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resistance of bladder cancer cells
Zunxian Wanga,b, Bo Weic, and Shuxia Ma a

aBasic Medical College, Jiamusi University, Jiamusi, Heilongjiang, China; bDepartment of Oncology Comprehensive Treatment, The First Affiliated 
Hospital of Jiamusi University, Jiamusi, Heilongjiang, China; cDepartment of Urology, The First Affiliated Hospital of Jiamusi University, Jiamusi, 
Heilongjiang, China

ABSTRACT
Background: Bladder cancer is one of the most common malignant tumors of the urinary system, and its 
incidence is increasing worldwide. However, the underlying mechanisms that trigger migration, invasion 
and chemotherapy resistance are unclear.
Results: Bioinformatics analysis of bladder cancer cohort indicated that LINC00839 is deregulated in 
bladder cancer. LINC00839 was validated and highly expressed in bladder cancer patients and cell lines. In 
addition, LINC00839 induced the migration, invasion and Gemcitabine resistance of bladder cancer cells. 
We identified that the transcription factor EGR1 directly repressed LINC00839 and thereby suppressed the 
migration and invasion of bladder cancer cells. Furthermore, LINC00839 interacted with miR-142, which 
subsequently regulated the expression of SOX5, a well-studied oncogene and targeted by miR-142. In 
addition, EGR1 served as a suppressive transcription factor of SOX5. Therefore, EGR1 directly or indirectly 
regulates SOX5 via LINC00839/miR-142 axis. LINC00839 induced Gemcitabine resistance by promoting 
autophagy.
Conclusions: EGR1, LINC00839/miR-142 and SOX5 form a coherent feed-forward loop that modulates the 
migration, invasion and Gemcitabine resistance of bladder cancer.
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Introduction

Bladder cancer is one of the most common malignant tumors 
of the urinary system, and its incidence is increasing 
worldwide.1 Bladder cancer metastasis is a complex process 
that involves various steps, including invasion, migration, and 
colonization of cancer cells in distant organs.2 However, the 
exact molecular mechanisms underlying the bladder cancer 
metastasis are still unclear. The high incidence of metastasis 
and poor prognosis of bladder cancer have prompted research-
ers to investigate the molecular mechanisms underlying its 
development and progression.

The long non-coding RNA (lncRNA) LINC00839 is located 
on human chromosome 10q11.21. The function of LINC00839 
is largely unknown in bladder cancer.3 To date, limited studies 
have demonstrated that LINC00839 deregulation is associated 
with progression of cancers, such as breast cancer,4 hepatocel-
lular carcinoma,5 colorectal cancer3 and lung cancer.6 One 
previous study showed that LINC00839 may serve as 
a biomarker of bladder cancer,7 but the underlying molecular 
mechanism of LINC00839 in the initiation and progression of 
bladder cancer remains elusive. Therefore, we aim to deter-
mine the expression profile and the function of LINC00839 in 
bladder cancer. LINC00839 can interact with different targeted 
miRNAs to promote the proliferation, migration and invasion 
of cancers. LINC00839 promotes the progression of colorectal 

cancer via activating NRF1.3 In neuroblastoma, LINC00839 
induces the tumor progression via targeting miR-454-3p and 
miR-338-3p.8 In this study, we could show the regulation 
between LINC00839 and related miRNA in bladder cancer.

miR-142 is a microRNA (miRNA) that can either function 
as an oncogenic miRNA or a tumor suppressive miRNA.9–12 

High expression of miR-142 is associated with the poor prog-
nosis of esophageal squamous cell carcinoma.13 Elevated 
expression of miR-142 is observed in the tissues derived from 
colorectal cancer patients.14 However, miR-142 contributes to 
the chemotherapy sensitivity in breast cancer treatment.15,16 

The anti-tumor immunity is enhanced by miR-142 through 
regulating tumor cell PD-L1 expression.17 Therefore, the func-
tion of miR-142 is uncertain, and we aim to clarify the role of 
miR-142 in bladder cancer in this study.

EGR1, as a transcription factor, displays either oncogenic 
effect or anti-tumor effect.18 EGR1 promotes epithelial– 
mesenchymal transition (EMT) by inducing the expression of 
SNAI1 and SNAI2, which subsequently repress CDH1 
expression.19,20 In addition, EGR1 induces hepatocyte growth 
factor that further increases SNAI1 expression and thereby 
results in enhanced metastasis.21 However, up-regulation of 
EGR1 inhibited metastasis of head and neck squamous cell 
carcinoma by repressing SNAI1 and SNAI2.22

In this study, we determined the expression and function of 
miR-142, EGR1, LINC00839 in bladder cancer. We 
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characterized that these molecules are involved in bladder 
cancer progression and chemotherapy resistance. The results 
of this study could have important implications for the devel-
opment of novel diagnostic and therapeutic strategies for 
bladder cancer.

Results

LINC00839 is deregulated in bladder cancer

To determine the expression of LINC00839 in bladder cancer, 
we analyzed the RNA expression profile obtained from The 
Cancer Genome Atlas Urothelial Bladder Carcinoma (TCGA- 
BLCA) dataset. The expression of LINC00839 is highly 
expressed in bladder cancer tissues compared to the normal 

tissues in the unpaired and paired comparison (Figure 1a, b). 
In addition, we evaluated the expression of LINC00839 in three 
different cell lines derived from bladder cancer patients, 
including 5637, T24 and J82. All cell lines displayed an 
increased LINC00839 level compared to the epithelial cell of 
bladder (Figure 1c), which supports the results of bioinfor-
matics analysis in TCGA-BLCA dataset. Furthermore, we 
investigated the association between LINC00839 expression 
and tumor stages. Elevated LINC00839 expression was posi-
tively associated with the advanced TNM stages of bladder 
cancer (Figure 1d–f). High expression of LINC00839 indicated 
advanced pathologic stages and histologic grades of bladder 
cancer (Figure 1g, h). Next, we performed q-PCR analysis on 
LINC00839 in tissues derived from 30 bladder cancer patients 
categorized into different TNM stages (Table S1). Indeed, the 

Figure 1. LINC00839 is deregulated in the bladder cancer. (a) The expression profile of LINC00839 in unpaired bladder cancer tissues and normal tissues obtained from 
TCGA-BLCA datasets. (b) The expression profile of LINC00839 in paired bladder cancer tissues and normal tissues, obtained from TCGA-BLCA datasets. (c) q-PCR analysis 
of the LINC00839 expression in the indicated bladder cancer cell lines. The expression of LINC00839 was normalized to its expression in BdEC cell. The expression profile 
of LINC00839 in different T (d), N (e), M (f) stages obtained from TCGA-BLCA datasets. The expression profile of LINC00839 in different pathologic stages (g) and 
histologic grades (h) obtained from TCGA-BLCA datasets. (i) q-PCR analysis of LINC00839 in the bladder cancer patients derived tissues from the indicated TNM stages. 
The expression of LINC00839 was normalized to its expression in the normal tissues. *p < .05, **p < .01, ***p < .001, ****p < .0001.
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expression of LINC00839 was generally higher in the tissues of 
T1-T4a, N0-N3 and M0-M1 stages compared to the adjacent 
normal tissue. In addition, the expression of LINC00839 
appeared to be significantly higher in the advanced TNM 
stages compared to early stages (Figure 1i), indicating that 
the expression of LINC00839 is positively correlated to the 
advanced bladder cancer stages. Taken together, LINC00839 
is up-regulated in the bladder cancer, and the high expression 
of LINC00839 is associated with advanced TNM stages.

LINC00839 promotes migration, invasion and 
Gemcitabine resistance of bladder cancer cells

Since we had identified that LINC00839 is deregulated in 
bladder cancer and previous studies have shown that 
LINC00839 induces metastasis of different cancers, here we 
asked whether LINC00839 promotes the migration and inva-
sion in bladder cancer. Ectopic LINC00839 significantly 
induced the expression of Vimentin (VIM), whereas the 
expression of CDH1 was repressed by LINC00839 in T24 and 
J82 cells (Figure 2a). Silencing LINC00839 displayed an oppo-
site effect on VIM and CDH1 compared to ectopic LINC00839 
(Figure 2b). Therefore, LINC00839 promotes EMT in bladder 
cancer cells. Furthermore, ectopic LINC00839 promoted the 
migration and invasion capability of T24 cells (Figure 2c), 
whereas silencing LINC00839 restrained the migration and 
invasion capability of T24 cells (Figure 2d). The above results 
suggest that LINC00839 is a promoter of EMT, and thereby 
induces the migration and invasion of bladder cancer cells. In 
addition, ectopic LINC00839 induced the proliferation of T24 
cells (Figure 2e). Conversely, silencing LINC00839 inhibited 
T24 cell proliferation (Figure 2f).

Next, we evaluated the effect of LINC00839 on the resistance of 
Gemcitabine, a frequently used chemotherapy drug in the treat-
ment of bladder cancer patients. The half maximal inhibitory 
concentration (IC50) of Gemcitabine in T24 cells is 0.07 µM 
(Figure 2g), therefore we applied the Gemcitabine concentration 
of 0.1 µM in the following experiments. Ectopic LINC00839 sig-
nificantly induced the proliferation rate of T24 cells treated with 
Gemcitabine. Conversely, silencing of LINC00839 repressed the 
proliferation rate and enhanced the effect of Gemcitabine on the 
proliferation inhibition (Figure 2h). Furthermore, ectopic 
LINC00839 induced the colony formation capability of T24 cells 
treated with Gemcitabine (Figure 2i). Therefore, LINC00839 
functions as an oncogenic lncRNA, which promotes migration, 
invasion and Gemcitabine resistance in bladder cancer cells.

LINC00839 is a direct target of EGR1

Previous studies have shown that the deregulated lncRNAs are 
controlled by a myriad of transcription factors in cancer. Here 
we defined the upstream transcription factor of LINC00839. 
Interestingly, previous study indicated that EGR1 is 
a promising biomarker of bladder cancer. The high expression 
of EGR1 is associated with the progression of bladder cancer.23 

EGR1 also functions as a transcription factor and promotes the 
metastasis via directly inducing MMP1, SNAI1 and SNAI2.19,20 

However, in certain cases, EGR1 displays tumor suppressive 
role by directly inducing the expression of tumor suppressive 

circRNA in bladder cancer.24 Therefore, it is intriguing to 
determine the exact role of EGR1 in bladder cancer. Since we 
had shown that LINC00839 induced the migration and inva-
sion of bladder cancer cells, we demonstrated the possible 
associations between EGR1 and LINC00839. By analyzing the 
ChIP-seq data obtained from Cistrome DB, EGR1 appeared to 
be a transcription factor of LINC00839. EGR1-occupancy was 
observed in the promoter region of LINC00839 (Figure 3a). 
The frequency of binding motif base information is shown in 
Figure 3b. The target between EGR1 and LINC00839 was 
validated by q-ChIP analysis (Figure 3c). Ectopic EGR1 
repressed the expression of LINC00839 (Figure 3d) in T24 
and J82 cells. Therefore, EGR1 is a transcription factor that 
directly suppresses LINC00839 in bladder cancer cells.

Since we had identified that the deregulation of LINC00839 is 
positively associated with the advanced stages of bladder cancer 
and EGR1 directly represses LINC00839, next we determined 
the function of EGR1 in bladder cancer. The analysis on TCGA- 
BLCA dataset showed that bladder cancer tissues tend to display 
a lower expression of EGR1 (Figure 3e). In addition, tissues of 
the advanced TNM stages of bladder cancer showed 
a suppressed EGR1 level compared to normal tissue 
(Figure 3f). The expression of EGR1 was negatively associated 
with the advanced pathologic stages (Figure 3f) and high histo-
logic score (Figure 3g). Indeed, qPCR analysis validated that the 
expression of EGR1 was generally lower in tissues of T1-T4a, 
N0-N3 and M0-M1 stages compared to the adjacent normal 
tissue derived from 30 bladder cancer patients (Figure 3h, j). In 
summary, our results suggest that EGR1 functions as tumor 
suppressor by inhibiting LINC00839 in bladder cancer.

EGR1 represses migration and invasion of bladder cancer 
cells

Since EGR1 is a tumor suppressor of bladder cancer, next we 
demonstrated the effect of EGR1 on EMT and migration/inva-
sion in bladder cancer cells. Indeed, ectopic EGR1 repressed the 
expression of VIM and SNAI1 in T24 and J82 cells. Conversely, 
CDH1 was up-regulated following EGR1 overexpression 
(Figure 4a). Silencing EGR1 induced the VIM and SNAI1 
expression, whereas the CDH1 expression was repressed in 
T24 and J82 cells (Figure 4b). Therefore, EGR1 inhibits EMT 
of bladder cancer cells. Furthermore, ectopic EGR1 repressed 
the migration and invasion ability of T24 cells (Figure 4c). The 
migration and invasion of T24 cells were promoted following 
EGR1 repression (Figure 4d). In summary, EGR1 suppresses 
EMT and migration/invasion of bladder cancer cells.

LINC00839 interacts with miR-142

Numerous studies have shown that lncRNAs interact with 
different miRNAs, which modulate downstream target genes. 
Therefore, we asked whether LINC00839 could modulate 
downstream genes via targeting specific miRNAs. Certain 
miRNAs can function biologically as oncogenes and tumor 
suppressor genes,25 and miR-142 is frequently mentioned 
and analyzed in previous studies. Repressed miR-142 expres-
sion was observed in the serum of bladder cancer patients.26 

Interestingly, by screening in TargetScan database, LINC00839 
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Figure 2. LINC00839 promotes the migration, invasion and EMT of bladder cancer cells. (a) The expression of CDH1 and VIM was determined by q-PCR analysis following 
the ectopic expression of LINC00839 for 48 hours by the vector pcD-839 in T24 and J82 cells (n = 3). (b) The expression of CDH1 and VIM was determined by q-PCR 
analysis following the silencing LINC00839 for 48 hours by the specific siRNA pools in T24 and J82 cell (n = 3). (c) Left panel: The migration rate of T24 cells was 
evaluated by wound-healing assay after transfected cells with pcD-839 vector for 48 hours. The quantification of migration rate is presented. Scale bar: 100 µm. Right 
panel: The invasion rate of T24 cells was evaluated by Transwell assay after transfected cells with pcD-839 vector for 48 hours. The quantification of invasion rate is 
presented (n = 3). Scale bar: 60 µm (d) Left panel: The migration rate of T24 cells was evaluated by wound-healing assay after transfected cells with LINC00839 siRNA 
pool for 48 hours. The quantification of migration rate is presented. Scale bar: 100 µm. Right panel: The invasion rate of T24 cells was evaluated by Transwell assay after 
transfected cells with LINC00839 siRNA pool for 48 hours. The quantification of invasion rate is presented (n = 3). Scale bar: 60 µm. The proliferation ability of T24 cells 
was determined by MTT assay after transfected cells with pcD-839 vector (e) and LINC00839 siRNA (f) respectively at the indicated time points (n = 3). (g) The IC50 of 
Gemcitabine in T24 cells was determined by MTT assay. (h) The proliferation rate of T24 cells was determined by MTT assay following the indicated treatments and at 
the indicated time points (n = 3). The final concentration of Gemcitabine is 0.1 µM. (i) The colony formation capability of T24 cells following the indicated 
treatments (n = 3). The final concentration of Gemcitabine is 0.1 µM. *p < .05, **p < .01.
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appeared to be a target of miR-142. A seed match sequence of 
miR-142 was observed in the 3’-UTR of LINC00839 
(Figure 5a). The target was validated by luciferase assay. 
Ectopic miR-142 decreased the luciferase activity of the repor-
ter vector containing wild-type LINC00839 3’-UTR, whereas 
the reporter vector with mutation of miR-142 seed match 
sequence in the 3’-UTR of LINC00839 was refractory to miR- 

142 overexpression (Figure 5b). In addition, the expression of 
LINC00839 was repressed following miR-142 overexpression 
in T24 and J82 cells (Figure 5c). Interestingly, ectopic 
LINC00839 repressed the expression miR-142 in T24 and J82 
cells (Figure 5d), indicating that LINC00839 interacts with 
miR-142 via the seed matching sequence in the 3’-UTR of 
LINC00839.

Figure 3. LINC00839 is a direct target of EGR1. (a) The scheme of EGR1 ChIP analysis from two cell lines was modified from UCSC genome browser. The ChIP peaks of 
EGR1 on the promoter of LINC00839 are highlighted, and the binding motif was indicated. (b) The probability of binding motif was obtained from JASPAR online 
database. (c) The target between LINC00839 and EGR1 was validated by q-ChIP analysis (n = 3). 16q22 served as a negative control. (d) The expression of LINC00839 was 
determined by qPCR analysis after transfected T24 and J82 cells with pcD-EGR1 vector for 48 hours (n = 3). (e) Left panel: The expression profile of EGR1 in unpaired 
bladder cancer tissues and normal tissues, obtained from TCGA-BLCA datasets. Right panel: The expression profile of EGR1 in paired bladder cancer tissues and normal 
tissues, obtained from TCGA-BLCA datasets. (f) The expression profile of EGR1 in different T, N, M stages obtained from TCGA-BLCA datasets. The expression profile of 
EGR1 in different histologic grades obtained from TCGA-BLCA datasets. (g) The expression profile of EGR1 in different pathologic stages obtained from TCGA-BLCA 
datasets. (h-j) q-PCR analysis of EGR1 in the bladder cancer patients derived tissues from the indicated TNM stages. The expression of EGR1 was normalized to its 
expression in the normal tissues. *p < .05, **p < .01, ***p < .001, ****p < .0001.
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miR-142 has been characterized as tumor suppressive 
miRNA in cancers including bladder cancer. In line with pre-
vious studies, the expression of miR-142 was significantly 
lower in the cancer tissues derived from T2-T4a, N1-N3 and 
M0-M1 stages compared to the adjacent normal tissue derived 
from 30 bladder cancer patients compared to the normal 
adjacent tissues (Figure 5e–g). miR-142 was also down- 
regulated in three indicated bladder cancer cell lines compared 
to the epithelial cell of bladder (Figure 5h). Taken together, 
miR-142 is a tumor suppressive miRNA and interacts with 
LINC00839 through the seed match sequence in bladder 
cancer.

LINC00839/miR-142 axis modulates the expression of 
SOX5

Interestingly, previous studies have identified that the onco-
gene SOX5 is a miR-142 target.27 Indeed, the target between 
miR-142 and SOX5 was validated by luciferase assay in bladder 

cancer cell lines (Figure 6a). In addition, ectopic miR-142 
repressed the expression of SOX5 at mRNA and protein level 
(Figure 6b, c). However, overexpression of SOX5 failed to 
repress miR-142 in T24 cells (Figure 6d), indicating that 
SOX5 is located downstream of miR-142. Since we had identi-
fied that LINC00839 interacts with miR-142, here we evaluated 
the effect of LINC00839 on SOX5 expression in bladder cancer 
cells. Ectopic LINC00839 induced the expression of SOX5 in 
mRNA and protein level in T24 cells (Figure 6e, f). 
Interestingly, overexpression of miR-142 largely abrogated 
the effect of LINC00839 on SOX5 in T24 cells (Figure 6g, h). 
Therefore, LINC00839 induces the expression of SOX5 via 
repressing miR-142.

EGR1 suppresses SOX5 via a coherent feed-forward loop

Since EGR1 had been identified as a suppressive transcription 
factor of LINC00839, we deducted that EGR1 may repress the 
expression SOX5 via inhibiting LINC00839. Indeed, ectopic 

Figure 4. EGR1 represses migration and invasion of bladder cancer cells. (a) The expression of CDH1, VIM and SNAI1 was determined by q-PCR analysis following the 
ectopic expression of EGR1 for 48 hours by the vector pcD-EGR1 in T24 and J82 cells (n = 3). (b) The expression of CDH1,VIM and SNAI1 was determined by q-PCR 
analysis following the silencing EGR1 for 48 hours by the specific siRNA pools in T24 and J82 cell (n = 3). (c) Left panel: The migration rate of T24 cells was evaluated by 
wound-healing assay after transfected cells with pcD-EGR1 vector for 48 hours. The quantification of migration rate is presented. Right panel: The invasion rate of T24 
cells was evaluated by Transwell assay after transfected cells with pcD-EGR1 vector for 48 hours. The quantification of invasion rate is presented (n = 3). (d) Left panel: 
The migration rate of T24 cells was evaluated by wound-healing assay after transfected cells with EGR1 siRNA pool for 48 hours. The quantification of migration rate is 
presented. Scale bar: 100 µm. Right panel: The invasion rate of T24 cells was evaluated by Transwell assay after transfected cells with EGR1 siRNA pool for 48 hours. 
Scale bar: 60 µm. The quantification of invasion rate is presented (n = 3). *p < .05, **p < .01.
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EGR1 significantly reduced the SOX5 mRNA and protein level 
in T24 and J82 cells (Figure 7a, b). Intriguingly, ectopic EGR1 
kept SOX5 in a relatively low level in the condition of 
LINC00839 overexpression in T24 cells compared to the cells 
only with ectopic LINC00839 (Figure 7c). However, silencing 
LINC00839 only partly abrogated the effect of silencing EGR1 
on SOX5 expression (Figure 7d), which indicates that an alter-
native route may also mediate the regulation between EGR1 
and SOX5 independent of LINC00839. Since EGR1 serves as 
a transcription factor in bladder cancer cells, we analyzed the 
ChIP-seq data from Cistrome DB and found EGR1-occupancy 
in the SOX5 gene (Figure 7e). Therefore, SOX5 is a possible 

direct target of EGR1. Q-ChIP analysis validated the target 
between SOX5 and EGR1 (Figure 7f). The above results sug-
gest that EGR1, LINC00839 and SOX5 form a coherent feed- 
forward loop, which confers a robust gene regulation.

Furthermore, the expression of SOX5 was up-regulated in 
the bladder cancer cells (Figure 7g) and in the bladder cancer 
tissues from the advanced TNM stages (Figure 7h–i). In addi-
tion, ectopic EGR1 sensitized T24 cells to the Gemcitabine 
treatment, which was represented by a lower IC50 of 
Gemcitabine. The effect of ectopic EGR1 was reversed by 
ectopic LINC00839 (Figure 7k). Silencing of EGR1 induced 
the Gemcitabine resistance in T24 cells, whereas silencing of 

Figure 5. LINC00839 interacts with miR-142. (a) The scheme of miR-142 target on the 3’UTR of LINC00839, which was obtained and modified from TargetScan. The 
mutation strategy was indicated by color green. (b) The target between miR-142 and LINC00839 was validated by luciferase assay in T24 cells after the indicated 
transfections (n = 3). (c) The expression of LINC00839 determined by q-PCR analysis after transfected T24 and J82 cells with miR-142 mimic for 48 hours (n = 3). (d) The 
expression of miR-142 determined by q-PCR analysis after transfected T24 and J82 cells with pcD-839 vector for 48 hours (n = 3). (e-g) q-PCR analysis of miR-142 in the 
bladder cancer patients derived tissues from the indicated TNM stages. (h) q-PCR analysis of the miR-142 expression in the indicated bladder cancer cell lines (n = 3). 
The expression of miR-142 was normalized to its expression in BdEC cell. **p < .01, ***p < .001, ****p < .0001.
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LINC00839 largely abrogated the effect (Figure 7l). Previous 
studies have indicated that EGR1 can sensitize chemotherapy 
by preventing cyto-protective autophagy in ovarian cancer.28 

Here we evaluated the level of LC3B-II, an indicator of autop-
hagy, in T24 cells. Indeed, ectopic LINC00839 induced autop-
hagy evidenced by an enhanced turnover of endogenous 
LC3B-II. Overexpression of EGR1 prevented autophagy indi-
cated by a repressed LC3B-II turnover. LINC00839 largely 
abrogated the effect of EGR1 on repressing autophagy 
(Figure 7m). Thereby LINC00839 may promote the 
Gemcitabine resistance at least via inducing autophagy.

Discussion

Here, we characterized the long non-coding RNA LINC00839 
is an oncogenic lncRNA that promotes EMT, migration/inva-
sion and Gemcitabine resistance of bladder cancer cells. In 
addition, LINC00839 is up-regulated in the bladder cancer 
tissues derived from bladder cancer patients. The expression 
of LINC00839 is positively associated with the advanced TNM 
stages and the high histologic scores of bladder cancer. 
Furthermore, we identified that the transcription factor 
EGR1, as a tumor suppressor, directly represses the expression 
of LINC00839 in bladder cancer cells. Interestingly, we 
screened that miR-142 commonly targets LINC00839 and 

a well-studied oncogene SOX5. Of note, the expression of 
miR-142 can only be repressed by the ectopic LINC00839, 
whereas SOX5 failed to repress miR-142, indicating that 
SOX5 is located downstream of LINC00839/miR-142 axis. 
Furthermore, EGR1 directly suppresses the expression of 
SOX5, and thereby EGR1 regulates SOX5 directly or indirectly. 
EGR1, LINC00839 and SOX5 form a coherent feed-forward 
loop in bladder cancer (summarized in Figure 7n).

Previous studies have shown that LINC00839 promotes 
proliferation, migration, and invasion of different 
cancers.3,6,29 In line with these results, ectopic LINC00839 
induces migration and invasion of bladder cancer cells. By 
modulating the expression of EMT markers, LINC00839 is 
capable of controlling EMT in bladder cancer. Interestingly, 
LINC00839 activates PI3K/AKT pathway, and thereby con-
tributes to the chemoresistance in breast cancer.30 In line 
with this result, ectopic expression of LINC00839 contribu-
ted to the Gemcitabine resistance in bladder cancer cells in 
our study indicating that LINC00839 may serve as 
a promising biomarker for screening the patients with che-
motherapy resistance. EGR1, as a tumor suppressor, tilts 
PI3K/AKT pathway and MAPK pathway.31 Because EGR1 
directly represses the expression LINC00839, EGR1 may 
suppress PI3K/AKT pathway via inhibiting LINC00839, but 
this hypothesis needs further experimental validations. In 

Figure 6. LINC00839/miR-142 axis modulates the expression of SOX5. (a) The target between miR-142 and SOX5 was validated by luciferase assay in T24 cells after the 
indicated transfections (n = 3). (b) The expression of SOX5 mRNA determined by q-PCR analysis after transfected T24 and J82 cells with miR-142 mimic for 48 hours (n = 3). 
(c) The expression of SOX5 protein determined by western blot analysis after transfected T24 and J82 cells with miR-142 mimic for 48 hours (n = 3). (d) The expression of 
miR-142 determined by q-PCR analysis after transfected T24 and J82 cells with pcD-SOX5 vector for 48 hours (n = 3). (e) The expression of SOX5 mRNA determined by 
q-PCR analysis after transfected T24 and J82 cells with pcD-839 vector for 48 hours (n = 3). (f) The expression of SOX5 protein determined by western blot analysis after 
transfected T24 and J82 cells with pcD-839 vector for 48 hours (n = 3). (g) The expression of SOX5 mRNA determined by q-PCR analysis after transfected T24 and J82 cells 
with the indicated vector and RNA for 48 hours (n = 3). (h) The expression of SOX5 protein determined by western blot analysis after transfected T24 and J82 cells with the 
indicated vector and RNA for 48 hours (n = 3). **p < .01.
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addition, LINC00839 is a direct target of c-MYC and med-
iates the oncogenic function of c-MYC in breast cancer.30 

EGR1 is a direct non-canonical c-MYC target, which 
requires ARF to be involved.32 Therefore, c-MYC may either 

directly induce LINC00839 or indirectly repress LINC00839 
via inducing EGR1.

The function of miR-142 remains unclear due to the 
contradictory effects in different cancers. miR-142 inhibits 

Figure 7. EGR1 suppresses SOX5 via a coherent feed-forward loop. (a) The expression of SOX5 mRNA determined by q-PCR analysis after transfected T24 and J82 cells 
with pcD-EGR1 vector for 48 hours (n = 3). (b) The expression of SOX5 protein determined by western blot analysis after transfected T24 and J82 cells with pcD-EGR1 
vector for 48 hours (n = 3). (c) and (d) The expression of SOX5 mRNA determined by q-PCR analysis after transfected T24 and J82 cells with the indicated vectors for 48  
hours. (e) Left panel: The scheme of EGR1 ChIP analysis from two cell lines was modified from UCSC genome browser. The ChIP peaks of EGR1 on the promoter of SOX5 
are highlighted. Right panel: The probability of binding motif was obtained from JASPAR online database. (f) The target between SOX5 and EGR1 was validated by 
q-ChIP analysis (n = 3). 16q22 served as a negative control. (g) q-PCR analysis of the SOX5 expression in the indicated bladder cancer cell lines (n = 3). The expression of 
SOX5 was normalized to its expression in BdEC cell. (h-i) q-PCR analysis of SOX5 in the bladder cancer patients derived tissues from the indicated TNM stages. (k-l) The 
IC50 (µM) of Gemcitabine in T24 cells was determined by MTT assay after the indicated treatments. (m) LC3B-II was determined by western blot following the indicated 
treatments in T24 cells. (n) The regulation model of EGR1/LINC00839/SOX5 coherent feed-forward loop. *p < .05, **p < .01, ***p < .001, ****p < .0001.
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proliferation and promotes apoptosis of bladder cancer via 
targeting ZEB2 and TUG1.33 However, miR-142 functions 
as an oncogene in prostate cancer by targeting FOXO134 

and lncRNA MAGI2-AS3.35 Here, we confirmed that miR- 
142 is a tumor suppressive miRNA in bladder cancer via 
targeting LINC00839 and the oncogene SOX5. The low- 
expression miR-142 in bladder cancer tissues supports the 
conclusion. Previous studies have indicated that EGR1 can 
sensitize chemotherapy by preventing cyto-protective 
autophagy in ovarian cancer.28 miR-142 also enhances 
chemosensitivity of breast cancer cells by inhibiting 
autophagy.16 In line with previous studies, EGR1 repressed 
autophagy via inhibiting LINC00839 in bladder cancer 
cells. Since EGR1 directly represses LINC00839, miR-142 
may serve as a down-stream regulator of EGR1 in autop-
hagy, and thereby mediates the function of EGR1/ 
LINC00839 axis in the chemotherapy resistance in bladder 
cancer. The function of EGR1/LINC00839/miR-142 axis in 
autophagy-associated chemotherapy resistance needs 
further experiments to validate.

Furthermore, we validated that the transcription factor 
EGR1 directly represses the expression of SOX5, indicating 
that EGR1 can regulate SOX5 via at least two approaches: 
1. EGR1 represses SOX5 via repressing LINC00839, which 
results in an elevated level of miR-142; 2. EGR1 directly 
represses SOX5. The two different ways confer a robust 
regulation between EGR1 and SOX5 in bladder cancer. 
Taken together, SOX5 is located very down stream of 
EGR1/LINC00839/miR-142 axis and mediates the function 
of this axis in bladder cancer.

Gemcitabine is widely used in non-muscle-invasive blad-
der cancer via intravesical therapy.36 EGR1 was observed 
up-regulated in bone marrow after receiving biotherapy in 
bladder cancer mice model.37 Therefore, the EGR1/ 
LINC00839/miR-142 axis may serve as a therapeutic target 
to reduce Gemcitabine resistance in intravesical therapy. For 
bladder cancer of advance stages, the combined intravenous 
injection of Gemcitabine with other chemotherapy drugs is 
frequently used.38 However, we are still unclear about the 
differences of the resistant mechanisms underlying the two 
ways of Gemcitabine administration. Further in vivo studies, 
therefore, are warranted. Since we identified LINC00839 and 
miR-142 are differentially expressed in bladder cancer, both 
of them may serve as biomarkers in screening bladder can-
cer and indicate the Gemcitabine resistance.

Conclusions

LINC00839 is an oncogenic lncRNA promoting migration, 
invasion and Gemcitabine resistance of bladder cancer. The 
tumor suppressive miR-142 commonly targets LINC00839 and 
SOX5. In addition, the transcription factor EGR1 directly 
represses LINC00839 and SOX5. Therefore, EGR1, 
LINC00839 and SOX5 form a coherent feed-forward loop 
which modulates the migration, invasion and Gemcitabine 
resistance of bladder cancer.

Methods

Cell cultures

Human bladder cancer cell lines 5637, T24 and J82 were 
obtained from the American Type Culture Collection 
(ATCC) and maintained in RPMI-1640 supplemented with 
10% fetal bovine serum (FBS), 1% penicillin-streptomycin, 
and 1% L-glutamine. Cells were maintained at 37°C in 
a humidified atmosphere of 5% CO2.

Patient samples

To determine the gene expressions in tissues of bladder cancer 
patients, we collected bladder cancer tissues of different TNM 
stages from total 30 patients. The detailed patient information 
of TNM stages is listed in Table S1. These involved tissue 
sections were collected from Feb. 2019 to Nov. 2021 in The 
First Affiliated Hospital of Jiamusi University. The Ethics 
Committee of Jiamusi University approved the experiments 
performed with human samples (No. 202326).

Plasmid

The ectopic expression of EGR1 and LINC00839 was achieved 
by transfected cells with overexpression vector containing CDS 
region of EGR1 and LINC00839 mRNA. The CDS of EGR1 and 
LINC00839 was obtained by PCR with the cDNA template 
collected from the epithelial cell of bladder. Subsequently, the 
EGR1 CDS, SOX5 CDS and LINC00839 were inserted into 
pcDNA3.1 vector, thereafter named as pcD-EGR1, pcD- 
SOX5 and pcD-839, respectively. The inserted sequences 
were confirmed by Sanger-sequencing. The construction of 
ectopic vectors was performed by OBiO (Shanghai, China).

Transfection

Cells were transfected with siRNA or vectors using 
Lipofectamine 3000 (Invitrogen, USA) according to the man-
ufacturer’s instructions. Briefly, 25 nM of siRNA or 2 µg of 
vector was mixed with 10 µl of Lipofectamine 3000 in 300 µl of 
Opti-MEM and added to the cells in a 6-well plate. After 6  
hours of incubation, the transfection medium was replaced 
with fresh medium, and cells were subsequently incubated 
for 48 hours before following experiments. To repress the 
expression of LINC00839 and EGR1, LINC00839 or EGR1 
siRNA pools containing four siRNAs (5 nmol, Qiagen, 
Germany) were used.

RNA isolation and quantitative PCR

Total RNA was extracted from the cells seeded in 6-well plate 
by using 1 ml of TRIzol reagent per well. Cellular RNA isola-
tion was performed as previously described.39 For tissues, 
RNA was isolated by using RNeasy Mini Kit (Qiagen, 
Germany) following the handbook. Thirty-milligram tissues 
were supplied for disruption and homogenization. cDNA was 
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synthesized from 1 μg of RNA using the High-Capacity cDNA 
Reverse Transcription Kit (Roche). qPCR was performed using 
SYBR Green PCR Master Mix (Invitrogen, USA) on 
a StepOnePlus Real-Time PCR System (Invitrogen, USA). 
The relative expression of genes was calculated by using 2 
(-ΔΔCT) method and normalized to the expression of 
GAPDH. The primers used for qPCR are listed in Table S2.

Western blot analysis

Cells were lysed in RIPA buffer supplemented with protease 
and phosphatase inhibitors. Protein concentration was deter-
mined using the BCA protein assay kit. Equal amounts of 
protein were separated on SDS-PAGE and transferred onto 
nitrocellulose membranes. Membranes were incubated with 
primary antibodies EGR1 (Cell Signaling Technology, 4153, 
diluted in 5% skim milk at 1:1000), SOX5 (Novus, AF5268, 
diluted in 5% skim milk at 1:1000), LC3B (Abcam, ab192890, 
diluted in 5% skim milk at 1:1000) and β-actin (Invitrogen, 
MA1–140, diluted in 5% skim milk at 1:10000) overnight at 
4°C, followed by incubation with secondary antibodies con-
jugated to horseradish peroxidase. Proteins were visualized 
using enhanced chemo-luminescence. (Thermo Fisher, USA). 
The relative protein expression was quantified by using 
Quantity One software, and the result was normalized to the 
control group and β-actin.

Wound-healing assay

Cells were seeded in 6-well plates and allowed to grow to the 
confluence over 95%. Before scratching, 10 µg/ml of mitomy-
cin C was added to plates and incubated for 1 hour. A scratch 
was generated by using a 10 μl pipette tip, and the cell debris 
was washed away with pre-warmed PBS twice. Images of the 
scratch were taken at 0 and 24 hours using an inverted 
microscope.

Transwell assay

After different treatments, 2 × 105 cells were seeded in the 
upper chamber of a transwell plate with an 8-μm pore size 
membrane pre-coated with matrigel (Corning, USA). The 
lower chamber was filled with medium containing 10% FBS. 
After 24 hours of incubation, cells that had migrated to the 
lower chamber were fixed with 4% paraformaldehyde for 30  
minutes and stained with 0.1% of crystal violet for 20 minutes. 
Images were taken using an inverted microscope. Cell num-
bers were counted by Image J software.

Q-ChIP analysis

Cells were crosslinked with formaldehyde, and chromatin was 
extracted and sheared by sonication. Immunoprecipitation 
was performed using EGR1 antibody against the protein. 
DNA was purified and analyzed by qPCR using primers spe-
cific for the promoter region of target genes. The primers used 
in q-ChIP analysis are listed in Table S3.

Luciferase assay

Cells were transfected with miR-142 mimic, pGL3 reporter 
plasmid containing 3’-UTR or mutant 3’-UTR and internal 
control vector by using Lipofectamine 3000. After 48 hours of 
incubation, cells were lysed in reporter lysis buffer (Promega, 
USA) and luciferase activity was measured using the Luciferase 
Assay System.

Bioinformatics analysis

The differential expression of LINC00839 and EGR1 was ana-
lyzed from the TCGA-BLCA patient datasets downloaded 
from https://www.cancer.gov/ccg/research/genome- 
sequencing/tcga. The ChIP-seq data were analyzed from the 
Cistrome DB (http://cistrome.org/db/#/). The target between 
miR-142 and downstream genes was screened by using 
ENCORI and TargetScan database.

Statistics

All of the data were analyzed by GraphPad Prism v.9.0. 
Differences between the indicated groups were calculated 
using GraphPad Prism Student’s t-test (two groups) and 
ANOVA test (more than two groups). For multiple group 
comparisons in patient cohorts, we performed Welch’s t-test. 
p < .05 was considered statistically significant.

List of abbreviations

EMT epithelial-mesenchymal transition
UTR Untranslational region
PCR Polymerase chain reaction
ATCC American Type Culture Collection
VIM Vimentin
BLCA Urothelial Bladder Carcinoma
TCGA The Cancer Genome Atlas
q-ChIP Quantitative-chromosomal immunoprecipitation
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