
J Cell Mol Med. 2019;23:6907–6918.	 ﻿�   |  6907wileyonlinelibrary.com/journal/jcmm

 

Received: 28 April 2019  |  Revised: 27 June 2019  |  Accepted: 11 July 2019
DOI: 10.1111/jcmm.14574  

O R I G I N A L  A R T I C L E

S100A11 functions as novel oncogene in glioblastoma via 
S100A11/ANXA2/NF‐κB positive feedback loop

Yiming Tu1  |   Peng Xie2 |   Xiaoliu Du3 |   Liang Fan1 |   Zhongyuan Bao1 |   
Guangchi Sun1 |   Pengzhan zhao1 |   Honglu Chao1 |   Chong Li1 |   Ailiang Zeng1,4 |   
Minhong Pan3 |   Jing Ji1

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2019 The Authors. Journal of Cellular and Molecular Medicine published by John Wiley & Sons Ltd and Foundation for Cellular and Molecular Medicine.

Yiming Tu, Peng Xie and Xiaoliu Du contributed equally to this work. 

1Department of Neurosurgery, The First 
Affiliated Hospital of Nanjing Medical 
University, Nanjing, China
2Department of Neurosurgery, The 
Affiliated Huai'an Hospital of Xuzhou 
Medical University, The Second People's 
Hospital of Huai'an, Huai'an, China
3Department of Pathology, The First 
Affiliated Hospital of Nanjing Medical 
University, Nanjing, China
4Department of Neurology, Brigham and 
Women's Hospital and Harvard Medical 
School, Boston, MA, USA

Correspondence
Jing Ji, Department of Neurosurgery, The 
First Affiliated Hospital of Nanjing Medical 
University, Nanjing, Jiangsu 210000, China.
Email: jijing@njmu.edu.cn

Minhong Pan, Department of Pathology, The 
First Affiliated Hospital of Nanjing Medical 
University, Nanjing, Jiangsu 210029, China.
Email: minhongpan@aliyun.com

Funding information
This study was supported by grants from 
National Natural Science Foundation 
of China [81471269, 81472362 and 
81372709], Jiangsu Province's Natural 
Science Foundation [BK20160047], Jiangsu 
Province's Key Discipline of Medicine 
[XK201117], Jiangsu Province Medical Key 
Talent [ZDRCB2016002] and the Priority 
Academic Program Development of Jiangsu 
Higher Education Institution [PAPD].

Abstract
Glioblastoma (GBM) is the most universal type of primary brain malignant tumour, 
and the prognosis of patients with GBM is poor. S100A11 plays an essential role in 
tumour. However, the role and molecular mechanism of S100A11 in GBM are not 
clear. Here, we found that S100A11 was up‐regulated in GBM tissues and higher 
S100A11 expression indicated poor prognosis of GBM patients. Overexpression of 
S100A11 promoted GBM cell growth, epithelial‐mesenchymal transition (EMT), mi‐
gration, invasion and generation of glioma stem cells (GSCs), whereas its knockdown 
inhibited these activities. More importantly, S100A11 interacted with ANXA2 and 
regulated NF‐κB signalling pathway through decreasing ubiquitination and degrada‐
tion of ANXA2. Additionally, NF‐κB regulated S100A11 at transcriptional level as a 
positive feedback. We also demonstrated the S100A11 on tumour growth in GBM 
using an orthotopic tumour xenografting. These data demonstrate that S100A11/
ANXA2/NF‐κB positive feedback loop in GBM cells that promote the progression 
of GBM.
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1  | INTRODUC TION

Glioblastoma (GBM) is a WHO grade IV of glioma.1,2 Despite ad‐
vances in surgery and chemoradiotherapy, the average survival time 
of GBM patients has changed little in recent years.1 It is therefore 
vital to elucidate the mechanisms of GBM development and identify 
molecular targets for this incurable cancer.

The S100 proteins are low molecular weight proteins (10‑12 kDa) 
that belong to the EF‑hand calcium‐binding proteins family and are 
only expressed in vertebrates.3,4 S100A11(known as calgizzarin or 
S100C) is a member of the S100 proteins.5 S100A11 plays a differ‐
ent role in the growth regulation of human keratinocytes because 
it can both inhibit Ca2+‐induced growth and stimulate growth, by 
enhancing the activity of epidermal growth factor (EGF) proteins.4,6 
S100A11 is overexpressed in a number of cancers, such as papil‐
lary thyroid carcinoma, colon, pancreatic and ovarian cancers.7-10 
However, the role of S100A11 in GBM is not clear. Thus, this study 
was to analyse the function and mechanism of S100A11 in GBM.

Annexin A2 (ANXA2), belongs to annexin family, is a calcium‐de‐
pendent phospholipid‐binding protein. ANXA2 is overexpressed in 
numerous tumours, including glioma.11-14 Aberrantly, expression of 
ANXA2 plays important roles in tumour development by regulating 
cell proliferation, apoptosis, invasion and metastasis.15

In this study, we investigated the roles of S100A11 in GBM tum‐
origenicity, particularly GBM cell proliferation, epithelial‐mesenchy‐
mal transition (EMT), migration, invasion and neurosphere formation 
via silencing or overexpression in GBM. We provide evidence that 
S100A11 promotes the development and progression of GBM via 
ANXA2‐mediated NF‐κB signalling pathway.

2  | METHODS

2.1 | GBM and nontumourous human brain tissues

The analysis of S100 family expression data was obtained from 
Cancer Genome Atlas (TCGA) database (http://tcga-data.nci.
nih.gov). The correlation of S100 family expression with over‐
all survival of GBM patients in TCGA was obtained from Gene 
Expression Profiling Interactive Analysis (http://gepia.cancer-pku.
cn). Glioblastoma tissues and nontumourous brain tissues (NBTs) 
were provided by the First Affiliated Hospital of Nanjing Medical 
University. The NBTs were obtained from patients who underwent 
surgery after physical injury to the brain. This study was approved 
by the Ethics Committee of Nanjing Medical University. Written‐in‐
formed consent was obtained from each patient.

2.2 | Cell culture

The GBM cell lines U251, U87, LN229, U118, A172 and T98 were 
bought from the Shanghai Cell Bank. Glioblastoma cells were cul‐
tured in Dulbecco's modified Eagle's medium (DMEM) with 10% 
foetal bovine serum (FBS). To induce glioma stem cells (GSCs) 

differentiation, GSCs were dissociated and cultured in Neurobasal 
media supplemented with N2, B27, 3 mM l‐glutamine and 5% FBS.

2.3 | Lentivirus construction

For overexpression of S100A11 in U251 cells, the gene encoding 
human S100A11 was inserted into the pWPXLd‐puro plasmid for 
the expression of (Flag)‐S100A11 fusion protein. For silencing of 
S100A11 in U87 cells, short‐hairpin RNA (shRNA) was subcloned into 
the pLV‐puro plasmid. The sense target sequence for sh‐S100A11‐1 
and sh‐S100A11‐2 were 5′‐GACAGAGUUCCUAAGCUUCTT‐3′ and 
5′‐CUGGAAAGGAUGGUUAUAATT‐3′.

2.4 | EdU assay

Cells were seeded in 96‐well plates and then stained in 50 μM EdU 
(5‐ethynyl‐20‐deoxyuridine, Ribobio) for 4 hour. The cells were fixed 
with 4% paraformaldehyde and permeabilizated with 0.5% Triton 
X‐100. After three washes with phosphate‐buffered saline (PBS), 
cells were reacted with 100  µL of 1  ×  Apollo®. The unclear was 
stained with DAPI and cells were photographed under fluorescence 
microscopy (Olympus).

2.5 | Colony formation assay

Glioblastoma cells were seeded in 6‐well culture plates. After about 
15  days, the cells were fixed in methanol for 20 min and stained 
0.1% crystal violet solution. The plates were photographed by digital 
camera.

2.6 | Transwell invasion assay

Cells were added to top of chambers precoated with Matrigel in 
serum‐free DMEM, and DMEM/F12 medium with 10% FBS was 
added to the lower chamber. After cultured for 36 hour, the invading 
cells were fixed with methanol and stained with a 0.3% crystal violet 
solution. Each well was randomly photographed by microscope.

2.7 | Wound‐healing assay

Cells were cultured in 6‐well plates and grew to ~95% confluence. 
The linear wound was created by a plastic pipette tip. The linear 
wound was then photographed under a microscope at 0 or 48 hour.

2.8 | 3D migration assay

3D migration assay was performed as described previously.16

2.9 | Flow cytometric assay

Flow cytometry assay was performed as described previously.17 Cell 
cycle distribution was determined using propidium iodide staining. 

http://tcga-data.nci.nih.gov
http://tcga-data.nci.nih.gov
http://gepia.cancer-pku.cn
http://gepia.cancer-pku.cn
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The percentage of apoptotic cells was determined following Annexin 
V/PI staining.

2.10 | Neurosphere formation assay

Neurosphere formation assay was performed as described previ‐
ously.1 Extreme limiting dilution analysis was conducted using the 
software available at http://bioinf.wehi.edu.au/softw​are/elda/.

2.11 | Immunofluorescence and western blotting

Immunofluorescence and Western blotting were done as de‐
scribed previously.18 Antibodies against S100A11(ab180593), 
Cyclin D1(ab40754), Cyclin E1 (ab33911), Cleaved caspase‐3 
(ab13585), Bcl‐2 (ab32124), Bax (ab32503), p‐IKKα (Thr23, ab38515) 
and Fibronectin (ab2413, Abcam); E‐cadherin (#3195), CD133 
(#64326), Nestin (#33475), N‐cadherin (#13116), Nanog (#4903), 
Oct4 (#75463), Vimentin (#5741), ANXA2 (#8235), HA (#5017), 
Myc (#2276), Histone H3 (#4499), Actin (#3700), GAPDH (#5174), 
IκBα (#4814), IKKα (#11930), p65 (#8242) and p‐p65 (#3033, Cell 
Signaling Technology) were used for immunofluorescence and 
Western blotting.

2.12 | Real‐time quantitative PCR

Real‐time quantitative PCR was done as described previously.19 
GAPDH used as an internal control. Primers were as follows: 
S100A11: forward, forward, 5′‐GAGTCCCTGATTGCTGTCTTC‐3′ 
and reverse, 5′‐AGGGTCCTTCTGGTTCTTTG‐3.

2.13 | Co‐immunoprecipitation assay

Co‐immunoprecipitation assay was done as described previously.18

2.14 | Chromatin immunoprecipitation assay

Chromatin immunoprecipitation assay was done as described 
previously.20

2.15 | Orthotopic tumour xenografting

Male BALB/c‐A nude mice (6 weeks old) were bought from Beijing 
Vital River Laboratory Animal Technology Co. Ltd. Sh‐S100A11 
or shCtrl cells were harvested and resuspended in L‐15 medium. 
Tumours were generated by injection of 5  ×  105 transfected U87 
cells.

2.16 | Statistical analysis

The experiments were performed at least three times. Data were 
presented with mean ± SEM to Student's t test for pairwise compari‐
son or ANOVA for multivariate analysis. P values < .05 were consid‐
ered statistically significant.

3  | RESULTS

3.1 | S100A11 is up‐regulated in GBM patients and 
represents an independent prognostic factor

Firstly, we examined the expression of S100 family in GBM 
from TCGA database, we found that S100A2, S100A3, S100A6, 
S100A10, S100A11, S100A16 and S100PBP were up‐regulated in 
GBM tissues compared with NBTs (Figure 1A). Then, by correlation 
of these up‐regulated S100 proteins expression with overall sur‐
vival for GBM patients, we found that just high levels of S100A11 
(P < .05) were a prognostic factor for poor overall survival in GBM 
patients (Figure 1B,C). In addition, we examined the expression 
of S100A11 in GBM by immunohistochemistry and Western 
blot. Immunohistochemistry was carried out in GBM tissues and 
NBTs slides (Figure 1D). The results of Western blot showed that 
S100A11 was up‐regulated in GBM samples compared with NBTs 
(Figure 1E,F).

3.2 | S100A11 promotes cell proliferation of GBM

Then, we detected the expression of S100A11 in different GBM 
cell lines (U251, U87, LN229, U118, A172 and T98) by Western 
blot. S100A11 protein level was high in U87 cells and low in U251 
cells (Figure 2A); therefore, we down‐regulated S100A11 in U87 
and up‐regulated S100A11 in U251. The results of Western blot 
analysis with antibody against S100A11 confirmed the knock‐
down of S100A11 in U87 cells and overexpressing S100A11 in 
U251 cells (Figure 2B). CCK8, EdU and colony formation assays 
were used to detect the role of S100A11 in GBM cell prolifera‐
tion. In CCK8 assay, downregulation of S100A11 significantly sup‐
pressed the proliferation of U87 cells, with its overexpression in 
U251 cells showing the opposite effects (Figure 2C). In EdU assay, 
downregulation of S100A11 significantly reduced the percentage 
of EdU‐positive U87 cells, with its overexpression in U251 cells 
showing the opposite effects (Figure 2D,F). Consistent with the 
above results, the results of the clonogenic assay revealed that 
S100A11 inhibition decreased colony formation and that overex‐
pressing S100A11 increased colony formation (Figure 2E,G). Flow 
cytometric analysis showed that silencing of S100A11 arrested 
the GBM cells in the G1 phase (P < .01), whereas its overexpress‐
ing S100A11 resulted in more cells in the S phase and fewer cells 
in the G1 phase (P <  .01, Figure 4H,I). Previous studies reported 
that Cyclin D1 and Cyclin E1 were related to the G1 arrest,21 we 
reported that knockdown of S100A11 decreased Cyclin D1 and 
Cyclin E1 expression levels and overexpression of S100A11 in‐
creased Cyclin D1 and Cyclin E1(Figure 2J). Annexin V/PI flow cy‐
tometric analysis showed that knockdown S100A11 increased in 
early‐phase apoptotic cells (Figure 2J,K,L). Knockdown S100A11 
increased proapoptotic protein expression (Bax and Cleaved 
caspase‐3) and decreased the anti‐apoptotic protein expression 
(Bcl‐2) (Figure 2M). These results indicated that S100A11 pro‐
moted GBM cell proliferation.

http://bioinf.wehi.edu.au/software/elda/
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3.3 | S100A11 promotes cell EMT, migration and 
invasion of GBM

Then, we determined the effect of S100A11 on EMT in GBM cells. 
The results showed that protein levels of vimentin, fibronectin 
and N‐cadherin were down‐regulated, while protein levels of E‐
cadherin were up‐regulated in knockdown S100A11 U87 cells, 

with its overexpression in U251 cells showing the opposite ef‐
fects (Figure 3A). Transwell system showed that downregulation of 
S100A11 in U87 cells reduced the number of invaded cells (P < .01). 
Overexpression of S100A11 in U251 cells yielded the opposite re‐
sults (P < .05, Figure 3B,C). In the wound‐healing assay, the number of 
migrated cells at 48 hour was significantly decreased with S100A11‐
silenced U87 cells (P  <  .01). Overexpression of S100A11 in U251 

F I G U R E  1  S100A11 is identified as oncogenic factor in GBM and predicts poor prognosis. A, Analyse the mRNA expression of S100 
family members in GBM. S100A2, S100A3, S100A6, S100A10, S100A11, S100A16 and S100PBP were up‐regulated in GBM tissues 
compared with nontumourous brain tissues. G, GBM tissues; N, nontumourous brain tissues. B and C, Correlation of S100A2, S100A3, 
S100A6, S100A10, S100A11, S100A16 and S100PBP expression with overall survival for GBM patients. Only high S100A11 expression 
correlated with a poorer overall survival for GBM patients (*P < .05, **P < .01, log‐rank test). D, Representative images of IHC staining of 
S100A11 in nontumourous brain tissues and GBM tissues. Low expression of S100A11 was examined by IHC in a nontumourous brain 
tissues, while high expression of S100A11 was examined in GBM tissues, Scale bars, 50 μm. E and F, Western blot analysis of S00A11 
expression in nontumourous brain tissues and GBM tissues (**P < .01). GAPDH was used as the loading control. Results are mean ± s.e.m. 
from at least three independent assays
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F I G U R E  2  S100A11 induces the cell proliferation of GBM. A, Western blot analysis of S100A11 expression in six human GBM cell 
lines (U251, U87, LN229, U118, A172 and T98). B, Western blotting reveals that S100A11 was efficiently knocked down in U87 cell or 
overexpressed in U251 cells. C, CCK8 assay of the proliferation ability of the indicated GBM cells (*P < .05 and #P < .05). Results are 
mean ± sem. from at least three independent assays. D and F, Edu assay of the proliferation ability of the indicated GBM cells (**P < .01). 
Results are mean ± s.e.m. from at least three independent assays. Scale bar, 100 μm. E and G, Colony formation assay of the proliferation 
ability of the indicated GBM cells (**P < .01). Results are mean ± s.e.m. from at least 3 independent assays. Scale bar, 0.5 mm (H and 
I) Cell cycle assay of U87 cell after transfection with shCtrl, sh‐S100A11‐1 or sh‐S100A11‐2 and U251 cell transfection with Vector or 
S100A11(*P < .05). J, Western blot analysis indicated the regulation of the cell cycle regulatory proteins Cyclin E1 and Cyclin D1 in indicated 
GBM cells. GAPDH was used as the loading control. K and L, Annexin V/PI apoptosis assay of U87 cell after transfection with shCtrl, sh‐
S100A11‐1 or sh‐S100A11‐2 (**P < .01). Results are mean ± sem. from at least 3 independent assays. (M) Western blot analysis indicated 
the regulation of the apoptosis‐related proteins Bax, Bcl‐2 and Cleaved Caspase‐3 in indicated GBM cells. GAPDH was used as the loading 
control



6912  |     TU et al.

cells yielded the opposite results (P < .05, Figure 3D,E). Meanwhile, 
S100A11 downregulation inhibited cell infiltration in a 3D collagen 
matrix and S100A11 downregulating cells showed a less migratory 
morphology compared to that of the control cells. Overexpression of 
S100A11 in U251 cells yielded the opposite results (Figure 3F). Thus, 
S100A11 promotes GBM cell EMT, migration and invasion.

3.4 | S100A11 promotes neurosphere formation

We tested if S100A11 was associated with glioma stem cell (GSC). 
By suspension culture, U87 and U251 cell lines were employed 
to acquire neurospheres that might enrich GSCs. We observed 
that S100A11 protein level was significantly increased in neu‐
rospheres compare with that observed in adherent GBM cells 

F I G U R E  3  S100A11 promotes GBM EMT, migration and invasion. A, EMT‐associated proteins in indicated GBM cells were determined 
by Western blotting. GAPDH was used as the loading control. B and C, Transwell invasion assays of the invasive ability of the indicated GBM 
cells (*P < .05 and **P < .01). Results are mean ± s.e.m. from at least three independent assays. Scale bar, 100 μm. D and E, Wound‐healing 
assay of the migration ability of the indicated GBM cells (*P < .05 and **P < .01). Results are mean ± s.e.m. from at least 3 independent 
assays. Scale bar, 100 μm. F, 3D spheroid migration assay of the migration ability of the indicated GBM cells. Scale bar, 200 μm



     |  6913TU et al.

(Figure 4A). Immunofluorescence staining indicated that the GSC 
markers (CD133 and Nestin) were expressed in U87 and U251 neu‐
rospheres (Figure 4B). Knockdown S100A11 markedly decreased 
GSC marker expression (Nanog, Oct4 and C‐myc). Meanwhile, over‐
expression of S100A11 yielded the opposite results (Figure 4C). By 
performing limiting dilution assays, we showed that S100A11 pro‐
moted neurosphere formation GBM cells (Figure 4D,E).

3.5 | S100A11 stabilizes ANXA2 in GBM cells by 
decreasing ubiquitination and degradation

Next, we tried to search the mechanisms of S100A11 in 
GBM. Annexins and S100 proteins are two large but distinct 

calcium‐binding protein families.22 S100 proteins can interact with 
some annexins, such as ANXA1 and ANXA2.22 Ca2+ can trigger 
S100A11‐ANXA2 interaction.22 Additionally, ANXA2 promotes 
glioma cell invasion and tumour progression. For these reasons, we 
proposed that S100A11 promoted the development and progres‐
sion of GBM may associate with ANXA2. Firstly, we examined the 
protein expression of ANXA2 in GBM cells and tissues by Western 
blot. The results showed that ANXA2 was up‐regulated in GBM cells 
compared with normal human astrocytes (NHAs) and up‐regulated 
in GBM tissues compared with nontumourous human brain tissues 
(Figure S1A,B). Then, we performed immunohistochemical staining 
of S100A11 and ANXA2 in twenty GBM specimens. As shown in 
Figure S1C, S100A11 is strongly correlated with ANXA2 expression. 

F I G U R E  4  S100A11 facilitates the generation of GSCs. A, Western blot of S100A11 protein expression in neurospheres and adherent 
GBM cells. B, Representative immunofluorescence staining images of CD133 (red) and Nestin (green) in stem‐like U87 and U251 
neurospheres. Scale bar, 20 μm. C, Western blot analysis of Sox2, Oct4 and Nanog in indicated GBM neurospheres. GAPDH was used as a 
loading control. D, Limiting dilution assay (LDA) was performed in indicated GBM spheres. E, Representative images of spheres formed in 
indicated GBM cells. Scale bar, 100 μm
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Then, Western blots showed that the protein level of ANXA2 was 
decreased when S100A11 inhibition, while ANXA2 was increased 
when S100A11 overexpression (Figure 5A). Previously, studies re‐
ported that reported ANXA2 degradation was regulated by poly/
multi‐ubiquitin.23 We wondered whether knockdown of S100A11‐
induced ANXA2 decreased through the ubiquitin–proteasome 

pathway. To detect the role of the proteasome in ANXA2 degrada‐
tion, U87 cells were transfected with sh‐S100A11‐1, sh‐S100A11‐2 
or shCtrl and treated with the proteasome inhibitor, MG132. The 
result demonstrated that ANXA2 was increased in knockdown 
S100A11 cells after treated with MG132 (Figure 5B). Moreover, 
the protein half‐life of ANXA2 was shortened after the knockdown 

F I G U R E  5  Proteasomal degradation of ANXA2 in the knockdown of S100A11. A, Knockdown of S100A11 decreased the expression 
of ANXA2, while overexpression of S100A11 elevated the expression of ANXA2. B, U87 transfected with shCtrl, sh‐S100A11‐1 or sh‐
S100A11‐2, and the cells were treated with or without 10 μM of MG132, and the cell lysates were immunoblotted. C, U87 transfected with 
shCtrl, or sh‐S100A11‐1 were treated with 50 μg/mL cycloheximide. Whole‐cell lysates were harvested at the indicated times. Knockdown 
S100A11 decreased the half‐life of ANXA2. D, The interaction between S100A11 and ANXA2 was confirmed by co‐immunoprecipitation 
in U87 and U251 cells. E, U87 cells were co‐transfected with plasmids expressing HA‐Ub and Myc‐ANXA2 together with either shCtrl or 
sh‐S100A11‐1. U251 cells were co‐transfected with plasmids expressing HA‐Ub and Myc‐ANXA2 together with either Vector or S100A11 
plasmid. Cells were treated with MG132 for 6 h before cell lysates were immunoprecipitated using a denature IP protocol to pull down 
ANXA2 protein, and the polyubiquitinated ANXA2 protein was detected by anti‐HA antibody
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S100A11 (Figure 5C). Then, the interaction between S100A11 and 
ANXA2 was using co‐ip in U87 and U251 cells (Figure 5D). More im‐
portantly, our findings showed that knockdown S100A11 increased 
the amount of polyubiquitinated Myc‐ANXA2 (Figure 5E). In con‐
trast, the amount of ubiquitination of ANXA2 decreased in cells with 
up‐regulated S100A11 (Figure 5E).

3.6 | S100A11 activates the NF‐κB pathway 
by ANXA2, and NF‐κB regulates S100A11 at 
transcriptional level

NF‐κB is closely associated with the progression of numerous can‐
cers.24,25 ANXA2 is closely associated with NF‐kB pathway.11,13,26,27 
Here, we detected whether the NF‐κB signalling was involved in 
S100A11/ANXA2 signalling in GBM. Firstly, we detected the total 
and phosphorylation levels of IKKα and p65, and total levels of IκBα 

expression in down‐regulated and up‐regulated S100A11 GBM cells 
(Figure 6A). The expression of p65 did not change in down‐regulated 
or up‐regulated S100A11 GBM cells compared to that in their control 
cells (Figure 6A). However, the results of Western blot and immuno‐
fluorescence demonstrated that p65 expression levels were induced 
in cytoplasmic and decreased in nuclear of knockdown S100A11 U87 
cells compared to control cells. Overexpressing S100A11 yielded the 
opposite results (Figure 6B‐D). Additionally, overexpression of ANXA2 
rescued NF‐κB activation that was inhibited by knockdown S100A11 
(Figure 6E). Moreover, p65 is a classical transcription factor.28 Next, 
we determined whether p65 could regulate S100A11 at transcriptional 
level. P65 inhibition significantly decreased S100A11 mRNA levels in 
GBM cells (P < .01, Figure 6F). Scanning the S100A11 promoter region 
by JASPAR database (http://jaspar.binf.ku.dk/), we found one putative 
S100A11 binding site (Figure 6G). To examine the endogenous binding 
of p65 to the binding site in the promoter region, we performed ChIP 

F I G U R E  6  S100A11 activates NF‐κB pathway through ANXA2, and p65 regulates S100A11 at transcriptional level. A, Western blot 
analysis p‐IKKα, IKKα, IҡBα, p65 and p‐p65 in indicated GBM cells. GAPDH was used as the loading control. B and C, Western blot analysis 
of p65, GAPDH in cytoplasmic extracts (Cyto) and p65, Histone3 in nuclear extracts (NE) in indicated GBM cells. D, Immunofluorescence 
assay was conducted the distribution of p65 in indicated GBM cells. Scale bar, 20 μm. E, Exogenous expression of ANXA2 rescued the 
NF‐κB pathway inhibited by knockdown of S100A11. F, P65 was knockdown in U87 and U251 cells. S100A11 levels in U87 and U251 
cells were measured by qRT‐PCR. G, A diagram shows a potential p65‐binding site in the promoter region of S100A11. H, Chromatin 
immunoprecipitation assays detected the binding of p65 with the S100A11 promoter in U87 and U251 cells. Normal rabbit IgG was used as a 
control. The resultant DNA was analysed with semiquantitative PCR using site‐specific primers

http://jaspar.binf.ku.dk/
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assays and found that p65 did indeed bind to the site, but not to the 
coding region of S100A11 (Figure 6H). Therefore, our finding demon‐
strated that S100A11 activated the NF‐κB pathway by ANXA2, and 
NF‐κB regulated S100A11 at transcriptional level.

3.7 | S100A11 promotes tumorigenicity in vivo

The effect of S100A11 in vivo was assessed using a U87 orthotopic 
xenograft model. As shown in Figure 7A,B, in vivo imaging system re‐
vealed that significant differences in the tumour volume between U87 
cells transfected with sh‐S100A11 and with its control, mice bearing 
U87 cells transfected with sh‐S100A11 displayed a significant reduc‐
tion compared with xenografts transfected with shCtrl. In survival 
curves, sh‐S100A11‐transplanted xenografts exhibited significantly 
increased survival as compared with shCtrl‐transplanted xenografts 
(Figure 7C). Moreover, important proteins, such as S100A11, ANXA2 
and NF‐κB signalling proteins, were significantly inhibited by down‐
regulated S100A11 in GBM xenografts (Figure 7D).

4  | DISCUSSION

S100A11 is one of the S100 proteins that is widely expressed in human 
tissues. S100A11 has dual functions: it acts as tumour suppressor or 
tumour promoter on different tumour type. In keratinocytes, phos‐
phorylation of S100A11 and the SMAD heterologous complex binds 
Sp1 proteins together in the nucleus.29,30 The decrease in free Sp1 
proteins induces p21 and inhibits DNA synthesis. Thus, under these 
conditions, S100A11 acts as a tumour‐suppressor factor. S100A11 
can also stimulate the proliferation of human pancreatic cancer cells 
and promote the G1/S phase transition of pancreatic cancer cells, 
the growth and invasion of ovarian cancer cells, and the growth of 
lung cancer cells.10,31,32 However, S100A11 has not been reported in 

GBM, and the molecular mechanisms of S100A11 function in human 
GBM were unclear and required clarification.

In this study, we showed that S100A11 was up‐regulated in GBM 
and S100A11 was positively associated with poor patient survival. 
Functional studies demonstrated that S100A11 enhanced GBM cell 
proliferation, EMT, migration, invasion and neurosphere formation. 
Taken together, high expression of S100A11 is an important onco‐
genic factor and plays vital roles in the development and progression 
of GBM.

The molecular mechanisms of S100A11 by which promote the 
development and progression of GBM is unknown. ANXA2 is a cal‐
cium‐dependent phospholipid‐binding protein.33 ANXA2 is over‐
expressed in various tumours, including breast cancer, pancreatic 
cancer, ESCC and glioma, which plays important roles in tumour pro‐
gression by regulating cell growth, apoptosis, invasion and tumour 
neovascularization.14 Calcium can trigger S100A11‐ANXA2 interac‐
tion in repair cell membrane.22 It is possible that S100A11 could in‐
teract with ANXA2 to promote the progression of GBM. This study, 
we showed that S100A11 could interact with ANXA2 and stabilize 
ANXA2 in GBM cells. Further mechanistic studies demonstrated 
that S100A11 could stabilize ANXA2 through decreasing ANXA2 
ubiquitination and proteasomal degradation.

NF‐κB signalling is associated with numerous of cellular re‐
sponses, such as cell survival, differentiation and proliferation.25 
NF‐κB signalling has been reported to play an vital role in ma‐
lignant cell mobility.34,35 Recent studies showed ANXA2 could 
mediate upregulation of NF‐κB.26,27 It is possible that S100A11 
may promote GBM progression via regulating ANXA2‐mediated 
NF‐κB pathway. Here, we demonstrated that S100A11 knockdown 
reduced the levels of p‐Ikkα and p‐p65, and increased the IκBα. 
Additionally, p65 expression levels were induced in cytoplasmic 
and decreased in nuclear of knockdown S100A11 cells compared 
to control cells. Overexpression S100A11 had the opposite effects. 

F I G U R E  7  S100A11 promotes 
tumorigenicity in vivo. A and B, 
Bioluminescence images of orthotopic 
tumours bearing control or S100A11‐
depleted U87 cells on the days as 
indicated. *P < .05. C, Survival curve 
of shCtrl‐transplanted or sh‐S100A11‐
transplanted intracranial xenografts. 
D, Western blot analysis S100A11, 
ANXA2, p‐IKKα, IҡBα, and p‐p65 in U87 
xenografts. GAPDH was used as the 
loading control
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Our results further revealed that the overexpression ANXA2 in 
S100A11‐silenced GBM cells can effectively rescue NF‐κB sig‐
nalling pathway activation. More importantly, NF‐κB ‐p65 could 
regulate S100A11 at transcriptional level as a positive feedback. 
Therefore, the increased expression of S100A11 in GBM cells 
could promote GBM cell proliferation, EMT, migration, invasion 
and neurosphere formation by activating the ANXA2‐mediated 
NF‐κB signalling pathway.

In summary, our results demonstrate that S100A11 plays criti‐
cal role in proliferation, EMT, migration, invasion and neurosphere 
formation in GBM cells and associated with poor survival of GBM 
patients. Moreover, functional and mechanistic studies suggest that 
S100A11/ANXA2/NF‐κB positive feedback loop in GBM cells that 
promote the progression of GBM. S100A11 may be a potential tar‐
get for the development of antitumour drugs.

CONFLIC T OF INTERE S T

The authors declare that they have no competing interests.

AUTHOR CONTRIBUTION

JJ and TYM designed the experiments. TYM, XP and DXL performed 
the experiments. BZY, FL, SGC, ZPZ, CHL and LC analysed and in‐
terpreted the data. TYM was the major contributors in writing the 
manuscript.

DATA AVAIL ABILIT Y S TATEMENT

All the data and materials generated and/or analysed during the cur‐
rent study are available.

ORCID

Yiming Tu   https://orcid.org/0000-0002-5870-7717 

R E FE R E N C E S

	 1.	 Zeng A, Yin J, Li Y, et al. miR‐129‐5p targets Wnt5a to block PKC/
ERK/NF‐kappaB and JNK pathways in glioblastoma. Cell Death Dis. 
2018;9:394.

	 2.	 Fink MA, Paland H, Herzog S, et al. L‐carnitine mediated tumor 
cell protection and poor patient survival associated with OCTN2 
overexpression in glioblastoma multiforme. Clin Cancer Res. 
2019;25:2874‐2886.

	 3.	 Holzinger D, Foell D, Kessel C. The role of S100 proteins in the 
pathogenesis and monitoring of autoinflammatory diseases. Mol 
Cell Pediatr. 2018;5:7.

	 4.	 Sakaguchi M, Sonegawa H, Murata H, et al. S100A11, an dual me‐
diator for growth regulation of human keratinocytes. Mol Biol Cell. 
2008;19:78‐85.

	 5.	 Safronova A, Araujo A, Camanzo ET, et al. Alarmin S100A11 ini‐
tiates a chemokine response to the human pathogen Toxoplasma 
gondii. Nat Immunol. 2019;20:64‐72.

	 6.	 Sakaguchi M, Huh NH. S100A11, a dual growth regulator of epider‐
mal keratinocytes. Amino Acids. 2011;41:797‐807.

	 7.	 Anania MC, Miranda C, Vizioli MG, et al. S100A11 overexpression 
contributes to the malignant phenotype of papillary thyroid carci‐
noma. J Clin Endocrinol Metab. 2013;98:E1591‐E1600.

	 8.	 Meding S, Balluff B, Elsner M, et al. Tissue‐based proteomics 
reveals FXYD3, S100A11 and GSTM3 as novel markers for re‐
gional lymph node metastasis in colon cancer. J Pathol. 2012;228: 
459‐470.

	 9.	 Ohuchida K, Mizumoto K, Ohhashi S, et al. S100A11, a putative 
tumor suppressor gene, is overexpressed in pancreatic carcinogen‐
esis. Clin Cancer Res. 2006;12:5417‐5422.

	10.	 Liu Y, Han X, Gao B. Knockdown of S100A11 expression sup‐
presses ovarian cancer cell growth and invasion. Exp Ther Med. 
2015;9:1460‐1464.

	11.	 Wang Y, Chen K, Cai Y, et al. Annexin A2 could enhance multidrug 
resistance by regulating NF‐kappaB signaling pathway in pediatric 
neuroblastoma. J Exp Clin Cancer Res. 2017;36:111.

	12.	 Choi CH, Chung JY, Chung EJ, et al. Prognostic significance of an‐
nexin A2 and annexin A4 expression in patients with cervical can‐
cer. BMC Cancer. 2016;16:448.

	13.	 Jung H, Kim JS, Kim WK, et al. Intracellular annexin A2 regulates 
NF‐kappaB signaling by binding to the p50 subunit: implications 
for gemcitabine resistance in pancreatic cancer. Cell Death Dis. 
2015;6:e1606.

	14.	 Zhai H, Acharya S, Gravanis I, et al. Annexin A2 promotes glioma cell 
invasion and tumor progression. J Neurosci. 2011;31:14346‐14360.

	15.	 Xu XH, Pan W, Kang LH, Feng H, Song YQ. Association of annexin A2 
with cancer development (review). Oncol Rep. 2015;33:2121‐2128.

	16.	 Stevens PD, Wen YA, Xiong X, et al. Erbin suppresses KSR1‐me‐
diated RAS/RAF signaling and tumorigenesis in colorectal cancer. 
Cancer Res. 2018;78:4839‐4852.

	17.	 Wang H, Zhang SY, Wang S, et al. REV3L confers chemoresistance 
to cisplatin in human gliomas: the potential of its RNAi for synergis‐
tic therapy. Neuro Oncol. 2009;11:790‐802.

	18.	 Liu X, Chong Y, Tu Y, et al. CRM1/XPO1 is associated with clinical 
outcome in glioma and represents a therapeutic target by perturb‐
ing multiple core pathways. J Hematol Oncol. 2016;9:108.

	19.	 Yu H, Zheng J, Liu X, et al. Transcription factor NFAT5 promotes glio‐
blastoma cell‐driven angiogenesis via SBF2‐AS1/miR‐338‐3p‐medi‐
ated EGFL7 expression change. Front Mol Neurosci. 2017;10:301.

	20.	 Zhou A, Lin K, Zhang S, et al. Gli1‐induced deubiquitinase USP48 
aids glioblastoma tumorigenesis by stabilizing Gli1. EMBO Rep. 
2017;18:1318‐1330.

	21.	 Liu SL, Liu Z, Zhang LD, et al. GSK3beta‐dependent cyclin D1 and 
cyclin E1 degradation is indispensable for NVP‐BEZ235 induced 
G0/G1 arrest in neuroblastoma cells. Cell Cycle. 2017;16:2386‐2395.

	22.	 Jaiswal JK, Lauritzen SP, Scheffer L, et al. S100A11 is required for 
efficient plasma membrane repair and survival of invasive cancer 
cells. Nat Commun. 2014;5:3795.

	23.	 Wei WS, Chen X, Guo LY, et al. TRIM65 supports bladder urothelial 
carcinoma cell aggressiveness by promoting ANXA2 ubiquitination 
and degradation. Cancer Lett. 2018;435:10‐22.

	24.	 Liu JY, Jiang L, He T, et al. NETO2 promotes invasion and metasta‐
sis of gastric cancer cells via activation of PI3K/Akt/NF‐kappaB/
Snail axis and predicts outcome of the patients. Cell Death Dis. 
2019;10:162.

	25.	 Qin Y, Wang J, Zhu G, et al. CCL18 promotes the metastasis of squa‐
mous cell carcinoma of the head and neck through MTDH‐NF‐kap‐
paB signalling pathway. J Cell Mol Med. 2019;23:2689‐2701.

	26.	 Sarkar S, Swiercz R, Kantara C, Hajjar KA, Singh P. Annexin A2 me‐
diates up‐regulation of NF‐kappaB, beta‐catenin, and stem cell in 
response to progastrin in mice and HEK‐293 cells. Gastroenterology. 
2011;140(583–95):e4.

	27.	 Lin L, Wu C, Hu K. Tissue plasminogen activator activates NF‐kap‐
paB through a pathway involving annexin A2/CD11b and integrin‐
linked kinase. J Am Soc Nephrol. 2012;23:1329‐1338.

https://orcid.org/0000-0002-5870-7717
https://orcid.org/0000-0002-5870-7717


6918  |     TU et al.

	28.	 Zhao M, Joy J, Zhou W, et al. Transcriptional outcomes and kinetic 
patterning of gene expression in response to NF‐kappaB activation. 
PLoS Biol. 2018;16:e2006347.

	29.	 Sakaguchi M, Miyazaki M, Sonegawa H, et al. PKCalpha mediates 
TGFbeta‐induced growth inhibition of human keratinocytes via 
phosphorylation of S100C/A11. J Cell Biol. 2004;164:979‐984.

	30.	 Foertsch F, Teichmann N, Kob R, Hentschel J, Laubscher U, Melle 
C. S100A11 is involved in the regulation of the stability of cell cycle 
regulator p21(CIP1/WAF1) in human keratinocyte HaCaT cells. 
FEBS J. 2013;280:3840‐3853.

	31.	 Xiao M, Li T, Ji Y, et al. S100A11 promotes human pancreatic cancer 
PANC‐1 cell proliferation and is involved in the PI3K/AKT signaling 
pathway. Oncol Lett. 2018;15:175‐182.

	32.	 Hao J, Wang K, Yue Y, et al. Selective expression of S100A11 in lung 
cancer and its role in regulating proliferation of adenocarcinomas 
cells. Mol Cell Biochem. 2012;359:323‐332.

	33.	 Kohli S, Bhardwaj A, Kumari R, Das S. SIRT6 is a target of regulation 
by UBE3A that contributes to liver tumorigenesis in an ANXA2‐de‐
pendent manner. Cancer Res. 2018;78:645‐658.

	34.	 Karin M, Greten FR. NF‐kappaB: linking inflammation and immu‐
nity to cancer development and progression. Nat Rev Immunol. 
2005;5:749‐759.

	35.	 Theiss AL. Sphingosine‐1‐phosphate: driver of NFkappaB and 
STAT3 persistent activation in chronic intestinal inflammation and 
colitis‐associated cancer. JAKSTAT. 2013;2:e24150.

SUPPORTING INFORMATION

Additional supporting information may be found online in the 
Supporting Information section at the end of the article. 

How to cite this article: Tu Y, Xie P, Du X, et al. S100A11 
functions as novel oncogene in glioblastoma via S100A11/
ANXA2/NF‐κB positive feedback loop. J Cell Mol Med. 
2019;23:6907–6918. https​://doi.org/10.1111/jcmm.14574​

https://doi.org/10.1111/jcmm.14574

