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The development of hepatocellular carcinoma (HCC) is
probably related to infection with hepatitis B virus
(HBV). Hepatocytes in livers of patients with HCC
have been reported to show putative preneoplastic
changes such as hyperplasia, dysplasia, or adenomatous
regeneration. To determine quantitatively whether
these morphologic changes are associated with HBV-
infected cells, the authors performed morphometry of
hepatitis B surface antigen (HBIAg)-positive hepato-
cytes in the nontumorous portion of 10 livers with HCC
and in 10 livers without HCC. The diameter of nuclei
and cytoplasm of HBsAg-positive hepatocytes was
measured after demonstration of HBsAg by the peroxi-
dase-antiperoxidase method. As controls, HBsAg-

MULTIPLE LINES of evidence suggest that the de-
velopment of hepatocellular carcinoma (HCC) is re-
lated to infection with hepatitis B virus (HBV).' 2
Morphologic and immunomorphologic observations
have contributed significantly to the evidence in sup-
port of this hypothesis. Considerable uncertainty
exists concerning the premalignant lesions both in
man and experimental animals.3'4 Farber' considers
the hyperplastic nodule or similar lesion as one site of
origin of cancer in the multistep model of hepatocar-
cinogenesis; in contrast, Sell and Leffert4 call atten-
tion to multiple cellular lineages in the development
of experimental hepatocellular carcinoma. In man,
many organs display consistently several types of
putative precancerous lesions, such as atypical hyper-
plasia, dysplasia, and carcinoma in situ.3 Hepatocytes
in livers of patients with HCC have been reported to
show presumed preneoplastic changes such as hyper-
plasia, dysplasia,5 and adenomatous regeneration.6
Anthony' and others8 9 demonstrated a statistically
significant association between hepatocellular dys-
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negative hepatocytes in the same liver sections were
measured as well as hepatocytes of 20 age-matched
HB.Ag-negative patients with normal liver or alcohol-
ic cirrhosis. HBsAg-positive hepatocytes exhibited sig-
nificantly larger nuclei and a higher nucleocytoplasmic
ratio than control hepatocytes. In addition, HBsAg-
positive cells were often arranged in foci that consisted
of two cell populations: hypertrophic (enlarged nuclei
and nucleocytoplasmic ratio) and hyperplastic (two-
cell-thick plates of small cells with a high nucleocyto-
plasmic ratio). While precancerous cells have been
difficult to identify, these morphologic changes are fre-
quently associated with the development of malignant
neoplasia. (Am J Pathol 1984, 114:217-221)

plasia and HBV infection, while Cohen et all' failed
to demonstrate such a relation in South Africa. Many
investigators detected HBV markers both in HCC tis-
sue and in the surrounding nontumorous liver (re-
viewed by Gerber and Thung'1). The present study
attempts to determine quantitatively whether hyper-
trophy, hyperplasia, and dysplasia are associated with
HBV-infected hepatocytes.

Materials and Methods

Morphometry was performed on hepatocytes of 10
hepatitis B surface antigen (HB,Ag)-positive cases
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without HCC and in the nontumorous portion of 10
HB,Ag-positive cases with HCC. The specimens
were obtained from the United States, Korea, and
China by needle or wedge biopsy (17 cases) and at
autopsy (3 cases). Histologically, 2 cases showed
chronic persistent hepatitis, 7 cases chronic active
hepatitis, 10 cases cirrhosis, and 1 case diffuse
nodular transformation of liver. Because of an age-
related increase in polyploidization of human hepato-
cytes,'2'13 the patients were matched according to age
and the method of specimen procurement. There were
10 cases of normal liver and 10 cases of alcoholic cir-
rhosis. The average age was 44.3 years in the HCC
group, 43.3 in the HBsAg-positive group without
HCC, 47.4 in the normal group, and 49.6 in the
alcoholic cirrhosis group. There were 1 to 2 females
in each group. Formalin-fixed, paraffin-embedded tis-
sue sections were stained with hematoxylin-eosin and
for HB,Ag by the peroxidase-antiperoxidase (PAP)
method. Briefly, sections were deparaffinized and
digested in 0.lWo trypsin, followed by incubation in
3Wo H202 and subsequently in 1007o egg albumin to
block endogenous peroxidase activity and to reduce
nonspecific staining. Then the sections were incu-
bated with goat antibody to HB,Ag, followed by rab-
bit antibody to goat y-globulin and goat antibody to
rabbit y-globulin. This was followed by reaction with
rabbit PAP complex and demonstration of the reac-
tion product with 3,3'-diaminobenzidine tetrahydro-
chloride and H202. The sections were counterstained
with hematoxylin or Wilder's reticulin. The specificity
of the demonstration of HBsAg was proven by ab-
sorption of the primary antibody with HB,Ag, re-
placement of the primary antibody with normal goat
serum, omission of the secondary and tertiary anti-
bodies, testing for endogenous peroxidase activity,
and staining of known positive and negative
control sections. In addition, 9 HB,Ag-positive cases
were stained for HBcAg, 10 for a-antitrypsin, and 11
for a-fetoprotein by the PAP method as described
previously.14 Morphometry was performed by mea-

Table 1 - Morphometric Data for Hepatocytes

Cytoplasm Nucleus
(64 (p) NIC ratio

HBsAg + cases with HCC
HBsAg + hepatocytes
HBsAg - hepatocytes

HBsAg + cases without HCC
HBsAg + hepatocytes

Normal liver
HBsAg - hepatocytes

Alcoholic cirrhosis
HBsAg - hepatocytes

19.94
19.63

21.04

21.60

20.10

7.99 0.40
7.45 0.38

7.98 0.38

7.06 0.33

6.96 0.35

Figure 1 -Large group of HBsAg-positive hepatocytes with slight
compression of HBsAg-negative cells and reticulin above. (PAP
method for HBsAg followed by reticulin stain, x 100).

suring the largest diameter of 60 HBsAg-positive
hepatocytes and their nuclei with a horizontal eye-
piece micrometer graticule calibrated by means of a
stage micrometer. The HBsAg-containing hepato-
cytes were often arranged in groups of either large or
small cells. Therefore, in 10 cases, 60 HB,Ag-positive
small hepatocytes, 60 HBsAg-positive large hepato-
cytes and 60 HBsAg-negative hepatocytes were also
measured. In the HBsAg negative control specimens
(10 normal livers and 10 alcoholic cirrhosis), 60 ran-
domly selected hepatocytes were measured. Binucle-
ated and fat-containing hepatocytes were excluded.
The data were entered in the City University of New
York's IBM 370 computer for analysis. Statistical cal-
culations were done with the use of the BMDP15 soft-
ware package. Analysis of variance was used to test
the hypothesis that there would be no differences
among the group means. Multiple comparisons were
tested with Fisher's protected least significant differ-
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ence (LSD) procedure.'6 The significance level for all -* I £.- W
statistical tests was 0.05. ao

Results 9,
As shown on Table 1, the nuclear/cytoplasmic * m

(N/C) ratio of HBAg-positive hepatocytes in livers
with or without HCC (0.40 and 0.38, respectively) was r*
significantly higher than that of hepatocytes in nor- -

mal livers (0.33) or livers affected by alcoholic cir-.*
rhosis (0.35). This was related to significant enlarge- , *
ment of nuclei of HBAg-positive hepatocytes (7.99 .*
and 7.98 , respectively) in comparison with hepato- t p
cytic nuclei of HBAg-negative cases (7.06 p and 6.96
j, respectively). No other significant differences were
observed between the nuclear diameters of HB5Ag-
negative hepatocytes in HBsAg-positive cases with
HCC, normal livers, or alcoholic cirrhosis and be- - '
tween the cytoplasmic diameters in all cases.

4.
,. * -.jL \ ;* ** *_ * Figure 3-Group of small HB-,Ag-positive hepatocytes arranged in

two-cell-thick plates (arrows). (PAP method for HBsAg followed by
reticulin stain, x250)

*,- ib **^The HBAg-positive hepatocytes in livers of pa-
_ *- & S .i O,7 p. '; t tients with or without HCC were often arranged in
*t .* _es 5,-fiz groups (Figure 1). In some foci, HBsAg positive

%
. - hepatocytes were large with large pleomorphic hyper-

chromatic nuclei and prominent nucleoli (Figure 2).
. In other groups, HBAg-positive hepatocytes ap-

peared to be smaller and were arranged in two-cell-
thick plates (Figure 3). Morphometry of these two
types of HBAg-positive cells, selected by eye, re-

;.' . z t f f _ , vealed that the mean diameter of nucleus and cyto-
plasm of large HBsAg-positive hepatocytes was sig-
nificantly larger than that of small HB5Ag-positive

mls hepatocytes (Table 2). The N/C ratio of the small
HB,Ag-positive hepatocytes was significantly higher
than that of large HB6Ag-positive hepatocytes.
HBcAg was detected in scattered hepatocyte nuclei

Figure 2-Group of large HBsAg-positive hepatocytes (dark reaction of 1 of 6 cases with HCC and 2 of 3 cases without
product in cytoplasm) with large hyperchromatic nuclei (arrows). HCC examined. Alpha,-antitrypsin was found inCompare with HBsAg-negative hepatocytes above. (PAP method for
HBsAg followed by reticulin stain. x250) hepatocyte cytoplasm of 5 of 8 cases with HCC and
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Table 2- Morphometric Data for Two Populations of
HBsAg-Positive Hepatocytes

Cytoplasm Nucleus N/C
(M) (p) ratio

Large HBsAg + hepatocytes 23.19 9.03 0.39
Small HBsAg + hepatocytes 16.58 7.04 0.43

both cases without HCC tested, and a-fetoprotein
was found in 3 of 8 cases with HCC and 1 of 3 cases
without HCC. Comparison with parallel sections
after reaction with antibody to HBsAg did not reveal
preferential expression of these antigens in HBsAg-
positive hepatocytes.

Discussion
The liver represents an ideal tissue for morphomet-

ric studies.17 The size of normal human hepatocytes
and their nuclei has been measured by various mor-
phometric techniques.12'13,18-20 From these studies the
mean nuclear and cytoplasmic diameter can be calcu-
lated to range from 6.5 to 7.3 and 17.8 to 23.4 ji,
respectively. These variations may be due in part to an
age-related increase of polyploidy of human hepato-
cytes. 21 3 The values for the mean nuclear and cyto-
plasmic diameter of normal hepatocytes recorded
here (7.06 and 21.6 I., respectively) fell well within this
range. HBsAg-positive hepatocytes in patients with
or without HCC exhibited a striking enlargement of
their nuclei to a diameter of 7.99 and 7.981i, respec-
tively. Although HB,Ag-containing ground-glass
hepatocytes showed marked proliferation of smooth
endoplasmic reticulum,2122 the diameter of the entire
cell remained within the normal range. Therefore, the
N/C ratio of HBsAg-positive hepatocytes increased
significantly, a characteristic of dysplastic and ana-
plastic cells. The enlargement of nuclei of HBV-in-
fected hepatocytes may be a morphologic expression
of integration of the HBV genome into the cellular
DNA of patients with chronic HBV infection. Mo-
lecular hybridization analysis demonstrated integrated
HBV DNA sequences in both HCC and nontumorous
portion of HB,Ag-positive liver tissue.23-26

HBsAg-positive hepatocytes often formed foci that
appeared to consist of two distinct cell populations:
large cells with large nuclei and a moderately high
N/C ratio, ie, hypertrophic; and small cells with a
very high N/C ratio, often arranged in two-cell-thick
plates, i.e., hyperplastic. Since submission of this
article, Watanabe et a127 reported in cirrhotic livers
with HCC large and small dysplastic hepatocytes, the
latter often forming round foci. Morphologic studies
suggest that hypertrophy with an increase in the N/C

ratio, hyperplasia, and dysplasia are frequently asso-
ciated with development of malignant neoplasia.3
The present study of HB,Ag-containing hepatocytes
in the nontumorous part of livers with HCC demon-
strates quantitatively that these morphologic changes
are associated with HBV-infected cells.

In HB,Ag-positive patients without HCC, hyper-
plasia, hypertrophy, and dysplasia of hepatocytes
may indicate preneoplastic changes and may be a use-
ful diagnostic sign. Indeed, in one patient of this
series with groups of HBsAg-positive hepatocytes
with a mean nuclear diameter of 8.01 IA and an N/C
ratio of 4.02 HCC developed 4 years later. Previous
attempts to demonstrate by immunohistochemical
techniques preferential expression of phenotypic
markers such as a-fetoprotein, carcinoembryonic
antigen, or a1-antitrypsin in dysplastic or HBsAg-
positive hepatocytes were unsuccessful, although
these antigens were detected in the majority of livers
with HCC.2829 Morphologic evidence of hypertrophy
and hyperplasia of HBsAg containing hepatocytes
may be a more reliable indicator of preneoplasia than
the phenotypic marker antigens currently available.
Further studies employing more sophisticated stereo-
logic methods and in situ hybridization with sensitive
labeled HBV DNA probes are needed to support this
suggestion.
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