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ABSTRACT

The LEC (Long-Evans with a cinnamon-like color) rat is a mutant of

the Long-Evans strain which develops hereditary hepatitis and hepatoma
with age. Activities and mRNA levels of A'-acetylglucosaminyltransferase

III and V (GnT-III and GnT-V, respectively) were determined during
hepatocarcinogenesis in this rat using a LEA (Long-Evans with an agouti
color) rat as a control. GnT-III activity in LEC rat liver increased after 30
weeks of age, at the stage of chronic hepatitis, to about 2.5-11.5 times the
level in LEC rats aged 1-9 weeks. GnT-V activity in the LEC rat liver

increased after 20 weeks of age, at the stage of acute hepatitis, to about
1.5-2.5 times the level in LEC rats of 1-9 weeks of age and then remained

elevated. Both enzymes showed more dramatic increases in males than in
females. The mRNA levels of the enzymes increased in proportion with the
enzyme activities. Furthermore, GnT-III and GnT-V mRNAs were highly

expressed in both cancer lesions and adjacent tissues. In one case of
hepatoma with lymph node metastasis, GnT-III and GnT-V mRNA ex

pression was much higher in the metastatic lesion than in the original
cancer. GnT-III and GnT-V levels in the original cancer lesion were similar

to those in the cancer lesions of the other LEC rats. These results indicated
that expression of GnT-III and GnT-V was induced by chronic liver dam

age and hepatocarcinogenic changes in the LEC rats.

INTRODUCTION

UDP-yV-acetylglucosamine: ÃŸ-mannoside ÃŸl,4 /V-acetylglucos-
aminyltransferase (Gn-T/III)2 and UDP-yV-acetylglucosamine: a man-

noside ÃŸl,6N-acetylglucosaminyltransferase (GnT-V) are key en
zymes in the branching of asparagine-linked oligosaccharides (1-3).
GnT-III catalyzes the attachment of a A'-acetylglucosamine residue to
ÃŸl.4mannose in the core region of A'-glycans (see the assay procedure
in Fig. 1). GnT-V catalyzes the attachment of a A'-acetylglucosamine
residue to the 6-position of the mannose a-1, 6 arm (see Fig. 1).
High GnT-III activity has been observed in hepatic nodules of rat
liver (4-7) and in other tumor cells (8, 9), and increased GnT-V ac

tivity has been shown to correlate with the metastatic potential of
both rodent and human tumor cells (10, 11). The patterns of expres
sion of these enzymes during carcinogenesis have not, however,
been delineated. Recently we purified GnT-III from rat kidney and
cloned its cDNA (12). We have also purified GnT-V from QG cells

(human lung cancer cells) (13) and obtained some cDNA clones (see
"Materials and Methods").

The LEC rat is a mutant strain that was established from a closed
colony of the Long-Evans strain. The mutant rats spontaneously de
velop acute hepatitis at 12â€”16weeks of age, followed by chronic

hepatitis, and eventually spontaneous hepatocellular carcinoma (14,
15). Recent reports have shown that the hepatic changes in LEC rats
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are closely associated with copper accumulation in the liver (16, 17).
Consequently, the LEC rat is both a model for Wilson's disease and a

good experimental model for hepatocarcinogenesis. In this study, the
expression of GnT-III and GnT-V was investigated in LEC rats during

hepatocarcinogenesis.

MATERIALS AND METHODS

Animals. Animals were maintained at the Institute of Experimental Animal
Science, Osaka University Medical School, and were killed under light ether
anesthesia. Because LEC rats develop hepatitis followed by spontaneous hepa
tocellular carcinoma (14), livers from LEC rats were examined at various
developmental stages after birth. The first symptom of acute hepatitis is jaun
dice, which is usually observed at 10-12 weeks of age after birth. High levels

of serum glutamic pyruvic transaminase activities are maintained from this
stage until 19-20 weeks of age. Most of rats (50-80%) die due to iluminan!

hepatitis at this stage. The other rats develop chronic hepatitis followed by
spontaneous hepatoma after 30 weeks of age (18). In this study, the LEC rats
were divided into 4 groups according to the clinical stage: first stage, 1-9 W
(before hepatitis); second stage, 10-19 W (early acute hepatitis); third stage,
20-29 W (recovery from acute hepatitis); fourth stage, 30 W- (chronic hepa

titis and hepatoma). Cancer lesions and uninvolvcd adjacent liver tissues
were carefully excised from 52-week-old animals. They were stored at -80Â°C

until used. The LEA rat, which is a sibling line of the LEC rat but does not
develop hepatitis or hepatocellular carcinoma, was used as a control in some
experiments.

Northern Blot Hybridization. Total RNA was prepared from livers stored
at -80Â°C according to Chimczynski and Sacchi (19). Poly(A)+ RNA was

purified with an oligo(dT)cellulose column (Pharmacia). RNAs were electro-
phoresed on 1% agarose gel and were transferred onto a Zeta-probe (BioRad)

membrane by capillary action (20). The membrane filter was hybridized with
3-P-labeled GnT-III or V cDNA at 42Â°Cin hybridization buffer (20). About

1360 base fragment lying between Hindlll sites was used as the GnT-III probe
(12). The GnT-V probe was produced by the following methods. Partial amino
acid sequences of tryptic peptides of purified GnT-V (13) were determined as
follows: T-10, Thr-Pro-Trp-Gly-Lys; T-12, Asn-His-Gly-Ile-Leu-Ser-Gly;
T-13, Asn-Ile-Pro-Ser-Tyr-Val; T-18, Val-Leu-Asp-Ser-Phe-Gly-Thr-Glu-
Pro-Glu-Phe-Asn-His-Ala: T-21, Asn-Thr-Asp-Phe-Phe-Ile: T-23, Asn-
Leu-Gln-Phe-Leu-Leu.

We selected T-18 and T-21 from these peptides and synthesized oligonu-

cleotides predicted from the amino acid sequences. Underlined sections of the
above peptide sequences were used for the design of oligonucleotide primer
(Fig. 2). About 500 base nucleotide was obtained by polymerase chain reaction
reaction, using rat kidney cDNA as template. It was subcloned into Bluescript
II KS+ (Stratagene) by EcoRl digestion, and then it was sequenccd. The other

amino acid sequences, T-10, T-12, T-13, and T-23, were found in the obtained
clone (Fig. 2). This oligonucleotide was thought to be partial GnT-V cDNA and
was used as a specific probe for GnT-V mRNA detection.

The filter was washed at 55Â°Cwith 2 X SCC (1 X SSC, 15 HIMsodium

citrate and 150 mw NaCL, pH 7.0) and 0.1% sodium dodecyl sulfate twice,
0.2 X standard saline citrate, and 0.1% sodium dodecyl sulfate twice and then
exposed to X X-ray film (Kodak) with an intensifying screen for 6 days
at -80Â°C.

Preparation of Crude Extract and Assay of GnT-III and GnT-V Activ

ities. The liver samples and hepatoma tissues were homogenized in 4 volumes
of 10 niM Tris-HCl buffer, pH 7.4, containing 0.25 M sucrose. After centrifu-

gation at 900 X g for 10 min, the supernatants were collected and used as crude
enzyme preparations. GnT-III and V activities were assayed using a fluores-
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Fig. 1. The assay procedure of GnT-III and GnT-V. GlcNAc, /V-acetylglucosamine: Man. mannose; PA, 2-aminopyridine.

cence-labeled, pyridylaminated biantenary sugar chain as a substrate (21).

Details of the standard assay were described previously (7, 22). The scheme for
the assay was described in Fig. 1. Protein concentrations were determined with
a bicinchoninic acid kit (Pierce) using bovine serum albumin as a standard.

RESULTS

Age-related Changes in GnT-III and GnT-V Activities. The pat
terns of induction of GnT-III and GnT-V in hepatocarcinogenesis were

investigated by examining the activities of these enzymes in the LEC
rat liver at various ages. The LEC rat develops hereditary hepatitis at
12-16 weeks of age, and GnT-III activity was low before this stage.
GnT-III activity increased after 30 weeks of age, at the stage of
chronic hepatitis (Fig. 3). In contrast, GnT-V activity increased after

20 weeks of age, during the transition from acute hepatitis to chronic
hepatitis (Fig. 4). For both enzymes, the increases were more remark
able in male rats than in female rats. In normal LEA rats, the enzyme
activities were maintained at low levels.

Age-related Changes in GnT-III and GnT-V mRNA Expression.
Northern blot hybridization analysis was used to follow mRNA ex
pression. GnT-III mRNA was detected as a 4.7-kilobase band, and
GnT-V mRNA was detected as 6.6- and 3.5-kiIobase bands (Fig. 5).
The level of GnT-III mRNA dramatically increased at 32 weeks of
age, while GnT-V mRNA increased at 20 weeks of age and then was

maintained at a high level. All 3 mRNA species were scarcely detect
able before 12 weeks of age, although faint bands were observed at 8
weeks of age. The patterns of mRNA expression were consistent with
the levels of enzyme activity.

primer

A specific probe

Partial amino
acid sequences
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Fig. 2. Schematic structure of a specific probe for GnT-V mRNA detection. Sense and
antisense oligonucleotides were used as primer for polymerase chain reaction as described
in "Materials and Methods." Sense 18: ggaattcGARCCNGARTTYAAYCAYGC; Anti-

sense 21 : ggaattcATRAARAARTCNGTRTT (Single letter code: R = A or G; Y = C or
T; n = A or C or G or T). T-12', T-13', and T-21' are consistent with the amino acid
sequence of human GnT-V. T-l 8' andT-23' are consistent with those of the human GnT-V

except one amino acid. H, restriction site of///Â«dill.

GnT-III and GnT-V mRNA Expression in Cancer Lesions and
Uninvolved Adjacent Tissues. The expression of GnT-III and
GnT-V mRNA was investigated in hepatoma lesions and adjacent
tissues (Fig. 6). High expression of GnT-III mRNA was observed in
both cancer lesions and adjacent tissues. The level of GnT-III mRNA
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Fig. 3. GnT-III activity in LEC and LEA rat liver during hepatocarcinogenesis. The
activity was determined according to the method described in "Materials and Methods."

The tissue sources were total livers derived from LEC and LEA rats of various weeks of
age. Bars, means from 1â€”4male LEA rats {â€¢),female LEA rats (D), male LEC rats {â€¢).

and female LEC rats (D). Vertical lines, SD of each group.
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Fig. 4. GnT-V activity in LEC and LEA rat liver during hepatocarcinogenesis. The
activity was determined according to the method described in "Materials and Methods."

The tissue sources were total livers derived from LEC and LEA rats of various weeks of
age. Bars, the mean for one to four male LEA rats (B), female LEA rats (D). male LEC
rats (â€¢).and female LEC rats (D). Vertical line*, SD of each group.
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Fig. 5. Expression of GnT-III and GnT-V mRNA during hepatocarcinogenesis in LEC
rats. Poly(A)* RNAs (3 /j.g) extracted from the total livers of LEC rats at different
developmental stages after birth were analyzed using rat GnT-III cDNA (A ) and rat GnT-V
cDNA (B). The liver sample from the 52-week-old LEC rat was noncancerous surround
ing tissues which was carefully excised from the cancer lesion. Hybridization with ÃŸ-actin
cDNA was used for controls (C).
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Fig. 6. Northern blot analysis of GnT-III and GnT-V mRNA in cancer lesions and
uninvolved adjacent tissues. Northern blot analysis was performed with total RNA (30 Â¿ig)
of normal liver from 8-week-old LEC rats (Lanes 1-3), uninvolved adjacent tissues from
52-week-old LEC rats (Lanes 4-6 ), and cancer lesions from the same 52-week-old rats
(Lanes 7-9). Paired Lanes 4 and 7,5 and 8, and 6 and 9 each contained RNA samples from
the same rat. Hybridization was performed with GnT-III cDNA (A ) and GnT-V cDNA (B )
as described in "Materials and Methods." Ethidium bromide staining showed comparable

amounts of RNA in each lane (C).

was much higher in one of the three cases evaluated than in the others.
In contrast, the mRNA levels of GnT-V were higher in cancer lesions
than in adjacent tissues. There was no correlation between GnT-III and
GnT-V expression in LEC rat hepatoma.

GnT-III and GnT-V Expression in a Metastatic Lesion. Among

five LEC rats aged 52 weeks, there was one case of hepatoma with
metastasis at the paraaortic lymph node. Expression of GnT-III and
GnT-V mRNA was investigated in this case (Fig. 7). The mRNA

expression was remarkably higher in the metastatic lesion than in the
original hepatoma or the adjacent tissue.

DISCUSSION

GnT-III catalyzes the addition of a bisecting A'-acetylglucosamine
in complex A'-linked glycans. The enzyme activity is very low in

normal rat liver and increases with malignant transformation (4, 6).
Narasimhan et al. (4) reported that GnT-III was induced at the pre-

neoplastic stage of hepatocarcinogenesis promoted by orotic acid.
Herein we have shown that GnT-III activity in the LEC rat liver

increased dramatically after 30 weeks of age, at the stage of chronic
hepatitis (Fig. 3). This increase in activity resulted from an increase in
expression of GnT-III mRNA (Fig. 5). Furthermore, high levels of the

mRNA were detected both in cancer lesions and in adjacent tissues of
52-week-old LEC rats (Fig. 5). Pascale et al. (5) previously reported
that high GnT-III activity was not detectable in tissues surrounding

hepatic nodules in various rat models of hepatocarcinogenesis. This
difference may be related to the cause of liver damage. The patho
logical changes in the LEC rat liver are diffuse (23), and even unin
volved tissues around the hepatoma can be considered preneoplastic
lesions. In human chronic liver diseases, serum GnT-III activity in

creased at the stage of liver cirrhosis as well as hepatoma (24). In LEC
rats, GnT-III was induced after chronic hepatitis. These phenomena
suggest that the changes in GnT-III expression are related to liver

regeneration or fibrosis.
GnT-V activity increased at 20 weeks of age, at the stage of acute

hepatitis. This increase might be due to cytokines secreted at the site
of acute inflammation. Nakao et al. (25) reported that interleukin 6
induced GnT-V in myeloma cells. Although high expression of GnT-V
has been correlated with metastatic potential (10), GnT-V activity in

Â«I
â€¢¿�GnT-l

1 2 3
â€¢¿�GnT-V

1 2 3

â€¢¿�ÃŸactin

1 2 3
Fig. 7. Northern blot analysis of GnT-III and GnT-V mRNA in a 52-week-old LEC rat

with lymph node metastasis. Total RNA (30 Â¡ig)from the adjacent tissue (Lane 1 ), cancer
lesion (Lane 2), and the metastatic lymph node (Lane 3) were analyzed by Northern blot
hybridization. Hybridization with ÃŸ-actincDNA was used as the control.
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a case of LEC rat hepatoma with lymph node metastasis was not
unusually high (data not shown) and no metastatic lesions were ob
served in two cases of hepatoma with high activities of GnT-V. None
theless, GnT-V mRNA expression in the metastatic lymph node was
much higher than that in the original hepatoma (Fig. 7). GnT-III
mRNA was also induced in the metastatic lesion. Because GnT-III and

V mRNAs could not be detected in normal lymph node, activities of
these enzymes were examined in lymphocytes. The activities were not
high in comparison with those of other organs (data not shown). These
results indicated that a clone with high activity of GnT-III and GnT-V

moved to the lymph node and proliferated there.
The increases of GnT-III and GnT-V activities were more remark

able in male rats than in female rats. In LEA rats, the normal controls,
no increase of GnT-III or GnT-V was observed in aging of either male

or female rats. Furthermore, few differences have been observed in the
incidence of hepatoma or neoplastic lesion between male and female
LEC rats (18). Consequently, induction of GnT-III and GnT-V appears

to be due primarily to hepatocarcinogenic changes. An augmenting
effect of male hormones or a suppressing effect of female hormones
could account for the observed differences in enzyme levels.
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