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Abstract
Background: NPM1 can provide abundant information of bladder cancer changes, but the effect of NPM1
differential expression on tumor and tumor related molecular mechanism has not been elucidated.

Methods: NPM1 silencing cell line was established by lentivirus. The tumorigenic ability was judged by
wound-healing assay, transwell invasion assay and nude mice tumorigenicity assay. The proteome of
NPM1 de�cient bladder cancer cell line was analyzed by Liquid Chromatography Mass Spectrometry (LC-
MS). The results of mass spectrometry are comprehensively analyzed by bioinformatics analysis for
tumor related molecules. The signal pathways involved in tumor related molecules will be veri�ed by
KEGG and UniProt databases.

Results: Compared with the corresponding negative control group, NPM1 silencing cell line T24/DDP Lv-
NPM1 showed strong migration ability and high invasive ability. There was no signi�cant difference in
migration ability and the invasive cells proportion between NPM1 overexpressing cell line and related
negative control group. The tumorigenesis in nude mice also showed that NPM1 silencing tumor had
larger tumor volume. Among all differential proteins analyzed by mass spectrometry, 20 proteins with
signal transduction activity showed the most signi�cant difference (Fold change > 1.5). 6 of them were
associated with NF-κB signaling pathway, which may play an important role in the development of tumor.

Conclusions: The loss of NPM1 may indicate the poor outcome of bladder cancer. Abnormal expression
of NF-κB signaling pathway is an important factor in the progression of bladder cancer. Monitoring NPM1
expression can effectively adjust the treatment strategy of bladder cancer.

Background
Bladder cancer is one of the most common malignancies in urinary system [1], which is prone to drug
resistance and relapse [2]. Timely monitoring the drug resistance and progression of the tumor and
adjusting the treatment strategy can effectively inhibit the progression of bladder cancer [3]. Therefore, it
is urgent to �nd a biomarker which can provide abundant clinical information for the treatment of drug
resistant bladder cancer.

Nucleophosmin (NPM1) is the nucleolar protein which can shuttle between nucleolus and cytoplasm [4],
NPM1 mutation have been demonstrated to be closely associated with malignant tumor. In colon cancer
[5], lung adenocarcinoma [6] and hematological tumor [7], NPM1 was found to be able to indicate tumor
progression. In addition, NPM1 plays an important role in cell invasion, migration and apoptosis [8].
NPM1 is also involved in drug resistance and re�ect the prognosis of tumor, such as leukemia [9]. It is
reported that NPM1 can interfere with drug action by histone demethylation or gene rearrangement [10].
This suggests that NPM1 is involved in the speci�c mechanism of drug resistance. In salivary gland
carcinoma and leukemia cells, tumor proliferation and drug response can be effectively affected by
interfering with the expression of NPM1 [8]. Up-regulated NPM1 can inhibit the activity of chemotherapy
drugs [11].
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Based on the above research, we’ve paid attention to the clinical information provided by NPM1 in
bladder cancer in recent years.

In the research of our laboratory, NPM1 overexpression was found in drug-resistant by proteome analysis
[12]. Besides abnormal expression of NPM1 was also found in recurrent patients, which suggested that
NPM1 mutation was closely related to the recurrence and drug resistance of bladder cancer [13].

In order to further evaluate the application value of NPM1 gene silencing in drug resistant bladder cancer
cells, we used liquid chromatography-mass spectrometry to detect the proteomics of bladder cancer cells
after NPM1 gene silencing, 492 differential proteins were detected by mass spectrometry, and their
multiple changes were more than 1.5 (P < 0.05). The results of mass spectrometry showed that 57022
polypeptides, 54347 unique polypeptides and 6686 proteomes were identi�ed (FDR < 0.01). Compared
with the negative control group, 264 functional proteins were down-regulated and 228 were up-regulated.
According to the analysis of Gene Ontology (GO analysis), CD40 is the most signi�cant down regulated
protein after NPM1 silencing [14]. CD40 is differentially expressed in a variety of tumors, and is
considered to be an important biomarker for predicting many cancers. Therefore, the results of proteomic
analysis suggest that NPM1 gene silencing may be involved in the development of drug-resistant bladder
cancer cells. In this study, we observed the effects of NPM1 silencing on drug resistance, tumor invasion
and migration of bladder cancer and performed bioinformatics analysis from the proteomics data in drug
resistant bladder cancer from our previous studies to reveal the possible mechanism of NPM1 in drug
resistant bladder cancer.

Methods
Wound-healing assay

In order to evaluate the migration ability of bladder cancer cells, wound-healing assay was performed.
The migration ability of cells in each group can be judged by the difference of repair ability of cells in
different groups for wound area. The plate was irradiated with ultraviolet for 30 minutes before operation.
Approximately 3 × 104 infected cells were incubated in 24 holes. Wounds were made according to the
instructions. After 24 hours low serum concentration medium was used to incubate the cells. Rinsed the
plate gently with PBS for 2 times after 24 or 48 hours. After that the photos were taken under microscopy
(CKX41, Olympus, USA). According to the pictures, the rate of cell migration in each group was calculated.
The migration rate was the ratio of wound width to 0 hour wound area width.
Transwell invasion assay

In order to evaluate the invasion ability of bladder cancer cells, transwell invasion assay was performed.
The invasion ability of bladder cancer cells was evaluated by counting the amount of cells which can
digest matrigel. Matrigel invasion assay was performed using transwell chambers. 1 × 104 Lv-NPM1 cells,
1 × 104 Lv5-NPM1 and the cells were seeded in the upper chamber of a 24-well plate, which was coated
with growth factor reduced matrigel. The upper chamber was �lled with 500 µl serum-free medium. The
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lower chamber was �lled with 500 µl medium containing 10% FBS to induce cell invasion. The chamber
was incubated at 37 °C for 24 hours. At the end of incubation, cells in the upper surface of the membrane
were removed with a cotton swab. Migrated cells were stained with crystal violet. The images were
obtained by microscope and the cells were counted in ten different view �elds. The experiment was
repeated three times
Materials

Cisplatin (P4394, Sigma, USA),RPMI-1640 medium (AE244464298, Thermo scienti�c, USA) FBS
(1861242, Gibco, ThermoFisher, USA) 0.25% trypsin (17518012, Gibco, ThermoFisher, USA) Trizol
(84804, Gibco, ThermoFisher, USA) reverse transcription kit (64J00101, Dingguo, China). SYBR Green
�uorescent quantitative PCR kits (K20524, TransGen Biotech, China) polyvinylidene �uoride (PVDF)
membranes (ISEQ00010 Sigma, USA) Mouse anti-Nucleophosmin antibody (ab10530, Abcam,
USA) Mouse IgG H&L (HRP) (ab205719, Abcam, USA) 96-well plates (E161134L, Thermo, USA) NPM1-
silencing, NPM1 overexpressing and negative control lentivirus (GenePharma, China), growth factor
reduced matrigel (3432-001-01, R&D Systems, USA), Transwell chambers (140644, Thermo, USA), ethyl
carbamate (30191228, Sinopharm Chemical Reagent, China).

Xenograft Growth In Nude Mice

To evaluate the tumorigenicity of bladder cancer cells, xenograft model was made by subcutaneous
injection of NPM1 silencing cells and the corresponding negative control cells in athymic nude mice.

Preparation of inoculated cells

Lv-NPM1 cell line and Lv-NC cell line labeled by GFP �uorescence were cultured in RPMI-1640 medium
containing 15% fetal bovine serum at 37 ℃ and 5% CO2 incubator respectively. After digestion of 0.25%
trypsin, they were used for tumorigenicity test.

Tumorigenicity test

The mice were inoculated subcutaneously in the left armpit with 5 × 107 NPM1 silencing cells. They were
also inoculated subcutaneously in the right armpit with 5 × 107 negative control cells (as the negative
control). All the mice were kept in standard laboratory conditions and provided with ad libitum food and
water. General health of these animals was daily observed and tumor growth at the injection site was
monitored by palpation. Tumor volume was measured outside of body by vernier caliper and calculated
using the formula: length × (width) 2 × 0.5. 35 days after the experiment, the mice were euthanized. All
nude mice were anesthetized with ethyl carbamate (1350 mg/kg, intraperitoneal injection) and sacri�ced
by cervical dislocation when the mice were unconscious. The experiment was repeated three times.

Proteomic Bioinformatics Analysis

The data came from the proteomic data of our NPM1 gene silencing drug resistant bladder cancer cells
[14]. The original data were processed by proteome discovery software. According to the human genome
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database and UniProt website, mass spectrometry data were searched. The molecular function of
proteins were analyzed by gene ontology (GO analysis). The Kyoto Encyclopedia of Genes and Genomes
(KEGG) was used to study protein species to map the signaling pathway for systematic functional
biology interpretation (http://www.genome.jp/kegg/).

Statistical analysis

All independent experimental data were expressed as mean ± standard deviation (SD). Statistical analysis
was carried out by using Graphpad prism 6.0 statistical software Inc (Lajolla, USA). P values were
calculated by ANOVA and Bonferroni test (more than two groups) or T test (two groups). When P value < 
0.05, the results are considered to be statistical.

Results
The effect of NPM1 silencing and NPM1 overexpressing on the cell mobility of cisplatin resistant bladder
cancer cells

Compared with the negative control group, NPM1 silencing cell line T24/DDP Lv-NPM1 showed strong
migration ability in 24 hours (73.3% vs 13.8%, P < 0.05) and 48 hours (86.5% vs 44.8%, P < 0.05). At the
same time, there was no signi�cant difference between the overexpressing cell lines (T24/DDP Lv5-
NPM1) and the corresponding negative control cell lines in 24 hours and 48 hours (P > 0.05). The results
are shown in Fig. 1.
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Table 1
Differential proteins with signal transduction function in GO analysis ( Fold change 1.5, P < 0.05)

ID Accession Gene
Name

Description Function Ratio
(Lv-
NPM1
vs Lv-
NC)

MRC2_HUMAN Q9UBG0 MRC2 C-type mannose
receptor 2

Collagen
catabolic
process

2.73

RAI3_HUMAN Q8NFJ5 GPRC5A Retinoic acid-
induced protein
3

Negative
regulation of
epidermal
growth factor-
activated
receptor activity

2.03

FKB1A_HUMAN P62942 FKBP1A Peptidyl-prolyl
cis-trans
isomerase
FKBP1A

Positive
regulation of I-
kappaB
kinase/NF-
kappaB
signaling

1.92

LEG1_HUMAN P09382 LGALS1 Galectin-1 Positive
regulation of I-
kappaB
kinase/NF-
kappaB
signaling

1.85

EPHB2_HUMAN P29323 EPHB2 Ephrin type-B
receptor 2

Positive
regulation of
gene expression

1.83

TF_HUMAN P13726 F3 Tissue factor Positive
regulation of cell
migration

1.80

S20A1_HUMAN Q8WUM9 SLC20A1 Sodium-
dependent
phosphate
transporter 1

Positive
regulation of I-
kappaB
kinase/NF-
kappaB
signaling

1.74

MALT1_HUMAN Q9UDY8 MALT1 Mucosa-
associated
lymphoid tissue
lymphoma
translocation
protein 1

Positive
regulation of NF-
kappaB
transcription
factor activity

1.60
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ID Accession Gene
Name

Description Function Ratio
(Lv-
NPM1
vs Lv-
NC)

C2D1A_HUMAN Q6P1N0 CC2D1A Coiled-coil and
C2 domain-
containing
protein 1A

Positive
regulation of I-
kappaB
kinase/NF-
kappaB
signaling

1.58

CTNB1_HUMAN P35222 CTNNB1 Catenin beta-1 Regulation of
canonical Wnt
signaling
pathway

1.56

GBB4_HUMAN Q9HAV0 GNB4 Guanine
nucleotide-
binding protein
subunit beta-4

Ca2 + pathway 1.55

ITB1_HUMAN P05556 ITGB1 Integrin beta-1 Cytokine-
mediated
signaling
pathway

1.50

ITPR3_HUMAN Q14573 ITPR3 Inositol 1,4,5-
trisphosphate
receptor type 3

G protein-
coupled receptor
signaling
pathway

0.64

STAT2_HUMAN P52630 STAT2 Signal
transducer and
activator of
transcription 2

Receptor
signaling
pathway via
JAK-STAT

0.64

A0A0B4J1V8_HUMAN A0A0B4J1V8 PPAN-
P2RY11

HCG2039996 G protein-
coupled receptor
activity

0.64

SDC4_HUMAN P31431 SDC4 Syndecan-4 Positive
regulation of
protein kinase
activity

0.52

SP110_HUMAN Q9HB58 SP110 Sp110 nuclear
body protein

Enhances
transcription of
genes with
retinoic acid
response
elements

0.51
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ID Accession Gene
Name

Description Function Ratio
(Lv-
NPM1
vs Lv-
NC)

GNAQ_HUMAN P50148 GNAQ Guanine
nucleotide-
binding protein
G(q) subunit
alpha

Regulation of
canonical Wnt
signaling
pathway

0.48

TNR6_HUMAN P25445 FAS Tumor necrosis
factor receptor
superfamily
member 6

Regulation of
apoptotic
process

0.26

TNR5_HUMAN P25942 CD40 Tumor necrosis
factor receptor
superfamily
member 5

Positive
regulation of NF-
kappaB
transcription
factor activity

0.16

The effect of NPM1 silencing and NPM1 overexpressing on the cell invasion of cisplatin resistant bladder
cancer cells

48 hours after the experiment, compared with the negative control group, the invasive cells proportion of
T24/DDP Lv-NPM1 cells was higher than Lv-NC cells (1983 cells/lp vs 788 cells/lp, P < 0.05). At the same
time, there was no signi�cant difference in the proportion of cells in the invasive cells proportion between
NPM1 overexpressing cell line and related negative control group (P > 0.05). The results are shown in
Fig. 2.

NPM1 silencing can accelerate the tumorigenicity of drug-resistant bladder tumor in vivo.

We used the nude mouse tumorigenesis experiment to assess the effect of NPM1 silencing on the overall
change of tumor in vivo. After 35 days of the experiment, greater masses were observed in animals
injected with Lv-NPM1 cells compared with Lv-NC cells. Meanwhile, the tumor mass of the nude mice
injected NPM1 silencing cells was more obvious than that of the negative control nude mice at 14–35
days (P < 0.05), as shown in Fig. 3.

The effect of differential proteins of signal transducer activity on NPM1 silencing tumor cells.

After NPM1 silencing, the protein of signal transducer activity on NPM1 silencing tumor cells is of great
signi�cance to the characteristics of tumor, as shown in Table 1. 12 proteins were up-regulated and 8
proteins were-down regulated (Fold change 1.5, P < 0.05), 6 of the 20 proteins with signal transduction
activity are related to NF-κB signaling pathway. Moreover, the up-regulated protein and the affected
pathway function have the characteristics of accelerating the tumorigenesis.
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Discussion
Bladder cancer is a common urologic neoplasm which is easy to relapse and drug resistance. The
existing monitoring methods for bladder cancer have high side effects and heavy costs, which are
di�cult for patients to accept [15, 16]. Proteomic analysis of tumor progression can reduce the burden of
patients and provide valuable clinical information [17]. The accurate judgment of tumor characteristics of
bladder cancer can effectively guide the treatment of bladder cancer and improve the treatment effect.

Nucleophosmin (NPM1) is a nucleolar protein which can provide clinical information for the development
of cancers [18]. NPM1 plays important roles in p53, MDM2 and other signal pathways [19], which means
NPM1 can affect tumor characteristics and provide important information for drug resistance. The up-
regulation of NPM1 expression signi�cantly affects the relapse rate and the sensitivity of chemotherapy
drugs of leukemia [20].

In this experiment, NPM1 silencing and NPM1 overexpressing bladder cancer cell lines were constructed
by lentivirus infection and limited dilution method to evaluate the value of NPM1 in drug resistant bladder
cancer. In this study, the results showed that the loss of NPM1 was correlated with high cell mobility in
bladder cancer cells. Compared with negative control group, NPM1 silencing cell line T24/DDP Lv-NPM1
showed strong migration ability in 24 hours (P < 0.05) and 48 hours (P < 0.05). Besides, NPM1 silencing
could make cisplatin resistant bladder cancer aggressive. Compared with the negative control, the
invasive cells proportion of T24/DDP Lv-NPM1 cells was higher than Lv-NC cells (P < 0.05). Compared
with the above results in vitro, tumorigenesis experiment also showed similar results in vivo. In this
animal experiments, we found that NPM1 silencing increased tumor growth in vivo, indicating that down-
regulated NPM1 may bring poor prognosis to patients. Besides, the speci�c mechanism of NPM1 on
bladder cancer has not been elucidated. In previous study, we used mass spectrometry to analyze
proteins in bladder cancer. A total of 57022 peptides, 54347 unique peptides and 6686 protein groups
were identi�ed in all proteins of NPM1 silencing drug resistant bladder cancer cells (FDR < 0.01) [14]. In
this study we analyzed these functional proteins from the previous study and focused on the proteins
that play a role in the signaling pathway. Among the 20 proteins with the most obvious difference in
signal transducer activity (Fold change 1.5), 6 proteins were associated with NF-κB signaling pathway.
Most of the functions of these proteins were positive regulation of NF-κB signaling pathway. NF-κB
signaling pathway was activated abnormally in many tumors, hence it is suspected to be involved in
malignant transformation of tissues, carcinoma cells invasion and metastasis [21]. Combined with the
results of our animal experiments, the low expression level of NPM1 may re�ect the acceleration of tumor
growth. Moreover, tumor deterioration mainly points to the abnormal changes of NF-κB signal pathway. It
has been reported that the abnormal activation of NF-κB signal pathway can accelerate the development
of tumors [22], and has an impact on the drug resistance of chemotherapy drugs [23]. The change of NF-
κB signaling pathway was consistent with the characteristic of bladder cancer that is easy to relapse and
drug resistance. In our previous study, we found that NPM1 has an increasing expression in drug-resistant
bladder cancer [13]. This result may indicate that NPM1 can protect gene stability in bladder cancer cells.
Under the attack of chemotherapy drugs, NPM1 with high expression can prevent genome damage [24].
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However, the low expression of NPM1 does not re�ect the improvement of tumor therapy. In gastric
cancer and breast cancer, NPM1 is associated with poor prognosis [25, 26]. In the researches of bladder
cancer, NPM1 can regulates c-Myc protein stability [27] to in�uence β-catenin/c-Myc signaling pathway
[28] and AFF4/NF-κB/Myc signaling pathway [29] increase the ability of cell migration and proliferation.
In this study, we discovered the relationship of NPM1 and NF-κB signaling pathway in the proteomic
study of bladder cancer. It was suggested that the low expression of NPM1 could re�ect the enhancement
of NF-κB signaling pathway and accelerate the development of tumor. NF-κB signaling pathway, as an
important tumor related signaling pathway, was able to accelerate tumor progression and change the
drug-resistant activity in a variety of non-urinary tumors [30]. It has also been reported that the blocking of
NF-kB signaling pathway can effectively alleviate the tumor [31], which may provide a new strategy for
the treatment of bladder cancer. These results indicated that NPM1 can provide important information for
the development of bladder cancer. Monitoring the expression of NPM1, which might be able to
effectively detect the malignant change of bladder.

Conclusions
Down-regulated expression of NPM1 could indicate the poor outcome of bladder cancer, which meant
that the tumor may be more malignant. Abnormal expression of NF-κB signaling pathway is an important
factor in the progression of bladder cancer. Monitoring the changes of NPM1 in time could effectively
adjust the treatment strategy of bladder cancer and treat bladder cancer.

Declarations
Ethics approval and consent to participate

All applicable international, national, and institutional guidelines for the care and use of animals were
followed.

All procedures performed in studies involving animals were in accordance with the ethical standards of
the Pecking University Ethics Committee. (Permit number: LA2017287) 

Consent for publish

Not applicable. 

Availability of data and materials

All data generated or analyzed during this study are included in this published article [and its
supplementary information �les]. 

Competing interests

The authors declare that they have no competing interests. 



Page 11/18

Funding

This work was supported by Beijing Natural Science Foundation and Beijing Municipal Administration of
Hospitals’ Ascent Plan (grant number: DFL20150701) and Enhancement Funding of Beijing Key
Laboratory of Urinary Cellular Molecular Diagnostics (grant number: 2019-JS02). The funder was the
corresponding author in our study. And these funding mainly supported the purchase of experimental
materials and animals. 

Authors' contributions

All authors participated in the design, interpretation of the studies and analysis of the data and review of
the manuscript; CL was a major contributor in writing the manuscript. TL analyzed and interpreted the
results of the experiments. MZ (the third author), QM and MZ (the corresponding author) put forward
ideas and assisted in the progress of experiments. All authors have read and approved the manuscript.
And all author have ensured that this is the case. 

Acknowledgments

Not applicable. 

Authors' information

Chenshuo Luo:

Institutional address: Clinical Laboratory Medicine, Peking University Ninth School of Clinical Medicine,
Beijing 100038, China

Postal address: 10 Tieyi Road, Haidian District, Beijing, 100038, China

Email address: 1017652575@qq.com

Mobile number: +8613126703855 

Ting Lei:

Institutional address: Clinical Laboratory Medicine, Beijing Shijitan Hospital, Capital Medical University,
Beijing 100038, China.

Postal address: 10 Tieyi Road, Haidian District, Beijing, 100038, China

Email address: lei-ting@126.com

Mobile number: +8618611300332 

Man Zhao:

mailto:1017652575@qq.com
mailto:lei-ting@126.com


Page 12/18

Institutional address: Clinical Laboratory Medicine, Beijing Shijitan Hospital, Capital Medical University,
Beijing 100038, China

Postal address: 10 Tieyi Road, Haidian District, Beijing, 100038, China

Email address: yuanyuanzhao07@163.com

Mobile number: +8613181799572

Qian Meng:

Institutional address: Clinical Laboratory Medicine, Beijing Shijitan Hospital, Capital Medical University,
Beijing 100038, China

Postal address: 10 Tieyi Road, Haidian District, Beijing, 100038, China

Email address: jingxuan324@163.com

Mobile number: +8613810981713 

Man Zhang: [corresponding author]

Institutional address: Clinical Laboratory Medicine, Peking University Ninth School of Clinical Medicine,
Beijing 100038, China

Beijing Shijitan Hospital, Capital Medical University, Beijing 100038, China

Beijing Key Laboratory of Urinary Cellular Molecular Diagnostics, Beijing 100038, China

Postal address: 10 Tieyi Road, Haidian District, Beijing, 100038, China

Email address: zhangman@bjsjth.cn

Mobile number: +8613801206112

References
1. Zheng RS, Sun KX, Zhang SW, Zeng HM, Zou XN, Chen R, et al. [Report of cancer epidemiology in

China, 2015]. Zhonghua zhong liu za zhi [Chinese journal of oncology]. 2019;41(1):19–28.

2. Kolawole OM, Lau WM, Mosta�d H, Khutoryanskiy VV. Advances in intravesical drug delivery
systems to treat bladder cancer. International journal of pharmaceutics. 2017;532(1):105–17.

3. Grayson M. Bladder cancer. Nature. 2017;551(7679):33.

4. Kim JY, Cho YE, Park JH. The Nucleolar Protein GLTSCR2 Is an Upstream Negative Regulator of the
Oncogenic Nucleophosmin-MYC Axis. Am J Pathol. 2015;185(7):2061–8.

mailto:yuanyuanzhao07@163.com
mailto:jingxuan324@163.com
mailto:zhangman@bjsjth.cn


Page 13/18

5. Liu Y, Zhang F, Zhang XF, Qi LS, Yang L, Guo H, et al. Expression of nucleophosmin/NPM1 correlates
with migration and invasiveness of colon cancer cells. Journal of biomedical science. 2012;19:53.

�. He J, Xiang Z, Xiao J, Xiao H, Liu L. [The poor chemotherapeutic e�cacy in lung adenocarcinoma
overexpressing c-Src and nucleophosmin/B23(NPM1)]. Xi bao yu fen zi mian yi xue za zhi = Chinese.
journal of cellular molecular immunology. 2016;32(10):1378–81.

7. Forghieri F, Riva G, Lagreca I, Barozzi P, Vallerini D, Morselli M, et al. Characterization and dynamics
of speci�c T cells against nucleophosmin-1 (NPM1)-mutated peptides in patients with NPM1-
mutated acute myeloid leukemia. Oncotarget. 2019;10(8):869–82.

�. Li S, Zhang X, Zhou Z, Huang Z, Liu L, Huang Z. Downregulation of nucleophosmin expression
inhibited proliferation and induced apoptosis in salivary gland adenoid cystic carcinoma. Journal of
oral pathology medicine: o�cial publication of the International Association of Oral Pathologists the
American Academy of Oral Pathology. 2017;46(3):175–81.

9. Heath EM, Chan SM, Minden MD, Murphy T, Shlush LI, Schimmer AD. Biological and clinical
consequences of NPM1 mutations in AML. Leukemia. 2017;31(4):798–807.

10. Chang S, Yim S, Park H. The cancer driver genes IDH1/2, JARID1C/ KDM5C, and UTX/ KDM6A:
crosstalk between histone demethylation and hypoxic reprogramming in cancer metabolism. Exp
Mol Med. 2019;51(6):66.

11. Yang X, Shi J, Zhang X, Zhang G, Zhang J, Yang S, et al. Biological and clinical in�uences of NPM1
in acute myeloid leukemia patients with DNMT3A mutations. Cancer management research.
2018;10:2489–97.

12. Meng Q, Lei T, Zhang M, Zhao J, Zhao XH, Zhang M. Identi�cation of proteins differentially
expressed in adriamycin-resistant (pumc-91/ADM) and parental (pumc-91) human bladder cancer
cell lines by proteome analysis. J Cancer Res Clin Oncol. 2013;139(3):509–19.

13. Hu H, Meng Q, Lei T, Zhang M. Nucleophosmin1 associated with drug resistance and recurrence of
bladder cancer. Clinical experimental medicine. 2015;15(3):361–9.

14. Luo C, Lei T, Zhao M, Meng Q, Zhang M. CD40 is Positively Correlated with the Expression of
Nucleophosmin in Cisplatin-Resistant Bladder Cancer. J Oncol. 2020;2020:3676751.

15. Biardeau X, Lam O, Ba V, Campeau L, Corcos J. Prospective evaluation of anxiety, pain, and
embarrassment associated with cystoscopy and urodynamic testing in clinical practice. Canadian
Urological Association journal = Journal de l'Association des urologues du Canada. 2017;11(3–
4):104–10.

1�. Raitanen MP, Leppilahti M, Tuhkanen K, Forssel T, Nylund P, Tammela T, et al. Routine follow-up
cystoscopy in detection of recurrence in patients being monitored for bladder cancer. Annales
chirurgiae et gynaecologiae. 2001;90(4):261–5.

17. Huang Z, Ma L, Huang C, Li Q, Nice EC. Proteomic pro�ling of human plasma for cancer biomarker
discovery. Proteomics. 2017;17(6).

1�. Box JK, Paquet N, Adams MN, Boucher D, Bolderson E, O'Byrne KJ, et al. Nucleophosmin: from
structure and function to disease development. BMC molecular biology. 2016;17(1):19.



Page 14/18

19. Coutinho-Camillo CM, Lourenco SV, Nishimoto IN, Kowalski LP, Soares FA. Nucleophosmin, p53, and
Ki-67 expression patterns on an oral squamous cell carcinoma tissue microarray. Human pathology.
2010;41(8):1079–86.

20. Handschuh L, Wojciechowski P, Kazmierczak M, Marcinkowska-Swojak M, Luczak M, Lewandowski
K, et al. NPM1 alternative transcripts are upregulated in acute myeloid and lymphoblastic leukemia
and their expression level affects patient outcome. Journal of translational medicine.
2018;16(1):232.

21. Taniguchi K, Karin M. NF-kappaB, in�ammation, immunity and cancer: coming of age. Nature
reviews Immunology. 2018;18(5):309–24.

22. Patel M, Horgan PG, McMillan DC, Edwards J. NF-kappaB pathways in the development and
progression of colorectal cancer. Translational research: the journal of laboratory clinical medicine.
2018;197:43–56.

23. Li Q, Yang G, Feng M, Zheng S, Cao Z, Qiu J, et al. NF-kappaB in pancreatic cancer: Its key role in
chemoresistance. Cancer letters. 2018;421:127–34.

24. Wang L, Chen B, Lin M, Cao Y, Chen Y, Chen X, et al. Decreased expression of nucleophosmin/B23
increases drug sensitivity of adriamycin-resistant Molt-4 leukemia cells through mdr-1 regulation and
Akt/mTOR signaling. Immunobiology. 2015;220(3):331–40.

25. Jian Y, Gao Z, Sun J, Shen Q, Feng F, Jing Y, et al. RNA aptamers interfering with nucleophosmin
oligomerization induce apoptosis of cancer cells. Oncogene. 2009;28(47):4201–11.

2�. Leal MF, Mazzotti TK, Calcagno DQ, Cirilo PD, Martinez MC, Demachki S, et al. Deregulated
expression of Nucleophosmin 1 in gastric cancer and its clinicopathological implications. BMC
Gastroenterol. 2014;14:9.

27. Bonetti P, Davoli T, Sironi C, Amati B, Pelicci PG, Colombo E. Nucleophosmin and its AML-associated
mutant regulate c-Myc turnover through Fbw7 gamma. J Cell Biol. 2008;182(1):19–26.

2�. Chen JB, Zhang M, Zhang XL, Cui Y, Liu PH, Hu J, et al. Glucocorticoid-Inducible Kinase 2 Promotes
Bladder Cancer Cell Proliferation, Migration and Invasion by Enhancing beta-catenin/c-Myc Signaling
Pathway. J Cancer. 2018;9(24):4774–82.

29. Cheng M, Sheng L, Gao Q, Xiong Q, Zhang H, Wu M, et al. The m(6)A methyltransferase METTL3
promotes bladder cancer progression via AFF4/NF-kappaB/MYC signaling network. Oncogene.
2019;38(19):3667–80.

30. Ambrosini G, Do C, Tycko B, Realubit RB, Karan C, Musi E, et al. Inhibition of NF-kappaB-Dependent
Signaling Enhances Sensitivity and Overcomes Resistance to BET Inhibition in Uveal Melanoma.
Cancer research. 2019;79(9):2415–25.

31. Durand JK, Baldwin AS. Targeting IKK and NF-kappaB for Therapy. Advances in protein chemistry
structural biology. 2017;107:77–115.

Figures



Page 15/18

Figure 1

The effect of NPM1 silencing and NPM1 overexpressing on cisplatin resistant bladder cancer cell
migration. With experimental times lasting (0-48 hours), the cell migration rate of NPM1 silencing
cisplatin resistant bladder cancer cells was higher than that of negative control and NPM1
overexpressing bladder cancer cells.
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Figure 2

The effect of NPM1 silencing and NPM1 overexpressing on the cell invasion of cisplatin resistant bladder
cancer cells. 48 hours after the experiment, NPM1 silencing cisplatin resistant bladder cancer cells were
more invasive than negative control cells.
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Figure 3

Tumorigenicity comparison between NPM1 silencing and the negative cotrol bladder cancer cells in nude
mice. 35 days after the experiment, nude mice injected with NPM1 silencing cells had more pronounced
tumor masses than the negative control nude mice.
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