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W E B/ %3t 10-11 F{& 8 2 (ten-eleven translocation 2, TET2) 7£ /N B A1 & 40 248 3 5 Fu 3¢ &
PP AER . Fik: KA KRBT AT FHNE AR (wild-type, WT) /N B A Ter2” /N8R & Bk
ZAgARLY TUN B RE 5 A0, AT ¥ 7 2 A& R DAk fn 54 # K A£ 7] (complete Freund's adju-
vant, CFA) ¥ % 4T A; HE 2400 WT /NS Ter2” /N R E CFA 7T R RIR B RA R EH; & E
MR CFAT X, WT/NR G Te2” NRBR IR Z 7KL RENFT. EFR: 5 WT/MEAEL,
Tet2” NREJR A G %A R IFE; RIKRES 0.5% @R LHRF T/ R IR H & R,
Ter2” /NE L WT N RUESBZL RJKIE 4T 50% CFA & WT /)N B Ao TetZ/ N B BLARK B ] B R
YA A E LR, Te2” MR WTNRE®E., & Te2” MR, 0.5% 18K 54k 50% CFA
Bl RIRPAKEE L WTHHE; CFAERE TR, Te2  MRWERAMKELEE R TARE
AT WT MR EESARNETR, EREEFAET, B Ter2 22 H £ 104 ﬁ‘?}aff\)ﬁﬁi\
K EAA, HFLF4AEE A 9 (matrix metalloproteinase 9, MMP9). #i% (resistin). MMP3 %
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Ten-eleven translocation 2 regulates plantar inflammation and inflammatory pain *

MENG Qingyu, LI Chunhua, MA Lingjie, GAO Yongjing”

(Institute of Pain Medicine and Special Environmental Medicine, Nantong University, Nantong 226019, China)

Abstract Objective: To investigate the role of ten-eleven translocation 2 (TET2) protein in peripheral tissue
inflammation and acute/chronic inflammatory pain in mice. Methods: Immunofluorescence staining was used
to examine the expression and distribution of nerve fiber marker TUJ1 in plantar skin of wild-type (WT) and 7et2”
mice; Behavioral tests were used to detect Formalin- and complete Freund's adjuvant (CFA)-induced pain; HE
staining was used to detect the structure of plantar skin of WT and 7et2” mice at CFA 7 d ; Protein array was
used to detect the differentially expressed inflammatory mediators in the paw of WT and 7et2” mice at CFA 7 d.
Results: Compared with WT mice, 7et2” mice showed similar distribution of plantar nerve fibers. Plantar injec-
tion of 0.5% Formalin induced dual-phase spontaneous pain, which was more intense in 7et2” mice than that in
WT mice. 50% CFA induced prolonged heat hyperalgesia and mechanical allodynia in WT and 7et2” mice, and
pain sensitivity in Tet2” mice was more severe than that in WT mice. In Tet2 'mice, 0.5% formalin and 50%
CFA induced stronger plantar swelling than that in WT mice. The thickness of the dermis and hypodemis of the
Tet2” mice was greater than that of WT mice at CFA 7 d. Protein array showed that under the condition of in-
flammatory pain, knockout of 7et2 gene changed the expression of 104 inflammatory mediators, and 19 of them
such as matrix metalloproteinase 9 (MMP9), resistin, and MMP3 were significantly up-regulated. Conclusion:

Tet2 gene is involved in the regulation of pain. Knockout 7et2 gene induces inflammatory responses by releas-
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ing more inflammatory factors to enhance acute and chronic inflammatory pain, indicating that TET2 may play

an anti-inflammatory and analgesic role in peripheral inflammatory pain.

Keywords TET?2; formalin; complete Freund's adjuvant; inflammatory pain; paw skin
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55 G 88 e B AN SE I R AR SRR P, BeAb,
TET2 i&Z 5k pEtEik U0 1 AURE bR 5 0%
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FEAMNE R S 5 JORE 1 I MRS 7 Bk 1)
R DL RIE . A F 7T 2 [ S0 B IR BT i
TET2 1£ R AEFIR P BUE AT R 7T, W T4 SR
NTE BT I BRR 23 S JE i

A&

1. SR FHY)

MM CSTBL/6 B A= /N R 30 K, Ter2” /N
30 A, 6~8 JHE, 1KHE 20~28 g, HIEEKESY
SEEG RO R Ter2 5K 4RilR /N iR B6(Cg)-Tet2tml.
2Rao/J(Tet2”") M3 Jackson Laboratory W43E. Frfs
ZIN BR8] 5 25 A A SR B B bR e . /N BRI TE B
12 h B/B5 & 36 16 20~22 °C F1HE FE 50%+5%
(bR HEZEAE TR, B HIEDUKFIEY.

2. FBALIEF)

{X#%: von Frey Filament (Stoeling A%]) + Model
390 /2 # bt il (IITC Life Science A]) ik
Jib Bk &4 (Ugo Basile A 7] « VK% A ML (Thermo
AT« AEVI AL (Leica A7) « ZHBPEER IR A

(Thermo Scientific A #])  IEE W EMBE (Leica

UNEIDI

WA FER AR (Formalin) ¥ (Sigma A7) .
5E4% 9 IG5 (complete Freund's Adjuvant, CFA) (Si-
gma A A FHELE GRikfEAR) . ZERFE
(Sigma-Aldrich A5]) « AR FPALARF G (F
ZRAFD | HPLTUIL (CST AH])D + Cy3-FHi b
IgG (Jackson A %] ) « DAPI 422355 (Abcam A F]) .
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(1) BRI & K/ B ot I ZH AN 52564
fH 6 Ho IEH/DRIEERET, Sid/NR 2R
B2 R 5 0.5% FiT 5% Formalin 10 pl, X 8 20/ B
FES AR AR K, EAL S R RO, ARSI R
T S FT RO 5 S A — B AH (0~ 10 min) 5 5 A
(10~45 min) F=A 1 H R WERIRAIT N BIRE T
5F 50% CFA 15 pl JELAR P 58 PR A, il
MG 6h, 1 Ry 3K, 7R 10 K14 K1 # T
o I B U i 75 R s I FH B A AR & AU
il RS R IRFA
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() AT AR : KR E TRE 20+2°C,
AHXHRIE 50%~60%, B/ H 12 h B %A FiE M
48 ~72h, 1T H¥HIRAE LR .

FEZR Ly R 3 0 B RIRAT N IR/ RO BRI
BF, REE FES 0.5% 1 5% Formalin 10 pl, &
FEWRES, F1% 50 min. ZJFEE, HELD
SERE S min PN/ BRER B FIEG 2 RIS 1] oK 285 B0 A
I BB 55— AH (0~ 10 min) A1 I}
A (10~45 min).

PR IR N BURCT T RS A AL
RGBT AR OCIE IR BESAR b, BRSO R R E
N 30°C, VT I S i K A A 2 TR AR
8~14 s Z[a], ¥ 20 s WE ANREKE . 75/
B EE B IPIRAS T, B el S N e 5 2 R
O E, % PRI GZHE, f R . &
JE LR S Z0 4% T f s 1R RR, 10 Sk BT AR AH N
[ R 122 /0N BRAR U 2 S 78 AR (thermal with-
drawal latency, TWL). % H /75 52l & 3 X,
DL 3 IR YEAE N ZIT (8] 2 TWL. 48 2 7 AR 3T
SR 50 %D B RV D Tok e ™ £

BLAR P fk 75 AR I /D BB T 8 W 4
A UBE A% YIS N 30~ 60 min, £33 ER S
F von Frey Filament T4 22§l /N B8 5 2 iR 5 2%
FERk, WE/NRAR L TRE R . 2F4E 22 % B I
INERRR IR, DLAF4E 22 82 iR N JihndE, I
BTN 2 s, TEAS[RIFBALIL R 5 K. 75 2 KRl
H, B/NREIGE 2 . BRI A, REE
“Dixon's up-down” F Iy I 5 AN SLALRCR) B4R
JE S I {E (mechanical withdrawal threshold, MWT).

(3) HLRBERYE: FRERE/DR,
0.9% SALFNIETR (20 ml) 280 P VEYE 2/ SR 58
EHE, B 4% 2R HEE (PFA) R 50 ml.
BN BRI B2 B 4% PFA #HTJG [ %€ 4~6h, T
MR 20% F1 30% FEBE i Wk 1 7K 22 1 210
Ji&o f# ] Thermo VK% VI A HLIEAT VKR VI o 1285
Mgl B OCT W, ES:YIF, WRVIAEE RN
14 pm, (FAPREEI R W, BT e, Gufa
FH0.01 M BERRZE i ER 15 (PBS) B W F 3 IR,
K 15 min; 1% BSA H A, =ilREH 1h; IIA—
PL4CHEIFE: KHEHHZ, 0.01 M PBS &5
YIk 3, k15 min; F 0.01 M PBS i B % 7%
PP P, HRELERE 2 hs F L9
F1 0.01 M PBS ¥t 3 X, &K 15 min; B+ 5 H
B K e ek e st i, T RS NI A

(4) FIAREML (HE) Yeta: FEE LA (3)

——

< 741

R B 4% PFA JE [ i . IR PR PR
X H ZAEAT Wi K AL B, 49 53 8 30% X 30 min;
50%>X30 min; 75% X 30 min; 80%X30 min; 95% X
60 min; 95% X< 30 min; 100% X5 min; 100% X5 min;
THRIEY] S minX2 K, AR 1 h, BT AL
FHEE, AESY) R 5 5um) , 37CHEF, 45°CHEFT,
LB ML Ao HE 3efa: —HZEBLES 5 minX2 &K,
B R B R HEAT I R A B, 43 B 100% X
2 min; 95% X2 min; 80% X2 min; 75% X2 min,
PRI 30 so JRAR TG tA 8 min, /KM BE
30s, 1% thiR OFEALFE 2~3 s, J/KIFYE 30 s;
IR IR, KB E o3 B 2 B S B NIRRT AT
e gett 45 s, FKMPEE KR, FAR IR E
CWEREAT WA AEFE, 3 93 4 75% X 2 mins 95% X
2 min; 100% X2 min; = HRM A EEALEE, 2 min X
2 o FRPERS IR E R R, KRR, IR
BB A .

(5) BWAGHKM: EH/DNREEREST, Xt
WT J Tet2” /INRIBHHAT LB FIESS 50% CFA 15 W,
7 RIGHEERUN R B, B Bio-Rad 2 B AT
=Py oellR

4. ik o H

BAE G513 4% F GraphPad Prism (version 8.01),
VIR B8+ bR R (X ESEM) R ox. EER
F Student's t-test #5536, XUH 2 Z 94T (Two-way
ANOVA followed by the Bonferroni test). P < 0.05 4
ZERBGIFER L
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1. Tet2” /NI %552 DA S WT I Tet2 /I BRE JEE
TUJ1 5 DAPI )31k 50 4i

HU/N B H- B4 35 [N 40 DNA, 43538 PCR 34
X4 Tet2” /NS5 WT /N . DNA e fL ik R,
WT /N R R [ 2671 K/INA 536 bp, 2458 (Tet2™)
JIN B R 46 7 K/ 536/ 200 bp,  Tet2” /N BT
N7 R 46t R/ 200 bp (L 1A) & Ter2” /NS
WT /NRAMETE ZE 57 CILEB) o G5 ks il
Tet2” /NER A5 WT /N B T 7 ok o 4 48 2 2 b e 4
TUJ &R B% 2 i 4 idnic ) DAPL IRk, 4553
ERrgutEE X (LE1C-D .

2.WT Ml Tet2” /NI R BRI

WT Ml Tet2” /NRUEJETEST 5% Formalin, M%<
HARFBIT N ERER, WT/NRA Ter2” /N,
1E 25 — B AH (0~ 10 min) 55 58 — B} #H (10 ~45 min)
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75 pm

B 1 Te2” MRIGSE R TUIL 55 DAPL 5% 5 731 I R
(A) Tet2” /NS WT /NRIERALL 2 (B) WT /MRS Ter2” NRIIA I (C) WT /NRE Ter2” /INEULJE B ik
TUIL ARG (43 1D 5 (D-D) HfE 5t im WT /N (D-F) 1 Tet2” /N (G-1) 1E 5 2 B2 w0 £ 4

TUI 53 % M RN EFREY) DAPL KBS 545

Fig. 1 Identification of Tet2” mice and the expression and distribution of TUJ1 and DAPI in paw skin
(A) Genotyping of WT and Tet2” mice; (B) Appearance of WT Tet2” mice; (C) Statistical graph of TUJ1 in paw skin of
WT and Tet2 ‘mice (72 = 3); (D-T) Expression and distribution of nerve fiber TUJI and nuclear marker DAPI in normal
paw skin of WT mice (D-F) and Tet2” mice (G-I) by immunofluorescence.

BRI E. e, REHEARWITN. 751
M, Tet2” NRETE KIEIT N WT /NREEZL (P <
0.05, Student's t-test), 25 MR ZEMEZER (WK
2A) o VESHMEIKRE K Formalin (0.5%) J&, Tet2” /)
BRESE — I AR SE I MR 2. SR e RS
F WT /MR (P <0.05, Student's t-test, W& 2B) .

/N LB R JEEVE ST 50% CFA, a0l WT /Nl
Tet2” /NRAFTE S B WL 20) FIHLIR 1 i 75
K (WK 2D) o g5 E IR CFA 512 WT /) iR Al
Tet2” /NGRS P2 A5 B 5 O 3G e ORI U 5
i, WEBERESE 6 h P2 A RS 10 KL b =
Tet2” /NG TWL Al MWT #5055 T WT /M.

3. WT M Tet2” /NRAE B 184 % 1k 94 g A 7
HH 1 A2 R T A 2

JEJERTEST 0.5% Formalin 51 #2 [ Tet2” /N LR
Ji R B LG WT /N BRUE B CILE] 3A) o il 2
JEVES 50% CFA J5 WT /NRS Tet2” /NR IR

S

BRI, FEMES G 6 h —EFFLEEIZE 10
K TEBA CFARFET, 5 WT /MR, Te2”
/N BRI HH B O I R S (LI 3B .

Xt WT Hl Tet2” /N B, Saline 7 K FI CFA 7 K [f]
JER Bkt (WL 3C-F) o S5REM, L
PEZAE AL, WT M Tet2” /N RIS B0 H L R %
JIR BB JZ (dermis) FEZ R4 ZR (hypodermis) 3 %,
IHH Tet2” /N AR .

4. CFA 581 /N BRI TR R JHk Y 2RE A Joi ik

KAEAS AR WT R Tet2” /N CFA i
JG 7 K 144 FpICRE A JRAE B R LA R IE. 5 WT
ML, Tet2” /NRETR R 104 FhJIEN R
ISR CEIFR AR BN, 19 FlSOEA TR IA I & Fif,
5 MMP9 (pro) (Matrix metalloproteinase 9, F£/i
&R E AN 9 #i1A) . Resistin (1K) « MMP3 (J&
4B E AN 3) . OPG (Osteoprotegerin, ‘B (&
%) . IGF-II (Insulin-like growth factor 2, Jfi#i & 2
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BL 6h 1d 3d 7d 10d 14d
Time after CFA

2 WT Al Ter2” NRIE @M R MPRET N

BL 6h 1d 3d 7d 10d 14d
Time after CFA

(A) WT 5 Tet2” /NRUERVEST 5% Formalin J& 19 H R IRAT A: (B) WT Al Tet2” /N JKI:ST 0.5% Formalin Ji5 )
HRIEIT A (C) WT 5 Ter2” /NEURIRTE S 50% CFA J& (¥ 847 2 SOt AR I (D) WT 15 Ter2” /1N U T 5
50% CFA Je (RIHLAMRI AR A2 B St BRI
*P <0.05, ***P<0.001, 5 WT 4L

Fig. 2 Acute and chronic inflammatory pain behavior in WT and Tet2”"mice
(A) The spontaneous pain of WT and Tet2 ‘mice after intraplantar injection of 5% Formalin; (B) The spontaneous pain of
WT and Tet2” mice after intraplantar injection of 0.5% Formalin; (C, D) The thermal withdrawal latency (C) and mechani-
cal withdrawal threshold (D) after intraplantar injection of 50% CFA in WT and Tet2” mice.
*P <0.05, ***P<0.001, compared with group WT. Two-way ANOVA followed by the Bonferroni test.

FEAEK R F2) « TCK-1 (Thymus chemokine-1,
MRtk 7 1) . PF4 (Platelet factor 4, I/
¥ 4) . TIMP2 (Tissue inhibitor of metalloproteinase
2, &EEAMAHL ISR 2) | IL-28 (Interleukin-28,
/% 28) . MIP-3alpha (Macrophages inflammatory
protein-3alpha, EWRAHAE 4 SEH F 300 « GITRLigand

(Glucocorticoid-induced tumor necrosis factor receptor
ligand, ¥ 52 509K 15 -5 B0 TR S0 B8 B 1 52 Ak FA T
) & (WL 4A,B) .
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i (ten-eleven translocation), ‘& M) = 4™ Z & Bk
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WE (SFC). 1 5-FR I UM IE (Scac). TET2 Tjjfie i
W85 S MEREgN i (R . B R AR TR R A
HAb g R o< U, TET2 il 4k SmC 5
DNA 34k /2 H AL I FE 2 5 G 58 R JORE R SR
LR, A TET2 AT s sh ik sk AR A b O i
EPIRFAE Y, TET2 al@id TGF-1 58T+ CpG
510 25 F LA 0TS TGF-BI (335, 68 R B %
(DN) R I B R R 45 4E A U5 TET2 78 R %
F5 I NI AL AT AN T 4 e ek 1 1,
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A 0.5% Formalin B 50% CFA
02- OWT (z=6) M Tet2” (72 =6) 0.35- OWT (z=6) B Tet2” (72=6)
Skttt
Kt 0.3
Sk
e , £ 0251 s
OE; 01 % 0.2- s i
e 2 0.15- "
z :
o 005 a 0.1+
0.054
0 0-
Baseline 10 min BL 6h 1d 3d 7d 10d 14d
Time after CFA
Saline 7d CFA7d
Epidermis —
Dermis ~—__

Epidermis — |

Dermis
- [ S o
Tet> ,«».‘:?
o g s |
b A DI SR TWIaY - — Hypodermis
B3 WTH Ter2” NRIEZ. 18V RREPEPIRIAS I op S i B Jok i K 72 5

Fig. 3

(A) RIS 0.5% Formalin &, WT Rl Ter2” /INRJEIEMAF; (B) LJRIES 50% CFA JG WT 5 Ter2” /MR 2R
AL (C-F) AL SR %t BRI CFA 411 WT Hl Ter2” /1N BRI k4544

*P<0.05, 5 WT4HMt: P<0.05, “P<0.01, " P<0.001, 5 Baseline fiLL

The plantar skin swelling in WT and Tet2 ‘mice in acute and chronic inflammatory pain models

(A) The paw volume of WT and Tet2” mice after injection of 0.5% Formalin; (B) The paw volume of WT and Tet2”‘mice
after injection of 50% CFA; (C-F) Histochemistry showing the structure of paw skin in WT and Tet2” mice after injection
of saline or CFA.

*P < 0.05, compared with group WT; P <0.05,"P<0.01, P <0.001, compared with Baseline.
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A

WT Tet2”

Paw skin-2 | Paw skin-1 Paw skin-2

Paw skin-1

OPG

TIMP2

Resistin
IL-28

PF4

——

3 -2-101 2 3

MMP9 (pro)

MIP-3alpha

< 745 -
B

Protein WT Tet2” Increase Fold
MMP9 (pro) 1192.5 4463.5 2.371488
Resistin 2711.75 8244.75 2.02019
MMP3 7649 21297.75 1.892192
OPG 454 833.25 1.417676
IGF-II 110.5 193.25 1.374434
TCK-1 190 332 1.373684
PF4 840 1463.25 1.370982
TIMP2 99.75 172 1.362155
IL-28 343.5 586.75 1.354076
MIP-3alpha 234 395.75 1.34562
GITRLigand 152.75 255 1.334697
MIP-2 244 390.25 1.299693
SELE 585.75 930.5 1.294281
IGFBP2 4216.5 6645.25 1.288005
MDC 7864.25 12314.25 1.282926
MME 688.5 1060.75 1.270334
TSLP 113.75 174.5 1.267033
IL-1R4 324 494.75 1.263503
OPN 8082 12253 1.258043

21 bl e AFRAR N B R K T,

B4 CFA BN LR Btk b SOBEA ik
(A) WT 5 Ter2” /N CFA 7 d B R i B Ik v 2O B A RIS (72 = 2)-
SR ZE ARIEAKTEIG; (B) B A FIEEE

Fig. 4 The expression of inflammatory mediators in plantar skin after CFA injection

(A) Protein assay of plantar skin in WT and Tet2” mice 7 d after CFA injection (72 = 2). The brighter the red is, the higher
the expression level of the corresponding protein, and the brighter the green is, the lower the expression level of the

protein; (B) Data sheet of Figure A.

ARSI A W %2 3] JE JES I 5 Formalin Al CFA J&
Tet2” /I BRL B B R i ik W B 38 0. R 2 AR
HAUEIE, YIS R ) TET2 R ) 985
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