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ABSTRACT

Hepatocyte nodules were induced in Fischer 344 rats using the resist
ant hepatocyte model. Nodules harvested at 5, 24, or 25 weeks after
initiation were isolated, diced, and transplanted into the spleen of normal
rats and observed for periods up to 104 weeks. In the first experiment,
50% of the animals developed hepatocellular carcinoma, some with
invasion and metastasis, by 70 to 104 weeks. In the second experiment,
transplants of 5-week nodules grew very slowly and diffusely in the

spleen, as did normal liver, but retained at least some of their phenotypic
properties. In contrast, transplants of 25-week nodules grew into nodules

up to 2.5 cm in diameter by 70 weeks. Two of the larger nodules had
smaller nodules within resembling trabecular carcinoma. Transplants
from the liver surrounding the 25-week nodules did not grow and produced

no nodules by 70 weeks after transplantation. The implications of these
observations in the study of progression in hepatocarcinogenesis are
discussed briefly.

INTRODUCTION

It is increasingly evident that many cancers in humans and
in animals develop step-by-step through a long process of
cellular evolution (1, 2). With chemicals as etiological agents,
initiation, promotion, and progression are frequently seen as 3
major sequences, each with more than one step (1-3). In several
systems, the third sequence, progression, consists of a slow
progressive set of changes from persistent papillomas, polyps,
or nodules to cancer. This sequence encompasses some of the
steps that are most relevant to cancer development.

One of the few systems available for the sequential step-by-
step analysis of progression is hepatocarcinogenesis in the rat,
initiated and promoted with chemicals (4). Among the several
models available to study liver carcinogenesis (5), the resistant
hepatocyte model offers a system in which the first 7 or 8 steps
are well synchronized and therefore analyzable as a meaningful
sequence (5-7). In this model, initiation and promotion are
complete within 8 weeks, and the long period of progression
between 8 and 52 weeks are "self-generating" (8). During this

long sequence, beginning with the first persistent hepatocyte
nodule at 8 weeks, synchrony of nodule phenotype is main
tained for at least 16 weeks in respect to cell proliferation and
its pattern of control (9).

With this model, it is possible to analyze in increasing detail
the growth and behavior of the few persistent hepatocyte nod
ules as the progression to cancer occurs. Although many
hundreds of early foci and nodules are seen regularly with
initiating doses of diethylnitrosamine and many other carcino
gens (e.g., see Refs. 6 and 10-12), the vast majority of nodules,
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over 95%, elect the option of remodeling by redifferentiation
to adult-appearing liver (13-17). This decreases the number of
hepatocyte nodules by 8 weeks postinitiation to from 5 to 15/
liver (9, 15, 17). This number progressively decreases further
during the progression sequence to 2 to 5 nodules/liver by about
39 to 43 weeks, generating ratios of from 2:1 to 5:1 of precursor
(persistent nodule) to product (cancer) instead of ratios of
hundreds of lesions to 1 or 2 cancers that pertain to the early
foci and nodules.

This study is the first in a series designed to characterize the
nodule phenotype as regards cell proliferation and biological
behavior during the persistent nodule to cancer sequence as a
prelude to further biochemical and molecular mechanistic stud
ies. The persistent hepatocyte nodule is one known precursor
for liver cancer (7). However, the study of its biological prop
erties including growth control has been seriously hampered by
the unavailability of systems to grow nodules either in vitro or
in vivo under conditions removed from the carcinogen-exposed
liver in the original environment (18-23).

Following the reports of Ebata et al. (24) and Mito et al. (25)
that normal rat hepatocytes will grow "spontaneously" after

transplantation into the spleens of syngeneic animals, we found
that hepatocytes from hepatocyte nodules also grow in the
spleen and that there appeared to be a difference in growth
pattern and behavior between early and later persistent nodules
(26-28). These preliminary observations, together with a recent
more extensive set of findings, form the basis for the present
comparison between the behavior of splenic transplants of early
and later persistent hepatocyte nodules.

MATERIALS AND METHODS

Animals. Male Fischer F-344 rats (Charles River Laboratories, Wil
mington, MA) weighing 130 to 150 g, were maintained on Purina
Laboratory Chow (No. 5002) and a daily cycle of alternating 12-h
periods of light and darkness. The animals were given food and water
ail libitum and were acclimated to their environment for 1 week before
beginning the experiment.

Induction of Hepatocyte Nodules. Hepatocyte nodules were induced
in the donor rat liver by the procedure of Solt and Farber (6). Two
weeks after a single dose i.p. of diethylnitrosamine (Eastman Kodak
Company, Rochester, NY) 200 mg/kg body weight, the animals were
placed on a basal diet containing 0.02% 2-acetylaminofluorene (Dyets,
Inc., Bethlehem, PA) for 14 days. After a week on this dietary regimen,
a partial hepatectomy was performed, and the rats were returned to the
control basal diet after a further week on the 2-acetylaminofluorene
diet. Five and 25 weeks after initiation, the grayish white sharply
delineated hepatocyte nodules were harvested from the livers.

Preparation of Transplants. In the first experiment, an orienting one,
3 rats at 24 weeks postinitiation were used as donors and 38 rats as
recipients. The handling of the transplants was the same as that
described below for the 25-week nodule transplants. For preparation of
nodule transplants at 5 weeks postinitiation ("5-week nodules") 8 rats
were used. The livers were cut into 2 to 3-mm slices, and nodules were
dissected free from the surrounding liver with the use of sharp-pointed
forceps. To avoid contamination with surrounding liver, only the
sharply demarcated nodules, the majority, were selected. The nodules
were 2 to 3 mm in diameter. They were placed in ice-cold serum-free
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PROGRESSION IN HEPATOCARCINOGENESIS

Williams' Medium E. The nodules from each animal were pooled and

after removing the excess medium with filler paper were minced with
the use of a razor blade. Small pieces of pooled nodules were fixed in
ice-cold acetone for histochemical studies and in 10% buffered formalin
for routine histolÃ³gica! studies. The remaining pieces were used for
transplantation.

For preparation of 25-week nodule transplants, 8 rats were used.
The livers were cut into 4 to S-mm slices, and 32 sharply demarcated
grayish white hepatocyte nodules, 4 to 6 mm in diameter, were scooped
out with sharp-pointed forceps. Individual nodules were placed in
separate vials containing ice-cold serum-free Williams' Medium E.

After removing excess medium with filter paper, each nodule was cut
into 3 pieces: one was for transplantation, a second was fixed in ice-
cold acetone, and a third was fixed in 10% buffered formalin solution.
Each individual nodule for transplantation was separately handled and
was minced in the same way as were the pooled 5-week nodule trans

plants.
Transplantation of Nodules. Transplants were kept cold throughout

the experiment. Each recipient host (7-week-old male F-344 rats) was
anesthetized with ether, and the spleen was exteriorized through a 4-
cm abdominal incision. A trocar containing 0.03 (24- and 25-week
nodules) or 0.04 (5-week nodules) ml of minced nodules, either separate
(24 to 25 week) or pooled, was inserted into the mid-point of the
superior surface of the spleen and passed to the subcapsular region of
each pole where the transplanted tissue was deposited. Each spleen
received 2 transplants, one at each pole. This location for the transplant
allows ready periodic observation by laparotomy. A 5-mm long Klei-
nert-Kutz microvessel clip (Week and Co.) was positioned over the
insertion site, and the clamp was applied as the trocar was withdrawn.
The second transplant was performed at the other pole of the spleen in
the same way as the first transplant. The clip was maintained at the
insertion site until a clot formed. Sometimes, bleeding was stopped by
the application of a small pieci, of Gelfoam (Upjohn) at the inserted
site. In 5 of the 8 rats used for 25-week nodule transplantation,
preparations of the surrounding grossly nonnodular liver were made.
The tissue was handled in the same fashion as were the nodules.

Five-week nodule tissue was transplanted as a pool from each rat
because some of the nodules were too small to allow both transplanta
tion and histochemical and routine histolÃ³gica! examination on each
nodule. Twenty-four recipient rats received transplants, 2/spleen from
8 donors, i.e., 6 transplants from each donor. Twenty-five-week nodules
were large enough to allow transplantation and histolÃ³gica!and histo
chemical studies on each nodule separately. Thus, 32 of the 25-week
nodules were transplanted to 32 animals, and each animal had 2
transplant sites from the same nodule, i.e., 64 transplant sites in all.

In the orienting experiment (24-week nodule transplants), 2 recipient
rats were autopsied at 4 weeks after transplantation, 2 at 14, 2 at 43,
and 12 at 72 weeks. The remaining 20 recipients were killed at 104
weeks. The animals that were killed at 72 and 104 weeks were examined
at 43 and 52 weeks by laparotomy, using ether as the anesthetic. All
animals were examined grossly by careful palpation at least once a
month.

Transplants of the 5-week nodules were observed at 50, 70, and 90
weeks after transplantation and the transplants of 25-week nodules at
50 and 70 weeks after transplantation, i.e., 75 and 95 weeks postinitia-
tion. At autopsy, the spleens were cut into 2-mm thick slices. Some
slices were fixed in cold acetone for histochemical demonstration of y-
( 11 ' activity and for epoxide hydrolase activity as well as for hematox-

ylin and eosin in contiguous sections. Other pieces were fixed in neutral
formalin for routine hematoxylin and eosin. The various experimental
procedures for the 5- and 25-week nodule transplants are diagrammed
in Fig. 1.

Histochemistry. Rabbit antiserum against rat EH was used (29). EH
was localized by means of the peroxidase-antiperoxidase method as
previously described (29). Paraffin sections were deparaffmized in ben
zene for 10 min, dried quickly and then sequentially treated with normal
swine serum, rabbit anti-rat EH (1:400 dilution), swine anti-rabbit IgG
(1:10 dilution), and rabbit peroxidase complex (1:50 dilution). The sites

1 1 Â¡' 'i(50)//

1(70)1(90)1

i ISÃ•AÃ•I //(50)1*

i i i(70)1* i
25 35 55 75 95

3The abbreviations used are: >-GT, 7-glutamyl transferase (EC 2.3.2.2); EH,

epoxide hydrolase (EC 3.3.2.2).

Weeks

Fig. 1. Transplantation of hyperplastic nodule to spleen. Schematic diagram
of the experimental procedures in the second experiment. â€”,diethylnitrosamine,
single dose (200 mg/kg body weight, i.p.); D, 0.02% 2-acetylaminofluorene diet;
T, par liai hepatectomy; CD,basal diet; |. transplantation; numbers in parentheses,
weeks after transplantation; *, time of killing.

of peroxidase binding were revealed by the diaminobenzidine method.
As a negative control for specificity of anti-EH antibody, preimmune
rabbit serum was used instead of EH antiserum. The -/-GT histochem-
istry was performed according to the method of Rutenberg et al. (30)
as modified by Ogawa et al. (31) for paraffin sections.

RESULTS

Very careful histological examination of every 24- and 25-
week nodule and of the pooled 5-week nodules showed the
typical appearance of hepatocyte nodules as previously de
scribed (6,9,13-21) without any indication of malignancy. The
abundant eosinophilic cytoplasm, with "ground glass" appear

ance, large nuclei with dispersed chromatin and prominent
nucleoli, and characteristic organizational pattern of hepato-
cytes in plates 2 cells thick were seen. No gross or histological
evidence of focal atypical changes, "nodules in nodules," inva

sion, or metastasis was found.
In the first, orienting, experiment, no grossly detectable

growth of the transplants was found until 43 weeks. At 43 and
52 weeks, nodules were grossly visible in all animals and mea
sured from 3 to 5 mm in diameter. At 4 weeks after transplan
tation, the implants were found in the red pulp after multiple
sectioning of the spleen. The hepatocytes resembled those in
the original nodules in that they showed increased eosinophilic
cytoplasm (due to abundant smooth endoplasmic reticulum (26,
27)), prominent nucleoli, and positive staining for 7-GT and
EH (29). At 14 weeks after transplantation, the transplants
were just visible grossly in freshly cut sections of the spleen as
grayish-white areas about 0.5 to 1 mm in diameter. Microscop
ically, they resembled closely the original nodules including
positive staining for 7-GT and EH. The first palpable nodule
appeared at 43 weeks, measuring from 0.5 to 1 cm. All animals
had nodules in the spleen at 70 and 104 weeks. These varied
from 1 to 3 cm in diameter. At 72 weeks, 6 of 12 and at 104
weeks, 10 of 20 rats had unequivocal hepatocellular carcinomas.
Although all animals had splenic nodules, about 50% were
considered to be clearly malignant with trabecular carcinomas,
considerable heterogeneity in morphological appearance, and
areas of necrosis and hemorrhage. Of the animals with carci
nomas, 8 showed evident invasion of the splenic capsule and
adhering pancreas, and 4 had separate metastasis in the stom
ach, omentum, and/or peritoneal cavity (Fig. 2).

Five-Week Nodule Preparations. All histological preparations
were similar in that the hepatocytes in the spleen resembled
those in typical hepatocyte nodules, as described above. Over
95% of the hepatocytes were 7-GT and EH positive, as is usual
with nodule hepatocytes (13-16, 29).

At 50 weeks after transplantation (55 weeks postinitiation),
gross examination by laparatomy revealed only one visible
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PROGRESSION IN HEPATOCARCINOGENESIS

Fig. 2. Gross Undings Â¡na 24-week nodule
transplant in the spleen after 90 weeks. The
spleen (right) shows extensive local growth
plus invasion. The stomach (left) shows mÃ©tas
tases in its wall and in the surrounding tissue.

Table I Number and size of transplants in the spleen from 5- and 25-week nodules and 25-week surrounding liver at different times after transplantation

Transplant growths in spleen

5-wk nodule (%) 25-wk nodule (%) 25-wk surrounding
liver (%)

Time after
transplantation Av. Av.

(wk) diameter Macroscopic Microscopic diameter Macroscopic Microscopic Macroscopic Microscopic

50
70
900.9

0.9Â±0.2
1.2Â±0.31/48Â°

(2.1)"
5/44(11.4)^
3/22(13.6)CJ/6/18(33.3/-Â«5/22(22.9/*4.8

Â±3.1'
11.5Â±6.531/62(50.0)''41/50(82.0)*10/12

(83.3/
43/50(86.0/0/10

(0)
0/10(0)0/10(0)

" Numerator, number of transplanted sites; denominator, number of positive "takes."
* Numbers in parentheses, percentage of takes.
c Significantly different from all macroscopic data of 25-week-nodule, at P < 0.01.
'' Significantly different from all macroscopic data of 25-week-surrounding hepatocytes, at P < 0.01.
' Mean Â±SD.
'significant!) different from all microscopic data of 25-week-surrounding hepatocytes, at P < 0.01.
* Significantly different from all microscopic data of 25-week-nodule, at P < 0.01.

nodule, 1 mm in diameter, among the 48 transplanted sites in
the 24 recipient rats (Table 1).

Twenty-two of the 24 original recipients survived the 50-
week examination and were subjected to another gross exami
nation by laparotomy at 70 weeks after transplantation (75
weeks postinitiation). Nodules 1 mm in diameter were observed
in 5 transplant sites among the 44 sites (in 22 rats) examined
(Table 1). The single nodule that was found in one rat at 50
weeks had not changed in size. No spleen had more than one
nodule. At this time, 2 rats from the 5 nodule-bearing rats and
7 from the 17 animals without nodules were killed and carefully
autopsied. The remaining animals were kept alive for the next
examination at 90 weeks.

Microscopic examination revealed clusters of typical nodule
cells at 4 transplant areas. Transplant sites without grossly
visible nodules contained isolated clusters of hepatocytes scat
tered in the splenic pulp (Fig. 3). The hepatocytes were remark
ably uniform in appearance with virtually no variation in size,
shape, or staining properties of the cells and of their contained
nuclei. Sections of the grossly visible transplant nodules con
sisted of hepatocytes resembling very closely those in hepato-
cyte nodules in the liver and those in the transplant sites without
a nodule. No histolÃ³gica! or cytological evidence of atypical
changes suggestive of possible malignant neoplasia was found.

At 90 weeks after transplantation, 11 recipient rats of the 13
examined and kept alive at 70 weeks survived. Among these

animals with 22 transplants, 3 nodules, from 1.0 to 1.5 mm in
diameter, were found (Fig. 4). Microscopic examination re
vealed clusters of hepatocytes in the splenic pulp at the 19
transplant sites without visible nodules. The appearance of the
hepatocytes in the 3 nodules and in the other 19 transplant
sites was the same as in the hepatocyte clusters and in the
nodules at 70 weeks posttransplantation (see Fig. 3). No his-
tological or cytological evidence suggestive of liver cell cancer
was found. The staining for -y-GT and for EH (Fig. 5) was

strongly positive in the vast majority of the hepatocytes both in
the few nodules and in the microscopic clusters of cells. The
cells were typical of those in hepatocyte nodules in the liver
and at earlier time points in the spleen. The weights of the
spleens of the animals killed at 70 and 90 weeks are recorded
in Table 2. The spleens showed no increase in weight at either
70 or 90 weeks, as compared to each other and to the spleens
with no detectable transplants (25-week surrounding hepato
cytes).

Twenty-Five Week Nodule Preparations. All 32 nodules from
the 8 donor rats showed the same histolÃ³gica! and cytological
appearance, typical of persistent hepatocyte nodules. Virtually
100% of the hepatocytes in each nodule were strongly positive
for 7-GT and for EH.

At 50 weeks after transplantation, grossly visible transplants
were found in 31 of 62 transplant areas in 17 of 31 effective
recipient animals (Table 1). Diameters of the transplants varied
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Fig. 3. Microscopie appearance of clusters of S-week nodule hepatocytes in
the spleen at 70 weeks after transplantation. No gross nodule was visible. H and
E, x 150.

Fig. 5. Microscopic appearance of clusters of hepatocytes in the spleen 70
weeks after transplantation of S-week nodule tissue. Epoxide hydrolase, x 100.

Table 2 Weights of spleens of recipients at different times after transplantation of
S- and 25-week nodules and 25-week surrounding liver

Time aftei
tran

splanta
tion
(wk)50

70905-wk

noduleNo.

of
rats0

9
11Wt(mg)0.63

Â±0.11
0.67 Â±0.06Spleen

wk25-wk

noduleNo.

of Wt
rats(mg)6
1.50+1.46Â°25

2.95 Â±3.65'25-wk

surrounding
liverNo.

of
rats0

5Wt(mg)0.77Â±0.09

" Mean Â±SD.
* Significantly different (P < 0.01) from all values on 5-week nodules and 25-

week surrounding hepatocytes.

Fig. 4. Appearance of the spleen at 90 weeks after transplantation of 5-week
nodule tissue. This was the largest of the very few lesions seen grossly (arrow).

from 1.0 to 10.0 mm. Of the 31 animals, 2 with transplants
from 6 to 10 mm in diameter, 2 with transplants from 1 to 2
mm diameter, and 2 with no grossly visible transplants were
killed and carefully autopsied. All the remaining animals were
closed and kept alive for examination at 70 weeks posttrans
plantation.

HistolÃ³gica! examination of the spleens at multiple sites
including the 2 transplant sites revealed transplants of nodule
hepatocytes that closely resembled typical nodules. On routine
histological study, the hepatocytes in the spleens in all 6 ani
mals, whether in large or small nodules or microscopic clusters
(2 animals), showed the characteristic cytoplasm, nucleus, and
nucleolus, as described above. Over 95% of the splenic hepa
tocytes in all 6 animals were strongly positive for 7-GT and
EH. No histological or cytological evidence of malignant neo
plasia was seen.

At 70 weeks after transplantation, all 25 animals kept alive
at 50 weeks survived and were killed. Transplants were obvious
grossly in 22 of the animals (41 of the 50 transplant areas)
(Table 1). Of the 9 transplant areas in which no grossly visible

Fig. 6. Typical appearance of many spleens at 70 weeks after transplantation
of 25-week nodule tissue. Note the nodular growths at each pole.

transplants were found, clear cut microscopic transplants were
present. The maximum diameter of the transplants was 2.5 cm
(Fig. 6). Almost all the transplants, regardless of size, consisted
of typical nodule hepatocytes (Fig. 7) that were strongly positive
for 7-GT and EH (Fig. 8). In 2 of the 41 larger transplant
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PROGRESSION IN HEPATOCARCINOGENESIS

Fig. 7. Microscopic appearance of edge of a nodule at 70 weeks after trans
plantation of a 25-week nodule (one of the nodules in Fig. 6). H and E, x 200.

Fig. 8. Microscopic appearance of same nodule as in Fig. 7 stained for epoxide
hydrolase. Note the intensely positive staining in the nodule, x 100.

nodules, microscopic islands of poorly differentiated hepato-
cellular carcinomas were found (Fig. 9). No mÃ©tastaseswere
seen.

The mean weights of the spleens at both 50 and 70 weeks
were larger than in any of the animals receiving either 5 week
nodule transplants or transplants from 25-week surrounding
liver (Table 2).

Twenty-Five-Week Liver Surrounding the Nodules. All 5 re
cipients of transplants from surrounding liver showed no
grossly visible lesions at either transplant site at 50 or 70 weeks,
and none was seen on microscopic examination at 70 weeks.

Fig. 9. Microscopic appearance of a nodule in the spleen 70 weeks after
transplantation of a 25-week nodule. Hepatocellular carcinoma can be seen within
the typical nodule tissue. H and E, x 200.

The spleen weights of these animals were in the same range as
those containing the 5-week nodule transplants at 70 and 90
weeks (Table 2).

DISCUSSION

The results of this study clearly demonstrate a striking dif
ference between the behavior patterns of clusters of hepatocytes
from nodules at 5 weeks and at 24 to 25 weeks when trans
planted into the spleens of normal control syngeneic rats. The
5-week nodule transplants behaved in a manner similar to
normal isolated hepatocytes (24, 25) and isolated hepatocytes
from livers bearing early nodules (26, 27) in that they grew very
slowly in a diffuse manner and retained at least some of their
phenotypic characteristics for a long period of time, up to 90
weeks.

In contrast, the small pieces of 24 to 25-week nodules,
persistent hepatocyte nodules, behaved quite differently. Al
most every one grew as a progressively enlarging nodule with
the ultimate development of many into hepatocellular carci
noma, with invasion and metastatic spread. The differences in
cancer incidence between the first orienting experiment and the
second much larger experiment may be a reflection of the longer
duration of the first experiment. Since cancer development was
clearly seen in the orienting experiment, the second experiment
was designed primarily to observe any differences in growth
patterns between the early 5-week nodules and the later ones
as the latter developed cancer.

In our experience with many hundreds of animals in which
hepatocyte nodules were induced in the same manner as in this
study, we have never observed gross or microscopic evidence of
malignancy at 5 or at 24 to 25 weeks postinitiation. We have
been impressed with the remarkable similarity in the micro
scopic appearance of the nodules at these time points. Only
much later, at from 9 to 12 months, can one find an increasing
incidence of atypical foci and nodules in nodules.

The difference in behavior of early and later nodules corre
lates with their properties observed in situ in the liver. The early
nodules almost all (90 to 95%) remodel by redifferentiation to
normal-appearing adult liver (17). During the remodeling proc-
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ess, only occasional proliferating cells are seen (13, 15, 17).
The later nodules have a much greater tendency to persist and
show hepatocyte proliferation at a level 10 to 20 times higher
than in the surrounding nonnodular liver (9, 15). Thus, splenic
transplantation appears to be an additional procedure to distin
guish and analyze at least 2 populations of hepatocyte nodules.
Although the rate of progression from nodule to cancer in the
splenic transplants is very much slower than in situ (13, 15,
17), it nevertheless occurs in this "foreign environment." The

slowing down of this process could be useful for certain types
of analysis of progression in hepatocarcinogenesis. Conceiva
bly, some steps in the nodule-to-cancer sequence might be more
evident and analyzable by prolonging progression. This slowing
down of cancer development does not seem to be due to a major
inhibition of the growth of the cancer per se. In over 25
transplants of fully developed hepatocellular carcinomas to the
spleen, the cancers have always grown well and rapidly within
a few weeks.

An interesting aspect of hepatocarcinogenesis is the "spon
taneous" remodeling of hepatocyte nodules by differentiation

(17). In situ in the liver, the majority of early nodules, including
the 5-week nodules, show remodeling by week 6 postinitiation,
and the process is quite advanced within 2 to 3 weeks. In the
spleen, the 5-week nodule hepatocytes retain their nodule phe-
notype for a long period of time and do not show the earmarks
of this type of differentiation. Conceivably, the differentiation-

remodeling process could be a reflection of the local environ
ment in the liver and not simply an automatically programmed
property of the individual cells. This modulation ability of these
carcinogen-induced hepatocytes has interesting implications in
that it may indicate that an option relevant to cancer develop
ment could be environmentally determined. The possibility of
affecting this aptitude by suitable treatment externally so as to
slow down or even interrupt the process of hepatocarcinogen
esis is intriguing.

The ability of hepatocytes, either from normal control ani
mals or from hepatocyte nodules, to grow in the spleen but not
usually elsewhere (18-23), (except under special conditions)
(32) is both interesting and puzzling. If the spleen containing
transplanted liver remains functionally active as an important
immunological organ, the growth of persistent hepatocyte nod
ules, as a "precancerous" cell population, is compatible with
the view that such a population is not "abnormal" in any way

(2, 5), at least on the surface of their hepatocytes and that
immunological surveillance is not operative under these condi
tions.

This study has also shown that pieces of the liver surrounding
the persistent nodules at 25 weeks postinitiation do not behave
at all like pieces of nodules from the same livers. The spleen
weights remain small and no nodular or diffuse growth of such
clusters of nonnodular hepatocytes was seen at 70 weeks after
transplantation. With the injection of isolated hepatocytes from
control normal liver into the spleen, slow diffuse spread of the
hepatocytes were observed regularly, so that by 74 weeks,
approximately 40% of the splenic tissue was replaced by hepa
tocytes with no increase in the weight of the spleen (25). Thus,
despite the presence of many hepatocytes from remodeled nod
ules, the liver surrounding the nodules behaved as did hepato
cytes from normal control liver in that no nodular growths or
cancer was observed either grossly or microscopically. In ani
mals observed for as long as 104 weeks after injection of isolated
hepatocytes from normal rats, no cancer or nodular growth

consistent with a precancerous behavior was found.4 In an

inbred strain of mice (BUB), transplants of pieces of control
"normal" liver did yield one "hepatoma" out of 8 that survived

91 weeks after transplantation (33). Whether this observation
is special to that strain of mice or is a more general phenomenon
under some experimental conditions remains to be investigated.
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