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S100A11 influences the invasion and migration of lung
cancer cells by the Notch signaling pathway
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Abstract: Objective: To explore the expression of S100A11 in lung cancer tissues, its effects on the invasion and
migration abilities of lung cancer cells and the relevant mechanism. Methods: the expression of S100A11 was de-
tected in lung cancer and normal lung tissues by Western blotting; lentivirus silencing S100A11, GFP fluorescence
and Western blotting were used to detect the LV3-S100A11 silencing efficiency and efficacy; the effect of ST00A11
expression on invasion of lung cancer cells was detected by Transwell invasion assay; the effect of SI00A11 expres-
sion on migration of lung cancer cells was detected by wound scratch assay; the expression of the proteins Notch1,
NICD1 and Hes1 was detected by Western blotting; and the effects of silencing S100A11 on size and volume of
lung cancer were detected in the subcutaneous tumor formation experiment in nude mice. Results: the expression
of S100A11 increased significantly compared with that in normal lung tissues, and the high expression of SI00A11
was related to the pathological type, differentiation degree and metastasis of local lymph nodes in lung cancer;
LV3-S100A11 lentivirus could effectively inhibit the expression of S100A11; silencing S100A11 inhibited the inva-
sion and migration abilities of the lung cancer A549 cells; silencing S100A11 could down-regulate the expression
of Notch1, NICD1 and Hes1; and the tumor volume and weight of tumor-bearing mice decreased significantly in the
LV3-S100A11 group as compared to the LV3-NC group. Conclusion: S100A11 influences the invasion and migration
abilities of lung cancer cells by the Notch signaling pathway.
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Introduction tion, invasion in blood vessels, emigration from

blood vessels, and settlement and prolifera-
Lung cancer is one of the malignancies with tion in new sites, and the cytoskeletal chan-
the highest morbidity and mortality in the wo- ges, cell adhesion and changes in kinetic char-
rld. Its morbidity and mortality are on the ri- acteristics, epithelial-mesenchymal transition
se, especially in the developing countries like (EMT) and activation of various signaling path-
China. With aging of the population and incr- ways [3, 4]. It has been demonstrated in stud-

easing environmental pollution and effect of

| : ies that calcium binding proteins play an impor-
tobaccos, lung cancer poses an increasing bu-

tant role in tumor invasion and metastasis [5,

rden to people [1]. Metastasis of lung cancer is 6]
the leading cause of death. With advances in ’
surgical techniques, chemotherapy and mole- S100 protein family belongs to the calcium

cular targeted therapy are increasingly impor-
tant in the combined therapy for lung cancer,
but the five-year survival rate of patients, es-
pecially those with advanced disease, is still
very low [2]. Thus, it is particularly important
to investigate the mechanism of lung cancer
metastasis and identify the relevant molecu-
lar markers.

binding protein superfamily. At present, there
are 21 members in the S100 protein family,
they have the amino acid sequence of EF dou-
ble helix structure in common, and when bind-
ing to calcium ions, the S100 proteins change
in structure to expose the site binding to the
target protein and exert the biological effects
through interaction with the protein [7]. The
Tumor metastasis is a complex multi-step, mu- dysregulation of S100 protein family expres-
Iti-stage process, mainly including local infiltra- sion is a common occurrence in many human
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cancers. Reports have shown that altered ex-
pression of ten family members contributes
to the growth and metastasisb of numerous
tumors (S100A1-4, 6-11, S100P). Studies also
indicated that silence of S100B and S100A9,
are in clinical trials for melanoma and prostate
cancer, respectively [8].

S110A11 is an important member of the S100
protein family, which is involved in a number
of biological regulations, including enzymatic
activity, inflammatory reaction, cell prolifera-
tion and apoptosis, etc. [9]. It was demonstrat-
ed that S100A11 played an essential role in
tumor occurrence and progression [10]. Wang
et al. [11] found out in immunohistochemistry
staining of colon cancer tissues that the ex-
pression of S100A11 was significantly incr-
eased in the tissues and its expression level
was closely related to stage of the disease, su-
ggesting that S100A11 might be an indicator
for evaluating the degree of invasion of colon
cancer. The expression of S100A11 was also
elevated dramatically in prostate cancer, bre-
ast cancer and ovarian cancer [12-14]. Report
also indicated that knockdown of S100A11
expression restrained cell proliferation in lung
adenocarcinoma cells A549 [15]. However,
the relationship between S100A11 expression
and lung cancer cell motility has not yet been
reported. Therefore, in this study, we intended
to investigate the expression of S100A11 in
lung cancer and its effect on the invasion and
migration abilities of lung cancer cells, and
explore the related mechanisms.

Materials and methods
Tissues, cell lines and reagents

Lung cancer tissues of 108 patients removed
in thoracic surgery were collected in our hospi-
tal between June 2014 and July 2015, includ-
ing those of 74 males and 34 females aged
36-72 years. There were squamous cell carci-
noma in 38 patients and adenocarcinoma in
70 patients, with poor, moderate and well dif-
ferentiation in 40, 39 and 29 patients respec-
tively. In addition, the paracancerous tissues
2 cm from tumor margin and the normal lung
tissues of 20 patients were used as control.
After isolated from the body, the tissues were
quickly put into liquid nitrogen for preserva-
tion. The lung cancer cells line A549 was pur-
chased from ATCC, and the first antibodies
S100A11, Notchl, NICD1 and Hesl were
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obtained from Abcam (ab180593, ab52627,
ab8925 and ab108937). Transwell chambers
were purchased from Millipore (US); S100A11-
silencing and control lentiviruses were pur-
chased from Shanghai GenePharma Co., Ltd.

Cell culture, transfection and grouping

The lung cancer cells A549 were put into the
RPMI 1640 medium containing 10% fetal
bovine serum for incubation at 37°C, 5% CO,,.
Relevant experiment was performed when the
cells were at logarithmic growth phase.

One day before the experiment, 5x10% A549
cells were inoculated in 96-well plates, to make
the cell fusion degree at 40%~60%. According
to the GenePharma lentivirus operating manu-
al, the appropriate MOI (multiplicity of infection)
of S100A11 lentivirus was determined using
the gradients of 0, 10 and 100.

1) Two sterile EP tubes were prepared. 10 ul of
viruses at 1x108 TU/ml were drawn to the first
tube and mixed gently, producing no foams.
Similarly, 10 pl of viruses were drawn from the
first tube to the second and mixed well, to get
virus solutions at three different concentra-
tions: stock solution, 10x dilution, and 100x
dilution.

2) 10 ul of virus solutions at three different
gradients were added to three wells in each
group, to calculate the MOI of three wells, which
were 100, 10 and 1 respectively. The most
appropriate MOl was determined to be 100.

3) The experiment consisted of two groups:
the silencing group, transfected with S100A11
silencing lentivirus (LV3-S100A11), and the
control group, transfected with the negative
control lentivirus (LV3-NC). 100-fold diluted
virus stock solution was added to the LV3-
S100A11 group, and 100-fold diluted negative
control virus solution was added to the LV3-
NC group. The expression of GFP fluorescence
was observed 24 h later.

72 h after cell transfection, the proteins were
extracted, with the concentrations determined
by BCA method, and then loading buffer was
added for protein denaturation. The proteins
were stored at -20°C.

Tissue protein extraction and preservation
A tissue block of 100 mg in size was taken, cut

into pieces and broken with an ultrasonic tis-
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Figure 1. The expression of S100A11 between lung cancer and normal lung tissues. *P<0.05 compared with nor-

mal lung tissues.

Table 1. Comparison of the expression of
S100A11 between lung cancer and normal
lung tissues

Tissue samples Number High expression

of S100A11

n %
Lung cancer 108 98  90.7%*
Normal lung tissues 20 2 10%

*P<0.05 compared with normal lung tissues.

sue instrument after 1 ml of lysis solution, 1
ul of protease inhibitor, 1 yl of PSMF and 1 pl
of phosphatase inhibitor were added. Then it
was centrifuged at 12000 rpm for 20 min at
4°C, the supernatant was taken, with the pro-
tein concentrations determined by BCA meth-
od, and then loading buffer was added for pro-
tein denaturation. The proteins were stored at
-20°C.

Expression of S100A11, Notch1, NICD1 and
Hes1 detected by western blotting

10% SDS-PAGE was prepared, and 20 ug pro-
tein sample was added into each well for pro-
tein separation, then transferred to a PVDF
membrane using the electric wet transfer
method, sealed for 2 h with 5% skim milk, and
the primary antibodies (S100A11, Notchi,
NICD1 and Hes1) were diluted by 1:1000 TBST,
overnight at 4°C; then 1:5000 dilution of goat
anti-rabbit secondary antibody was added,
incubated at room temperature for 2 h; and
ECL was performed. The experiment was per-
formed in triplicate.
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Effects of silencing S100A11 on the invasion
ability of the lung cancer cells detected by
Transwell invasion assay

All reagents and equipment were pre-cooled
on ice. The Transwell chambers were placed in
a 24-well plate. 50 pl (0.2 ug/ul) Matrigel was
evenly applied to the inner membrane of the
Transwell chambers, incubated for 15 min at
37°C to solidify the gel; when digested, centri-
fuged and counted, the cells were diluted with
2.5x10%/mL serum-free medium to prepare cell
suspension; the cell suspension was added to
the upper Transwell chamber at 200 pL each
well, and 500 pL of 10% FBS and medium we-
re added to the lower Transwell chamber, pla-
ced in a 37°C incubator for culture; fixed with
formalin, stained by crystal violet for 15 min,
and then the cells on the inner membrane we-
re wiped with a cotton swab, counted under a
microscope, to count the cells that passed
through the membrane under 4 high power
fields (x40). The experiment was performed in
triplicate.

Effects of silencing S100A11 on the migra-
tion ability of the lung cancer cells detected by
wound scratch assay

The A549 cells were inoculated into the 6-well
plate, and when cell confluence reached 90%,
scratch from up to bottom using a 200 ul ste-
rile pipette tip, observe under a microscope,
to measure the initial distance of scratch (O
time); at 24 h, 48 h and 72 h, the distances of
scratch were measured respectively and photo-
graphed, to calculate the cell migration rate.
The experiment was performed in triplicate.
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Table 2. Relationship between S100A11 expression and clinicopatho- 0.05 indicated statisti-
logicalcharacteristics of lung cancer cally significant differen-
High Low ce.
Clinicopathological data Number expression expression P value
0f S100A11 of S100A11 Results
Sex 0.741 Significantly increased
Male “ 40 34 expression of S100A11
Female 34 18 16 in lung cancer tissues
Age (y) 0.692
<60 63 31 32 The Western blotting re-
>60 45 24 21 sults (Figure 1 and Table
Pathological type 0.013 1) showed that compar-
Squamous cell carcinoma 38 25 13 ed to the normal lung tis-
Adenocarcinoma 70 61 9 sues, the expression of
Differentiation <0.001 S100A11 increased sig-
Well 29 19 10 nificantly in the lung can-
cer tissues, indicating th-
Moderate 39 82 ! at S100A11 is oncogenic
Poor 40 39 1 and may be involved in
Tumor size 0.134 occurrence and develop-
s3cm 43 33 10 ment of lung cancer.
>3 cm 65 53 12
Metastasis of local lymph nodes 0.001 Relationship between
No 56 34 22 S100A11 expression and
Yes 52 48 4 clinicopathological char-

Effect of silencing S100A11 on tumor growth
in subcutaneous tumor formation experiment
in nude mice

Lung cancer cells in the logarithmic growth
phase in the LV3-NC and LV3-S100A11 groups
were taken and digested in culture flasks, with
concentration adjusted to 2x108 cells/ml. 0.1
ml of cell suspension was injected subcuta-
neously into each nude mouse (10 in total) by
the left forelimb armpit to observe subcuta-
neous tumor growth daily. One week after in-
oculation, the tumor grew to about 5, 6 mm.
The mice were divided into 2 groups, 5 in each
group. The animals were sacrificed 28 days
after inoculation of tumor cells. The tumor
diameter (a) and the vertical orthogonal diam-
eter (b) of tumor-bearing mice were measured
in each group. The tumor size V (mm?)=axb?/2;
and the weight was measured.

Statistical analysis
The SPSS 22.0 software was used for statis-
tical analysis, measurement data were ex-

pressed in (X+s), t-test was employed for co-
mparison of means between groups, and P<

16078

acteristics of lung cancer

The expression of S100A11 was related to cli-
nicopathological characteristics of lung can-
cer. In adenocarcinoma, the expression of
S100A11 was significantly higher than that in
squamous cell carcinoma (Table 2, P<0.05); it
increased gradually with decrease in differen-
tiation degree (Table 2, P<0.05); and it in-
creased significantly in lung cancer tissues wi-
th metastasis of local lymph nodes (Table 2,
P<0.05). The expression of S100A11 was ir-
relevant with sex, age and tumor size.

Expression of SI00A11 decreased signifi-
cantly after transfection of the A549 cells with
LV3-S100A11

24 h after transfection of the A549 cells wi-
th LV3-S100A11, GFP fluorescence showed
(Figure 2A) that compared with the LV3-NC
group, expression of green fluorescence in the
LV3-S100A11 transfected cells was significan-
tly increased [(308.9+14.6) vs. (48.7+4.03),
P<0.05], suggesting that LV3-S100A11 could
be well incorporated into the A549 cells.

The Western blotting results (Figure 2B) sh-
owed that compared with the LV3-NC group,
the S100A11 expression level in the LV3-
S100A11 group was significantly decreased
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Figure 2. A. Efficiency of transfection of S100A11 knocked down lentivirus into the lung cancer A549 cells detected
by GFP fluorescence. B. Expression of S100A11 detected by Western blotting. Error bars represent standard error.

*P<0.05.

[(8125.8+51.6) vs. (1025.3+32.7), P<0.05],
suggesting that S100A11 expression could
be significantly reduced after LV3-S100A11
was transfected into the A549 cells.

Silencing S100A11 expression could inhibit
the invasion ability of the A549 cells

To determine whether silencing S100A11 co-
uld influence the invasion ability of the lung
cancer A549 cells, changes in the ability be-
fore and after transfection were identified with
Transwell chambers. The Transwell results sh-
owed (Figure 3) that in the LV3-S100A11 gr-
oup, the number of cells passing through the
Matrigel gel was 82.16+6.25, significantly le-
ss than that in the LV3-NC group (313.92
+22.88), with statistically significant differenc-
es (P<0.05), indicating that silencing S100A11
expression could inhibit the invasion ability of
the A549 cells.

Silencing S100A11 expression could inhibit
the migration ability of the A549 cells

The width of scratches in any three parts of
cells in each group was measured under a

16079

microscope at the time points of O h, 24 h,
48 h and 72 h. The migration rate was calcu-
lated according to the formula: Migration rate
=[D(t=24 h, 48 h, 72 h)_D(t=0 h)]/D(t=0 h)* Results of the
wound scratch assay (Figure 4A and 4B) sug-
gested that compared to the LV3-NC group,
migration rate in the LV3-S100A11 group was
significantly reduced at 24 h, 48 h and 72 h
[24 h (0.1940.03)% vs. (0.38+0.04)%, P<0.05;
48 h (0.38+0.04)% vs. (0.73+£0.05)%, P<0.05;
72 h (0.44+£0.04)% vs. (0.84+£0.06)%, P<0.05],
with statistically significant differences. It was
revealed in the wound scratch assay that si-
lencing S100A11 expression could inhibit the
migration ability of the A549 cells.

Silencing S100A11 expression could inhibit
the expression of Notch1, NICD1 and Hes1

It was demonstrated in the study that the Not-
ch signaling pathway played an important part
in tumor invasion and migration. When Notch
was activated, enzymolysis occurred twice to
form water soluble NICD, which bound to CSL,
the DNA binding protein on the nucleus to form

Int J Clin Exp Med 2017;10(12):16075-16084
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Figure 3. Effect of silencing S100A11 expression on the invasion ability of the A549 cells detected by Transwell inva-
sion assay. Error bars represent standard error. *P<0.05.
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a transcription factor and stimulate transcrip-
tion of target genes like Hes1 [16].

The Western blotting results (Figure 5) show-
ed that compared to the LV3-NC group, the
expression of Notchl, NICD1 and Hesl de-
creased significantly in the LV3-S100A11 gr-
oup [Notchl (8214.3+88.4) vs. (2254.2+31.9);
NICD1 (8237.1+81.3) vs. (2038.1+31.2); Hes1
(8025.3+92.1) vs. (2012.6+28.4), P<0.05],
suggesting that silencing S100A11 expression

16080

[ LV3-S100A11
. VI-NC

Figure 4. Effect of silencing S100A11 ex-
pression on the migration ability of the
A549 cells detected by wound scratch as-
say. Error bars represent standard error.
*P<0.05.

could down-regulate the expression of Notch1,
NICD1 and Hesl. It indicated that S100A11
took effect by the Notch signaling pathway.

Subcutaneous tumor formation experiment in
nude mice indicated that silencing S100A11
could inhibit tumor growth

The survival time of the tumor-bearing mice

was 4-8 weeks, with a median of 6 weeks. The
autopsy showed that tumor grew in the left

Int J Clin Exp Med 2017;10(12):16075-16084



S100A11 influences the invasion and migration of lung cancer cells

DLL4 a— 10000+

Notch] W ~<sss  g((-

NICD1 — 6000-

CSL i
40001

Hesl "N
20004

*

3 LV3-S100A11
Bl LV3-NC

Figure 5. Expression
of Notch1, NICD1 and
Hes1 detected by Wes-
tern blotting. Error bars

0-

[os]

2.0

1.5

1.04

0.5

Volume of tumor(cm3)

weight of tumor(g)

0.0-

LV 3-NC

LV 3-S100A11

Figure 6. Effect of S1I00A11 on tumor growth in in vitro experiment. A. Com-
parison of size of the nude mice in both groups. B. Comparison of tumor

volume and weight in the nude mice in both groups.

armpit, and the tumor was gray, solid, round or
oval, with nodular projection on the surface and
fish-like sections; and the tumor formation rate
was 100%.

Tumor growth in nude mice (Figure 6A): tumor
size in the LV3-S100A11 group was significant-
ly reduced compared with that in the LV3-NC

group.

Comparison of tumor weight and volume (Fi-
gure 6B): compared to the LV3-NC group, the
tumor volume and weight of the mice decreas-
ed significantly in the LV3-S100A11 group [vol-
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LV 3-NC

LV3-NC

represent standard er-
ror. *P<0.05.

ume (1.53+1.55) cm?® vs. (0.26
+0.02) cm?®, P<0.05; weight
(1.47+1.12) g vs. (0.36+0.02)
g, P<0.05].

Discussion

LV3-S100A11

S100 is a family of calcium
binding proteins with multiple
genes. The family has 21 me-

. mbers, with the majority loca-

ted at chromosome 1g21. The
members are 25%~65% ho-
mologous in structure with si-
milar physical characteristics.
They are 100% soluble in am-
monium sulfate solution, th-
us named S100 proteins [8].
S100A11 was originally disco-
vered in smooth muscle cells
of chicken gizzard, so it is al-
so known as calmodulin [17].
The conformational change in
the C-terminal of S100A11 is greater than that
in the N-terminal, thus the C-terminal often
becomes the target for genetic change [18].
S100A11 interacts with the target gene by
transducing the calcium-dependent cell-medi-
ated signals, to exert a variety of biological
effects, participating in cell proliferation, differ-
entiation and apoptosis, etc. [19].

LV 3-S100A11

In recent years, abnormal expression of S100-
Al11 in tumors has been seen in many studies
and S100A11 plays its tumor-promoting role in
different tumors. Xiao et al. [20] performed
immunohistochemical staining on pancreatic
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cancer tissues and found that the positive
expression rate of S100A11 was significantly
higher in the cancer tissues than that in the
normal pancreatic tissues, and the high ex-
pression of S100A11 was associated with tis-
sue differentiation, lymph node metastasis and
poor prognosis. Similar studies on stomach
cancer, breast cancer and colon cancer show-
ed that S100A11 had a tumor-promoting ef-
fect [8, 11, 12]. In accordance with these
reports, our research detected high expres-
sion of S100A11 in the lung cancer tissues
from 108 patients. The expression level of
S100A11 was closely related to pathological
type, degree of differentiation and metastasis
of local lymph nodes, suggesting that S100-
A11 plays a promoting role in occurrence and
progression of lung cancer. Lentivirus infection
is one of the commonly used methods in
research on gene expression in recent years.
In this study, in order to investigate the effe-
cts of S100A11 in the biological behaviors of
lung cancer cells, the S100A11 silenced lentivi-
ruses LV3-S100A11 and LV3-NC were used to
transfect the lung cancer A549 cells, followed
by Western blotting and GFP fluorescence to
determine the transfection and silencing effi-
ciency. Results showed that LV3-S100A11
could effectively down-regulate the expression
of S100A11, which provided an ideal research
platform for clarifying the effects of S100A11
in invasion and migration of lung cancer cells
in the future.

Studies have shown that S100A11 is closely
related to tumor invasion and migration. The
study by Mori et al. [23] indicated that com-
pared with gastric cancer tissues without lym-
ph node metastasis, the expression of S100-
A11 was significantly increased in those with
lymph node metastasis. S1I00A11 has been
reported to associate with lung cancer cell via-
bility. However, there are no research about
the relationship between S100A11 and the
motility of lung cancer. The results from the
present study showed that compared with lung
cancer tissues without lymph node metastas-
is, the expression of S100A11 was significan-
tly increased in those with lymph node metas-
tasis, consistent with the results obtained by
other researchers, indicating a relationship
between S100A11 and infiltration and metas-
tasis of lung cancer. In order to further investi-
gate this relationship, the Transwell chambers
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and wound scratch assay were employed to
detect the changes in the invasion and mig-
ration abilities of the A549 cells. It was sh-
own that with down-regulation of S100A11, the
invasion and migration abilities of the cells
were significantly reduced. Our study help un-
derstand the effect of SI00A11 on cell motility
of lung cancer.

The Notch signaling pathway is closely related
to the biological behaviors of tumor. It has be-
en shown that the Notch signaling pathway is
involved in invasion and migration of various
tumors [24]. Bolés et al. [25] compared the
expression levels of Notch-1 RNA and proteins
between the highly invasive breast cancer cell
line MCF-7/ADR and the poorly invasive breast
cancer cell line MCF-7, and found that Notch-1
expression was significantly higher in MCF-7/
ADR, suggesting that Notch-1 was positively
correlated with invasion and migration of the
cancer, and the Notch-1 signaling pathway was
involved in these processes of breast cancer
cells. Zhang et al. [26] found that the Notch sig-
nal activity in the highly invasive osteosarcoma
cell lines was significantly higher than that in
the normal cell lines, suggesting activation of
the Notch signaling pathway in metastasis of
osteosarcoma. In this study, by silencing the
expression of S1I00A11, we further studied the
gene levels of the Notch signaling pathway-
related proteins Notchi, NICD1 and Hes1 and
revealed that after S100A11 silencing, the
expression levels of Notchl, NICD1 and Hesl
were significantly reduced, suggesting that
S100A11 regulated the invasion and migration
abilities of lung cancer cells through the Notch
signaling pathway.

In order to further verify the tumor-promoting
effect of SI00A11 in lung cancer, the in vivo
tumor formation experiment in nude mice was
conducted and showed that after S100A11
silencing, the tumor volume and weight in the
test group were significantly lower than the con-
trol group. The in vivo experiment verified again
the tumor-promoting effect of SI00A11.

By detecting the expression of S100A11 in
lung cancer tissues and silencing S100A11
with lentivirus, it has been demonstrated that
silencing S100A11 can inhibit the invasion and
migration abilities of lung cancer cells through
the Notch signaling pathway, suggesting that
S100A11 may be involved in invasion and

Int J Clin Exp Med 2017;10(12):16075-16084
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migration of the cells, and it may become a
marker for predicting progression and prog-
nosis of lung cancer and for monitoring the
treatment effect. Considering the suppressing
effect of S100A11 silence on lung cancer cell
invasion and migration. We intend to investi-
gate the cerebral metastasis and hepatic me-
tastasis in lung cancer xenograft with S1I00A11
silence in the future study.
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