([EZE] Ak 36:93~106, 2010
key words : =X ## — #RRAMEE — 707 1 27 —BEFREERE — TRigHE

T MBI ES VS v M2BIT S
= XA IR MR OB F R BB RE T
—REREIEAE L O E-

B ET, OBAT OB, KK RE, R BIEL TR OSE,
IE —&*, FHE Al WET 6, & ®-

ARABRIRAE  REERERMRIATZER SRR e i i 2 5 e
AAARBERIRS: REEBE T Ze Rt MRS B A
WP AT P IR AR
MARER RS ORERR S —ER

{1l

Analyses of gene expressions in uninjured trigeminal neurons
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Summary

Allodynia can be induced by transection of the inferior alveolar nerve (IAN). However,
even though the transected IAN is a component of the mandibular nerve in the trigeminal
ganglion (TG), allodynia developes in the whisker pads, which are innervated by the unin-
jured infraorbital nerve (ION), a component of the maxillary nerve in the TG. Our microar-
ray analyses have found that many gene expression levels not only in the injured IAN cell
bodies, but also in the uninjured neurons were changed by IAN transection. To demon-
strate the relationship between gene expression changes in ION neurons and allodynia, we
investigated the expression of 22 genes that were up~regulated in the TG ION area con-
taining ION cell bodies in JAN-transected rats. Real-time PCR, in situ hybridization and
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quantitative PCR analyses indicated that the myelin basic protein (MBP) mRNA was local-

ized to the trigeminal ganglion neurons and that the expression was significantly up-regu-
lated in the ION area of TG after IAN transection. This finding suggests that MBP or mye-
lin sheath in the uninjured neuron plays a role in allodynia onset following nerve injury.
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MEL. T/, insitunf 7Y F AL E¥E—V 3
YIZDoWwTiE, B OPCREY & F#HIK %
pGEM-T Easy X\ 27 ¥ — (Promega, 3 i) I
#L A A A digoxygenin (DIG) Ak RNA 7' 1 —
TOFHME L THWE., E51, Y7 VF 4 A
PCR IZDWTIZ, #iao> PCR EY ORKIERA
CMEB LHIC, 943 — 12192 &,
TaqMan 7' T — 7' {324~2638 3, 3405 58 3813299
~1303EFE Lz (K1),
MEHAREB LTI v —, Tu—T 0k
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F1 I 2ZMBEFICHIET 5 &£ (PCR, ISH, real-time PCR) DfITHEB—& % RT.

GeneName

analysis area

PCR & ISH Real-time PCR
1. S100 calcium binding protein A9 (S100A9) [26-410bp] [136-248bp]
2. S100 calcium binding protein A8 (S100A8) [1-315bp} [151-263bp}
3. Proteoglycan peptide core protein (PGSG) [574-944bp] [582-711bp]
4. Proteoglycan 2, bone marrow (PRG2) [327-705bp) [328-436bp]
5. Ficolin B (FCNB) [501-875bp] [502-611bp]
6. D site albumin promoter binding protein (DBP) [1175-1571bp] [1337-1464bp]
7. Ubiquitin-conjugating enzyme E2C (UBE2C) [307-664bp] [482-581bp]
8. Nuclear factor, erythroid derived 2 (NFE2) [542-908bp] [592-701bp]
9. Roundabout homolog 1 (RoBol) [88-450bp] [255-377bp]
10. High mobility group box 2 (HMGB2) [412-772bp] [415-518bp]
11. Annexin Al (ANXA1) [293-671bp] [555-671bp]
12. Antigen identified by monoclonal antibody [5385-5761bp] [5385-5499bp]

Ki~67 (MKI67)

13. NSHA transactivated protein 9 (NS5ATP9)

14. Erythroid associated factor (ERAF)
15. Hemogen (HEMGN)
16. Napsin A aspartic peptidase (NAPSA)

17. Vascular endothelial zinc finger 1 (VEZF1)

18. Adducin 2 (ADD2)

19. Src-like adaptor (SLA)

20. Integrin alpha M (ITGAM)

21. Similar to Cyclin—dependent kinases
regulatory subunit 2 (CKS-2)

22. Myelin basic protein (MBP)

[3-313bp]
[36-376bp]
[588-949bp]
[929-1297bp]
[268-633bp]
[1631-1995bp]
[338-715bp]
[2152-2516bp]
[224-560bp]

[613-957bp}

[166-268bp]
[246-375bp]
[824-949bp]
[1163-1289bp]
[349-453bp]
[1631-1731bp])
[545-644bp]

[2367-2488bp]

[292-398bp]

[759-873bp]
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(5) & PCR

RMBOT v b2 OHHE LB E AV, #H
# @ total RNA i&, TRIZOL (Invitrogen %L,
California, USA) ZHWTIHREDOFEIT X Dl
o 8L 72 kI M-MLV %5 RE# (ovi-
trogen k) ZHWTHEDFIEIZL Y cDNA =
4B L 7z. PCR iZ Tag DNA Polymerase (BIO-
RAD, ) Z2HWT, &EM (95C, 24)
L, WI§ix9sCT <14, 50~58C 308, ZDtk
62~68C T 14, 3094 7 VORBEFEEREL
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6) insitu N FTUFALE~Yav ’
FMEDT v b SR L= R % Hv
720 FIATARCTHEELMBEZ 7 94 X
% v b (LEICA CM 1850, %) 2 CTH G
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2 C205 B 21T, B ER (0.1MPB)
KTl MotkEEs 2B L%, Ta57—&
KL # (5pg/ml proteinase K, 50mM Tris—HCl
(pH7.5), SmMEDTA) % 345 fiTo7z. %
D%, 4%FAin0.1IMPB 2 CHEI05HEZE
1T\, 0.IMPBIX TS50 MokEE 2m L7
%, 7 F VAL (0. 1M Triethanolamine, 24
mM Acetic anhydride) #1057ff7vy, 0.1MPB
TS A MHEETY. R, =¥/ —VEAR
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10% Dextran sulfate, 1 X Denhart solution, 20
mMDTT) 2L AT UNAT)F L E-T g ¥
#iTo 7z (55C, 1KH). & 5 T Digoxigenin
(DIG) fEi#% L7z RNA 7u—T7%EHL, 2o
RNA 7u—7 (0.25-1ng/ul) #Z&&LNL TS
A =gy 77—l2&Y), "4 7TV FA
¥—va VRIBEITo72 (55T, 16-208 ).
RNA 71— 7%, cDNA % pGEM-T-Easy Vec-
tor (Promega, H50) IZHIAAATZGEMZ, RNA
K1Y A5 —~+ESP6 (Promega, BE) T 7213,
RNARY X5 —¥T7 (Promega, HXK) 2T
DIG RNA labeling Mix (Roche, ® X) # 1£ T
TEE LCTERL.
NATYFTL = a VIR ET- 7288, <
(25 X8SC (0.75M NaCl, 75mM Sodium cit-
rate ; 65C, 304"), High stringency buffer
(50% Formamide, 75mM NaCl, 7.5mM So-
dium citrate ; 65C, 304") , washing buffer (10
mM Tris-HCl pH7.5, 1mM EDTA, 0.5M
NaCl ; 37C, 1047, 3MH) 2 TH#H L7z KiZ
RNase #L# (20ug/ml RNase in Wash buffer ;
37C, 304r) %47V, HEPEE L7: (High strin-
gency buffer ; 65C, 304%). & 512, FHFEN
RERIS % #H 3 % B T, Blocking buffer
(1 % Blocking Reagent (Roche, ¥ 7{)), 100
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6055) I TCT Ry F YT EITo . ZDHE,
Blocking buffer I 7 VAV 7+ A7 7 ¥ — P&
#& L 7230 DIG Hifk (Roche, x 80015 &) % Jin
AP (4°C, 12B8/) 21772, RIZ, Tris
buffer (100mM Tris—-HCl (pH7.5), 150mM
NaCl, 0.2% Tween 20 ; 2 iR, 155, 4H) 2T
L, ZES (0.45mg/ml nitro-blue tetra-
zolium chloride, 0.175mg/ml 5-Bromo—-4-
Chloro-3" —Indolylphosphatase, 100mM Tris—
HCl pH9.5, 0.1 M NaCl, 50mM MgCl,; 4 C,
1~2HM) %4To7. BOABIN—FI A%
JE AL, tEBEMEE (OLYMPUS BX-51, X
W) WCTHE L.
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RUED T v b LUIWTHRE - WREEZ 2 Fil
#1, 3, 5BLXU7THEDOI Y FHSHHHL
CEXMBERMOE 1 - 2BEBEHVW. £ 4
LRA Y MO EEPRREIL 6 L, MERE L RUE
FEIZ 4 T2 7z,

cDNA i3 & & PCR [ #: {2 TRIZOL, M-MLV
WEERETHVCTER L7, 72, cDNA X10
BICHRL 72 00.5ml fEH L7z, KEEZTO
MBHEBEIRIOLEBN T, 754 <—,
TagMan 712 — 7 (5'-FAM 154, 3'-TAMRA
Bai, HENL 3 -V X, HE) B Pre-
mix Ex Taq (TaKaRa, ®&) ZHWTiro7-.
BE% (95C, 247), ¥R (95CTI58, €0
#58~62C T308, 80U 4 7 V) DORInEMH T
W, YT V%A 5PCRBT VAT 4 (DNAEn-
gine OpticonTM System Bio-Rad, California,
USA) [ZCHIES X OIT % 1T o 7=,

%8B, i naive #1.00& LTILEfEE L7
(8) #rahma

WEt T — 7 OfFATIX, Dr.SPSSI for Windows
(A ¥—- xR TR, BR) ZHVE. ¥
GSAAN I+ ADREBEICTELERE #1777
W, p<O0.06%BEEDHH & L7

& LS

B, TR RS WAk A% ETE & B 0 ICE M
TETVLINE) DEHERT L0, YIBTEE L5t
REEDOT v F OO OV TEBREICT T 5
EIRRABATE 7 A P 27072, ThIETO®RET
X, THEEMEUEZ1IHE2S 10 EKED
720, SIWHE O CIEEERIC BT B BRI S odk 6 B
PETTHEENTWETY, KERTHWE
7 v b ORBERMEIE, Wik 1 HEHPOERIKT
L, 30HEZTHERE L. —HuREE, 1
HEC—KHNZETEALNZDODT CICHE
L, #0#30HH F B i o7 (K2).
CORERIE, TNFTOHREL—-HTLHLDTH
D, THICKD THEREIDHRIEEEBDIC
ERTETNWDE I L PHERTE .

F2120%, AMFETHEHL-BET22MEICEL
T, VIWE LR B L~ 20T L AR
B K o TR LN T RN X 253 1
HEEFYE%/7RT. S100 calcium binding pro-
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“ 20 1 —e— cut
, ——

10 ® * " * # * * * %
0 ) ' ' ! ! ! ' T T T

0 1 2 3 5 7 10 14 2 30

(days) % :p<0.05

X2

DKEHGRAITEN S X P ORKRZRT. 0 BXTWHCTRMOMBE 2 5. Pk 1~308 F CRAMNCAREHE (@

2HIE L7z, THEMBEINE (cut) TRFHEL 00 X CEBRBESERIIETL, 7uF4 =7 ORER
AL, HEB#H (sham) Tk, FH 1 HREOAREOEBRLRET2 ALY, TOREEL ..

tein A9 (S100 A9), S100 calcium binding pro-
tein A8 (S100A8) & \xo Z2HMIfBI A V¥ 7 A
BjREICRE 5 9 5 ¥ /%7, Myelin basic protein
(MBP) % Proteoglycan peptide core protein
(PGSG) LwozFEily a2y YHTHEAT S
% > %%, Erythroid associated factor (ERAF)
%°> Hemogen (HEMGN) , Integrin alpha M (IT-
GAM), D site albumin promoter binding pro-
tein (DBP), Nuclear factor, erythroid derived
2 (NFE2) tvoMBMBTRERAL TS L
Bbohay sk Ry VN7 BEEI—F

TLBIEFVIEENTHS.
INHDH)BbEARDLAFELZRLZOE S100
A9 EETFT, THAEMEDWNIC X V4. 026515
BrER L (F2o1). LiL, ZHOSI0A
91k, 8 PCRIZBW CHBMER TORBEIME
RENY (A3D), ELWCISHTHEY R, 7
VFEVAELLLREPA O, o7z (K3
A, B) %, M AW/ E2PCR CRERN
HaEN T, VP NVFIALALAPCRIZEST
DRV LA IHRTET, L LAUMEE, SRE
EDICKRBLBB LY DIBAL Tz (R30).

T2 I EBYRITK o 2B EEFODNAYA 707 LA I EBRBERSEK (ratio | YIBEE (V3cut) vs EEE (B

FAEE  sham)) ERHEEZRT.

GeneName
S100 calcium binding protein A9 (S100A9)
S100 calcium binding protein A8 (S100A8)
Proteoglycan peptide core protein (PGSG)
Proteoglycan 2, bone marrow (PRG2)
Ficolin B (FCNB)

Ubiquitin—conjugating enzyme E2C (UBE2C)

PN o W

9. Roundabout homolog 1 (RoBol)
High mobility group box 2 (HMGB2)
. Annexin Al (ANXA1)

Ki-67 (MKI6T)
. NSHA transactivated protein 9 (NS5ATP9)
. Erythroid associated factor (ERAF)
. Hemogen (HEMGN)
. Napsin A aspartic peptidase (NAPSA)

. Adducin 2 (ADD2)

. Sre-like adaptor (SLA)

Integrin alpha M (ITGAM)

Similar to Cyclin—dependent kinases
regulatory subunit 2 (CKS-2)

Myelin basic protein (MBP)

D site albumin promoter binding protein (DBP)NM_012543

Nuclear factor, erythroid derived 2 (NFE2)

. Antigen identified by monoclonal antibody

Vascular endothelial zinc finger 1 (VEZF1)

volume

GenBank ratio  sham V3 cut
NM_053587 4.92  3771.88 18574, 65
NM_053822 4.84 132.42 640. 75
NM_020074 2.64 287.13 757.52
NM_031619 2.22  1025.00 2270. 90
NM_053634 2.03  381.77 774.71

1.98 1237.24 2453, 31
M_215924 1.90 180.45 342. 99
BC078925 1.80 189.91 341.55
NM_031537 1.80  279.09 501.79
BC107455 1.74 419.58 729. 28
NM_012904 1.71 2457.85 4196. 44
XM_225460 1.70  216.32 368. 54
NM_201418 1.65 548.48 906. 24
XM_215059 1.63 1856. 74 3024. 84
NM_133294 1.62  264.65 429. 60
NM_031670 1.59 195.73 312.18
XM_213421 1.59 217.05 344. 11
NM_012491 1.55 112. 30 173. 52
NM_178097 1.54 178.32 274.81
NM_012711 1.53 37.70 57. 65
XM_573992 1.48 112. 06 165. 90
NM_00102529 1.47 10440.28 15382. 65
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®3 %% (PCR, ISH, real-time PCR) O#if#% ¥ L7/ —5i%/RT. PCRIGAHMME (=R, KM, MK <3
AN FCHERRTEBETIROL L. ISH ZMEMIAR S 75 4 M, 2oMRE R0 502508 Lz, real-

time PCR & sham & L TRILEADFBOLNS 1, BESWMA LS | L Lk, g8k Liz-L L

SO (O PTR (000 s

3.00

2.00

1.00

GeneName trigeminal

ganglion

S100 calcium binding protein A9 (S100A9)
S100 calcium binding protein A8 (S100A8)
Proteoglycan peptide core protein (PGSG)
Proteoglycan 2, bone marrow (PRG2)
Ficolin B (FCNB)

D site albumin promoter binding protein (DBP)

Ubiquitin-conjugating enzyme E2C (UBE2C)
Nuclear factor, erythroid derived 2 (NFE2)
Roundabout homolog 1 (RoBol)

High mobility group box 2 (HMGB2)

. Annexin Al (ANXA1)
. Antigen identified by monoclonal antibody

Ki-67 (MKI67)

. NSBA transactivated protein 9 (NS5ATP9)
. Erythroid associated factor (ERAF)
. Hemogen (HEMGN)

Napsin A aspartic peptidase (NAPSA)

. Vascular endothelial zinc finger 1 (VEZF1)
. Adducin 2 (ADD2)

Src-like adaptor (SLA)

. Integrin alpha M (ITGAM)
. Similar to Cyclin-dependent kinases

regulatory subunit 2 (CKS-2)

. Myelin basic protein (MBP)

0.00

naive 1 3 5 7
days X P<0. 05

X DX %A X X X KX

XBX XXX XXX

©

1 S100 calcium binding protein

[] naive
Wt
B sham

PCR

XX XX XXOXX XXX

¥ R KX IOD R K X

(@)

A9 (S100A9)

trigeminal
ganglion

cerebrum spleen

COLOOOQO0 OO0V 00O00O0 X0

X

ISH  real-time PCR

X

XXX XX XXX XXX

XX XOX X X XX

@)

Scale bar:50 um

cerebrum

[

| = | == |

1

spleen

B3 :S100A9ICHE T2 EEROMREEZRT. ARISHOT v F Ly A7u—7, Bidt Yy ATu—70/5% R LTHY, &
RIFICBEHETH o7, CIEY TNV A L PCROFERT 3 HEIZYWIRE, BB LICRBIMET LTV, D, =%
HiES (trigeminal gangliom), A (cerebrum), I (spleen) (23135 56t PCR &8 FIETHIED A3 > F A5

HHRhT.
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11 Annexin Al (ANXA1)

C D Scale bar:50 um
[] naive
. cut trigeminal
100 . sham ganglion cerebrum spleen

0.00

naive 1 3 5 i

days
4 ANXAL B2 KEBOEREZRT. ARISHOT Y FErA70—7, BEEYAT7u0—7TOREERLTEY, #
B ICRRYECTdh o 72 CiEY TV 4 2 PCR OB TYINRE, MIBEEL LICHRLBD X BOLho/. DI, =L
fii (trigeminal gangliom), Kl (cerebrum), I (spleen) (2451} %€ PCR D73 ¥ FETHIE T/ Y Y FARD b
7o. E72, ZXAREHIZBVTL LTSNy FOMHERTE .

6 D site albumin promoter binding protein (DBP)

C - D Scale bar:50 um
7100 2 [] naive
B cut
6.00 Il sham
5.00 trigeminal
4.00 ganglion cerebrum spleen
3.00 (—"
2.00
1.00
0.00
naive 1 3 5 7
days X P<0.05

H5 :DBPICBIF 2 K EBROFERERT. ARISHOT7 Y FEyA7u—7, BRtyA7u—7OIEARLTEY, #RIE
iclatchH o7, CldYU T Y A A PCR DR TR, SHIEBEE IC 1 HRICHEL IO LA @#H. 0]
B RSN ETH - 72, Did, =LA (trigeminal gangliom), A (cerebrum), W (spleen) (Z431F % gkt
PCR /8 v FIE TR E M TNy FARRD bz, $, SXMARMICBWTObIMIN Y PR TE .
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22 Myelin basic protein (MBP)

C D Scale bar:50 um
5.00 '
4.00 D HESE trigeminal

. cut ganglion cerebrum spleen
3.00 W sham
2.00
1.00 l
0.00
naive 1 3 5 7
days X :P<0. 05

6 : MBP 25132 K EBROMRERT. ARISHOT »FLrA70—7, Bidtr 27 0—T7ORE%RLTEY, &EiE
Ty Fy AT =7 CHMEIS Z BTz, ETOMREHTREBZ#E0 7. Cid) 7V ¥ 4 A PCR O&H UM 1
~5 HERE THEGREBL LS 2207, HIMBEE | HROAGEARE LS 2#07:. DIk, =L (trigeminal gan-
gliom), KK (cerebrum), I (spleen) (24513 % 5EhE PCR /8 Y F(LC = ARG TV N Y FRBLAGAL7-. K
Wb Ny Failed, PIETIE NSy FidAaShedho 7.

15 Hemogen (HEMGN)

7.00C 7 D Scale bar:50um
6.00 -
5.00
¢ o trigeminal
400 . b3 D nalve u;l‘lf{li(llll:’ cerebrum spleen
* M cut
3.00 + l B sham
2.00
100 1
0.00
naive 1 3 5 7
days X : P<0. 05

X7 :HEMGN O#EBROFEREZ/R S, ARISHOT > FL 2 A70—7, Bidtr 270 —7ORIE%RLTHED , RERIEIE
WCEETH o7, CIRYT VS A L PCR OFETUINEE, HIBEE L0 7 HRICAELRBK T2 B0, $-1 0k
AIERE L D A AT BL LS & B 7. DIE, S A (trigeminal gangliom), A (cerebrum), Il (spleen) (23
1 %55 PCR O3 MG T TOARN Y FH53b S,
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17 Vascular endothelial zinc finger 1 (VEZF1)

= ARSI A ke O (5 T S BB RE AT

D

Scale bar:50 um

G
® %
2.00 F]
. trigeminal
g nalve gar::l i‘:l cerebrum spleen
cut
sham
1.00 O
0.00
naive 1 3 5 7
days X :P<0. 05

M8 : VEZF 1 D& EBROHE R %KY, ARISHOT v F v A7u—7, BEt Yy A7u—70OE%RLTED, #AEk
CBRHTHo7. ClEYTNI A LAPCROZERZIHBRCTHEBLVEE LA LA Z#ED2. DIk, =X MEH

(trigeminal gangliom) , K/ (cerebrum) , iUl (spleen) (2

EH PCROMBEL Y, DFHTH =LA

THRB %o 728 {5 2 DBP, AnnexinAl
(ANXA1) , High mobility group box 2 (HMGB
2), ITGAM ¥ MBP DO 58T » 72 (¥%3).
Ih5mH H MBP PS4 O BIETFIZoW
Ti, ISH THRIEAFHRHMTE T, LU TIVS
4 2 PCR T tHHR#E I L TH R A B ikt
XNz (K3, ANXA 1122V TIEX 4 A-
C, BnF—%IZRL T4, DBPIZDOWT
(kS B BE D )7 A% naive R YJ Wi HE & i L C Uy
IH®BRTHHBTLEA»HEETH > 2 (K5
C).

MBP (3 #E—, %E# PCRIZ THARMMETH 5
AN & KB T S A R S BLAERR T
X, MCTREBRBALNE P72 Thid, £
2R LxA 27087 LA BWTHRIE S
7o = AR B A 5Bl DS, MROE(LTIZH
RTEVWEVWIERE BT 5. ISHIZBWT
LIRWEIEA R O, ZXAREHICBIT 28T
A et ST, Mlakot 4 XI2X
LREBEOESEIRIE SN o7z, YTV A
L PCRIZBWTIE, Mrfe 1 HHA» S UIMEE, *

BT B5ER PCR I, MBS L ORI TN Y FAE® S,

MRBEE SR LA L7z, 72720, UIfEE
SRR CAHEADS R SN0 % 3 HH DA
Tholz. Mitk7 OB, MEEHCIERLEL XV
F TR L7278, UIWTEE CIEIEBLlo L AAsHERE S
nTwiz (H6C).

€8 PCR ICB W T = LR TR B0 &
Nhho B\EFICOWVWTYH, E& PCRIZHEN
ORI ES W TCE L2 ) 7V 4 L PCRT
&, B R TS BLR OB & Ml T & 2Tk

YD 5. sEit PCR I 3\ T = L ARE G T I3

RO oTzN, )TNV A L PCR TIEAH
B & i LT BN &2 R 72 @1k, HEMGN

5.00

[] naive
e |
3.00
2.00
1M m l . l
0.00

naive 1 3 5 7

days
B9 :BT72FDYTIVF A LPCROMBEERT. K
7R ZAbIZRD bk o 7.
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(23 ™15, K 7C), Vascular endothelial zinc
finger1 (VEZF1) (€3 017, K8C) » 2/
DBEIEZFTH o7z, ZNLEEFIZVTFRD ISH
TIRRBTELd oz (M7A, RSA).

ISH TiZ, £ TOREFIIOVT, AT F 4
TaArhu—NThHLHtr AT —TTIEI TS
WHBBRONGZWZ ERMERLZ, YTV EA4
APCRTIEBTZ7F VIZoWTIRREBRLEE N2
W2 EHERL, BEREERTELZ (K9).

Z £

FHAELIWTIC X 2 MR MEREICE L Cidg o
EFNTG Y PAMEREINTWBDS, ZOHD—>
TH5HTHAEMRIWEST VS y b CIL, 838
D—THL THRBHBELB LZICHEHLS
T, F2RO—ETH L RE TR ET 50
BICTOT 4 27 HPRET 5. ZOERE, M
ARG RICIEGHEHBZ B CRERAEIRBH TS
EVIHBHRAE L CHERALTBY, BELEET
LAEREEBET VT y bOBTHHERYTH
HEERD. Elo, ZREIIEORENEY
PO, 5 3BUTEIER & MHIE T MR o R
&, 1 - 2 BIZENER AN o Mk
EELHIHETHA LI TESLY (M1). &4
b, #REBEEOT—I— L L YEE RV EE
FEITVEIHEEL - 2HEESSETES S
EDHERLTNDE (F—FRAFE).

CRITITTEEMRYET VO Z 0%
HEr LT, HEMRESLEIRERE, 7o
TA ST R KT AR EE LS - 2
BB OV TH 2 ICBETRBMEEZHET LT
&7z, Z09HBLEIHREROMBENE TRE LS
ZAIBEFITOWTIZY 7 VS £ A PCRER
ETRBNZBHEERICOWTIHL I LTW
5 GaxCHAa).

AT L, TR 3 B B ok
LER 3 HBOMNBEHOS v b=k %
HAwiz=A4 7u7 LA B» 51, FFEEARE
ELEL - 2HRERTIMIBEOBEZETORE A
PRI, Zhig, BB TH 3 Tl
REOMEA % & &8 3 BFEBICE W T4 D&
BRFVPRBENTERE BT S ERBEET
¥, ERASFREEIONMIET, EEEEL 2T
7oA, TuF s 27 R E TV A
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B2 TR 5 MR B 2 BIZFREL AL
TOBLIZRERN DD THALEFHETESL., L
L, BEREE RS % HwafsETil,
RS R BRI CRIAN LR T2 2055
NTVLEEFIHSE CBE SN TV B9,
CNODOBRFIIETE SEFEROBITICE ViR
HEhTw=, #1 - 2HEROBITCRIBER
ZAVEOBEFIHREEE L 0BEIR, HESH
TW2WbOREPYTHY, TNHOHRICTT
T4 ST OFIECERENICES T 38R e T
NTWA G TS FET S L E X
SEOERICBNT, YB3 B0V I g
w4707 L4 OREE—F L Tk 3
HEIZRBA LAFEHZEIN/20E MBP DA TH
D, ZXAREMEREIICB YT MBP ORHR
DVHERTE. ZDYUNRIEDI) v 2T b=
7 A T HRHFAERE D I =) VLo REPRRE
ZHIERITIENHMONTVEEY, F72, &
TR AR T VT, MRE
B MBP O 40 & 22 ) B onisE
PWRIDIEBRHONTVWED, S 512, Bl
HROREREL ORI LBEHWEF VT
WERBAITHHMONTEB Y™, MBP 2°AH3ETH
W T MR E F M ICB LT D EEREE
ERZLTOBTEERR 5% 2 5h, KRk
AR OV TCH ZFORERICHELZEZ TWAT
BREFEZ ONE. WINHLHNBHEE - %D
ELBEEFROLN-ORMBE3IHEDOAT
Holz’, TO MBPEBETEHREFICH EHX
BRI S IS X 0P RS 7 e Fs =7
DIERZERLTWADTE WA EELZ L, =
XAREEEY A X, HE% ERL 2 MM %
EHTH 505, MBP ORBIIFEOMBE k%
 EMEHIIEICRD b7 OB E U ORI D
FECLES LAWY DH L. v FOKHE
DA AR NWMEIZH MBP BRHERHED RO b
L5#HEDD H Y, MBP SEREHFHROMEEIATS
hOHEZLZ B ERIEELZLNS.
EIEHEEZ B 2 5 SRR A B AR R MR O
BRI IT OV T, TEROBIFED D R MR
B % 2T % & REHIERZT c { ZXHRE
BERRAGZ 5 O ALK 35> T B FR I 548 1 A%
FHBLICEHZEHE AP B 52 EBHL M
o THBYT 5 BEE S 2 MEEYE L T
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WABERIZT TR, EOREBEBICOIALEE
BERSER LB R RS B0,

B 2 SRR BB A% S B O s A ST
DR 2o M E T BY EAL O FEEER T,
) W 42 2 H ~14H T Low threshold mechanore-
ceptive neuron (LTM) % wide dynamic range
neuron (WDR) % EOEEHEMT 52 & 2R
LTBY, TOERICL D ERERHIINT 28
EHhmmEh, BT T T =T D
RELEHELTWB I EPHERISNATWNE®, &
@ LTM ®° WDR O, —XKOHEMED
5OBR % ANHFHEL CTHBMEEEIKE
BE G AHOEREE LT MBP #=THR LN
BELTWAIRELRBENS.

RIZYTIVF A LPCRTC—B%ED LAXED
72 HEMGN & VEZF 1122w Tid, & EPCR
DOFEFEH S MBRRMILE R O mRNA 2 LT
WHIERFEEIN, IS OBETIMENE
RPMETELFEHLTVB EWI WMEE—TT
5. L2 L, fiomzkRAEH%E mRNA & &%
D, UPNV% 4 A PCRTCHitk1 HEIZ—@&MD
FAEPBREENRTVWAIERS, TUFLZTH
FEMEICBWTE 1 - 2 BEBIC BT 5 IERHE
DIREE, DL RIMKFICEADHE o TWHI
BENZEZONS.

LA L, BFTORERIIMBP AL, ZEAED
BEFICOWTHRICBIT 5 5 D MiktIp g o
HHR LA DHRATET, ZEIMEICBT L RR
AR E N, g, w4707 LA Ok
BI2B T AR ICREA L Cn7z Mk
S HEEOBEFREZKRE L w21 REED
HHIERRBLTWS. ZhbHIMERCRANEE
kThLHYEE, FNO QMRS AR
FHE M ASTRA L2205\ IidMiEEE
RPRAENC & o T AREEI AERICERE L 22 Bk
HMICHRT 200, ZOLLELLDOPITDONWT
BB ETAHTH L. T2, FEEEHETHS
F1 - 2BEBOMEHRICBVYT, S 0OEIR
FIZOoWTIZY 7 V¥ 4 & PCR ThMEiEG %
DFEBEA IR ENT, S5V OPDEIE
FliZonTid, L LARBROKTHERLONZ. 2
NEORBDEBIZOVTEEERORBEKED
Mm%, SOHUEBHPLETHLEEZL. LY
L, ¥4 2707 VA TS h7z420, 500&EF

BH OFBEENZFNZEN 2 ~300,000F TKRE S
BipoTwnbh, KL TR 1T 7222808
EFORHEEX, BEICEXZVIORILAL
ThY, CORBABO L DB ZREICL T
watlEbhs.

MOKFRE LT, £EB ((DNAXAf 707V
4, £FEPCR, ISH, V7V %1 APCR) 1
PR LTI 4 <—, TO—7ORBEE
DEFFTONE. RBFEBIRE2>T05, b
LAIEBIEE L TV THIREL—HTEHD
TlERWVD, BIRWA TSI Vv FhEORE
X D EERZD D OB IEA T SRR
yH5H. LoL, ThEETZTH, £B45HD
BRIX, BE2 20L& T8 3 B
PIHT L2 DL AT, FHEMICEEAEML
TWABETFESLRL, & 2ZR—-#EHNT
H o T HEREHRFIFBEHEHRICG 2 5B ITR
ERRDDOTHY, Pl LHBRETEIALEGL
W) LRV TRFFEINELDIDTHD L 2R
LTw5,

AT, TLABOBETREAEAL iRl
EhholzERON, MBPAM LT 1
74 =T OFRERTFICES LT 5 R RIER
Sz, EHRT7TOF4 7 BEEEEXET S
—RZa—0YOERZFTEEL, BEHED
BEED L IZERED LIS EFERZ L
Vol EHROERICL B LI APKRENT L
YN R-Y (AR

& s

SEOHFETZIMBREHN T, MBP iZ&E
B ((DNA~YA 77 L4, £&PCR, ISH,
Y7 NV¥ 4 APCR) OFRLY, TUTFA =T
FRERR AT S D DR E 2 o T B I REEATRIR
Iy (AN

L»L, MBP DADRBREEHTT T4 =7
BIEDVBREIND L1FE 21T L, MBP D%H1L
Wz, %3 Eckile (BREME) oZERP=
LA BB COMBE, AR O
AL EEHALTT R4 = T RIEDT &
ENBEOTR VI EBbN: 7, ThbD
BIEFORBEGIEE 7T 1 =7 ICHET S
LDTHLNEIPIZONTS, SHELITHER
RHEDLUENRHDLEVZ S,
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