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ABSTRACT In order to analyze the characteristic distribution and intensity of mRNA of alpha-
fetoprotein (AFP) in liver diseases, the tissues of hepatocellular carcinoma (HCC), liver cirrhosis
(LC) and other benign liver diseases were investigated by in situ hybridization (ISH) with
biotinylated AFP ¢cDNA. These results were compared with those of AFP gene products detected by
the immunohistochemical method using anti-AFP monoclonal antibody, and with those of AFP
mRNA expression investigated by Northern blot (NB) analysis. In addition, the expression of AFP
mRNA was studied by polymerase chain reaction (PCR) in some cases. The following results were
obtained.

1. Human hepatocellular carcinoma cell line HuH-7, which produces AFP, showed positive staining
using the in situ hybridization technique with a AFP ¢DNA probe, whereas human cell lines, which
do not produce AFP, failed to show positive results. Pretreatment of HuH-7 cells with RNase aboli-
shed the reactivity. Furthermore, the Northern blot technique using this ¢cDNA probe produced
a 2.1 kb band which corresponds with AFP mRNA. These results indicate that the AFP ¢DNA probe
used in this study is specific for detecting AFP mRNA.

2. In 74% of cancerous tissues, AFP mRNA was detected by the ISH. This incidence was
significantly higher than that (24%) of the NB analysis. Interestingly, the incidence of positivity
for HCC with LC (HCC with LC group) was not so different from that for HCC without LC (HCC
group). Four out of 6 patients who showed less than 20ng/m/ of AFP concentration in their sera
showed positive results in the cancerous parts of their tissues. The incidence of positivity by the
immunohistochemical staining was 449, with localization being almost the same as that by the ISH
technique.

3. In non-cancerous tissues from patients, 449 of the cases were shown to be positive by the ISH
and 28% by immunohistochemical staining, whereas none were shown to be positive by the NB tech-

Abbreviations
AFP : alpha-fetoprotein LC : liver cirrhosis
BSA : bovine serum albumin MOPS : 3-(N-Morpholino) propanesulfonic acid
c¢cDNA : complementary DNA mRNA : messenger RNA
dNTPs : deoxyribonucleoside triphosphates NB : Northern blot
EDTA : ethylenediaminetetraacetic acid PBS . phosphate-buffered saline
HCC : hepatocellular carcinoma PCR . polymerase chain reaction
ISH . in sttu hybridization RNase : ribonuclease
kb . kilobase SSC : standard saline citrate
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nique.

4. Cases of liver cirrhosis, chronic hepatitis and other benign liver diseases were also analyzed.
One case out of 6 LC patients and 4 out of 30 chronic hepatitis ones showed positive results using the
ISH. No cases had positive results by the immunohistochemical method.

5. In the cases which showed positive results by the ISH, but were negative by the NB analysis, the
PCR was carried out. The results obtained by the ISH were confirmed by this technique.

6. ISH employing liver tissue sections was useful to study the expression of AFP mRNA, and to
define the preneoplastic states, such as liver cirrhosis, as well as to analyze cancerous tissues.

(Received April 24, 1991 and accepted June 28, 1991)
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ern blot &% OF Southern blot #Eic BTk, EEK
BEE (HF X« pAFY - RKREERZEHENE LD
ft 5 X iz AFP ¢cDNA ©& % pHAF-7? @ Pst 1 i
K 1.2kb % F \~ %z. Negative control & L T
PAZ 10(amyloid g8 protein cDNA), pHCG (pchCG~
beta #67 : HCG ¢cDNA), Tg (T cell receptor 8
gene cDNA) # %, AFP LA DE 7 v — 713N
ARIEAMBEELGT v 7 X h 5 I hi.

2:3 In situ hybridization j%
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AT THAW e -7 OBERIT VI LTT M <—
BEWIzX ot Tiobhh cDNA BB L ) —AEH
& L72%%, DNA polymerase [ large fragment
(TAKARA, Japan)ick b 4+ vE# dUTP(BRL,
USA) wH by 2 ECEHEL .

2¢3-2 In situ hybridization %

In sity hybridization #:i3, Singer et al.'® Ok
—WEE LT I-Te. Ticbhb, BEYFDH VIR
571 w077 4 VEIF % PBS T 10 54
L 7%, proteinase K(Boehringer, Germany)iZ X
D 1ug/mil, 37C, 10~30 5 DO&EETHREABRIERT
7o 1z, PBS T, 4% paraformaldehyde T
E@Es 5 Ty, HOPBS ¢#i&L, ABRBET7 v
BV 7+ AT 7 A —EEEDO T 2y 7D, Jensen
et al®OHFEWCELT0.01M EDTA, 0.01M
MgCl, TR S ®7: (iR, 305, zo#%0.2M
Tris-HCl (pH7.5), 0.1 M glycine #nz, EHk
50% deionized ' formamide, 2 f&#E#ED SSC (2X
SSCick v 70°C, 10 FRIMLELRE, a4 Fv{LcDNA
Te—TRAL T I A RER, ATV AL E~
v a V¥ & LT 50% deionized formamide, 2XSSC,
10% dextran sulphate (Pharmacia, Sweden),
0.2% BSA, 20mM vanadyl ribonucleoside com-
plex (BRL, USA) X Y RABE/EEFEAL, Zok
w7 e — 7 (B 0.25 gug/ml) Nz, FIAEL
fobH & 37°C, 156~20 R CRIR S 8T, £OHkor

ZrAOBBBLTOIE {fTlaof. Tibb50%
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Bl RCEAFV BB LAI VI T E
2 v (Boehringer, Germany) % 1 ug/ml, =&, 1
R o&HETRIGER, EbReFFvI7Arr ) 7 s
A7 7 &2 =1 U/m/l) (Vector laboratories, USA)
YRR, 1RMKGER, ANV 770y L EEY

formamide,
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W &7, JHBIC, nitroblue tetrazolium (0.33
mg/mi) (Sigma, USA), 5-bromo-4-chloro- 3-in-
dolyl phosphate (0.17 mg/m/) (Sigma, USA) ¥
HEE L LUmeRB 3. BREIIX1% methyl
green (Sigma, USA), %\ 1%0.19% nuclear fast
red (Sigma, USA) &k v filsotz. ZOHFETIL,
E—#RHo o TR L EOBAR RER L, FEfrRm
BEoZ LT WIERSsE, BEFR IR
B R BB RS B E T A ERBE L L.

F 7, HuH-7 #8855 L% RNase A (1 mg/
m/) (Boehringer, Germany) % 2 RHMEL C, &
DI in situ hybridization #1772\, RNase DE/%
R L.
2+4 Northern blot %

2:4-1 Total RNA i

2:1°2 THRLNWIHERBH B 2B AERPTHED
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Lz

2:4+2 FO—T7OEE

222 BTN T =T, =v I FFVAV—
va Vv iE®DIZ L b EH L 7. Specific activity X
5~8X10% cpm/ug TH - 1.

2+4+3 Northern blot ;%

Northern blot # % Goldberg'® @ ik i ¥ U T 4T
feote. Tk 2+4-1 TR L7 total RNA 20 g
% Goldberg buffer (0.04 M MOPS, 5mM sodium
citrate, 0.5mM EDTA), 16% formaldehyde % &
ir 1% agarose gel (Bio-Rad, USA) T30V, #8
BMESKXE Y Tieote. KEME, RNAR=tutl
v — A (Schleicher & Schuell BA 85, Germany)
CEEL, HLWTREY)v—5 -y 7T 2:4-2 T
L7 v — T HEEEBE 0.4X10° cpm/mi &85 X
51k, =teeae—R[EY 15~20 B, 42Cikc
b, ~ ATV F M- a3 v ETRo T RiT=
el e—2AEEREEL K XARS5 714 A
(Kodak, USA)Z AV, —80CIB\TAH—FFTF
7574 —&{Tleot.

2:5 polymerase chain reaction %
251 FUITFXILFFFTS5A7—

AFFBR 1% MilliGen/Biosearch (USA) & b & X
iz AFP 7 3 7 REED 146 1 ~152 {7 & F—E 5D
cDNA (upstream primer), 755 UNZ 240 fi7~246 A7
L HRAHRYECSI 2B 3 5 cDNA (downstream primer)
R,
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2¢5.2 PCR %

PCR #:1% Saiki et al > 1ZEE L TfTlesTe. T7xb
% 2:4-1 THE Bz total RNA 1 ug % 90C, 5 4
fn# L, 10Xamplification buffer (500 mM KCl,
100mM Tris-HCl pH 8.3, 15mM MgCl;,, 0.1%
gelatin)2 ul/, ANTPs B& %K (4 EZxhLh 10 mM),
downstream primer 10 pmoles, ribonuclease in-
hibitor (RNasin, Promega, USA) 20 units, 50
mM MgCl, 1ul, M-MLV reverse transcriptase
(BRL, USA) 100 units & OEBEZEBEK %02 T 20
ul L, 304, 37CIfry, Kiz95C, 54 DN
#MZ X b reverse transcriptase ZNE(L L. H T
LA T iz~ 5 #1Ec DNA @ amplification #1T7z->7z.
3 7+ b, upstream primer 10 pmoles i 1X
amplification buffer # fn 2 T79ul & L,
AmpliTag™ DNA polymerase (5 units/u/) (Per-
kin Elmer Cetus, USA) 1 ul iz, LA Fidi~s4
1 7 MIZFRE L1 Thermal Cycler (Perkin Elmer
Cetus, USA)ict v + L. BWEM, 7=—VvIrKk
OMBERIGORE & Rl %, ®EIDY 1 27 L TIRI4TC,
54, 50C, 24, 72C, 34, 25 ¥ 1 7 &%
94°C, 14y, 50C, 24, 72C, 34 LREL, RED
# 4 7 A1294°C, 14, 50C, 243, 72°C, 105 D4%
HTiTis - 1.
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i, 68CIfED, ~A TV EFAE—>a v ETR-T
wic=btreile— RELREHLEE, XAR-5 741
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2012 TR A 2V, EEESH Dk
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Pz b—7T5H5E/ 7 v —FAHEOA3T IgG D
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X, ABCHRIR X h EAaXTiRof. BHEE I
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Fig. 2 Northern blot analysis of total RNA from
human cultured cell lines, HuH-7, c-Hc-20,
Chang and MKN45 with AFP probe, pHAF7.
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kb Sy P & hic s, AFP JEE 440 Chang,
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TFRE 3 B, &F 23 DR e & OSIEBE I Ic UL T,
AFP mRNA 033 % in situ hybridization & O
Northern blot ExRVTHREL, &¥CHREEBSN
REETINEY E LTO AFP OF7e L s L e,
ISH BB TH - i\l s\ T, RIRIERE 20
237 » — 7 pHAF7 @ negative control & LT pAZ10,
pHCG RO TS ZA\W1-354, &512it RNase L%
Iz 72 pHAFT 2 KIS X1 B& 1R Th o 7 F
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TR E R, ISHEI X 5B% > 7 1 48 AFP
mRNA @i 5 & & ABER I vz,

Table 1 I FHEE S O R EE B2 02 2 B E 1k,
1miE AFP fE, HBBBHFER OB ED#ET — 212
Mz <, ISH #%, NB &k OCRERBRZRGE O
#RU7I. %7 Table2 ik BFEBC R oHE
RL, ThbxFLHT Tabled R L 1o,

BB F 5 ISHE T, Table3 & LdTRL
ek S, FFRRZE RS FEsE (LUF HCC with LC
) TR 4B 1161 (79%) BT REZEL, B
BE L7\ FHEE (LT HCC 3 s\ Tk 9 4l
F6MH (67%) B 7 F Al I h, MR
HREEIADRIgh ot B 7 Frmaaz—v03,
HCC with LC Bz Tk, Fig. 3 iR L7 case
5D 50z, PERUENEOTBITE LR ORI
CHE RETAA8E L, FREREMRLCW5H
b 7 raslEshie. —F, HCCEs

Table 1 AFP gene expression in hepatocellular carcinoma tissues detected by in situ hybridization
technique, Northern blot analysis and immunohistology

Case Sex Pathological Obtained at ISH® NB® IH® AFP level HBs-Ag HBe-Ag
No. /Age diagnosis /Fixation CAY/N-CA* CA/N-CA CA/N-CA (ng/mi) /-Ab /-Ab
1 M/80 HCC'with LC# ope"/ 4%PFA' i/ =¥ +/- +/= 769 -/= -/=
2 M/69 HCC with LC ope / 4%PFA +/- -/= -/= 416 —-/- -/=
3 M/53 HCC with LC ope / 4%PFA +/+ -/= -/= 734 -/= -/=
4 M/68 HCC with LC ope / 4%PFA ~/= -/- -/= 11 -/- -/=
5 M/59 HCC with LC ope / 4%PFA +/+ -/- +/+ 19 -/- -/-
6 M/61 HCC with LC ope / 4%PFA +/~ -/= /= 197 -/= /=
7 M/57 HCC with LC ope / 4%PFA +/+ /- +/+ 20 /= =/~
8 M/53 HCC with LC ope / 4%PFA -/= +/- -/- 1240 -/= /-
9 M/58 HCC with LC necropsy/ 4%PFA +/+ -/= +/+ 57 -/= -/-
10 F/67 HCC with LC ope / 4%PFA +/+ —/nd' -/- 50 ~/= -/-
11 M/56 HCC with LC ope / 4%PFA +/nd nd/nd +/nd 347 —-/- /=
12 M/47 HCC with LC necropsy/ 4%PFA +/nd nd/nd —/nd 38400 +/- -/-
13 M/59 HCC.with LC ope / frozen +/nd nd/nd +/nd 51725 —/- -/-
14 F/66 HCC with LC ope / frozen —/nd nd/nd —/nd 9 —/+ /=
15 F/5¢ HCC ope / 4%PFA +/+ +/- +/+ 1618 /- -/-
16 M/39 HCC ope / 4%PFA +/- -/~ +/- 16 +/- -/=
17 M/39 HCC ope / 4%PFA +/+ -/= —/+ 10 +/- +/=
18 M/56 HCC ope / 4%PFA -/+ -/= -/= 26 +/- -/=
19  M/64 HCC ope / 4%PFA -/- =/- -/= 350 -/= =/~
20 M/#1 HCC ope / 4%PFA +/- +/- —-/= 21255 +/- —/-
21 M/50 HCC ope / 4%PFA +/~ -/= +/- 33 /- ~/=
22 M/70 HCC necropsy/95%Ethanol +/nd nd/nd +/nd 1700000 -/ -/-
23 F/45 HCC ope / 4%PFA -/- nd/— =/= 334 +/- /-

a:in situ hybridization b : Northern blot analysis c¢: immunohistology with anti-AFP monoclonal
antibody OA37 d: cancerous region e : non-cancerous region f : hepatocellular carcinoma
g : liver cirrhosis h : operation i : paraformaldehyde j: positive k: negative 1: not done
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Table 2 AFP gene expression in tissues of various liver diseases detected by in silu hybridization
technique and immunohistology
T - e AT
24 M/63 LC° 49% PFA® — - 63 —/= —/=
25 M/51  LC 49% PFA - - 5 -/~ —/—
26 M/26 LC 4% PFA - - +/+ +/-
27 F/24 LC 95% Ethanol  +f - 57 +/- -/
28 M/58  LC 4% PFA - — 146 —/= -/
29 F/53 LC 4% PFA - - 249 +/- -/
30 M/24 CAH® 1% PFA - - 49 +/+ +/-
31 M/66 CAH 4% PFA - - 60 —/— -/~
32 M/73 CAH 4% PFA - - 113 —/—= —/—
33 F/74 CAH " 4% PFA - - 57 ~/+ —/=
34 M/74 CAH 4% PFA - - 6 —/+ —/=
35 F/49 CAH 4% PFA - - 5 -/+ -/
36 F/44¢ CAH 4% PFA - - 57 —/- —/—=
37 M/52  CIH"+FL! 49% PFA — - {5 ~/= —/-
38 M/55 CAH+FL 4% PFA - - 34 —/= —/=
39 F/18 CPH - 4% PFA - - <5 +/+ +/-
40 F/35 CAH 4% PFA - - 6 —/= -/
41 F/50 CPH 49 PFA - - nd* —/—= -/
42 M/27 CAH 4% PFA - - 103 +/+ +/—
43 M/15 CPH 4% PFA + - <5 +/+ +/—
44 F/53 CAH 4% PFA + - 12 +/+ +/ =
45 F/53 CPH 4% PFA - - <5 —/= -/
46 ‘M/45 CPH 4% PFA - - <5 +/— —/+
47 F/56 CPH . 4% PFA + - {5 —/+ —/=
48 M/60 CAH 4% PFA + - 43 —/— -/
49 M/50 CAH 4% PFA - - 9 +/—- —/+
50 M/15 CPH 4% PFA - - < 5 +/+ + /-
51 F/52 CAH 4% PFA - - <5 —/+ -/
52 F/63 CAH 4% PFA - - 13 —/+ -/
53 M/67 CAH . 49% PFA - - 20 +/~- -/
54 M/59 CAH 4% PFA - - 11 —/— —/=
55 F/22 CAH 4% PFA - - 5 +/+ +/—
56 F/47 CAH 4% PFA - - 5 —/+ —/=
57 M/47 CAH 4% PFA - - 17 —/+ —/-=
58 M/40 CAH 4% PFA - - 9 —/—- —/=
59 F/58 CAH 4% PFA - - 10 —/—- —/=
60 F/40 PBC 4% PFA - - {5 —/+ —/-
61 F/47 FL 49 PFA — - {5 —/= —/=
62 F/45 FL 4% PFA - - < 5 +/— +/-
63 F/24 AH™ 4% PFA - - < 5 —/= —/-=

a:

c ! liver cirrhosis d : paraformaldehyde e : negative f . positive g @ chronic active hepatitis
h : chronic inactive hepatitis i : fatty liver j : chronic persistent hepatitis k : not done

| : primary biliary cirrhosis m : acute hepatitis

in situ hybridization b : immunohistology with anti-AFP monoclonal antibody OA37
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Table 3 Summary of the results on AFP gene expression shown in Tables 1 and 2
Pathological Cancerous region Non-cancerous region
diagnosis ISH® NBP IHC ISH NB IH
HCC? with LC® 11/14"(79%>8  2/10 (20%) 6/14 (43%)  5/10 (509%) 0/ 9 (0%) 3/10 (30%)
HCC 6/ 9 (67%) 2/ 7 (29%) 4/ 9 (44%) 3/ 8 (38%) 0/ 8 (0%) 2/ 8 (25%)
(total) 17/23 (74%) 4/17 (24%)  10/23 (44%)  8/18 (44%) 0/17 (0%) 5/18 (28%)
LC 1/ 6 (17%) n.d" 0/ 6 (0%)
CH! 4/30 (13%) n.d. 0/30 € 0%)
Fatty liver 0/ 2 C0%) n.d. 0/ 2 C0%)
PBC' 0/ 1 C0%) n.d. 0/ 1 C0%)
AH* 0/ 1 C0%) n.d. 0/ 1 C0%)
(total) 4/40 (10%) 0/40 € 0%)

a . in situ hybridization b : Northern blot analysis c¢ . immunohistology with anti-AFP monoclonal
antibody OA37 d : hepatocellular carcinoma e : liver cirrhosis f : No. positive/No. tested

g . % positive h : not done

W TIE HCC with LC#ick1F5 X v 55 -Ehrtko
ST FNEEROMINCED D Z E A%, HGER
BEE SN o7, HCCBEX v FEMIE LT case 15
% Fig. 4 IC/R L. M#E AFP{E & o LB T, 400
ng/m/ LA EDGITIIFE EMNISH BB & Teote. Bt
L 7z otz case 8 KO case 19 (XEIE % T2 30 5L E
BBLIHITHD, case 23 (IEEFEDBEE HBE YR
L7l TH-te. Fie, miE AFP fE4 20 ng/ml LT
The 7 FAPEHEINLF0DH D, HEEHIET6
4 PTFBD b .

BRI S ISH Ho#ER 1, Tabled icg &
7o X 51, HCC with LC # T 10 #il= 5 %1 (50%)
1z, HCC iz Tk 8 #ildh 3 #1 (38%) 12t TH
b, A& 18 Bk 8 Bl (44%) WM H R L. FEHEE
kB EN Y 7 o2 -1, HCC with LC B
TR DTG > 7 F A b B oMl s b h,
Z D43 #i1%, hematoxylin-eosin etz X % M AE
OREMEBENTR E, —EoEmy RE LG T\
Wy, Fig. 5@k L case 10 DX 527y v vERIcEE
T AIEALITH B B N O Mifee, FREAERT S
AR WREBR 2R TR R bRl i HCC B
IR TR DOFE > 7 e, BB MR &
REFAIC X B L\ B o IR b h A &R
Lafe.

RS AR I o\ T ISH B DB & s AFP (%
84 % &, HCC with LC B\ T3, ISH T
B Licoc5 8o 5 b, 461 AFP fEA 60 ng/ml
UTFTHote. —FH, HCC BTk 5 BMEH 3 it 2

i chronic hepatitis j : primary biliary cirrhosis k : acute hepatitis

case | caselb

HuH-7
CA  N-CA

CA N-CA

2.1kb

Fig. 6 Northern blot analysis of total RNA from cell
line, HuH-7 and hepatocellular carcinoma
tissues with AFP probe, pHAFY7.

(CA: cancerous region, N-CA : non-cancer-
ous region)

Case 1: Hepatocellular carcinoma with liver
cirrhosis.

Case 15: Hepatocellular carcinoma without
liver cirrhosis.
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il AFP B34 410 X' 26 ng/ml TH - 7.

#1 AFP =/ 7 » —F V5K OA37 & 7o S ie Ak
229Gt ¢, Table 3 10R3 X 5 IS TI1X 23 filF
10 41 (44%) i, FEFEEH IS\~ T i 18 a5 51 (28%)
Z, EWELTOAFP ## . £ ORI AFP
mRNA ORI & Hh—B L (Fig. 4-¢c, Fig.5-¢),
BIRETERAMR T BEEI L.

NB ¥ X 8% TIE, Mk AFP mRNA i
W32 2.1kb o v F 3 HCC with LC BT 10
T 2 51 (20%) 1z, %7 HCC BT 7 filrh 2 41(29%)
R e, —7, IEERTEA Y PR IR
o te. REFI% Fig. 6 iR L.

3.4 REFERICH|TS AFP mRNA RUEYORE
]

BREET 55 3BEE 1 F TERICL > THL
NFFEEE 6 4, B 30 4, Zoff 4 Flost 40
FloOMBzoWT, FARCREXTIe-7e. BEE
Table2 iz;RL, D% L»% Table3 iRl 7.

FFIEZEC 3 6 Bl 1 f (case 27) 12 ISH 23t &
i, 7 FArIFEEKESTYED TOBRIZERD bR,
7Y v VR L o/ MRl oM CiR < B I h iz (Fig.
7-b). Ft:, L AFP =/ 7 v —FAHURIC X B R
Bl ch o, BEFATZISH &Kzt 30
Firp 4 GIpEtE > 77 A w§RbTe. Case 43 TiX7 Y v
VESYTE X DM IR > 7 A BT 5 (Fig. 8-a),
fibd 3 4T Fig. 8-b IZ/R L 7= case 44 ® X 5 1255\
FERIk D> 7S F AR E L. ARG ETIIE
Bl Th 7. FFEE, BHEFKLE I ISH Hics
FAREE & s AFP B & OENCBIEM XA b eh -
fo. FOMOFEETIRISH &, REERBRENGREL
HIZEHETH > 7.

3:5 PCR%IZ& % AFP mRNA 0iEiE

FFEEMAES e Y V8o RNA T PCR

FHEET - f

0.3kb »

FLBRER 3L

w1 T7c o7z, HuH-7 fIfET1X 0.3 kb D~ v F 23508
X, Southern blot HiZB\T 7 v —7D pHAFT7 &
EERANCRES Lic (Fig. 9). —J, Chang flifa K& OV
BERAD Y v BRizs\ - TE PCR 12k 5 AFP mRNA

case 15

N-CA

case |7

CA N-CA

HuH-7
ul CA

Fig. 9 Southern blot analysis of AFP

cDNA
amplified by polymerase chain reaction from

total RNA of HuH-7 and hepatocellular

carcinoma tissues with AFP probe, pHAF7.

(CA: cancerous region, N-CA : non-cancer-

ous region)

Case 15: Hepatocellular carcinoma without
liver cirrhosis.

Case 17: Hepatocellular carcinoma without
liver cirrhosis.

Table 4 Comparison of the sensitivity of various methods to detect AFP mRNA in tissues of

hepatocellular carcinoma

In situ hybridization

Case Northern blot analysis Polymerase chain reaction

No. CA / N-CA CA / N-CA CA / N-CA
1 + / - + / - + / -

15 + / + + / = + / +

17 + / + 2= / = + / +

21 + / = = / = * / +
CA cancerous region N-CA : non-cancerous region
+ positive - negative
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- DB IED SR ot BEREME LTISH kT
BSMETH -1 HFED 5B, NBEBHO 2 EFARCEE
D 2HERF, F4MizoWTPCR 2177, EY
Table 4 208 Fig. 9 iwr=§. Casel T, FEFicsky

TILpHAFT £~ A 7V EAXT50.3kbDAV D -

HigPRD Oy, FHEHTORIEIILLAT, ISH
B, NBEOKRE L —FH L. Casels OFEITRNT
case 17 & case 21 OFEF, BT B TUEINBET
1% AFP mRNA OFEHERRZD LNk -8, PCR &
T3 AFP mRNA DIEIEHFED bt

VRS

BEFILFOREREIZL Y cDNA OFIFEAEEE 2D,
[EERERE BT 5 R ICR - Th, BETFL~
TORBNFIRE K- TE . ZhETCbhbho

HETIIELOCITERECR T2 BETREOEBNT %

HAy & LT, XKEBEROABREoWT, CEA R
NCA © cDNA #H\-T, BiE® 23 Northern blot &
X B RITI, & BICPEEY 12 in situ hybridi-
zation BRI X AR X T/ - T & f. KBS TCIIIH
Lot | &k T AFP cDNA 2FH LT, B,
FFZER O Do TEERRIT 5 AFP mRNA 0%
A ISH &, NBEILICPCRELLIVEEL, K
BRI X B EY L A TORE E BB L
f2. ZhnETEH o AFP Eicov-Tid, 400 ng/ml
BHHEL LT, Thidlz 556 dIFlaEovTE
HepeE < Bebii-hy, 400 ng/mi RigDOBEIIIEELL
THR, LSt vFEOREIED LR TV 5.
AR TIL, 45iIc AFP oRBicowCIFEE
S, BHVIELEVWIE, FEERS Ko
FREBMAGE AT, mRNA U~ A-cREfis2in
%, FEOZY, BilERECHNCELE 0T
PEBELRL. SO X5, BRES2Zem BT
DOEFNNTEI S~ L2l S h, BEIRhD I k-
& BT, HeEEREEL WA, ISH BT = —
FOEHAERCL Y, BHRE T - TRV B KL

RGN 7w — TR VBT R LITKHE RS, °H, #P-

BACEES HFIBTAT AV b — 7k EREEL,
BRIt — 30757 4 — BT HEERS
FRES B L CER T hHEELE L, HEki@Eow
WL LOREXBEL TS, —FH, ZhboREAR
BN AT TV E ORI X BB -7
FRAVWHERBILZNTED, €122, DNP #2,
Ak v, fluorene FBERY, 1 v 2 BAS it
Er#EIh 5. ARETH WY 5 v

R O OO E SRR K5 AFP mRNADOKE 3N

L5 AR, £fTEY 2 AMTHRT T, HBick®
BRHBEL LisTn L OF S BT 5.

FFEBPEEOLBIC, b M EEAEYREE L
CISH %47 L. HuH-7 flaciasieE dnc B
iz AFP mRNA ot 7+ 1wt Lic. b,
Fiu 72 AFP ¢cDNA 73 AFP mRNA * R~ 1 7
VA4 RLTNBENE S g, HuH-7 filgag e L
TUTFToHE X h R L. ¥9 RNase iz X 5HiAL
BEET &7 F i E R, cDNA 7= — 72
DNA REAS T & LIEBERMIEE T 52 L ],
RNA £ A~AT7YVEFA4RLTWBIERFE Wi &
2, HorLdREHDO T w— 7% mRNA &1 7Y
FARXIEHZLILEY, €AFvLT e - T LEBE
R TH, N TIFAE—v a VIIFHIEER, v
ZSFAIBRB IR o7, ChbDREERE NB &
I BHE R A, ISH tkizis\ T AFP cDNA (34
21912 AFP mRNA ##H L 5 5 2 LR i

RNA ## 5, RNA OREHENEZHBEL Y
BRI BV 2846, BEES, BEE IR
WCELETORHRCIERLXETS. B4 ORBEE
M DN, KPR TIEmRNA OffFEE:, RHEERRUE
BEREANRIGEES»LBANENR TS L8R5 4%
paraformaldehyde'®? % FJEE7ER b FV,, —idtr =
yve=g /) —AERFERLE. FhmiTii<frm
FEERACEH LVEEE® bR I TR BEoR
Wik b, BECIIRLTWona, si<y vEE
HREWEEACT, M AFP 2R SELRTHCI
ISH HEL B & o e, ThUADHIcOBBMERI
KL, BB b 7 e — 7 OEBA~OBBEIMET
TAHAREESE L bR, =%/ — VEERDEFIC
BT Ui & o3, IiE AFP 2MEECH B~
FABEH i, ¥ RERESCHRE  CIcET 5 M
& AFP mRNA DORfF & OBIE @ OLTIE, #5253
< v AFGHER L AV RS R T ey, BBl <
R BRI mRNA AMRAF S5 L EL TV 5
725, EEOFMOBIIIHMIRAE E 7t - Th bR
BBETHZL5HD, RNA OREREYEERICANRT
BLUBERDD.

HE, brEECRCIFREBEROCEMAER S
T 5. FFEZE D B FFEANOBITAD I b TEEE
hpz ™, FWEZZRTS AFP o FRIIFERE
BHMBAOHEELRE LT &9 Dt B
BLT, ISH BT AFP mRNA o#RE v #ikaL
SATEBLZBIEBNTENT, FEREOBETPE
W e R >TREM 2 B 5. AR ORE, FRE
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FIERR ORI K OFEE o — BBl & X Flo-o
iz ifaic AFP mRNA oRE 288550, ISH 3
Xt 5 AFP mRNA oG4, NBERchE1L T
HHDEENC EAFBA L. 0BG, ISH 3ok
DI RI B o 7 F AR LT RS B, W
OO ER CHERR L7cdy, 2512 ISH BBk
DEFZ 2Tk, NBEKROCPCREK L v AFP
mRNA OFEZRBRAL, R LA $iib, ISHE
L 0 BONBEERER, ThPhollcEET
% AFP mRNA O~ 7+ AR RERIBHL W55
RrE2bND. EIREDZ 13, 1M AFP (0 E
BRL T RWBBIoFFEffgc ISH &ic & b AFP
mRNA ORBBBRD LN & TH B, FED 1M
(case 1) #pF5 &, ImE AFP »310ng/m! & {EME
ThHOIL, ISH ETHEMEARL, 20 AFP mRNA
% PCR ¥:CH#8IE X iz, HCC with LCE D 5 BT,
MR USRI 7 ) v vERE /N R
H 7T AR HFIREE L8, Thbofiaix
Sakamoto et al.?® DL TS, AFP ¥EATS
oval cell SRR YT 5L 00d Ui, 72, B
F& LAAL D FE )¢ 12 ISH #:C AFP mRNA 2 FFEZ,
BHERROLWLh 1TB RO 13RI i &8
EHEh%, FFE#Bco AFP @ ISH e & 2R,
bhbhOHBE DTG E A ERENTA, *HE
B e~ R AGT ISH 285 U7 Otsuru ef al3® o
S, FEECS VT2 FiF 1l ok
BtEs 7 7 A 2B MAMMEIhE LTwS, &
PRI \NTEM & Tn o e flTiE, BB 7
FARRD, 7YV VEE L OO IE
Y7 FABRBDI. LED X 5 RS OEIC
7% AFP mRNA 0B E&R 3, BEDL ZATHET
Br0, S8, FHEOIERECEETLBETFRE
DEHORBERYE, B VCIRAEEYED T 5E
NHBETFORTESEOME & B L ¢, AFP mRNA
DEIERECR T 2ERY I DREAL LT ALEN
H5.

5 & #

v OB FEEROLOMOFRBRLET
AFP mRNA oRBOZERVEB Y L BT
DL, €3 v{LAFP cDNA %\ Tin situ
hybridization 177/ o #c. ZhbLDOEE ¥ B AFP =
sr7e—F ik B aEEkEN ek Y
Northern blot (NB) & B L7, S HIn—EB0EE
Plz 3\~ T3, polymerase chain reaction (PCR) #

FLBEE S

kb AFP BRFORBBRELRE L. TOEE,
T oB#Ex B,

1. ISH #Eiwk\wT, AFP cDNA #1584,
AFP EAMKTH 5 HuH-7 #laCizBtts 7+ 1%
Rfens, AFP JEEENMMERCIEEThH - X
HiZ RNase 12 X AETMEOEER, A5 0% NB ®ick
h 2.1kb » AFP mRNA 35 v ¥ &l s
Ll b, AHBEBFTSISHEK L b, AFP
mRNA ZERIVCHEE LSS 2 &2 L .

2. FHEESROBII T, 4% ISHEZ X %
Bt 7 By, FEE v d o (HCC B
LS S D(HCC with LC 3) ofim i h bivids-
2. ThHDOEFHOBHHEE (74%) W NBHII 5
Q4% B L CEBILE ) - 7. 1MiE AFP{E
2320 ng/ml LLTFTh o 7+ L oEH B FID D
BhbHeT6HF 4 HNciBD b, MRS
By 5 AFP Ei 4% 1ehdbh, 0/ ISH
Bt Bd oL 3E—3L 1.

3. FBEMAOIEREIBIc T, NBETafiekk
THHOIK L, ISHETIRUBTEEYRL, 2%
BB RGE T 28% I B & 5o 7o,

4, HEERCEMRFXSOFEERM OV CEE
OB ET -7, FEETIR64H 14, i, B
PEFF D 30 Bl 4 Bic ISH iz X 5B 7 v 5
Wiz, WThOBEZLH AFP £/ 7 v —F itk
X% R I REEETH - .

5. ISHETHBMAZRL, NBETEETH-E
Blieo>C PCRERIET L, ISHECHRE Ihicv 7
>3 AFP mRNA Ch %5 & 2R LB 7.

6. LAEX b ISH B3z ®i}s AFP mRNA ©
EAEBRRBRTHORERTH Y, FEOLRHT, §F
BEEZSOMBERRBCR T3 2Z0RBOEAHEL 5
BT EBRRB IR

BOEE
HHEE, BRI PR R 1 R
FE#EE, HBURG R WA E—Z i 7e b OIS E R
EEMORE L 2. FREERBEROHgE
R G T ARRERE R 2 BB LS I U

ARSI L ES. X5, cDNA 7= — 7%

ETEXSEBRBEE (hFr5 - arH) —K¥4E
L5, MMERLEIIRET X st As s 1 AR
PEFRI— 202 e & QI FIR RATEM, ENTEErmns
PR BT LS BB« ity 2 —F
BeREEBBELCHEYEL 3. Mgk o
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cDNA 7 v — F&tEy s fo 72U e A AW SE iR B 18
EFAV 7L ER L EFET. R, Mty
LT X S e EEE RRFEHEXNNEEMCHEY
£LET.

AP AR EFRERI S AR5 1
(02151056 &P K& OVE SERE (02262231 &
), OV EEEHRE 10 EESHE R U, &
M) RONAREEIRSE (KEW, 43P ofBic k-
7z,
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Fig. 1 In situ hybridization of human cultured cell lines with biotinylated pHAFT7.
a: Hepatocellular carcinoma cell line, HuH-7. (X170)
b: Hepatocyte cell line, Chang. (Xx170)
¢ : Pretreatment of HuH-7 cells with RNase A.  (X170)

Fig. 3 AFP gene expression in cancerous region of hepatocellular carcinoma with liver cirrhosis (case 5).
a: Hematoxylin-eosin staining. (x85)

b: In situ hybridization with AFP probe, pHAF7. (X85)
¢ : Immunohistology with anti-AFP monoclonal antibody OA37. (X85)
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Fig. 4 AFP gene expression in cancerous region of hepatocellular carcinoma without liver cirrhosis (case 15).
a: Hematoxylin-eosin staining. (X85)
b: In situ hybridization with AFP probe, pHAF7. (x340)
c: Immunohistology with anti-AFP monoclonal antibody OA37. (x340)

Fig. 5 AFP gene expression in non-cancerous region of hepatocellular carcinoma with liver cirrhosis (case 10).
a: Hematoxylin-eosin staining. (X170)
b: In situ hybridization with AFP probe, pHAF7. (X340)
¢ : Immunohistology with anti-AFP monoclonal antibody OA37. (X 340)
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Fig. 7 AFP gene expression in liver cirrhosis (case 27).
a: Hematoxylin-eosin staining. (X85)
b: In situ hybridization with AFP probe, pHAF7. (Xx170)
¢ : Immunohistology with anti-AFP monoclonal antibody OA37. (x170)

i~ Q

Fig. 8 AFP gene expression in chronic hepatitis detected by in situ hybridization.
a: Case 43 (Xx170)
b: Case 44 (X170)



