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3’-Methyl-4-Dimethylaminoazobenzene
Hepatocarcinogenesis in Rats

II.  Studies on a,-Acute Phase Protein
(Weimer) as a Fetoprotein

Masashi KOIKE and Akira YACHI
Department of Internal Medicine (Section 1), Sapporo Medical College
(Chief: Prof. 1. Wada)

During the hepatocarcinogenesis of Wistar strain male rats fed with 3’-Me-DAB, changes of Weimer’s
serum alphag-acute phase protein (as-AP) and the mechanism involved were investigated in comparison
with alpha-fetoprotein (AFP). The results obtained were as follows:

1) The biochemical properties of ay-AP purified in this study coincided with those reported by other
authors. The specific anti-as-AP serum was prepared and the specificity was identified with reference
anti-ay-AP serum donated from H. E. Weimer. Determinations of serum ay-AP and AFP levels were
carried out by Mancini’s single radial immunodiffusion technique.

2) Serum as-AP levels were found to increase transiently in parallel with the initial elevation of AFP,
and increased gradually again after 8th week of feeding and was elevated markedly after the liver
carcinoma appeared. In the latter stage, as-AP levels were correlated significantly with AFP levels in
rat sera and with the tumor size.

3) In immunohistological studies, as-AP was detected in the cytoplasm of part of the oval cells and
many small or mature hepatocytes. Findings in carcinomatous regions revealed that as-AP was localized
in the cytoplasm of hepatoma cells in various histological aspects of the tumor.

4) When the synthesis of a»-AP was examined by the iz vitro culture method of Hochwald, it was
found that hepatoma tissues produced much larger amounts of ap-AP than the non-carcinomatous
counterparts of the liver. Experiments with nude mice transplanted with rat hepatoma showed an
occurrence of both rat as,-AP and AFP in their sera.

These results indicated that serum ay-AP was derived from multiple sources of tissues but more
largely from hepatoma tissues than non-carcinomatous regions. It was considered that the mechanism
of increased serum level may be different to some extent between ayAP and AFP.
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Fig. 1 Immunoelectrophoretic identification

of ay-AP. (Anode to the left.)

S: Serum of inflammatory rat.

Fig. 2 Specificity of absorbed A-ay-AP serum.
Comparison to reference A-ay-AP serum
supplied from Dr. H. E. Weimer.

(1): Serum of inflammatory rat,
(2): absorbed A-ay-AP serum,
(3): A-ap-AP serum (Weimer).

3:1-2 ayAP DEE
WSS Z v b I & D HEETE AT 5 72 ar AP 1200
€ MO ¥, 1EP @, &5 Laurell #z X 04506517

w3 TS

& &)

Fig. 3 Micro-Ouchterlony reaction
of purified ay-AP.
(1): purified a,-AP,
(2): A-RWS (A-rat whole serum),
(3): A-ay-AP.
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Fig. 4 ldentification of purified a-AP by two
dimensional Laurell’s crossed immuno-
electrophoresis. (First dimension electro-
phoresis with anode to the left, second
dimension electrophoresis with anode to

the top.)
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Fig. 5 Calibration curve of ay-AP determined by
Mancini’s single radial immunodiffusion.
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3:-1-4 a-AP OHEKICDNT ug/mi .
EEEA s e~ 2T 7 4 =2 XD PIEL o arAP © 2000 .
TR T6x 104 LHEE S Rt T 0T S 2 BB
Table 1 ©Z & < T, 1/2 cystine IR D B T =
HWEREL T Chote. BEb AXMKDRELT - 1otz .
L b s ns tryptophan b CE e o7, BEE & —_— _
W2V TiL hexose & LTH 3% I b, . e
Table 1  Amino acid composition =
of purified ay-AP °
Amino acid mol/100 mol =8r e e )
Lysine 5.90 o o )
Histidine 215 ) "y L e
Arginine 3.92 500 |- - : - ° _
Aspartic acid 8.96 . e mx . .
Threonine 6.80 S . T . : "': . :
Serine 6.73 .:.:i‘; T ? : : : &
Glutamic acid 14.58 m el Toe g ; oo
Proline 5.76 0 5 10 15 20
Glycine 6.11 weeks
Alanine 6.94 Fig. 6 Changes of ay-AP in rat sera during
1/2 Cystine N hepatocarcinogenesis with 3'-Me-DAB.
Valine 8.61 e
mg/d|
Methionine 1.98 ol .
Isoleucine 413 L
Leucine 9.82 Wk .
Tyrosine 833 P
Phenylalanine 427 .
Tryptophan ——
e
3:2 3-Me-DAB #55 v FOFEHD arAP KU ar
AFP OEH) °
3-Me-DAB JEfUBGBEC 3510 5 it arAP 35 & Toee
O AFP oz, Fig. 6, Fig. 7 # X ¢ Table 2 /5 : “ =
FTEL T, 3-Me-DAB# 53, 4 5 X 05 ikt s 10} ' . -
ar-AP OFHERF R 181, 133 %5 X 0% 239 pg/ml & L . s .
wEp N L, 1313 AFP o— &k IISICET LA L . ¢ . : . s . : "
Te. otk 5, 8 A X h U L 16 3 L T -8 . -
LTS 0 L T At DL e L N
—%5, AFP 0 3, 4, 5 e 513 5 £ BOTH 1L 2.0, 36 Hwmw ) S
¥ L0 5.0 mg/dl T, SHAIIVHP B KL peak . 5 10 15 20
BN L, DRI AR 1L % b, RS0 188 & Fig. 7 Changes of AFP in rat sera dLn'ir::;ekS

DEWE IR L. hepatocarcinogenesis with 3’-Me-DAB.
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Table 2 Changes of mean values of azAP
and AFP in rat sera during hepato-
carcinogenesis with 3’-Me-DAB

weeks arAP AFP
(1g/ml) (mg/d/)

0 13+ 4.2% 0

i) 28+ 9.0 0.2+ 0.1
2 96+ 32.5 0.3+ 0.1
3 1814 217 2.0+ 0.9
4 133+ 46.0 3.6+ 1.6
5 239+ 64.2 5.0+ 1.6
6 97+ 204 : 1.4+ 0.1
v 166+ 65.9 40+ 1.2
8 462+ 56.7 15+ 05
9 213+ 88.0 48+ 1.6
10 486+115.5 23+ 0.8
11 271+ 83.0 35+ 1.0
12 316+ 79.8 32+ 0.7
13 442+114.8 3.5+ 1.2
14 380-+100.5 46+ 1.9
15 5151735 48+ 14
16 701+ 36.2 44+ 34
17 1.8+ 0.9
18 } 1Tz 131+ 65
19 116+ 5.3
- } 1518-4227.1 2965133

* mean+S.E.

Wi ar-AP L AFP L oMk — &GO 3 # s
B 5EIC OV ThR D AR ERRD I (r=—0.04, p>0.1).
L UE o> 16 T2 8 20 Hic 2\ TA B EHED
AHBAME 2SS It (r=0.63, p<(0.01).

It ag-AP ULk tumor size & DOBtRE A BT
i, 16 L% e tumor ASEEICHF D 1/3 2z o D
(+), 1BLExRLEDHBED (H) 2 s Tl
Wfi & Ml 4% &, Fig. 8 @ X 5ic (+) Bk 8154366
rrg/ml, () #Ei3 1,4884554 p1g/ml -C, tumor size DK Z
WA D axrAP 13X DEfEE R L (p<0.05).

3.3 RuEHBFEARE

Peroxidase B HIALEIC L D a-AP OMMN REL#
X LI, EHEART v L Offfllgc il Ehd, )
A o Fiao—ic Rt &hic. Ll 3-Me-

DAB ¥5#cix, %o LEE T/ ax-AP
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Fig. 8 Relationship between serum ay-AP level
and tumor size. Tumor size is expressed
as (+) or (#). ({(+): less than one-third
of transitional cut-surface of liver, (4):
more than one-third of it.)

Rt Fig. 9a X 2WEDOFTRCHBH, NERE
DT T BERAL T O s X OP IR triad J850 1
ax-AP BRIz & 1 2R b e, RiEcid
WER AR Lic. IFHIBEIN D ar-AP O FEAMK, &
BRI R B s, NERIIRAE o b BT o Ml
Hichbhh arAP FIEHFF L BERETH -1 (Fig
9b). Yok arAP BHtkie & O iEd: A B oz
B I RE AL B LERD B Te s » T

Fig. 9¢ B X" Fig. 9d whidbhs X 51, oval cell
ORI EC S P TCEB B0 arAP BEDLRICH, £
o JE /N TR 3 X OB RIa oM E N & ar
AP R Ehic. CoONMIED arAP BT LT
Bk ChBESh

WFdmiagnec ousCit, Fig. 10a 3 X o8 Fig. 10b o &
L, Eo—HoERIEOMIETEC b a-AP 25ED LR,
ZhH D arAP Btk IR HERIR S 5 vz w1 2k
BEShic. Thbb, OFA WML RTHS (Fis.
10 a), FIRECHE R T80 (Fig. 10b), ZRIRALIIZ 23356
2, ERFRNC aAP 1345 X hve. ¥ 7 cholangio-
carcinoma EEDFALTH —EBOENS AN 5 1 7 Al H
DOHAEIC arAP 25580 B (Fig. 10a, Fig. 10¢ &
L0 Fig. 10d). 2HIEfEila a5 &, ORIl
FC O E AED BT A ZIRC a-AP (G HIIR AR
w1 (Fig. 10a, Fig. 10¢ 35 X0 Fig. 10d).
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Fig. 9a Distribution of ay-AP positive hepatocytes in well-preserved lobules from
a rat at the 2nd week of 3'-Me-DAB administration. The hepatocytes
bearing a,-AP in their cytoplasma are scattered in a mosaic appearance
both in a central zone and around the portal triad of the lobules. Immu-
noperoxidase method, X60.

9b At the 3rd week of 3’-Me-DAB administration. In cytoplasma of mature
hepatocytes, ay-AP positive granules are found. The reaction products
of ay-AP are also seen in cytoplasma of epithelial cells of interlobular
bile ductules. In this figure, oval cells are not szen. Immunoperoxidase
method, Xx260.

9c¢ An area of the proliferation of oval cells at the 3rd week of 3-Me-DAB
administration. ay-AP is found in cytoplasma of some oval cells, and also
of many small hepatocytes and mature hepatocytes surrounding the pro-
liferating oval cells. Immunoperoxidase method, X160.

9d At the 7th week of 3'-Me-DAB administration. The reaction products
of ayAP are found in cytoplasma of almost all the small and mature
hepatocytes. In cytoplasma of some oval cells around the portal triad,
ay-AP is also detected. Immunoperoxidase method, X60.

34 HABEEICKD a-AP HEKU AFP DS EE Autoradiogram ##lRd 5 &, @k No. 1, 2, U/, 2/,
A —45 LC antoradiogram b Oy oSS M: SKIO4AD ayr-AP » MO 2% — v}t autoradiogram

OEG Table 3 s L. F—fk X v FhFho i Fig. 11 o<, F el —# ¥ o AFP @ auto-

JEFR (No. 1~7) LIRS (No. UV~T7') % & b arAP I radiogram (% Fig. 12 & Thh.

X0 AFP OFRRER T 5 &, WA & bIEHC s 7e¥s Fig. 13 iy, 1EP o arAP % autoradio-

HUREAR OB ATEIERC I LCIRC, AHREAR & graphy 1 X D lE Licki AR LT 5.

3o EHEE S .
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The localization of ay-AP in a rat liver at the 20th week of 3'-Me-DAB
On the right side of the central portion, ax-AP is seen in
On the left side of the central
portion, as-AP is seen in some epithelial cells of cholangiocarcinoma-like
ductules, and also detected in cytoplasma of non-malignant hepatocytes
surrounding the cancer region.

administration.
cytoplasma of many of the hepatoma cells.

Immunoperoxidase method, X60.

In cytoplasma of hepatoma cells in two
island-like structures, the specific fluorescence of ay-AP is observed. Immu-
nofluorescence method, x400.

At the same time as Fig. 10a.

At the same time as Fig. 10a. The right-lower quarter part of this figure
shows a non-cancerous portion of the liver and the remaining part is a
cancerous portion with a cholangiocarcinoma-like appearance. as-AP is seen
in almost all the non-malignant hepatocytes and some epithelial cells in
ductular structures in the cancerous portion. Immunoperoxidase method,
X 60.

At the same time as Fig. 10a. Along the right margin of this figure, a
non-cancerous part with as-AP positive hepatocytes is seen. The remaining
part shows a cholangiocarcinoma-like appearance. In cytoplasma of the
epithelial cells of some ductular structures, as,-AP is seen.

oxidase method, X160.

Immunoper-

CHRWTERFh 138 & L O 70 pg/ml Z7R Uiz,

211

Zhb

7 v MR XOUER 7 » TRk E %2 — Fe v A
IR U RIS ap-AP 3 LY AFP o it~ o L
PHE U, gt Table 4 o= & <, BB CF
D - WA X e L 3Hlic ks Ty, LHIpi3HE ©
it ap-AP Vv 194 pgfml AR L, flod 2 Gl 4 HE

OB 3 B L 4HHA D 2 it s\ T AFP offith &2
foo 2ok, IEWITFBHREOMAD H i34 Zhb ol
BB Ie ot E ICIEH IR R O 4:35 4589
T, 130 1B CB3EY &1 L1k, ZDORETH a-AP
DI _EF IS s - T
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Table 3 Intensity of the autoradiographic
image of ay-AP and AFP in the
culture medium

No. ay-AP AFP
1 # 1+
5 #+ #+
8 + +
Hepatoma tissues 4 H + Py T
5 & + o
6 + -
7 " i #
e = Fig. 12 Autoradiogram of AFP synthesized by
14 + il tissue culture.
2 — + (1), (2), 3) & (4): Hepatoma tissues.
3/ T _ (1) & (2'): Non-carcinomatous counter-
Non-carcinomatous & i n parts of (1) & (2).
counterparts
bt + — (+) =)
o B B ‘ bl
'7/ e =

Intensity of the autoradiogram :
— : negative, + : just visible, + : clearly visible.

Fig. 13 Immunoelectrophoresis of culture medium
of a hepatoma tissue mixed with tracer rat
serum. (Anode to the left.)

Top: IEP pattern stained with amido black
10 B. Bottom: Autoradiogram of the same
pattern. M: Culture medium.

Table 4 Appearance of ay-AP and AFP in sera
of nude mice after the transplantation
of rat hepatoma and normal liver tissues

Hepatoma tissues  Normal liver tissues

weeks ayAP  AFP ayAP  AFP
; o (pg/ml)  (mg/dl)  (pg/ml) (mg/dl)
"'" i 0 0 0 0
1 0 0 N.D*  N.D.
porary 2 0 0 0
Fig. 11 Autoradiogram of ay-AP synthesized by 0 0 N.D. N.D.
tissue culture. Top: Ouchterlony’s plate o
stained with amido black 10 B. g 1o e : 0
Bottom : Autoradiogram of the same plate. 138 0.2 N.D. N.D.
(1), (2), B) & (4): Hepatoma tissues. o 70 0 N.D. N.D.
(1) & (2’): Non-carcinomatous counterparts ——
of (1) & (2). * not done
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JE20) RSO —3 U IR Cidd B DABEINBUG A R Lic.
L2 L & ORI 31 25 0 L5 v ~L o i AHBY
PRIy o fe. O MK O pEA IR, e o
DERCERRHBIDTHESL .

oKL, FOMBRFRZL NI D X - TR
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