 calcium binding protein A2 (S100A2) has been con�rmed to have an abnormal expression in lung
cancer and is associated with a better disease-free internal of lung cancer patients. Our previous studies
on S100A2 in lung cancer concentrated on the clinical roles of this protein in lung cancer, �nding that
S100A2 increasingly expressed in the sera, tissues and plural effusion of lung cancer patients. This study
emphasizes its value in the lung cancer cell line.

Methods

We constructed a S100A2 expression lentivirus vector, then transfected it and blank vector into the Calu-6
lung cancer cell line respectively. After the successful transfection, (which was con�rmed by RT-PCR and
Western-blot), we used MTT, transwell and �ow cytometric analysis to compare the differences in cell
proliferation, cell migration, cell invasion, cell apoptosis and cell cycle among the three groups (Calu-6,
Calu/neo, Calu-6/S100A2).

Results

Calu-6 lung cancer cells showed a shift from G1 to S phase after being transfected with S100A2,
compared with the control groups. Additionally, Calu-6/S1000A2 cells had enhanced abilities of invasion
and down-abilities of apoptosis in contrast with the blank groups (P<0.05). However, there were no
signi�cant difference among these three group in the cell behaviors of migration and proliferation
(P>0.05).

Conclusion

Our results �rstly indicate that S100A2 has a positive in�uence on the biological characteristics of Calu-6
lung cancer cell line, including cell division, invasion and apoptosis inhibition. It may play a signi�cant
role in the genesis and progression of lung cancer.

1. Introduction
Lung cancer has become the leading cause of cancer-related mortality, with approximately 1,761,000
deaths all over the world in 2018. It experienced a relatively high incidence in both genders, accounting
for 14.5% and 8.4% of all new cancer cases in males and females respectively [1]. Because of an
increased prevalence of risk factors, such as smoking, air pollution, population aging, the occurrence of
this carcinoma will increase persistently. Due to lack of typical symptoms and signs, as well as being
radiologically occult, lung cancer patients are generally diagnosed at an advanced stage, having little
opportunity for surgical resection [2]. However, because of invasiveness, histological con�rmation after
biopsy, which severs as the diagnostic standard, is not readily accepted by suspected patients unless
they are convinced of the high probability of lung cancer [3]. Molecular biomarkers are widely applied in
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clinical work to assist with the early detection of lung cancer and screen malignant lung nodules. True -
positive or -negative results positively in�uence the clinical management in a manner of favorable
outcomes for patients [4, 5]. In last few years, there is an increasing interest about the use of biomarkers
in lung cancer, including classical ones such as CEA, CYFRA21-1 and new ones such as PD-L1 [6, 7].

S100 protein family is the largest subfamily of calcium-binding proteins with EF-hand type, containing a
total of 25 known human members each coded by a separate gene. Among these genes, at least 14
cluster to the epidermal differentiation complex (EDC) on chromosome

1q21, where is prone to chromosomal rearrangements [8, 9]. Some members in this group are found to be
multifunctional proteins that are expressed differently in a variety of cell types and get involved in the
regulation of in�ammatory response, cellular activities like cell differentiation [10, 11]. Through binding
target proteins or genes (e.g., p53), a number of S100 members could also ful�ll kinds of intra- or extra-
cellular functions [12]. Expression of several S100 proteins such as S100A4, S100B, and S100A6 are
abnormal in some cancers, including lung carcinoma [13, 14]. S100A2 plays a speci�c role in S100
protein family but there are con�icting results about its function in cancer. In 1992, Lee et al initially
reported that S100A2 was down regulated in breast cancer, may act as a tumor suppressor [15]. However,
many researchers proposed different views afterwards, suggesting that S100A2 could stimulate cell
invasion, poor differentiation and metastasis in some cancers like gastric neoplasia [16]. Similarly,
contrary study �ndings also exist in lung cancer, questioning the function of S100A2 [17, 18]. Our
previous researches con�rmed that S100A2 expressed at a high level in the sera, tissues and pleural
effusion of NSCLC patients [19]. In this study, we evaluated S100A2 gene effects in lung cancer cell line
through infecting Calu-6 lung cancer cells by lentivirus vector.

2. Materials And Methods
Cell culture

The lung cancer cell line Calu-6 was bought from Chinese Academy of Sciences. Cells were preserved at
37°C and 5% CO2, maintained and expanded in growth medium containing high glucose DMEM (Gibco,
USA) combined with 15% heated-inactivated fetal bovine serum (FBS, Zhengbo, Beijing, China) and
100 U/ml streptomycin/penicillin (Gibco, USA) for one to two weeks.

Construction of pLVX-AcGFP1-N1-S100A2

PLVX-AcGFP1-N1-S100A2 was generated by PCR method using pcDNA-S100A2. The primers were
designed as follows: the forward primer was 5’-CCCAAGCTTACCATGTGCAGTTCTCTGGAGCAG-3’ and the
reverse primer was 5’-GACGGGTCTGGCTGGGCCTTAAGGC-3’. DNA sequencing was then applied to verify
the Orientation and the insert sequence.

Virus production and concentration
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Plvx-acgfp1-n1-S100A2, pspax2 and pmd2. G were co-transfected into 293T cells with a ratio of 2:1:1.
The �uorescence expression was observed under the microscope after 72 hours and the supernatant was
collected prior to be �ltered through a 0.45 µm PVDF �lter (Millipore). Thirty-fold concentrated stock was
obtained by ultracentrifugation (50 000 g, 150 min, 4°C). The pellets were resuspended in PBS and stored
at -80°C.

Cells infection

Those Calu-6 cells grown in logarithmic phase were collected, trypsinized to a density of 3*105/ml and
planted in 6-well plate (JET BIOFIL, Guangzhou, China), then cultured in incubator. S100A2 over-
expressed lentivirus (MOI = 10) was added when cell con�uence reached 80–90%. Meanwhile, we
transfected Calu-6 cells with blank vector control lentivirus (MOI = 10) as one control group. It is also
notable that another control group was empty Calu-6 cells with no vector. We designated all these three
groups as Calu-6/S100A2, Calu-6/neo and Calu-6. The infection e�ciency was observed by �uorescence
microscopy after 48 hours, and the infected S100A2 gene was con�rmed by subsequent experiments
including QPCR and WB.

RNA extraction and QPCR

We applied TRIzol reagent (Invitrogen, USA) for cell lysis, then collected the centrifugal supernatant. To
get puri�ed RNA, chloroform, 2-propanol and 75% ethanol were successively added into the supernatant
to separate RNA from DNA and protein. After the extraction, we used Nanodrop 2000 (Thermo, USA) to
detect the concentration and purity of RNA. RevertAid First Strand cDNA Synthesis Kit (Thermo, USA)
helped us achieve the process of reverse transcription, and cDNA was synthesized from 2 ml RNA by
RevertAid™ M-MuLV, 10 mM dNTPs, 1 µl oligo (dT) 18 primers, reverse transcriptase, and 1 µl Ribolock™
ribonuclease inhibitor. All operations were strictly operated according to the kit instructions. The speci�c
procedures and conditions in PCR were incubation (95°C, 5 min), denaturation (94°C, 30 s for 44 circles),
annealing (55°C, 30 s), extension (72°C, 30 s). In addition to that, the information about primers used in
PCR was as follows: S1002 forward primer (5-GCCAAGAGGGCGACAAGTT-3) and S1002 reversed primer
(5-AGGAAAACAGCATACTCCTGGA-3); glyceraldehyde-3-phosphate dehydrogenase (GAPDH, an
endogenous control) forward primer (5-GGAGCGAGATCCCTCCAAAAT-3) and GAPDH reversed primer (5-
GGCTGTTGTCATACTTCTCATGG-3).

Western Blot

The western bolt experiment was used to determine the protein expression of Calu-6/S100A2. Forty-eight
hours after transfection, we collected the cells and used a Total Protein Extraction Kit for further
acquisition of cell lysate. Then, we added loading sample buffer to the lysate after clarifying it with
centrifugation (at 14,000 rpm, 10 min), heated for 5 min at 95°C, and separated by 10% sodium dodecyl
sulfate-polyacrylamide before transferring it to a nitrocellulose membrane. Nitrocellulose �lters were
blocked by 5% non-fat milk, and then incubated with primary antibody against S100A2 (PAC009Hu01,
USCN Life Sciences Inc., Wuhan, China, 1/500 dilution) at 4°C overnight. At the same time, the mouse
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GAPDH antibody was set as an endogenous control. Subsequently, we rinsed the membrane, added the
secondary antibodies (SAA544Rb59, USCN Life Sciences Inc., Wuhan, China, 1/5000 dilution) with
horseradish peroxidase-labeled polymer to it, re-rinse, and then used enhanced chemiluminescence to
observe the imaging.

MTT proliferation growth curve

The MTT assay was used to analyze cell proliferation. Firstly, the three group cells (Calu-6, Calu-6/neo,
Calu-6/S100A2) at logarithmic phase were collected, centrifuged to cell suspension, and adjusted to a
concentration of 5–10 × 104/ml. Then, 100 µl cell suspension was seeded into every well of 96-well
plates. After being cultured in incubator, we measured the absorbance at 12, 24, 48, 72 and 96 hours
respectively. Next, a total of 10 µl MTT stock solutions was added to every well, then incubated at 37°C
for 4 hours before adding Formazan solution. Finally, the absorbance of each well was detected by ELISA
at 490 nm.

Transwell migration and invasion assay

To examine cell migration in vitro, we applied the transwell assay. Logarithmic cells were taken, digested
by 0.25% trypsin, centrifuged at 800 rpm for 5 min, and adjusted to a density of 1*106/ml. We placed the
Calu-6, Calu-6/neo, Calu-6/S100A2 cells (each 100 µl) in the upper chamber of six-well transwell plates,
which was matrigel-uncoated and consisted of 8.0 µm pore size �lters, and added 600 µl DMEM medium
(containing 30% FBS) to the lower chamber. The plates then were incubated under the condition of 37°C
and 5% CO2 for 48 hours. After the incubation, we removed the upper cells with cotton-tipped swabs, �xed
the �lters in ethanol and stained it with hematoxylin. Five separate �elds of cells on the underside were
observed and took photography under the 100-fold optical microscope. The procedures of transwell
assay for cell invasion detection were similar as above processes. The slight difference was that six-well
transwell plates used was matrigel-coated.

Flow cytometry

We applied �ow cytometry to investigate S100A2’s function in cell apoptosis and cell cycle. Cell
suspension was prepared by centrifugation of logarithmic phase cells, and the count was adjusted to
3*105/mL. Approximately 2000 µl cell suspension was placed into 6-well plate, incubated for 48 hours,
and then washed twice by cool PBS, centrifuged at 1000 rpm for 5 minutes at 4°C. Next, we collected a
number of 1–5*105 cells, mixed them with 100 µl binding buffer after absorbing PBS. 10 µl Annexin V-
FITC and 5 µl of PI staining solution were added afterwards before the incubation at room temperature
for 15 min in the dark. At the last step, the mixture was added to 400 µl binding buffer and analyzed by
FACSCalibur system in one hour. As for the �ow cytometry procedures for cell cycle, after the
centrifugation, cells were �xed in 75% ethanol for 1 h, washed by PBS, treated with 100 L RNaseA
solution, and then resuspended before being bathed in water at 37°C for 30 minutes. The cell
precipitation was incubated in the dark at 4°C for 30 minutes in the presence of 400 µl PI dyeing solution,
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and the mixture was then analyzed by �ow cytometry at an excitation wavelength of 488 nm. We used
Cell Quest and MidFit softwares to determine the cell cycles, which mainly contains three major phases -
G1, S, G2.

Statistical analysis

GraphPad Prism 7.0 and the SPSS 22.0 statistical package were performed to make bar graphs and
analyze data. A two-tailed P < 0.05 was considered to indicate statistical signi�cance.

3. Results
S100A2’s expression at mRNA and protein levels after transfection

According to whether being transfected by S100A2 expression lentivirus vector or not, lung cancer Cells
were divided into three groups, which speci�cally referred to Calu-6 cells, Calu-6/blank vector and Calu-
6/S100A2. After the transfection, we used �uorescence microscope, RT-PCR method and western blot
analysis to illustrate the infection e�ciency. Results show that, as listed in Fig. 1, compared with the
control groups, S100A2 highly expressed in the Calu-6/S100A2 cells, experiencing an upward trend of
mRNA expression (Fig. 1a) and protein expression (Fig. 1b). Meanwhile, the Calu-6 cells were observed
having a weak green �uorescence, reminding us high transfection e�ciency, as showed in Fig. 1c.

S100A2 had no in�uence on cells’ proliferation and migration

The effects of S100A2 on cells’ behaviors, including proliferation and migration, were examined by MTT
method and transwell assay. Figure 2 and Fig. 3 gave us information that the abilities of cell proliferation
and migration had no difference among three groups, with both P > 0.05.

S100A2 accelerated the invasion of Calu-6 cells

Transwell assay showed that S100A2 may play a positive role in cell invasion. As showed by data in
Fig. 4, with a mean cell count of 495.3 ± 10.68, the group of Calu-6/S100A2 had a stronger invasive
ability than Calu-6 cells (441.7 ± 4.91) and Calu-6/neo cells (441.0 ± 7.94). The difference was
statistically signi�cant.

S100A2 inhibited apoptosis and enhanced the cell cycle of Calu-6 cells

Flow cytometry was performed to detect the functions of S100A2 on lung cancer cell line’s behaviors,
such as apoptosis and changes in cell cycle. As demonstrated in Fig. 5, the mean proportion of apoptotic
cells in the Calu-6/S100A2 group accounted for (6.32 ± 0.04)%, which was signi�cantly lower than its
counterpart in Calu-6 cells and Calu-6/neo cells – (8.86 ± 0.61)% and (8.01 ± 0.07)% respectively.

Compared with the control groups, as showed in Fig. 6, Calu-6/S100A2 cells had a relatively lower
percentage in G1 phase and higher percentage of S phase, indicating that S100A2 promoted the cell cycle
of Calu-6 cells and accelerated the transition from G1 to S phase in Calu-6 cells. More concretely, the
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proportions of three groups in G1 phase were (70.98 ± 0.74)% (Calu-6), (66.97 ± 0.18)% (Calu-6/neo) and
(52.16 ± 0.78)% (Calu-6/S100A2); while, in S phase, they were (28.58 ± 0.70)%, (34.18 ± 1.81)% and
(47.69 ± 0.84)% respectively. The differences were dramatically signi�cant, with P < 0.01.

All the results were representative of triplicate experiments and were displayed as mean ± SD.

4. Discussion
In this study, we constructed a S100A2 expression lentivirus vector, transfected it into the Calu-6 cells, and
further investigated the role S100A2 played in this lung cancer cell line. Through the comparison of cells’
behaviors among three groups (Calu-6, Calu-6/neo, Calu-6/S100A2), we consolidated the association of
S100A2 overexpression with enhanced cell invasion, cell cycle and decreased apoptosis, �nding that
S100A2 may promote the genesis and progress of lung cancer.

In recent years, a certain number of members in S100 protein family emerged as valuable diagnostic and
prognostic biomarkers in several types of cancers and draw increasing attention from researchers.
Through binding Ca2+ and activating Ca2+-mediated signaling pathways, these proteins participate in
many cell activities, such as cell cycle progression, differentiation, etc [20]. As an important and unique
member in this family, S100A2 has also been found to have an altered expression in different type of
tumors [21, 22]. Since the gene of this 99-amino acid protein is located on chromosome 1q21, which is a
frequently rearranged area, S100A2 has been reported to relate with tumorigenesis [23]. The uniqueness
of S100A2 depends on its distinct effects in different cancers and its various expressions in the same
carcinoma. Initially, S100A2 (originally called clone 19), was found by Lee et al. to have a preferential
expression in normal mammary epithelial cells but not in breast tumor cells, and its expression was
reactivated in mammary tumor cells after the exposure of an inhibitor of DNA methylation. Researcher
hence believed that S100A2, unlike most members of the S100 protein family, might work as a tumor
suppressor in cancer [15]. In next following decades, there were more and more studies concerning
S100A2 and cancer and con�icting �nding were constantly emerging. For instance, in gastric cancer,
researchers con�rmed that S100A2 had a deceased expression, and this down-regulated level was related
to poor differentiation, advanced invasion and distant metastasis [24]. Nevertheless, the study aiming to
examine the expression of S100A2 in the multistep cholangiocarcinogenesis clari�ed that this protein
increased in biliary intraepithelial neoplasia as well as invasive adenocarcinoma of perihilar
cholangiocarcinoma, the expression of which was same with other S100 proteins like S100A4, S100A6,
and S100P [25].

There were also a number of inconsistent �ndings with regard to the exact role S100A2 played in lung
cancer. The earliest study on the relationship between S100A2 and lung cancer was in 2001, researchers
used a cDNA array to screen for genes that were expressed differently in normal human bronchial
epithelial (NHBE) cells and a tumorigenic cell line (1170-I), identifying the S100A2 gene as being down-
regulated in the 1170-I cells. Furthermore, compared with high expression in NHBE cells, S100A2 mRNA
and protein levels were even undetectable in certain non-small cell lung cancer cell line [26]. Therefore,
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investigator examined its potential role as a tumor suppressor in lung carcinogenesis. However, after one
year, Heighway et al. used a panel of cDNA microarrays to carry out a dual-channel analysis of gene
expression, their microarray, cmRT-PCR, Western and immunohistochemistry data all indicated that
S100A2 was strongly expressed in non-small cell lung cancer (NSCLC) [27]. Their conclusion was
supported by many subsequent studies, some of which even found that this S100 protein was linked with
lymphoma development and poor prognosis [28–30]. Studies focusing on the exact mechanism and
signal conduction pathway found that S100A2 got involved in TGF-β-mediated cell migration and
invasion through p53-protein- and TGF-β-induced MAPK signaling. Meanwhile, this kind of induction
could be manifested by interacting with Smad3, which was strengthened in the presence of high calcium
and TGF-β. On the other hand, loss of S100A2 weakened TGF-β/Smad3 target genes’ transcription, thus
attenuating tumor promotion [31]. Based on previous investigations, some scholars proposed the
viewpoint that the expression of S100A2 is particularly dominant at the early stage of NSCLC then
decreases in the invasive carcinomas, named it as S100A2’s dual role in NSCLC. Therefore, we propose
the hypothesis that S100A2 is regulated by two opposite factors in NSCLC, may be mainly modulated by
different mediator at various stages. This may explain why S100A2 in our experiment having positive
in�uence on cell invasion while showing no obvious effects on cell migration. However, our results seems
having some inconsistencies with previous study [32]. More in-depth researches hereafter are needed to
clarify the exact mechanism of S100A2 in NSCLC.

Taken together, our cellular-level experiments identify S100A2 as an oncogenesis participant in manners
of apoptosis inhibition, invasion enhancement as well as promoting cell division. In future, it may serve
as a diagnostic marker for this malignant tumor. Our study, up to now, is a relatively comprehensive
experimental con�rmation about S100A2’s effects on lung cell behaviors.
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Figures

Figure 1
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S100A2’s expression in three groups after transfection. a. RT-PCR showed S100A2 highly expressed in
Calu-6/S100A2 cells, while had no expression in Calu-6 and Callu-6/neo cells. b. Western-blot �gure
showed S100A2 expressed in Calu-6/S100A2 cells, but no expression in control groups. GAPDH
expression is shown as a control in the same panel. c. Fluorogram showed Calu-6 cells had a weak green
�uorescence after being transfected with S100A2 vector.

Figure 2

MTT method identi�ed S100A2 had no effects on cell proliferation (P>0.05).
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Figure 3

S100A2 had no in�uence on cell migration (P>0.05).
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Figure 4

S100A2 accelerated the invasion of Calu-6 cells (P<0.05).
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Figure 5

Flow cytometric analysis demonstrated S100A2 inhibited apoptosis of Calu-6 cells. The percentages of
apoptotic Calu-6/S100A2, Calu-6/neo and Calu-6 cells were (6.32±0.04)%, (8.86±0.61)% and
(8.01±0.07)% respectively (P<0.05).
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Figure 6

Flow cytometric analysis showed Calu-6/S100A2 cells had a lower percentage in G1 phase and higher
percentage of S phase (P<0.01). the proportions of three groups in G1 phase were (70.98±0.74)% (Calu-
6), (66.97±0.18)% (Calu-6/neo) and (52.16±0.78)% (Calu-6/S100A2); in S phase, they were
(28.58±0.70)%, (34.18±1.81)% and (47.69±0.84)% respectively.


