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SUMMARY

By applying a unique combination of enzyme histochemis-
try and radioautography, we investigated sequential changes of
areas of hyperplasia in the liver of rats fed with diet containing
0.03% A^-fluorenylacetamide.

In the 9th week, the areas of hyperplasia showed marked
deficiency of 0-glucuronidase, glucose 6-phosphatase, and
canalicular adenosine triphosphatase and were selectively and
intensely labeled, 18 to 27 hr after two-thirds hepatectomy,
by the repeated injection of tritiated thymidine, 400 Â¿tCi/ratin
total.

In the successive combined histochemical and radioauto-
graphic studies, most of the labeled areas of hyperplasia
became comparable to the normal adult liver both in the
enzyme level and localization within 9 weeks after labeling.
Thus the regenerative character of most of these areas was
impressed.

On the other hand, minor areas of hyperplasia remained
deficient of the enzymes or there was slight, unusual
intracellular localization of enzyme activity. These enzyme-
deficient areas increased in size during the observation period
and were considered most significant as precancerous lesions.
However, no labeled cells have been observed radioauto-
graphically in overt carcinomas, even in the earliest micro
scopical ones. Further modification of this method of
investigation is necessary to determine the precancerous nature
of these persistently enzyme-deficient areas of hyperplasia.

INTRODUCTION

Areas of hyperplasia appear in the liver of rats given
N-2-FAA2 around the 6th experimental week and grow

rapidly, replacing most of the liver tissue by the 12th week.
Larger nodular lesions with distinct compression of surround
ing parenchyma were separately classified as nodules of
hyperplasia by Reuber (27). He suggested that a few of these
areas of hyperplasia develop into nodules of hyperplasia and,
finally, into carcinomas. Overt carcinomas usually develop
after the 24th week.

Development of areas of hyperplasia or hyperplastic nodules
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is regarded as the most important precancerous step in
hepatocarcinogenesis (1, 7, 9, 20, 27, 30, 32). Evidence of
their importance is summarized as follows, (a) Areas of
hyperplasia appear prior to the development of overt
carcinomas, (b) Carcinogen can be removed from the diet after
apparent development of areas of hyperplasia without decreas
ing a high incidence of liver carcinoma, (c) Removal of
carcinogen before development of areas of hyperplasia leads to
an extremely low incidence of carcinoma, (d} A focus of
atypical cells or a microcarcinoma is occasionally observed
within an area or nodule of hyperplasia (7,27).

Histologically, the cells of areas and nodules of hyperplasia
are similar to normal hepatocytes. Histochemically, however,
they showed marked enzyme deficiency, simulating most
carcinoma cells (17).

Like carcinoma cells, the cells of areas and nodules of
hyperplasia were relatively rÃ©sistentto the toxic effects of
carcinogens (35). However, unlike carcinoma cells, they
showed a marked increase of mitotic activity after partial
hepatectomy (4,18,23).

Moreover, unlike carcinoma cells, the cells of areas and
nodules of hyperplasia, except one large nodule, were not
transplantable (28) and did not produce a-fetoprotein (21).
Most hyperplastic nodules regressed when rats were given
N-2-FAA for a total of 9 weeks but did not regress when they
were given the carcinogen for 12 weeks (33).

It has been reported that, in large hyperplastic nodules
produced by specially arranged dietary regimen (7, 34), there
is progressive decrease of glucose 6-phosphatase and glycogen
phosphorylase activity (7), persistent binding of N-2-FAA to
glycogen and DNA as in carcinoma (8), retention of an
enzyme-regulatory mechanism mediated by corticosteroid like
that in normal liver (34), defective feedback control of
cholesterol synthesis (16) like that in carcinoma (25), and
suppression of protein production at an early stage, with later
acceleration (5).

The above features of the areas and/or nodules of
hyperplasia might suggest their transitional character of
normal to malignant liver tissue. However, it is still not
clear whether the cells of areas and nodules of hyperplasia
are really neoplastic or preneoplastic cells in which certain
process of carcinogenesis is achieved, or whether they are more
sensitive than normal liver cells to a carcinogen to complete
cancerization.

Recently, we devised a combination technique of enzyme
histochemistry and radioautography that is quite useful for
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analysis of hepatocarcinogenesis (19). This enabled us to
follow both morphological and biochemical features of the
"premalignant" lesions throughout the carcinogenesis. This

paper reports further studies on the nature and fate of the
areas of hyperplasia.

MATERIALS AND METHODS

Male Donryu rats (Nippon Rat Co., Urawa, Japan) weighing
150 to 170 g were used. The animals were kept in an
air-conditioned room at 21â€”25Â°in screen-bottomed cages.

They were given water and synthetic diet (CE-2;CLEA Japan
Inc., Tokyo, Japan) containing 0.03% of N-2-FAA (Tokyo
Kasei Co., Tokyo, Japan).

The rats were divided into 3 experimental groups. Group 1
was used to study the fate of the original hepatocytes during
carcinogen administration and the origin of the cells of areas
of hyperplasia. The rats in this group were initially subjected
to two-thirds hepatectomy, by the method of Higginson and
Anderson (15), and were given repeated injections of a total of
400 Â¿/Ciof thymidine-3H (specific activity, 5.0 Ci/mmole;

Daiichi Pure Chemicals Co. Ltd., Tokyo, Japan) from 20 to 72
hr after hepatectomy. In this way over 90% of the hepatocytes
and most of the cholangiolar cells were heavily labeled. Rats
were kept on a basal diet for the next 4 weeks, to allow
recovery from the operation, and were then fed a carcinogenic
diet for 12 weeks.

Groups 2 and 3 were used to study the sequential changes in
areas of hyperplasia in the absence (Group 2) and presence
(Group 3) of carcinogen. The rats in these groups were
subjected to two-thirds hepatectomy in the 9th week of
carcinogen administration and were given repeated injections
of a total of 400 (id of thymidine-3H from 18 to 27 hr after

the operation. The mitotic activity of the original hepatocytes
was remarkably inhibited at this stage, so cells in areas of
hyperplasia were selectively and intensely labeled with
tritiated thymidine (18). The rats in Group 2 were given a
carcinogenic diet for an additional 3 weeks and then were
given a basal diet. The rats in Group 3 were given a
carcinogenic diet throughout the experiment. Only these rats
which showed remarkable areas of hyperplasia in the
hepatectomized tissue at the 9th week were used in this study.

The liver tissue was obtained sequentially by biopsy and/or
autopsy at intervals during the experimental period. The time
of biopsy and/or autopsy and the effective numbers of rats at
these times are shown in Table 1.

Table 1
Experimental groups, time of biopsy and/or autopsy, and

effective numbers of rats

Group123Time

of
thymidine--3
H labeling(wk)099Effective

no. of rats at time of biopsy
and/orautopsy9wk212wk2215wk5218wk5224-27wk9

A unique combination of enzyme histochemical and
radioautographic techniques was described previously (19). In
brief, liver tissue labeled with thymidine-3 H is either unfixed
or fixed with Baker's cold formol-calcium for 24 hr and then
impregnated with Holt's cold gum-sucrose. Then the tissue is

cut into sections with a cryostat. The sections, mounted on
clean glass slides, were stained histochemically for |3-glucuroni-
dase by the method of Hayashi et al. (14), with Naphthol-AS-
BI glucuronide (Chugai Pharmaceutical Co., Tokyo, Japan) as
a substrate and Pararosaniline (E. Merck, Darmstadt, Ger
many). Then the slices are washed well, covered with
radioautographic film (Kodak AR-10; Kodak Ltd., London,
England), and exposed for 8 to 40 weeks. After development,
sections were counter-stained with methyl green, air dried,
cleared in xylene, and finally mounted in a synthetic medium.
The effectiveness of 0-glucuronidase staining for discriminating
observation of areas of hyperplasia was described previously
(17,18).

Two other sections were made from the unfixed material
and were used for glucose 6-phosphatase and canalicular
ATPase stainings by the method of Wachstein and Meisel (36).
These sections were used for comparative observation among
different enzymes.

A portion of the liver tissue was also fixed with 6% formol
and used for the ordinary radioautographic and histological
observations.

RESULTS

Fate of the Original Hepatocytes in Group 1. Sequential
histological and histochemical changes in the liver of rats fed
0.03% N-2-FAA were described previously (17). At the
beginning of carcinogen administration, over 90% of the
hepatocytes and most of the ductular cells were heavily
labeled with tritiated thymidine (Figs. 1 and 2). At the 9th
week of carcinogen administration, one- to two-thirds of the
liver was occupied by areas of hyperplasia. Most of these areas
showed marked deficiency of 0-glucuronidase (Fig. 3), glucose
6-phosphatase, and canalicular ATPase activity. On simulta
neous radioautography, silver grains were seen in the hepato
cytes with high enzyme activity, in proliferating cholangiolar
cells, and in sinusoidal cells. However, the grains were not
present in cells of areas of hyperplasia, except in occasional
sinusoidal cells and in original, enzyme-rich hepatocytes
included in the areas.

At the 12th week, more than two-thirds of the liver was
occupied by areas of hyperplasia composed of unlabeled
hepatocytes. Some of these areas showed diffuse or localized
regions of enzyme activity, but most areas of hyperplasia still
had little or no enzyme activity. Labeled hepatocytes were
rarely seen in the narrow zones of original hepatocytes with
high enzyme activity around the areas of hyperplasia (Fig. 4).
Cholangiolar cells had further increased in number and most of
them contained silver grains.

Fate of Areas of Hyperplasia in Group 2. In this group,
areas of hyperplasia were selectively and heavily labeled at the
9th week (Fig. 5). In some rats, proliferating cholangiolar cells
were also strongly labeled.
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At the 12th week, namely 3 weeks after partial hepatec-
torny and labeling, over four-fifths of the liver was occupied
by enlarged areas of hyperplasia, and most of these areas were
composed of labeled hepatocytes. Most areas of hyperplasia
were still deficient of the marker enzymes, although some
showed diffuse or localized enzyme activity. Considerable
numbers of heavily labeled hepatocytes with high enzyme
activity were also observed in the narrow hepatocellular zones
around areas of hyperplasia.

At the 15th week, the liver was mostly composed of areas
of hyperplasia (Fig. 7, a, b, and c). The enzyme level in these
lesions varied from that of normal hepatocytes down to none.
The intracellular localization of the enzyme activity in the
cells of areas with elevated enzyme level was similar to that of
normal hepatocytes (Fig. 2). The proportions of lesions with
high enzyme levels to those with low levels varied considerably
in individual rats and also in individual hepatic lobules of a rat.
Most areas of hyperplasia were composed of labeled cells with
reduced numbers of grains. Many heavily labeled hepatocytes
were seen in the areas of hyperplasia intensely stained for the
enzymes or in fragmented zones of hepatocytes with high
enzyme activity surrounding areas of hyperplasia (Fig. 8). In a
low-power view of histochemical slides, each area of hyper
plasia, being relatively uniformly stained, appeared to have its
own level of enzymes. In higher magnifications, however, there
was some difference in the enzymatic activity among the
component cells of an area of hyperplasia. When this was
observed, more grains were found in the cells with a higher
enzyme level (Fig. 6). Sometimes foci of enzyme-deficient
cells with very few silver grains were observed in the highly
labeled areas of hyperplasia with increased enzyme level (Fig.
9). In the areas of hyperplasia in which enzyme deficiency
persisted, the distribution of labeled cells and the number of
silver grains were also variable (Fig. 10).

At the 18th week, the liver became hypertrophie, and
histochemical and radioautographic findings were essentially
similar to those at the 15th week. At the 18th week, however,
the proportion of the enzyme-rich hepatocytes increased,
while unlabeled areas of hyperplasia also increased in number.
There were some relatively large labeled areas of hyperplasia
composed of cells with abundant cytoplasm but with
persistent enzyme deficiency or with atypical, diffuse, or
large-droplet cytoplasmic enzyme activity (Figs. 11 and 12).
There were atypical nodular lesions suggestive of an early
carcinoma, with elevated mitotic activity, cytoplasmic baso-
philism, and marked enzyme deficiency, but no silver grains
were detectable in the cells of these lesions.

At the 24th to 27th week, the liver was markedly
hypertrophie with areas of hyperplasia and with several
carcinomas of up to 10 mm in diameter. The enzyme level of
the liver was generally higher than that at the 18th week. At
this stage, labeled hepatocytes were less frequently observed,
and most of them were found in small nests of normal-looking,
enzyme-rich hepatocytes. Silver grains were rarely seen in areas
of hyperplasia regardless of their enzyme level. A few labeled
areas of hyperplasia were composed of cells with abundant
cytoplasm and with slight, atypical, intracellular localization
of the enzyme activity (Figs. 11 and 12). This type of lesion
was larger than those at the 18th week, but they did not

exceed 5 mm in diameter and were morphologically nonmalig-
nant. No silver grains were detected in the cells of carcinomas,
even in those of the earliest microscopic carcinomas. The
appearance of labeled cholangiolar cells remained essentially
unchanged at this time (Fig. 13).

Fate of Areas of Hyperplasia in Group 3. Findings in this
group were essentially the same as in Group 2. However, the
liver was less hypertrophie and more abundant with enzyme-
deficient hepatocytes and proliferating cholangiolar cells, and
the disappearance of labeled hepatocytes was more rapid.

More clear-cut and explanatory demonstrations of the
results are given in Table 2 and Chart 1.

Relation between Different Enzymes. Comparative histo
chemical observations on various enzymes in areas and nodules
of hyperplasia were reported previously (17). Similar results
were obtained in this study. There was a good correlation
among the levels of 0-glucuronidase, glucose 6-phosphatase,
and canalicular ATPase in the areas and nodules of hyperplasia
(Fig. 7). However, glucose 6-phosphatase appeared more

rapidly than the other enzymes.

DISCUSSION

This study provides information on the elevation of the
enzymatic level of areas of hyperplasia and on the hetero
geneity of their altering process. The enzyme level of the
lysosomal, microsomal, and canalicular enzymes examined was
well correlated, although glucose 6-phosphatase appeared more
rapidly than the other two. The process of increase of enzyme
activity did not seem to be influenced greatly by the presence
or absence of the carcinogen. However, continuous administra
tion of the carcinogen caused a more rapid disappearance of
the cells in the areas that had been labeled with tritiated
thymidine at the 9th week than did administration of the
carcinogen for only a limited period.

9th week 18th week
Chart 1. Sequential changes of labeled areas of hyperplasia.

Complete circles, areas of hyperplasia; oblique lines, sites of
enzymatically mature hepatocytes; black dots, sites of labeled
hepatocytes. At the 9th week, areas of hyperplasia are enzymaticaUy
deficient and are labeled selectively and intensely with thymidine-3H

after hepatectomy. At the 18th week, 9 weeks after labeling, most
labeled hepatocytes are abundant with the enzyme. Many are arranged
like normal liver tissue. Occasionally, foci of hepatocytes with enzyme
deficiency are seen in areas of enzyme-rich cells (A). Some areas of
hyperplasia show persistent enzyme deficiency (B). Unlabeled areas of
hyperplasia are scattered (C).
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Table 2
Sequential change of original hepatocyles and areas of hyperplasia during hepalocarcinogenesis

Original hepatocytcs

(Degeneration) (Proliferation of altered cells)
IAH" with enzyme deficiency

I

(Degeneration)AH

with
enzyme

activityIIn(Persistence)N

H with
enzyme

activityn(Focal

cell-proliferation)UAH

with enzyme deficiencyAH

or NH w
enzyme defic
atypical intra
enzymeactiv7

*Canc'ith

persistent
ency or
cellulartyer

" AH, areas of hyperplasia; NH, nodules of hyperplasia.

There was some similarity in the histochemical patterns of
the liver at the 9th and after the 12th week, both having areas
or zones of hepatocytes with different enzyme levels.
However, the hepatocytes at the 2 stages were quite different
from each other. At the 9th week, the zones with a higher
enzyme level were mostly composed of the original hepato
cytes. After the 12th week, almost all the hepatocytes, either
abundant with or deficient of marker enzymes, were derived
from the cells of areas of hyperplasia which had shown marked
enzyme deficiency at the 9th week. The enzyme-rich cells in
areas of hyperplasia had ceased their rapid proliferation,
judging from less deletion of the silver grains in their nuclei,
and were arranged like normal liver tissue and were no longer
clearly distinguished as areas of hyperplasia. The elevation of
enzyme activity seemed to occur either simultaneously
throughout the individual area of hyperplasia or only locally.
On the other hand, there were a small number of areas of
hyperplasia in which labeled cells with persistent enzyme
deficiency were observed for as long as 18 weeks after labeling.
These lesions increased in size during the observation period
and were considered most significant as precancerous lesions.
In the present work, however, we did not obtain definite
evidence of their progression into overt carcinomas.

The process of enzymic maturation or the elevation of
enzyme level of the cells in areas of hyperplasia seems
somewhat similar to and somewhat different from that of fetal
liver. According to our histochemical observations in fetal and
neonatal liver tissue (unpublished data), rapid and marked
elevation of glucose 6-phosphatase activity, up to the level
higher than that of adult liver, occurs within 12 hr after birth,
and ÃŸ-glucuronidaseand canalicular ATPase activities increase
gradually from the 5th to 28th day after birth. Unlike fetal
liver, cells of areas of hyperplasia do not produce a-fetoprotein
(21).

Histochemical features of areas of hyperplasia at the 9th
week are different from those of regenerating liver after
hepatectomy, in which the enzyme deficiency is not marked

and restoration in the enzyme level and normalization of
enzymatic localization occur within hours after mitosis in
individual hepatocytes (our unpublished observation).

It is certain, however, that the cells of most areas of
hyperplasia have the character of "regenerating" cells, func

tionally as well as morphologically replacing the original
hepatocytes. The fact that they have the regenerating
character does not necessarily exclude the possibility that a
certain process of carcinogenesis is achieved in the cells of
areas of hyperplasia.

One of the important findings in this work was that the
proliferative activity of component cells of an area of
hyperplasia, enzymatically rich or deficient, was irregular, as
judged by the distribution of silver grains on them. Occasion
ally, foci of enzyme-deficient hepatocytes remained or seemed
to develop in enzyme-rich lesions. Possibly the ultimate
cancerization occurs in these cells, which have remained
enzyme-deficient for a certain period and have undergone
mitosis many times during the period of carcinogenesis. Foci
of atypical cells or microscopic carcinomas (7, 9, 27, 30, 32)
and presence of heterogeneous cells resistant to L-asparaginase
(4) reportedly develop within an area or nodule of hyperplasia.
In our study, we did not find tritium-labeled cells in the
smallest foci of carcinomas or in atypical nodules with
elevated mitotic activity and marked enzyme deficiency. This
fact may support the concept that a single cell alteration
within areas or nodules of hyperplasia might be responsible for
the eventual appearance of carcinomas. If some of the areas of
hyperplasia at the 9th week were already carcinoma and
progressed as a tissue to take malignant appearance, the
labeled cells might be observed in them.

The disappearance of original enzyme-rich hepatocytes, the
development of areas or nodules of hepatocytes with enzyme
deficiency, and the elevation in their enzymatic level were also
observed in our laboratory in the liver of rats given a diet
containing 0.06% 3'-methyl-4-dimethylaminoazobenzene or

water containing diethylnitrosamine, 50 to 100 ppm (unpub-
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lished data). Scherer et al. (31) reported persistent growth of
the foci of cells with enzyme deficiency in the liver of rats,
which growth had been produced by a single injection of
diethylnitrosamine. The lesions they described may possibly
be identical to those observed in our present experiments as
lesions with persistent enzyme deficiency.

Our results seem to correspond to those of Albert et al. (I)
who studied cell loss and replacement in the liver during
N-2-FAA carcinogenesis by counting the loss of labeled tritium
activity and the pulse-labeling index by a biochemical method.

The liver during hepatocarcinogenesis should be considered
a field of constant development of enzyme-deficient areas of
hyperplasia, their maturation as judged by the enzyme level,
and their degeneration. The abundant biochemical and/or
biological data available on hepatocarcinogenesis in the liver
(2, 6, 10, 12, 13, 16, 22, 26, 29) may be more properly
understood as a reflection of this dynamic process. Histo-
chemical features of areas and nodules of hyperplasia reported
previously by Kitagawa (17), and others (11,24,36) may also
be regarded as variable rather than fixed.

The elevation of the enzymic level may also be expected in
cells of nodules of hyperplasia or large hyperplastic nodules.
At least some of these lesions may revert to normal-looking
liver tissue, because enzyme-rich nodules of hyperplasia are
observed (17) and disappearance of nodules after certain
period of carcinogenesis is described (7,27).
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Fig. 1. The liver of a rat from Group 1 at the beginning of carcinogen administration. Over 90% of the nuclei of hepatocytes are labeled after
partial hepatectomy. Radioautography of a paraffin section, counterstained with hematoxylin. X 160. Inset, higher magnification of part of the
section. X 640.

Fig. 2. Section from the same liver shown in Fig. 1. 0-Glucuronidase staining-radioautography on a fixed material, counterstained with methyl
green. The dark pericanalicular granular deposit of red dye indicates the normal staining pattern of the lysosomal enzymatic activity. X 320.

Fig. 3. Marked development of areas of hyperplasia, seen in the liver from rats of Groups 2 and 3 at the 9th week. Note marked enzymatic
deficiency of areas of hyperplasia at this stage. 0-Glucuronidase staining on an unfixed material. X 5.

Fig. 4. Section of the liver of a rat from Group 1 at the 12th week. Radioautography of a paraffin section counterstained with hematoxylin. X
40. Few original labeled hepatocytes (arrows) remain in the marginal zone around areas of hyperplasia. Silver grains are not observed in the areas of
hyperplasia (AH).

Fig. 5. Selectively labeled area of hyperplasia after hepatectomy seen in the liver of rats in Groups 2 and 3 at the 9th week. 0-Glucuronidase
staining-radioautography on a fixed material. Labeled areas are not stainable for the enzyme, whereas original hepatocytes stained dark with dye
are rarely labeled. X 160.

Fig. 6. Varied level of enzyme among component cells in an area of hyperplasia. Note many silver grains on enzyme-rich cells (arrows) and few
on other unstained or enzyme-deficient cells. (3-Glucuronidase staining-radioautography on a fixed material. X 320.

Fig. 7. Sections of the liver of a rat of Group 2 at the 15th week stained for /3-glucuronidase (a), glucose 6-phosphatase (b), and canalicular
ATPase (c). Unfixed material. X 2.5. Note favorable correlation among the activities of the 3 enzymes in individual areas (arrows).

Fig. 8. Section of the liver of a rat of Group 2 at the 15th week showing part of an enzyme-abundant area of hyperplasia compressed by
unlabeled areas of hyperplasia. 0-Glucuronidase staining-radioautography. Unfixed material. X 80.

Fig. 9. Section of the liver of a rat of Group 2 showing a focus of enzyme-deficient hepatocytes seemingly developing within an enzyme-rich
area of hyperplasia. These enzyme-deficient cells are very poorly labeled. (3-Glucuronidase staining-radioautography. Unfixed material. X 160.

Fig. 10. Section of the liver of a rat of Group 2 at the 15th week showing an enlarged, still enzymatically deficient area of hyperplasia (right)
and a fragmental enzyme-rich area of hyperplasia (left). Most cells of the enzyme-deficient area of hyperplasia are poorly labeled, although some
are strongly labeled. Note the irregularity in distribution of the strongly labeled cells. (3-Glucuronidase staining-radioautography. Unfixed material.
X40.

Fig. 11. Section of the liver of a rat of Group 2 showing a large area of hyperplasia composed of cells with abundant cytoplasm and slight,
diffuse cytoplasmic enzyme activity. 0-Glucuronidase staining-radioautography. Fixed material. X 16.

Fig. 12. Higher magnification of a part of the area of hyperplasia shown in Fig. 11. Most of its component cells are almost negative for silver
grains, and the cells shown are exceptional, with a high number of grains. Note diffuse cytoplasmic enzyme activity and atypical large droplets of
enzyme activity (arrows) in the abundant cytoplasm. X 320.

Fig. 13. Section of the liver of a rat of Group 2 at the 27th week showing labeled cholangiolar cells which do not change much in appearance up
to this stage. Radioautography of a paraffin section, counterstained with hematoxylin. X 320.

2998 CANCER RESEARCH VOL. 33

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2389919/cr0330112993.pdf by guest on 19 M

ay 2023



Areas of Hyperplasia in Hepatocarcinogenesis

NOVEMBER 1973 2999

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2389919/cr0330112993.pdf by guest on 19 M

ay 2023



T. Kitagawa and H. Sugano

AH

I-'

AH

AH, 9.â€¢¿�â€¢â€¢â€¢â€¢â€¢¿�,â€¢C

A. . A-*..*t '* -

3000 CANCER RESEARCH VOL. 33

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2389919/cr0330112993.pdf by guest on 19 M

ay 2023



Areas of Hyperplasia in Hepatocarcinogenesis

NOVEMBER 1973 3001

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2389919/cr0330112993.pdf by guest on 19 M

ay 2023




