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ZNF143 facilitates the growth
and migration of glioma cells
by regulating KPNA2-mediated
Hippo signalling

Yan Chen®®, Jitao Li**, Jiangchun Ma3* & Yizhong Bao?**

The disordered expression of ZNF143 is closely related to the malignant progression of tumours.
However, the basic control mechanism of ZNF143 in glioma has not yet been clarified. Therefore, we
tried to find a new pathway to illustrate the function of ZNF143 in glioma. To explore the function

of KPNAZ2 in the development of glioma, we used survival analysis by the Kaplan—Meier method to
assess the overall survival (OS) of patients with low and high KPNA2 expression in the TCGA and CGGA
cohorts. Western blotting assays and RT—PCR assays were utilized to determine the expression level
of KPNAZ2 in glioma cells. The interaction between ZNF143 and KPNA2 was confirmed by ChIP assays.
Proliferation was assessed by CCK-8 assays, and migration was evaluated by wound healing and
Transwell assays. Apoptosis was determined by flow cytometry, and the expression level of YAP/TAZ
was visualized using an immunofluorescence assay. The expression levels of LATS1, LATS2, YAP1, and
p-YAP1 were determined. Patients with low KPNA2 expression showed a better prognosis than those
with high KPNA2 expression. KPNA2 was found to be upregulated in human glioma cells. ZNF143 can
bind to the promoter region of KPNA2. Downregulation of ZNF143 and KPNAZ2 can activate the Hippo
signalling pathway and reduce YAP/TAZ expression in human glioma cells, thus inducing apoptosis of
human glioma cells and weakening their proliferation, migration and invasion. In conclusion, ZNF143
mediates the Hippo/YAP signalling pathway and inhibits the growth and migration of glioma cells by
regulating KPNA2.

Glioma is the most common fatal malignant primary brain tumour and is highly invasive with a poor prognosis.
Currently, considerable progress has been achieved in the treatment of glioma. However, the median survival
time of glioma patients is only 14.5-16.6 months'. The pathological mechanisms of gliomas are quite complex
and play a crucial role in tumour development?. Therefore, a deeper understanding of the molecular mechanisms
of glioma is important for the discovery of prognostic biomarkers and therapeutic targets.

The Hippo signalling pathway is a highly conserved pathway among different organisms, as well as in dif-
ferent tissues and organs in an individual organism, and regulates a variety of biological functions of malignant
tumours, including proliferation and apoptosis. Hippo signalling plays a critical role in the pathogenesis and
development of tumours’. Moreover, the Hippo signalling pathway is involved in the regulation of cell prolifera-
tion and apoptosis, control of organ size, and maintenance of the internal tissue environment. Dysregulation of
Hippo signalling is observed in multiple types of malignant tumours and is closely associated with the pathogen-
esis of malignant tumours®. The phosphorylation of LATS1/2 is induced by the activation of Hippo signalling,
which further represses the activity of transcriptional coactivators, such as YAP and TAZ’. Karyopherin alpha 2
(KPNA2) is one of seven known nuclear transporter a proteins that play an important role in nuclear cytoplasmic
transport®. Dysfunctions in nucleocytoplasmic transport are commonly observed in malignant tumours, and
KPNA?2 is highly expressed in a variety of malignant tumours. These findings suggest that KPNA2 is possibly
involved in the occurrence and development of a variety of tumours’. However, the exact mechanism of KPNA2
in gliomas remains unclear. The present study aims to investigate the role of ZNF143 (zinc finger protein 143, the
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transcription factor of KPNA2) in regulating the effects of KPNA2 on glioma and to explore novel therapeutic
targets for glioma.

Materials and methods

Data collection and data processing. Data of TPM expression values that contain 33 TCGA pan-cancer
and GTEX RNA Seq data were downloaded from the TOIL project via the UCSC Xena Browser. The Chinese
Glioma Genome information and the relevant clinical resources were downloaded from the CGGA (Chinese
Glioma Genome Atlas) data portal.

Survival analysis.  Survival analysis by the Kaplan—Meier method was used to assess the OS of patients in
the low- and high-expression groups of KPNA2 in the TCGA and CGGA cohorts. The log-rank test was used
to assess statistical significance using the R package “survival” and “survminer”. A P value <0.05 was considered
statistically significant.

Cells and treatments. U373 cells (BNCC338603, BNCC, China) and NHA cells (BFN60808805, BLUEE-
BIO, China) were cultured in DMEM with 10% FBS under 5% CO, and 37 °C.

Real-time PCR. In brief, RNA was extracted utilizing TRIzol reagent and further transcribed into cDNA
with HiScript I Q RT SuperMix for gPCR (+ gDNA wiper) (R223-01, Vazyme, Nanjing, China). PCR was con-
ducted using 2 x SYBR Green PCR Master Mix (A4004M, Lifeint, China), followed by determining the expres-
sion of genes with the 2724 method after normalization to the expression of B-actin. The sequences of the
primers are listed in Table 1.

Western blotting assay. Cells were lysed with cell lysate for 30 min. The lysate was transferred to a 1.5 mL
centrifuge tube for centrifugation at 12,000 r/min at 4 ‘C for 5 min. The total protein concentration of the
supernatant was determined by the BCA method. After 15% SDS—PAGE electrophoresis separation, proteins
were transferred to PVDF membranes, which were sealed with 5% skim milk powder and shaken at room tem-
perature for 1.5 h. The PVDF membrane was removed and rinsed with TBST solution 3 times and placed in a
clean dish. LAST1 (1:500, DF7517, Affinity, Australia), LAST2 (1:500, DF7516, Affinity, Australia), YAP1 (1:500,
13584-1-ap, Proteintech, USA), p-YAP1 (1:500, AF3328, Affinity, Australia), KPNA2 (1:500, 10819-1-ap, Pro-
teintech, USA), ZNF143 (1:500, 16618-1-ap, Proteintech, USA), B-actin (1:2000, TA-09, SolelyBio, China) and
GAPDH (1:2000, TA-08, SolelyBio, China) primary antibodies were added overnight at 4 °C. Before hybridiza-
tion, the PVDF membrane was cropped according to the molecular weight of the proteins to be detected. TBST
solution was added to rinse 3 times, and the secondary antibody (1:2000, ZB-2305, SolelyBio, China) was added
and incubated at room temperature for 1.5 h. The PVDF membrane was removed and rinsed with TBST solution
3 times, and bands were obtained after exposure to ECL solution, which were further quantified using Image]
software.

Establishment of KPNA2 knockdown and ZNF143 knockdown glioma cells. Three siRNAs tar-
geting KPNA2 and ZNF143 were constructed, the sequences of which are shown in Table 2. Glioma cells were
transfected with 10 uL of siRNA together with 5 uL Lipofectamine 3000 (L3000015, Invitrogen, USA) for 48 h,
followed by evaluation of the transfection efficacy using Western blotting and RT—PCR assays.

Cell viability. A CCK-8 assay was utilized to evaluate cell viability. Cells were plated in 96-well plates and
incubated at 37 °C for 24 h. Subsequently, 10 uL of CCK-8 solution was added, and the absorption was measured
at 450 nm with a microplate reader (S/N502000011, Tecan, Switzerland).

Analysis of apoptosis. The apoptosis of treated cells was evaluated using flow cytometry. In brief, cells
were plated on 6-well plates and incubated with 195 pL of Annexin V-fluorescein isothiocyanate (AP101-100-
kit, Multi Sciences, China), followed by the addition of 5 pL of propidium iodide and incubation for 10 min at
room temperature in the dark for 10 min. Finally, the samples were loaded onto the flow cytometer (NovoCyte
2060R, ACEABiosciences, USA) for apoptosis analysis.

Genes Sequences (5'-3")

KPNA2F TGAGGCGTCGCAGAATAGA
KPNA2 R GGAGAAGTAGCATCATCAGGAAAT
ZNF143 F CCCATACCTAAAAGTACAGGGGA
ZNF143 R TCATTCCAGTACCTGCTACACTT
B-actin F TGGCACCCAGCACAATGAA

B-actin R TGGCACCCAGCACAATGAA

Table 1. Sequences of primers in the RT-PCR assay.
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siRNAs Sequences (5'-3')

GCUGCCAGGAAACUACUUUTT
AAAGUAGUUUCCUGGCAGCTT

GCAGAUUCUUCCUACCUUATT
UAAGGUAGGAAGAAUCUGCTT

GCUGAGAAACUAGGUGAAATT
UUUCACCUAGUUUCUCAGCTT

AUAUCGGUGUUCGGAAGAUAATT
UUAUCUUCCGAACACCGAUAUTT

GCGGCCUAUGUUCAACAUGUATT
UACAUGUUGAACAUAGGCCGCTT

CGCACUCUGUUGCUAUGGUUATT
UAACCAUAGCAACAGAGUGCGTT

UUCUCCGAACGUGUCACGUTT
ACGUGACACGUUCGGAGAATT

KPNA2-siRNA-1

KPNA2-siRNA-2

KPNA2-siRNA-3

ZNF143-siRNA-1

ZNF143-siRNA-2

ZNF143-siRNA-3

siRNA-NC

Table 2. Sequences of siRNAs.

Transwell assay. In brief, cells were collected, counted, and seeded into a Transwell insert (3422, Corning,
New York, USA) at a density of 1.5x 10° cells per well for the migration assay. The lower chamber was filled with
medium containing 20% FBS. Cells were then cultured in serum-free medium in the upper chamber for 24 h
at 37 °C and 5% CO,, followed by wiping off cells from the upper chambers. Subsequently, cells from the lower
chambers were stained with crystal violet and counted under an optical microscope (CX41, Olympus, Japan).

Wound healing assay. A 200 pL pipette tip was used to scratch and draw a line in each well, and the
medium was discarded. The culture medium was cleaned with PBS 3 times, and a picture of the scratch in each
well was taken (0 h) after the serum-free culture medium was replaced. Cells were placed in an incubator, and
the scratches of each well were photographed 48 h later (48 h). The width of the scratch at 0 h and 48 h was
measured, and then the migration rate of cells was calculated.

Immunofluorescence. Cells were immersed in PBS 3 times and fixed with 4% paraformaldehyde. Triton
X-100 (0.5%) was permeated at room temperature for 20 min, followed by the addition of 5% BSA at 37 °C for
30 min. The primary antibody against YAP/TAZ (1:150, D24E4, CST, USA) was then added and incubated at
37 °C for 3 h. A fluorescent secondary antibody (1:200, AS007, ABclonal, China) was added and incubated at
37 °C for 30 min in the dark. DAPI was then added, followed by incubation at 37 °C in the dark for 5 min to stain
the nucleus. The petri dish was sealed with 50% glycerol, and then the images were observed and collected under
a fluorescence microscope (CKX53, Olympus, Japan).

ChIP. Since ZNF143 is a transcription factor of KPNA2, to confirm the interaction between ZNF143 and
KPNA2, we generated a KPNA2 overexpression vector. After transfection, Western blotting and RT—PCR assays
were used to verify the transfection efficiency. Subsequently, ZNF143 antibody was added and combined with
the target protein—DNA complex to form the antibody-target protein—DNA complex. After elution of the pre-
cipitated complex, the enriched target protein—DNA complex was obtained, and the enriched DNA fragment
was purified. The interaction between KPNA2 and ZNF143 was detected by RT—PCR.

Statistical analysis. Dataare expressed as the mean + SD, and data analysis was conducted using GraphPad
software. One-way ANOVA was used for the analysis among groups using Tukey’s method. P < 0.05 was consid-
ered a significant difference.

Results
The mRNA expression of KPNA2 is increased in multiple malignant tumours. Our analyses
showed that KPNA2 expression was increased in 28 types of malignant tumors, the full and abbreviated names
of which are shown in Table 3, as compared to the normal tissues (Fig. 1A).

Furthermore, we found that KPNA2 was significantly highly expressed in glioma in both the TCGA and
CGGA databases (Fig. 1B). These results suggested that KPNA2 was overexpressed in human glioma, including
LGG and GBM.

Prognostic value of KPNA2 in Glioma. After processing raw data from TCGA and CGGA, we sepa-
rated the glioma data into low and high groups according to KPNA2 expression. Then, we found that patients
with low KPNA2 expression had a better prognosis than those with high KPNA2 expression in both the TCGA
database and CGGA database (TCGA: n=623; P=4.535348e-23; HR, 0.12; 95% CI 0.08-0.18, CGGA: n=970;
P=6.984371e-47; HR, 0.29; 95% CI 0.24-0.34, Fig. 1C).
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ACC Adrenocortical carcinoma

BLCA Bladder urothelial carcinoma

BRCA Breast invasive carcinoma

CESC Cervical squamous cell carcinoma and endocervical adenocarcinoma

CHOL Cholangiocarcinoma

COAD Colon adenocarcinoma

DLBC Lymphoid neoplasm diffuse large B-cell lymphoma

ESCA Esophageal carcinoma

GBM Glioblastoma multiforme

HNSC Head and neck squamous cell carcinoma

KICH Kidney chromophobe

KIRC Kidney renal clear cell carcinoma

KIRP Kidney renal papillary cell carcinoma
LAML Acute myeloid leukemia

LGG Brain lower grade glioma
LUSC Lung squamous cell carcinoma
LIHC Liver hepatocellular carcinoma
LUAD Lung adenocarcinoma

MESO Mesothelioma

ov Ovarian serous cystadenocarcinoma
PRAD Prostate adenocarcinoma

PAAD Pancreatic adenocarcinoma

PCPG Pheochromocytoma and paraganglioma
READ Rectum adenocarcinoma

STAD Stomach adenocarcinoma

SARC Sarcoma

SKCM Skin cutaneous melanoma

TGCT Testicular germ cell tumors
THCA Thyroid carcinoma
THYM | Thymoma

UCEC Uterine corpus endometrial carcinoma
UVM Uveal melanoma
UCs Uterine carcinosarcoma

Table 3.. 28 types of malignant tumors.

KPNA2 was highly expressed in human glioma cells.  As shown in Fig. 2A, compared to NHA cells,
KPNA2 was significantly upregulated in U373 cells (*p <0.05 vs. NHA), which was consistent with the results
observed in glioma tissues in the TCGA dataset.

KPNA2 knockdown U373 cells were successfully established. As shown in Supplementary Fig. 1,
compared to those of the control and siRNA-NC groups, the expression level of KPNA2 was dramatically
decreased in U373 cells transfected with all three siRNAs, among which the highest knockdown efficacy was
observed in U373 cells transfected with KPNA2-siRNA-2 (*p <0.05 vs. the control, *p<0.05 vs. siRNA-NC).
Therefore, KPNA2-siRNA-2 was utilized for the knockdown of KPNA2 in U373 cells in subsequent experiments.

The impact of KPNA2 on the proliferation, migration, and apoptosis of U373 cells.  As shown
in Fig. 2B, compared to that of the control and siRNA-NC groups, significantly decreased cell viability was
observed in the KPNA2-siRNA group, accompanied by a dramatically increased apoptotic rate (Fig. 2C,D).
Furthermore, compared to those of the control and siRNA-NC groups, the value of cell migration (Fig. 2E,F) and
the number of migrated cells (Fig. 2G,H) were greatly reduced in the U373 cells transfected with KPNA2-siRNA
(*p<0.05 vs. the control, p <0.05 vs. siRNA-NC). These data suggested that the proliferation and migration of
U373 cells were dramatically repressed by the knockdown of KPNA2, accompanied by an elevated apoptotic
rate.

YAP/[TAZ levels were decreased in KPNA2 knockdown U373 cells.  Subsequently, the level of YAP/
TAZ was determined using an immunofluorescence assay in KPNA2 knockdown U373 cells. Compared to those
of the control and siRNA-NC groups, the fluorescence intensity (Fig. 3A) was dramatically decreased in the
U373 cells transfected with KPNA2-siRNA (*p<0.05 vs. the control, *p <0.05 vs. siRNA-NC), suggesting that
YAP/TAZ was dramatically downregulated in KPNA2 knockdown U373 cells.
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Figure 1. Patients with low KPNA2 expression showed a better prognosis than those with high KPNA2
expression in both the TCGA and CGGA databases. KPNA2 was expressed in 33 types of malignant tumours
compared to normal tissues (A); KPNA2 was expressed in glioma either in the TCGA database or CGGA
database (B); Prognostic value of KPNAZ2 in glioma in the TCGA database or CGGA database (C).

The impact of KPNA2 on the expression levels of LATS1, LATS2, YAP1, and p-YAP1 in U373
cells. Asshown in Fig. 3B, compared to those in the control and siRNA-NC groups, LATS1 and LATS2 were
upregulated, while YAP1 and p-YAP1 were downregulated in the U373 cells transfected with KPNA2-siRNA
(*p<0.05 vs. the control, *p <0.05 vs. siRNA-NC), suggesting that Hippo signalling in U373 cells was regulated
by KPNA2.

ZNF143 targeted KPNA2 in human glioma cells.  As shown in Fig. 4, to verify whether there is a
binding site between ZNF143 and the promoter regions of KPNA2, we conducted a ChIP assay to detect the
interaction between the transcription factor ZNF143 and the promoter of the target gene KPNA2, along with
qPCR, which showed that the KPNA2 promoter region was obviously highly expressed in the ZNF143 interac-
tion samples, and the difference was significant compared with that of the IgG group, indicating that the KPNA2
promoter region was bound by ZNF143.

ZNF143 knockdown U373 cells were successfully established.  As shown in Supplementary Fig. 2,
compared to those of the control and siRNA-NC groups, the expression level of ZNF143 was dramatically
decreased in the U373 cells transfected with all three siRNAs, among which the highest knockdown efficacy was
observed in the U373 cells transfected with ZNF143-siRNA-3 (*p < 0.05 vs. the control, *p < 0.05 vs. siRNA-NC).
Therefore, ZNF143-siRNA-3 was utilized for the knockdown of ZNF143 in U373 cells in subsequent experi-
ments.

The impact of ZNF143 on the proliferation, migration, and apoptosis of U373 cells.  As shown
in Fig. 5A, compared to those of the control and siRNA-NC groups, dramatically repressed cell viability was
observed in the ZNF143-siRNA group, accompanied by a greatly elevated apoptotic rate (Fig. 5B). Moreover,
compared to those of the control and siRNA-NC groups, the value of cell migration (Fig. 5C) and the number of
migrated cells (Fig. 5D) were significantly decreased in the U373 cells transfected with ZNF143-siRNA (*p < 0.05
vs. the control, “p < 0.05 vs. siRNA-NC). These data suggested that the proliferation and migration of U373 cells
were inhibited by the knockdown of ZNF143, accompanied by an increased apoptotic rate.
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Figure 2. The impact of KPNA2 on the proliferation, migration, and apoptosis of U373 cells. (A) The
expression level of KPNA2 in U373 and NHA cells was determined by Western blotting and RT—PCR (*p <0.05
vs. NHA). (B) Cell viability was detected by CCK-8 assays. (C, D) Apoptosis was evaluated by flow cytometry.
(E, F) The wound healing assay was utilized to determine the migration of U373 cells. (G, H) The migration of
U373 cells was detected using the Transwell assay (*p < 0.05 vs. the control, * p<0.05 vs. siRNA-NC).
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YAP/[TAZ levels were decreased in ZNF143 knockdown U373 cells.  Subsequently, the level of YAP/
TAZ was detected using an immunofluorescence assay in ZNF143 knockdown U373 cells. Compared to those
of the control and siRNA-NC groups, the fluorescence intensity (Fig. 6A) was greatly reduced in the U373 cells
transfected with ZNF143-siRNA (*p <0.05 vs. the control, p <0.05 vs. siRNA-NC), suggesting that YAP/TAZ
was dramatically downregulated in the ZNF143 knockdown U373 cells.
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Figure 3. The impact of KPNA2 on the YAP/TAZ pathway. (A, B) The expression level of YAP/TAZ in U373
cells was determined using immunofluorescence assays (*p < 0.05 vs. the control, “p < 0.05 vs. siRNA-NC).
(C, D): The expression levels of LATS1, LATS2, YAP1, and p-YAP1 were determined using Western blotting
(*p<0.05 vs. the control, *p <0.05 vs. siRNA-NC).

KPNA2 levels were positively regulated by ZNF143 in U373 cells. As shown in Fig. 6B,C, com-
pared to those of the control and siRNA-NC groups, KPNA2 was significantly downregulated in the U373 cells
transfected with ZNF143-siRNA (*p < 0.05 vs. the control, *p <0.05 vs. siRNA-NC), suggesting that the expres-
sion level of KPNA2 was positively regulated by ZNF143 in U373 cells.

The impact of ZNF143 on the expression levels of LATS1, LATS2, YAP1, and p-YAP1 in U373
cells. As shown in Fig. 6D-G, compared to those of the control and siRNA-NC groups, LATS1 and LATS2
were upregulated, while YAP1 and p-YAP1 were downregulated in the U373 cells transfected with ZNF143-
siRNA (*p<0.05 vs. the control, *p<0.05 vs. siRNA-NC), suggesting that Hippo signalling in U373 cells was
regulated by ZNF143.

Discussion

KPNAZ2 is an important member of the Karyopherins a family. Recent studies have shown that KPNA2 is upregu-
lated in a variety of malignant tumours, and the high expression of KPNAZ2 is closely associated with poor
prognosis after surgery and can be used as an independent prognostic indicator in some malignant tumours®.
Wang found that high expression of KPNA2 was observed in the serum of non-small cell lung cancer (NSCLC)
patients, suggesting that KPNA2 could be used as a convenient and fast detection indicator for the postoperative
prognosis of tumour patients’. The results of the present study showed that KPNA2 was upregulated in glioma
cells, indicating that KPNA2 might be involved in the pathogenesis of glioma.

The occurrence and development of malignant tumours are closely related to the proliferation and apoptosis
of tumour cells. It has been reported that migration and invasion are repressed in human bladder cancer cells
by the knockdown of KPNA2™. Furthermore, the proliferation of oesophageal squamous cell carcinoma and
endometrial cancer cells was significantly repressed by the silencing of KPNA2 using RNAi technology”!!. Pro-
liferation was inhibited and the cell cycle was arrested in G2 phase in U87 MG glioma cells by the knockdown
of KPNA2'2 In the present study, proliferation and migration were significantly decreased, and apoptosis was
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Figure 4. The interaction between ZNF143 and KPNA2 in glioma cells was confirmed using a ChIP assay. (A)
The identification of the successful transfection of the KPNA2 overexpression vector (*p <0.05 vs. the control).
(B) A ChIP assays were utilized to demonstrate the interaction between ZNF143 and KPNA2 in glioma cells.

greatly facilitated in glioma cells by KPNA2 knockdown. These results suggested that the KPNA2 gene played
an important role in the growth and metastasis of glioma cells.

The classically activated Hippo pathway plays a role in regulating cell growth, promoting cell damage repair,
and inhibiting tumorigenesis by initiating a series of downstream kinase chain reactions'®>. When the Hippo
signalling pathway is activated, LATS1/2 is phosphorylated and in turn phosphorylates YAP or its homologue
TAZ'"™. Phosphorylated YAP/TAZ will remain in the cytoplasm in an inactivated state and will eventually be ubiq-
uitinated and degraded'®. When the Hippo pathway is blocked, YAP proteins that have not been phosphorylated
are overexpressed and accumulate in the nucleus'. Abnormal regulation of the Hippo signalling pathway plays
an important role in the occurrence and development of tumours, including glioma'”. Compared with normal
brain tissues, the expression levels of LATS1 and LATS2 are significantly decreased in glioma tissues and are
associated with poor prognosis'®. The growth, migration, and invasion of glioblastoma cells are inhibited by the
overexpression of LATSI, which regulates cell cycle progression’. In glioma cells, NF2 is phosphorylated and
inactivated, which upregulates YAP1 expression and mediates the activation of epidermal growth factor receptor
and Notch signalling pathways, promoting glioma cell proliferation and tumour formation®. The expression level
of YAP1 was positively correlated with the grade of glioma, which promotes the proliferation and invasion of
glioma cells*"?2. Similar to YAP1, TAZ expression is elevated in high-grade gliomas. The expression of markers
of mesenchymal transformation in glioma stem cells is decreased by the silencing of TAZ, accompanied by the
inhibited invasion, self-renewal, and tumour formation of glioma stem cells?. Tian et al. showed that high expres-
sion of TAZ in gliomas was associated with poor prognosis®*. The results of the present study showed that LATS1
and LATS2 were upregulated, while YAP1 and p-YAP1 were downregulated in KPNA2 knockdown U373 cells.

Next, we further explored the upstream regulation of KPNA2 and found that ZNF143 might be a specific
transcription factor for KPNA2. The transcription factor zinc finger protein 143 (ZNF143) is a human homologue
of the Xenopus transcriptional activator Staf and is upregulated in glioma tissues and cell lines*. Recent studies
have shown that the dysregulation of ZNF143 is closely related to the malignant progression of tumours®, which
significantly inhibits the migration and metastasis of gastric cancer cells?”*%. In addition, ZNF143 is dramatically
upregulated in lung cancer tissues. High expression of ZNF143 is associated with the high proliferation of lung
cancer cells* and poor prognosis of patients®. In the present study, a ChIP assay was used to demonstrate that
ZNF143 targeted the KPNA2 promoter and positively regulated its expression. Moreover, silencing ZNF143
significantly inhibited the biological behaviour of glioma cells, suggesting that ZNF143 might play an oncogenic
role in glioma cells. These results suggested that ZNF143 was involved in the regulation of malignant biological
behaviour of glioma cells, and ZNF143 promoted the malignant progression of glioma cells by targeting and
positively regulating the expression of the KPNA2 promoter.

In conclusion, the present study revealed that KPNA2 regulates biological behaviours, such as the prolifera-
tion, migration, invasion and apoptosis of glioma cells, by regulating the Hippo signalling pathway. Moreover,
ZNF143 targeted the promoter region of KPNA2 and positively regulated the expression level of KPNA2, which
formed a positive feedback loop to jointly regulate the malignant progression of glioma cells.
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Figure 5. The impact of ZNF143 on the proliferation, migration, and apoptosis of U373 cells. (A) Cell viability
was detected by CCK-8 assays. (B) Apoptosis was evaluated by flow cytometry. (C) The wound healing assay
was utilized to determine the migration of U373 cells. (D) The migration of U373 cells was detected using the
Transwell assay (*p < 0.05 vs. the control, * p<0.05 vs. siRNA-NC).
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Figure 6. The impact of ZNF143 on the YAP/TAZ pathway. (A, B) The expression level of YAP/TAZ in U373
cells was determined using the immunofluorescence assay (*p <0.05 vs. the control, *p <0.05 vs. siRNA-NC).
(C-E) The expression level of KPNA2 in the ZNF143 knockdown U373 cells was evaluated by RT—PCR and
Western blotting assays (*p <0.05 vs. the control, *p < 0.05 vs. siRNA-NC). (F, G) The expression levels of
LATS1, LATS2, YAPI, and p-YAP1 were determined using Western blotting (*p < 0.05 vs. the control, p < 0.05

vs. siRNA-NC).

Data availability

The datasets generated and/or analysed during the current study are available in the Chinese Glioma Genome
Atlas (CGGA) dataset and Glioma RNA-seq is obtained from TCGA database through UCSC Xena portal,
[CGGA: http://www.cgga.org.cn/index.jsp; TCGA: https://xenabrowser.net/datapages/].

Received: 16 November 2022; Accepted: 4 July 2023
Published online: 09 July 2023

References
1. Nie, W. et al. Synergetic therapy of glioma mediated by a dual delivery system loading alpha-mangostin and doxorubicin through

cell cycle arrest and apoptotic pathways. Cell Death Dis. 11, 928 (2020).

Scientific Reports|  (2023) 13:11097 | https://doi.org/10.1038/s41598-023-38158-x nature portfolio


http://www.cgga.org.cn/index.jsp
https://xenabrowser.net/datapages/

www.nature.com/scientificreports/

2. Seliger, C. et al. Use of metformin and survival of patients with high-grade glioma. Int. J. Cancer. 144, 273-280 (2019).
3. Yu, H. et al. Vinclozolin-induced mouse penile malformation and “small testis” via miR132, miR195a together with the Hippo
signaling pathway. Toxicology 460, 152842 (2021).
4. Zhang, H. et al. Expression and significance of Hippo/YAP signaling in glioma progression. Tumour Biol. 37, 15665-15676 (2016).
5. Xue, J. et al. Proteomics reveals protein phosphatase 1gamma as a biomarker associated with Hippo signal pathway in glioma.
Pathol. Res. Pract. 216, 153187 (2020).
6. Mortezavi, A. et al. KPNA2 expression is an independent adverse predictor of biochemical recurrence after radical prostatectomy.
Clin. Cancer Res. 17,1111-1121 (2011).
7. Sakai, M. et al. Significance of karyopherin-{alpha} 2 (KPNA2) expression in esophageal squamous cell carcinoma. Anticancer
Res. 30, 851-856 (2010).
8. Ma, S. & Zhao, X. KPNA2 is a promising biomarker candidate for esophageal squamous cell carcinoma and correlates with cell
proliferation. Oncol. Rep. 32, 1631-1637 (2014).
9. Wang, C. L et al. Importin subunit alpha-2 is identified as a potential biomarker for non-small cell lung cancer by integration of
the cancer cell secretome and tissue transcriptome. Int. J. Cancer. 128, 2364-2372 (2011).
10. Shi, C,, Sun, L., Liu, S., Zhang, E. & Song, Y. Overexpression of Karyopherin subunit alpha 2 (KPNA2) predicts unfavorable prog-
nosis and promotes bladder Cancer Tumorigenicity via the P53 pathway. Med. Sci. Monit. 26, €921087 (2020).
11. Ikenberg, K. et al. KPNA2 is overexpressed in human and mouse endometrial cancers and promotes cellular proliferation. J. Pathol.
234, 239-252 (2014).
12. Martinez-Olivera, R. et al. Silencing of the nucleocytoplasmic shuttling protein karyopherin a2 promotes cell-cycle arrest and
apoptosis in glioblastoma multiforme. Oncotarget 9, 33471-33481 (2018).
13. Johnson, R. & Halder, G. The two faces of Hippo: Targeting the Hippo pathway for regenerative medicine and cancer treatment.
Nat. Rev. Drug. Discov. 13, 63-79 (2014).
14. Hoa, L. et al. The characterisation of LATS2 kinase regulation in Hippo-YAP signalling. Cell Signal. 28, 488-497 (2016).
15. Basu, S., Totty, N. E, Irwin, M. S., Sudol, M. & Downward, J. Akt phosphorylates the Yes-associated protein, YAP, to induce interac-
tion with 14-3-3 and attenuation of p73-mediated apoptosis. Mol. Cell. 11, 11-23 (2003).
16. Ibar, C. & Irvine, K. D. Integration of Hippo-YAP signaling with metabolism. Dev Cell. 54, 256-267 (2020).
17. Ouyang, T., Meng, W., Li, M., Hong, T. & Zhang, N. Recent advances of the Hippo/YAP signaling pathway in brain development
and glioma. Cell Mol. Neurobiol. 40, 495-510 (2020).
18. Xu, J. et al. Vorinostat modulates cell cycle regulatory proteins in glioma cells and human glioma slice cultures. J. Neurooncol. 105,
241-251 (2011).
19. Ji, T. et al. Decreased expression of LATSI is correlated with the progression and prognosis of glioma. J. Exp. Clin. Cancer Res. 31,
67 (2012).
20. Liu, Y. C. & Wang, Y. Z. Role of Yes-associated protein 1 in gliomas: Pathologic and therapeutic aspects. Tumour Biol. 36,2223-2227
(2015).
21. Orr, B. A. et al. Yes-associated protein 1 is widely expressed in human brain tumors and promotes glioblastoma growth. J. Neuro-
pathol. Exp Neurol. 70, 568-577 (2011).
22. Artinian, N. et al. Phosphorylation of the Hippo pathway component AMOTL2 by the mTORC2 kinase promotes YAP signaling,
resulting in enhanced glioblastoma growth and invasiveness. J. Biol. Chem. 290, 19387-19401 (2015).
23. Bhat, K. P. et al. The transcriptional coactivator TAZ regulates mesenchymal differentiation in malignant glioma. Genes Dev. 25,
2594-2609 (2011).
24. Tian, T. et al. TAZ promotes temozolomide resistance by upregulating MCL-1 in human glioma cells. Biochem. Biophys. Res.
Commun. 463, 638-643 (2015).
25. Song, Y. et al. Inhibition of the aberrant A1CF-FAM224A-miR-590-3p-ZNF143 positive feedback loop attenuated malignant
biological behaviors of glioma cells. J. Exp. Clin. Cancer Res. 38, 248 (2019).
26. Wei, S. et al. ZNF143 enhances metastasis of gastric cancer by promoting the process of EMT through PI3K/AKT signaling pathway.
Tumour Biol. 37, 12813-12821 (2016).
27. Guo, W. et al. MiR-6872 host gene SEMA3B and its antisense IncRNA SEMA3B-AS1 function synergistically to suppress gastric
cardia adenocarcinoma progression. Gastric Cancer 22, 705-722 (2019).
28. Zhang, Y. et al. ZNF143 suppresses cell apoptosis and promotes proliferation in gastric cancer via ROS/p53 axis. Dis. Mark. 2020,
5863178 (2020).
29. Feng, Z. et al. ZNF143 expression is associated with COPD and tumor microenvironment in non-small cell lung cancer. Int. J.
Chron. Obstruct. Pulmon. Dis. 17, 685-700 (2022).
30. Kawatsu, Y. et al. The combination of strong expression of ZNF143 and high MIB-1 labelling index independently predicts shorter
disease-specific survival in lung adenocarcinoma. Br. J. Cancer. 110, 2583-2592 (2014).

Acknowledgements
This study was supported by the Health Bureau of Zhejiang Province (No. 2022RC092) and Zhejiang Provincial
Administration of Traditional Chinese Medicine (No. 2022ZB006).

Author contributions

Y.C.: Investigation, Project administration, Formal analysis, Writing-original draft, Funding acquisition. J.L.:
Conceptualization, Methodology, Writing-original draft. ].M.: Investigation, Project administration, Project
administration. Y.B.: Conceptualization, Project administration, Methodology, Writing-review & editing.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-38158-x.

Correspondence and requests for materials should be addressed to J.M. or Y.B.
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.

Scientific Reports |

(2023) 13:11097 | https://doi.org/10.1038/s41598-023-38158-x nature portfolio


https://doi.org/10.1038/s41598-023-38158-x
https://doi.org/10.1038/s41598-023-38158-x
www.nature.com/reprints

www.nature.com/scientificreports/

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

License, 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
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted 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 licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports|  (2023) 13:11097 | https://doi.org/10.1038/s41598-023-38158-x nature portfolio


http://creativecommons.org/licenses/by/4.0/

	ZNF143 facilitates the growth and migration of glioma cells by regulating KPNA2-mediated Hippo signalling
	Materials and methods
	Data collection and data processing. 
	Survival analysis. 
	Cells and treatments. 
	Real-time PCR. 
	Western blotting assay. 
	Establishment of KPNA2 knockdown and ZNF143 knockdown glioma cells. 
	Cell viability. 
	Analysis of apoptosis. 
	Transwell assay. 
	Wound healing assay. 
	Immunofluorescence. 
	ChIP. 
	Statistical analysis. 

	Results
	The mRNA expression of KPNA2 is increased in multiple malignant tumours. 
	Prognostic value of KPNA2 in Glioma. 
	KPNA2 was highly expressed in human glioma cells. 
	KPNA2 knockdown U373 cells were successfully established. 
	The impact of KPNA2 on the proliferation, migration, and apoptosis of U373 cells. 
	YAPTAZ levels were decreased in KPNA2 knockdown U373 cells. 
	The impact of KPNA2 on the expression levels of LATS1, LATS2, YAP1, and p-YAP1 in U373 cells. 
	ZNF143 targeted KPNA2 in human glioma cells. 
	ZNF143 knockdown U373 cells were successfully established. 
	The impact of ZNF143 on the proliferation, migration, and apoptosis of U373 cells. 
	YAPTAZ levels were decreased in ZNF143 knockdown U373 cells. 
	KPNA2 levels were positively regulated by ZNF143 in U373 cells. 
	The impact of ZNF143 on the expression levels of LATS1, LATS2, YAP1, and p-YAP1 in U373 cells. 

	Discussion
	References
	Acknowledgements


