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The metastatic potential of rat prostate tumor variant R3327-MatLyLu
is correlated with an increased activity of N-acetylglucosaminyl
transferase III and V
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Enzyme activities of N-ugetylglucosaminyltransferase (GleNAc-Tase) [-V involved in N-linked complex-type eacbohydrate synthesis were deter-
mined in 4 non-metastatic hormone-dependent rut prostate tumor (RA327-H) and u reluted, hormone-independent variant metastasizing to lymph
nodes and lungs (R3327-MautLyLu). In the metustusizing variant a significantly inereased aetivity of both GleNAe-Tase [l and GleNAe-Tuxe V
was observed, whereas the activities of GleNAe-Tase [ and 11 were essentially unehanged. The increuse in sctivity of GleNAe-Tase [11 is purticularly
noteworthy since it indicates that clevated expression of this enzyme ¢annot be considered as un exclusive marker of hepatic malignancy.

N-Acetylglucosaminyltransferase; Metastasls; Rat prostate tumor; R3322-MatLyLu

1. INTRODUCTION

Prostate cancer is one if the major lethal malignancies
in males, and death is always caused by metastasis to
lungs. skeleton or lymph nodes {1]. The R3327 prostate
tumor in the Copenhagen rat is often used to investigate
the process of prostate tumor cell mstastasis. Several
R 3327 tumor variants have become available, with dif-
ferences in hormone sensitivity, metastatic potential
and target organ specificity [2]. We have used two of
these variants, the R3227-H variant (hormone-sensitive
and non-metastasizing) and the R3327-MatLyLu vari-
ant (hormone-insensitive and metastasizing to lymph
nodes and lungs), to investigate the possible role of cell
surface carbohydrates in the metastatic process.

Malignant transformation of cells has often been
found to be associated with an increase in the average
molecular weight of N-linked complex-type cell surface
carbohydrates [3-10). This increased molecular weight
has been attributed to increased branching on the tri-
mannosyl core caused by an elevated N-acetylglu-
cosaminyltransferase (GlcNAc-Tase) V activity [11,12],
to increased polyactosaminoglycan fermation [8,10,13]
or to increased sialylation [6,9]. Furthermore, a correla-
tion between GleNAc-Tase V activity and metastatic
behavior of cells was observed in murine MDAY-D2
cells [14] and in oncogene-transfected rat 2 fibroblasts
[15]. In NIH 3T3 cells expressing the N-ras proto-onco-
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gene, an invasive potential was correlated with an in-
creased GleNAc-Tase III and V expression [10].

We have determined the activities of GlcNAc-Tase
1=V, enzymes that are involved in the synthesis on N-
linked complex-type di-, tri- and tetra-anteanary gly-
cans, in the R3327-H and the R3327-MatLyLu prostate
tumor variants to investigate whether there is a correla-
tion between altered glycosylation as indicated by
changed glycosyltransferase levels and metastutic po-
tential. We found that in the metastasizing variant the
activity of two of the branching GleNAc-Tases was sig-
nificantly increased.

2. MATERIALS AND METHODS

2.4, Mareriols

Qiigosascharide Munzl— 3{Manal— {Manal— GiMur ey 4
6)Manfl —4GleNAcS - AGleNA(Man GleNAg;) was = fed
from the urine of loco-intoxicated sheep [16), which was Kiug:y sup-
plied by Dr. CD. Warren (Massachuselts Genernl Hospi-
tal, Boston, MA). GleNAcSl— 2Manal— 3{Manal— 6)Ming-O-
(CHLCOOCH, (GA-3139A) was a kind gift of Dr. O. Hinsgaul
(University of Atberta, Edmonton, Alta.). Oligosacchurides
GlcNAgp! — 2Manal = H(GleNAeS| = 2Manal  —=6)- Munfl—
4GleNAe (di), GleNAgfl-» 2(GleNAcSl— 4Manal—
HGleNAcS = 2Manal —68)- Mang | —=4GleNAc (tri), GleNAcS1—
2Manal -3 GCleNAcS1-4) (GleNAcS! =»2Manzl—6)- Munfl—
AGleNAc (bis) and GleMNAcS1— 2Man al— HGlcNAcSI—
AGleNAgS »E)Mun a1-6)- Mungl -»4GleNAc (tri’) were obtained
by B-galuctosidase (juck bean) digestion [17] of the corresponding
J4-galactosylated compounds, which were Kindly donated by Dr. G.
Strecker (Université de Lille, Villeneuve d'Ascq. Frince). Amberlite
IRA-743 wus obtuined from Sigma (St. Louis, MQ).

UDP.[“C]GleNAc (302 Ci/mol) was abtained from Amersham In-
ternational (Amersham, UK), and UDP-PH]GlcNAe (18.5 Ci/mol)
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from Dupont-New England Nucteur (Boston, MA). Unlabeled UDP-
GieNAc was purchased from Sigma (St Louis, MO). The unlabeled
sugar nucleotide was used to dilute the radiouctive compounds 1o the
desired specific radionctivity. All other chemicals were of the best
quality availuble from commereinl cources.

22, Tumars

Copenhagen rats, ariginally ahiained from the Mummalian Genet-
ics und Animal Production Ssction, Nationa! Cancer Institute, Be-
thesdis, MD, were bred (brother x sister) und housed in our animal
facilities uccording to the institutional animul wellare regulutions, The
R3327-MutLyLu tumor (hormone-insensilive and metustasizing to
lymph nodes and lungs) and R3327-H tumor (hormong-sensitive and
non-metasiasizing) were originally obtained from Drs. D.S, Coffey
and J.T. Isaucs (Johns Hopkins School of Medicine, Baltimeore, MD).
They have been maintained by subcutancaus transplantation in cus-
trated and intaet male Copenhagen cuts, respectively (18] OF each
tiemor vagiant, specimens {rom three different ruts were analyzed.

2.3, Buzvuwe prepuarations

Tumers were dissecied from the animals and cut into small pleces
and homeogenized in 10 mM sodium cacodylate, pH 7.0, using i Poly-
tron homogenizer, The homogenate contained 315-90 mg protein per
ml and was stored at ~20°C until use, Under thiscondition the enzyme
preparations retained full activily for at least 6 months. The protein
concentration was determined according to Peterson [19)

2.4, Glycosyliransferase assays

The methods for assaying the astivity of GleNAe-Tuse [ and 1T were
maodified from Harpaz and Sshachter [20). Incubution mixtures con-
sisted of 50 nmol Mun GlcNAg, (GleNAe-Tuse I) or 100 nmao! oligo-
sacchuride GA-3139A (GleNAc-Tuse I1), 70 nmol UDP-['H]GlcNAc
(specilic radionctivity 1 Ci/mal), § gmol 2-(N-morpholinsjethune~
sulfonate (MES) buffer, pH 6.3, | gumel MnCl,, 0.1 22 Triton X-100
and ccll homogenate (0.35-0.9 mg of protein) in 4 tatal volume of 50
). Incubations were conducted for 1-2 b ut 37°C, In the case of
GlcNAc-Tase 1 the reaction was stopped by the addition of 450 u! of
H,O and the miature was passed through a | ml column of Dowex LX8
(100~200 mesh), Cl™-form, The cluate and 3 washes of 0.5 ml of H.O
each were colleeted and radioactivily incorporuted into the aeceptor
oligosaceharide was counted by liquid scintillation. In the assuy of
GleNAc-Tuse [T the reaction was stopped by the addition of 5 mi of
FLO. Sepuration af the lubelled oligosuecharide product from the
radiouctive si:gar- Jonor substrate was curried out using Sep-Pak C-18
reverse-phase cart “ictaes (Water, Milford, MA) according to Paleic et
al. [24] The aetivities of GleNAC-TASE 111, IV und V were determined
simultaiaousty using oligosuccharide di as a common uceptor sub.
strate. Incubations were canducted for 16 h at 37°C us described by
Koendenaun et al. [17). The reaction was stopped by adding 0.5 ml
H,O und pusing the mixture through o | mi column of Dowex 1-X8,
Cl-form. The column was washed twice with 0.7 m! H,0. To the
combined cluates 150 g 2.7 M NuBH/0.1 M NaOH was added and
the mixture was left at room temperature for | h. Excess of NaBH,
wiis destroyed by the addition of 4 M acetic acid, Cations were re-
moved by pussing the misture through a column of 0.5 mi Dowex
SOW.X16, H* form and borate was removed by pussiage over a 2 ml
column of Amberlite IRA-743 column. The columns were wished
with 4.0 ml H;0, and the eluate was lyophilized and dissolved in 100
Al H,O. Separation of the different products was sccomplished by
HPLC{17).

In all assuys, control incubations were carried out withoul acceptor
to correst for endogenous acceplor uclivily, Assuys were done for each
ral tumor homogenute at least in duplicate. [n the HPLC assays
radiolabeled references were added to allow correct product identifica-
tion.
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3. RESULTS AND DISCUSSION

In this study we investigated the possible correlation
between aberrunt N-glycosylation and tumor cell metas-
tasis. The activity of GlcNAs-Tase I-V was assayed in
two rat prostate tumor variunts, and for each enzyme
the activity in the R3327-MatLyLu tumor relative to
that in the R3327-H tumor was taken as a measure for
the change in expression in the metastasizing cells.
GlcNAc-Tase [ and Il cach catalyze a committed step
in the synthesis of N-iinked complex-type di-antennary
glycans [20], while the other enzymes are involved in the
formation of bisected (GlcNAc-Tase 111} [22] and tri-
and tetra-antennary (GleNAc-Tase IV and V) [23,24)
structures. The R3327-H tumor is hormone-dependent
and grows well in intact animals but not in castrated
rats, while the hormone-independent R3327-MutLyLu
tumor grows equally well in intact and castrated ani-
mals [18]. Therefore the differences observed in the ac-
tivities of the enzymes between the two wvariants are
most likely due to an acquired genetic disposition rather
than to hormonal influences.

No significant difference between the two variants
was observed in the activity of GlcNAc-Tase 1 and
GleNAc-Tase II (Table I). This indicates that the poten-
tial to synthesize N-linked complex-type glycans is the
same in both tumors. However, the activity of GlcNAc¢-
Tase HI was highly increased in the metastasizing vari-
ant, while the activity of GleNAc-Tase V was clevated
to a lesser extent (Table I, Fig. 1). GlcNAc-Tase 1V
activity was below detection in either variant, although
we cannot rule out the possibility that some GlcNAc¢-
Tase IV activity is present in the M-variant (Fig. 1).

An increased activity of GlcNAc-Tuse V has been
correlated with malignant transformation in several
cuses [10~12.14,15]. In a number of these cases elevation
in the expression of this enzyme was associated with
metastasis or invasive potential,

Increased activity of GlcNAc-Tase Ill, on the other
hand, has been suggested to be a marker specific of
hepatic malignancy, as high activities of this enzyme
have been reported in rat [17,25] and human {26}

Tuble 1

N-Acetylglucosaminyltransferase (GleNAc-Tuse) activitics
(nmol-mg™! protein-h™") in the non-metastatic. hormone-dependent
R3327-H and the metastatic, hormone-independent R3327-MutLylu

rat prosiate tumor varianls

GlecNA- Linkage formed Aclivity in Aclivity ratio
Tase (R3327-
R3327:¢1  R3327. MatLyLu
MatLylu  R3327-H)
1 GlcNAcI=2Munzl~3 4.7 50 1.1
1 GleNAcS1=2Manal—6 10.3 14.2 1.3
Il GleNAcSl=4Mungl-s4 002 0.13 6.5
1V GleNAcfl=4Munal=3 <0.003 <0.005 -
v GleNAcSI=6Muanal—=6 0.00: 0.013 2.6
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Fig. 1. Assay of GleNAe-Tuse 111, 1V and ¥ activities by HPLC,
Trunsferuse activitics ware measured in homogenates of the R3327-H
(Q) and the R3327-MatLyLu (@) prostite tumor variants using oligo-
succhuride di us the aceeptor substrate. After incubation the praducts
of glyeosyliransferuse uction were isolaied and reduced us described
in section 2. Analysis of the resulting materiat was performed on a
Lishrosorb-NH. column. Elution wux cucricd out at a flow rate of 2
mi-min™! using a lineur gradient of acetonitrile/l S mM potussium
phosphate, pH 8.2, sturting at 4:] (viv) und decreasing acetonitrile by
0.2%:min""' [17). The arrows indicate the elution pasiton of the reduced
forms of (1) the substrate (di). und the products of (2) GleNAc-Tase
1V (tri), (3) GleNAe-Tase 111 (pis) und (4) GleNAe-Tase V (tri’).

hepatomas. prencoplastic hepatic nodules {27]. and in
human liver cirrhosis (a condition that may result in the
development of a primary hepatoma) {26]. In rat
hepatomas the increased GlcNAc-Tase III activity was
shown to correlate with the presence of bisected struc-
tures on glycoproteins of hepatoma origin while these
structures were absent on glycoproteins produced by
normal liver [28,29]. Recently we have reported an in-
creased activity of GleNAc-Tase [I1 to occur in mouse
NIH 3T3 fibroblasts expressing the human N-ras proto-
oncogene [10]. This result correlated well with lectin
binding studies of surface glycopeptides of NIH 3T3
cells transfected with ras-oncogenes, which showed an
increased affinity for E-PHA (4], a lectin specific for
bisected structures (30]. By analogy, based on the resuits
obtained in the present study, we predict that an in-
creased amount of bisected structures will also be pres-
ent on the R3327-MatLyLu cells. Elevated levels of
GlcNAc-Tase [ and bisected structures therefore are
not an exclusive characteristic of neoplasia of the liver.

Moreover, it should be noted that the presence of
bisected structures at the cell surface or on circulating
glycoproteins, as such is not necessarily indicative of a
malignant status, Apart from the cases mentioned
above, bisected structures have also been found on a
number of normal glycoproteins, including ovalbumin
[31]. ovotransferrin [32], and ovomuceid [33] from hen
oviduct: human red blood cell band 3 glycoprotein [34]
and glycophorin (35], and y-glutamyltranspeptidase
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from bovine [36], rat {37] and human kidney [38]. How-
ever, although the presence of bisected structures is a
normal characteristic of some glycoproteins, an aber-
rantly increased expression of GleNAc-Tase IIT and its
products may well be correlated with malignant trans-
formation and a metastutic potential.

Although recently some lectin-binding studies have
been performed with R-3327 tumor variants none of
them have provided information about the amount of
bisected and tri’-antennary structures [39-41]. How-
ever, based on our results we expect an increased
amount of N-linked tri-untennary structures to aceur
on the R3327-MatLyLu cells. in addition to the above
mentioned increase in bisected structures. Since tumor
cell adhesion is thought to play an important role in the
establishment of site-specific tumor metastasis [42), and
carbohydrate structures may act as specific ligands in
cell-cell adhesion processes [43] it is tempting to specu-
late about a role of the incrensed amount of bisected and
tri‘-ahtennary structures in the R3327-MatLyLu vari-
ant in its metastasis to lymph nodes and lungs.
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