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The role of circ-SCN9A in the pathogenesis of diabetic peripheral neuropathic pain and its
clinical value *

LIU Lei, XI Peng, LI Wen-Ju, LEI Shu-Yu, LI Yi-Mei *

(Department of Pain Medicine, The First Affiliated Hospital of Xinjiang Medical University, Urumqi 830011,
China)

Abstract Objective: To investigate the relationship and possible molecular mechanism of circular RNA (cir-
cRNA) derived from the gene of sodium voltage-gated channel o subunit 9 (SCN9A) with diabetic peripheral
neuropathic pain (DPNP). Methods: Firstly, the expression profile of SCN9A-derived circRNAs in serum of
DPNP patients was detected. Then, the cytological localization of screened differential circRNAs was studied.
The microRNA (miRNA) spong capacity of the circRNAs was detected by luciferase (LUC) reporter assay, and
the diagnostic value of circRNAs in DPNP was evaluated by receiver operator characteristic curve (ROC curve)
model. Bioinformatics analysis was used to construct the functional pathway of circRNAs in DPNP and the mo-
lecular biological mechanism was also verified. Results: SCN9A derived hsa circ 0117953 (circ-SCN9A) is
significantly highly expressed in DPNP serum, and mainly located in the cytoplasm within the cell, regulating the
expression of multiple miRNAs (miR-661, miR-1324, miR-877-3p, miR-1256, miR-153-3p, miR-1264) through
the miRNA sponge mechanism. Circ-SCN9A had good diagnostic value in DPNP and was related to the levels
of pain. Molecular mechanism study revealed multiple miRNAs that circ-SCN9A regulated mainly play a role
in the serotonergic synapse pathway. Among them, circ-SCN9A can regulate the potassium inwardly rectifying
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channel subfamily J member 6 (KCNJ6) gene expression by sponging the miR-1256. Conclusion: SCN9A de-

rived circ-SCN9A involved in DPNP development by Serotonergic synapse pathways and can be used as poten-

tial biological indicator in clinical diagnosis of DPNP.

Key words Neuropathic pain; Diabetic peripheral neuropathic pain; Circular RNA; microRNA; Sodium volt-

age-gated channel alpha subunit 9

T 2295 PR Y9 (neuropathic pain, NP) J2& H 4K
PTG 11 22 28 B8 45493 B0 97 T L 366 T P
T2 A3y ] L4 2 A A O R r K e 2 A 9K
g Mo O B R A 22 7 BE M U (diabetic pe-
ripheral neuropathic pain, DPNP) & $i§ F b iR 95 5l b
PRI HI H73 A2 5 5500 ) Bl b 28 B 2 e E I
DPNP /)R A FBRETr i, OO A i e 1) [ 2
Ml — o ARWFIEEC) T3 — 20 B DPNP [
P FHR TR S Wibsic . SR 5E1E o
AL 9 (sodium voltage-gated channel alpha subunit 9,
SCNO9A) K Zmid )& [ (Nav 1.7) Z 54 psliph 240
H R e A2 A% Y, 1%L R 28 A8 W] DL S 3 £ DA
PN MR e /N RNA (microRNA, miRNA)
AL I PR 4 A ) mRNA [ 2232 Sk ) 1 25 1 5
FIEH . 640, miR-30b AT i i f£ 1K SCNIA 2 [A]
mRNA 1335 R AMH] Nav 1.7 5 A8, M B
NP 5256 K B2 (7™ F AR,

TEFER B, PRIk RNA (circular RNA,
circRNA) it Z Z P K AR “poly (A) B” , &
o R R g (A B ROR AL A T, AT g & R
miRNA, L IhEE, K4 miRNA“H 47 I7ER 7.
NEME RGP FE K circRNA A8 2 gz
Wl T ANE IR R G0 B BHT E FUAIE 2 circRNA
AL JE I P YR T miRNA U4 LIS 5 2 R
WA DO N, cireRNA 9119 AJ LA i W8 by
miR-26a Yok % AT P 1 FA 8 B Tk ORI AL 14 o i ik
B ", circAnksla X miR-324-3p F W B o] $2 5 15
FAARLE T I LA PR AR 0 15 5| L i AR R 1
DPNP J55 A LI circHIPK3 7KV 2.2 v T B AR,
P cireHIPK 3 WU m] g4 4 PR 73 K B FF) NP 2 14,

T circRNA 0 F 28 HIRRGEW, IES %
RNA SN, WS RgREFEERHLA—
SE [ P R R S M, IR AH 15 cireRNAs A B K
TIPSR S WibR £ ASHIF FUAE T 1
TR AEYE BT R I SCNOA JE R [X 38 7T LA
AR ZA cireRNA 45, B ERIER T T B4/
DPNP H (14 R A R B o 383 40L& 1 R R A
NG BT RSy F AR S 2 MR T B
X HAE DPNP KA H (138 22 2 i 8 AT B4 R L

HIHEAT YT, DOYHESDZW I R BRI
IS

1 BEARAE

W4 2017 4 1 H % 2019 4E 12 A R ABHIG
K112 Wi~ DPNP HI A

PINFRAE:  EHIESIAT 7 R S LA
FEIKILRE s 7 G OB R 1 J) Bl o 22 BE M9 T 12
JT LRI MizWibadE;  (ID Pain) ¥F4r > 2 43
g = 18 % IRETVF/MZ (numerical rating scale,
NRS) i¥-55 = 4 43, 4~6 7 AT KR, 740 E
R JEPN; AR PE4312 (visual analogue scale,
VAS) W AE 6~10 70 EIATERE, W LL3EAT IE
VRN IR 5 V5 IA s o R 55 H Ay ™ 2 KA 1 5

HEBRPRAME: 6 <18 2 NRS <4 7p; Qg
JRIAR S s ARG FH L R s Y i
8y HEDIReARE

FEi 4k DPNP Ji A 60 B (5540 %& 30 #i) , L
T BV EIER Y (70.8£5.3) %, PN AE (6.1 £0.6)
H, WP ER N (723+42) B, P ¥R R
(6.510.5) . WCERARE G NP SEIRI 2 BUFE FR 7 Tk
N 6041, 53041, PR (66.3+4.5) % L3041,
SPEJAFERE (69.013.2) & AR B BN RS A B
AR B S PR ANRE, 5 A 30 4, Bk
PR (67.613.4) %, LHEFIIFRE (70.014.5)
%o RUFCTAE N A SRR SRS TN
O [R) BN A AT R AR B 2 51 2 (PR AT I B

2. FERGI S48

A RNA #2505 Fi71) TRIzol LS Reagent (In-
vitrogen, Karlsruhe, Germany); EDTA ¥ % K Il & X
sk (BK, HA) ;5 circRNA &P THS R4
W2 (GAPDH) 514 (ET., L) ; HJE circRNA
it % ik % A i 7 & pHB-circBasic™ circular RNA
cloning kit (JU1H, i) 5 Rtk siRNA (BifH,
JUMD 5 1SR F) ReverTra Ace qPCR RT Master
Mix (TOYOBO, Japan); 7%t % (Luciferase, LUC)
e &4t (Promega, USA); Ribonuclease R (Epicentre,
USA); 2XPower Taq PCR MasterMix (%7, 1t



rp &R D5 22 2% 5 Chinese Journal of Pain Medicine 2021, 27 (2)
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(A) #£ SCN9A HK 1 14 %% circRNA 4> 71, hsa circ 0117953 (circ-SCN9A) 7£ DPNP [LiF i 5 I H 52 1w
KIL (72 = 60), *P<0.05, **P<0.001, SHEHFXFHAMIL; (B) circ-SCNIA 7L YL i 7k 1) B A1 S 8T P
(C) 521k SCNIA A, cire-SCNIA EAHHT RNA AMIEG LM 240, **P < 0.01; (D) A%J5 40 B 521
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Fig. 1 Expression and intracellular localization of SCN9A-derived circRNA in DPNP

(A) Among 14 circRNA molecules from SCN9A, hsa circ_0117953 (circ-SCN9A) showed significantly high expression
in DPNP serum (72 = 60), *P < 0.05, ***P < 0.001, compared with healthy control group; (B) circ-SCN9A in chromosome
position and its transcriptional and cleaved pattern; (C) Compared with linear SCN9A transcript, circ-SCN9A has
biological characteristics of resistance to RNA exonuclease, **P < 0.01; (D) Nucleocytoplasmic separation experiments
confirmed that circ-SCN9A was mainly distributed in the cytoplasm, *P < 0.05, ***P < 0.001.
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(A) LUC R 5 Z2 R SE e 0 1 H 2 M5 cire-SCN9A B F

455 HEJIH) miRNAs; (B) SPITEX E4LMEL, gifgrhid

1% circ-SCN9A A2 2 4] E ik miRNAs %1%, *P <0.05, **P <0.01, ***P <0.001; (C) SR AL,
R circ-SCNOA FIFRIA /K1 AT i 2% 42 1y 138 miRNAs 7K1, **#P < 0.01, ***P < 0.001; (D) ROC HiZi 7 #r i
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Fig. 2 The regulatory role of DPNP-related circ-SCN9A on miRNA and its clinical value analysis
(A) A number of miRNAs with binding ability to circ-SCN9A were screened by LUC reporter gene assay; (B) Com-
pared with negative control, upregulated circ-SCN9A in cells significantly inhibited the expression of the above miRNAs,
*P < 0.05, ¥*P < 0.01, ***P < 0.001; (C) Compared with negative control, downregulated circ-SCN9A expression can
significantly improve the levels of the above miRNAs, **P < 0.01, ***P < 0.001; (D) ROC curve analysis showed that the
serum level of circ-SCN9A had good potential diagnostic value in DPNP.
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Fig. 3 The correlation between serum circ-SCN9A level and clinical characteristics of the disease
(A) Serum circ-SCNO9A level among DPNP group, type 2 diabetic patients without NP symptoms and healthy controls,
**%p < 0.001; (B) The serum circ-SCNO9A level of DPNP patients with severe pain was significantly higher than that of

patients with moderate pain, **P < 0.01.
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Fig. 4

The pathway screening of DPNP-related circ-SCN9A-miRNAs regulatory network and their molecular mechanism

(A) KEGG analysis showed that the 6 miRNAs regulated by circ-SCNO9A all acted on the Serotonergic synapse pathway; (B)
The regulatory network of circ-SCN9A-miRNAs-mRNA was constructed to demonstrate the gene regulatory relationship
in this pathway; (C) Expression of circ-SCN9A can significantly affect the protein level of the downstream gene KCNJ6 in

the above regulatory network.
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