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Objectives : Some acupoints are commonly utilized to treat a variety of diseases. The acupoints appear to have a wide range of
effects caused by several mechanisms. The purpose of this study is to investigate into the potential role of microRNAs (miRNAs)
in the multipotent effects of individual acupoint stimulation. Methods : We examined the miRNA expressions in the dorsal root
ganglia (DRG) of neuropathic or inflammatory pain rats following ST36 and GB34 electroacupuncture (EA) stimulation.
Neuropathic pain was induced by L5 spinal nerve ligation. Inflammatory pain was induced by knee joint injection of Complete
Freund's adjuvant (CFA). EA was given under gaseous anesthesia with the same parameters (1mA, 2Hz, 30 min) in 5 consecutive
days. Pain behaviors and miRNA expressions were analyzed. Results : In rats with neuropathic and inflammatory pain, EA
treatments significantly enhanced the paw withdrawal threshold and weight-bearing force. After nerve injury, 36 miRNAs were
upregulated in the DRG of neuropathic rats, while FA downregulated 10 of them. Furthermore, 14 miRNAs were downregulated
following nerve damage, while one was increased by EA. 15 miRNAs were increased in the DRG of inflammatory rats following
CFA injection, while 5 were downregulated by EA. Furthermore, 17 miRNAs were downregulated following CFA injection, while
7 were increased by EA. The miRNAs rno-miR-335, rno-miR-381-5p, rno-miR-1306-3p, and rno-miR-1839-3p were regulated
by FA in both models. Conclusions : In two pain models, FA applied to ST36 and GB34 regulated miRNA expression differently.
There appeared to be both acupoint-specific and non-specific miRNAs, and miRNA regulation of differential protein expression
may modulate a variety of EA mechanisms.
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Fig. 1. Effects of EA applied to ST36 and GB34 on paw withdrawal
threshold in the rat model of neuropathic pain.

It shows the average values (+SEM) of paw withdrawal threshold.
Neuropathic pain was induced by tight ligation of L5 spinal nerve.
The same procedure without spinal nerve ligation (SNL) was
performed into the Sham group. SNL rats were randomly assigned
to one of two groups: Acu or Ane. For five days, rats in the Acu
group were given EA daily from day 3 to day 7 following ligation.
Both the Sham and Ane groups were given gaseous anesthesia
with the same time as the Acu group. The paw withdrawal
threshold of the Acu animals increased significantly after day five.
Symbols indicate values significantly different (0<0.05) from the
Ane value by the two-way ANOVA followed by the Dunnett’s
multiple comparison test. All group are each of 6 animals.
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Fig. 2. Effects of EA applied to ST36 and GB34 on weight bearing
ratio in the rat model of inflammatory pain.

It shows the average values (+SEM) of weight bearing ratio.
Inflammatory pain was induced by CFA injection into knee joint.
The identical volume of normal saline was administered into the
Sham group. CFA-injected rats were randomly assigned to one
of two groups: Acu or Ane. For five days, rats in the Acu group
were given EA daily from day 2 to day 6 following injection. Both
the Sham and Ane groups were given gaseous anesthesia with
the same time as the Acu group. The weight bearing ratio of the
Acu animals increased significantly after day four. Symbols
indicate values significantly different (p<0.05) from the Ane value
by the two-way ANOVA followed by the Dunnett's multiple
comparison test. All group are each of 6 animals.
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Fig. 3. Number of miRNAs regulated by EA in neuropathic pain (A, B) and in inflammatory pain (C, D).
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Table 1. Down-regulated miRNAs by EA treatment in the rat
dorsal root ganglia with neuropathic pain and inflammatory pain

ST36 and GB34 Stimulation Modulates miRNA Expression Differentially

Table 2. Up-regulated miRNAs by EA treatment in the rat dorsal
root ganglia with neuropathic pain and infllmmatory pain (cut-off

(cut-off fold change>1.5)

fold change>1.5)

Up regulated
miRNAs following
pain induction

Down regulated
miRNAs by EA

Down regulated
miRNAs following
pain induction

Up regulated
miRNAs by EA

Neuropathic pain

Inflammatory pain

rno-let-7d-3p
rno—miR-10b-3p*
rno—-mir-17-1-3p
rno—-mir-17-1-5p
rno—-miR-21-5p
rno—miR-23a-5p
rno—-miR-32-3p
rno—miR-34b-3p
rno-miR-101a-5p
rno—miR-146b-3p*
rno—miR-146b-5p
rno—miR-155-5bp*
rno-miR-181c-3p
rno—-miR-181c-5p*
rno—miR-188-5p
rno—miR-210-5p
rno—miR-212-5p*
rno—-miR-221-3p
rno—-miR-222-3p
rno—miR-224-5p
rno-miR-296-3p
rno—-miR-341
rno—-miR-370-3p
rno-miR-376b-3p
rno—-miR-380-3p
rno—-miR-381-5p*
rno-miR-425-3p*
rno—-miR-455-5p*
rno—miR-485-3p
rno—mir-494
rno—miR-666-5p
rno-miR-675-3p
rno—miR-770-3p
rno—-miR-872-3p
rno—-miR-1306-3p*
rno—-miR-1839-3p*
rno—-miR-1-3p
rno-let-7d-3p
rno-miR-21-5p
rno—-miR-199a-3p
rno—miR-199a-5p
rno—-miR-205
rno—miR-206-3p
rno-miR-212-3p*
rno-miR-214-3p
rno—miR-298-5p
rno—-miR-299b-5p
rno—miR-335*
rno—-miR-381-5p*
rno—miR-1306-3p*
rno—-miR-3562*

rno-miR-7a-2-3p
rno—miR-9a-5p
rno—miR-10b-3p*
rno—miR-20b-3p
rno—-miR-146b-3p*
rno—miR-155-5p*
rno—miR-181c-5p*
rno-miR-211-3p
rno—-miR-212-5p*
rno-miR-218a-5p
rno—miR-299b-5p
rno—-miR-344b-1-3p
rno—-miR-381-5p*
rno-miR-411-3p
rno-miR-425-3p*
rno—miR-455-5p*
rno—-miR-1306-3p*
rno-miR-1839-3p*
rno—-miR-3102

rno—-miR-7a-1-3p
rno-miR-181c-3p
rno-miR-124-5p
rno—-miR-212-3p*
rno—-miR-335*
rno—miR-381-5p*
rno-miR-671
rno-miR-673-5p
rno—miR-1306-3p*
rno—miR-3562*

Neuropathic pain

Inflammatory pain

rno—miR-7a-bp
rno—-miR-7a-2-3p
rno—-miR-29¢c-5p
rno—-miR-96-5p
rno—miR-98-5p
rno—miR-133a-5p
rno—miR-137-3p
rno—miR-196¢-5p
rno—-miR-216b-5p
rno—-miR-217-5p
rno—miR-335*
rno-miR-362-3p
rno—-miR-365-5p
rno—-miR-6215
rno—-miR-7a-5p*
rno—-miR-29c-bp*
rno—-miR-93-3p
rno—miR-106b-5p
rno—miR-124-5p
rno—-miR-216a-5p
rno—-miR-223-3p*
rno—-miR-301a-3p
rno—-miR-329-bp*
rno—-miR-337-3p*
rno—-miR-380-3p*
rno-miR-410-3p
rno—-miR-665
rno—-miR-673-5p
rno—-miR-1839-3p*
rno—-miR-3068-5p
rno—-miR-3594-5p

rno-miR-299a-3p
rno—miR-335*
rno-miR-376a-3p
rno-miR-412-3p
rno—-miR-496-3p

rno-miR-7a-5p*
rno—miR-9%a-5p
rno—miR-21-5p
rno—-miR-29¢c-5p*
rno—miR-196¢-5p
ro-miR-218a-5p
rno-miR-223-3p*
rno-miR-297
rno-miR-325-3p
rno-miR-328b-3p
rno-miR-329-5p*
rno-miR-337-3p*
rno—miR-380-3p*
rno-miR-352
rno—-miR-344g
rno—-miR-493-5p
rno-miR-598-3p
rno-miR-702-5p
rno—miR-1839-3p*
rno-miR-1843-3p

Symbol (*) indicates overlapped miRNA.

o] e QS AR AT AFOIE claRt Ala et

Symbol (*) indicates overlapped miRNA.

o] X1l H} qlrt. o] dAtolil= gt A Eo] 7Hl ttt AkE
Ags7] fJsto] miRNAZF 5838 98-S T 5= ke 7Hs e
gelsteict

miRNAE = EiskAY -8R} 25 (gene silencing)©ll
olef Tl WS 2AsH= A 0® 424 3ok miRNAS] 2J3t
il 2 oA 71412 miRNASH miRNA Afo]9] HIESIT B3}
Aol ot Asagol Avz yepdtt AR, she] wd
miRNAE= of2] RS #8082 & 5= YA SAlof shte]
AR of2] miRNAdY 2Jsf EHo] & 4= Y. ol2jet A&
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2-8-2 miRNA 497 #4 mRNAS 3’ B[ JH(untrans-
lated region; UTR)O %= E78 AQ Ale]2] Al o)l 7153
k. miRNAZ} 32 mRNAC] 290 =4 thFE W oA T
mRNA 5fof] 2fsf Alazdofx] F-a2t &9 post-transcriptional
ZAo] AFSE AA| 2 miRNA-RISC 7l -5-34} A= 5.9
Eol4 e, mRNA 519] 57} ¥ At 22 3744 713&
Balo] WAgRiE?.

miRNAE 53] S54178A0 S5-I, miRNAS] Ak} 28
2 417 Bgo] oJs) 2EPEH, ol mRNA AL A1
73 &30l oA olct. wbA, 417 S miRNAS| AJek/d =}
e g WY & Big /RS

i
(¢]
i
o
4
)
T
o)
%
|

SHA| Et}. microRNAE FAAF 280 $83t 715 7HAL QL
7] w2 tieket B& mEoA v 55 717olA] olge] 9T
of) Tt A7= AR Z718kAL Qlek 20109 Zhao 591 28] 55
7179 miRNAZ} Tolgichs o597} s gict. o] Ao]lA]
TJEL 934 55 BHolA I 41739] a8 oAl
Dicer &4 AAT AE-Z 551 mRNAS| 5882 HojF9h
Dicer’} §1oH 48/ FolA miRNAZF W0 X|A] A
=1, Avkd oz dFA 5o Ask=|9lrt. ek miRNA vlola
2olHlojot AZ AlBAS AHES1o] BRSA Navl.8+52F 84|
oA nociceptor A 240 #fT 7HsAdo] = MEZ
miRNAE ERI5I3ict.

55 ZHoA miRNAS] WS B gt x9] ¢--= CFAS
317]0] A&Fof FRl6lo] FEd PB4 BF wEloA 553t
A0k, o] Ao AREL AR} AlAEA 0] T} e
7kaAdol gt WeAo] 7]uksto] 10712] miRNAS A5ttt
qRT-PCR &40 gfsf, 152 A5°] = 529 AxAIH A
A 43433t miR-10a, miR-29a, miR-98, miR-99a, miR-124a,
miR-134 ¥ miR-1839] o}3F & HoF]r}

A7 % 2o miRNA 2do] tigt s &3
APt 2174843 B559] 7P GurEQl melQl A3 8%
(spinal nerve ligation; SNI) IL2oflA miRNAC] el 23 2d-<
F|ZE Al=siqit. Aldrich 62 miR-96, miR-182 X miR-183
< E5oH= miRNAS] 717 713 Eo)2 S2jAE o tigh B4t
At} QRT-PCRS £310] Aldrich & ©] miRNA SE{AE7} A
A F9] DRGOIA =A] d@d k= A 2RIsL. I52 =
25 %] o] miRNAZ} A1 EA 55 7 o] DRGOIA o1
AP A& HAFAH?. UFo] Kusuda 5-& TR o
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A oA uli 417387} Ao A AdeE miRNAS] 2
ARG 152 AA A Y] HaT dSH 55 T
FAAE 719EC 2 miR-1, miR-16, miR-122a ¥ miR-2062] 4
7FA] miRNAE AT&3H3Ict. 015 71= miR-1-> DRGE} 252
T 25 e Btk TR miR-12 & $ 19, 3Y
9 7% S0l DRGOIA frelstAl AoF 2As= v, 19578 79
A= H4:0] 7oA 1% 2FAHYY. o] Ae 55 A=
9] Tkt S2EollA miRNA & o] T 85 AeiollA] A= vty
He 24 28-S T £ LS HoF, ol w4 790 uet
BYS miRNA7ZE Th2 QS Stk A AXRIL

A 55 HdolAl 417 &4 & DRGoIlA I&o] 57+
3k miRNA & 4] &84 A Follxl= Ldo] A (down-
regulation)@t miRNAC= rno-miR-10b-3p, rno-miR-212-5p,
rno-miR-381-5p, rno-miR-455-5p, rno-miR-455-5p, rno-miR-
146b-3p7} itk 1 % rno-miR-10b-3p= =3 /RS =
ol =414 RS F3} 7] 8] oL, rmo-miR-212-5p=
ATHE 1 AP sk Tk HiEl9leh £ rmo-miR-
381-5p2 T8 AT} 180] FAT JTG SR AR ¥
Ak mo-miR-455-5p= 2 &4 BHoA QETRIE A
711 o] Al APES oAFo e AHRS Tkt 987 o]
BIEIY rno-miR-146b-3p= P M2l 23515 A5k
3 AEAEE FEPe

W, A5 5 EollA 4173 &4 & DRGojlA o]
A48 mRNA 5 4], &5 3] Folxds ddol 37t
(up-regulation)dt miRNAQ! rno-miR-335% Z3EET 2
o] QLom® Bl §771Q neurexin 1 41735 5
4o Toloi= Zlos A AP,

B 55 HdolA 55 4 T DRGOIA Udo] S7kt
miRNA & S4H], S A3 wollie ddo] HA(down-
regulation)3F miRNA9I= rno-miR-212-3p, rno-miR-335, rno-
miR-381-5p, rno-miR-1306-3p, rno-miR-3562 5°] A3c}.
rmo-miR-212-3p= H|wA 357} &ds] ZIPH miRNAZA] o
et 71%50] €A Yot miR-212-3p/GDF5/SMAD pathway =
%311 neuroinflammationg 27| 511, A4 FulEo]
T WY SRl Ido] S71 9loH, miR-212-3pE 4
SHAA Gt o] AR S Aske At 9go] B

At} rno-miR-335, rno-miR-381-5p= AAHSE &5 &
doj|A] Ho] oJsf] ZH 71 e T WHS miRNAZRA S4t
2], ¥4 tE a7 multi-potent) 283} o] IS Ao =
Bk 3HH, rmo-miR-1306-3p%} rno-miR-3562+ &% =4

o

|l
filo

o)
s
2

rlo

5
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of thgt AE7F ok LA QA gt

TS 55 oM 55 ¥ DRGOA Tdo] FAagt
miRNA & 4, AX Fojlde o] o7Kup‘
regulation)et miRNAS= rno-miR-7a-5p, rno-miR-29¢-5p,
rno-miR-223-3p, rno-miR-329-5p, rno-miR-337-3p, rmo-
miR-380-3p, rno-miR-1839-3p & 77171 AUt

mo-miR-7a-5pF WIS o WA S TR
B mo-miR-29c-5pt= 3184 HEF T A AZollA T
S =4 wd=o] glon, /AIZAA lipoprotein receptor-
related protein 6 (LRP6)Q] ©&S 281 % P, rno-miR-
223-3pE IIAAZE AR AT 5= A7,
pro-inflammatory cytokine e ZAAZIF. rmo-miR-
337-3p= 85-9] Svhd ZTEY S| Gt 2 of|lA 1A T
Asl= Zlo] HAEQlY, miR-337-3pE 571 A7 &4
fibroblast®] €% W85 AR =N STEYS Hoshs
dg of= Aoz A PP’ HiF-lalpha’l miR-380-
3p/NLRP39] 52k ofsl] = &4 Hdo] A5 AAARXITh

L At BuEgel’. §, rno-miR-329-5p%t rno-miR-
1839-3pell thet At SRIEA] A3ttt

ol24 o == St miRNAZF thpo] F3iAh e 24
T 71wzl BE A=l osf 571 EE B A BEe
miRNA7} 9| tF Ao 583 IS T 2 oE AmETh
o] A4= FE9 ts aHE H9sk=t miRNA ¥ £4Ho
TR ATZ T = th= 7 RISk 29 AFEA
Za o HERF g Wsl7] 98 FF 711 A4 551
Xl o3f) TFo i@ﬂ— miRNAS| #2| Thi s 27 4k

5 71412 ifeleA] SISt Gt We

Oh_x%

r“

18

Fl

ru—%"

—

B tieet A w7} /1AL Ael] S8l F Eno) vk
55 BUl] S, FBU] S 2oz 4 A3

A% 53E RIS, T2 AN FHEE mRNAS
I} u} el e, ooh%a A3o] olF) 5 mHEolq 250
m SolHo s ZFrl mRNA

‘lo" o4

¢
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