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[Abstract] Objective To observe the clinical significance of miR-135b-5p in oral squamous cell carcinoma (OSCC)

tissues and to conduct a bioinformatics analysis of its predicted target genes. Methods The expression levels of miR-
135b-5p in OSCC tissues and adjacent normal tissues were compared using data from TCGA and GEO databases, and
the correlations of miR -135b-5p expression level with clinicopathologic characteristics were analyzed. Fresh tissues
were collected in the clinic, and the expression of miR-135b-5p was verified by quantitative real-time PCR. The target
genes with enriched pathways were analyzed by using bioinformatics methods. A protein-protein interaction network was
constructed to screen hub genes. Results The expression levels of miR-135b-5p were significantly upregulated in OS-
CC tissues compared to adjacent normal tissues (P < 0.001) and had a good diagnostic capability (AUC = 0.960, P <
0.001). The expression level of miR-135hb-5p was positively correlated with histopathological grading (P = 0.011). En-

richment analyses revealed that the target genes of miR-135b-5p were significantly associated with tumor-related signal-
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ing pathways, such as the calcium signaling pathway, the cGMP-PKG signaling pathway and the cAMP signaling path-
way. Ten core target genes were obtained by screening: DLG2, ANK3, ERBB4, SCN2B, NBEA, GABRB2, ATP2B2, SN-
TA1, CACNAILD, and SPTBN4. Conclusion miR-135b-5p may act as an oncogene miRNA in OSCC and has the po-

tential value of acting as a diagnostic biomarker and therapeutic target for OSCC.
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FIFEFR . miR-135b-5p 7E AR L B 4h B
W 9 > A R M h SR R 3R 38 L {H miR-135b-5p
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1.2.1 A FRHE PE b miR-135b-5p £k 407 TC-
GA .GEO ‘B M T % 0SCC 41 41 K Ji 557 4 41 miR-
135b-5p Jit 1f 2R 35 Bl | br AL b B85 47 25 7
Bro FF miR-135b-5p FRiIAF B 5ImIKRME EA I, H
T a2 RAR 30T o () R 15 5 edgeR 7
e TCGA T £ i mRNA 235 1% v i 22 57 R K 11
mRNA

1.2.2 B 2H b miR-135b-5p £k 041 KA
Biospin miRNA Extraction Kit ) U B 58 g 2
H miRNA 2 5, 9] 5 0D260/280 {H 7F 1.8 ~2.0 Z
[a] o {3 A miRNA ALL-IN-One ¢DNA Synthesis Kit et
A miRNA S SE R cDNA L, LLU6 NS (K 1), il
H EvaGreen miRNA qPCR Master Mix-Low ROX a5
BT SISO R B A S 2R (quantitative
Real-Time PCR, qRT-PCR) . ¥ 3 S N 2 R UNF -
AR P 95 °C 10 min, 1 PNEIF; 2814 95 °C 10 s, iR
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K 24214 miR-135b-5p 78 OSCC 20 23w i A X
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F 1 miR-135b-5p M SR 905 1 PCR 484 51 9751
Table 1~ Primer sequence of miR-135b-5p qRT-PCR

amplification
Gene Primer Primer Sequence
U6 Forward CTCGCTTCGGCAGCACA
ue Reverse AACGCTTCACGAATTTGCGT
miR-135b-5p Forward TATGGCTTTTCATTCCTATGTGA
miR-135b-5p Reverse TCCTGCTCGCTGGAGTCG
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SAAGIEE L
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REETESFHN, ERBEA5%ITFE X (P <

0.001). VLI 1,

=)
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Data were obtained from (a) TCGA database, (b) GEO database and (c¢) qRT-PCR result of fresh tissues. miR-135b-5p was highly expressed

in oral squamous cell carcinoma compared with paracancerous normal tissues

Figure 1 miR-135b-5p is frequently increased in oral squamous cell carcinoma cancer tissues

B 1 miR-135b-5p £ F & SR A0 i i 2 2 v v 3256

2.2 miR-135b-5p & A K-F 56 R X &

TCGA H T 2k 5 0SCC # 5 i miR-135b-5p %
IR B S H 8 B I R B RE (222 1)) , 7 A 9 2R
miR-135b-5p & ik 7K - 5 o988 41 21955 34 53 ZAH ¢
(P=0.011) (B 54FE# P50 6 R 5 191 9k 1 45
BAE LA (P > 0.05) (£2) . miR-135b-5p Xt
OSCC H. A # I i i B 12 W 24 B (AUC = 0.960,
P <0.001)(&2),
2.3 miR-135b-5p ¥e 4k B F & 7 58 57

3 AR TR ) 3 PR B 533 R 804 .83 537,
AT 7 9 A5 0 2 R ) 5 4R (3503 ) (
3)o N TR EAEYE By Al SE b,
5 TCGA F #8407 H 11925 5 mRNA B4 | I 240
e 5 miR-135b-5p 3 35 A 5 0 ¥ 3E [H 4L 60 4~
X 60 AN H0 KL K HEA T KEGG 38 B% & S0P 9T, = S 4

HLE 5 IR AR DG Y 85 B {5 18 % . cGMP-PKG 15
IR cAMP {5 Sl i (36 3) (P < 0.05)
2.4 miR-135b-5p % 4k e L F 5 ik

AT E A 60 A TR FE L A, HAT 35 8
i 08 B FE L A PPI g 2% 9 6 75 3] 10 4> SC HEHE
FER (K 4) , 5350 0 K IR IE Y 2 (discs-large homolog
2,DLG2) S EHELE T3 (ankyrin repeat 3,
ANK3) | Erb-B2 32 A 1% & IR i i 4 (Exb-B2receptor
tyrosine kinase 4, ERBB4) \ 1 & [ 4 gy 2 i A
beta M. B/ (sodium channel voltage-gated type II be-
ta, SCN2B) . & [ 4 i 4% € & ™ (neurobeachin,
NBEA) . y-2 3 T iR B2 . 3 (y-aminobutyric acid
neurotransmitter receptor (32 subunit gene, GA-
BRB2) . Jii i 45 ATP i 55 #4 /& 2 (plasma membrane
calcium ATPase 2, ATP2B2) .a- H. 374K [ ( o-syntro-



+ 30 - Journal of Prevention and Treatment for Stomatological Diseases, Jan. 2022, Vol.30 No.l

b

AiR&EMKEAE 202F 18 $£30%5 F1H

http://www.kqjbfz.com

%2 miR-135b-5p 335 55 I PRI BIAH Sk

Table 2 miR-135b-5p expression associated with clinical

pathological characteristics

phin, SNTAT) | 5 F JE ] 44 388 1 3V 5437 o 1D (calci-
um voltage - gated channel subunit alphal D, CAC-
NAID) . Ifil 5 & 1 B AE L 40 fifl 4 (spectrin beta non-

miR-135b-5p expression

erythrocytic 4,SPTBN4) .

Clinicopathological factor Case » P
High Low
Agelyear . A
<60 55 S 3W ik
> 60 56 55 e OSCCHIRERIER—NDZH B Z LR £
Gender S 2 I 2 R . miRNA RIK SRR
Male “ 3 M7 0020 0.887 TE R B & AR R e T R T AR IR ANESE
Female 37 38 5 . N N N | AR
e i RNA 5 AT A 1 24 M 21 2
1+ 28 25 33 rﬂfﬁﬁ%fﬁ%ﬁﬂ@%%o mlR‘135b'fjﬂ: 1 %Q&@M&
0.223 0.637 . . S .
T +1V 83 86 9 |, miR-135b-5p Fl miR-135b-3p M Fh 55 1) i 24
Histopathological grading Mﬂ” . miR-135b /ﬁ‘:‘ ﬂgﬂﬁfﬁﬁ I, TE 22 Fh iyeg v
G1+G2 82 97 179 e NV
. - y  6:490 0011 YA & B ROME A 1 R e A A e AT
N A 2 N t ‘R _ Ve
Lymph node status I 52 U i 25, 40 2 = 2R 3K A9 miR-135b-5p Al 38 i) 41
NO 51 49 00 6] NR3C2 e i#E [ i 988 40 i 1) 12 4% A= 28 A L B2 1]
NI+N2+N3 60 62 2 i L (AR 1 N =R ) OR  wes voAs o U E N T
100%
80% The area under the receiver operating characteristic curve was 0.960. When
) the cut-off value was 0.89, the sensitivity was 100%, and the specificity was
E 60% 7 83.33%. Thus, this marker has high diagnostic efficacy for oral squamous
E) 40% cell carcinoma, AUC: area under curve
< AUC=0.960 9 Q g 2_nQ Q
P <0001 Figure 2 Receiver operating characteristic curve of miR-135b-5p
20% - Sensitivity=100% . . . q
Specificity=83.33% in the diagnosis of oral squamous cell carcinoma
v Cut-off value=0.89 N S 52
0% B2 miR-135h-5p U5 IR BRR A0 LR A0 32003 T i 2

0%

miRDB

251 ] miR-135b Ay 2235 RE % 1 1 25 X g s 4
PR HE B, B vy S8 T TRV M ) SRR AR
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1-Specificity

miR-135b-5p

£

Target Scan

100%
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The target genes of miR-135b-5p were predicted by the miRDB, miRTAR
Base and Target Scan databases, and 503 target genes were obtained by in-
tersecting each pair of databases

Figure 3 Venn diagram of predicted target genes of miR-135b-5p
B3  miR-135b-5p {4 Tl 5 % H 5 R

H i miR-135b-5p 7£ OSCC H Y 22 3515 B AT 17
AL AT, 51 S 56 45 5 7R miR-
135b 7£ OSCC H AR 38 5 10 53 A W 58 1k B miR -
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£3  miR-135b-5p $EIL P KEGG 1553 J& 35 Mk 55 42 40 B 4%
Table 3 Significantly enriched KEGG pathways of target genes of miR-135b-5p

1D Description P Target gene 1D

hsa05032 Morphine addiction <0.001 PDE1C/GNG7/PDE3B/GABRB2/PDE7B
hsa04020 Calcium signaling pathway < 0.001 ATP2B3/PDE1C/ERBB4/CACNA1D/ATP2B2
hsa04726 Serotonergic synapse <0.001 GNG7/SLC6A4/GABRB2/CACNA1D
hsa04723 Retrograde endocannabinoid signaling <0.001 GNG7/RIMS1/GABRB2/CACNA1D
hsa04924 Renin secretion 0.001 PDE1C/PDE3B/CACNA1D

hsa04022 c¢GMP-PKG signaling pathway 0.001 ATP2B3/PDE3B/CACNA1D/ATP2B2
hsa04727 GABAergic synapse 0.002 GNG7/GABRB2/CACNA1D

hsa04925 Aldosterone synthesis and secretion 0.003 ATP2B3/CACNA1D/ATP2B2

hsa04024 cAMP signaling pathway 0.004 ATP2B3/PDE3B/CACNA1D/ATP2B2
hsa04724 Glutamatergic synapse 0.005 GRIK3/GNG7/CACNA1D

KEGG: Kyoto Encyclopedia of Genes and Genomes; PDE1C: phosphodiesterase 1C; GNG7: guaninenucleotide-binding protein y7; PDE3B: phosphodies-

terase 3B; GABRB2: y-aminobutyric acid neurotransmitter receptor 32 subunit gene; PDE7B: phosphodiesterase 7B; ATP2B3: plasma membrane calci-

um ATPase 3; ERBB4: erb-B2receptor tyrosine kinase 4; CACNA1D: calcium voltage-gated channel subunit alphal D; ATP2B2: plasma membrane calci-

um ATPase 2; SLC6A4: solute carrier family 6 member 4; RIMSI: rab-interacting molecules 1

UTRN
o RIMS1
DTNA e
—
SNTA1
\ SLCeA4

SCN2B / CACNA1D

AN

GABRB2

SPTBN4
ATP2B3 GNG7.

/

GRIK3

REHE] ATP2B2

SHISAB

PRLR / \

DCLK1 CTTNBP2

Ten hub genes were screened by Cytoscape software: the darker the color, the
more important the function in the interaction. DLG2: discs-large homolog 2;
ANK3: ankyrin repeat 3; ERBB4: erb-B2receptor tyrosine kinase 4; SCN2B:
sodium channel voltage-gated type Il beta; NBEA: neurobeachin; GABRB2: +y-
aminobutyric acid neurotransmitter receptor B2 subunit gene; ATP2B2: plas-
ma membrane calcium ATPase 2; SNTA1: a-syntrophin; CACNAILD: calcium
voltage-gated channel subunit alphal D; SPTBN4: spectrin beta non-erythro-
cytic 4; UTRN: background Utrophin; DTNA: dystrobrevin-o; RIMS1: rab-in-
teracting molecules 1; SLC6A4: solute carrier family 6 member 4; ATP2B3:
plasma membrane calcium ATPase 3; GNG7: guaninenucleotide - binding pro-
tein y-7; KCNB1: voltage - gated potassium channel sub-family B member 1;
GRIK3: glutamate ionotropic receptor Kainate type subunit 3; PGR: epithelial
progesterone receptor; SHISA6: shisa family member 6; PRLR: prolact inrecep-
tor; DCLK1: doublecortin-like kinasel; CTTNBP2: cortactin binding protein 2

Figure 4 Hub genes of protein-protein interaction network

B4 HEEEARRZE RGN
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miR-135b-5p 7£ OSCC H R IR N O, A58 1 Se 5
T TCGA . GEO B4 2 KA L 53-Fr T 0SCC 4
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A OSCC 2H 21 v miR-135b-5p 61k 55 3 7» 90 HH
K AR AL AR BE 28 3 ZH 20 miR-135b-5p R ik i
Frih e, 2R A G4E L. Kademani
SR R TR — UL R S, R AT R R
1K 44% , 41 23~ 55 % W0 AR A7 SR o Sz R &

IR WIS Ak B 4 i el T 6k = BE SR 07, A 1R
i A 2B A2, Bl A0 A O3 T AR B Y AR, Ak L 4
MRS ™ NI W, AR e W
bR P9 19 miR-135b-5p Y = R IB AT REHUR & A B
i o

miRNAs J2 5% 53¢ Ji 7K P18 458 5L PR 3R Ak 1) S5 o
. KEGG & £ 73 M 45 2R 7, miR-135b-5p 119 il
38 5 DAL v s AR A 5 g % U0 AH DG 1Y 3 A4 3 %
o 45 85 7 cGMP-PKG . cAMP {5 5 i . X 263l
PEAR R S R R A Al T R 2B VR EAY)
AT N B VM OGS Sl g X S ETIR A OC
T miR-135b-5p 5 M Z F b 88 20 M A B AE 4 747
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R N 2 ) SE BT 45 Ve A — 30 . LR A A
Y 2%, B 3k 10 > 8 2 p rh AKX 2R - DLG2.,
ANK3 . ERBB4 ., SCN2B . NBEA . GABRB2 , ATP2B2 .
SNTA1, CACNAID. SPTBN4, H: # CACNAID i
ATP2B2 ¥ 25T LR 3 iE A G i . FLIRE
t miR-135b {K 235 , ATP2B2 &5 % ik , ATP2B2 i /b
VR A R P A T T A T X
5 WA ATP2B2 2 5 I8 422 4 2 -3 [ 1) 45
R—5, CACNAID 7€ & 9 i v SRR 81
I 1) i 98 PP APE 2% 3K A CANCALD #2755 B A 0
FREE T & IR ZB MR A U IR T R
M o ARSI S AR W AE B 2R AT, 15 B Y miR-
135b-5p 114 K B #1135 DR K A3 i A S 178 L 1] 80 42 19 £
538 %, I SEHLEI T TR B T 1) o
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