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S100A12 is a promising biomarker
in papillary thyroid cancer

Xiaojie Wang?, Zhenxiang Sun?, WeiTian?, Chenghao Piao?, Xiaochen Xie3, Jin Zang?,
Shigiao Peng?, XiaohuiYu? & Yiwei Wang'*

S100A12 belongs to the S100 family and acts as a vital regulator in different types of tumors. However,
the function of S100A12 in thyroid carcinoma has not yet been investigated. In this study, we analyzed
the expression of S100A12 in human papillary thyroid cancer (PTC) samples and two PTC cell lines. In
addition, we explored the effects of S100A12 on PTC cell progression in vitro and in vivo. Our results
showed that S100A12 was significantly upregulated in PTC specimens. Moreover, silencing S100A12
markedly inhibited PTC cell proliferation, migration, invasion and cell cycle progression. In addition,
knockdown of S100A12 significantly reduced the expression of CyclinD1, CDK4 and p-ERK in PTC

cells. An in vivo study also showed that silencing S100A12 dramatically suppressed tumor cell growth
and decreased Ki67 expression in a xenograft mouse model. This study provides novel evidence that
S100A12 serves as an oncogene in PTC. Knockdown of S100A12 suppressed PTC cell proliferation,
migration, and invasion and induced GO/G1 phase arrest via the inhibition of the ERK signaling pathway.
Therefore, S100A12 may be a potent therapeutic target for PTC.

PTC is one of the most common endocrine malignant tumors, accounting for approximately 80% of thyroid
carcinomas'. Although the use of several therapeutic methods for human PTC, such as surgery, chemotherapy
and radiation, is continually increasing?™*, over 30% of patients present with a high tendency toward lymph node
metastasis and recurrence within a decade’. Thus, discovering the mechanisms that mediate the invasion and
migration of PTC is vital to the treatment of thyroid carcinoma.

The S100 proteins family is a group of calcium-binding proteins that is encoded by chromosome 1q21 and
contains over 20 members with comparable amino acid structures®. These EF-hand proteins can interact with
several target genes and are predominantly exist in a homodimeric form. S100 proteins perform a large range of
functions, including regulating cell proliferation and invasion, interacting with the cytoskeleton interplays, and
mediating transcription and inflammation®’. Previous studies suggested that the S100 family exerts a crucial
effects on the growth and metastasis of tumors by regulating the oncogenic microenvironment®®?. It has previ-
ously been reported that S100 proteins are expressed abnormally in plasma and tumor samples from patients with
gastric, colon and pancreatic cancers'-1>. S100A12, also called calgranulin C, is a calcium-binding protein that is
composed of 92 amino acids and belongs to the S100 subfamily’®. S100A12 expression is highly presented in neu-
trophils and low in lymphocytes and monocytes. The protein can be secreted and upregulated during acute and
chronic infection. A previous report had found that SI00A12 might exert anti-infective and anti-inflammatory
effects in mammals'®. Therefore, upregulated plasma levels of SI00A12 are a novel biomarker for many inflam-
matory diseases'®. In addition, SI00A12 is expressed in multiple tumor cells, and contributes to mediating var-
ious vital cellular functions, including proliferation'”,invasion, and migration's. It has been demonstrated that
S100A12 is extensively expressed in the mucosa of oropharyngeal squamous cell carcinoma (OPSCC)and serves
as a prognostic factor'®. Moreover, S100A12 expression was related to pathological features, including the tumor
grade and stage and lymph node metastasis status. Thierolf M et al. also demonstrated that SI00A12 was highly
expressed in colorectal cancer samples compared with normal colon samples®. In contrast, SI00A12 mRNA and
protein expression was reduced in gastric carcinoma (GC) tissues compared with normal control tissues and was
correlated with TNM stage, tumor size and poor survival?!. To date, multiple other members of the S100 protein
family, such as S100A4%%, S100A2, S100A6%, S100A9** and S100A13%, have been shown to contribute to the
development and prognosis of PTC. In addition, a targeted mass spectrometry approach was used to investigat
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S$100 proteins in thyroid tumor samples, and the results were verified by western blotting. The results showed that
S100A6, S100A11 and S100A13 were upregulated in PTC?. To date, there is no concrete evidence regarding the
relationship between S100A12 expression and the pathological characteristics of PTC. However, SI00A12 has
been indicated to suppress proinflammatory and anti-inflammatory cytokines, suggesting that S100A12 could
regulate proinflammatory and anti-inflammatory cytokines through the ERK signaling pathway activated®,
which is also important in PTC Therefore, in this study, to investigate the contribution of S100A12, we examined
its expression in human PTC samples by immunohistochemistry and western blotting. Meanwhile, explored its
role in PTC cell proliferation migration, and invasion in vitro and in vivo.

Materials and Methods

Tissue specimen acquisition and immunohistochemistry. The study was performed with the
approval of the ethics committee of First Affiliated Hospital of China Medical University, and informed con-
sent was collected from all subjects with PTC whose tissue specimens were used in this study. The experiments
were conducted according to the relevant guidelines and regulations. All patients had a clinical duration of less
than 3 years and had been admitted to the hospital for a standard thyroidectomies between 2011 and 2013.
Immunohistochemistry (IHC) was performed using an UltraSensitive™ SP (Mouse/Rabbit) IHC Kit (Maixin
Technology Co., Ltd, China). Rabbit polyclonal anti-S100A12(1:200, Abcam, Cambridge, UK), or rabbit poly-
clonal anti-Ki67 (1:100, Abcam, Cambridge, UK) were used. SI00A12 expression was quantified using the fol-
lowing scoring method: 0 (negative), 1 (weakly positive), 2 (moderately positive), and 3 (strongly positive). The
percentage of S100A12-positive cells was scored as follows: 0 (0% of cells stained), 1 (1%-25% of cells stained), 2
(26%-50% of cells stained), and 3 (50%-100% of cells stained). The intensity and percentage scores were multi-
plied, and the resulting scores were used to classify the samples into two groups: low expression (0-4.5) and high
expression (4.5-9).

Cell culture and transfection. Human PTC cell lines TPCland K1 were kindly provided by Dr Wei
Sun (The First Affiliated Hospital of China Medical University), who purchased them from Shanghai HonSun
Biological Technology Co., Ltd. BHT101 and B-CPAP were purchased in Cell bank of Shanghai Chinese Academy
of Sciences. The normal thyroid follicular epithelium cell line (nthy-ori3—1) was purchased from the American
Type Culture Collection (ATCC), that was cultured in RPMI 1640 medium (Gibco, NY, USA). TPCI cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM, Gibco, NY, USA) containing 10% fetal bovine serum
(FBS, Hyclone, UT, USA).K1 cells were cultured in DMEM:Ham’s F12 medium: MCDB105 (2:1:1) added with
2mM glutamine and 10% FBS. BHT101 cells were cultured in DMEM Medium 500 ml, Glutamax (Gibco, NY,
USA) 6ml, FBS 125ml. B-CPAP cells were cultured in RPMI Medium 1640 (Gibco, NY, USA) 87 ml, FBS 10 ml,
NEAA (invitrogen, USA) 1 ml,Glutamax (invitrogen, USA), 1 ml Sodium, Pyruvate 100 mM Solution (invitro-
gen, USA) 1 ml. The cells were cultured under 5% CO, atmosphere at 37 °C. The medium was changed every 2
days, and subcultured at 70-80% confluence. S100A12-RNAi lentiviral vectors were purchased from Shanghai
GeneChem Company (Shanghai, China). The S100A12#1 sequence was 5'-CGACTTTCAAGAATTCATA-3/,
the S100A12#2 sequence was 5'-GGATGCTAATCAAGATGAA-3’ and the shRNA control (shNC) sequence was
5'-TTCTCCGAACGTGTCACGT-3'.

Western blot assay. Total protein was extracted using radioimmunoprecipitation (RIPA) buffer, and the
total protein levels was confirmed with a bicinchoninic acid (BCA) assay (Beyotime, China). Twenty micro-
grams of protein was separated by 10% SDS-PAGE and was then transferred to polyvinylidene fluoride (PVDEF)
membranes. Membranes were incubated at 4 °C overnight with specific primary antibodies, namely: rabbit poly-
clonal anti-p-ERK, rabbit polyclonal anti-t-ERK, rabbit polyclonal anti -CyclinD1, rabbit polyclonal anti-CDK4
(all 1:1000, Cell Signaling Technology, Boston, MA, USA) rabbit polyclonal anti-S100A12 (1:1000, Abcam,
Cambridge, UK), and mouse polyclonal anti-GAPDH (1:5000, Santa Cruz, USA) The membranes were fol-
lowed by incubation with a goat anti-rabbit secondary antibody or goat anti-mouse secondary antibody (1:5000,
Origene Co., Ltd. Beijing, China). The reactions were examined by an enhanced chemiluminescence assay.

MTT assay and colony formation assays. Cell viability was assessed using 3-(4,5-dimethylthiazol-2-y1)-
2,5-diphenyltetrazolium bromide (MTT) (Sigma Aldrich, St. Louis, MO, USA). Cells were seeded at 1000
cells/well in 96-well plates at 1 d, 2 d and 3 d after treatment. Samples were incubated in medium containing
100mg/0.1 ml of MTT for 4h. Crystals were dissolved in DMSO after incubation for 4 hours in medium con-
taining MTT. The optical density (OD) was counted at 490 nm using by a spectrophotometer. A plate colony
formation assay was performed to assess the cells’ colony formation ability. Cells were seeded into 6 well plates
at a density of 500-1000 cells/well and cultured for 14 days. Cells were then fixed in 4% paraformaldehyde and
stained with crystal violet solution. The number of colonies was counted in 3 different wells and the mean value
was calculated. The assays were performed in triplicate.

Wound healing assay. The cells were seeded in 6-well tissue culture plates and grown to 80-90% conflu-
ence. A scratch was made using a 10l pipette tip and the result of the wound healing experiment was photo-
graphed at 0h and 24 h. The wound healing rate was quantitatively evaluated using Olympus CellSens Dimension
software. Each assay was performed in triplicate.

Transwell migration and invasion assays. Transwell assays were performed to investigate the cells’
migration and invasion. Cell invasion was detected by Transwell chambers (Corning, Corning, NY, USA) coating
with Matrigel (60 pl, 1:6 dilution; BD Biosciences). 1.2 X 10° cells/200 uL, FBS-free medium, were added into the
upper chamber, and culture medium containing 10% FBS was seeded to the lower chamber. After 24 hours, cells
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Figure 1. Expression of SI00A12 in PTC tissue samples. (A) Immunohistochemical analyses of PTC tissues
and adjacent noncancerous tissues for SI00A12. (B) Western blotting of SI00A12 expression in paired PTC
tissues(T) and their adjacent noncancerous tissues(N). (C) SI00A12 protein level in 13 paired PTC tissues and
adjacent noncancerous tissues, GAPDH was detected as a loading control. "P < 0.05. (D,E) Western blotting of
S100A12 expression in TPCI1, K1, BHT101, B-CPAP and nthy-ori3-1 cell lines.

were immobilized, stained and the numbers of invasion cells were calculated by microscope. For the migration
assays, the upper chambers without Matrigel and the subsequent steps were the same as described invasion assays.

Flow cytometric assays. Cells were collected and fixed in 70% ice-cold ethanol. Before cell cycle analysis,
the cells were stained using propidium iodide (PI) (50 ug/ml, Sigma Aldrich) containing RNase (8 pg/ml, Sigma
Aldrich) at 37°C for 30 minutes. Cell cycle distribution was quantified using a flow cytometer.
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Expression of S100A12
Low High
characteristics Number =57 Number =52 Pvalue
Gender
Male 15 17
0.465
female 42 35
Age (years)
<55 45 38
0.473
>55 12 14
LNM
Yes 25 39
0.039*
No 32 13
TNM Stage
I 49 17
11 4 9
<0.001*
II1 2 4
v 2 22
Tumor size (cm)
<2 24 8
0.002*
>2 33 44

Table 1. Clinicopathologic features of 109 thyroid carcinomas patients. LNM: lymph node metastasis.
Statistical analyses were performed by the Pearson x test. *p < 0.05 was considered significant.

Nude mouse xenograft model. Nude mouse were purchased from Animal Department of China Medical
University. The procedures were conducted aseptically in according to the institutional manual of the University
Committee on the Use and Care of Animals at China Medical University. Approximately 1 x 107 cells in 200 ul
PBS were injected subcutaneously into the right subaxillary region of each mouse. The tumor volume was cal-
culated weekly. After 4 weeks, mice were sacrificed, and tumors were collected for H&E staining and immuno-
chemical studies.

Statistical analysis. Data are shown as means + SD of at least three independent experiments. Statistical
evaluation of the data was conducted by using an unpaired t-test, and ANOVA followed by Tukey’s post hoc
test and the Mann-Whitney U test. All statistical analyses were was conducted by SPSS 19.0 software (IBM
Corporation, Armonk, NY, USA). Differences were taken for statistically significant at P < 0.05.

Compliance with ethical standards. This study was conducted with the approval of the ethics committee
of First Affiliated Hospital of China Medical University, and informed consent was obtained from all the patients
with PTC whose tissue specimens were used in this study. All methods was performed in accordance with the
relevant guidelines and regulations.

All animals procedures were performed aseptically in accordance with the institutional guidelines of the
University Committee on the Use and Care of Animals at China Medical University. All animal experiments
conformed entirely to the National Animal Care and Ethics Committee guidelines. The experimental protocols
were approved by Animal Care and Use Committee of China Medical University.

Results

S100A12 is overexpressed in PTC and associated with clinicopathological features. We exam-
ined the protein expression of SI00A12 in 109 cases of PTC. The S100A12 protein was mainly localized in the
nucleus and cytoplasm of cancerous cells and negative SI00A12 expression was detected in the adjacent normal
tissue (Fig. 1A). To further determine the expression pattern of S100A12 in human PTC tissues, we compare
the protrein levels of SI00A12 in 13 pairs of PTC tissues through western blot assay. The results showed that
the expression of S100A12 was significantly higher in the PTC samples than in the matched normal samples
(*P < 0.05, Fig. 1B,C). As shown in Table 1, overexpression of SI00A12 was significantly correlated to the tumor
size (¥*P < 0.05), tumor TNM stage (*P < 0.05) and lymph node metastasis (*P < 0.05). No correlations were
found with the patients’ sex, or age. These findings indicate that SI00A12 expreesion was highly increased in PTC
samples than in matched normal tissues and was associated with the tumor size, tumor stage and lymph node
metastasis in PTC.

S100A12 regulates the tumorigenic behavior of PTC cells in vitro. We examined S100A12 expres-
sion in 4 PTC cell lines (TPC1, K1, BHT101 and B-CPAP) and a normal thyroid follicular epithelium cell line
(nthy-ori3-1) through western blot assay, both TPCI and K1 expressing the highest level (Fig. 1D,E). To investi-
gate the function of S100A12 in PTC cell lines, we selected TPC1 and K1 cells and downregulated S100A12 via
the transfection of two S100A12-specific ShRNAs (shRNA#1, shRNA#2) transfection. The transfection efficiency
was examined via a western blot assay (Fig. 2A), and the proliferation of PTC cells were assessed by an an MTT
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Figure 2. Knockdown of S100A12 inhibits PTC cells growth. (A) Western blot assay evaluated the SI00A12
protein after transfected with sShRNA#1 and shRNA#2 in TPC1 and K1 cells. (B) MTT assay showed that
downregulation of SI00A12 decreased the growth rate of PTC cells. "P < 0.05. (C) Silencing S100A12
significantly reduced the colony number in the colony formation assay. “P < 0.01. (D) S100A12 knockdown
inhibits migration of TPCland K1 cells. All data are demonstrated as a mean £ SD of three independent
experiments. ¥*P < 0.01.

and a colony formation assay. Both MTT and colony formation assay showed that silencing of S100A12 signifi-
cantly reduced the proliferation of PTC cells (Fig. 2B,C; "P < 0.05, “*P < 0.01). Furthermore, wound healing assay
demonstrated that downregulation of S1I00A12 can decrease the migration rate of PTC cells after 24 h of shRNAs
transfection (Fig. 2D). The results of the Transwell assays further verified that SI00A 12 silencing can suppress the
invasion and migration of PTC cells (Fig. 3A,B; P < 0.05, *"P < 0.01). Taken together, these results indicated that
S100A12-silenced decrease PTC cells proliferation, migration and invasion.
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Figure 3. Silencing S100A12 retarded cellular migration and invasion in PTC cells. (A) Knockdown of
S100A12 inhibits TPC1 and K1 invasion cells. P < 0.05, **P < 0.01. (B) Representative of image of TPC1 and
K1 cell migration, and quantitative results of migration cell numbers. P < 0.05, P < 0.01.

S100A12 knockdown induces GO/G1 phase accumulation of PTC cells.  Asknockdown of S100A12
inhibited cell proliferation, we further investigated the effect of SI00A 12 in the process of cell cycle. This analysis
of TPC1 and K1 cells was conducted by flow cytometry assay. These results showed a significant up-regulation
in the GO/G1 phase population after SI00A12 silencing (Fig. 4A; *P < 0.05). To determine how S100A12 affects
PTC cell growth, we also analyzed the protein levels of p-ERK, t-ERK, CyclinD1, and CDK4 in cells transfected
with shRNA#1 and shRNA#2, which showed a remarkable down-regulation in the levels of p-ERK, CyclinD1 and
CDK4. The results showed no significant alternation in the protein levels of t-ERK (Fig. 4B).

S100A12 regulates the tumorigenic behavior of PTC cells in vivo. To further investigate whether
S100A12 knockdown suppresses tumorigenesis in vivo, we established a xenograft model using TPC1 cells to
assess the role of SI00A12 RNAI in vivo. The results showed that tumor growth was significantly decreased in
nude mice injected with shRNA#1- transfected cells compared to mice injected with vector-transfected (shNC)
cells (Fig. 5A,B). Western blot assays confirmed that the protein levels of SI00A12 were decreased in tumor cells
from the shRNA#1 group compared with tumor cells from the shNC group (Fig. 5C). Consistent with this result,
the nuclear expression of SI00A12 and Ki67 proteins was decreased in tumor cells after SI00A12 silencing.

Discussion
The present study found by western blot and immunohistochemistry that SI00A12 expression is significantly
increased and is associated with clinicopathological characteristics in human PTC samples. In addition, upregu-
lation of SI00A12 was significantly associated with tumor size, tumor-node-metastasis (TNM) stage and lymph
node metastasis (LNM). Furthermore, silencing S100A12 in two PTC cell lines, namely, TPC-1 and K1 sup-
pressed cell proliferation, invasion and migration. Additionally, silencing SI00A12 also induced cell cycle arrest
and ERK signaling. The in vivo study also found that silencing S100A12 reduced the aggressive growth of tumor
cells in xenografted mice. This study suggested that SI00A12 might serve as a novel diagnostic biomarker in PTC.
The S100 protein subfamily has been demonstrated to mediate multiple cellular processes, including cell pro-
liferation and growth, cell cycle advancement and protein phosphorylation’. Currently, it has been reported that
S100 proteins are related to a number of human diseases, such as inflammatory disorders and different kinds of
cancers'’. Accordingly, the correlation between S100 proteins and PTC has have been investigated in various
studies. Some members of this protein family might be used as therapeutic targets in PTC. It has been previously
reported that the S100 proteins S100A2, S100A4, S100A6, and S100A9 are upregulated in thyroid cancer and that
these subfamily members are involved in the progression of cancer in different ways*>-*%. Moreover, Zhong et al.
found that SI00A13 was upregulated in thyroid cancer tissues and that overexpression of SI00A13 promoted cell
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Figure 4. S100A12 knockdown induced PTC cells GO/G1 phase accumulation. (A) Effect of S100A12 silenced
on cell cycle progression of the TPCI and K1 cells, as determined by flow cytometry. (B) Statistical results of
flow cytometry.*P < 0.05. (C) Western blot analysis of the expression levels of p-ERK,t-ERK,CyclinD1 and
CDK4, in TPC1 and K1, after silencing S100A12.

growth in an in vivo xenograft model. In addition, silencing S100A13 resulted in the inhibition of cancer growth
and invasion in thyroid cancer cell lines?. Furthermore, S100A4 was abundantly expressed in thyroid cancers and
strongly associated with LNM and poor prognosis®®. Targeting S100A4 may decrease the invasion and metastasis
in PTC. Moreover, extracellular S100A4 can induce ERK signaling pathway in thyroid cancer®. However, lim-
ited sources about the role of SI00A12 in PTC have been found. Multiple studies have reported that SI00A12 is
involved in cancer-related processes and positively correlated with the prognosis of cancer. It has been reported
that the serum levels of S100A12 were highly increased in colorectal cancer patients compared with healthy sub-
jects®. It was also implied that SI00A12 could be used as a novel prognostic biomarker to determine recurrence
and metastasis in the early phase during hepatectomy?’. In addition, SI00A12 has been found to be markedly
decreased in gastric carcinoma tissues and related to pathological characteristics, tumor size, TNM stage and
tumor cell invasion and differentiation?. Funk et al. demonstrated that upregulation of SI00A12 was a prognos-
tic factor in oropharyngeal squamous cell carcinoma'®, while Li et al. proved that the decreased expression of
S100A12 in tumor cells may contribute to the tumorigenesis of gastric cancer?'. This finding was in contrast with
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Figure 5. Stable knockdown of S100A12 suppressed tumor growth in vivo. (A) Images of nude mouse
graphs and the excised tumors from these mouse at 28 days after injection with shRNA#1-transfected cells
and shNC-transfected cells. (B) Tumor volumes were measured every 7 days. (C) Western blot assay detects
the expression of SI00A12 in excised tumors. (D) The results of hematoxylin and eosin (H&E) staining and
immunohistochemical (IHC) staining of S100A12 and Ki67 in the tumors.

our results. This may be due to the discrepancy of tissue types. The transcriptional level analysis also revealed
a reduction in the overall expression of S100A12 mRNA in tumor tissue compared to normal mucosa, which
showed that the mechanism of S100A12 downregulation in gastric cancer may occur at the transcriptional level,
not at the protein levels, as our research indicated. In accordance with previous studies, we found that SI00A12
protein expression was dramatically increased in human PTC samples. These results indicated that SI00A12 may
function as an oncogene in the development of PTC.

In our study, we also analyzed the role of SI00A12 in PTC cell lines, namely, TPC-1 and K1. The results of
wound healing and Transwell assays showed that the migration and invasion of PTC cells were reduced by knock-
down of S100A12. Moreover, the colony formation assay also showed that the proliferation of PTC cells in vitro
was downregulated by SI00A12 silencing. These in vitro results demonstrated that silencing S100A12 reduced
the progression of tumor cells.

Dysregulation of the cell cycle is a general mechanism of tumorigenesis, and the dysfunction of this pro-
cess plays a vital role in carcinoma pathogenesis®'. In the present study, we examined the role of S100A12 in
the cell cycle in thyroid cell lines and found that silencing SI00A12 induces the process of cell cycle arrest and
increases the population of t GO/G1 phase cells. We also found that knockdown of S100A12 reduced CyclinD1
and CDK4 protein expression in the TPC1 and K1 cell lines. Dysfunction of the cell cycle is a major characteristic
of tumorigenesis, which implies that cell cycle arrest in G1 phase or CDK expression may contribute to tumor
progression®2. In addition, it has been previously demonstrated that CyclinD1 and CDKs are major regulators
in the G1 phase of the cell cycle’***. CyclinD1 is frequently dysregulated in carcinoma cells and functions as a
biomarker for cancer and disease progression®. It has been previously reported that the expression of CyclinD1
and CDK4 results in multiple cancer hallmarks by promoting the proliferation of cancer cells*®. Moreover, over-
expression of CyclinD1 promotes the tumor growth and metastasis in PTC*. The results herein suggest that the
S100A12-related G1/S transition may be involved in the inhibitory effect of S100A12 on the development of
thyroid cancer.
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To discover the potential signaling pathway contributing to the regulatory role of SI00A12 in thyroid cell
progression, we examined the levels of phosphorylated ERK and total ERK in both thyroid cancer cell lines. The
ERK signaling pathway is known to play a crucial role in tumor cell development?®®. The ability of S100A12 to
stimulate ERK1/2 activity has been widely demonstrated, but there are many possible ways to activate ERK1/2%.
First, S100A12 could act from inside cancer cells to activate ERK1/2 pathways. SI00A12 expression in the livers
of septic rats was positively related to the mRNA expression of ERK1 and ERK2, showing that SI00A12 can
regulate the ERK signaling pathway in govening the serum inflammatory response in septic rats®. Additionally,
S100A12 can be a receptor for the RAGE ligand, and advanced glycation end products (AGEs) are related to the
activation of p21ras, which is correlated with the ERK pathway*, suggesting that S100A12 could regulate the
ERK signaling pathway. However, the central mechanisms connecting S100A12 and ERK1/2 pathway activation
in this study were unclear, and further studies need to confirm the mechanisms underlying ERK1/2 activation by
S100A12 in PTC progression. Our results found that silencing SI00A12 significantly reduced the protein level
of phosphorylated ERK. S100A12 can activate the migration of human aortic smooth muscle cells via the ERK
signaling pathway*!. ERK is also reduced by S100A12 in chronic airway disease*. In addition, we supplement
the experiment that using SCH772984 to inhibit ERK activity in K1 and tpcl cells, which was consistent with
silencing S100A12. In general, our findings indicate that the contribution of S100A12 to the cell proliferation,
migration and invasion of TPC-1 and K1cells might be regulated via the ERK signaling pathway.

To further investigate the mechanism underlying the effect of SI00A12 shRNA treatment in the xenograft
mouse model, we analyzed tumor growth by H&E staining and examined S100A12 and Ki67 expression in tumor
sections by IHC. Tumors with.S100A 12 silencing exhibited decreased growth and reduced expression of S100A12
and Ki67, suggesting that proliferation was highly inhibited to SI00A12 shRNA treatment as compared with vehi-
cle treatment. These results indicate that silencing SI00A12 can suppress PTC cells in vivo.

Conclusion
In general, this study is the first to investigate SI00A12 expression in thyroid cancer. Downregulation of S100A12
could inhibit the growth of thyroid cancer. These results provide crucial evidence of the effect of SI00A12 on
theprogression of thyroid carcinoma, and suggest that SI00A12 to be is a novel biomarker for the diagnosis of
thyroid cancer.

Received: 6 June 2019; Accepted: 15 January 2020;
Published: ailing x0&February 2020

References

1. Enewold, L. et al. Rising thyroid cancer incidence in the United States by demographic and tumor characteristics, 1980-2005. Cancer
epidemiology, biomarkers & prevention: a publication of the American Association for Cancer Research, cosponsored by the American
Society of Preventive Oncology 18, 784-791, https://doi.org/10.1158/1055-9965.EPI-08-0960 (2009).

2. Jillard, C. L., Scheri, R. P. & Sosa, J. A. What Is the Optimal Treatment of Papillary Thyroid Cancer? Advances in surgery 49, 79-93,
https://doi.org/10.1016/j.yasu.2015.03.007 (2015).

3. Mitchell, A. L., Gandhi, A., Scott-Coombes, D. & Perros, P. Management of thyroid cancer: United Kingdom National
Multidisciplinary Guidelines. The Journal of laryngology and otology 130, S150-5160, https://doi.org/10.1017/S0022215116000578
(2016).

4. Scott, E., Learoyd, D. & Clifton-Bligh, R. J. Therapeutic options in papillary thyroid carcinoma: current guidelines and future
perspectives. Future oncology 12, 2603-2613, https://doi.org/10.2217/fon-2016-0171 (2016).

5. Xing, M. Molecular pathogenesis and mechanisms of thyroid cancer. Nature reviews. Cancer 13, 184-199, https://doi.org/10.1038/
nrc3431 (2013).

6. Chen, H., Xu, C,, Jin, Q. & Liu, Z. $100 protein family in human cancer. American journal of cancer research 4, 89-115 (2014).

7. Donato, R. et al. Functions of S100 proteins. Current molecular medicine 13, 24-57 (2013).

8. Gross, S. R, Sin, C. G., Barraclough, R. & Rudland, P. S. Joining S100 proteins and migration: for better or for worse, in sickness and
in health. Cellular and molecular life sciences: CMLS 71, 15511579, https://doi.org/10.1007/s00018-013-1400-7 (2014).

9. Nasser, M. W,, Elbaz, M., Ahirwar, D. K. & Ganju, R. K. Conditioning solid tumor microenvironment through inflammatory
chemokines and S100 family proteins. Cancer letters 365, 11-22, https://doi.org/10.1016/j.canlet.2015.05.002 (2015).

10. Gebhardt, C., Nemeth, J., Angel, P. & Hess, ]. S100A8 and S100A9 in inflammation and cancer. Biochemical pharmacology 72,
1622-1631, https://doi.org/10.1016/j.bcp.2006.05.017 (2006).

11. Turovskaya, O. et al. RAGE, carboxylated glycans and SI00A8/A9 play essential roles in colitis-associated carcinogenesis.
Carcinogenesis 29, 2035-2043, https://doi.org/10.1093/carcin/bgn188 (2008).

12. Kim, H. J. et al. Identification of SI00A8 and S100A9 as serological markers for colorectal cancer. Journal of proteome research 8,
1368-1379, https://doi.org/10.1021/pr8007573 (2009).

13. Hermani, A. et al. Calcium-binding proteins S100A8 and S100A9 as novel diagnostic markers in human prostate cancer. Clinical
cancer research: an official journal of the American Association for Cancer Research 11, 5146-5152, https://doi.org/10.1158/1078-
0432.CCR-05-0352 (2005).

14. Robinson, M. J. & Hogg, N. A comparison of human S100A12 with MRP-14 (S100A9). Biochemical and biophysical research
communications 275, 865-870, https://doi.org/10.1006/bbrc.2000.3407 (2000).

15. Hsu, K. et al. Anti-Infective Protective Properties Of S100 Calgranulins. Anti-inflammatory & anti-allergy agents in medicinal
chemistry 8,290-305 (2009).

16. Meijer, B, Gearry, R. B. & Day, A. S. The role of S100A12 as a systemic marker of inflammation. Int J Inflam 2012, 907078, https://
doi.org/10.1155/2012/907078 (2012).

17. Donato, R. $100: a multigenic family of calcium-modulated proteins of the EF-hand type with intracellular and extracellular
functional roles. The international journal of biochemistry & cell biology 33, 637-668 (2001).

18. Rouleau, P. et al. The calcium-binding protein S100A12 induces neutrophil adhesion, migration, and release from bone marrow in
mouse at concentrations similar to those found in human inflammatory arthritis. Clinical immunology 107, 46-54 (2003).

19. Funk, S. et al. High S100A8 and S100A12 protein expression is a favorable prognostic factor for survival of oropharyngeal squamous
cell carcinoma. International journal of cancer 136, 2037-2046, https://doi.org/10.1002/ijc.29262 (2015).

20. Thierolf, M. et al. Towards a comprehensive proteome of normal and malignant human colon tissue by 2-D-LC-ESI-MS and 2-DE
proteomics and identification of S100A12 as potential cancer biomarker. Proteomics. Clinical applications 2, 11-22, https://doi.
0rg/10.1002/prca.200780046 (2008).

SCIENTIFICREPORTS|

(2020) 10:1724 | https://doi.org/10.1038/s41598-020-58534-1



www.nature.com/scientificreports/

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Li, D. et al. Expression and clinical implication of SI00A12 in gastric carcinoma. Tumour biology: the journal of the International
Society for Oncodevelopmental Biology and Medicine 37, 6551-6559, https://doi.org/10.1007/s13277-015-4460-5 (2016).

Ito, Y. et al. S100A4 expression is an early event of papillary carcinoma of the thyroid. Oncology 67, 397-402, https://doi.
0rg/10.1159/000082924 (2004).

Ito, Y. et al. Expression of S100A2 and S100A6 in thyroid carcinomas. Histopathology 46, 569-575, https://doi.org/10.1111/j.1365-
2559.2005.02137.x (2005).

Tto, Y. et al. S100A9 expression is significantly linked to dedifferentiation of thyroid carcinoma. Pathology, research and practice 201,
551-556, https://doi.org/10.1016/j.prp.2005.08.003 (2005).

Zhong, J. et al. The association between S100A13 and HMGAL1 in the modulation of thyroid cancer proliferation and invasion.
Journal of translational medicine 14, 80, https://doi.org/10.1186/s12967-016-0824-x (2016).

Martinez-Aguilar, J., Clifton-Bligh, R. & Molloy, M. P. A multiplexed, targeted mass spectrometry assay of the S100 protein family
uncovers the isoform-specific expression in thyroid tumours. BMC cancer 15, 199, https://doi.org/10.1186/s12885-015-1217-x
(2015).

Chung, Y. M., Goyette, J., Tedla, N., Hsu, K. & Geczy, C. L. SI00A12 suppresses pro-inflammatory, but not pro-thrombotic functions
of serum amyloid A. PloS one 8, ¢62372, https://doi.org/10.1371/journal.pone.0062372 (2013).

Zou, M., Al-Baradie, R. S., Al-Hindi, H., Farid, N. R. & Shi, Y. SI00A4 (Mts1) gene overexpression is associated with invasion and
metastasis of papillary thyroid carcinoma. British journal of cancer 93, 1277-1284, https://doi.org/10.1038/sj.bjc.6602856 (2005).
Jiao, X. et al. S100A4 Knockout Sensitizes Anaplastic Thyroid Carcinoma Cells Harboring BRAFV600E/Mt to Vemurafenib. Cellular
Pphysiology and biochemistry: international journal of experimental cellular physiology, biochemistry, and pharmacology 49, 11431162,
https://doi.org/10.1159/000493296 (2018).

Huang, X. et al. Quantitative proteomics analysis of early recurrence/metastasis of huge hepatocellular carcinoma following radical
resection. Proteome science 12, 22, https://doi.org/10.1186/1477-5956-12-22 (2014).

Visconti, R., Della Monica, R. & Grieco, D. Cell cycle checkpoint in cancer: a therapeutically targetable double-edged sword. Journal
of experimental & clinical cancer research: CR 35, 153, https://doi.org/10.1186/s13046-016-0433-9 (2016).

Malumbres, M. & Barbacid, M. Cell cycle, CDKs and cancer: a changing paradigm. Nature reviews. Cancer 9, 153-166, https://doi.
org/10.1038/nrc2602 (2009).

Baldin, V., Lukas, J., Marcote, M. J., Pagano, M. & Draetta, G. Cyclin D1 is a nuclear protein required for cell cycle progression in G1.
Genes & development 7, 812-821 (1993).

Tsai, L. H., Lees, E., Faha, B., Harlow, E. & Riabowol, K. The cdk2 kinase is required for the G1-to-S transition in mammalian cells.
Oncogene 8, 1593-1602 (1993).

Choi, Y. ]. et al. The requirement for cyclin D function in tumor maintenance. Cancer cell 22, 438-451, https://doi.org/10.1016/j.
€cr.2012.09.015 (2012).

O’Leary, B., Finn, R. S. & Turner, N. C. Treating cancer with selective CDK4/6 inhibitors. Nature reviews. Clinical oncology 13,
417-430, https://doi.org/10.1038/nrclinonc.2016.26 (2016).

Lantsov, D. et al. Cyclin D1 overexpression in thyroid papillary microcarcinoma: its association with tumour size and aberrant beta-
catenin expression. Histopathology 47, 248-256, https://doi.org/10.1111/j.1365-2559.2005.02218.x (2005).

Samatar, A. A. & Poulikakos, P. I. Targeting RAS-ERK signalling in cancer: promises and challenges. Nature reviews. Drug discovery
13, 928-942, https://doi.org/10.1038/nrd4281 (2014).

Wen, X. et al. Effects of S100A12 gene silencing on serum levels of anti-inflammatory/pro-inflammatory cytokines in septic rats
through the ERK signaling pathway. Journal of cellular biochemistry 119, 4038-4049, https://doi.org/10.1002/jcb.26568 (2018).
Kosaki, A. et al. Increased plasma S100A12 (EN-RAGE) levels in patients with type 2 diabetes. The Journal of clinical endocrinology
and metabolism 89, 5423-5428, https://doi.org/10.1210/jc.2003-032223 (2004).

Jiang, W. et al. Blocking the ERK1/2 signal pathway can inhibit SI00A12 induced human aortic smooth muscle cells damage. Cell
biology international 41, 13071315, https://doi.org/10.1002/cbin.10840 (2017).

Kang, J. H., Hwang, S. M. & Chung, I. Y. S100A8, S100A9 and S100A12 activate airway epithelial cells to produce MUC5AC via
extracellular signal-regulated kinase and nuclear factor-kappaB pathways. Immunology 144, 79-90, https://doi.org/10.1111/
imm.12352 (2015).

Acknowledgements

The science and technology plan of Liaoning Province (grant numbers 2017225061),the natural science
foundation of Liaoning Province (grant numbers 20170520040, 2014021039), the national natural science
funding (grant numbers 81702738), the scientific program for Doctoral initial funding (grant 201501042).
Scientific research foundation of Shenyang Medical College (grant numbers 20191014).

Author contributions

Yiwei Wang and Xiaojie Wang conceived and designed the experiments. Zhenxiang Sun, Chenghao Piao, Wei
Tian and Shiqiao Peng performed the experiments. Xiaochen Xie and Xiaohui Yu analyzed the data. Jin Zang
contributed to the reagent and materials tools. All the authors contributed to the writing of the manuscript and
approved the final version.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-58534-1.

Correspondence and requests for materials should be addressed to Y.W.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

SCIENTIFICREPORTS|

(2020) 10:1724 | https://doi.org/10.1038/s41598-020-58534-1



www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

" | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFICREPORTS|  (2020) 10:1724 | https://doi.org/10.1038/s41598-020-58534-1



