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Abstract: [ Objective] To screen key genes associated with neuroblastoma (NB) diagnosis and prognosis using the
Gene Expression Omnibus (GEO) database, and to investigate the expression and clinical significance of nucleoporin 93
(NUP93) in NB tissues.[ Methods] NB gene chip data (GSE73517, GSE49710, GSE19274) were retrieved from the GEO
database. Differentially expressed genes (DEGs) commonly upregulated in high—risk groups were screened. The R2
database was then used to assess the prognostic value of DEGs that were commonly upregulated in the MYCN amplification
group. Finally, NUP93 expression levels in the tissues from 60 NB, 25 ganglioneuroblastoma (GNB) , and 26
ganglioneuroma (GN) cases were measured by immunohistochemistry . [ Results] Twenty—five DEGs were identified as

commonly upregulated in high—risk groups. Among these, 10 genes (SIVAI, NUP93, STIP1, LSM4, RAII4, MYOZ3,
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KNTCI1, TNFRSFIOB, TACC3 and CEP152) showed significantly higher expression in MYCN-amplified subgroups (P<
0.05). Survival analysis revealed that high NUP93 expression was associated with shorter overall survival (HR = 4.0, 95%

CI: 3.0,53, P =1.80 x 10 3*). Immunohistochemistry results revealed that NUP93 expression in NB tissues was

significantly higher than in GNB and GN tissues (P<<0.001). NUP93 expression was positively correlated with high
mitosis—karyorrhexis index (MKI; P=0.040) , poor differentiation (P<0.001), and MYCN expression (r‘s_ =0.793, P <
0.001). [Conclusions] High expression of NUP93 is associated with high MKI and poor differentiation, and predicts

unfavorable prognosis in patients with NB, suggesting it may promote tumor progression by regulating MYCN. NUP93 has

the potential to be a novel diagnostic biomarker and therapeutic target for NB.
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Table 1 NB-related microarray information in

GEO dataset
Platform Experiment High Low
GSE ID Sample Year
1D type risk  risk
GSE73517 GPL16876  array 105 56 40 2016

GSE49710 GPL16876  array 498 176 322 2014
GSE19274 GPL6102 array 100 80 20 2009
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A, B and C: Volcano Plots of the data sets GSE73517, GSE49710 and GSE19274. Blue color represents the downregulated genes (log2FC < -0.5, P

< 0.05) and red color represents the upregulated genes (log2FC > 0.5, P < 0.05) in NB tissues; D: Venn diagram of co—upregulated differential genes; E:

Venn diagram of co—downregulated differential genes.
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Fig.1 Screening of DEGs related to NB
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Fig.2 DEGs with high expression in the MYCN-
amplified groups of the 3 datasets
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Table 2 Overall survival analysis of key genes by R2

DEGs HR P

NUP93 4.0(3.0, 5.3) 1.80x10™
LSM4 4.0(3.1, 5.3) 3.64x107°
MY0Z3 2.0(1.7,2.3) 2.76x10™
SIVAI 42(3.2,55) 8.85x107
TACC3 2.9(2.3,3.6) 1.20x10™
CEPI52 22(1.8,2.6) 1.33x107
KNTCI 2.1(1.8, 2.6) 2.51x10™
RAI14 1.6 (1.3, 2.0) 4.79x10™
STIP1 2.4 (1.8, 3.1) 6.93x107™"
TNFRSFI0B 1.7 (1.5, 2.0) 1.53x107"?

HR: hazard ratio.
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Table 3 Expression levels of NUP93 in GN, GNB and NB

Expression of NUP93/n GN (n=26) GNB (n=25) NB (n=60) X P
High expression 0 1 37
Low expression 26 25 23 44.441 <0.001

with Pearson’s Chi-square test. GN: ganglioneuroma; GNB: ganglioneuroblastoma; NB: neuroblastoma.
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Fig. 3 Relationship between key genes expression levels and OS in patients with NB in R2 database
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NUP93 expression levels in NB were significantly higher than those in GN and GNB (200x).
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Fig. 4 The different expression of NUP93 detected by immunohistochemical staining in GN, GNB and NB tissues
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Table 4 Relationship between NUP93 expression and the clinicopathological characteristics of patients with NB

Clinical features Expression of NUP93 /n g »
High(n=39) Low(n=21)

Age of diagnosis/month 0.026 0.872
<18 month 41 25 16
>18 month 19 12 7

Gender 0.050 0.822
Male 35 22 13
Female 25 15 10

Degree of differentiation 18.261 <0.001
Well/moderately diff 23 6 17
Poorly diff 31 26 5
Unknown 6

MKI 5.732 0.040°
Low/Intermediate 43 22 21
High 11 10 1
Unknown 6

INSS stage 0.270 0.603
1,2,4s 44 26 18
3, 4 15 10 5
Unknown 1

MYCN amplification = 0.065"
Not amplified 31 17 14
Amplified 6 6 0
Unknown 23

Local lymph node metastasis 0.006 0.936
Yes 16 10 6
No 44 27 17

Distant metastases
Yes 16 10 6 0.006 0.936
No 44 27 17

* Chi-square test for continuity correction; * Fisher's exact test; others with Pearson’s Chi—square test. Unknown refers to the missing tissue

samples or tissue samples lacking clinical information; MKI: mitosis karyorrhexis index; INSS: International Neuroblastoma Risk Group Staging

System.
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*k

THC score of NUP93

Compared with well-differentiated and partially differentiated NB
tissues, NUP93 was highly expressed in poorly differentiated NB
tissues. The data  demonstrated normal  distribution and
homoscedasticity. One-way ANOVA was used (F=18.358, P < 0.001).
*P < 0.01; **P < 0.001.

5 NUP93ZEARE L2 A NB HLA R HRIAKTE
Fig. 5 Expression levels of NUP93 in neuroblastoma

tissues with different degrees of differentiation
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Well differentiated

&>

MYCN

Moderately differentiated

Poorly differentiated

Expression of NUP93 and MYCN in the same NB tissue (200x ). NUP93 and MYCN were lowly expressed in well-differentiated and moderately

differentiated NB tissues, but highly expressed in poorly differentiated NB tissues.

6 NUP93.MYCNZER 5L 72 EEHY NB B A A g 81 BY R IA
Fig. 6 Typical expressions of NUP93 and MYCN in NB tissues with different degrees of differentiation

15+

THC score of MYCN

THC score of NUP93

The data exhibited a non—normal distribution; therefore,
Spearman rank correlation analysis was employed to evaluate the

association between NUP93 and MYCN expression levels.

E7 NBREEHHAHNUPI3IRIZS MYCN RIEZRMBRXME

Fig.7 Correlation between NUP93 expression and
MYCN in patients with NB
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