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Reduced glucose-6-phosphatase, increased GGT
activity and reduction of cytochrome P-450 content
are considered to be markers of chemical hepato-
carcinogenesis in rats. The significance of these
changes were studied in certain human liver
lesions; adenoma, focal nodular hyperplasia and
hepatocellular carcinoma all developed in non-
cirthotic livers. Enzymes showed normal values in
4 out of 5 adenomas, in 2/13 FNH and in 4/18 HCC
samples. The decreased cP-450 content in HCC
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proved to be the most consistent alteration (12/18).
Only 3 HCC samples possessed changes off all
enzymes. These data suggest that at least those
enzymes which are used as markers in rat chemical
hepatocarcinogenesis have little or no biological
significance in human liver tumors, primarily due
to the intertumoral heterogeneity of enzyme activ-
ity. Such heterogeneity was observed in the peritu-
moral "normal” liver tissue, too. (Pathology
Oncology Research Vol 2, No1-2, 56-58, 1996)

Introduction

Tumorigenesis is widely considered a multistep proc-
ess.”” In several models of hepatocarcinogenesis, induced in
rat liver by various chemicals, characteristic changes, inclu-
ding those in enzyme activity (cytochrom P-450, glucose-6-
phosphatase, gamma glutamyl transferase)™'® have been
described as markers for the scquential events. It is a ques-
tion to what extent such changes are relevant to human
disorders. especially hepatocellular carcinoma (HCC) or
conditions which can be putative forerunners of HCC (c.g.
adenoma or focal nodular hyperplasia).

Materials and Methods

Sumples

Five adenomas, 13 FNH, 18 HCC and 20 peritumoral
tissues ol human livers were studied. The average age of
female patients, 4 with udenoma, 12 with FNH, and 11
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with HCC, were 53, 32 and 38.5 years, respectively. The
average age of 7 men with HCC was 55 years. These
lesions developed in non-cirrhotic livers without history of
hepatitis or jaundice. All samples were free from HBsAg.
The majority of the female patients under 30 used contra-
ceptive pills for various time periods.

Measurements

Surgically removed samples were kept on dry ice during
transportation and kept at —70°C until use. Samples tor
histology and biochemical analysis were taken from the
lesions and surrounding, seemingly non-tumorous, "nor-
mal” tissue,

Riochemical studies. For determining GGT activity, the
tissues were homogenized and incubated in the presence
of gamma-glutamyl-p-nitroanilide as substrate and glycil-
glycin as acceptor for 15 min at 37°C. The p-nitroaniline
released was measured at 405 nm.® G-6-Pase activity was
measured in whole tissue homogenate in the presence of
alucose-6- phmphdu by determining the liberated inor-
ganic phosphorus.” The amount of ¢P-450 was studied on
isolated microsomes. One gram ol wet tissue was washed
and homogenized in ice cold 50mM Tris-HCI. pH 7.4,
containing 1.15% KCl. Nucleti and mitochondria were
separated by 600 and 15000 g centrilugation, respectively.
The microsomes were pelleted (rom the postmitochondrial
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supernatant by 105000 g for 90 min. Spectral measure-
ment on the microsomes resuspended in 50 mM Tris-HCI,
pH 7.7, containing | mM EDTA werce performed using a
dual beam spectrophotometer. The ¢P-450 concentrations
were determined from the reduced carbonmonoxide difter-

ence spectra.” All the enzymatic data were related to mg of

proteins as determined by phenol reagent.”

Duc to the lack of true normal liver samples. "normal”
vilues were measured in the peritumoral (host) tissues. G-6-
Pase and ¢P-450 values for host livers hbelow averuge activity
minus a standard deviation were considered to be low. The
average values for these two enzymes were in good agree-
ment with the published data for human livers."™"'"" The
activity of GGT is supposed to be low in normal liver."*"”
Therefore the mean of the 6 lowest enzyme activities was
used as a limit. GGT was evaluated as elevated when at least
a 100% increase above this limit value was found. Using
these guidelines. G-6-Pase under 15 nmol Pi/min/mg pro-
lein, ¢P-450 under (.2 nmol/mg microsomal protein and
GGT above 50 mU/mg protein were considered abnormal.

Results and Discussion

The enzyme activities are shown in Tuble 1. (means)
and 2. (individual values). Probably the most important
finding was the heterogencity of the values obtained for all
enzymes. We thoughl. that measuring enzyme activitics in
the peritumoral (non-cirrhotic!) tissue could provide "nor-
mal" activity levels. However, the range of values ques-
tions the existence of "normality”. instead suggests that
the tumors influenced individually the peritumoral cells,
mainly hepatocytes. Nevertheless, the means (Table 1.)
were very similar with one exception: the GGT activity
increased in the peri-HCC tissue.

Regarding the lesions, average cnzyme aclivity in
adenoma samples showed the same pattern as the "nor-
mal”. This was the case in one group of FNH samples
(FNH II), while in the other (FNH I), enzyme activitics

Table 1. Cytochrome P-450 content, glucose-6-
phosphatase and gamma glutamyl transpeptidase activ-
ity in human liver

cP-450nM/mg  G-6-Pase GGT M
: . . . p-nitro ani-
microsomal-  mM/Pi/min/ . s
. . line/min/mg,
protein mg protein .
protein
liver# 0.55x0.3 34.43+21. 36.00x14.1
adenoma 0.32+0.2% 24.54+22 (% 35.75x16.5%
liver# 0.51+0.3 32.92+17.0 46.45+293
FNHT 0.03+0.03 2.50+1.9° 233.90+179.6"
FNH 11 0.55+0.2% 30.78+14.3 49.22+33.80
Liver# 0.48x0.3 36.76x20.1 87.7+69.3
HCC 0.16£0.2° 2020184 127.04+187.9%

# peritumoral (host, "normal™) liver; S - significant, p<0.003; * ~ non
signiticant
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were similar to those observed in rat chemical car-
cinogenesis. A signiticant decrease of ¢P-450 and G-6-
Pasc appeared in HCC. together with elevated GGT activ-
ity. As mentioned, increased GGT was also characteristic
for the peritumorous tissue surrounding HCC. On the
other hand significant average value variability of individ-
ual twmors was found (Table 2.). Increased GGT and
decreased G-6-Pase was measured only in a {raction of
HCC samples (10718 and 5/18 respectively). The most
consistent alteration was the decrease of ¢P-450 (12/18).

Table 2. Marker enzyme alteration in individual human
liver tumors

HCC
Flost  Lesion

Adenomn FNH
Host Lesion THost Lesion

Marker
alteration

Decreased (-6-Pase

{(<15nmol

Pi/min/mg prot.) 0/3 1/5 1/4
Decreased cPP-450
(<0.2nmol/mg

prot.) 0/3
Increased GGT

(> 50mU/mg prot.) 1/3 0/5 1/4 3/13 11/13 10/18

7/13 1/13 5/18*

1/5 1/4 5/13 2/13 12/18

The great variance in the aclivity of marker enzymes raises
serious problems with our attempt to [ind a connection
between preneoplastic and neoplastic liver lesions. Appar-
ently, cnzymatic changes in the tumors could be induced by
inadequat blood supply, drugs consumed prior to surgery and
other factors not associated with the neoplastic proliferation
or progression, The etiology of a liver tumor also may influ-
cnce the marker enzyme changes. In fact, it was documented
in our previous study that only very modest changes in
marker cnzymes developed in MC 29 virus induced
hepatoma.”” Hepatomas induced with peroxisome prolifera-
tors do not contain clevated GGT activity either.” The pres-
cncee of cirrhosis 1s also capable of modifying enzyme activ-
ities.'” Although several fuctors may determine the behav-
iour of these "marker” enzymes, their occurence is just an
lustration of tumor heterogeneity. In other words, it sup-
ports the idea that different tumors are built up from cells
with diverse phenotypes.

As a whole, our study tailed o show characleristic changes
in the activity of certain enzymes in human liver adenomas,
FNHs and HCCs. Although these enzymes might be useful
markers in rat liver carcinogenesis, their changes are rather
model-specific, and show little or no significance in the
biological behaviour of human liver tumors,
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