| T T | —— (. [ |

. 582 - v [ R B 22 44 & Chinese Journal of Pain Medicine 2025, 31 (8)

d0i:10.3969/j.issn.1006-9852.2025.08.004

.'L/B\ %‘.

B AR 22 T R A 22 T Dock4 B4 i Piezol
ZIR VN U R 5 *

AF@m ' AT xRS o m EEHC OB F°0 OE F Okme S
CHERFER TR ZEBEERE, [ 5100065 il KA LBESRe, T 5100805 ° ) 7R 48O & AF 70T, FE T
BEKEEM BT R NREERE () R SRR ) AW RTEE, TN 5100805 * A il K 22 R B v = O FREF AL,

JUARAE R S K SRR, )M R I AR A Gy, )TN 510060

W E B/ HEEMESZAEFE T 4 (dedicator of cytokinesis 4, Dock4) 7& &2 o By 16 K H g 72 1y
PAEAH . Fik: I8 A IE 4 AAV-Cre % & 52 3041 M BPR AR 4 4 % (dorsal root ganglion, DRG)
M2 6 Dockd. F| AT & MK W2 B bk Dock4 & &/ B MR . X B fh. AREfEftL
e 2 A AL B A MR R B . B E & A %P B9 3 (Western Blotting, WB) 42 Jl Dock4 B & J&
Piezol & H 7 DRG F kL F k. #.9%7% # (immunofluorescence, IF) #:7 Dock4 5 Piezol #y 4t & 1 A
J Dock4 Bl JE *t Piezol &L Hy . %R : Bk DRG %4 7T+ #) Dock4, DRG # % T Piezol #y
FEBE LR, BNROYAREREETAREEZ. 4h, Dockd # kK %t 4" (chloroquine, CQ) 5l #2
o 3E 2R b AL R B — R NI BIE A, (B B 4K (histamine, His) 5| #2 89 41 % 6 AL 5 M2
K e 4 A% -31 (interleukin-31, TL-31) 5| A # dE A L Gk A2 MR . 4518 Ht K Dock4 &% L3 DRG
4 JLH Piezol MyFkih, 35/ RN MEERE.
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Abstract Objective: This study aims to elucidate the role of dedicator of cytokinesis 4 (Dock4) in the mod-
ulation of itch and its underlying regulatory mechanisms. Methods: Conditional knockout of Dock4 in dorsal
root ganglion (DRG) neurons was achieved via intrathecal injection of AAV-Cre virus. Behavioral assessments
were conducted to evaluate the impact of Dock4 deletion on mechanical itch responses, alloknesis, histaminergic
chemical itch, and non-histaminergic chemical itch in mice. Western blotting analysis was utilized to assess
changes in Piezol expression in DRG following Dock4 knockout. Additionally, immunofluorescence was
performed to examine the co-localization of Dock4 and Piezol, as well as the effects of Dock4 deficiency on

Piezol expression levels. Results: Knockout of Dock4 in DRG neurons led to a pronounced upregulation of
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Piezol expression in DRG and significantly amplified mechanical itch behavior in mice. Moreover, dock4

knockout partially mitigated non-histaminergic chemical itch induced by chloroquine (CQ), but did not influence

histaminergic chemical itch triggered by histamine (His) or non-histaminergic chemical itch induced by interleu-

kin-31 (IL-31). Conclusion: The absence of Dock4 significantly enhances Piezol expression in DRG neurons

and exacerbates mechanical itch in mice, indicating a crucial role for Dock4 in the regulation of itch sensitivity.

Keywords Dock4; mechanical itching; chemical itching; Piezol
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Dock (Dedicator of cytokinesis) F %, &5
HEUEFAET, HAE 11 AN Dockl-Dockl1.
R FHI I FVE M, Dock #4534 AN, 47
A Dock-A (4% Dockl. Dock2 1 Dock5) . Dock-B
(3% Dock3 Fl Dock4) + Dock-C (fL#E Dock6,
Dock7 1 Dock8) A Dock-D (f#% Dock9. Dock10 Fl

Dockl1) . Fk T DHRI Fl DHR2 45 #3841, Dock-A
A1 Dock-B i £ 2 1 4> Sre [A] Y5 45 #) 4% (SH3) A1 1
NE E ARSI, S HAER A W] B R 35 A
[ 1 oAt B 53 AR Th A P B > AR IR T 4
(dedicator of cytokinesis 4, Dock4) J&+ Dock-B 2%,
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GTP [ Rho KGR ARG, EMERATRIEL
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AP E RAFIRA . HFFK B, Dockd 55— L
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ASD i N A 8 s g B Hig 4 Ak,
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=N 24+ 1°C, ENAHXEE 50%~60%,
FRIR B A AT 12 /NI I/ B IRS PR IE B
SG o B 4 W 5O 0 B W S IR I E AT AR O
RO SLIREN YIRS, A LSRR L K 2 s
R E B S 2 i1 2 (IACUC) it (1B
L5 KY-D-2020-094-03) . /)NEidE M AT A 2208
3 RJG T IERELL . HEPE Dockd™ ™ /N R A% BEHL
o2, B He PR FENTES 10 i
AR AAV-hSyn-GFP (1.0E + 12 vg/ml); Dock4
FHBR 4L A TESS 10 ul AAV-hSyn-Cre-GFP (1.0E +
12 vg/ml), 21 KJ5, AJHTEEE5.

2. 2y

Y0 % (histamine, His) (H7250-5G, Jbmiikgld
MEHE AR AT HTCwAEER/K (4C210704016,
W ZRSFFEZN AR AR BLrk 2 mg/ml, BRI
S (chloroquine, CQ) (C6628, Sigma-Aldrich) F ¢
AR AR K C Y 4 mg/ml, ILFHEAC .
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B350, P B Sk R A B At — B 15 em A A 1)
PE-10 B 18 124 A\ S i &t kil A8/~ fL, PE-10 &
ZASHEANZ) 1 cm, # PE-10 & N WA WAL, 32
TN B E . AR R4S T 10 pl e & 4 A R
58 8 bl PE-10 8, 1b1, 428 ANA
MRERR, HFE. REHMAMHRTE, 21 RERER
Jeplt, HT a8,

4. AT R

(D) AZEFEAT 2R AR R B
R 52 AL SRR AE P OB S B K o ) U 52 B el
SR GIEN . AL T 3 Pk B R AR A,
CQBLAL: j@ It CQ Ml fredn e, FEWA
WM. A4/ & -31 (interleukin-31, TL-31)
R, IS TL-31, B 5 e Al S R PR R
W TR L R 96 A B R . His AL JE
ik His 51 PRGE G e ) v, 2 Tt 7l U
LRI G 2P R o /DN BR B ATL 23 A ok R 2 5
IS, TSI FFURET 2 R A B L, EM
2 KGR Tlasusmt. a2 X, BIRETE
BHBEEE N, B 1 /NI G NI [R) . SEO6 2 R AE /I
SR TS BB VE S EOFE ] 50 ul (CQ 4 mg/ml; His 2 mg/ml;
IL-31 0.2 pg/ml), FFFABRICTE 30 7B FELT 2.
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o NEUREIE SRR, FEESSIITMEET 1 AR
NERE T 10 em X 10 em X 10 cm F IV 58 ) & v
R8E, SEIGM KA 0.008 g~1 g ) von Frey 47442
TESNES AT 5 WHIAORIBL, oS B RO A B
A B s S ATV, B A Xt AL ) 3 A7 £ i B
PR NLRE TRl — HU/NERES 1 ol e (a1 S &P
JEHEAT S 2 R, TS S YR BRI R IR
87 VR BSR4 J2 I 6

(3) FES Gk FEW H IR K. MAEECR
G (147 2% 0 22 G0 i 1) OB 7 SR AR AR AL, TT R
TR Ay 0of i s T 5 S A S S R A [R) TR
S AN AR TG B R AR AR G LR R AR .
Br/ANRIE S EA, HTRIEIFMEET 1| A NRE
F 10 cmX 10 cm X 10 em [ 58 Sy & i@ NS . 5K
36 2 RAE /N BRI 30 B A3 4T 50 pl His (2 mg/ml),
T 30 o e AT HUBGEEE . ) 0.008 g~1 g 1)
von Frey #7422 133 51 r B FELEEAT 5 IRMLBEORI 3
TSR IR 15 B A IR 1) BE 4 S B AR, B
B X AUBR SR 1) 5 BN e I SR B, TRl — A/
BRI rb TR RI RS S B S HEAT 50 2 WL
S5 5 YR BRI SRR SR BH 1 Jz 26

5. IERG

HY 0.01M 7% 2 #h 2% vf £5 7K (phosphate buffered
saline, PBS) PR ME, FREEE 20 ml 4% £ %
% 9757 (biosharp, BL539A) #E47 1 /NI R [E €. Pl
Ja #E N H0N 30% RV BOK 2R,
VKV A ML (LEICA CM1900) %4 i /K TJES J5 i) DRG
HAEYIRK 16 um WAL ), UIiF I 2 7 WA
0.01M PBS, B THEIR_FARFELE 3 IR (BER 10 7041 ,
TN AR (P0102, ExK) HiRIERE 1 /M5,
I —¥3T (Dock4-Ms, Santa, S3878, 1:200; Piezol-Rb,
BIOSS, Fam38a, 1:200) 4 C it % . ¥ H ] 0.01M PBS
e 3 CREK 10 2080, IMAZ$HL (cy3-Rb, Jackson,
711-165-152, 1:200; 488-Ms, JLififiidt | A212, 1:200) ,
BT RO E 1 /M. 0.01M PBS ¥ 3 ¥k (5F
K10 4380, i A E A7l (DAPI Fluoromount-G,
TUUMP/ KR, 0100-20) v, ERFBT T4, ME
7E 181 B 9Ot 2 1M%E (DMIRB, Leica) N W EZ I id4% .

6. HE A e
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(36978, JcfEtEs: (i) ROAMRAFD REGE
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10,000 X g B0 20 7380 5 HUEE 1 BB BCA i
H & B IR 774 (23227, Thermo Fisher) #H47E € &,
&g A EAE. SDS-PAG-#t i (TGX FastCast
Acrylamide Kit, 10%, 1610183, BIO-RAD/{[15k) H
K 80V, 30 bR HN 60 2Bk, LK S FR R
# 2 PVDF Ji§ (IPVH00010, Millipore) I, 200 mA,
250 73 B fE U L . SR J5 F PVDF-JIE i\ BSA-
TBST-I5 K (5%) = im B P& & 1 DA, I —
P (Dock4-Rb, Santa, S3878, 1:1000; Piezol, BIOSS,
Fam38a, 1:1000) 4 C i & il % . K H TBST-% i ¥k
3k CREUR 10 43 %4 o IMANAHRN. P = iR 12 32
BEE 1 /NS, TBST-EMRGENR 3 ¥ (BEIK 10 73051
FH 8 R Ak 2 R 6 (Omni-ECL # R 4k 2 Kk
K7 &, el SQ201) 7F & TRk % A ik
ITHR . e JE FH Imaged B B 108 A 265 HEAT 2K
FEME 0T, e EME IS T

7. Gt

17 M 2 R £ 5 48 Graphpad Prism 9.0 3K 4
] two-way repeated measures ANOVA followed by
Bonferroni post hoc test J7 AT 0 br. P& B
BRI BB, w4 RN IR A o A BT % 5%
P, A SR /5. [ H CorelDRAW X5 J¢
GraphPad Prism 9.0 i & Image] ¥ 4 & & 73 #
et I iy, A ELBCRH i, DA% £ br
HER (X £SEM) Foorn. P <0.05 #onERAAG501
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1. {4 AAV-Cre 2.3 [% ik DRG #4276 Dock4
[R5

Dockd™ ™% /N B AT — Flt 25 e 56 IR R ok /) BRUASE
A, o Dock4 J& R4 9 34 A\ LoxP A7 £ (floxed),
FVFIE I Cre 521 By S P s 75 B b2 28 4n g b
MR % K. 85, 38 7E Dockd™ ™" /N B S Y
T S 22 TT R S 1 1) AAV-Cre-GFP J% # (hSyn-Cre-
GFP) HSEBLA 1 F 1 Rl 4 DRG #1142 78 1 1) Dock4 (I,
1A) o JREFERYE 21 KE(EH & A Rz Ehd il 4
95 9 e H LUk = H AR KM Dock4 7E DRG H 3R 1A
. 455 R IVEST AAV-Cre-GFP 21 X J5 DRG #fi
ZuuARENFOIOLEARE (WK 1B , £
B AAV Ih12 % 7 DRG 0. #t— i 7r a3
BoR, TEVESF AAV-Cre-GFP 21 KJ&, DRG 44
Dock4 5 1R IEAKFRZHEME (LK 1C, 1D) .
PRI AAV-Cre 7] DLA &4 B# {K DRG #f £ JT

——

e 585
Dock4 H13R1% .
2. AF MR B DRG #4276 Dock4 145 /)8 BR
IR A o

VA # B Dock4 of ALk 14 93 5 1 52 e, A
0.008 g~ 1 g [ von Frey £F 4 22 %t /> iR 391 15 0 it
175 ML, A58/ BRI HREAT v U BORN BE 1
RN, R EIR, EMIH0.04 g, 0.16 g M 04 g
von Frey £H4E 22 AT RIS, AAV-Cre V5 /N BRATHT
PEURBU B T AAV-GFP {58/ R (LI 2A)
JEE HoAh 50 B0 von Frey 4R 4E 225113~ , Dock4
R PR 2 5 e BRI 22 S R G S (AL TA) LR
e f856, P=0.1929) , {HARIH — & 138N
OB 2A) o [FFEHL, 0.04 g. 0.16 g 1 0.4 g von
Frey £F 4 2 AT HLBORIB 15 5L R, AAV-Cre VE 5T
/N BRI AR BH P % 5 25 3 T AAV-GFP 5/ R

(WK 2B) o Ti7EH AT E IR, Dockd mibk
HE XM Z 7 gt E X CHE ECSRA ¢
4, P=0.2481) , {HEFEAFE—E R IES (I
Kl 2B) . iXUELEIREH, 7E DRG G A E T L
Bk Dockd BB 5 /N B RIATLAR R S . o

3. SRS DRG #1428 76 ) Dock4 Z2fi# CQ
Elp GRS s Sd

KT i AR Dock4 7E AY 2 R 9% R b AR
M, ffH CQ. IL-31 R AR4 ke FE, His 5%
HNERERRTE, KA TR Dockd X 4k 2 MR I 1 1
BER . EHH 5Bk S CQ J5, Dockd R /I
R CQ 5 T ML E MR FEAE CQ IS 7 (5~10
SRR B Gt 30 2B R AT
B, g5 R EIR5 X RAAM I Dockd miBR /N RIS
BIRBURAL (L 3A, 3B) o AR1, k& Dock4 A
s IL-31 5 S AR I Re = (LK 3C, 3D)
PLA 2% (His) 53 ik re & (LA 3E, 3F)
DL b 45 RAROR, % DRG #1276 T f#) Dock4 fig
WA CQ SIHE FI AR e IE R A

4. % 1 1 @ B DRG # 28 70 " [) Dock4 34 fin
His 753 158 5 1L

ik —B R Dockd TE 78 P HUBR 8 R v 1)
YER, ®HESHT AAV-GFP /)8 B F1 Dock4 i %/
45 T His 20 505 FyESE, FRAE 30 4B a S ML
PEU A WAT NF TR 75 0.02 gv 0.04 g f10.07 g
von Frey £F 4 22 J| L T, AAV-Cre /) B 38 L H ¢
AAV-GFP /]y B3 2 25 38 0 i 7 3 2 A6 e B L 1]
4A) o [AIRF, Dock4 B /)N BRI S 4 1) BH 14 e A
BEFE (LE4B) o XK, KRR
DRG 4 5 ] Dock4 3 il His %5 3 (R S 1L -
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Fig. 1

®ik

AAV-Cre Jii %12 445 Dock4™™ /N DRG 4 Dock4 212 /K 46l

(A) Dockd™™ /N B8 43 Wi 85 Y VE 5 AAV2/9-hSyn-GFP (AAV-GFP) & AAV2/9-hSyn-Cre-GFP (AAV-Cre) i AH I 25
(B) /MBS N ST AAV-Cre-GFP 21 K&, DRG £ e 4 (a9 i A RIRIETE O (bR =100 pm) 5 (C) %%
SR A TEST AAV-GFP. AAV-Cre %f Dock4™™ /N, DRG 1 Dock4 215K F IS (72= 15~ 18 4 0/4H,
FRJR =100 um) ; (D) Western Blot A5l #5 P 13 5 AAV-GFP. AAV-Cre % Dock4™ ™ /INfi, DRG ' Dock4 #ik7K
SRR (72 =4 JUNR/AD

P <0.01, ***P<0.001, 5 AAV-GFP ZH4H L

Assessment of Dock4 expression levels in the DRG of Dock4™ ™" mice following AAV-Cre viral infection

(A) Dock4™™ mice were intrathecally injected with AAV2/9-hSyn-GFP (AAV-GFP) or AAV2/9-hSyn-Cre-GFP (AAV-Cre)
adeno-associated viruses. Behavioral and molecular biological analyses were conducted 21 days post-injection;
(B) Expression of green fluorescent protein (GFP) in DRG neurons 21 days after intrathecal injection of AAV-Cre-GFP
(Scale bar = 100 pum); (C) Immunofluorescence analysis of Dock4 expression levels in the DRG of Dock4™™ mice
following intrathecal injection of AAV-GFP or AAV-Cre (72 = 15-18 neurons/group. Scale bar = 100 um); (D) Western
Blot analysis of the impact of intrathecal injection of AAV-GFP or AAV-Cre on Dock4 expression levels in the DRG
of Dock4™™* mice (72 = 4 mice/group).

*p <0.01, ***P < 0.001, compared with AAV-GFP group.

HAamEs, Sa8dnFEraxnsiafil, %
077 HE m R X3 T 2y A 2R 5 P H SR JIK (callcitonin

5. Dockd4 i bk Ja 34 i 8 vt 4 28 76 H Piezol 1
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Piezol J& Piezo F & ) — i, 1T RAGHE T
RKIL, Piezol MAFXXTMAE RS P, KRl £LE
By ST BN UM A e AR B m RSk B 4t
S A 958 B P AU P . 4 Piezol BRI ITE
PERG IR, o 22 SRR 6 S B R WL 38T e B o
B TSR HU R R Y A4, Dockd 2T
Al eidE I 4% Piezol SRFZMANLAR MR FE K AR 2 A
WIF 90K FH B 98 ¢ 6322060 /N B DRG 21 23] i 47 XL
AL R OEYett, KI Dockd 5 Piezol 7E DRG i
WAL 2L EMIHE (LES o XD R
DRG 48 TC Y F 4 RNA I 7 B HE 47 0 i
K B Dock4 Fl Piezol 7£ DRG £ Jt i HH H R ik

gene-related peptide, CGRP) fHS M40 (MK 6) .
iR SE BRI Dock4 5 Piezol FEAEILENL, Wi
M o< KB — S LR B, Rk DRG 4
JCH ) Dock4 A DL 2% 2 1 Piezol HYFRE (LA
7A, TB) o DL EZERIEIR, @R Dockd MY
26 Piezol HIRIE, W RESR T UM MR 1)
ML

it

5]

AW T 2 MRS IR, RTT Dock4 Xt
HUBAE 3 AN AL 22 PR 1 1 T A LR L AT
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Mechanical itch

19- [ AAV-GFP W AAV-Cre
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sokok %
— [ —]
o o o]
[elee] 000 o [e]

0.16 g 049 06g 19

von Frey filament

B2 FfHERER DRG 2Tt Dock4 355 /0N B AT H LI R

0.008 g~ 1 g [¥] von Frey 474k 22 il 54 T AAV-GFP,

RATHEREAT (B) /N FHYE RN (72 =11 FU/NR /4D

AAV-Cre ] Dock4™ ™ /NRZFE, MECHUMANEIS (A) 7

#P<0.05, **P<0.01, ***P<0.001, 5 AAV-GFP ZHAflk

Fig. 2 Conditional knockout of Dock4 in DRG neurons enhances mechanical pruritus in mice
Dock4™™* mice were intrathecally injected with either AAV-GFP or AAV-Cre at the cervical level, followed by
mechanical stimulation using von Frey filaments with forces ranging from 0.008 g to 1 g. The number of scratching events
(A) and the positive response rate (B) to mechanical stimuli were recorded (72 = 11 mice/group).
*P <0.05, **P <0.01, ***P <0.001, compared with AAV-GFP group.

FRBL, w4 DRG ) Dock4 7] {5 2 1 55 /N &L
PULBRPE R FEAT N, |l DRG #1409 Piezol {13
ik, FxFCQ IR AR L BEL SRR — 2
18 . {HREER DRG ) Dock4 AN 820 His 5/ 2
FR 20 e e A 2 MR T R A TL-31 51 2 i A 2H ke s Ak 2
PRI PE . BN B2 Dock4 2B T i DRG #H4: 5C
W1 Piezol 7RI RIG5R/IN R MWLM RIEAT . A
W 7487~ T Dock4 2 WU A S 53 104 F RBL A,
R B SR RE (K96 T S BB AE S 05

B P 36 B A — ol o o S AR 1 B Bk I B, HL
F BRI R AT Z BINUCE R (BR300
(bRl B 770 B P AR (R R R, X R R Rl
T B A = R BT, T S AT

WEARE T R KRR B RN, FBMEt S
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Fig. 3 Conditional knockout of Dock4 in DRG neurons alleviates CQ-induced pruritus but does not affect pruritus induced by
histamine or IL-31
(A, B) Dock4™"* mice were intradermally injected with CQ at the cervical region following intrathecal injection of AAV-
GFP or AAV-Cre. The number of scratching bouts was recorded every 5 minutes, and the total number of scratches over
30 minutes was quantified (AAV-GFP group: 7z = 6 mice/group, AAV-Cre group: 7z = 7 mice/group); (C, D) Dock4™ ™
mice were intradermally injected with IL-31 at the cervical region after AAV-GFP or AAV-Cre injection. Scratching
frequency every 5 minutes and total scratching over 30 minutes were measured (AAV-GFP group: 7z = 8 mice/group, AAV-Cre
group: 72 =7 mice/group); (E, F) Dock4™"™ mice were intradermally injected with histamine (His) at the cervical region
following AAV-GFP or AAV-Cre injection. The number of scratching events every 5 minutes and the total number of
scratches over 30 minutes were recorded (AAV-GFP group: 72 = 6 mice/group, AAV-Cre group: 7Z = 7 mice/group).
*P < 0.05, compared with AAV-GFP group.
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Fig. 4 Conditional knockout of Dock4 in DRG neurons enhances histamine-induced pruriceptor sensitization
Dock4™ ™ mice, administered AAV-GFP or AAV-Cre, were intradermally injected with histamine (His) at the cervical
region. Thirty minutes post-injection, (A) the number of scratch bouts and (B) the positive response rate to mechanical
stimulation-induced pruritus were quantified (AAV-GFP group: 72 = 12 mice/group, AAV-Cre group: 7Z = 14 mice/group).
*P <0.05, **P <0.01, ***P < 0.001, compared with AAV-GFP group.
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Bl 5 RN YM Dockd 55 Piezol FEEHEN (AR =100 um)
Fig. 5 Immunofluorescence analysis demonstrates co-localization of Dock4 and Piezol (Scale bar = 100 um)
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(https://kleintools.hms.harvard.edu/tools/springViewer 1 6 dev.html?datasets/Sharma2019/all)

Fig. 6 Expression patterns of Dock4 and Piezol in sensory neurons.
Single-cell RNA sequencing data, visualized using a force-directed layout, reveal that Dock4 and Piezol are co-expressed

in clusters of DRG neurons, with overlapping distribution.

(https://kleintools.hms.harvard.edu/tools/springViewer 1 6 dev.html?datasets/Sharma2019/all)
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Fig. 7
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Knockout of Dock4 enhances Piezol expression in sensory neurons
(A) Western Blot analysis demonstrates an increase in Piezol expression following Dock4 knockout (72 = 5 mice/group);

(B) Immunofluorescence imaging shows upregulation of Piezol expression in Dock4 knockout mice, with the bar graph

representing the average fluorescence intensity (7Z = 4 mice/group, Scale bar = 100 pm).

**P < (.01, compared with AAV-GFP group.
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