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ABSTRACT

Structures of .Y~linked sugar chains are species and tissue specific and

change in the course of tumorigenesis. Sialyl linkages of human placenta!
glycoproteins are exclusively Neu5Aca2â€”>3Gal, whereas Fucalâ€”>2Gal
and Neu5Aca2â€”Â»6Galresidues are expressed in human chorionic gona-

dotropin and alkaline phosphatase, which are produced in human chori-
ocaranoma JEG-3 and BeWo cells. In the present study, to elucidate the

enzymological and molecular biological basis of the structural changes
that occur in the course of tumorigenesis, alâ€”Â»2fucosyltransferase, a2â€”Â»3
and Â«2 â€¢¿�<>sialyltransferase activities, and the expression levels of the
corresponding niRYYs were measured. The a2â€”>3sialyltransferase ac
tivity did not change as a result of tumorigenesis; however, the Â«2-6
sialyltransferase activity and alâ€”>2fucosyltransferase activity in JEG-3

and BeWo cells increased to levels several times higher than those in
placenta. Competitive PCR analysis showed that the expression levels of
niRNA encoding alâ€”Â»2fucosyltransferase and mRNA encoding Â«/2â€”¿�

osialyltransferase increased significantly as a result of tumorigenesis,
indicating that such structural changes are regulated at the level of
transcription of these glycosyltransferase genes.

INTRODUCTION

The yV-Iinked sugar chain structures of secretory and nonsecretory

glycoproteins change tissue specifically in the course of tumorigene
sis, resulting in abnormalities of controlled cellular interactions (1-3).

In preliminary experiments, it was suggested that hCG1 derived

from the serum of a patient with choriocarcinoma contained not only
Siao2â€”*3Gal but also Siaa2â€”*6Gal residues, as indicated by its
behavior on a Siaa2â€”*3Gal/31â€”*4GlcNAc-specific MAL-Sepharose
column (4) and on a Siaa2â€”Â»6Gal/31â€”>4GlcNAcspecific TJA-I-

Sepharose column (5), although the AMinked sugar chain structures of
hCG, which is produced in human choriocarcinoma and secreted, had
already been reported to be different from those of human placenta (6,
7). The hCG in human placenta contains three moles of a2â€”>3
sialylated biantennary sugar chains and one mole of a2â€”Â»3sialylated

monoantennary sugar chain per mole, whereas the hCG in the urine of
patients with choriocarcinoma contains Â«2â€”Â»3sialylated C-2,4 or C-2,
C-2 biantennary sugar chains and Â«2â€”>3sialylated C-2 and C-2,4

branched triantennary sugar chains. The sialyl linkages of human
placenta! glycoproteins including hCG (6), ALP (8), and glucocere-
brosidase (9) are reported to be exclusively Siaa2â€”>3Gal, and the
levels of a2â€”Â»3sialyltransferase enzymatic activity and the levels of

expression of ST3Gal IV mRNA have been reported by Van den
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Eijinden and Schiphorst (10), and Kitagawa and Paulson (11), respec
tively. Thus, in an effort to elucidate the relationship between the
sugar chain structures and the levels of expression of glycosyltrans-

ferases in human choriocarcinoma, we comparatively studied the
AMinked sugar chain structures of ALPs produced in human placenta
and human choriocarcinoma JEG-3 and BeWo cells, using various
types of lectin column chromatography, which allowed us to semi-

quantitatively monitor the specific sugar chain moieties. Also, the
levels of enzymatic activity of several glycosyltransferases and the
levels of expression of the corresponding mRNA as determined by the
competitive PCR method were compared.

MATERIALS AND METHODS

Materials. Fresh human term placenta and serum from a patient with
choriocarcinoma were obtained from Juntendo University Hospital (Tokyo.
Japan). The human choriocarcinoma cell line JEG-3 was kindly provided by

Dr. S. Sekiya (Chiba University School of Medicine, Chiba. Japan). The
human choriocarcinoma cell line BeWo (JCRB9111) was obtained from the
Health Science Research Resources Bank (Osaka. Japan). CMP-Neu5Ac.
UDP-GlcNAc, and GDP-Fuc were purchased from Sigma Chemical Co. (St.
Louis. MO). UDP-[3H]GlcNAc (317 Bq/nmol), CMP-['H]Neu5Ac (250 Bq/
nmol), and GDP-|'H]Fuc (192 Bq/nmol) were obtained from DuPont NEN

(Boston, MA). Diplococcal /3-galactosidase was purified from the culture fluid
according to the method of Glasgow et al. (12). Corynebacterium a-L-fuco-
sidase was purchased from Takara Shu/.o Co. Ltd. (Kyoto. Japan), and Ar-
throbacler ureafaciens sialidase and /V-acetyllactosamine were from Seika-
gaku Co. (Tokyo, Japan). RCA-I-agarose (4 mg/ml gel) and LCA-agarose (4
mg/ml gel) were from HÃ¶hnen Oil Corp. (Tokyo. Japan). TJA-I (5). TJA-II

(13), MAL (4), and DSA (14, 15) were purified according to the cited
references and bound to CNBr-activated Sepharose 4B (16). ConA-Sepharose
(10 mg/ml gel) and CNBr-activated Sepharose 4B were from Pharmacia
Biotechnology Co. Ltd. (Uppsala, Sweden). WFA-agarose (3 mg/ml gel),
GS-1-agarose (3 mg/ml gel). GS-II-agarose (3 mg/ml gel), and HPA-agarose

(3 mg/ml gel) were purchased from EY Laboratories. Inc. (San Mateo. CA).
Manal-Â»3Mam31^4GlcNAc and GalÃŸl^4GlcNAcÃŸl-Â»2Manal-Â»3/(6)
ManÃŸl-*4GlcNAc (Gal-GIcNAc-ManvGIcNAc) were obtained from the urine

of a-mannosidosis (17) and GMrgangliosidosis (18) patients.
Cell Culture. The human choriocarcinoma cell line JEG-3 was cultured in

RPMI 1640 (Life Technologies. Inc.) supplemented with 10% FCS. The BeWo
cells were cultured in Ham's F12K medium (Life Technologies. Inc.) supple

mented with 15% FCS. In each instance, the cells were cultured until nearly
confluent, harvested, and frozen at -80Â°C until use.

Preparation of Microsomes from Human Placenta, JEG-3, and BeWo
Cells. All procedures were performed at 4Â°C.Tissues. JEG-3 cells, and BeWo

cells were each immersed in nine volumes of PBS. homogeni/.ed with a
Potter-Elvehjem type homogenizer at 1000 rpm. and then centrifuged at

300 x g for 5 min. The supernatant tractions obtained were centrifuged at
100,000 X g for I h. The precipitated crude microsomes were suspended in
200-300 fil of PBS and kept at -80Â°C until use.

Preparation of Crude ALP from Human Placenta, Human Choriocar
cinoma JEG-3 Cells, and BeWo Cells. The microsomes (2 mg of protein)

prepared from each source were suspended in 50 fil of PBS and digested with
PI-PLC (100 milliunits) at 37Â°Cfor 2 h. The digests were centrifuged at
100,000 X g for 1 h, and the supernatants were kept at -80Â°C until use.

Affinity Chromatography of ALP and hCG on Immobilized Lectin
Columns. Columns containing I ml of ConA-Sepharose. RCA-agarose, DSA-
Sepharose, LCA-agarose. TJA-I-Sepharose. MAL-Sepharose. or TJA-II-
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Sepharose were equilibrated with 10 mM Tris-HCl (pH 7.4) containing 0.02%

NaN, and 0.15 M NaCl (TBS). The alkaline phosphatase was dissolved in 100
Â¿Â¿1of TBS and applied to the column, which was then kept at 4Â°Cfor 15 min.
Elution was started with 5 ml of TBS at 4Â°C,followed by 5 ml of TBS

containing methyl-a-D-mannopyranoside (0.1 M for ConA and 0.2 M tor LCA
columns), lactose ( 10 mM for RCA, 10 mM for TJA-II, 0.1 M for TJA-I, and 0.4
M for MAL columns), or 1% N-acetylglucosamine oligomers (DSA column).

Measurement of ALP Activity. The enzymatic activity of crude ALP was
measured using />-nitrophenylphosphate as the substrate. One IU was taken as
the amount of en/.yme that hydrolyz.es 1 /Â¿molof p-nitrophenylphosphate per
minute at 37Â°C.

Glycosidase Digestion. The crude ALP was digested in one of the follow
ing mixtures at 37Â°C for 2 h: digestion with Arthrobacter sialidase, 100

milliunits of the enzyme in sodium acetate buffer, pH 5.0 (50 /Â¿I);digestion
with Corynehaclerium a-L-fucosidase, 50 milliunits of the enzyme in 10 mM
Tris-sulfate buffer, pH 8.0 (50 /il): digestion with diplococcal ÃŸ-galactosidase,
10 milliunits of the enzyme in 0.1 M citrate-phosphate buffer. pH 5.5 (50 /Â¿I):
digestion with Excherichia fremitili endo-ÃŸ-galactosidase, 100 milliunits of the

enzyme in 0.1 M sodium acetate buffer, pH 5.0 (50 /Â¿I).
Assay of otiâ€”>6and Â«2â€”Â»3Sialyltransferases. A 4-/Â¿lreaction mixture

consisting of 1.7 Â¿IMCMP-|'H]Neu5Ac (2.2 X IO5 dpm), 150 /Â¿MCMP-

NeuSAc, 0.1 M sodium cacodylate-HCl (pH 6.96), 10 mM MnCU, 0.5% (v/v)
Triton CF-54. 10 mM yV-acetyllactosamine. and appropriately diluted micro-
somes was incubated at 37Â°Cfor 40 min. The reaction mixture was heated at
100Â°Cfor 2 min to stop the reaction, and then the 'H-labeled products were

subjected to paper electrophoresis on Whatman No. 1 paper at 73 V/cm for l h
in pyridine:AcOH:H-,O (3:1:387, pH 5.4) to separate them from unreacted
CMP-|'H|sialic acid. Thereafter, the paper was dried, the radioactive trisac-

charides were detected using a RAYTEST radiochromatogram scanner (model
RITA-90). and extracted with water, and then the total radioactivity was

determined with a Beckman liquid scintillation spectrometer (model
LS6000L). The products were applied to a TJA-I-Sepharose column (0.6-cm
internal diameter x 3.5-cm length, equilibrated with TBS), which was washed

with 5 ml of TBS and then with 5 ml of TBS containing 0. l M lactose. The
fraction that passed through was applied to a MAL-Sepharose column.

Assay of alâ€”Â»2Fucosyltransferase. A 4-/Â¿lof reaction mixture consisting

of 0.1 M sodium cacodylate-HCl (pH 6.0), 10 mM MnCl2, 0.5% (v/v) Triton
CF-54. 4.8 /Â¿MGDP-['H]Fuc (2.2 x IO5 dpm), 150 /Â¿MGDP-Fuc, 5 mM

Gal'GlcNAc-ManyGlcNAc. and appropriately diluted microsomes was incu
bated at 37Â°Cfor 40 min. The reaction mixture was heated at 100Â°Cfor 2 min
to stop the reaction, and then the 'H-labeled products were applied to paper

electrophoresis on Whatman No. 1 paper at 73 V/cm for l h in pyridine:AcOH:
H2O (3:1:387, pH 5.4) to remove GDP-['H]Fuc. Thereafter, the paper was
dried, and the regions through which GDP-['H]Fuc had migrated were sequen

tially cut off. The paper was then developed ascendingly with the solvent
system (pyridine:ethylacetate:AcOH:H2O, 5:5:1:3) for l h to remove free
|'H]Fuc. |'H]Fuc-conjugated oligosaccharides were extracted from the paper

with distilled water and applied to a Fucalâ€”>2Gal-specific TJA-II-Sepharose

column, which was washed with 5 ml of TBS and then with 5 ml of TBS

containing 10 mM lactose.
ELISA of hCG. Rabbit anti-hCG polyclonal antibody (Rohto Pharmaceu

tical Co., Ltd.. Osaka, Japan) was dissolved in 20 mM sodium carbonate (pH
9.6) at the concentration of 10 fig/ml. A 100-/Â¿1aliquot was placed into each

well of microtiter plates (Corning, Inc., New York, NY) and allowed to adsorb
at 4Â°Cfor 16 h. The plates were then rinsed three times with 400 /Â¿Iof 10 mM

phosphate buffer (pH 7.2) containing 0.15 M NaCl and 0.05% Tween 20
(PBS-Tween) per well and blocked with 200 /Â¿Iof 1% BSA in 20 mM sodium
carbonate (pH 9.6) at 37Â°Cfor 1 h. Each sample containing hCG was diluted

with 0.1% BSA in PBS-Tween and then added to the hCG antibody-coated
plates. After incubation for 1 h at 37Â°C.the plates were washed four times with

4(X) /Â¿Iof PBS-Tween per well. Anti-hCG monoclonal antibody (Rohto Phar
maceutical Co.. Ltd.) was diluted with 0.1% BSA in PBS-Tween and then
added as the second antibody. After incubation for 1 h at 37Â°C,the plates were

washed as described above. Rabbit anti-mouse IgG antibody conjugated with

ALP (Chemicon International. Inc.) was added as the third antibody. After 1 h
at 37Â°Cfollowed by washing, the enzyme substrate, 6.7 /Â¿molof /j-nitrophe-

nylphosphoric acid disodium salt in 0.1 Mcarbonate buffer (pH 9.6) was added.
The reaction mixture was incubated at room temperature for 1 h. After

stopping the reaction with 100 /Â¿Iof l M NaOH, the released chromogen was
measured with a spectrometer (EIA Reader: Bio-Rad model 3550).

Isolation of Total RNA. RNA was isolated according to the method of
Chomczynski and Sacchi (19). Tissue was immersed in 50 volumes of Isogen
reagent (Nippon Gene, Inc., Tokyo, Japan) and homogenized with a Potter-

Elvehjem type homogenizer at 1000 rpm. JEG-3 cells and BeWo cells were

lysed in Isogen reagent. Each RNA preparation was dissolved in 20 /Â¿Iof
RNase-free water. The amount and purity of RNA in each sample were

determined by UV absorbance at 260 and 280 nm.
RT-PCR. Total RNA (4.0 /Â¿g)in a volume of 10 /Â¿Iwas denatured for 10

min at 70Â°Cand quickly chilled on ice. The cDNA was synthesized in a total

volume of 20 /Â¿Icontaining 20 mM Tris-HCl (pH 8.4). 50 mM KCI, 1 mM DTT,

200 units of Superscript II reverse transcriptase, 2.5 mM MgCl2, 25 /Â¿g/ml

oligo(dT)|2_11(, and each deoxynucleotide triphosphate (all from Life Technol
ogies, Inc.) at 0.5 mM. The reaction mixture was incubated for 55 min at 42Â°C,

followed by inactivation by incubation for 15 min at 70Â°C. Primers were

synthesized by Greiner Labortechnik, Co., Ltd. Japan based on the sequences

of three previously cloned human Sialyltransferases. referred to as ST3Gal III,
ST6Gal I, ST3Gal IV (20-22), and two human al.Zfucosyltransferases, re

ferred to as FUT I and FUT II (23. 24), according to the cited references. The
primers used were as follows: ST3Gal III sense, 5'-AAAGAGTACCGCCT-

GACCC; ST3Gal III antisense, 5'-GATGTTCCCCCGGCCCAT (20); ST6GaI
I sense, 5'-GGACCAAGGCTGGGCCTT; ST6Gal I antisense, 5'-GTCTT-

GCGCTTGGATGGGA (21); ST3Gal IV sense, 5'-AGCTCCTCCATC-
CCCAAGA; ST3Gal IV antisense. 5'-TGCTTAATCTTCCGTGGCTG (22);

FUT I sense, 5'-ATCAGATGGGACAGTATGCC; FUT I antisense, 5'-TT-

GCTGGTGACCACGAAAAC (23); FUT II sense, 5'-TGGCAGAACTAC-
CACCTGAA; FUT II antisense, 5'-GGTCATGATGGTGTGGTTAC (24);

ÃŸ-actinsense, 5'-GATATCGCCGCGCTCGTCGTCGAC; and ÃŸ-actinanti-

sense, 5'-CAGGAAGGAAGGCTGGAAGAGTGC (25). Twenty /Â¿Iof PCR

mixture containing 20 mM Tris-HCl (pH 8.4). 50 mM KCI, 2 mM MgCl, (3 mM

for ST6Gal I), each deoxynucleotide triphosphate at 0.4 mM, primers (l /Â¿M
each), and 1 unit of Taq DNA polymerase (Life Technologies, Inc.) was added
to the cDNA preparation. After incubation at 95Â°C for 5 min, PCR was

performed by 20 cycles (for ÃŸ-actin)or 35 cycles (for STs and FTs) of 95Â°C
for 30 s, 65Â°Cfor 1 min, and 75Â°Cfor 2 min. The PCR for ST6Gal I was

performed in the presence of 5% DMSO. After amplification, 20-/Â¿laliquots

were subjected to electrophoresis in 1% agarose gels, followed by photo
graphic recording of the gels stained with ethidium bromide.

Quantitation of Glycosyltransferase Transcripts by Competitive PCR.
The levels of various glycosyltransferase transcripts were determined by

competitive PCR (26) based on the amounts of the corresponding cDNAs

obtained through reverse transcription of RNA samples. For distinction of a
target cDNA from its competitor DNA, pBluescript II SK+/â€” plasmids were

prepared from the corresponding cDNAs, each with a small deletion generated
by deleting a fragment of 150-200-bp from cDNAs that had been amplified
from the single-stranded cDNAs of normal colon tissue by PCR using the
following oligonucleotides as reverse primers: 5'-ctcggatccTTGCTGGTGAC-
CACGAAAACTTCCCGGAGATGGTGGAAGA-3' (for FUT I); 5'-ctcggatc-

cGGTC ATGATGGTGTGGTTAC ATGG ACCCCTAC AAAGGTGC-3 ' (for
FUT II); S'-ctcggatccGATGTTCCCCCGGCCCATCAAAGAGAGAATCG-
CGCTC-3' (forST3Gal III): 5'-ctcggatccGTCTTGCGCTTGGATGGGACCG

GATTCTGGTACCACTT-3' (for ST6Gal I); 5'-ctcggatccTGCTTAATCTTC-

CGTGGCTGAGTGGGCAGATTCAGGGTA-3' (for ST3Gal IV); and 5'-

ctcggatccCAGGAAGGAAGGCTGGAAGAGTGCCAGTCAGGTCCCGGC-
CAGCCAGG-3' (for ÃŸ-actin),and oligonucleotides which were prepared by
adding Wi'ndlll sites to the 5' ends of the sense primers described above, as

forward primers. Each amplified W/>idIII-ÃŸomHI(blunt) fragment was inserted
into the W;'iidIII-SÂ«mHI(blunt) site of pBluescript II SK+/-. One /Â¿Iof cDNA

was subjected to the two-step quantitative PCR analysis according the methods

of Sasaki et al. (27). The PCR conditions used were the same as those used for
RT-PCR. Amplified DNA fragments were quantified by scanning the films

using a densitometer (Shimadzu model CS-9300, Kyoto, Japan). The amounts

of amplified target cDNA were calculated from their respective standard
curves, converted into the values of molar numbers, and normalized by those
for ÃŸ-actin.
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RESULTS

Behavior on Lectin Column Chromatography of ALPs from
Human Placenta, Choriocarcinoma JEG-3 Cells, and Be Wo Cells.

We compared the sugar chain structures of ALP from placenta and
choriocarcinoma JEG-3 and BeWo cells using various lectin-Sepha-

rose columns as summarized in Table 1. ALP released from human
placenta by PI-PLC digestion bound to MAL. ConA and LCA-

Sepharose columns and was subsequently eluted with 0.4 M lactose,
0.1 M methyl a-mannoside, and 0.2 M methyl a-mannoside, respec
tively, whereas it passed through the TJA-I-. TJA-II-. RCA-, and
DSA-Sepharose columns, indicating that it has sialylated, biantennary
complex-type sugar chains containing a fucosylated trimannosyl core,

as previously determined by Endo el al. (Ref. 8; Fig. 1). In contrast,
the ALPs released from microsomes of JEG-3 and BeWo cells by
PI-PLC digestion bound to not only MAL-, ConA-, and LCA-Sepha-
rose columns but also TJA-I-, TJA-II-. and RCA-Sepharose columns.
When crude ALPs from JEG-3 and BeWo cells were pretreated with
Arthrobacter sialidase or Corynebcicteriiun Fuca 1â€”¿�Â»2-specifica-L-
fucosidase, these ALPs passed through the MAL, TJA-I, and TJA-II

columns but bound to the DSA column (see Table 1). These results
indicate that the complex-type sugar chains of ALP derived from
choriocarcinoma JEG-3 and BeWo cells have Gal/31â€”*4GlcNAc,
Neu5 Aca2^6GalÃŸ1 -*4GlcN Ac, Neu5 Aca2^3GalÃŸ1 -*4GlcNAc,
and Fucal-Â»2GalÃŸl-*4GlcNAc residues on the C-2, C-2.4 or C-2,6

branches as summarized in Fig. 1.
Although the expression of higher branching in hCG has already

been reported. Fucal-^2GalÃŸlâ€”*4GlcNAc and Neu5Aca2â€”*
6GalÃŸlâ€”Â»4GlcNAcresidues in choriocarcinoma hCG has not been

found by chemical structural analysis through hydrazinolysis (7).
Therefore, using TJA-I- and TJA-II-Sepharose columns, we investi
gated whether hCG also has Neu5Aca2â€”Â»6GalÃŸlâ€”*4GlcNAcor
Fucal^>2GalÃŸlâ€”>4GlcNAc residues in its sugar chains. As shown in

Fig. 2. the hCG in the serum of a healthy pregnant woman (24 weeks)
did not interact with the TJA-I-column (Fig. 2A), whereas the hCG in

the serum of a patient with choriocarcinoma and the hCGs in the
culture media of choriocarcinoma JEG-3 and BeWo cells bound to the
TJA-I column (Fig. 2. B-D). These results indicate that choriocarci
noma hCGs have Neu5Aca2â€”Â»6Galresidues, the same as in the case

of choriocarcinoma ALP. Furthermore, these hCGs interacted with the
TJA-II-Sepharose column (Fig. 2, E-H), as did ALP, although the

amounts of bound hCG were small. In an effort to elucidate why
Neu5Aca2^6GalÃŸl^4GlcNAc and Fucal ^Â»2GalÃŸl^4GlcNAc

residues were detected in glycoproteins from choriocarcinoma cells,
we investigated comparatively the enzymatic activities and mRNA
levels of Â«2â€”Â»3sialyltransferase, a2â€”>6sialyltransferase, and alâ€”Â»2

Table I Relative binding ratios of human placental ALP derived from placenta tinti
hitman choriticttrcinoma JEG-3 unti BeWo cells on various lectin columns

Binding ratio (%)

LectincolumnTJA-IMALTJA-IIRCA-ICon

ADSALCAGS-IGS-IIHPAWFACarbohydrate

bindingspecificitySiaa2â€”

6Gal/3lâ€”4GlcNAcSiaÂ«2â€”3Gal/3
1->4GlcNAcFucal

->2GalÃŸl^Gal0l^4GlcNAcBiantennaTri-

andtetra-antennaFucosylated
trimannosylcoreCalai-Â»GlcNAcÃŸl-Â»GalNAcal^>3GalNAcÃŸl-Â«4Placenta0100(0")001000(0")950000JKU-398

(0")100(0")38

(O'1)100(0')1000

(92")780000BeWo88

(0")100(0")44

(0'')100(0'')1000(93")980000

" Arthrobticter sialidasc treated.

Corynebticterhtm fucosidase treated.
Arthrobacter sialidase and diplococca! /3-galactosidasetreated.

fucosyltransferase in microsomes of human placenta and human cho
riocarcinoma JEG-3 and BeWo cells.

Sialyltransferase Activities in Placenta and Choriocarcinoma
JEG-3 and BeWo Cells. Because ALP and hCG from choriocarci
noma JEG-3 and BeWo cells have both Neu5Aca2-*3GalÃŸl->

4GlcNAc and Neu5Aca2^6GalÃŸl^4GlcNAc residues, a2^3 sial
yltransferase and a2â€”Â»6sialyltransferase activities were measured
using GalÃŸl^>4GlcNAc as the substrate under the conditions de
scribed in "Materials and Methods." When GalÃŸlâ€”*4GlcNAcand

CMP-pHJNeuSAc were incubated with microsomes from human
placenta or choriocarcinoma JEG-3 cells. [*H]Neu5Ac was trans
ferred to GalÃŸlâ€”*4GlcNAc. The en/.ymatic product, |'H]Neu5

Aca2^Â»GalÃŸlâ€”Â»4GlcNAc.was purified by paper electrophoresis at

pH 5.4. the trisaccharide extracted from the paper was applied to a
TJA-I-Sepharose column (Fig. 3/4). and the trisaccharide that passed

through this column (A, bar) was sequentially found to bind to
MAL-Sepharose (Fig. 3S). The TJA-l-bound trisaccharide and the
MAL-bound trisaccharide were confirmed to be Neu5Aca2â€”Â»
6GalÃŸl-Â»4GlcNAc and Neu5Aca2^3GalÃŸl^4GlcNAc. respec
tively, on the basis of the carbohydrate binding specificities of TJA-I

and MAL as summarized in Table 1. The linearity of both sialyltrans
ferase reactions was maintained for at least 40 min (data not shown).
Similar results were obtained in the case of choriocarcinoma BeWo
cells. The o2â€”>3sialyltransferase activities in microsomal prepara
tions from placenta and JEG-3 and BeWo cells were similar and

calculated to be 2.53, 2.94. and 2.20 nmol/h/mg of microsomal pro
tein, respectively. In contrast, the a2â€”>6sialyltransferase activities in

microsomal preparations from JEG-3 and BeWo cells, 1.41 and 2.59

nmol/h/mg protein (Table 2), respectively, were clearly greater than
the level in placenta, which was 0.26 nmol/h/mg protein. Because the
ratio between a2^Â»3sialyltransferase and a2â€”Â»6sialyltransferaseac
tivities is 9:1 in normal placenta, it is considered that a2â€”Â»3sialyl-

transferase dominantly acts in placenta. These enzymological results
are consistent with the structural characteristics of AMinked sugar
chains of ALP in human placenta as summarized in Fig. 1.

alâ€”Â»2Fucosyltransferase Activity in Placenta and Choriocar
cinoma JEG-3 and BeWo Cells. Because glycoproteins released
from choriocarcinoma JEG-3 and BeWo cells had Fucalâ€”Â»
2GalÃŸI--4GlcNAc residues. Gal:a 1-*2 fucosyltransferase (a 1->2FT)
activity was measured using Gal-GlcNAc- Man,-GlcNAc as the sub
strate. When Gal-GlcNAc-ManvGlcNAc and GDP-['H]Fuc were

incubated with microsomes from human placenta or choriocarcinoma
JEG-3 cells under the conditions described in "Materials and Meth
ods," [3H]Fuc was transferred to Gal-GlcNAc-ManvGlcNAc. The
[3H]Fuc'Gal'GlcNAc-ManvGlcNAc produced was purified by paper

electrophoresis (pH 5.4) and sequential steps of paper chromatogra-
phy and then applied to the alâ€”Â»2Gal-specific TJA-II-Sepharose
column. Because this product was found to bind to the TJA-II-

Sepharose column as shown in Fig. 3C, it was identified as
Fucalâ€”Â»2Gal'GlcNAc-Man-,'GlcNAc. The linearity of a 1â€”¿�*2fucosyl-

transferase reaction was maintained for at least 40 min (data not
shown). Similar results were obtained in the case of choriocarcinoma
BeWo cells. The alâ€”Â»2fucosyltransferase activity in microsomal
preparations from placenta and JEG-3 and BeWo cells was calculated

to be 0.14. 0.60. and 0.29 nmol/h/mg of microsomal protein, respec
tively, and the levels increased significantly as a result of tumorigen-
esis (Table 2). Such an increase in alâ€”Â»2fucosyltransferase activity in
JEG-3 and BeWo cells is consistent with the possible structures of
(V-linked sugar chains in ALP from JEG-3 and BeWo cells, as sum
marized in Fig. I, and is consistent with the TJA-II binding character

of hCG as shown in Fig. 2. although the levels of fucosylation are
different between ALP and hCG.
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placenta

Neu5Aco2-*3Gal(51 ->4GlcNAc[J1-Â»2Mana1

Neu5Acu2 >3GalÃŸ1-Â»4GlcNAcÃŸ1->2Manal'

choriocarcinoma cells

Neu5Aco2->3Gal[)1->4GlcNAc(i1-
and/or
Neu5Acu2-Â»6GalÃŸ1->4GlcNAc(i1 -
and/or

Fuca! ->2GalÃŸ1->4GlcNAcÃŸ1-
and/or

GalÃŸ1->4GlcNAcÃŸ1-

Â§Manu1x

Ã•Manul'

Â±Fuca1

>4GlcNAcÃŸ1->4GlcNAc-Asn

Â±Fuca1

>4GlcNAcÃŸ1->4GlcNAc-Asn

Fig. 1. Possible major structures of/V-linked sugar chains in ALP derived from human
placenta and choriocarcinoma JEG-3 and BeWo cells.
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Fig. 2. TJA-I- and TJA-ll-Sepharose column chromatography of hCGs derived from
placenta, choriocarcinonia, JEG-3, and BeWo cells. A-D. TJA-l-Sepharose column chro
matography of hCG; E-H. TJA-ll-Sepharose column chromatography of hCG. A and Â£.
hCG in the serum of pregnant woman (24 weeks); H and /â€¢".hCG in the serum of a patient

with choriocarcinoma; C and G. hCG in the culture medium of JEG-3 cells; D and H. hCG
in the culture medium of BeWo cells. hCG was assayed by ELISA methods as described
in "Materials and Methods." Arrowy, positions where buffers were .switched to those

containing lactose (O.I M for TJA-I. 10 mM for TJA-ll).

Measurement of the Levels of ST6Gal I, ST3Gal HI, and
ST3Gal IV Transcripts by Competitive PCR. As determined by the
RT-PCR method, the levels of ST6Gal 1 transcripts encoding the
enzyme responsible for Siaa2â€”*6Gal formation were clearly in
creased in JEG-3 and BeWo cells. As determined by the competitive
PCR method, the levels of ST6Gal I transcripts in JEG-3 and BeWo
cells increased to â€”¿�40times that in placenta (Fig. 4 and Table 3), and
these results correspond to a difference in a2â€”>6sialyltransferase

activity between placenta and choriocarcinoma cells. Furthermore, the
levels of ST3Gal IV transcripts encoding the enzyme responsible for
Siaa2â€”>3Gal formation in placenta were more than 10 times higher

than that of ST3Gal III. and the levels of ST3Gal IV mRNA did not
differ between placenta and choriocarcinoma cells (Table 3). These
results indicate that most alâ€”Â»3sialyltransferase activity is due to the

expression of ST3Gal IV. and the levels do not change as a result of
tumorigenesis.

Measurement of the Levels of FUT I and FUT II Transcripts by
the Competitive PCR Method. Using the RT-PCR method, the

mRNAs encoding FUT I and FUT II, which are responsible for

Fucal^Â»2Gal formation, were clearly detected in the case of JEG-3

and BeWo cells, whereas they could not be visualized in the case of
human placenta. Furthermore, as determined by the competitive PCR
method, the levels of the FUT I and FUT II transcripts increased to
more than 20 times that in placenta (Table 3). These results are
consistent with the observation that TJA-II-binding forms of ALP and

hCG cannot be found in human placenta but are detected in chorio
carcinoma.

DISCUSSION

We demonstrate in this study that not only higher branches (7) but
also Fucolâ€”>2Gal and Siaa2â€”Â»6GalÃŸlâ€”Â»4GlcNAcresidues are ex

pressed in hCGs and ALPs of human choriocarcinoma patients and
choriocarcinoma JEG-3 and BeWo cells using TJA-I and TJA-II
column chromatography. The sugar chain structures of these glyco-

proteins showed characteristics that were consistent with the levels of
enzyme activity and the levels of mRNA expression of alâ€”>2fuco-

syltransferase FUT I and FUT II and a2^6 sialyltransferase ST6Gal

I, as summarized in Table 3.
We have shown previously that AMinked sugar chain structures are

species and tissue (cell) specific, as indicated by comparative studies
of y-glutamyltranspeptidases derived from liver and kidney of cows,
humans, rats, and mice (1). Similar tissue-specific changes in sugar

chain structures have been observed resulting from tumorigenesis in
placenta (7), hepatocytes (28, 29), colorectal adenocarcinoma (30),
and others, as follows. As shown in this report, the up-regulation of
C-2,4 branching, a2â€”Â»osialylation,and a 1â€”¿�>2fucosylationoccurs as a

o

)<

& 5

10

Elution volume (ml)
Fig. 3. Analysis of the sialyl and fucosyl linkages of ['H]Neu5Acct2â€”>GalÃŸlâ€”Â»4GlcNAc

and ['HJFuc-Gal-GlcNAc-Mani-GlcNAc synthesized by choriocarcinoma JEG-3 cells. A,
TJA-l-Sepharose column chromatography of [1H]Neu5Aca2â€”Â»Gal/31â€”*4GlcNAcsynthe

sized by sialyltransferases of JEG-3 cells; B. the elution patlern of the trisaccharide that passed
through (bar \n A} when applied to a MAL-Sepharose column; C TJA-II-Sepharose column
chromatography of [ 'HJFuc-Gal-GlcN Ac-Man.-GlcN Ac synthesized by a Iâ€”¿�Â»2fucosyltrans-

ferase of JEG-3 cells. Arrows, positions where buffers were switched to those containing each
of the various haptcnic sugars as described in "Materials and Methods."

Table 2 Gl\c(fs\itrtinsferase ttftivities in microtomes trj hunitin plÃ¡cenla ami JEG-3

and BeWo cells

Activity (nmol/h/mg protein)

GlycosyltransferasetÂ»2^3ST

a2->6ST
al-Â»2FTAcceptorGalÃŸlâ€”tGlcNAc

Gal/3 1â€”4GlcN Ac
Gal â€¢¿�GlcNAc â€¢¿�Man2 â€¢¿�GlcNAcPlacenta2.53

0.26
0.138JEG-32.94

1.410.60BeWo2.202.59
0.29
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result of tumorigenesis in placenta tissues. In hepatocellular carci
noma, elevation of C-2,6 branching, a 1^>3fucosylation, and
alâ€”Â»ofucosylationoccurs (2). In colorectal adenocarcinoma, up-reg-
ulation of a2^Â»6sialylation. J31â€”Â»4galactosylation,and alâ€”>2fucosy-
lation occurs, whereas down-regulation of GlcNAcâ€”>6sulfation and
/31â€”>3galactosylation occurs (3).

The TJA-II binding ratio of ALP is somewhat higher than that of
hCG, indicating that accessibility of alâ€”Â»2fucosyltransferases to
hCG is lower than in the case of ALP. One of the jV-glycosylation sites

in hCG has an attached monoantennary complex type sugar chain
(31), perhaps due to the tertiary structure of this protein. Such sugar
chain structures may affect the accessibility of alâ€”Â»2fucosyltrans-

ferase, leading to the difference between ALP and hCG. Another
possibility is that alâ€”Â»2fucosyltransferase may recognize not only
ÃŸ-galactoseresidues but also some peptide sequence.

The discrepancy between this report and a previous report (7)
with respect to results concerning a2,6 sialylation may reflect the
fact that the a2â€”Â»6sialyl linkage is more acidic labile than the
a2â€”>3 sialyl linkage in the process of the structural analysis.

Another reason may be the difference between the previous chem
ical analysis method using hydrazinolysis (7) and the lectin column
chromatography used in this report. Placental ALP and hCG have
two and seven moles of /V-acetyllactosamine residues per mole
cule, respectively. If only one /V-acetyllactosamine residue per
ALP or per hCG molecule was a2â€”>6sialylated or alâ€”Â»2fuco-
sylated, all of the ALP or hCG should bind to the TJA-I-Sepharose
or TJA-II-Sepharose column. That is, lectin column chromatogra

phy can semiquantitatively detect even minor structural changes in
/V-linked sugar chains that may be overlooked when chemical and

physicochemical analyses are used.
Choriocarcinoma often develops in the placenta during pregnancy.

We have found that hCG in the serum of a woman 10 weeks pregnant
bound to the TJA-I-Sepharose column (data not shown), whereas hCG

from a woman 24 weeks pregnant did not bind to the column (Fig. 2),
indicating that hCG produced in early pregnancy has the
Neu5Aca2â€”Â»6Galresidue. Also, the /V-linked sugar chains in hCG

from a patient with choriocarcinoma showed a structure that reflected

placenta JEG-3

target

competitor

a
*;

<D
Q.
E
o

10 102 103

log competitor, fg

Fig. 4. Quantitative analysis of SToGal I mRNA levels in normal placenta and JEG3
cells. I iIn.hum bromide staining of PCR products separated in l% agarose gel electro-

phoresis is shown. The amounts of gel hands were quantified by scanning the films using
a densitomeler and then plotted.

Table 3 QuantitatifÂ»! of ST ami FUT transcripts by competitive PCR

Expression levels of STs and FUTs
relative to level of ÃŸ-actin(*/Ã)

ST3GalIIIST3Gal
IVST6Gal
IFUTIFUTI!Enzyme

specificitySiaa2â€”

Â»3GalSiaa2â€”3GalSiaa2-Â«6GalFuca

Iâ€”¿�Â»2GalFucal-Â»2GalPlacentaO.I31.

30.06<0.0l<0.0lJEG-3O.IO1.34.00.030.05BeWoO.IO1.33.00.05O.IO

the expression of Â«2â€”Â»6sialyltransferase, which is expressed in the

placenta during early pregnancy.
Because both alâ€”Â»2fucosyltransferase and a2â€”Â»6sialyltransferase

are up-regulated in choriocarcinoma, it is suggested that the same

transcription factor controls expression of these glycosyltransferases.
Although regulators for a2â€”Â»6sialyltransferase in B cells (32) and

liver (33) have been reported to be organ specific, the transcription
factor for alâ€”Â»2fucosyltransferase has not been identified yet. It has

been reported that the src oncogene regulates the expression of
W-acetylglucosaminyltransferase V (34); it is unknown whether there

is any regulatory relationship between glycosyltransferases and other
oncogenes. In our opinion, choriocarcinoma JEG-3 and BeWo cells

are good models for investigation of the mechanisms responsible for
coordinate up-regulation of FUT I, FUT II, and SToGal I in the course

of tumorigenesis, and we are now studying these mechanisms.
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