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Robert Hook i X A fifa X B LIk, EPWHEBREDOE
BY - REMZILO S PEBFHIHEER E LTERS
H, ESEAREYFaEEroEEL—AL LTIkx L RE
G CEIc. —HT, BEOMREWFEORBEEIC LY
in vitro TO—FicMifaER LY@ T5 2 itk - T, #Hifla
gL BT coEME L LTOETER (e,
Rasmqt, MRRZE) ORMEBEECEE S 5« DMK BT
ELTWA. Lo Liksih, in vitro TOMBIEEEN EMEN
TOMBIEEN CLHEDIEBI LT 5 b DI O BEBESLMET
TONEBREDD OBFICIL, HEMIELY <L ToBRMN» L
ATHHDIIAPTHAS.

MM oERY, ARYAF2FERL, R cER
L, # LCEMEBETLZZLTHDL. Lnnd, REW/HE
RoOBEOBEEML S, BETITEMHESLORE TIL
RA5T, £OMEBILOEE & e 5 WEN OIS
RO TS, ZTOHMOAK, HEERE CHEEOWEY
FET 5O AMEETHY, FRBEREEBEOBHEEELYT
AL TEEZREYREAT 2 0r BEARLYE, &A - BY
FREAR E LTHOCHER - iR FIR$ % ob %
HMBEFERBLCE . ZhbDHERYER, Tici
- B R OB - RAOEERIIBRENRIGEFIB L, &
BT RBURAE & £ O AR & Ml AL T % oo Bl
¥ - HRINhOOH 5005 FHBMRLETH D, Tod
LSk AY in situ hybridization (ISH)!218) gk L4 2w
= A & VLD Tzt DNA S5 # B HI3 % in situ
nick translation?? #<° TUNELS (:ThH 5.

HEE R RE  T852-8523 RIGTIRAI-12-4
TR R BR 2 B A 55 = SR

2L, BED mRNA ORBRELY EREH TREL -

FEMT3 5 f- DI IERCHE ISH OB B H L, BBET
BENRLOFERAYEERT VS CEBT 50D Hk#H &
LTHYRAY - A% VEBILFBERE L TE/. AT,
4Dz Z ISEDOPIIERE R A HICEIC 2 h b oy TSR
(LR R BT A L D ES X R T 5 .

ISH ZOEEHE =

196941 Gall & Pardue® ¥ O John &9 D 2 oD 7
=T 0 BN R EEEEA BT Y K Y — 4 RNAEIET
DHEEEH*RIETHHEE LTISHE REI N, G
Efk b CORENIGRIETEOKHL Y 1 L A&EF DNA
S ENERATI*HF T DNA OfifaAFREE L LTFIA
X#t: (chromosomal ISH). 19784, Brahic & Haase? &
I D EEDEEN, 71 LA RNA OBHEEE LCHIETRE
T EDIREIND &, FEM mRNA BB &g« o v
~LCfENTT A FE (histo ISH 5\ i3 hybrido-histochemis-
try) & LC—RBEHYBROHICE 11218,

ISH ZDE %

Ml R cH RO, ERIOFHIE L LTORN
TR—RICAtoTH Y, MiafEx D v A TORFFERD
BERIND. 2, DFEMENLFECHLYF VTR
g NER /¥y T e, ML ISHEEDRARALZERENE
HHhis.

DNA Zxg& & L7 ISH & .
YRR ECHEDEBET DNA OFEE ~ K4 5
ZEiL, TORPMEBECE L CEGFCELLEADRE Y

BEEO—E2FIBT5 - Lk h BfFCERT 5 kv REt
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T5. BT, REEVSATE UREREEORB T
BRPERLE . o, BREPELTV5DNA v 1L A
OEBICILEATHS. ¢t OLBEETEINZHRET S b
Yo a7 uy s bohTh, BEEAHMAYEDTLA.

RNA X5 & L7 ISH &

A MRS REN BT RERE YBT3, M
a4 FRAE A IE FECIRIE - % (X0 b Tre < MIRaIERE - Hifa
b - MERRTE &\ o fe X5 Tokk 2 I AIBRIR G o FAER R 4 1R
%5 ETCUATHL. BREEEHOEA L <AL TOBRFHC
BRERBICENERHTH LD, B rrevnFoldit
SWHEDOERADEE, EAERBCIRK - 2 - BLhiAr%
X b DRECEEE LB D10, REEBIILFEANICK
HIhichrEBEAOFED, LT LLFOMBTOEORE
TOEREER LI EnBEESh, EA*WHRTHID
Ik mRNA OB OKRFPERIND. T, REHRBRIL
FOMBEL LTHEETHIREEDOBIEEIEC X 5L
HERNMERINTED, i zEAT v Fhr e vEEE
T, 7M7r =78 Lt — s LT3 EH
T “superheating” & X AR OB EH\ TR IELEOE
A X D LB & ShTuwich 0h, BEBsETh -1~
EHE LB HKRTV B FUREME Db SN
DIZELHBETH - 1. Bie, EFCERCHWMENRT
LE 5EADHEL, FIZEAIhTWTLMABNEED
BHEEL T CHHEALMONEY. #-T, RELEL
BrEHETH-BETH, VERCIGCUCISHER L AH
HRPLBETHS. FRLOEEAET) LK LTI &
EFOMBAEBEOKRFNER I 5 EHmNIS T CTH,
BIEFRBREOEBMRKEERFEL LTISH EOFIAL
RAJRTH 5.

FERGIHE ISH £ L1 2 OFIREX

ISH ZD[F#E (Fig. 1)
HERE TR

DNAiX75=v (A), 7/7=v (G), ¥3v (), v~
by (C) omMigEEN S, FLRNAIIZA, G, V5o
(W), CHEEBEIN TS, BEEEEXEEICN T, AR
HLTTHEWVTIUD, G LTECHE@EIHTHD, *
NENZAROCZARADKFEREEC L > THAGEZTEKT S
(Fig. 1). #6-T, #EET5 mRNA ZOEEEIICHE
W7 ERLT % b OREBOF (7 r— 7 BERTF) L@k
RECRIE I 5 LM ABEOLE e THEL TR T
5. DFHEOREMTERMTITIEEMICIUR S hickE
BAEORBCEKEL TS, BEHRIZVWHLO L EREE
(Tm &) TEIh, —&HCZDNA BB TELRICKD
RTHEINRS. Tm=81.5+16.6log[ B FDOEEE]+
0.41x (GCEE : %) —675/HHEK—0.61x (kA a7 I ¥
BE %) coHERLEARZ LT, DNA-RNA #EDE
A i15-8EEMNE L, RNA-RNA % DE 51 iX10-15E &
T5. B, Tm SEEO¥FSA—ABEL LRV ESD
AFLLTUWBREDZ L ThHS. AR LBELI TR,
Tm (EEE, GCEE, P THEORX, Ax1 47 I Vg
BEHEC Y > THEZTH. TZTIVELVWEME, Bb X
DTN EVHE L) FETX I\ & 5 4% stringen-
Ccy BV EMRY, X hERNS FHELB L ETHLET
H5. BRE, KERE, SREDOSLVAT I FFETES
HIET5. #, chbostBERE, BRPCTOREEET S
LT, ISH¥ED X 5 BB H 5 mRNA L BRFO 7
v — 7 L ORIGDBE L, TmEIFIS5°CTALEE
bhTwb. #EEERRIGOEEEL T, BRPTET
r— 7 OIEEETIVEFACRSAOBRE CHHIEEZ &
DEILR TS0, EEERfFIRO 7 e — 7B A\ 5%
&TY, (Tm—30) 205 (Tm—15)°C T15-208f3~1 7V
AL = g VE(TH.

PRINCIPLE OF NON-RADIOACTIVE IN SITU HYBRIDIZATION

oligo-DNA

c u
M afe

mRNA

Hapten (T-T dimer or Digoxigenin)

Fig. 1. Principle of nonradioactive in situ hybridization with an oligo-DNA probe. (1) Thymine-thymine (T-T) dimerized or digoxigenin

(Dig)-labeled oligo-DNA is hybridized in situ with a tissue section. (2) After appropriate washing, T-T dimer or Dig is reacted with horseradish
peroxidase (HRP)-labeled anti-(T-T dimer) or anti-Dig. (3) Finally, the sites of HRP are visualized enzyme-immunohistochemically.
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v 7L OREAL

ISH#ETIL, Fr—7¢ LTHGSEEA BEESR
IRk S E CER L, MEBEEBRICHE T OEHEY OBkl
WIESEAFIR L CEoREEM A REILT 5. BaEET
ik, A= AT 4L DT FARER TS
HEAL L THEL, ERSEEOSETIIRAEHNT horse-
radish peroxidase (HRP) & DEEHZELH\ (L EFE CES
LicHi 77 vHifky RIG X E & L TRERBILER >~
7PN ERETHEDON—RIITHS.

BEHEEDFERSTIEEH ?

ISH i3, #>>7T3H, ¥P B\ & 35S % 0 Btk RS T H#
(RI) 7 = -7 AT T, chiext L, &
FEEH T ED T B IEREE D RERBILFR ISH 0%
BEELDLEUTOLISIIRS.

831

RIEH 7 e —7%FRATABEELEELT, 1) FHEM
NEB L —EEH L7 v — 7EBIERD CTRECEL
BIFIBETIRETH B, 2) & TOFTENI 2-3BUNTET LE
FEThsb. 3) BBEINVAZELIL, flaE~0L<1izd &
£, BARCL > THMRARE K LRIEETHS. 4)
BHEMNI T 7o —FHBLBEICEE, BIHILF E RS
T, HEIPHEILL T35, 5) b b ~DOERECERY DL
B, BEHTEETHS.

) & Bk

1) REABLER ISH 0 RFEHHEIT, KE RI
B HERTECEVWS LD TH 7. L LZhix, A — ¢t
STF T T T 4 —DERTFDO—o— ORI 7 F A ThH
HLEVIOIBRSTEBOOHEET S, EbboHEER L, K
S DO—EBEL EORERI Bt 71 LRIt Zh
% DT, signal/noise ROBEHLEETHIE, MEOER
fev 7 VERHBEREICIABEN L EZRIZD bR\, 2)
EEECBE LT, RERIEHRSH ISHEOKERIIEELHEK
twEEqhi., Lrl, BETIIEBUBEE,—#&I{L L
RIZE ERIFRIC > 7 F VL OEENARER s> T\ 5. 3)
NTT v ELTRALERPNEL OS54, FFERNK
ISOFE BRI D2, BETIEY - r @ LKA
(LfFFE L 7s \» thymine-thymine (T-T) dimer'2-32 =, &
MBI LAELE Le\ o digoxigenin (Dig)% 1516 &= HTF 4
BoOFIBALBFEIR TGS, 4) v 7 raiclvicEE
ENESEBHICNET B A/ EE IR 5, BAEFHZ
N5 HRP ZE0FEHIE L Cifx DEEENEL IR TE
h, EEEERERBCIL B,

182 OFERE
7 v — 7Bk

Ter -7 L LTHCLRIBEEIL, —AEOHWY] D
cDNA, —AKEiDNA B\ ZAHA Y = DNA & —K$#oD
RNA TH%. A cDNATD 13, 7 e —fbL¥hfc 72
TYVT7DTFAI FHBY DT polymerase chain reac-
tion (PCR) =X h{EBlXh%. A DNA ¥ r — 71,

FHRBIC—APLT LB H Y, N TV ELE - 4
v i [ $4ME]C re-annealing 2V UHDTT7 v F & v AHD
ERHEE A —TFEOOE L. —ASEDNA L, DAL
TANANZ ZF—wRACTHELR TV 5, BETIX
asymmetric PCR gE0k/c=27 v 27 L7 —E&FIHL T
— 7 ® DNA S0 A EL3 5 HEC & b BECFREI TR &
HtoTuWhb., LV ARWET vF v ABELIEEHL\VDOT
BROBA~A TV EALE—> 3 v&ITZLH. L LIFED
BLEELCOILEHA YV = DNALIS182.30 Gh b, ER L
4% mRNA BLFI 7 HAUEERORII* B Hic & L TFIH
TE%. Thi—A$#DNA TH5SH, BEIL250H60-mer
BEOLOESHT 5. DNA SRS ST 1 BHEYS7-b
5-6 min CAMAAETH S L, AELTH1-28RBLUAT L
hHEMCAFREETHD. RNA 7 v — 73, BEkic~<7
& —~ cDNA % ZiAZL, RNAHEY 2 5 —E&FIHLTE
BT % . DNA BN THBBS ~DIFFREVR A B R 258
, TOHBEHOBEESCERN Y 77 2B TDD
RNase DF AW IS H 50 5%, BYCFBIhIUEE
WMCThDH. AFTIE, G4 Y = DNA OF|HxhLICEE%
D5

FER SRR OFEIR

7 e — 7REBOERY E LT, HRP 20FE (BEM
B ), FITC 0% Y63, B\ i1 biotin, Dig <
T-T dimer ZOHEMWE (REEBILFNTE) rabh
Tw5. BEABLFNC Y 7 Fre2BHT5HETE, B
FIER AT OLELLULT LM 7Y Ff - g v
DEBEMETORICH T IV E, DFHA XoKEcb
DX EHT B icd 7 v — 7 OBRBANOBE.ELSE S, 3T
HEEC L5 HBEVERICOMEEO RSV H Y, EELE
ISHZFHINSEEIBDTRONIS. W EFE CTEH
THEHER, BoESY v -BEELERAE S AT A
D—RLIZFE > TEB IR TE Y, EEEAMEETCOBRENY
BETFREYIHT AR AL (FISHE) Lo
Twb. L L, SN mRNA oEHwBE LT, vy
FEREXRCE Sy 7 777 v FEOFE X ) EGAUE
ML CIIBRE v 7 3B o WERRY B S, 2T
L LA, FITC i DMK ELO LoD T T v & LTH|
AT 5HEPRELRT V5. REHRKILER ISH 3BT,
BERLEEEAEBLTWS5LDTHSLD, Thitho
75 VBRI RIE L RENTD LG, LR A
i3, —RCRIGHEORE I\ #EL L, FLRIGIE5HHYE
2 ULE LERZER\LERYWE CH 5 e FI A G s
\+. Biotin (%, biotin (L7 + = /2 EERERILEFIH LT
B bpAE®%. Biotind 77 & LTOHREILEHRD
R E I BEA S <A, AR biotin ORIEE T 5 = &
2R\, Dig R BrdU 0D~ 7' 7 v § ZEAHNC I biotin
LRIBRIC U CRBE~E AR S. Dig ZBRELBCFIHAI L
TWBLDODD—DT, HBicEdHA Y = DNA L DptH CHER
Eha. HL, BF/c Dig COEZKIT, EK - MaoBK
MRS L IEBRENEAYEAT A L EET A9, Ei
DL TOENROEENESECHEBTAIRAELT,
K HEHROHIHI R TH 5 S L EEEOBRBRIEOLL
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BEUTHDL. ChbOMERYERBR L TR AV HMBEREL
o HEEA T-T dimer 31218 ThH 5. EH#HEL Lo HE
LERLRED AL, DNAZDOLORHELTAETHS.
DNA i) s o viEHo—2 LTCTHNEEh 52, T
DB LTV ARIcENE (UV: 1=254mm) 2B Ih
&, €Y ICVROZEBELVRM L BERCRE LY 7
7 & VREENE S, T-T dimer & Xi¥hd. 65T,
C DEBB BN B L BB IR, 7T ERIE
I s A BB YEOBATE S E#HED 7 e — 7 O3
LARECHS. iz s, T OREERTIL1008EEF2-4
BRTHIUETH T, EELFRE OB TFICFIBARETHS.

ISH ¥ & L ToR#

ke LT, BEMRE»SY A P A VER, B (R
EE) wEYR, RBEEEETR, <77 4 Y9k, BiEE
BY R F CLECS U TRITHLFIAMETHS. fhofs
8 X, mRNAOBREX BRI ET57H RNADREED
BataFoTw, Bk E LTo@EY) X & 58 LS ERT
RECH5D.

ISH ADEAE(E (Table 1)

LHEYIREFIR% Table 1 &R L1z, &« OFEMY 12
T TG 50, BRI RNA R BFRIER L T 25603,

RNase DAELREA « fEAEZVHICHRLS DI EESH 5.

HEOERIEETEICOWNT

FEHET R OBa& L, EX2-3mm CTEZES 1em LU
TozR¥% OCT compound Miles) i/ LEbIC = & / —
NMIFSATAART bV FFATA ACTHETS. &
W7 my 7R TEBLRFER (—80°CLUUTF) TREL, &
RAERTSH. FRICEL, 7V A A%, b TH-6pm®D
GHELEL, vV IS AASTA FCBEVEBIC~T — F
74 ¥ — (RT) TEEZXE%. ISHICEL, RNA OABY)
ANOAREMLE N HREOHEF* BN E LCRER T 5
N, TebrvR=g —L/EEE 3:1) X, 4%-%5
FnA a7 AT e N (PFA)/PBS BEEHAEN T 121510, B
BlEREREOFREILMEB Y SR I N0, 257y
YR OERICE s » Tk, 8% 4 %¥PFA/PBS 1K CER
Tohr 2 HL—MRREERTE Lo, BFOBFECE->T5
7 4 VBT S, BHEEERECREIEROBESCK
XXNETEKSL. YUKZvS VBRI A ¥ 75 REW
FRTRETS.

BIALEB(C DT

0.2N HCl Wi 8 FE B ER % b oA EAE Y U
PHBRETHLOT, BRERME IO v - TEERE OBE
SHREE TH 5 HDOUETHS. PFA THLBEEIh

Table 1. Up-to-dated procedures for in situ hybridization using T-T dimerized synthetic oligo-DNA probes in paraffin embedded sections!®.

Sl B ol ol

hybridization.

Cut sections in 5-6 p¢m thickness and place them on silane-coated glass slides in a routine procedure?.

Prior to use, warm at 60°C for at least 30 min, deparaffinized through toluene and then rehydrated with serial ethanol solutions.
Immerse in 0.3-3% H,0, in methanol for 15 min to inhibit endogenous peroxidase activity, if necessary.

After a brief washing with deionized, mili-Q water (DW), immerse in 0.2 N HCI for 20 min and wash successively with DW and PBS.
Immerse in 0.2% Triton X-100 (Sigma) in PBS for 10 min and wash with PBS briefly.

Treat with proteinase K (Wako) (10-200 zg/ml in PBS) at 37°C for 15 min and wash with PBS (5 min, 3 times).

Fix in 4% PFA (Merk)/PBS for 5 min and wash twice with 2 mg/ml glycine/PBS for 5 min each.

After brief washings with PBS and DW, successively, immerse in 40% deionized formamide (Nacalai)/4 X SSC® until to be used for

9. Put 20-30 gl of the hybridization mixture® on each slide and keep it in a moist chamber humidified with 40% formamide/4 x SSC at
37-42°C for 15-17 hrs. Under the conditions, no covers to avoid evaporation of the medium are needed.

10. Wash 5 times with 509% formamide/2 x SSC9 for 1 hr each time at 37°C and 2 times with 2 x SSC for 15 min each time.
11. Put 3040 pl of the blocking solution® and leave to stand for 1 hr in a moist chamber humidified with PBS.
12. React with 30-40 pl of the blocking solution including HRP labeled anti-(T-T dimer) monoclonal antibody (Kyowa Medex) (1 : 80) for

15-17 hrs in the moist chamber.
12. Wash 4 times with 0.075% Brij35/PBS for 15 min each.

13. After a brief washing with PBS, visualize the HRP sites in a chromogen solution containing 3,3’-diaminobenzidine-4HC] (DAB),

H,0,, nickel and cobalt.

14. Dehydrate with serial up-graded ethanol solutions, cleared with xylene and mounted without any counterstaining.

3 Unless otherwise specified, all steps are performed at room temperature (RT).

® 1 xSSC; 0.15M NaCl in 0.015 M sodium citrate buffer (pH 7.0).

9 The constituents of hybridization mixture; 10 mM Tris/HCI buffer (pH 7.4), 0.6 M NaCl, 1 mM EDTA, 1 X Denhardt’s solution (0.02% BSA,
0.02% Ficoll 400, 0.02% polyvinylpyrrolidone), 250 zg/ml yeast tRNA, 125 pg/ml salmon sperm DNA, 10% (w/v) dextran sulfate, 40%
deionized formamide and 1-4 ;:g/ml T-T dimerized oligo-DNA probe. If necessary, 200 U/ml heparin and 0.01% (w/v) SDS are included.

It is heat-denatured before hybridization.

9 If necessary, 0.075% Brij 35 (Sigma) is included, and for a more stringent washing lower concentrations of salt such as 0.5 SSC and

0.2 X SSC are used.

9 The blocking solution contains 500 zg/ml normal mouse IgG, 5% BSA, 0.3 M NaCl, 100 zg/ml yeast tRNA, 100 zg/ml salmon sperm DNA

in PBS.
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B I DEAEOBRETRETHY, 57 4 v Proteinase K fLPE/L, mRNA % EHOEAE % MLKEL
IR -COBRMEIAEL . Triton X-100 UF 1%, $#ic PFA © THEHIE, Vv -7 L ORIEWEAEKZELIFFCHER
BABEEIREAB Ty 7L OB RS T E 51D BIECH B, MEBEEOEFBILUNETHD. 774 v
5. Ta—TOMBANOBRBUHEOERICI D EELZ LS. YR CRCNEBIECH 5102 25, FHHERETT T

Antisense & """ 6*{,“ ~ Sense
b RO ral .
:«2‘;, B e S
“57 X, b -
w&, ‘?, S

e | f

Fig. 2. An example of a set of control experiments'>. The set was performed to verify the specificity of the signals for estrogen receptor (ER)
mRNA in the frozen sections of monkey uterus. (a) Antisense: A section was hybridized with Dig-ER antisense oligo-DNA. Strong staining
for ER mRNA was found in glandular epithelial cells as well as stromal cells. (b) Sense: An adjacent section to the section hybridized with the
antisense probe was hybridized with Dig-ER sense oligo-DNA. No staining was found. (c) Competition: An adjacent section was hybridized
with Dig-ER antisense probe in the presence of an excess amount (33-fold) of non-labeled ER antisense oligo-DNA. The signal for ER mRNA
was markedly reduced. (d) Non-competition: When an adjacent section was hybridized with Dig-ER antisense probe in the presence of an excess
amount (33-fold) of non-labeled unrelated oligo-DNA. The intensity of ER mRNA signal was not changed, compared to that of “competition
test”. (e) RNase: A section was digested with RNase A before hybridization, and then hybridized with Dig-ER antisense probe. The section
was not stained essentially. (F) Negative tissue: A section of spleen was used as a negative tissue. G, gland; S, stroma.
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BHHEHALLTHH50. KEFEL, 4 ) 2 DNA 7= —
THERAGCTHLRE O EDTH B,

N TIVTLAE—> a2 &%

ATV EA K-> 5 VIBEOHEIT Table 1 iR L7z,
B, FERMCEEBCT-100ET 7 — 7S5 —AK81t
XD, ZOAITEIE, ZA$EDNA Y v -7 TIIEETH
5. BULTKSE, —A&$H DNA OBEICIE, Fib DNase [
S1 nuclease {H1kic & » 200-300E EBREDE X O¥3 5.
N TV ELAE—Y 3 VORERHALAT I FRESIR, F
HINBH5FHED Tm E#HEE IS, @FE (Tm—15)
25 (Tm—30)° CHALCTRIGE®S. BT, #HEERK
JEVC BT stringency X D 0 Em W& (BIRE - KiEE
B -SREDOKRLVAT IFE) THEL, AfFlO 7 e -7
WIS RNMELYBRET S . IERRENEERIE L 578D,
0.075% Brij35!530 #¥RML TS . REABILFEDO AT
7Tk, BEORERABLEZ TV, L2L, LT
mRNA-DNA 7 F# 83 %%E T H %5 7, RNase % DNase
CERETHCB LIS Lidfew. Fxix, BAtENES
B U THAB R IR tRNA B OUC Y 7 F5 8 DNA # ¥Ri0
LCkbh, FifbBIBHLLLOEFRAL TS,
T-T dimer 05413, B HRP E#~ v A T-TE/ 7
m—F o HifE AT, 2 A) HHGTW5S.

MEBH R TEE: RNA OB

RNA # ) &L T 554, RNAOFHEEOBRANLAT
B, BAlHENTRETHS. LrL, TOBERLER
DREMNDL, A rFL 75y —v/Ee=vY§E
(MP)2020) i F h v v 7 ORBABETHZ L TEL£RNAE

BIE H4s

19994 8 A

DBREEOF AT > T\ b, ZOFER, KAEKRDOIER
DAIHECH D RNA BB DRI T\ Z LB TCH S,
ZOYREETEA LIS, TOEAX mRNA O ISH #
CETEYL EFM I AR L vBRESINRS. B, Hxit
28S rRNA %3 5 HfH/cA Y = DNA Y » — 7% FH\ T
ISHEEI L% RNARFEEOKH DT 51832 )
B rs e, X oEENCISH X >HEEVRKRIGICESM
BJAE7e RNA ORFEE/ B TE S, BHEMRBE L TR
ERTHS. BEOEBHOBEIREICL D, MP L fE TiiEts
M LB 532 D RNA O¥EBHERRIE~ DS INEA AT HE
i > CWBEELHDH. i, TOHERISH TOFiL
HEHOEFC L KEENTH 5. F o MP L5 TR
BLLEMINDLOTHLFERARILEELVEELHS.
FOREIIE AL, 285 rRNA OREEEN L EOBRED
RNAZMEE IR TV B2 R BIEL, REEDRIFIIRET
ORBEYTET A L LAfEL o T\W 5.

XMHREBROEEM (Fig. 2)

MLIcWENRET 588 - MlaEACOMREDOHE, B
By 7V OBEEYERT IO ORBERILETH
5. &5 A Y 2 DNA 7 v — 7Z£ D4 OF|% Fig. 2 2 1-.
ZA$EDNA 7 v — 7 OFEOFNIMBICFE L. [l
B L, BRIy 7 FANRLIBREN IO THEONE
50 DORBFEC L« ORBERNVLETHS. FHA Y =
DNA 7 v — 7S OWTEHEBETEE, 7 F A
RNAHXETH-» T, DNAHDH VW EEHBEEORIEK X 3
HR T2 &%, RNase DFLE Ty 7 F L idiBkT 5%
7 DNase CIHEEIhVWZI LRI VTR T. BEMK
mRNA & L %5 DT - T rRNA R tRNA & DRIE Tl

Principle of ISH Signal Amplification with Biotinyl Tyramide

Oligo-DNA

\

0ligo-DNA

0ligo-DNA

Hapten

mRNA

HRP

RP-avidin

{ __

Fig. 3. Principle of nonradioactive in situ hybridization method combined with catalyzed signal amplification using biotinyl tyramide. Firstly,
target RNA is hybridized with a haptenized oligo-DNA probe. Next, HRP-labeled anti-hapten antibody is reacted with the hapten molecules
of the probe. Then, biotinyl tyramide is allowed to be precipitated around the sites of HRP in the presence of hydrogen peroxide. After

successive reaction with HRP-labeled streptavidin, the sites of HRP are visualized by precipitation of chromogen compounds.
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EHRRTIDR, ZO mRNAZHEH L T\ic\ T &35
NTOLHABr BB EAKRE LTHVS. Bbh
V7 FADEERIVERNTH D 2 LR TBEND B,
VAR T e =T LIRFEAE LI\ EERRTORRL
THREOMBCII/WZ LB LL. GCE&E (EED
GENCORIEKRD) NWT vF Vv ABERILELSE
FDOHDTHS. EERIEREY RITRLBECEHHR
ERL, BERBRThHL LEbhS. B, TvFev AT
r— 7 L[ CEA % & DEEH O DNA OBEIEFAE F T~
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BRI ExRT. Bic, Tm OFHE LB
stringent 7c cE CDO A 7Y A4 ¥ — > o VEOBEEIIC X
D, Y7 IR FEBOBETEZ LRI OL—ETHS.

REDHEAE (Fig. 3, Fig. 4)

RTALEE Stk 7 & ORI Z B i X » IERSHE ISH o
FREE VL 10SERTIT HlE U TR B IC K Loy, S EBRIE CREA
SRR RBEEDO Y T4 7c\ > mRNA e 4 &4
HEE, B bRENERINLEENDH 5. HRP A/l
RELUTHA LR, B x0 v COREMAITRETH
5. A ISHIZC X 5 HEP mRNA OBHEfT5 85,
HRP O #H & ki 3, 3’-diaminobenzidine (DAB) & H,0, ©
fllic= o r A& a A b1+ vainzg THREEE Y H0ES
HTHBHY. L LBRICRRE AN L+ 584, biotinylated
tyramine % F| ] L7z catalyzed signal amplification (CSA)
(catalyzed reporter deposition (CARD)) ENEH S h
LY. ZoJFE L ILHAFIE T Ch Fig. 3 & Fig. 4 @R L.
¥, BIEHEAEX D ETHLY /A e ERTES. 8
BT AEZBEMEEOERY Thh, BT CixES Y —
W — AR B L C L HELBATHS.

mRNA R} LEFRHEF (Fig. 5)

FEDOMIET, FEDOEMLFIHFAE L LD mRNA 2FFE
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Lo L, — Lo X 5 EERTOREREIIEL, Bl
LA ERT 50 LIE LERE#ETH b, FoMfkmait
I TRRIBD TER TS, — T, SFEYFHIR
e X W EROBERTLRFER IR, 7 ee— 2 —FFEEOH
IR B 5 KG= L £ v b L F DEERFNFEE I LoD
B5b.

COXSEROL ET, Fxx, BEOEEREYAEDO
TARBEODNA KR T r — 7L LTHR ERIG IR S EEED
EAx Rtk sErY RGH L, CofEmcr ) /%
LB (BaTH Y AT = A& VBT LEg) &
WO AR Lic, ZOFERC I W IHESELHGS Z &l

Amplification of HRP-DAB signal

Direct

Fig. 4. Remarkable enhancement of 28S rRNA signal by catalyzed
signal amplification (CSA)'. The frozen sections of rat brain fixed
with 4% PFA in PBS were hybridized with a very low concentration
of T-T dimerized oligo-DNA complementary to rat 28S rRNA. In
the immunohistochemical steps, the signal was detected by the
different methods. In any methods, the sites of HRP were visual-
ized according to Adams’ method?. Top panel (Direct): The signal
was detected by the direct method with HRP-labeled anti-(T-T
dimer). The staining for 28S rRNA was barely detectable. Middle
panel (ABC): After hybridization, the signal was detected using the
HRP-labeled avidin-biotin complex (ABC) method. The intensity
of 28S rRNA signal was increased small but significantly. Bottom
panel (CSA): After hybridization, the section was reacted with
HRP-labeled anti-(T-T dimer), biotinyl tyramide and HRP-labeled
streptavidin, successively. Now the signal was very clear.

FE DEET OBEERHEF ORBRIL A MM « o v~
THRHET 5 ENTREE oo T

YR 2 XY AAARBEFEA DO RR

YR 2 2 B EROER

HOT, 79 FVUTEME ST 7 4 vEBIYFCHRWT
proopiomelanocortin (POMC) mRNA o & 3 % JE it 5t #
ISHERC L - THRFT LT, TR, BB = —
7L LTHRFDEBOCR -T2 TIVITDTIAINTHS
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Transcriptional Control of Gene Expression

Transcription regulatory factor

General transcription factor

TATA

1
Gene control region

Responsive element

Fig. 5.

Schematic presentation of the regulation of gene transcription. There are two categories in transcription regulatory proteins. One is a

group of proteins forming transcriptional machinery and is involved in the transcription of genes directly by binding to TATA box or other
consensus sequences as general transcription regulatory factors. Another group consists of gene specific transcription regulatory factors, which

bind to the specific responsive element consensus sequence in the gene control region of the target genes and are activated to control the activity

of transcriptional machinery.

pBR322 # A\ 7. POMC mRNA @ > 7' 7 /L (¥ proteinase
K OFIABIKEL TR ), UEEE%100 zg/ml (37°C,

15 min) & LW % & MY O FTEMR O —H o MiaE
iy B, —F, M@Y= — 70 pBR322 DNA Tit
proteinase K BE A 100 pg/ml DFBEIIGEITTRD L Tch
stfent, TrT T —EORESRFIF TV < &£ POMC mRNA
LRI Y w87, = D pBR322 DNA i X A 4uait, 4
EH I EANS & ORIEFER L BRI Icn T DO EEITAEH
TH ->1-. 19874, Tully & Cidlowski (X pBR322 DNA 1L
sraanridaf FRIG=V 4 v + DNA consensus ELFIic
—HTHHAMNS ATMBDBHZ EEWED L, EBH v R
VARV T R, VED X VBRENC /LI aLF a g
FEBREEEEGTHEXBELIC L. ChBDHFEETL
H, pBR322 DNA > Z'FiAnsZ L aalFd ad FERED

REYTTLDOEEZ2 DR, ZOFEISENEERSIZES
—A$4D DNA I L h %D DNA K EBEMCESTAEAY
HBURF ECREMHRS & E2RE L T .

Hry Ry 2 Y AR LR ORE (Fig. 6) &R (Table 2)
ZASHE L7z DNA 32 D EEIIC X - T kS %
TR h, TOERNEA L OBRNES - BECBEGRT 5.
Z ZTCAETIE, Fig. 6 iR Lk 5 B R2ERARIYE
4% A8 DNA {708 5\ 3 F DR E DR EART 2 H >
—AHDA Y T DNA (+88L—8) #HHL, mEX A
1t L7z o T-T dimer ®° Dig TEKWEZHZ L v — 7 &
T5. Tr—-T7EBEEALORIGCIIERENEE LR T
L. HEBENMETE D LIEBENEAI AL, HE
EXETEL EMEBOMIIEEI NS . KK HRP &

Southwestern Histochemistry

Hapten

Ds oligo—DNA

DNA binding protein

Fig. 6. Schematic presentation of Southwestern histochemistry2).
response element are synthesized and annealed after synthesis.
T-T dimer or Dig.

(2) The double-stranded oligo-DNA with a hapten is reacted with tissue sections.

DNA-protein complex

(1) The (+) and (—) strands of specific DNA consensus sequence in target
The 3’ ends of both strands are labeled with a haptenic compound such as

(3) Finally, HRP-labeled anti-

hapten antibody is reacted with the sections and the sites of HRP are visualized with DAB and hydrogen peroxide.
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Table 2. Procedures for Southwestern histochemistry using fresh frozen sections?V.

1. Freeze fresh tissue samples embedded in OCT compound (Miles Inc.) quickly as possible using an ethanol/dry ice bath.

2. Cut sections at a thickness of 5-6 #m and place them on silane-coated glass slides according to routine procedure.

3. Fix with 4% PFA in PBS (pH 7.4) at 4°C for 10 min.

4. Wash 3 times with PBS for 5 min each.

5. Immerse in 50 mM Tris/HCI buffer (pH 7.4) containing 5% non-fat dry milk, 50 mM NaCl and 1 mM EDTA (TMSE) for 1 hr.

6. Put 20—&0 ¢l of the TMSE solution including T-T dimerized probe DNA at 1-5 pg/ml on each slide and keep it in a moist chamber
overnight.

7. Wash twice with TMSE solution and three times with PBS for 15 min each.

8. Put 30-40 ¢l of PBS containing 5% BSA, 500 z:g/ml normal mouse IgG, and 100 pg/ml salmon testis DNA on each slide and leave it
stand for 30 min — 1 hr in a moist chamber.

9. React with 30-40 z1 of HRP-labeled mouse monoclonal anti-(T-T dimer) antibody (Kyowa Medex, 1 : 80) dissolved in PBS containing 5%
BSA and 100 pg/ml salmon sperm DNA for 30 min — 3 hrs.

10. Wash 4 times with 0.075% Brij35 in PBS for 15 min each and once with PBS alone for 5 min.
11. Visualize the HRP sites in a chromogen solution containing 0.5 mg/ml DAB, 0.01% H,0,, 0.02% NiSO4NH,),SO, and 0.25% CoCl,.
12. Dehydrate with serial up-graded ethanol solutions, clear with xylene and mount.
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Fig. 7. Localization of ERe in frozen sections of mouse uterus by Southwestern histochemistry and immunohistochemistry?). A fresh frozen
section of mouse uterus (at the diestrus stage) was fixed with 4% PFA in PBS for 10 min at 4°C and reacted with T-T dimerized vitellogenin
estrogen responsive element (VERE) oligo-DNA probe at 5 #g/ml (A). Arrows indicate positive cells. As negative controls, an adjacent section
to the section used in (A) was reacted with mutated ERE (mERE) (B) or without any probe DNA (C). All those slides were counterstained with
hematoxylin lightly. (D) A fresh frozen section was fixed with 4% PFA in PBS for 10 min at 4°C, preincubated with 1% BSA/PBS for 30 min
at RT and then reacted overnight with monoclonal anti-ER« antibody (1D5, 1: 100, DAKO) dissolved in 1% BSA/PBS at RT. After
appropriate washing with PBS containing 0.075% Brij 35, HRP-labeled goat anti-mouse Ig (1 : 100, Chemicon) dissolved in 1% BSA/PBS
was reacted for 1 hr at RT. Then the slides were washed with PBS containing 0.075% Brij 35 and the sites of HRP were visualized with DAB
and hydrogen peroxide in the presence of nickel and cobalt ions?). Arrow head indicates the staining for endogenous peroxidase activity.
Magnification; % 300 (for A, B, and C) and x 150 (for D). In both methods, stromal cell nuclei were positive for ER.
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IGHFI & LT, cyclic AMP responsive element & & H %
79 FBYW R R WTREEA L' % epidermal
growth factor receptor (EGFR) &EF D= v~ v+ —&H
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To understand better the physiological states of cells and
tissues, it is essential to analyze the regulatory mechanism of
cell-type or tissue-type specific gene expression in individual
cells. For this purpose, in situ hybridization (ISH) has been
regarded as a powerful molecular histochemical method.
Over the past decade, we made lots of efforts to establish
nonradioactive ISH protocol with thymine-thymine dimerized
or digoxigenin-labeled synthetic oligo-DNA probes, including
extensive optimization of pretreatment, evaluation of
hybridizable RNA and new trials of signal amplification.

Furthermore, we have originally developed a new method,
Southwestern histochemistry, which localizes specific tran-
scription regulatory factors and allows us to understand the
fluctuation of mRNA levels detected by ISH at the level of
transcription regulation of the gene in individual cells. Here,
I will review the outlines of these methods with recent progress
and will see what we can see by combining them.

Key words: in situ hybridization, nonradioactive probe, mRNA,

transcription regulatory factor, southwestern histochemistry






