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Development of Quantitative Reverse Transcription-Polymerase Chain
Reaction for the Measurement of Angiotensin Converting Enzyme mRNA

Jeong-Eun Huh, ML.S., Duk-Kyung Kim, M.D., Yoon-Hyuk Choe, Ph.D.,
Jae-Choon Ryu, M.D., Shin-Bae Joo, M.D., Hyeon-Cheol Gwon, M.D.,
Seung-Woo Park, M.D., June Soo Kim, M.D., Sang-Hoon Lee, M.D.,
Kyung-Pyo Hong, M.D., Jeong-Euy Park, M.D., Won-Ro Lee, M.D.

Cardiovascular Institute, Samsung Medical Center, Center for Clinical Research,
Samsung Biomedical Research Institute, Seoul, Korea

BackgroundU The analysis of ACE gene expression is vital to study the role of angiotensin con-
verting enzyme(ACE) in the pathogenesis of cardiovascular disease. Traditionally, levels of individual
mRNA expression have been analyzed by semiquantitative Northern blotting, which requires a large
quantity of tissue. Therefore, gene expression of a little biopsy specimen from the human heart or
atherectomy specimen from the blood vessel cannot be measured easily. Reverse transcription-
polymerase chain reaction(RT-PCR) is very effective, sensitive and rapid method of detecting the ex-
pression of mRNA, but it is only used in qualitative analysis. Therefore, we established the method
of quantitative RT-PCR(QRT-PCR) using recombinant RNA template as internal standard to measure
the expression of ACE.

Method[] Recombinant RNA([cRNA) was designed to yield PCR product which differs in size
by about 200bp from that of the target RNA. Initially, spacer gene, which was composed of ACE sense
primer, antisense primer, T7 promoter and poly(dT) tail with glutathione transferase(GSTM) gene of
180bp in the middle, was constructed. Then, standard rcRNA was obtained by in vitro transcription.
Target RNA was mixed with rcRNA and amplified by PCR, together with **P-dCTP. PCR products
were analyzed by gel electrophoresis. For quantitation, either gel was cut and radioactivity was counted
or gel was dried and exposed to X-ray film and density was measured using image densitometer. We
carried out semiquantitative RT-PCR to study the modulation of ACE expression in vascular smooth
muscle cell(VSMC) by dexame-thasone and basic FGF (bFGF).
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Resultl] The size difference of PCR products from the standard RNA and the extracted target
RNA was matched as designed. By using QRT-PCR, there was 1.7% 10° ACE mRNA molecules in
Ing of rat lung total RNA. bFGF and dexamethasone upregulated ACE mRNA expression in

cultured VSMC.

Conclusion[] These results suggest that RT-PCR using rcRNA as internal standard is a very useful

method for quantitation or semiquantitation of ACE mRNA from a small amount of tissue or cultured
cells. Expression of ACE in VSMC can be modulated by various stimuli such as basic FGF and
dexamethasone. QRT-PCR could be widely used in the studies of expression of specific human genes.

KEY WORDSL! Quantitative reverse transcription-PCR - Angiotensin converting enzyme - RNA -

Gene expression.
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Renin—angiotensin system(RAS)D OO 0OOO
endocrine system] 0000 OO0 O0O00O0O0O an—
giotensin 00 00O OO0 OO0 DOOO OOO
0,000 00 OO0 (salt and volume homeostasis)
00 DO00ODO OO0 000 000 00 RASO O
000 0000 autocrine, paracrine OO0 OO0
0,00000 00 000000 ooooo ooo
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Angiotensin OO0 0O OO0 OO0 OO OO OO
00 angiotensinogenC 000 renind OO0 deca—
peptided angiotensin 00 OOOO. Angiotensin O
O angiotensin converting enzyme(ACE)O OO0O
RASO 00O0O0OO OOOO OOOOO octapeptide,
angiotensin 00 O0O0O0O. 000 OO 00O angio—
tensin 00 OO OO0 angiotensin receptord 00O
00 O0ooo oooo.

Angiotensin converting enzyme(ACE)C RASO
enzymatic cascade, [0 angiotensin 0 OO0 rateli—
miting step0 0000 ACEOOOO O0OOO ACE
0000 0000 angiotensin OO OO0 O0OO
O O00. 000 tissue RASO local tissue OO an—
giotensin 000 OO0 OO0 OO0 0OOOO OO
00O ACE O0OODO OO0 angiotensin OO OOOO
0 00000 00 0O 000, 000 ooooo o
00000 00000 OO0 ACE OO0 Oooo
O angiotensin DO OO0 angiotensin OO O0O0O
0000 angiotensin OO0 000000 0OOOOO
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0 ACE OO0 00O 0O0O0OO OO0 OO0g, o
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0 00 ACE primerd) 00000 OO reRNAO O
OO0 OO0 180bpl GSTM(glutathione transfe—
rase) D000 OO0 OOOO OO0 ACE specific
primer sequencell T7 promoter, poly(dT) taild
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binant PCR primer] 000 0000 OO0 OO
(Fig. 1). 5/ —primerd] 5’'—(T7 promoter sequ—
ence)—(ACE 5’ primer sequence)—(GSTM 5’
primer sequence)—3’, 3’ —primerd 5’ —(poly dT)
—(ACE 3’ primer sequence)—(GSTM 3’ primer
sequence)—3'0 OO0 OO0O. Target RNAO ACE
primerd] 00000 436bp0 OO0 00O OO0
00, spacer gened OO0 ACE primerd 0OO0O
00 222bp0d OO0 OO0 OO0 O 200bpd OO
O 000, electrophoresis gel00 00 OO0 O O
OO0 OOOood(Fg. 2). OO genomic DNAO
recombinant PCR primerd PCROO spacer gene
O 0000 PCR OO0 94000 100 OO0O0OO

rcRNA forward primer

<aeee T7 promoter ------> <------ACE forward ------- >denanes GST forward ----+
5" -TAATACGACTCACTATAGG-CCAGTATTTCATGCAGTACAA-AGGCCATGGTTTGCAGGAA

rcRNA reverse primer

#esmnnens poly dF-----> <-oeeeeee ACE reverse-=---=<========= GST reverse ------ -
5'-TTTT TT-GGAACTGGAACTGGATGATGA-GTTGGGCTCAAATATACGGTGG

ACE forward primer

5" -CCAGTATTTCATGCAGTACAA
ACE reverse primer

5" -GGAACTGGAACTGGATGATGA

Fig. 1. Recombinant PCR primer and ACE primer sequ-
ences.
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I [ GSTMT gene | I

- SPACER GENE ! %
180bp g %
‘30 cycles PCR

17z T Aces [GST5 ] [ GST3 [ACB3 [ dr_]

PCR PRODUCT
180bp
222bpr

In Vitro Transcription
T7 RNA Polymerase

DNase Digestion
17T ACES TGST5 ] [ CST3 [ ACES [ _dA |

rcRNA

Spike rcRNA into total RNA prior to cDNA reaction

Fig. 2. Scheme for the synthesis of rcRNA internal stan-
dard.
Abbreviations : T7 =17 promoter sequence, ACE5
= ACE sequence forward primer, GST5 = Spacer
gene forward primer, GST3 = Spacer gene reverse
primer, ACE3 = ACE sequence reverse primer, dT
=d(T) 18 tail, dA =d(A) 18 tail

denaturation OO0, 60000 100 annealingd
72000 10 3000 extention OO 350 OOOO
0. 00 glass milk(BIO 101 kit, Boehringer Man—
nheim)d OOOO O, T7 RNA polymerasell 00O
00 in vitro transcription(Riboprobe in vitro tran—
scription system, Promega, USA) 00 rcRNAO O
0000, 000000 DoO0OOo oooo ooo
oa.

2. HHYE MZLE X0 A total RNA2| &2

Total RNAO acid guanidinium isothiocyanate—
phenol—chloroformC OO0 O0O0O0OOOO0O OO
000%. 000 cold PBSO 00 OO0 O, 4M gu—
anidinium isothiocyanated 25nM sodium citrate
(pH7.0), 0.5% sarcosyl, 0.1M 2—mercaptoethanol
OO0 OO0 0000 (denaturing solution)C OO
00000 00 000 OoOooo o, 000 ooo
15ml 00000 O0O0.0 000 50uld 2M so—
dium acetate(pH4.0), 500p 10 water—saturated
phenol(pH4.2), 170p 10 chloroformisoamyl alcohol
(49010 OO0 100 OO O OO OOO. 4000
1500 12,000rpmO0 OOOOO O 0O, OO0
(aqueous phase)d OOOO OO0, 00O OOO 2
0O 00 0O O 000 isopropanold OOOO O O
0 00,1600 OO0 —-20000 OOOOO. 400
0 12,000rpmO0 3000 OO OOO O,0000
000 0000 OO0 RNA pelletD 75% ethanoll
20 00O 0O, 0000 00 OoOoog, 01%
diethyl pyrocarbonate(DEPC)O 000 OOOO OO
00 000 —-7000 0OOOO.O0000 RNAD O
0000 0O 00 000 00000 O 000 oo
0000 OO0 homogenization 0 O OO0 OO0 O
000 RNAD OOO0O0O. JO000O RNAD 1.5%
formamide denatured agarose gel0 0 O O0O0O0OO
RNAO integrityd OOQOO0O.

3. QRT-PCRE #Igt HX AHreverse tran-
scription) ¥ PCR
lugd total RNAO OO OO OO OO RNACO
OO0 0000 00 O MMLV reverse transcriptase
(Promega, USA)OD 00 37000 6000 OOOO
OO0 single stranded cDNAO OO0 OO0, 990
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00 50 00 O0OO0oo0 oooo oo o,500
0O O0O0O00.000 0DOO0OO0 cbNAD 200 OO
00000, 10mM Tris(pH8.3), 50mM KCI, 1.5mM
MgCl 2, 200y MO dNTPO 25pmoldO sense
primerd antisense primerD] 000 OOOO PCR
000. Hot start OO0 OO0O0O OOOO 9500
O 500 0000 OoooO o, ss000 500 0o
0000 25unitD Tag DNA 0000 (Boehringer
Mannheim, FRG)O OO OOOOO. PCR OODO
95000 100 0000 denaturation OO0, 580
00 100 annealingd 72000 10 3000 exte—
ntion OO0, PCR cycle OO OOOO amplification
O exponential phase OOOOO DNA OO0 OO
0O O0O0.00000000 cDNA 00O RNAOO
0000 00 PCRO OOOOO.

4. PCR =9 M

PCR OO0O0O 0.02uCi/uld 32P—-dCTPO OO0
O PCR OO O 2% agarose gel OO 6% polya—
crylamide geld O00O0O00O00.PCROOO OOO
gel ODOOO O x-ray fimO OOOO densi—
tometer O0OO0O OO bandd OO OO0 OO
000, 00 bandd OO0O0O speedvacl OOO0O
0000 O scintillation OO0 OO beta counter
(Beckman LS5801, Palo Alto, CA)O radioactivity
0 O0O0O0O0O. RNAO O0OO0OO OO RT-PCRO
00 000 OO0 000 000 oooodO ba—
ckground O0O0O0 OO O 0O target RNAO
rcRNAD 00 000 00 *¥P-dCTPO incorpo—
ration OO0 O00O0O OO0 G/C OO0 OOOO
rcRNAO 0000 260 0O0OO0.

5. Rate| SOl &2HEZ2M Z(vascular
smooth muscle cell ; VSMC)2| HH2F

Male Sprague—Dawley rat(6wk old)C OO OO
0000 OO0 OO.00 000 loose connective
tissuedd OO0 O enzyme dissociation mixture
(DM EM/F12 medium, 1mg/ml type 2 collagenase,
0.25 mg/ml elastase, 1mg/ml soybean trypsin
inhibitor, 2mg/ml bovine serum albumin)0 OO
37000 1000 0O0O0O0 O 0000000 OO
000 adventitiad mediaD OO0 O0O0O0O OO

0. Dissecting microspcopy OO0 fine forcepsO
0000 adventitiad mediall OO0 O medial
VSMC 000 00000, Mediad 203mm0O 00O
O OO OO O enzyme dissociation mixtured O
O gyratory shakerO0 OO 37000 6000 OOO
O0O. VSMCO 0000 enzyme dissociation mi—
xturel 00000 fetal bovine serumd OO0O0O0O
20%000 0000 enzymed 0000 OO O O
OO0 gauzed OO digestiondd OO O0O0OO O
0000. 4000 1000rpmO0 500 OOOO O
00000 (DMEM/F12 supplemented with 10%
FBS, 100mg/ml penicillin, 0.1mg/ml strepto—
mycin)0 00000 25cm? 0000 flaskD 205
x 10° O0/cm’0 OO0 platingd 00 .

000 370 humidified 5% CO 2/95% air OO0
0 000 2404800 0O 0O O0O0O0O 0OO0O OO
0000 4807200 OOOO OOOO OOOO
000. 0000 10301050 000 OO0 OoOoOo
000 50100 OO0 OO0 OO0 OO0 OoOOO
0.6 well plate 0 OO0 OOOO confluence O
OO0 DO00O defined serum—free medium(DSFO
DMEM/F12 medium containing insulin 5x 107" M,
transferrin 5mg/ml, ascorbic acid 0.2mM)O OO
OO0 OO O 4800 DOOOO quiescent OO0 O
00000 0oooo.vsMeo oogd gooo
quiescent, noncatabolic, differentiated OO0 OO
00 VSMCO 000 0000 0000 ood O
oo oo?.

6. VSMC2| ACE mRNA 2&o| didzrA
RT-PCR(semiquantitative RT-PCR
0|5t SQRT-PCRoO|2} 2tst

6 well platel VSMCO O0OOO OO0 confluent

0 000 ODOO00 DSFO 0000 oooo 480
7200 O bFGFD dexamethasonell 0000 120
0 000 OO0 O RNAO 0000 ACE mRNAO
000 00000 0bob DOoood. 1pu gd RNA
O rcRNA 50pgl OO0O0O QRT-PCRO OOOO
rcRNA/target RNA ratiod 0000 DSFOOOOO
ACE mRNA OO0 1000 OO ODO0OO.0 OoOog
00000 Mann—Whitney U testDl 00000,
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00 genomic DNAO OO OO0 spacer gene O
00 D0O00O0O OO0 00 RNA(reRNA)O COOOO
RT-PCRO OO O OO0 OO OOO 259bpd
222bp0) 00000 (Fig. 3A). Rat O RNAOD OO
RNADO OO0 OO0 0000 OO0 O0OO PCRO
0000 Fig. 3BO OO0 OOO. OORNAOOD
00 D000 ratdD OO0 OO0 O0O0O0O OO0 O
00 O 200bp0 OO OO0 OO OOOODOO OO
00 000 0oO0O ooooo.

2. PCR cycle 0] M2 HF
PCRO cycle OO OO0 OO OO OO OO O
OO0 000 PCRO OOO0O exponential OO OO

00 00O 0O0.000 QRT-PCRO OOOO PCR
0000 exponential OO0 O0OOO cycled OO0
00 O0. Fig. 400 1p g0 rat O RNAO 20pg0

1.00E+05
——lung RNA
—#—rc RNA
g 1.00E+04 |
o
1.00E+03

10 20 23 26 29 32 35 38 41

PCR Cycle

Fig. 4. Graph showing RT-PCR of target RNA and rcRNA.
Total RNA from rat lung 1 £ g and rcRNA 20 pg we-
re coamplified for various numbers of PCR cycles.

A

B

Fig. 3. Generation of recombinant spacer gene and recombinant standard RNA.
A 1 Generation of recombinant spacer gene and its reverse-transcription PCR with ACE primers. Lane 1 ;
1kb DNA ladder. Lane 2 : Genomic DNA was PCR-amplified with recombinant PCR primers of spacer
gene. The band corresponds fo the expected size of 259 bp. Lane 3 ; Recombinant spacer gene was in
vifro transcribed and resultant recombinant RNA was reverse-transcribed and PCR-amplified with ACE
primers. The band corresponds to the expected size of 222 bp.
B : Reverse-transcription PCR of target RNA and rcRNA. Lane 1 ; Lambda/Hindlll DNA size marker. Lane 2 :
Rat lung total RNA was reverse-tfranscribed and PCR-amplified with ACE primers. The band corresponds to
the expected size of 436 bp. Lane 3 ; Recombinant RNA was reverse-transcribed and PCR-amplified with
ACE primers. The band corresponds to the calculated size of 222 bp. Lane 4 : Rat lung total RNA and
reco-mbinant RNA were mixed, reverse-transcribed and PCR-amplified with ACE primers.
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rcRNAD 00 PCRO 00000 *¥P-dCTPO OO
00 0000 O geld 000000 O bandd OO
beta—counterD] O0OO00 000 OO0 000 OO
00 O 35cycledl 00O PCR OOOO OO0 pla—
teaud O0OO00O OO0 O O 0OO0O0. 000 00O
32cyclel 0 OOOODO.

3. 2% RNA%} EZ RNAS| SHMH

Ingd rat O RNAD OO 1ngd OO RNAOD 1/3
0 000 00 00 00 00 RNAD 00, 000
0000 000 000 0000 O O ecDNAD PCR
0 DO0D0D0O0(Fig. 5). 00 RNAD 000 222bp0
00 0 00 RNA OO 1moled 645900 0000

Number of rcRNA molecules

239x10°
7.17x10°
215%10° _

{
<
(=]
><
o
=
i

target RNA

standard
rcRNA
10.0 7

rcRNA/target RNA
5

0.1 - -
10x10%°  10x10”  10x10% 10x10% 10X10"

rcRNA molecules

Fig. 5. Quantitation of ACE RNA molecules from rat lung.
A : Varying copy numbers of synthetic recombin-
ant RNA(rcRNA) molecules were coreverse tran-
scribed with constant amount of the target RNA
(rat lung 1 ng). After reverse-transcription, the
cDNA reaction mixture was amplified using ACE
primers. PCR products were electrophoresed in
6% polyacrylamide gel and bands were visua-
lized by ethidium bromide staining. B : To deter-
mine the competition equivalence point, each
bands were cut and radioactivity was counted.
The ratio of radioactivity of the PCR product
bands from recombinant RNA and target RNA
was plotted against the number of recombinant
RNA molecules added. As shown, the equimolar
point(horizontal dashed line), corresponds to 1.7
x 108 molecules of recombinant RNA, which
means that 1 ng of rat lung RNA con-tains 1.7x 108
molecules of ACE RNA.

OO RNA 1ngd 2.15x 10 9 moleculed O 0O. OO
000 OO0 RNAO O RNAOOO OOO PCR O
00 0000 0000 OO 000 OO0 RNAO O
000 OO0 OO0 OO0 000 oODo pletd O
0000000 000 O RNAO OO RNAO OO
000 00, O 000 (equimolar poinh)D OO O
O ratD O RNA 1ng OO0 21.7x 10°00 ACE
mRNALO O0O0O0O O O OoOdd.

4. H{YE VSMCOIA ACE mRNA &9
BN =3
000 VSMCO bFGFO dexamethasoned OO
0 0000 1200 OO0 O0O0O0OO0O O RNAODO O
O0000.000 PCRO ODOOO ACE mRNA OO
0O SQRT—-PCRO O0O0OO ODOODOOO. DSFO O
OO0 VSMCO OO0 bFGFO dexamethasoned 0O
00 ACE mRNAD OO0 000 OO0O0000d(DbsF
0 0000 bFGF 10ngd8.50 OO, p<0.05, bFGF

Control

bFGF 10ng
bFGF 50ng
Dexa 10nM
Dexa 50nM
bFGF 10ng
+Dexa 50nM

=]
N
&

N
(=]

Relative Ratio
S &

wv

|_alls

Fig. 6. Semiquantitative analysis of the modulation of

ACE expression by basic FGF and dexametha-
sone.
A : Growth-arrested vascular smooth muscle
cells were stimulated with basic FGF and dexa-
methasone for 12 hours. 1z g of total RNA and
50pg of recombinant RNA was reverse-tran-
scribed and PCR-amplified with ACE primers.
PCR products were electrophoresed in 2% aga-
rose gel. Gel was dried and exposed to x-ray
film. B : Density of each bands was measured
using densitometer. Ratio of target RNA to
rcRNA was calculated. The value of negative
control was normalized to 1 arbitrary unit for
quantitative comparisons. The values given are
the mean £SEM for four separate samples.
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50 ngd 11.30 OO, p<0.05, dexamethasone 10
nMO5.80 00O, p<0.05, dexamethasone 50nM 9.7
O 00, p<0.05), bFGF 10ngd dexamethasone
50nM O 000 0000 OOOOO o@z.o0 O
0) 000 00 00000 0000 0000 ooo
0000 00000 OO0 OO0 OOoO0@es0.05)

(Fig. 6).
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O dot blottingd OO0 OO OOO0O0O.O000O O
0 0000 00 00 RNADO 00000 OO OO
00 0000 mRNAO DOO0O0DOO O0ODOO O
0 0000 ODO0OO OOOobO. mRNA OOO OO0
0O OO 000 in situ hybridizationD OO0 OO0O
OO mRNA OOO 0000 OO0 oDoOooo.

00 mRNAO OO OO0 O0OO0O OOO OoOoO
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do0 oo. o obobo oo o obo oo oo o
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0 000 00, 00 00 Mg™ O deoxynucleo—
tidesd OO, 00, cycle 00 OO OO0 OO OO
000 OO0 OO0 000 000 000 oo oo®.
g0o00 PCRO OOO O O ODOOO DOOO O
0 0obdbo Oobo o0 obo o goo.

000 OO0 OO0 RT-PCR OO internal stan—
dardd OO0OO0 mRNAO 00000 OOOCO OO
00 ooooo. og, oboo ooo oo oooo
0000 betaactin 00 GAPDH OO mRNAO O
o000, 00 O0OOob0O OO0 RNAO OO0 RNA
0 000 0000 00%°. 000 0 0000 O
O RNAO OO RNAO OO OO primerd OO0
00 000 PCRO OO0 O OOO OOO OOO
0O 00 000D O0. 00, internal standardd O
O RNAO OO PCR primerd OO0OO cDNAODO
00 PCR productd OO0 OO RNAO PCR pro—
ductl 0OOO OO0 OOOO cDNAO OOOO

000 0000 00% 000 0 00 PCRO OO
RNAOO 0OO0O0OOO cODNAO OO0O0O0O, OO RNA
0 000 0000 000 0O 00 00 0oo oo
00 OO0 OO0 OO. 000 internal standardd
00000 00 000 00 0000 oooo oo
OO0 00,00 RNAD 00O RNAD 0O OO0 O
000 00000 000 000000 oooooo
00,00,000 OO 00O cDNAD PCRO OO
0O 000 OO0 OO0 primerD OO0 O O0OO OO
0000 oo.

000 00 0000 OO ooooo ooo re
RNADO internal standardd OO0O0O OO0 O0O0O
00. 19890 WangD?0 OO0 PCR OO0 OO
RNAD OO RNAO OO0 O OO0 O0OOOO.O
000 OO RNAD 000 OO0 OO0ODOOO se—
nse primerd antisense primerd0 OOO0O0O OO
0 0000 OO DNA 00O OO O plasmidd
cloningdl O, T7 RNA OOOOO OOOO in vitro
transcription OJO0O. 0O OO RNAOD OO RNAO
00 O0O0O0 OO O 0000 PCRO OOOO O
O RNAO OO RNAOO 0O0O0O 0OOOOO 00O
000 000 0O 0O 00 0000.0 000 ooo
00 000 OO0 RNAOD 00O 0O 0O 00 0o
RNA OO0 OO0 0OO0OOO 0O0O0.000 OO0
00 O0OO0O0O0O0O 0000 00 DNAD OO0
000 000 00 000 DUooo oo oooo
00 00 00 OO0 00 RNADO 00000 00 O
0000000 ooo oooo.

0O 00O0OOO OO0 000 QRT-PCRO OO OO
00000 0000 000 wWangDO OO0 PCRO
00 0000 HewelD?0 00O 0OOOOO0. O,
genomic DNADO OO OO RNAO PCR primer 00O
OO0 OO0 spacer gened OO0, OO T7 RNA
polymerasel O00OO0 in vitro transcriptiond O
rcRNAD 0000 OO RNAODO O0OO0OOO. 0 O
0O RNAO PCR OO0 competitorDO OO0O0O0O
ooooo oo Oooo oo ooo oog. oo
RNAOD OO RNADO 0O OO0 O0OOO O OO0
0 0000 00000 000 000 00 000
000 000, 000 OO0 OO0 cbDNAD PCRO
000 000 OO0 OO0 primerd OO0OO OO0
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U 0oob 000 Oobb b 00 oobb oooo
00, PCRO *¥P—dCTPO OOO0 0000 OO
0000 OO OO0 mRNA OO0 ODO0O0O OOO
g ooo.

Ratd O00O0OO OO0 OO RNAOD OO O0OO
U0 00 00 00 RNAD 00O OD0OO OOOn
000 OO0 0000 O 0O cDNAO PCRO OO
o000 00O OD000 Ooboo oooob boooo
00 000 OO0 0O Doooo oooooo oo
mRNAO OO OO RNAO OO OO0 OO,0 O
000000 ACE mRNAO molecule OO OO O
0 oooo.

0 00000 000 bog PCR OOO OOOO
00 000 0obooob.o0ob oo oo O go
000 O0O0O0 0000 oodg ogd ethidium
bromidel OO0 agarose geld polaroid filmd O
000 000 000 densitometerd] OOOO OO
0 o0odo oboo, jo0b o0ob 0o bo oo
00 000 DOO0O geld0O0O OO0 bandD OO
00 000 000 OO0 0bO0O bob oooooao.

000 000 0o 0bob bOo obo goo oo
0O 000 sampled0 OO0 mRNAO moleculed
U0 0000 00 000 0000 mRNA OO0
o000 oobooo oood o booo og. ooo o
OO Northern blottingd 0 RNAse protection assay
00 00bOdo bob OO ooo. PCRO OO O
00 000 00 00 00 PCR OO bandd OO0
00000 housekeeping gened OO PCROO O
000 OO0 PCR primerd OO0O0 O OOOOO
U0 oobuodob Ooboo bo 0o boo bgo
0.00 000 000 0 0 000 00 00 RNA
0 0000 0000 bo 0o Oob Ooboo o go
00O RNAO 0000 OO ACED OO OO OO0
agooo.

bFGFO dexamethasonell VSMCO O ACE mRNA
0 000 00000 000 000 ooo™®® oo
Joood 0obo 0bo 0ob 0 Obb obobg o
00 0ooo ooo 0 obo ooooao.

goooo o oobo oodg, oooobo ooo
PCROOO O0O0OO0OO OOO ODOOOOO OO
000 00 0 00 00 0o ooo oo ogoo

00 0000 ACE mRNAD OO0 OO OO0 O
U0 0 000 00 0000 mRNA OOO OO0
00 ooooo oo 0 00 oog goooo.
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AHHE -

OO000000 OODOO0O OO0 Angiotensin
Converting Enzyme(ACE)D OO0 0O0OO 0OO0OOO
ACE 000 00O OO OO0 OoO0oooo. ooo
ACE mRNAO OO0 OO0 OOO0O Northern
blotting OO OO OO OO0 OOOO OOO O
000 DOOOO0OO OO OO0 sampleDO ACE
mRNA 000 000 000 0000. Reverse Tra—
nscription—Polymerase Chain Reaction(RT—PCR)
0 00 00 RNAD 0000 O OO0 OO0 OooOoO
0000 00 0000 000 000 ooo.ooo
0O 0000 ACEDOOO OO0 oooOo ooo o
00,00 OO O0O0OO0 RNAOOOO OOO0O
00 O 00 0000 0oobO 0Ooo 000 recom—
binant RNA(rcRNA)O internal standardd OCO0O0O
Quantitative RT—PCR(QRT—-PCR)O OO0 OO
ooog.

Y H:

ACE primerD 00000 OOO ACE RT—-PCR
000 OO0 O 200bp OO reRNAD OO0 OO0,
180bpd GSTM(glutathione transferase) 0000
000 0000 000 ACE specific primer sequ—
enced T7 promoter, poly(dT) taild OO spacer
gened OO O, 0000 in vitro transcriptiond O
rcRNAD 000 internal standardd O0O0OO0O.
PCR OO0 32P-dCTPO OO OO COOOD O O
0000 0 O PCRbandD OO OOO gelD OO0
0000 0 0O 0000 0ooo ooooo. oo
00000 O0OO000 agarose gell OOO0O OO
000000 o000 geld x—ray fimd 0000
0 000 O densitometryll OOO0O ODOOOO.

2 1}

1) PCROO O OO RNAO OO RNAO O00OO
0 000 00 000 primerd OO0 OOOOO.

2) Rat 0 total RNA 1ng OO0 1.7x 1000
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ACEmMRNA OO OO OO0DOOO.

3) VSMCO ACE mRNA OO0 bFGFO dexa—
methasoned OO0 OOOOO.

4 E:

1) Spacer gened 000 QRT-PCR OO0 OO
U0 00bbO 0bood mRNADO OO OOO O
o0 oboo oood.

2) VSMCO ACE 000 OO0 00O 0O ogd
aoo oooo.

3) 00 RNAO 000 OOO PCROODO OO O
o0 00 oobo gobob oo b od.
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