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RT-PCR is an useful method to investigate the expression of target gene as detection tools. Although RT-PCR is the
powerful detection method for tissues, it was difficult to amplify the target gene product using the single cell. To clarify the
expression level of the genes related to Parkinson’s disease (PD), | performed the laser dissection of single cell from
Substantia nigra. | examined the mRNA expression level in the dopaminergic neuron isolated from the PD patients by the
single cell RT-PCR method. It is known that tyrosine hydroxylase (TH), DOPA decarboxylase (DDC) are involved in
biosynthesis of the catecholamine such as dopamine. Little has been known about the gene expression features of these

enzymes in single dopaminergic neuron.

expression was observed in PD-related gene products from the single neuron of PD patients.

| could detect the specific gene products in single cell level. The different

Interestingly, TH gene

expression was significantly decreased with comparing the ratio of decrease in other PD-related genes. Hence, | represented
data that indicate the RT-PCR method described in this report is an effective method in detecting a specific single-cell

mRNA level related with diseases.
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N =2 S 27l @AV Aok 53] FHY e x2He A
AA Y Z+F FA AWAAE), 2T (glial cel) T T 7]
SRR BHe AZ3= PYoZE FE Northernd| 53 Ao & AEEo] B4eiA 2ol EAEL Utk
AW e HE3e ZFL o]&F JAA RT)-PCRY Fol T Fd) o] Yo 2% AMAHME F 3 (degeneration)
9Jth. £3) RT-PCRHS E3 ZFojA dste FHRY olgtal 3 ZITAS WAE AME @AL dAd AzE
wEe vad P & £ Y= 8% wHer & AWS oly|dtt}t. E3] X|u] (Alzheimer’s disease; AD), ¥}
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o o]27] zm}x] @_/\]7}03 ZZgEe JL KUo disease; HD), 18]i 424 EEFHo] £450 25
AW 2= 9w ot® realtime PCR (3% PCRHE 92 (atrophy)2 -%38l= Amyotrophic lateral sclerosis
A Yok lﬂi‘«‘r o) nE WWr ZZ 9 RNAE (ALS) Zo] HlE ER ANBAAXE Add] o3 fFHHE
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H71eme AZ7A F2 F7 (Substanta nigra) 7
nEZcgoly] AT A s 2EHAE &
wale 744 29 5 ohdF el EAta ¢3A
ATHI-S). FNEPL AR AAME #ES AW F
o ZbF dutgel AW sfuo|the). -4'7J€ %4
(Parkinsonism)& 3 &3 REo AAANE (FA)7} =Hsl
oz Brde =uve o) FojA LAY 1 &
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o Az wel, B A Axd wet S4o] AsAE
Rog &4¥A gk

ZoFle ABAMEAAMY ABarEgo] el ZA9 e
#Hol Stm # = JEd), old =uul (FlE oy,
catecholamine)?] A7 AAE F2 FLZ = golg
A 48l A 4 (tyrosine hydroxylase: THYU W3FEo)u) Ak
getAl g4 (DOPA decarboxylase: DDC), =391 B-4=2+3}
A4 (dopamine B-hydroxylase), =|doler-golql N & r7|A
o] &4 (phenylethanolamine N-methyltransferase), H] ¢ =gl
H&A (etrahydro biopterin) 5¢] Zwj¥l2 03 DOPAS
FAT O ATAY He Rez g¥A gon v,
GABATE =aRlwdors A=A e Aoz ddA
ATH7-10). 3H, PDY F83% HEdty AEE AARA =
AL &2 NBAFAA Foldoez uyell}E inclusion
body¢l 29 A (Lewy bodies)7} TR0t} 29 AAE
AGA FAEY, Tyl AFAHNIE AdFHoz =4 3}
€A 2 71AE& 284 YA ghe). A9 B2 B £34
2L Abge] A A die ol AT ZA gdAA
HZAA ol FRAALY BH Fiol Waide AL &
Pig=y

4 AAAEY H3lE & & e HHe tastA T
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AL F gle B/ Loy a3y A2 B
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A9 Ag8 Fa g3 2o Laser
micro-dissector (HAMAMATSU A &4, dE), PCR cycler
(MJ research A} ATC 100, ©]=F), A& 7] (TOMY, o
)y, microtome (LEICA, =), spectrophotometer
(BECKMAN COULTER, Fullerton, CA) A}29 A|¢F 2 &
A+ QIAGEN (Valencia, CA), Amersham Biosciences
(Buckinghamshire, England), BD science (Franklin Lakes, NIJ),
Novagen (Madison, WI) 5ol A <81t}

AHl=
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ZAL WEIL (80T HE F Alge %A
(brain bank)E o|&3ld FH, B3I I FE
cm’ Y92 A9stgh. daE 2 yole): microtome
o] &3t -20ToA 20~30 yme] FAEZ HAHL 5ol 2
0CZ vl ¥ AAS slide glassoll o] oFzrel A)
<& ket 7%t AVIA dEE e A stgd e
o7l slide TEL oA W 5FAAZXE 4r8gT 5
2 Azx9 FELS 80T EFIAY Fadk A7) A
of ZA G o] &3At
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2 583 943 g5, DEPC (diethylpyrocarbonate) ] & 4=
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Single neuronal cell@] 22| iy

Nissl danjoz ddE AHE = 314 3 Fuld
laser micro-dissector(Fig. 1)¢] w7 TFS Edlo AL
= Aug g (¢ s)E AAAE 9AE gATh A
A == mufg ) (F S50ehE A H, shshe]
AAAEY AAE FIY F J== 92 oo JPe
=9l (3d) 7ol 24HE NE FHd & A¥EIT &
o714 LT E laser}EE 20 Hz, shot 108 ZAoE o)
AE zZARIEY "ad wRtMe 2e FAE 233 27t
Hog zAE & Qirt o] W thE M E, F W Fgo]
AEe G4 Axrt g3 0)A go} o] WAA AT
F olenz £43 maYwRds Eezle o I3
AX F30 2% oo Aol ¢AHAE FHE FAR

e &, A9 AXE FolA AR HFZAHLS AAF
Aol Eojr XL At A &+ U=RE
gt} vl2] RNAFE4 A]f (TRIZOL)S microtubelol 2%
F gol ol dnA A Lo T A8 HEY H
ol laser’}E 10 Hz, shot 102] 2702 13 ZAFsIe] A
7 A ko2 HolA=E FriFg. 2).

D pm

330 pm

30 pm 30 pm

Figure 2. €9 =99l 7&le] ¥ (Nissl 43 20 mm 579
74 T4 AL golA nlelag tho]ME R 20 Hz2 FAAE
21, 10 Hzoll A 22315k A Awl& o (GouY), &£8tol=
W, Apdo) AA Hole AEEo =¥ wHolth B: THjE&
o) (550u)), EFol= EW. C: 2ulE FHd (550m)), %ﬂo]_‘:_
H AEE 22y AR, HolAR §H FHE AT Fof
Ehd de Ao FanE gAS¥Y. D mElg g (550u)),
gol= H, YolNz AXE EE3 Fo yeEhd ¥ FhE
ZEZE RAEI.
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Q) ol Al micro laser dissector®2 AW o8 /) == 7
o] ©d AFEE TRIZOLA| %o Ho} i} o]l E¢E
& AATY A8 wHE FE5& 13 dAEMgh sgel s
7 2-Z2HEE HAN AHPES 75% dEEE AH
stk @A ¢ A9 A3 AAENA DNAE £
87 ¢18to] DNase I M) E H&oA 15837 A A

Single neuronal cell2] =& Al (RT)-PCR

AAAE 3 oA B& RNAZRE H4o A4 4
ES HAE3s7 98, +9 LEEZ 1st strand cDNAE &
A7) A e ZAEY Emd Aeste 3
Mo Eolxoez AfE 4 = primer setE A Z 3t
ZAetaA s RE FAA g FE vMed S
1¢rat Tt Primer set®= X RNAY] 32 poly A-tailo] -3t
8l anchor primer2 A Z3tx, O 3 £ 5% 7}
7+e] &ARY EolAQl primerE 2L 279 PCROA
489 & JES TAE nestel BASET 13 2 2
2k PCRE shed] 714 A3 annealing (B €%, A%
AlZh Aol & 59 £7& AESYT Ist PCR ¥H3-9
o AFAH F 5% primers EA{FAA VF Hu 3FH
primer= anchor primer?t-& A}8-3ta] 208 Wh2-3}c) st
PCR HE2 spin BHOE AA 3] WY IR E F
Fog 2479 FAdAe D= Eo|F primer setd o] &3}
o 2nd PCR ¥hg-& 403) o AX)ssich

zn 9 By

o

tel MAMEO Ha
Ba $£FdM d7E JdAI7) HaAlHe AE EE
7} Aol d=dH, YA R in vivoolE in vitro®] &

ABAELE G502 e /P A0 P
a8 &34 gk AeF AN in vivee] NEE
HEAE o)&d EEs wMIATE e W] dHA
Atk 2HY olg WL 93 ¥v AXE UEE g
FEoz wAFHe AL o dojth. EAL laser
micro-dissectorE ©]-&3led AE L WY single cell
neuron®] E] WHAA AFT A Zo] sl A

F 3 A tHFig. 2).

e = RT-PCRY | &gl
AR 2 WA AFE 2 brain bank2FE dolA
d NAAZY total RNAS o] &3te] & 3 A A=
' g oA~ FEdA f3te fARe 2d
E (mRNA)& RT-PCRY & o]&3lo] HEsted 433
HohFig. 3). £9 79 ALAAA BHE ZL: F3AE
o 7A7F A, 7 F835A AAXE TH, DDC 1
g Lewy A2A4¢ FAAEQ asynuclein & FAAF Ab
2, 293 39 FedNE I ES HES & gE

b
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GABA diA}dd #HAME (GAD) it 1 AnE
UER I Th(Fig. 3). ZgelA BRo] & & A9 AANE
o) 23(Fig. 3 BHY B AX2RE A An(Fig
3 7keHE, stehell A E tE Aol QA A eksir

1 neuron

11 neurons

Figure 3. @Y =33 7#H9 RT-PCR (T: tyrosine hydroxylase, D:
DOPA decarboxylase, A: a-synuclein, G1: GAD1, G2: GAD2, B: B-actin.
GIAZE IATE 2e 3G LAE AR AN A Alold)
& A2} Hole AY BolA FETh F, GIAE § Ages
= 385 A% b5E 49PEdL ¢ 5 doh.

SlLle] MAMZO|AM S| Exial

Aol e dFadAT shie] =9y
o2 tgd fAR FEE FAY BEY 5 v F
AL AFsA U2 brain bankd F3H A EE o] 3}
Al @ e *e‘%‘é FTEY F JEE Jvgt o)™
He @83t 94 non-PD (PDO] th3ld F4he L&
Zbzh shd Rejdte] makWl FHo] 5ol Fa Ty}
U ARERAAS HFEY AEA FEAA A
RT-PCRY| ¥tE A¥ o= Aozl ANRE Fig 3B &7)3}
Aot FigollAl BXo], 107/]9] F&ollA A9 S9sA &
T8 FEd FAA FES BEde d ATy okF
4A).

MBHA RER Wl
dolA 3
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PDRAS ERNFAS Lelstel 3 Yol mhet B
¥ gEAg0] g 10749 ol med shisl ABAE

olxel PDEE  FHAY WMol e Whyosm
RT-PCRS A3t AEAm AFFE], 43d
HE Foe AE, Folzke AE, B4 77k A=
02t 7o) faze] Hd AHEo]l tEA HEHE A9
£ HYUFg 4B). =& AEX (H)9AE GAPDH
(glyceraldehyde 3-phophate dehydrogenase) thZ+S ¥ 33}
A Y] 2HEo] AEHA Fpon, Folrte HAXE (3, 4, 9
MelMe AeHA gv A 2424 Axeig g2
Uelgon], e 6719 AXAME A HAe 77k
TTLE AT 9714, FHEE AL Foirte
AZAAM 3748l THE FHz AHEe] 420z LdE A
oz, olARE olANAY ARA AT A F2D
A4 AAR-AA7E TH (tyrosine hydroxylase)ahs A}l 1}
= F3% A9y, = g2 dhite DDCY a-synuclein &
Az} g9 AR M Eo 3 (degeneration) 2L A
7 9ee dehile dde s,

Figure 4. non-PD & PDEx} E=uvlyF#o

AR EE (m:
RNAE ¥x] g2 =Zgolr thzxF, T: tyrosine hydroxylase, D:
DOPA decarboxylase, A: a-synuclein, G: GAPDH. 1¥9] $jof} T A)

Y £ A9 AEo Hey B Aotk A nonPD EnT
3789 RTPCR. 47ke] GUME Abole] W@ o] Aol7} 31
EXg WY 598 AT 2AR Qoth HoE B =Fo
oz BE AN FUSA AEAU. B PD £9TFH
9] RT-PCR. Z0i3l= AEQH), Fol7ke AZE3, 4, 9_“4), Aol
Ihe AEA el Azte fA%e) B A A2HY
o 2MANE BE FA49 450 AEHA Ggtow, 3, 4,9
Mol ME AEHA WE AAAT 22 AT g2 g
o geaor Yol ke AT BEFE Folx of 47
AAE nonPDEAY ATHCILH)SG BTSGAE 1 o]} A
AL,

2 o
ZAL o] L3 gy} (RT)-PCRY & o] 43l U3t

il HE S Hlad g ¢ ¢ AAT =
]i‘&f]«l A FA2 w4
L7lolE §A7 Atk 53 2 J)5d Ado] g A
7} _\?__/‘I:-gl.y.]] go] EAsE FHG 2 2AL AAA
ZzE HAE =80} (glial cel) o] M2 A
o} g3 /\173/‘1]&9] degeneration AH 0 2= 17l
(Parkinson’s disease; PD)o] it} #7l&w & Alghe
HE B Aol oA 7Hd durHel A el

f

o ok ¥ 1o K e X fr
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PDY 7} ZFad AL =Yl AA Az g3
52 AlEd| 7|18t =3¥] (dopamine)olgle AAAY
o] 7Hi3le Ao Aot} =yvlz & e E
ol AMFA HAHH FAE Elo)Z Al Flojm=E A o]
£ (TH), =3 gi7t2 5 4ol (DDC) Fo] €3A Utk
a8y 28 5459 s d7e 2ol Hol g
BT ©d 5 AAMEAAMY ol #H FAA
Wy G diEiMe 2217 uis A9 glth. PD9
Ay fAA 4y AT E ua) 7] Ystd, golA tho)
E] (laser micro-dissector)e]} &3 @Y AAA T Egd
stk Fa Wl wel F4 iz (HIPD)<} PD
A 742 g A e Ay AE JFHer e
B2 NBAEE o} §3td HHAA Bolx Zglolmg A}
&8 RT-PCRS FstAch 2 A, & & A9 AA4A
¥oXE Az N HAEE AL A 2L 53 2
HE A= o AFTsYt PDEAY HolM B3 107
o EYAY AES deMe 7 AEY dgziolr} 2
AEglon, §3) TH fdx9 2de 433 & &8
2 AEHA Fyrh o] HAAR T ABAMEAAM
mRNAYS HAE37] falAs B EE9 RT-PCRYC] &
F9 WEYg ¢ 5 A

= fo

a4 A

B ATE 4B AjeAFAARY HeH 7zdT
A4 (CREST)S] d7H] 2 Q18H] A9g wol Ptz
ovf, o) ZAEYYT B, AT A4 AN @
AU 9o (SANIEY) AFYH Fe ol
FARsE ol NZO (S, WA, AR TPAARLT
%) 44, T81 B4YEos SR AzYs
FoBiet Bed w5, FU5e T4 04T ap

7 e,

o BB o> oo
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