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ABSTRACT

X[

A non-isotopic in situ hybridization method with biotin-labelled oligonucleotide probes was used to

examine growth hormone (GH) and prolactin (PRL) gene expression in 32 patients with pituitary

adenomas; 13 were prolactinomas, 8 GH secreting adenomas, and 11 mixed GH and PRL secerting

adenomas.

Positive immunostaining for GH was found in all patients with GH secreting adenomas, and mixed

GH and PRL secreting adenomas. Positive immunostaining for PRL was found in all patients with
prolactinomas and 9 (81.8%) of 11 mixed GH and PRL secreting adenomas, 5 (62.5%) of 8 GH secreting

adenomas. Immunohistochemistry revealed that 13 were lactotrope adenomas, 5 somatotrope

adenoma, and 14 GH and PRL cell adenomas.

In.situ hybridization revealed that GH mRNA expression was found in all the patients with

somatotrope adenoma and GH and PRL cell adenomas, and 6 (46.1%) of 13 lactotrope adenomas. PRL

mRNA expression was 100% in lactotrope and GH and PRL cell adenomas, and 4 (80.0%) of 5

somatotrope adenomas.

The patients with a clinical diagnosis of acromegaly had detectable PRL mRNA in their neoplasm
and it is suggested that the PRL cells in the adenomas did not result from dedifferentiation, but from

the neoplastic stimulus for some mixed tumors probably occurred in cells previously committed to

produce PRL and GH. In lactotrope adenomas, the PRL cells of the patients without expression of GH

mRNA mlay be arised from cells programmed to secrete PRL or precussor PRL cells rather than from

mixed GH-PRL cells. The finding that some patients produced mRNA detectable by in situ
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hybridization, but no hormone detectable by immunohistochemistry within tumor was suggested of a

silent adenoma.

These observations indicated that in situ hybridization studies may improve the classification of

pituitary adenomas and may provide a precise knowledge of the biology of these neoplasms. (J Kor

Soc Endocrinol 9:82~92, 1994)

Key Words: Growth hormone seceting pituitary adenoma, Prolactin secreting pituitary adenoma,
In situ hybridization, GHmRNA, PRLmRNA
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Wibgoz Ay Hstealeld Al MZE W}
A 328g Pulgey odeA gou Az odFel
3l

olte ol A ZE It oY FTEEE Fuld
H, d& 59 ZAYHARZE A3 ZE(growth

hormone, GH) 3} = 2 =}€] (prolactin, PRL)-& 4]
3, w3 o sIgAAFTE 27HA] o] 4] S E
< PushE ASE o1, 2], S ASEAty
3 4] 2717 o)Ake] ZEEe] FrlslE ASw
ohiFeld bt Be NEE wALG F Y
Hlej ol 30~50%014 REzRWFel Fubsle
of o]E2] fgle AEAMZoX 28EFe TEEE F
slahe A9sh sraIFFe] 54417 (pituitary
stalk) & ghihslel d, mzetelye)s odAshe A%
e mobul g Aulslel dohte nzzRYFe
Agolch3, 4], FEF de 2A4 YRseEs
zzeRle goazdgaedde s olEg Y
& Qed, ¥4 zZzulAs) Fse zzewl
Wz sheeie] S48 e & Jn, = YA
22eA7} Z7150 gole WAz ssdo) o
Hoz g 5 oloh =Y FFF AEeM 4HE
223} 228w S0 A4sAY 42 e A2
oM g 4 Ut 5 ¢ kg As) e
(51.

HZ doht A9 HatgAAEE HAGA o
reverse hemolytic plaque assay$ %3lo] XA iz
23 z2 el g e Az MAgsta elEke A
4 SEtEAALE gelgh v Ao, 2] webd el
AzoA felEE HateAAFe Adzads 22
2tel g FAlol EelE 4 Al ols o] AFHE
ol FAs M He|EE ZEEL FHAlA

mRNAZ AA}(transcription) 5 3. = # 9 (transla-
tion) 5jo] thilARAAAE wed AFALS 3
Aol 2 Ao uhe} o) chokgk Azt A"

39 #o) %93 in situ hybridization (ISH)¥
Mg Fold fxzel HAMEA = (transcriptional
activation)o] g ARE ¥ 4 gl Yoz 4
A2} (probe) & o]&dled FYA AE 3 =
ol &Alzbet AHAR] FAHA S HAEdE Y

oz Ahe Azu 24 22l GAA 5o He

signal) & BAY F 9ol ¥ B4 & ZErH6,
7. ,

ISHE |83 mRNA9] H&& ofe] oA+ Folol-
ol &5 m sledl WEulds) FAFel= 4F
olif ZEE S84 9 WHv] Fofe] Fx)A Foll o
3o Ayt s AP=la 9lowd ez F
AR 9leir HAE FE8le whA7E Hasx|
7] witol wlaz &34 Aol oj&slz grh
wg HEu|A 29 falabge] WS- Babd® AS &
Azl A o} -] AAEct dlriets ghfde wos
A 7] wiiol Wz statdAuldo 2+ gal= x|
%Aat ISHZ+ mRNAe] 7HFo] Zo|shw o}g¥
o] A4S Z HiEu|AZolA AR AHEE EulE
£ Aze) 1A &L HAZE FEL & Yz, H
FA AGizEs Fulde A2 F¥& A3,
v 7154 H3gAAFAME FTE2E X
mRNAS &3¢ & 3icH8~13]. HEu|F oM
Fulvl JAsta M Efol] Aol ofeg FohM L
Aol 9lelx ISHE E3% mRNAE #H&shs wil
2 vh$ 7 ZArz A, Lloyd §[14]¢ welu|eiZ
| de HAslsAdFHA N RS EEE g
Fulsha A Zlel] 2abE]x] fomE gl seA
o2 HEHR WA ISHE 445 2E mRNA7}
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AR A% 2 o geh olsh o] Ak
s mzzaEggel dE ANFANATERAA A
2B ao s $2EE ALE ISHE AHaeis
4RE=s zzeue] mRNAS 423 434
29 $ARN RSl JRE AHHez A &
slale,

geh 2 dFelAE 42 e} Z2gaslA
2 BRold A4 % WA T2 EAAE AGsiol
WEuled 54E getsln 448 Ao Qe 2Ao
PR CELEUTRERCIFE VESEE L)
435223} Z230$ Yeloln =4 ISHE 4
£3}0] 44522 mRNA 3 Z22El mRNAE 7
23} A2 vlmslel B} shade,

e 3 o
1. A7

AAze® y zazate Fu) HiedFez A
whitn A AEd $2 3268 Yoz

2. ity

1) WEeiEE gt

$AEolA 8Y AR5 28D Z2RAE A
Jayoz 489D, 4RE2EHHIAE (grow-
th hormone secreting adenoma)-& Zxlu|dZFe]
Az 43 AATEEA7 5ng/mielad 74
2 39z, =2aelRu]A)ZF(prolactin secreting
adenoma)-& 23] o4 43 €A Z=RIAs} 50
ng/ml o|4e g siglew, 4Asafs 22wl &
TR AdEe A9 dFg ¥ FF47 == 84
ch, ‘

2) =XEH HAl

1) =5

sletgle] Zoi® 23¢ 4~5um FA2 F=hd 3-
aminopropylomethoxysilane (Sigma Chemical Co.,
St Louis, MO, USA)& 3|24t <2lo| = (slide)ol] F
Ak, 23e AUy e #dAE gt
RNase& #| A3+ diethylpyrocarbonate (Sigma
Chemical Co., St Louis, MO, USA, DEPC)&. A g
F i@ "ol 235l FF 4 (deionized distilled
water) & A}&-3ct,

(2) HM|ZalElolN

Az =23t 2Rl g 249 dAE ol &
3led avidin-biotin peroxidase complex ¥}#-S o]$
3ho] wiod =z ghated g Al siodct, o|wf AME &
Ae 1:5002.2 349 AAs=234 o 13002
2 345 zzaugdaAE Ao DAKO (Kyo-
to, Japan) 4 %-& AHg-3kgieh

Wz getd Mg WA 22AHAE Qo
& (incubator) ol 56~58'C¢] €52 5087 7F24]7l
F a4 (xylene)ell 20% A3t shetule AAS
I gigaEale] v Lol AYE wWAss] Yo
95% WGl 582 3% A igola <&
10487k Hefsta, ¥ ALolx Abghaha] (blocking
antibody)oll 2087t WH&A7H o]& A E &
A AL Ax5A (primary antibody)oll °F 4027k
HES-A17] F Tris skl o g 1087} FAstn AR
A (link antibody)ell 2087k W-8-A)7)x, Tris k&
oo Al 1087 4413l % alkaline phosphatase
labelled streptavidinell 2087} €h-gA1Zieh. FUd
F-A4l 242 A A% diaminobenzidine (Sigma Chemi-
cal Co., St. Louis, MO, USA)e g #44]7]51 May-
er's hematoxyline & Wz JMsqch

Azke) B2 2ol il FRAZE WAL Wl
o4 ¥ oA Be o G Al 400w 2
Wl Alokell A HAAMEF F4dQl NZSE Ale] o]F
o] s Tk g3t e EF31oiet

— g4, (4)11~10% %A, +111~-30% %
A, ++ 1 31~60% FA, +++ 1 61% ol A

slod | 23fetei ] AR Eol JAsE AxFI)
10% o)l AE Fdoz FAste] s E ol
okAde) AjAlE B 2 B4 Z A= (somatotrope adeno-
ma), ZRElo| of4Jq] L2 2belFulHlLAF (lacto-
trope adenoma) ¥ AAZTEEI Z 2 EE0] FA4lof
ARzEEs zzod FYRvAZAF
(growth hormone and prolactin cell adenoma) 2.2
+5sigich

(3) In Situ Hybridization

D 2A|X 3 HX] (probe and labeling)

AAseEs) =aae] mRNAE ZAE317] 918 &
AlzLE oligonucleotide® AHg3sle] 1 QA rlEAE o}
ot gem 4ABRELARE QY 4AB2E §
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HApe] ofw| Al 11-17-8 3315 mRNA $-9|9},
ZeelLARE gy Z2ael Rl ofn]x Al 66
-72& ¥3383l4= mRNA F9ol] 2tz 4r el aiy)
ujd-g 5lx gl 21709 9372 F4 9 oligonucleo-
tideo|®], o]+ British Bio-technology Products
(Oxon, United Kindom) Alo)] ¢]8]5le] &4 W 5 a}
tholl bioting Fx]A17l3 HPLCE A &< 7 el
£ 2 15 [GGC GCG GAG CAT
AGC GTT GTC]3

zzagte] 4412 5[GGC TTG CTC CTT GTC
TTC GGG]3

ok W) Z24A R bioting E2[4]%] polydT% 4}
L3 4 zE £4AE HolskAl @A
RNase® Heia epsal 455 QA 24S o 12
Ag ol gse AHsI3ich(Fig. 1),

@ In situ hybridization

225 37ColA wh 7l F aAdalel 10%7
Azjste] slelul-g AAz L, 99% W 95% GEol w5
F % 7}43}(rehydration) A} 7] 1, DEPCZ. g%
el 587 A H, vy 7F23 60C 2xSSC
(0.3 M NaCl, 0.03 M trisodium citrate) £l 104

dAzeae

7k 2] & DEPCZ AR ZFol 448ke}h AL
4ele 50 mM Tris (pH 7.6) -&olof] 557} ##]% 7}
%3 hybridization Azlell W@, 232 $lol) protei-
nase K (5 ug/ml)}% 300ul# wolma]n 37ColA] 1
AlZbg-ob wlEA1Z] Heoll 1XPBSeo] 147F 44 %
4°C¢] 0.4% paraformaldehydeo] 1047} postfixA]
71 | DEPCZE Hel® ZF 0ol 4408} c}4) hybri-
dization 4=lo] Yoy, 22 Ao prehybridiza-
tion £4(30%(v/v) formamide, 0.6 M salts, 150
ug/ml sonicated salmon sperm DNA) & 300 ul 4
wWojree]a  14]7H(37°C) %t prehybridization] 7]
H, 2AHA9e] S4g gouan £ 289

hybridizationg-of (£ 412} r% 200ng/ml)-Z 100 ul

o Wojma 3 w42 (cover glass) & Wi 37°Ce]

4] 18417} hybridization4] 7]},

Hybridizationo} ¥4} & biotin %42 ofg-3
o =Adde v 37CE shed 4xSSC/30%
formamideo|] 537} 23], 2xSSC/30% formamide
off 547} 23] 4 0.2xSSC/30% formamideo] 53-7F
23] FA% Al£9 1xmodified TBS/trition (50
mM Tris pH 7.6, 150 mM NaCl, 2 mM MgCl,, 0.1%

N

1
E

’g =R~

.tI.A.Jh..J‘A1

Fig. 1. The result of in situ hybridization. A. Negative control, B. Positive control (X400).
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bovine serum albumin, 0.19% trition)el|
ghet,

22 A7 9ol 1:10002.2 343 avidin-alkaline
phosphatase conjugate 300ul ®ojm#] Al-2-of4
30871 wkgAl7) 1, 1xXmodified TBSel| 5871 23]
Ae|F FHFE FAF Gl 23 gEE4(0.
125 M Tris pH 9.5, 1 M NaCl, 0.5 M MgCl,, NBT,
BCIP, levamisole) & 300uld ®ojca]m ghAlol A
WAEE qbgA7la, Aol SR4o] FA% 0.1%

GAF HolRoz B

154-7F 2]

malachite greenol] 287} o=
A3},

L 4 3 W2uEy &3

A 320F @R 1060(31.2%), oA 224

(68.8%)c19x, <ds-Z+ 204158 604722 o
Qg WS B

Feiede 35.64)0)9 7,

Table 1. Clinical and Endocrinological Classification
of Pituitary Adenomas

Adenoma M F Total (%)
PRL 3 10 13(40.6)
GH 5 7 12(37.5)
Mlxed GH and PRL 2 5 7(21.9)
Total (%) 10(31.2) 22(68.8) 32(100.0)

Table 2. Classification by Computed Tomogram of
Pituitary adenoma

Grade*
Adenoma I I 111 v
PRL 3 1 3 6
GH 0 3 7 2
Mixed GH and PRL 1 1 4 1

Total (%) 4(12.5) 5(15.6) 14(43.7) 9(28.1)

*: Hardy Classification (I: microadenoma, II: intrasellar

localization, III: extrasellar extension, IV: invasive

adenoma)

Fig. 2. The result of immunohistochemistry and in situ hybridization of somatotrope
adenoma. A. Immunopositivity for growth hormone.
B. In situ hybridization gives a positive signal for grwoth hormone mRNA. (X400)
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Fig. 3. The result of immunohistochemistry and in situ hybridization of lactotrope adenoma.
A. Immunopositivity for prolactin.
B. In situ hybridization gives a positive signal for prolactin mRNA. (x400).

As} zzebeldelEo] 1300(40.6%), dAzze  Table 3. Classification by the Results of Immuno-

Ful4E 80(25.0%) W HAEEEH mReu & _ Mistochemistry

Frap| dEo] 1140 (34.4%) 7} A1t (Table 1), Adenoma Male Female Total(%)
Aabsirlaael 2724 $49) 277} lem¥tk % Lactotrope 3 10 13(40.6)

2 nja|dFo] 4ol (Z2e}ElBu|AFE 3o, AxE2E  Somatotrope 2 3 5(18.7)

3} Zoele] B3R AE o) oeln velA] 286 GH and PRL cell 5 9 14(43.7)

B AAIEell e olF & AFAAFT 94(=

ZEtElEuAE 6o, 4AEERIAE 2o, 4dE ATEEI zZaey] TRFR)AHFTlA B

283 zzeel 2EEuAE 1) 7 dsdek(Table HofzAsistd el os AFE FHE A

2), zaelel e A ZA1%e] 1344 (40.6%) ol x, AAE

2Rl ZAFe] 5o4(15.6%) o AAs2Ls

s =

2l el ATl 140(43.8%) 71 Uit
Agsegst zzele] Hejzsteedel k4  (Table 3).
472 Fig. 2, 33} 2l
=

3. In Situ Hybridization &2}
Az sed A AFALE 10% oA A%

7t ARz EEel F4e] sle Ate Aol (100.0%) AAsees zzeEle] ISHAYAN 735 =2
o ARz iedd o A45eds 22tk & ARImRNASH 4432 2mRNA+ Fig. 2, 35t e,
ATl AT, 2R ez Tz el 2AE 13¢1% 44 E2EmRNAE
A ok H(100.0%) ool ZzulHu]dF} Sel  60(46.1%) o4 ZRAEIMRNAE Aol (100.0%) ol
(62.5%) 9 ARz EduAE o 90(81.8%) 2] 4 A ZHEsUch(Table 4, 7)., QRS2 2AF
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Table 4. Clinical Features, Immunohistochemical and In Situ Hybridization Results in Patients with Lactotrope

Adenoma
GH PRL IH* ISH**
Sex Age CT* (ng/ml) GH - PRL GH PRL
F 29 I 0.3 230.0 - +++ + 4+ ++
F 40 1 0.3 236.6 - ++ - ++
F 20 I 1.3 109.5 - ++ - . ++
F 28 I 0.3 >1000.0 - +++ - +++
F 29 Ila 0.3 2269.2 - + + - ++
F 29 IlIa 0.9 691.4 - ++ - +
F 29 Illa 4.4 503.0 - ++ - ++
M 39 IVb 2.4 543.5 - ++ - ++
M 31 IVb 0.3 339.5 - ++ +++ +++
M 34 IVb 1.4 5615.0 - +++ +++ ++
F 30 IVc 1.3 2000.0 - +++ + ~4_—++
F 53 Ve 2.4 >1000.0 - + - +
F 32 Ve 0.3 - ++ + ++

>1000.0

*IH: immunohistochemistry
**ISH: in situ hybridization

*CT: Hardy classification (I: microadenoma, II: intrasellar) localization, III: extrasellar extension, IV: invasive
adenoma, suprasellar extension a: mild, b: moderate, c: severe)

Table 5. Clinical Features, Inmunohistochemical and In Situ Hybridization Results in Patients with Somatotrope

Adenoma

GH PRL IH* ISH**
Sex Age CT! (ng/ml) GH PRL GH PRL

F 37 I >30.0 79.2 + + (+) + + +
F 37 I >30.0 80.0 ++ (+) ++ ++
F 55 IMa 16.9 12.1 +++ (+) ++ ++
M 40 IIIb >30.0 26.9 +++ - +++ + -+

M 48 v >30.0 2.5 +++ - +++ -

*IH: immunohistochemistry
**ISH: in situ hybridization

*CT: Hardy classification (I: microadenoma, II: intrasellar localization, III: extrasellar extension, IV: invasive
adenoma, suprasellar extension a: mild, b: moderate, c: severe)

561 AATZEmRNAE Ao (100.0%)e)4 =&
ZEImRNA+ 49 (80.0%) o4 7% 5]9ltH(Table 5,

7N, dA4sz=Es

Zzelel

A A F = ZmRNA =}
(100.0%) <14 # &= i} (Table 6, 7).

HA] FAM o2 JdASE HI}FALAEFL

al

O,

LM 2T AT
= Z 2} elmRNA 7}

A ol

ch A

Agzegsd zretelg Hedcn ge)A gt
#H el == fﬂ“fﬁ?—‘li}ﬂé AL HIEZM 2E
AgsA siFnz EujgzFler AFo] HLEE
dr] A E9le, dHedAEE YPsa sl =
H lvs}‘— 7= dAEH4) =3 ¥4 &
%ﬂuH%ﬂiaiﬂ%ﬂ_b}z
F& Ak =Hda, 271A] o4

ol AFE s AA H

|rs m]o
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Table 6. Clinical Features, Immunohistochemical and In Situ Hybridization Results in Patients with GH and PRL

Cell Adenoma

GH PRL I1H* ISH**
Sex Age CT* (ng/ml) GH PRL GH PRL
M 29 I 16.4 50.8 ++ ++ ++ ++
F 60 II 28.1 18.8 ++ ++ ++ +
M 33 IT >30.0 32.4 ++ ++ +++ +++
F 42 IIb 57.2 65.9 +-++ ++ + +
M 32 1 56.2 1.1 ++ ++ ++ +
F 40 Ila >30.0 50.3 ++ ++ +++ ++
M 31 IIa 15.7 54.2 ++ ++ ++ ++
M 29 IIIb 49 .4 386.8 +++ ++ ++ +
M 27 IITb 25.4 57.1 +++ +++ ++ ++
F 43 b >30.0 65.2 +++ + +++ ++
M 28 IIlc 55.6 65.0 +++ ++ + ++
M 32 IIIc 41.8 40.0 +++ -+ +++ +++
F 38 IVb 64.9 47.7 +++ ++ ++ 4+ +++
F 36 Ve 359.6 172.2 +++ + ++ ++

*IH: immunohistochemistry
**ISH: in situ hybridization
*CT: Hardy classification (I: microadenmoa, II: intrasellar

localization, III: extrasellar extension, IV: invasive adenoma,

suprasellar extension a: mild, b: moderate, c: severe)

Table 7. Positivity of Immuncohistochemistry and In Situ Hybridization in Patients with Pituitary Adenoma

Classified Immunocytochemistry

IH* ISH**
GH PRL GH PRL
Lactotrope 0/13( 0.0%) 13/13(100.0%) 6/13( 46.1%) 13/13(100.0%)
Somatotrope 5/ 5(100.0%) 3/ 5(60.0%) 5/ 5(100.0%) 4/ 5( 80.0%)

GH and PRL cell 14/14(100.0%)

14/14(100.0%)

14/14(100.0%) 14/14(100.0%)

*IH: immunohistochemistry

k)

A AdF FollA 2717 o|A4e 3B Eo] F7)y
7 A EelA b E54 BasE),
ahehu|thEe] ofF 30~50%<] WER P Z=zetele
A5ol HAHTE ol Ee wozA sl £go
2 A sheAdez 35 A @ E2F4 A
FolA AAs2Ea zagelg 5o Eujste ot
UAYPeN4] o]FF 2 EHu| A= (monomorphous bihor-
monal adencma) 81 & AFA 7H A £ A & (acidophil

R4 vlE E 2 2 42 (mam-

R

R

stem cell adenoma) 1}

**ISH: in situ hybridization

mosomatotrope adenoma)o] i, T A=
THAFS el RuAFAEs H2 ma
(mosaic) Hel 2 T o|FYeh4 o|Fsaruy
% (brmorphous bihormonal adenoma, mixed soma-
totrope and lactotrope adenoma) = A= A4=5 =
& Folshe AdlA o] Halga4L ehutgto 24
= g 2telod 4| o] *} (prolactin inhibiting factor) 7} 2}
chetstel ksl 7-o|ch{15],

2 dFelME mYdzasied g s golu|geg
Hal 196F AFAZF 10% ol4ke] Alz7t 4Ase
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2ol 3o sl H$E Aol FAHD, Z=
2Ele 1400 (73.7%) oA FAE BHx, TR
v AZ 1365 Hofloll 4 Zzrlgioded At ofdolq
o AAge °—1°§“‘°ﬂ kel 75 sisieh
o} e Asbe o QAFaEe] Xawct UxhidF
oAl =zetel ko] ¥kl ol olfE & o
Fo et Esbaold nzzateldFoe] Fukd
H5el AAzefs el EFEE|AdFe] 11
(57.9%) & 7] wiFoz AAmch, 2 ool o]
Zu @ 4] ¥.8}5} 93 A (double immunohistochemical
stain) 2 317 EFov}t HAzAstadNE Folf =

L

r

el Bu | 2AE, AT zAE Y A%
zzey mzelel EEeAZAZeE FFE &
A ek,

ol9} o] wiedzA sl o] AF2A M T2
o A& i}‘ﬂaﬁ%—ll“ ] sl A| A 4 2.9 EE"—_%4
¥4 oo Z Lloyd

el vl Fsteh
3 R R R S S P
- djekoz Fu|sht Al Zuel AAsA ¢

oung wazxdglsldozs AFo] HA FAYL
ISHZ 43 E52EmRNAZ 723 v} &, & 3
2o| FAHH waA HeEE HSe A9z
o I},

30 o {2k u
I"-?—“

A F2g fAsEA 54
Aol A s E T2E mRNAE A4 +
£ Aol slets, 71

2E mRNAE 7237 8 AEse a44xtzs
nick-translated cDNA4 4128} 20~3070e] 4712
FAE oligonucleotide 1) RNA£A A} 5o 9] °”4
£A1R}8] Agabuio] 7ssln w3k @79 71017}
£ olignucleotide} H]i’_" wo] o]-&-®ci[16],
& Alg Fol ArAgl Al A¥H i"-]z}-i
u)ubal

<]

—

317] YalsE aAlA el Al FHLAL
242 Batsle] AFlel ol gshy, MHAYELR
= biotin, digoxigenin, alkaline phosphatase, fluo-
roscein 5o} o]&=vwi{17, 18], & AgolME 215
o] 93712 FA4H oligonucleotidesl bioting %] 4]
7 AHgstach, 24del mRNAS & 577 A&
455 AQsrls s AAG 20| Feoo ule}
o) Tope 2Ae g gel AT sht Yoy
2 paraformaldehyde® A}-&-38li= 7490l mRNA2]

ox

r

HFEo] okF sl formalindd] nAH RAx 7153
Ao g =lo] glei(7, 8.
2 o 7oA ISHE 33 A AAd e ERu4)

E_*d—a— 5|1 AAT2EZmRNAE 73_@1]( 0.0%)
A Z2ZARImRNAE 400 (80.0%) 14 &= et
b2 o FAE] B yof whiznl Axls 2 EEulEA
ZollA] = 2etElmRNAS HA%E-8& Levy 3 Light-
man[19]el ©l8l= 52.5%, Lloyd 5-[14]& 87.5%,
Tallen 5[18]-2 95.0%, Uhlig %[20]¢} 80.0% 5=t
slacsls] FAHE o 4 Qdth o] AL Hruld
S Hql FAol4], ]2 w:]oﬂxz_}:g}.s}-oﬂx\],{l. SRS
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