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Abstract

Purpose: Glioma is one of the primary tumors that are difficult to treat in common nervous system
tumors, which is generally characterized by poor prognosis, high mortality, and easy recurrence.
Among them, the most common type of glioma is astrocytoma, which is also the purpose of this
study. At the current level of medical treatment, early diagnosis and rapid entry into standardized
diagnosis and treatment of gliomas are very important, but the current treatment status is still
not satisfactory. We found that a biomarker, microRNAs (miRNAs), has great potential in the di-
agnosis and prognosis of the above-mentioned diseases. Many recent studies have shown that it
has research value in the occurrence, development, and outcome of astrocytoma. Therefore, the
main purpose of this study is to explore the importance of miRNA disorder in the occurrence
and development of astrocytoma, and to use bioinformatics analysis to determine potential the-
rapeutic targets. Methods: Two microarray datasets for GSE138764 and GSE132052 were down-
loaded from the Gene Expression Omnibus (GEO) database and analyzed with software Rv3.6.2,
and KEGG Pathway Analysis. Results: The miRNAs implicated in astrocytoma were associated
with the following targets: cell adhesion molecule, RNA polymerase II, ubiquitin protein, cadhe-
rin, transcription coactivator, histone, hormone receptor binding, proteoglycans in cancer, cellu-
lar senescence, MAPK signaling pathway, PI3K-Akt signaling pathway, Hippo signaling pathway,
and mTOR signaling pathway. Next, we selected 10 miRNAs with the largest expression differenc-
es: miR-138-2-3p, miR-377-5p, miR-29b-2-5p, miR-517c¢-3p, miR-770-5p, miR-431-3p, miR-433,
miR-212-5p, miR-517a-3p, miR-490-3p, and found that they were related to tumor cell prolifera-
tion, migration, and invasion. Conclusion: These findings suggest that dysregulated miRNAs are
implicated in astrocytoma progression, and NUPL2, miR-517c-3p and miR-431-3p could be poten-
tial diagnosis biomarkers and therapeutic targets for astrocytoma.
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Table 1. Study design, sample size and related research results
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Table 2. Clinical characteristics of patients
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IDH 45 &
A 10 (30.30%)
LgacRitl 14 (42.42%)
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Figure 1. Principal component analysis; (A) Human samples: Astrocytoma samples were compared with non-tumor sam-
ples; (B) Mouse samples: Mice tumor samples were compared with normal tissues
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Figure 2. The heat maps display the expression pattern of differential expressed miRNAs. Blue represents low gene expres-
sion and red represents high gene expression; (A) The abscissa represents the 42 human samples, and the ordinate represents
the 307 differential miRNAs; (B) The abscissa represents the 7 mouse samples, and the ordinate represents the 179 differen-
tial miRNAs
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Figure 3. Correlation matrix within miRNAs cluster. (A) Astrocytic and non-tumor control miRNAs in non-tumor control
group; (B) Astrocytic and non-tumor control miRNAs in astrocytic group; (C) Mouse tumor and Mouse control differential
miRNA in Mouse control; (D) Mouse tumor and Mouse control differential miRNA in Mouse tumor. The color intensities
(scale in the side bar) and the numbers indicate the degree of pairwise correlation
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Figure 4. GO enrichment analysis of astrocytic-non-tumor control differential expression miRNAs. BP indicates biological
process, CC indicates cellular components, and MF indicates molecular function. The color indicates -log10 (p-value). Dot
sizes represent genes count. (A) Human samples; (B) Mouse samples
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[ 5. NUPL2 7£ LGG 1 GBM H#)E . {RFRIEH) Kaplan-Meier 77iE 1%k

FHAEZ IS pubmed F1 embase 5 SRR FE EAT AH G SCERES R R 32 )5, HERR oAt B 5T &4 A1 5C S e i I
FLH) mIRNA (W5 3), ik th H §1 € G B S = I ML 78 0 BE K, miR-517¢-3p. Jifiidk i miR-517¢-3p
(R SEFER] NUPL2 R 70 F 0 40 RGERIREM . BT A7 40T, VP4l NUPL2 3R IA 5 R T 2 5
REFW . Kaplan-Meier 27 I 2R W], RSN BB (LGG)H, 7K~ NUPL2 &35 1 A A7 S I 4
TARKT NUPL2 3%, (H7EZ M BRI (GBMYH, X — R R (LI 5). Tk, &ATE
T G BE IR 23 M R B G B AT IR /K P B A HE 3 TR NUPL2 B3 (R 9% DL AR AR T AR AL . — Se G BE AN IR

DOI: 10.12677/acm.2024.1451611 1738 I IR = =23t e


https://doi.org/10.12677/acm.2024.1451611

T 55

TEACTALT-5 NUPL2 FERI# LB ) e AR A7 2 B AR M, 35 GBM HR) B 4ilfd. CDS+T 4ifin. B
RRAIRS SOIRAHML: LGG ) B 40, CD8+T 4Hf. CDA+T ZHM. E MR, ik 40 i A S IR 40
fa (AL 6).

GBM

*%
b2l
b2

%

| il %éég Cithe Ll pde ﬁé&ﬁ Gopy Number

©

>

5]

|

= E3 Arm-level Deletion

£ B3 Diploid/Normal

= * * * * * * * * - E3 Arm-level Gain

& 154 % % * % % % E3 High Amplication
1.0

:

T

B Cell CD8+TCell CD4+TCell Macrophage  Neutrophil  Dendritic Cell

0.0

Figure 6. Association between NUPL2 copy numbers and immune cell infiltration levels in GBM and LGG cohorts
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4. ¥1ig

ST MR 2 A i LA 28 MR b Rg,  ELEAR B AN IR a7 SR A RN . SRT, miRNAs B
SalE T AT E, FEEHTIT G K UL miIRNA AR IGRTT 7. BT CA —5% miRNA #iFsi 5 2
TEAMURE A %, Han 58 K, miR-221 & Z I FUR s 33k, T miR-124 7[R 28 1 B TV 41 iR
HRFRIL . eAh, miR-137 MERIA 5 B T 4 s B I PRI HAG O¢, 1 miR-181b [P{KFRIA B miR-21 )
BRI S RN B AR AR . Ik, RG T B AR 0 miRNAS S5 1 1 fil e
ATHE B A0 Mg i E B B .

TEIXIUREFL A, AT A TSR IO 20 A T 2 T 40 fdig 2 R B b 1 miRNAs. bk, 841
AT T GO Al KEGG @ #% /#1, AR 22 531K 1) miRNAs 752 T 41 M8 i Lk H s e /e . 45
FHOR, Z5AM miRNAs B LAy i an e i 2B K. 658 . R AR ZE, ©AS B mR R LK
=D K.

BATVE AL 7. RNA BEEE I, HERA. ZREA. SAEA. Bsas R ragE2
WRIIEE G 1E GO /M P B IR  IX U 22 57 3R 1) miRNA AT BEIE I 1717 F ki ok A 5 g (1) 2E
Ko B85 TR AURZE[11] [16]. ForP4n MRS 47 0 R 72 5 R BB A DIAR G . H AT B8 T S REIE
Sz, FEfkbFE 23T neuroligin-3 (NLGNQ)ifiid PIBK-mTOR A2 42 7 i 5 4H A i 4 [12] . 117 RNA B &
U PRV AN A P8 0 e 2 S RD B 5, [0 b 2 i o i R 4 R R P e 4278 R IR P O B 5) . BT
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TR, =RIEN) Egr-1 A Re AL & 07 NS S5 IR IEIEsh 25 R R 31 1L T RNA RS 11
(RS EE, TS50 717 v 2 i) e o 9 200 . v 1 s J 4 905 1 Ao 4 8 7 TR 13 3k [ 12] o 2R 1 AR AR 4l
FAZH R B 5, JFE D DNA BSR4, R p REHEE/ER, BRMAmARHAED S
ki #2l KAT6A 7] LLEE Ei PIBK/AKT {5 5 DAME gt g5 [13]. iz REH T, E3 ZREHIER
Bt 2 7EJ 53 988w (1) S A R 38 5 T R 4 M G R O KB A0 [ 14, FRATHED, R A miRNA AT B8 1
Pz 2 EE R S TR A B A T, AT S o e e 40 B 3 B . [RIRE A 2 R, 2 R R E3C
TE R 03 98 20 M FH 2H 23 it FE Rk, 38 N4 M2 A2 AR 28 [15], tHAIESE T ax —HEM . F5kG 8 A& —FhFloi
kA, Ca i amiurE MR, HIMREMRIASER RS MR MITR AR 2E6E 5. IR, #&
Fyn FHOCIAE L Bk, R DA I N-F5 K5 2 A 8 K-, AT 57 i o 8 240 i P 4 28 A A% [ 16]
B ST AR RS TR S R B M RE (O OB M S SC ER (17 BeAh, FEZEER. MR . HURIRBE AL B AR
B TR B R S AR AE R T 4l M G 5 . 1T A AR 28 0 T 1R EE (18] [19] [20] [21].

KEGG g &, 254K miRNAs 25 T AFRIESH3%E, OEED 2. MAPK
H555Fi1&%. mTOR & 5 S@AM hippo 55 F&E. WA KA, TATHEN Fikigg s
JEAIMI TR . TS, RABA K. H 2R T MR GRS I LE IR 40 P h 3K B 2 R BUs i A1 [22] [23] .
MiRNA-499a J# i 1] MAPK {5 5 8 B (e ZE 40 AR T, [ B 40 i) i o JRg 24 e 3 5 [24] - #00 Hippo 145
AR OE R T YAPITAZ S0 i 5 BRI 98 4= K [25]. miIRNA-451 il i $E5 mTOR 384241 i Ji i Jd 48
M3 FE AR 28 [26]. BEAh, FRATAIN PIBK-AKt 8 52 /N AR AT H miIRNAs % . EikiE, REENA
KAMZ 2852 PIBK/AKT il 112 [27]

T FELFHL T f#E miRNAs 762 AN I E A, FRATE S T 10 /NRIA 2 R 5 K miRNAS,
W R H A 8 4~ miIRNA #B AT i@ A 4n s s . M1, RZERMLHEE AN R (It e . s 2 IR
988 TF bR R B 2B A miR-770-5p. miR-433 A miR-212-5p % miRNA F#fe[28] [29] [30].
miR-433 ¥#i& MAPK {5 5, i ¥ ) Rapla #If FLARE AN IR AE K [28]. fEME RS H, miR-433 1F
M4 A%9% FF R IE[29]. BEAh, miR-433-3p iiT4E CREB #if| 40K [30]. EFLIES, miR-770-5p
(Rt 2 8 U T AKT A ERK i 48 g 4= 28 Fiz 2h[31] . miR-770-5p 8 it #E [ b PR w B 1 ) TRIAPL
W R AP T2[32] o 75 SUVERE R 1 s R AN fL R, miR-212-5p @ik #E [ FZD5 T R AN 1 4 a3
FEAHT-[33]. miR-212-5p il ¥ Ptgs2 [34]52 i HTk B & e T I R4 . thAh, miR-212-5p i@ id #E
] TBX15 [35]4H B 325 W 2 o Jee 40 i . 324> A1k, miR-770-5p Al miR-212-5p 7F £ 7 4 i & v i 46 F i R
DUARTE o FRATTHEN & A DB YT b3 AL ) B RO AR a3 S T 4 MR () g

HAERE ML, miR-517c-3p Al miR-431-3p AR IRIE SR A . FEARDFFLH, BAIE TiX
P MiRNAs (R o 53 /M A AA A R B, 7K 1) NUPL2 04 5 B T 48 e S5 (A R TS Al
Ko XTI 77— N EETT T2 NUPL2 5A[F 1) SRl KA G . NUPL2 75 5 % 4H s H (1 1 H
BARIIRIE, HIEWIR ARG F, NUPL2 AT G825 s 3 Emm 00 105 10—/ A BRI R L [36]
Ubah, A IEEER T, BATHEE T NUPL2 52 M G 4K F 2 [ i AH G M . B NUPL2 1)
S P O ) e s e PR IR I T2 B ) T e AN PR v S E R T O A
5. &g

PEPATHTRN, X2 B YO B T A0 miRNAs £ 2 3ET RGN EDE B2, TRATHISE R,
KU miIRNAs 5 BTEM IR In KRR TR, JF25 B AMEanig . TR AR RN . EE
RS, $EEEK NUPL2, 1 miR-431-3p TR SCH 2K 40 MR 1E FS Wi AE D hn EMFEITHE AL 2R
MM, 27 fif miRNAS 725 T2 40 e i /R B 5 I W2 AL L 7 24— 2D I AL
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Table S1. Enrichment analysis of differentially expressed miRNAs in astrocytes and non-tumor controls by KEGG pathway
%ospl.li)EGG 188 B X 2 72 4R B Fn B X BR 2 57 R3& miRNAs BUE & 53 #1(TOP15)

ID Description GeneRatio  BgRatio pvalue p.adjust gvalue  Count
hsa05205 Proteoglycans in cancer 179/5024  204/8018 4.49E-16 1.45E-13 7.81E-14 179
hsa04218 Cellular senescence 141/5024 160/8018 2.95E-13 4.76E-11  2.56E-11 141
hsa04010 MAPK signaling pathway 239/5024  295/8018 2.60E-12 2.79E-10 1.50E-10 239
hsa04550 ﬁ:Sﬂzg?gngstg}"’;)e’;rigngaﬁ”9 125/5024  142/8018 8.16E-12 659E-10 354E-10 125
hsa04390 Hippo signaling pathway 136/5024 157/8018 1.46E-11 8.60E-10 4.62E-10 136
hsa01521 ifiit'zngosme kinase INhIDIOT 755054 70/8018  1.60E-11 8.60E-10 4.62E-10 75
hsa05225 Hepatocellular carcinoma 144/5024  168/8018 2.11E-11 9.75E-10 5.24E-10 144
hsa05131  Shigellosis 194/5024  236/8018 2.58E-11 1.04E-09 5.60E-10 194
hsa05166 ::}‘g?i’;g'ce” leukemiavirus 1 1g1/5024  210/8018 4.89E-11 1.76E-09 9.44E-10 181
hsa05220 Chronic myeloid leukemia 72/5024 76/8018 5.65E-11 1.82E-09 9.81E-10 72
hsa05211 Renal cell carcinoma 66/5024 69/8018 1.02E-10 2.88E-09  1.55E—09 66
hsa04150 mTOR signaling pathway 133/5024  155/8018 1.07E-10 2.88E-09 1.55E-09 133
hsa04110 Cell cycle 109/5024 124/8018 2.25E-10 5.58E-09  3.00E-09 109

hsa04120 Ubiquitin mediated proteolysis 118/5024  136/8018 2.68E-10 6.18E-09 3.32E-09 118

AGE-RAGE signaling pathway

hsa04933 ) diabetic complications

90/5024 100/8018 4.87E-10 1.00E-08  5.38E-09 90
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Table S2. Enrichment analysis of miRNAs differentially expressed by KEGG pathway in mouse tumor and mouse control

;osz.li)EGG 188 BE et/ B BB AN BR 3 BB E R FRIE miRNAs B E & 43 #(TOP15)

ID Description GeneRatio  BgRatio pvalue p.adjust gvalue  Count
mmu05168 Herpes simplex virus 1 infection  72/764 437/8743 6.65E-08 2.06E-05 1.36E—05 72
mmu05161 Hepatitis B 35/764 162/8743 3.49E-07 5.41E-05 3.56E-05 35
mmu05215 Prostate cancer 241764 99/8743 2.95E-06  0.000305  0.000201 24
mmu04371 Apelin signaling pathway 29/764 137/8743 5.41E-06  0.000408 0.000269 29
mmu04211 Longevity regulating pathway 22/764 90/8743 6.58E-06  0.000408 0.000269 22
mmu04151 PI3K-Akt signhaling pathway 56/764 355/8743 8.08E—06  0.000417 0.000275 56
mmu04068 FoxO signaling pathway 271764 131/8743 1.90E-05  0.000788 0.000519 27
mmu04931 Insulin resistance 24/764 110/8743 2.03E-05 0.000788  0.000519 24
mmu04152 AMPK signaling pathway 26/764 126/8743 2.64E-05  0.000908  0.000598 26
mmu04380 Osteoclast differentiation 26/764 128/8743 3.51E-05 0.00109 0.000718 26
mmu05145 Toxoplasmosis 23/764 108/8743 4.52E-05 0.00128 0.00084 23
mmu04150 mTOR signaling pathway 29/764 156/8743 7.09E-05 0.00183 0.00121 29
mMu04620 ggtlrlwlvlzl;; receptor signaling 21/764  99/8743 0.000102  0.00243 00016 21
mmu05210 Colorectal cancer 19/764 88/8743  0.000169 0.00348 0.00229 19
MMU05235 Ericlitgmrg:fmaﬁ POl lome4  88/87T43 0000169 000348 000229 19
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