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ABSTRACT
Ten cases of human hepatoma obtained at surgery and autopsy were studied
enzyme-histochemically, and compared with gastric carcinoma, intrahepatic bile duct
carcinoma and prostate carcinoma. The enzymes studied were glucose-6-phosphatase,
acid phosphatase, alkaline phosphatase, succinic dehydrogenase, cytochrome oxidase,
and peroxidase.
In conventional stained sections, case I was grade I and II hepatocellular
carcinoma by the classification of Edmondson. Case 2 and case 3 were grade IV or
more malignant than grade III, and the remaining were almost all grade III.
Case I, in which all enzymes except alkaline phosphatase were histochemically
demonstrated in hepatoma cells, could belong to such minimum deviation hepatoma.
Acid phosphatase was demonstrated as more prominent granules in the hepatocellular carcinoma cells of all cases.
Succinic dehydrogenase was noticed to be very weak or negative except for
case I, but cytochrome oxidase was positive in all cases.
Glucose-6-phosphatase was histochemically demonstrated in all cases examined,
but the activity was low except for case I, and negative in control cancer cases.
Peroxidase was generally low in activity in all hepatomas except for case I.
The intensity of glucose-6-phosphatase and peroxidase activities in the present
human hepatomas may be related to a more detailed and accurate differentiation of
hepatocellular carcinoma than the classification of Edmondson by conventional
stained sections.
INTRODUCTION

Many biochemical studies on experimental animal hepatomas have been made.
Recently, from a comparative study of the enzymes in animal liver tumors of
different growth rates, Weber et al. 30) stated that the glucose-6-phosphatase activity,
a marker enzyme of hepatic parenchymal cells, was absent in rapidly growing
hepatoma but remained at a relatively high level in slow growing ones. They
suggested that the extent of enzymatic lesion could be correlated roughly with the
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growth rate of hepatomas. More recently, Mochizuki et at. 11) studied the microbodies and peroxidase activity of many different growth rate animal hepatomas.
They also suggested that the number of microbodies and peroxidase activity of
hepatoma cells could run parallel with the differentiation and growth rates of the
carcinoma.
It is generally known that the various liver tumors differ not only in their
histological structure but also in their biochemical aspects, both quantitatively and
qualtitatively.
However, as far as we know, no quantitative biochemical studies have as yet
been conducted on the tumor tissue as such, and as for its histochemical properties,
only occasional references 3 ),17),2s) have been made to the enzyme histochemistry
of human malignant hepatoma.
Edmondson 6 ) classified the hepatocellular carcinoma of human cases into 4
grades according to the degree of differentiation. This histological grouping was
in parallel to their growth rate and metastasis.
A comparison between the morphology and metabolism of these tumors
would bring a new understanding of the biology, and also of the subsequent
treatment of these tumors.
Here, the findings of the histochemical study on succinic dehydrogenase,
cytochrome oxidase, peroxidase, glucose-6-phosphatase, acid phosphatase, and
alkaline phosphatase in 10 cases of human hepatocellular carcinoma will be presented to find out some metabolic aspects of these tumors.
MATERIALS AND METHODS

Seven surgical biopsy specimens of hepatocellular carcinoma and one of
primary carcinoma of the liver by surgical hepatectomy were obtained from
patients admitted to the Aichi Cancer Center Hospital. Two autopsy cases of
primary hepatic carcinoma were examined within 24 hours after death. There was
no overlap between the surgical and autopsy groups.
The patients, 9 males and I female, ranged from 36 years to 70 years in age.
Seven cases out of 10 were associated with liver cirrhosis. In 7 cases, alpha fetoglobulin was present in the serum, and 2 cases had Australia antigen.
The tissue blocks of the tumor specimens were all taken so as include neighbouring normal hepatic tissue as well. From each block, fresh frozen sections were
cut at 8 microns in a cryostat at -20°C for demonstration of enzymes. The
enzymes studied were glucose-6-phosphatase, acid phosphatase, alkaline phosphatase,
succinic dehydrogenase, cytochrome oxidase, and peroxidase. The techniques
employed for the staining are listed in Table I. Intensity of staining was usually
estimated and graded, and that in the hepatoma was compared with that in hepatocytes in the normal portion of the liver.
As control, stomach cancer, intrahepatic bile duct carcinoma and prostate
carcinoma were examined enzyme histochemically by the same procedure.
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T ABLE I. Histochemical Determination of the Enzymes
Enzymes
Glucose-{i-phosphatasc
Acid phosphatase
Alkaline phosphatase
Succinic dehYdrogenase
Cytochrome oxidase

Peroxidase

Staining technique
Wachstein & Meisel 16)
(1957)
Burstone l6)
(1958)
Burstone 16)
(1957)
Nachlas et al. 16)
(1957)
Seligman et af. 24)
(1968)
(3.3' -diaminobenzidine)
Graham & Karnovsky8)
(1966)
(3,3'-diaminobenzidine)

Substrate

pH

Disodium glucose-6phosphate

6.7

Time and temperature
15 min.

25°C

Naphthol AS-Bl
phosphate
Naphthol AS·B!
phosphate
Sodium succinate

5.2

30 min.

37°C

9.0

60 min.

37°C

7.6

30 min.

37°C

Cytochrome C

7.4

30 min.

37°C

Hydrogen peroxide

9.0

60 min.

37°C

Summary of the cases is shown in the Tables 2 and 3.
RESULTS

The results obtained are summarized in Table 4. Succinic dehydrogenase
activity was generally weak or negative in the tumor cells studied except for case I,
in which the staining patterns of tumor cells were quantitatively similar to normal
ltepatocytes. In case 4, case 6, case 7 and case 8, there were scattered slightly
positive carcinoma cells. Case 2, case 3, and case 10 showed complete absence of
the enzyme activity in any carcinoma cells of a given tumor tissue. There were
occasionally cells with faint enzyme activity in case 5 and case 9.
Cytochrome oxidase was relatively intensively noted in all cases. In case I,
case 2, and case 7, the grade of activity did not significantly vary among cells of
a given tissue, and the activity was almost the same in grade as in normal liver cells.
In the other 7 cases, enzyme activity varied remarkably from cell to cell. In the
cases of stomach carcinoma, intrahepatic bile duct carcinoma, and prostate carcinoma, the tumor cells were weak in cytochrome oxidase activity and negative in
succinic dehydrogenase activity.
Acid phosphatase activity of the all hepatoma cells appeared to be similar in
grade as that of the surrounding non-neoplastic liver. They were distributed through
the cytoplasm in a random manner. The positive granules were more prominent
and larger in size, when compared with normal hepatic cells. The intrahepatic bile
duct carcinoma and prostate carcinoma showed moderate enzyme activity. The
stomach carcinoma had no activity.
Alkaline phsophatase activity was not demonstrated histochemically in the
hepatic carcinoma cells, and to be limited only to the endothelial cells in the tumor
tissue. The cancer cells of control tumor cases revealed no enzyme activity.
Glucose-6-phosphatase activity in case I was observed to be of the same
intensity as the surrounding non-neoplastic liver, showing brownish coarse granules

June IJ, 197t.
No liver disease.
Jaundice and nausea Alcohol (-).
from April 1, 1971.
Weight loss of 10 kg
for 6 months.

3.
6t.
Japanese
"male.

4.
44.
Japanese
male.

June 8, 1970.
Recurrent upper
abdominal pain with
rising of body temperature and weigh t
loss of 6 kg.

Sept. 30, 1971.
Intermittent back
pain, jaundice and
weigh t loss of 6 Kg.

2.
36.
Japanese
male.

PAS, INAH and
Kanamycin for past 4
years, for pulmonary
tuberculosis.
Alcohol (++).

On June 15,1971, a
laparotomy by clinical diagnosis of obstructive jaundice revealed dilated bile
ducts filled with
necrotic materials,
which were partially
removed.
Alcohol (+++).

No liver disease.
Alcohol (-).

Sept. 10, 1969.
Nontender movable
mass in the upper
abdomen for 7
months.

I.

70.
Japanese
male.

History.

Admission time
and clinical sign.

Case age.
(yrs) sex.

Case Summary
Discharge and clinical course
after discharge Or autopsy

On Oct. 18, 1971,
complete removal of
"chicken fat" like
necrotic materials
filled in th e bile
ducts, choledochoduodenostomy and cholecystectomy, followed
by radiotherapy.

Infusion of 20 mg. of Died on July 19, 1971, without
improvement of general condition.
Mitomycin C into
celiac artery on July Autopsy not made.
13, 1971.

On program of radia- On Sept. 28, 1970, with gradual
improvemcn t of general condition
tion and chemotheincluding hepatic function.
rapy ..
Lost for follow up study.

Liver; 3 fingers belqw right costal margin.
Shifting dullness (++). Abdominal distention (++). Exploratory laparatomy
on July 8, 1971,; moderately advanced
cirrhosis with numerous cancer nodules.
Edmondson grading of hepatoma; proba bly more malignant than grade 1II,
with cirrhosis.
Liver; 3 fingerbreadths below the right
costal margin. Liver scan 99 m Tc; diminished uptake, measuring 4.8 em in diameter in the right lobe. Exploratory
celiotomy; huge tumor measuring 5 cm in
diameter in right lobe and a nodule in left
lobe. Edmondson grading of hepatoma;
grade III without cirrhosis.

On Feb. 8, 1972, with rapid decrease of jaundice. 3 months after
operation, asymptomatic on no
therapy. Thereafter, lost for follow
up study.

Left liver lobectomy' On Nov. 23, 1969, with complete
loss of serum alpha fetoglobulin.
on Oct. 28, 1969.
Tumor was 15 by IS Asymptomatic for about 3 years
by 7 em., weighed
without therapy.
650 g.

Therapy

Liver; 3 fingerbreadths below the righ t
costal margin. Gallbladder; not felt.
Jaundice (++). Percutaneous cholangiography; dilated intra and extra-hepatic
ducts and common bile duct. Edmondson
grading of hepatoma; possible grade IV,
without cirrhosis.

Huge movable tumor in the epigastrium.
Ascites (-). Jaundice (-). Peritoneoscopy;
a brownish tumor of about IS em in diameter in the left lobe. Cirrhosis ( -). Liver
scan 99 m Tc; a large cold area in the
left lobe. Edmondson grading of hepatoma; grade II, occasionally grade I without cirrhosis.

Examination

TABLE 2.
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Liver; 2 fingerbreadths below right costal . Chemotherapy.
margin. Spider angiomata (+). Jaundice
(-). Liver scan 99 m Tc; multiple cold
areas in right lobe. Exploratory laparatomy on Sept. 18, 1970; cirrhosis with
multiple cancer nodules in right lobe.
Bloody ascites - 500 ml.
Edmondson
grading of hepatoma; grade III.

No liver disease.
Alcohol (++++).

Sept. I, 1970.
Abdominal swelling
and tarry stool.
Weight loss of 7 kg
for I month.

48.
Korean
male.

8.

Liver; 5 fingerbreadths below the right
costal margin.
Icterus (-).
Spider
angiomata (+). Splenomegaly (-). Ascites (-). Liver scan 99 m Tc; a large
space-occupy lesion in the right lobe,
Edmondson grading of hepatoma; grade
III, occasionally grade II, with cirrhosis,

No liver disease.
Alcohol (-).

May 25, 1970.
Abdominal swelling'
and about 6 kg
weight loss for 6
months.

Chemotherapy and
radiotherapy.
Infusion of 30 mg.
Mitomycin C into the
right hepatic artery.

No therapy.

7.
56.
Japanese
male.

At age 51, "jaundice". Liver; 5 fingerbreadths below right costal
In 1932,gastrectomy margin. Jaundice (++). Cachectic (++).
for peptic ulcer.
Ascites (++). Spider angioma (+).
Family history;
brother died of
alcohol cirrhosis, and
fa ther and mother of
liver cirrhosis. 46
year old wife has
also suffered from
liver cirrhosis.
Alcohol (-).

Chemotherapy and
radiotherapy.

March 2, 1970.
Abdominal swelling
for 2 months.

Liver; 4 fingerbreadths below right costal
margin. Jaundice (-). Liver scan 99 m
Tc; a large filling defect in the left lobe.
Peritoneoscopy; cirrhosis with multiple
cancer nodules in left lobe and few in
right lobe. Edmondson grading of hepatoma; grade 111 with cirrhosis.

6.
58.
Japanese
male.

No liver disease.
Alcohol (-).

Jan. 6, 1971.
Upper abdominal
pain of 2 months
duration.

5.
54.
Japanese
female.

(continued)

Expired on Sept. 27, 1970, with
progressive jaundice, weakness and
rapid downhill.
An autopsy was not carried out.

On Dec. 25, 1970, with marked
improvement of general condition.
About 3 months later, he was admitted, because of developing pruritus, fatigue, upper abdominal pain,
vomiting, and jaundice. Expired
on April 26, 1971 without improvement on radiotherapy.
Autopsy was not performed.

Died on March 12, 1970, with progressive jaundice, and weakness,
complicated by abdominal swelling
and bloody stool.
At autopsy; 3,000 ml. bloody ascites. Liver; Cirrhosis (+). 1,900 g,
weight. Almost replaced by tumor
nodules. A nodule of right lobe,
hemorrgagic rupture (+), portal vein,
occluded by tumor mass. Tumor;
(Edmondson grading) hepatocellular
carcinoma grade III. Hyaline body
(+) in some cells.

Died on May 3,1971, with weight
loss of 12 kg. for 4 months.
At autopsy: Liver; 3,300 g weight.
Cirrhosis (+). occupied by tumor
nodules on about 90% of the organ.
Both lungs; numerous metastatic
nodules.
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54.

9.

Case age.
(yrs) sex.

June 17, 1972.
Epigastric pain of
one year duration.
Weight loss of 7 kg
for 3 months.

mass.

Dec. 14, 1970.
Upper abdominal

Admission time
and clinical sign.
Examination
Therapy

Discharge and clinical course
after discharge or autopsy

Taking PAS, INAH
and Streptomycin
from 1950 to 1966
for pulmonary tuberculosis.
Alcohol (-).

Expiere on Oct. I I, 1972, with
progressive weakness associated with
jaundice and ascites.
Autopsy not performed.

Left lobectomy and
On Jan. 20, 1971, with loss of
splenectomy on Dec. alpha fetoglobulin.
On Feb. 16,
17, 1970. Cirrhotic
197 I, alpha fetoglobulin in his serum
liver with portal pre- became positive.
Ssure of 36 cm of
Liver; 2 fingerbreadths below right
water by direct mea- costal margin. Multiple metastatic
surement.
tumors in both lungs by X-ray.
Lost for follow up study after
chemotherapy.

Liver; 4 fingerbreadths below the process Chemotherapy.
xiphoid. Emaciation (++). Jaundice (-).
Ascites (-).
Liver scan 99 m Tc; 2
masses of 5 cm in diameter, in both
lobes. Exploratory laparatomy on June
26, 1972; postnecrotic cirrhosis with
nodular tumors in both lobes. Edmondson
grading of hepatoma; grade Ill, with
cirrhosis.

Liver; 3 fingerbreadths below right costal
poisoning by mercuric margin.
Liver
Te!eangioectasia (+).
Bordeau mixture.
palm (+). Splenomegaly (+). Jaundice
Alcohol (-).
(-). Ascites (-). Liver SCan 99 m Tc;
a large filling defect in left lobe.
Edmondson grading of hepatoma; grade
Ill, with cirrhosis.

In 1967, acute
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48
45.0
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1.2

1.9

17.9

8

114

2.0

16.8

7.4

7

6.3

175

6

29

77

0.3

0.8

8.5

0.8

1.0

0.9
13.0

8.2

7.2

Patient NO.
4
5
7.8

13.1

3

33

8.4

15.0

2

Results of Laboratory Tests of Serum in Patients with Hepatoma.

Total protein, 6.5 to 8.0 g/1 00 ml

Determination, normal range
Biochemical studies
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in the cytoplasm. This enzyme activity was occasionally strongly observed in the
perinuc!eus of tumor cells. The activity was uniform in all tumor cells in a given
tissue of case I. In all other cases, the activity was lower in grade, compared
with normal liver tissue. In case 4, case 5, case 6, and case 10, a picture of moderate
activity was noted. In case 10, tumor cells showed scattered marked activity. Case
2, and case 9 revealed the presence of slight activity. The activity in case 3, case 7,
and case 8, was minimum in grade, but there were scattered positive cells with
marked activity. The glucose-6-phosphatase activity varied remarkably in grade
from cell to cell. The cancer cells of stomach carcinoma, intrahepatic bile duct
carcinoma, and prostate carcinoma showed complete absence of enzyme activity.
The peroxidase activity of all cases except case I was generally lower in grade.
The activity in case I appeared to be normal. In case 7, activity was slightly low
in grade. The demonstrable activity varied moderately among cells of a given tissue.
Case 3 and case 5 showed moderately low activity. The activity in case 4 was faint.
Case 2, case 6, case 9, and case 10 revealed complete absence of activity. The
other cancer cases showed no peroxidase activity.
DISCUSSION

The histochemical features of normal liver tissue have been summarized by
Wachstein 26).27) and by Novikoff et at. 15)
Histochemical and biochemical features of highly undifferentiated rat hepatoma included a deficiency of multiple enzymes. 14), 18),19),20)
It was maintained,
moreover, that similar alteration in metabolism of the liver might actually precede
the overt neoplasm. However, these early enzyme defects were found to reflect
an alteration of cellular population from hepatic to biliary ductal element. 10 ) Subsequent studies on well differentiated rat hepatoma failed to reveal similar enzyme
abnormalities. 12 ), 18),23)
Although the incidence of human primary hepatic cancer is relatively high in
Japan, no histochemical study on the enzymatic activity of these tumors has been
made. The enzymes examined in the present study were glucose-6-phosphatase,
acid phosphatase, alkaline phosphatase, succinic dehydrogenase, cytochrome oxidase, and peroxidase.
In case I, which showed histologically low grade malignancy, there was an
almost complete maintainence of all enzymes. Mitochondrial enzymes such as
succinic dehydrogenase and cytochrome oxidase appeared unchanged. There may
be no indication of a shift in oxidative metabolism from the citric acid to the
pentose shunt. Glucose-6-phosphatase, which is a marker enzyme of the hepatic
cells and localized in the endoplasmic reticulum 7), was near normal. The endoplasmic reticulum in case I could be intact. So the hepatic carcinoma of this case
may have other drug metabolizing enzymes, which are associated with endoplasmic
From the above, this human case could belong to such minimum
reticulum 22 )
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deviation hepatoma described by Potter 21 ).
In all cases of hepatic carcinoma, alkaline phosphatase was not demonstrated
in cancer cells, but noted only in the endothelial cells. The absence of this enzyme
in the canaliculi may indicate the failure of the hepatoma cells, deprived of its
access to excretory ducts, to excrete. enzyme carried to ie).
Acid phosphatase, a marker enzyme of Iysosomes, was demonstrated in the
tumor cells of all cases studied. The distribution of acid phosphatase in the
peribiliary granules was well illustrated in the normal liver but not in the tumor.
The acid phosphatase positive granules were prominent and larger in size in the
hepatic carcinoma cells, compared with normal hepatic cells. The prominence of
these lysosome granules may represent an adaptation of the hepatoma to the
increased work required to excrete into blind canaliculi 4).
Succinic dehydrogenase was noted to be very weak or negative in the present
cases studied except for case I. However, cytochrome oxidase activity, which plays
an important role in biological function and respiration and is closely associated
with the membrane system of mitochondria, was clearly seen in hepatoma cells.
The discrepancy in attitude between the two enzymes may indicate an abnormal
respiration of tumor cells by molecular structural alteration of their mitochondria
as compared with normal hepatic cells.
The most interesting finding is the presence of glucose-6-phosphatase activity
in the tumor cells, though the activity varied from case to case. Except for case I,
glucose-6-phosphatase, a marker enzyme of the hepatic cells 28 ), associated with
endoplasmic reticulum 7), was lower in activity in all cases. Generally, it is considered that cancer cells lose or diminish the enzymes of specialized function
characteristic of the normal tissue of origin, and increase the enzyme activity for
their proliferation or growth 9 ). In some animal hepatomas, there was demosntrated
complete absence of glucose-6-phosphatase 13 ). Recently, however, Weber et alB) 30)
reported that in a comparative study of the enzymes in animal hepatomas of different growth rates, glucose-6-phosphatase activity in slowly growing hepatomas
was one-third the normal value, and decreased further in more rapidly growing
tumo'rs with no activity in the fastest growing hepatomas. Acitivty of glucose-6phosphatase of the present cases did not run parallel with morphological grade of
differentiation of tumor except for case I. From the above, it is thought that the
biological character or grade of differentiation of hepatomas may be suggested more
clearly by the histochemical finding of the glucose-6-phosphatase activity than by
routine stained sections. In the hepatoma cells with weak or faint activity of
glucose-6-phosphatase, the enzyme which channels glucose-6-phosphate into nucleoprotein synthesis may be highly increased 13) 29) . The tumor cells with maintained
activity of glucose-6-phosphatase could have mature endoplasmic reticulum or
function to release glucose from cells to the blood stream 13) • This enzyme activity
of the tumor cells may be correlated with the clinical course of the patient, and
problem of selective toxicity of the cells. From the complete absence of glucose-
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6-phosphatase in control cancer cases, and the maintenance of it in all examined
hepatomas, the histocherriical study of this enzyme could be utilized to prove the
tumors to be liver cell in origin.
The peroxidase activity except for case I was generally decreased. The
peroxidase is normally contained in microbodies of hepatic parenchymal cells as
catalase or hydrogen peroxide-producing oxidase 1)5).
Examination of microbodies of transplantal animal hepatomas with a wide
spectrum of growth rates was performed by Mochizuki et at., II) and they reported
that catalase activity of hepatomas roughly correlated with hepatoma growth rates,
and the fine structural features of microbodies often correlated with enzyme
activity. The fast-growing hepatomas contained only a few small microbodies,
usually without crystalloid. On the other hand, microbodies of hepatomas with
intermediate growth rates were more abundant and larger than those of fastgrowing tumor, and generally had crystalloid. Slowly growing hepatomas had
abundant and large microbodies. The peroxidase was considered to be correlated
with special function of certain cell types.
The peroxidase activity in the present human hepatomas did not always run
parallel with morphological grade of differentiation in H-E. section, except for
case I. However,pistochemical study of the peroxidase could provide more
detailed information on the differentiation and function of hepatomas.
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LEGENDS TO FIGURES
FIG. I. Glucose-6-phosphatase in hepatoma of case I. Activity not significantly varied between
the cells.
FIG. 2. Glucose-6-phosphatase activity in hepatoma of case 5 varied remarkably from cell to cell.
FIG. 3. Succinic dehydrogenase activity in hepatoma of case I at least equally prominent as
in normal hepatocytes.
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FIG. 4. Dark staining area reveals SUCC1l11C dehydrogenase activity in normal liver cells. No
staining area shows absence of enzyme activity in hepatoma of case 2.
FIG. 5. Cytochrome oxidase activity in hepatoma of case 2 relatively intensively shown.
FIG. 6. Peroxidase activity in hepatoma of case 7 varied moderately between cells.
FIG. 7. Acid phosphatase granules in hepatoma of case I seen distributed through cytoplasm
randomly.
FIG. 8. Alkaline phosphatase activity in hepatoma of case I shown only in endothelial cells.
Complete absence of the enzyme in hepatoma cells.

