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ABSTRACT: Tumor growth of Yoshida sarcoma implanted in the remnant
liver was studied in rats subjected to a hepatectomy. After 70 percent hepatec-
tomy, the liver progressively regenerated and the total liver weight was reverted
to by 10 days after the operation. Concomitantly with liver regeneration, tumor
growth in the remnant liver was stimulated significantly, compared with that
in the sham-operated liver. Incorporation of tritiated thymidine into tumor
cells in the remnant liver was strikingly high and progressive, while that in
the sham-operated liver was low and retained. Mitomycin C given to the
hepatectomized rats was more effective against the tumor in the remnant liver
than in the sham-operated liver. We conclude from this study that cancer cell
proliferation in the remnant liver can be accelerated by the process of liver

regeneration.
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INTRODUCTION

Major hepatectomy has to be considered as
a possible treatment for primary cancer of the
liver or for liver metastases since this approach
is at present the only hope for a cure. Recent-
ly, we treated two patients who succumbed to
a rapid growth of residual tumor shortly after
liver resection, one for primary hepatoma, the
other for metastatic cancer of the rectum. After
partial hepatectomy the liver rapidly
regenerates, reaching the weight of the normal
liver by 4 to 6 weeks in humans and 1 to 2 weeks
in the rat. Liver carcinogenesis is reportedly
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enhanced by treatment with carcinogens plus
partial hepatectomy.l'3 We attempted to
clarify whether or not growth of an unresected
tumor in the remnant liver would be enhanc-
ed. For this we observed the growth and incor-
poration of a radioactive precursor of tumor
cells implanted into the remnant liver of par-
tially hepatectomized rats.

MATERIALS AND METHODS

Rats

Adult Donryu rats weighing between 150 —
250g were housed in metal cages and fed a
pellet diet and water, ad lbitum. After opera-
tion, 500mg of cephalosporine were dissolved
in 100ml of the drinking water given these rats
and replenishments were provided daily.

Hepatectomy

The rats were anesthetized with an in-
traperitoneal injection of 15mg of pentobar-
bital and the livers were exposed through a
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midline abdominal incision. Both the median
lobe and left lateral lobe were excised accor-
ding to the technique of Higgins and Ander-
son.% With this procedure, 70 + 3.5 percent of
the total liver (determined in 30 rats) was ex-
cised, leaving the right lateral, small caudate,
and spigelian lobes. The excised livers were im-
mediately weighed. The sham operation con-
sisted of an abdominal incision and gentle
palpation of the liver. One day after the opera-
tion, water and the usual diet was provided and
no special postoperative care was given.

Wet weight of liver

Two groups of 25 hepatectomized and 25
sham-operated rats were used. Under ether
anesthesia, 4 rats in each group were ex-
sanguinated at 2 to 5 day intervals during the
experiment. The remaining livers were im-
mediately removed with scissors and weighed.

Tumor implantation

A solid tumor of Yoshida sarcoma was cut
into the small pieces and two pieces weighing
approximately 10mg were implanted into the
parenchyma of the right lateral lobe with a
trocar, immediately after the hepatectomy. To
position the tumor and to stop bleeding, the
liver was pressed slightly with the fingers of the
operator and then a drop of Aron Alpha-A
(alkyl «-cyanoacrylate monomer, Sankyo,
Tokyo, Japan) was applied at the injected
point. Tumor implantation was performed in
two groups of rats, one hepatectomized, the
other sham-operated. Tumors of rats which
died within 14 days and those from survivors
killed on day 14 were removed and weighed.

Injection of mitomycin C

Effect of mitomycin C was compared bet-
ween the hepatectomized and sham-operated
groups. Mitomycin C was given intravenously
through a tail vein in a daily dose of 0.4mg per
kg body weight after 0, 1 and 2 days of tumor
implantation.

Tritiated thymidine autoradiography®

In two groups of 18 hepatectomized and 18
sham-operated rats, the tumor was implanted
into the right lateral lobe of liver. Thymidine
[6-3H] (3H-TdR) (specific activity, 21.5
Ci/mmole, New England Nuclear, Boston,
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Mass., U.S.A.) in a dose of 3 mCi per kg body
weight was administered intraperitoneally and
the rats were killed one hour later. At different
times, 1, 2, 3, 4, 5 and 10 days after tumor im-
plantation, 3 animals of each group were kill-
ed and sections of both the parenchyma of the
liver and the periphery of the tumor were fix-
ed in 10 percent buffered formalin and then
coated with Sakura NRM2 stripping film.>
The numbers of labeled hepatic of labeled
tumor cell nuclei were counted in randomly
selected fields with 3 readings and expressed
as the number of 3H-labeled nuclei per 1000
nuclei.

Statistical methods

Results were expressed as mean=SD. Stu-
dent’s t-test was used for statistical analysis. A
P-value of less than 0.05 was considered
significant.

RESULTS

Of 25 hepatectomized animals, 2 died on the
first and 1 on the 11th postoperative day, the
mortality rate being 12 percent. No animals
died after sham operation. Wet weight of the
remnant liver was increased repidly and the
total liver weight was recovered by 10 days, as
shown in Fig. 1. Mean weight of tumors in the

Weight (gm)

0 12 384 5 6 7 8 91011 12131415
Days after Operation

Fig. 1. Wet weight of the liver. Partially
hepatectomized and sham-operated rats
were killed at various intervals. Each point
represents the mean wet weight of the liver
from 3 hepatectomized (o) and 3 sham-
operated (e) rats with SD.
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Table 1. Effect of Partial Hepatectomy on the Growth of Tumor Implanted into the Liver
Weight of
Manipulation No. of Body Weight Resected Liver Tumor Weight* P
Rats (gm) (gm) (gm)
Sham Operation 15 203.7 £64.24%* / 0.5+0.96
<0.01
Partial Hepatectomy 15 209.2+77.09 3.9+0.92 1.7+1.23

*Killed on the 14th day after tumor implantation
**mean £ SD

remnant liver was about 3 times that in the
sham-operated liver, as shown in Table 1. The

000 T ® difference between the two groups was
2 500 5 statistically significant (p <0.01). Fig. 2 shows
[ the results of 3H-TdR incorporation into
S 400 tumor cells and hepatic cells in hepatectomiz-
Ev: 500 ed and sham-operated rats. 3H-TdR incor-
b4 poration into tumor cells in the remnant liver
-:: 200 1 by was exclusively high, increased gradually and
= R S reached a peak at 4 days after hepatectomy,
100 ’ while that into the tumor cells in the sham-
5\%/;—%\%4: operated liver was low and retained. As to
© 1 2 s 4 5 6 7 8 ¢ 10 hepatic cells, 3H-TdR incorporation into
Day after Operation hepatic cells in the remnant liver was high by
1 day after hepatectomy, then decreased
Fig. 2. *H-TdR incorporation of tumor gradually and returned to normal ranges by 10
and hepatic cells in the remnant and sham- days after hepatectomy. There was a certain
operated livers. Each point represents the extent of incorporation into the hepatic cells
mean count of 9 read.ings with SD: tomor in the sham-operated liver.
cells in the remnant liver (—o0—), hepatic Mitomycin C was more effective against
cells in the remnant liver (--0--), tumor cells . . .
in the sham-operated liver ( — o — ), hepatic tumor in the remnant liver than in the sham-
cells in the sham-operated liver (--o--). operated liver, as shown in Table 2. Here, there
was no statistical significance.
Table 2. Effect of Mitomycin C on Tumor Growth in Hepatectomized and Sham Operated Rats
Weight of
Manipulation No. of Body Weight Resected Liver Tumor Weight* P
Rats (gm) (gm) (gm)
Partial Hepatectomy 13 139.9+£9.42%* 3.0x0.33 2.1+2.58
Partial Hepatectomy N.S.
. ot 10 138.0+8.49 3.3+£0.59 1.1+1.00
Mitomycin C
Sham Operation 9 130.2 +8.62 / 0.7+0.65
Sham Operation N.S.
9 131.4+9.42 / 0.6 +0.67

i +
Mitomycin C

*Killed on the 14th day after tumor implantation
**mean £ SD



Volume 14
Number 6

DiscussioON

A partial hepatectomy had a strong pro-
moting effect on tumor cells implanted into the
remnant liver of rats. Growth of the tumor in
the remnant liver increased markedly, com-
pared with that in the sham-operated liver. In
the autoradiographic study, H-TdR incor-
poration of the tumor in the remnant liver was
extremely high, thereby indicating an ac-
celerated DNA synthesis.6:7 Liver regeneration
involving initiation, growth and differentiation
after hepatectomy is controlled by blood-borne
factors812 and when the liver is completely
restored to the preoperative level, these factors
are no longer operative.!3

In the present study, the remnant liver
returned to total liver weight and 3H-TdR in-
corporation of the hepatic cells also decreased
to normal ranges at 10 days after hepatectomy.
Initiation of cell division in the hepatic and
tumor cells will be synchronous. Thereafter
growth of hepatic cells is controlled, however,
that of tumor cells is uncontrolled and pro-
gressive. A marked progression of tumor
growth occurred only in the regenerating liver
thereby suggesting that hepatotrophic factors
produced by the regenerating process of
hepatic cells probably have a promoting effect
on tumor cells growing in the liver.” This
phenomenon resembles the neoplastic transfor-
mation in hepatic cells under special cir-
cumstances of damage and repair of liver
parenchyma.l-3

As to the promoters that initiate hepatic
regeneration, Levi and Zeppa? reported in a
closed loop system that the remnant liver was
not only the target of a humoral agent but also
the source of its production. This would ex-
plain the extensive tumor growth only in the
regenerating liver.

In clinical situations, great care should be
directed to possible acceleration of the remain-
ing tumor and/or to an undetectable tumor.
Here, adjuvant chemotherapy is mandatory.
Chemotherapy with mitomycin C was more ef-
fective against rapid dividing tumor cells in the
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remnant liver than against slow growing tumor
cells in the sham-operated liver. Drugs that
impair hepatic regeneration should be
prescribed with care.14-16

(Received for publication on Feb. 21, 1984)
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