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PREFACE

One of the aims of research in tumor immunology is to successfully apply sophis-
_ticated immunological tactics to cancer diagnosis and therapy. Numerous investigations
have attempted to delineate the consequences of malignant transformation of cells as the
appearance of new cell surface structures that could be identified by specific antibody or
by their ability to induce a specific cellular immune response.

In the course of the development of modern tumor immunology, it has become clear
that many of the tumor antigens that can be recognized are apparently the products of
genes involved in cell growth and malignant transformation. Furthermore, changes in
the cell surface of malignant cells have often been found to include alteration of non-
protein constitutes. These cell-surface markers are tremendously useful for tumor di-
agnosis. '

The most compelling evidence for the existence of tumor resistance-inducing an-
tigens comes from the study of experimentally induced tumors of inbred rodents. These
tumors express neoantigens. capable of immunizing hosts against subsequent challenge
with the same tumor. Despite such evidence for the expression of tumor antigens on
neoplastic cell surfaces, tumor-bearing hosts fail to reject these malignant cells. In order
to combat cancer by immunological maneuvers, we must therefore know which types of
a host’s immune responses are generated against tumor antigens and which effector
mechanism(s) is primarily responsible for eradicating tumor cells iz vivo.

To cover these issues, a symposium entitled “Cellular and Molecular Aspects of
Tumor Immunology”” was held in Tokyo on September 22, 1986, under the auspices of
the Japanese Cancer Association. This volume of “Gann Monograph on Cancer Re-
search” summarizes the topics discussed at this symposium and also includes some ad-
ditional articles recently released by major individual laboratories in Japan. The follow-
ing three major issues are elucidated: 1) tumor-associated antigens, 2) cellular mech-
anisms of tumor immunity, and 3) lymphokines involved in the induction and imple-
mentation of tumor immunity. It is hoped that the information provided herein will con-
tribute to the establishment of tumor specific diagnosis and immunotherapy as well as
to the promotion of provocative research on tumor immunology in future.

March 15, 1988
Y. HasHimoTo
T. HAMAOKA



CONTENTS

Preface ...o.oociiiiiiiiiiniiiiiiiiiiciici e s e e e a e a e e aas
TUMOR-ASSOCIATED ANTIGENS

Altered Glycosylation of Glycoproteins in Tumor Cells..................... A. KoBATA

- Cancer-Associated Carbohydrate Antigens: Modified Bood Group Substances and

Onco-Developmental Antigens of Tumor Cells ........cccooiiiiiiiii.,

.......................................... R. KanNAGI, M. M1YAKE, K. ZeNITA, S. ITAIL
N. Hiraiwa, K. Suicera, K. HirasaiMa, and A. HiNno
Sugar Chain Antigens on Renal Cell Carcinoma as a Differentiation Marker .........
................................................ Y. FukusHi, S. Orikasa, and S. HAKOMORI
N-Glycolylneuraminic Acid-Containing Glycoconjugates, a New Tumor Associ-
ated Cell Surface Antigen Known as Hanganutziu-Deicher Antigen ...............
........................................................................ S. KaTo and H. HicasH1
Characterization of Mouse Melanoma Associated Antigen and Genomic Cloning
....................................... M. TanicucHi, K. TakaHAsHI, Y. HIRABAYAS. I,
M. Tacawa, T. Sakamoro, A. Okrtsu, and N. KUSAKABE
Isolation and Characterization of n-Butanol Solubilized Tumor Specific Trans-
plantation Antigen (TSTA) of Chemically-Induced Mouse Colon Tumor.........
..................................................................... N. Sato and K. KIKUCHI

CELLULAR MECHANISM OF TUMOR IMMUNITY

Mechanisms for Recognition of Tumor Antigens and Implementation of Anti-
Tumor Function by Non-Cytolytic Type of T Cells ..........ccoooiiiiiiinnni.
.................. H. Funiwara, T. YosHIokA, A. Kosuar, S. Sato, K. Sakamoro,

T. Supa, H. SaNno, M. OgaTA, and T. HAMAOKA

T-T Cell Interaction for the Augmented Induction of Anti-Tumor Protective Im-
munity and Its Application to Active Immunotherapy in Tumor-Bearing Hosts
.................. T. HamaokA, A. Kosual, J. SHIMa, S. Sato, H. Sano, Y. Takar,

and H. FujiwAra

In Vivo Factor(s) Responsible for CTL Induction............ccoooiiiiiiiiiii .
....................................... T. Uepg, T. Yamaki, N. SuijuBo, T'. MURAKAMI,

A. YamacucH, Y. IBavasHi, and K. KixucH1

Natural Killer Cells: Characteristics and Their Role in Anti-Tumor Resistance ...
............................................................................... vereee.. N. MINATO

Phenotypes of Lymphokine-Activated Killer (LAK) Cells Derived from Various
Mouse Lymphoid Cell Sources .................. T. HasHimoTto and T. NISHIMURA

15

29

41

51

59

71

81

91

99

111



viii
Activation of Human Monocyte-Macrophages to the Tumoricidal State by Liposo-
mal Macrophage Activators ............ccceveeiuneennnannnnnn, S. SonNE and T. OGuRra

LYMPHOKINES REQUISITE FOR INDUCTION OF TUMOR IMMUNITY

Lymphokines Involved in T Cell Proliferation and Differentiation .....................
....................................... M. Suzuki, N. KoNpoH, S. Tak1, and J. HAMURO
Molecular and Functional Properties of Killer-Helper Factor (KHF), and Its
Role in the Induction of Cytotoxic T Cell Response .........ccccoeveiieniiiiiiniinnnne.
PR U PRSI URRRSRRRRRIN K. TAkATsU and Y. KIKUCHI
Interleukin 1: cDNA Cloning, Production and Biological Activities of Human
Interleukin 1 ....ccisinvsvsnisesmnnses ssanionswsonisass Y.-Hirai, Y. Masui, S. Nakai,
Y. Kikumorto, T. NisHipa, and Y.-M. HoNG

Molecular Biology of the Interleukin-2 System ...........cc.ccciiiiiiniiiiiiiiniiiinnnnne.
........................ G. Yamapa, M. HaTakgEyama, T. Fujita, and T. TANIGUCHI
Function of Interleukin 2 and Receptor; Humoral Regulation of IL-2 Receptor
System............ J. Yopor, Y. Tacaya, T. SHiNDo, K. Sucig, and Y. NAKAMURA

A DDIEVIAtIONS  t.e.eeneineneeeineeseinenaessessenseneaseesensessessssssensensessnsenseseensntonsans
P X003 1 0e] g £ 11s L=, S PP,
Subject INAER ...csvseosssraomssssssssrssnssssvnnsrrmyeeesprrssennsions sastusnsavesssnenuasvorsannsns

121

133

143

155

167



TUMOR-ASSOCIATED ANTIGENS






Gann Monograph on Cancer Research 34, 1988

ALTERED GLYCOSYLATION OF GLYCOPROTEINS
IN TUMOR CELLS

Akira KoBATA

Department of Biochemistry, Institute of Medical
Science, University of Tokyo*

~ There is a history of more than two decades involved in changes in
" the plasma membrane associated with the malignant transformation of cells.
One of the interesting phenomena elucidated through these studies is the
altered glycosylation of complex carbohydrates. Actually, almost all ex-
perimental and human cancers are characterized by aberrant glycosylation
of glycoproteins and glycolipids. Although some of these alterations were
related to growth rather than malignancy of cells, quite a few have been
confirmed to be truly tumor-associated. This review will cover our current
knowledge of the alteration found in glycoproteins.

Most of the secretory and membrane bound proteins produced by cells contain
covalently bound sugars and are called glycoproteins. Recently, much evidence suggests
that the sugar moieties of glycoproteins play an important role in intercellular recogni-
tion. This function is now considered to be essential for the maintenance of the ordered
social life of each cell comprising the multicellular organisms.

Accordingly, alterations in the carbohydrate structures of glycoproteins found in vari-
ous tumors are considered to be the basis of the abnormal social behaviors of tumor cells,
such as invasion into the surrounding tissues and metastasis. Comparative studies of the
sugar chains of glycoproteins produced by transformed versus normal cells therefore pro-
vide useful information for the diagnosis, prognosis as well as lmmunotherapy of tumors.

Because most of the glycoproteins produced by normal and malignant cells were
obtained in limited amount, studies on their sugar moieties have been performed by in-
direct methods, such as monosaccharide analysis, comparison of the sizes of the glyco-
peptides obtained after exhaustive pronase digestion, and reactivities with several lectins.
However, with the recent establishment of various sensitive methods to analyze the struc-
tures of sugar chains, elucidation of the exact structural alterations of the sugar chains
of many tumor glycoproteins has begun.

In this chapter, I will present information obtained in our studies during the past
five years in the hope of helping readers to consider the importance of this rather new
field of cancer research. Due to limited space, this review will cover only the changes of
asparagine-linked sugar chains during malignant transformation. Current information on
the structural changes of mucin-type sugar chains of glycoproteins induced during ma-
lignant transformation is sparse compared to the asparagine-linked sugar chains. How-
ever, this field will expand in the near future, due to the many monoclonal antibodies
which have been found to detect cancer-associated large molecular weight mucins in he
serum of cancer patients.

* 4-6-1, Shnrolmnedm Mlnato-ku Tokyo 108, Japan (KEF KB).
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4 A. KOBATA

Changes Induced in the Membrane-bound Glycoproteins

1. Glycoproteins in the plasma membrane of fibroblasts

In 1969, Meezan et al. (9) reported an interesting phenomenon obtained by the
comparative studies of membrane glycoproteins of mouse 3T3 cells and their Simian
virus (SV)-40 transformant. After metabolically labelling the glycoproteins of both cells
with radioactive glucosamine, plasma membranes were isolated by conventional meth-
ods. The glycoproteins in the membrane preparations were then converted to glycopep-
tides by exhaustive pronase digestion. When the radioactive glycopeptides were analyzed
by gel permeation column chromatography, those from transformed cells were larger
than the major glycopeptides from non-transformed cells.

Soon after their work, Warren’s group (2) confirmed that the same phenomenon was
observed between Rous sarcoma virus (RSV)-transformed baby hamster kidney (BHK)
cells and their normal counterpart. Further comparison of the surface glycopeptides of
malignant and non-malignant lymphoblasts, and several different fibroblast cell lines and
their malignant counterparts produced by viral, chemical and spontaneous transforma-
tion demonstrated that the larger glycopeptides are always found in malignant cells (20).
Since the chick embryo cells, transformed by a #s mutant of RSV, produced the larger
glycopeptides at the permissive temperature but not at the non-permissive temperature
(22), the phenomenon was considered to be an expression of true transformed phenotype.
It was also confirmed that the phenomenon is detected in the neoplastic epithelial cell
lines but not in those of mesenchymal origin (70).

Based on the result that the earlier eluting glycopeptides from RSV-BHK or pol-
yoma (Py)-BHK cells were shifted to the elution positions of desialylated glycopeptides
from BHK cells by sialidase digestion, Warren et al. (23) suggested that the presence of
extra sialic acid residues is responsible for the higher molecular weight of glycopeptides
from malignant cells. However, comparative studies of the glycopeptides from Py-BHK
and BHK cells by an immobilized concanavalin A column suggested that the larger glyco-
peptides have more branches composed of galactose and N-acetylglucosamine as well as
sialic acid (74). Oligosaccharides chemically released from glycopeptides from Py-BHK .
cells were found to be more enriched in the complex-type sugar chains containing the
GalBl — 4GlcNAcp1 — 6(Galpl — 4GlcNAcB1 — 2)Man group as well as the elon-
gated outer chains than those from BHK cells (27).

So far, five different N-acetylglucosaminyltransferases (GnTs), as shown below,
have been found to transfer 8-N-acetylglucosaminyl residues at the different positions of
the trimannosyl core commonly found in the complex-type sugar chains.

GnT V ... GlcNAcp1 \
2 Manal \
GnT II ......... GlecNAcp1 / 6
GnT III ..o, GIcNAcfl — 4Manpl — 4GlcNAcB1 — 4GlcNAc*
GnT IV ........ GlcNAcp1 3
e ; Manal 4
GnT I ... GIcNAcs1”

By comparative study of the levels of the five Gn'T's in the homogenates of Py-BHK and

* l.\b'br;'iationé déed aré: Sia, sialic acid; NeuAc, N-acetylneuraminic acid; GlcNAc, N-acetylglucosa-
mine.
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BHK cells, we found that GnT V activity was increased 2-fold in Py-BHK cells com-
pared to BHK cells (29). In contrast, the same levels of GnTs I, II, and IV were detected
in both cells. GnT III was not detected in the two cells at all. The last evidence agrees
with the fact that no bisected asparagine-linked sugar chain was detected in the surface
glycoprotein of either cell (27). Recently, Van den Eijnden and Schiphorst (27) reported
that another N-acetylglucosaminyltransferase, responsible for the outer chain elongation
by adding -N-acetylglucosaminyl residue to the Galgl — 4GlcNAc group, works most
favorably on sugar chains with the Galpl — 4GlcNAcS1 — 6(Galgl — 4GlcNAcS1 —
2)Manal — 6 group. Therefore, the increase of GnT V in Py-BHK cells explains the
enrichment of tri- and tetraantennary complex-type sugar chains as well as those with
elongated outer chains in Py-BHK cells compared to BHK cells.

Later on, a similar increase of GnT' V was found to occur in RSV-BHK cells com-
pared to BHK cells by Pierce and Arango (75). Quite recently, Dennis and coworkers
reported that enrichment of the complex-type sugar chains containing the -GlcNAcg1 —
6(-GlcNAcB1 — 2)Manal — 6 branch is correlated strongly with the acquisition of
metastatic potential of murine mammary carcinoma (3). Therefore, elucidation of the
mechanism that increases the level of GnT V in malignant cells may provide the key in
understanding tumor progression caused by increased metastatic potential.

2. r-Glutamyltranspeptidase (y-GT)

The plasma membrane contains many glycoprotein enzymes. Some of these enzymes
have been studied as important tumor markers. However, studies on the change of their
sugar moieties during transformation have been neglected until recently.

We chose 7-GT to open this new field. 7-GT is a membrane bound glycoenzyme dis-
tributed widely in the plasma membrane of epithelial cells of various organs. The enzyme
is composed of two subunits with different sizes (heavy and light), both of which con-

Rat Hepatoma Rat  Liver
Heutral Molar ratio Molar ratio
Mnm:I\s
(Manal=2) ¢, JMOm:‘\ nlshlclcNA:alommnl\s
Mai cV ,mnahn 16% (siza)ina ManB1+4R or Ry a2
Galg1+4GIcNACET+2Manat”™”
GIcNACE | )
GalB1+0GIcNACST+2Manakw o
GlcNAcsT~ manul\s (Siac)in 3 Galsh!clcNAcl ,Mannlo 4R or Ry 35t
(GalBl+4)gn 2 Jmnnuloa‘ 12% an:
GlcNAcB!+2Mana ™ calelolclcNA:a )
Acidic
glucluucl
(SIENACET+2) on \Manals o l\l])
angl+Ry calahlclcNAcsV
Siaa2+6Gal 81+ 4GICNACE1 -zmma”M (51aa) 1nad Galg 1+ aGleNACE I /f"'“a""‘ or Ry "
(3) ’,auann (6)
3 CICNA’B‘ i Galgl+4GIcNAcS
(GalB1=+8) 4,1 [GICNACET+2Manalw )
lmmaxou. or R GalB1+8GICNACAT|GalB1+ BGICNACE 1 +Mana
(slulo(&;]:-lsl»l)n. GICNACE1+2Manal™ (siaa) 4, 3 Galg1+UGICNACEN angl=GR or Ry
ing!
3 c-ul‘lclcNAcat,M (6 "
GlislouclcNAcahZMunul\s
(51202 +6) 1, 3 JCalB1+4GICNACEI~, _ MensleR, 138
(&) Manatg ) Galpi+AGIcNACBI+|GalBl~4GIcNACB L
Galg1+UCIcNACE Y™ r’Mlnal\‘li
Galgi+4GIcNACS
(Siaa)sng Gaig1+4GICNACB JAans1+aR or Ry
alg1+UGICNACE = Mana?”(6)
' aMmneR) Galg1+4GicNAcEY” )
Calgl+4GIcNACE
(s'"z'(s),"“ Calgl=4GIcNACEI~, pansi+R, 2
Manal”(6)

Gal 61+ iGIcNACE

Fic. 1. Structures of the sugar chains of y-GT's purified from rat hepatoma AH-
66 cells and from normal rat liver
R=4GlcNAcp1 — 4GlcNAc, R; =4GlcNAcS1 — 4(Fucal — 6)GlcNAc.
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tain sugars. The etizyme hydrolytically cleaves the y-glutamyl residue of glutathione, and

. the catalytic site is included in the light subunit. The heavy subunit, which non-covalently
binds the light subunit, is associated with the plasma membrane of cells by its hydrophobic
amino acid cluster. One of the characteristic features of y-GT is its extremely high
molecular multiplicity. For example, rat kidney y-GT can be separated by isoelectric
focusing into more than ten different isozymic forms (78). These isozymic forms have
the same polypeptide but contain different numbers of sialylated complex-type sugar
chains. Although y-GTs purified from various organs are immunologically identical, their
heterogeneity varies according to tissues.

Fiala et al. (0) reported that y-GTT level in rat hepatoma is more than 50 times higher
than that in normal rat liver. Since the elevation of the enzyme has been observed in the
preneoplastic nodule of liver (7), and the y-GT level in the serum reflects the enzyme
level in the liver, the enzyme was expected to become a good marker for the diagnosis
of hepatoma. However, clinical studies revealed that the level of 7-G'T in serum is also
elevated in many non-cancerous hepatic diseases.

Hepatoma 7-GTs have more acidic isoelectric points than normal liver enzymes.
Since the difference disappears after sialidase treatment, it can be ascribed to the trans-
formational change in the sugar moiety of y-GTs. Comparative study of the sugar chains
of y-GTs purified from rat hepatoma and from normal rat liver revealed a variety of
differences (25). The average number of sugar chains of hepatoma y-GT was 4 times
that of the normal liver enzyme. Furthermore, the sugar chains were found to be of a

~ .different set than the normal liver enzyme (Fig. 1).

' Among the various structural. differences shown in Fig. 1, we focused on the ap-
pearance of the bisected sugar chains (enclosed by solid lines) in the hepatoma y-GT. Com-
parative study of the sugar chains of y-GTs purified from the liver and the kidney of
many mammals revealed that extensive organ-specific and species-specific differences oc-
cur in the sugar chains of this enzyme (26). However, the bisecting GlcNAc residue is
never found in the sugar chains of liver enzyme, while it is always detected in those of
kidney y-GT. Not only the sugar chains of 7-GT, but those of all other glycoproteins of
liver origin lack the bisecting GlcNAc residue. Therefore, it is most probable that Gn'T
ITI, which adds the bisecting GIcNAc residue to sugar chains, is not manifested in the
liver of mammals including human. For that reason, detection of the bisecting GlcNAc
residue in more than half of the total sugar chains of hepatoma y-GT can be considered
as one of the dedifferation phenomena characteristic of malignant transformation. This
hypothesis has recently been proven enzymatically by Schachter’s group (7.3), who found
that normal rat liver totally lacks GnT III, whereas rat hepatoma cells contain a signifi-
cant amount of this enzyme. '

E-PHA, one of the isolectins purified from Phaseolus vulgaris, binds many but not
all of the bisected complex-type sugar chains (24). An immobilized E-PHA column was
successfully used to discriminate human serum y-GT associated with primary hepatoma
from that of non-hepatoma patients (8). More studies including the structural investiga-
tion of the sugar chains of normal human liver and human hepatoma y-GTs will be
‘needed to prove the usefulness of this new diagnostic method.
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Changes Induced in the Glycoproteins Secreted from Tumor Cells

1. a-Amylase

Transformational changes of three glycoproteins have been studied in detail to date,
a-Amylase together with alkaline phosphatase has been attracting the interest of research-
ers in the cancer field because both are ectopically formed in many tumors. a-Amylases
purified from various tumors behave like the a-amylase from human parotid gland but
not like the pancreatic enzyme on agar gel electrophoresis and on ion exchange column
chromatography (7).

Study of the sugar chains of human parotid w-amylase revealed that they are bianten-
nary complex-type sugar chains containing either Galpl — 4GlcNAc31 —, Gal3l —
4(Fucal — 3)GIcNAcp1 — or NeuAca2 — 6Galpl — 4GIcNAcBl — group at their
outer chain moieties (28) (Fig. 2A). An interesting fact is that the acidic sugar chain oc-
curs only as a monosialyl derivative, and the sialic acid is exclusively located on the
Manal — 3 arm of the trimannosyl core. This characteristic is very unusual, because at
least a part of the biantennary complex-type sugar chains of most other glycoproteins
contain two sialic acid residues.

Structures of the sugar chains of two a-amylases purified from lung cancer and
ovarian cancer were elucidated as shown in Fig. 2B (30). Although the fucose residue,
found in the outer chain moieties of the sugar chains of parotid «-amylase, is completely
missing in these sugar chains, some characteristic features of the sugar chains of the former
are included in the tumor enzymes. The biassed distribution of sialic acid residue on
the Manal — 3 arm is also found to occur in these sugar chains. A common characteristic
feature, detected in the sugar'chains of the tumor a-amylases and not of the parotid
enzyme, is the incompleteness in their outer chain moictics: many of their outer chains
ended with 8-N-acetylglucosamine and not galactose. Such incomplete outer sugar chains
were also found in hepatoma y-G'l" (Fig. 1).

Fucal
3 Fuc.d [ECSN
3 ‘
Gal) +SCICNACR) + 2Mana L L] GleNAC. 1 -man 1, 0
ﬁ.nl\l *ACICNAGH | -3CleNAC ‘kl.nl. T80 NAC 1 #MGICNAC
Calis1+8GIcNACH 1+ IMan 1/ Cal. 1 -8GIcNAC, 1 - 28an (177
3
' . Fuc .l
Fucal
Cali 1 *8ClcNAC, l~lun-l\‘ ®
Fucal /’Alall_ 1e8CK NAC, 1+4GIc NAC
il

' Fucul GIENAC, |+ 2Man
3 +
Caly 1 UGICNAC( ] » 2Man 1 I 6 FoEat
1 +8GICNACH T +8CICNAC .
“Galif) +ACICNACE ) + Man ' GleNAC, Loatan iy 3
IAIJIL T+8CICMAC, 1 RCICNAL
Y

Fuc .l ClcNAco ! - Man
+

Galil +aCICNACE] » 2Mana . Fuc
)nnu +AGICNACE 1+ 8CICNAC &

Calis 1 +8GICNACE 1 =2Manal CleNAC s atan I 6
3 lhlaﬂ 1-8CIKKNAC 1 -8CIcNAC
* NeUAC:2-6Galii1 *8GIENAC. | - Ban (17
Fucul
Fuc o
Fucal f
v Fuc.l Gali | -4GIcNAC, |- 2an "N, .
3 ‘ Man. 1AGICNAG | -AGICNAC
Galil AGICNACEH ] »IMan i 6 NeuAC 12+6Galit ) HAGICNAC. 1+ 2an 177
Mani:1 -AGICNAC, | +4CIcNAC )
NeuAcii2+6Gali 1 +AGICNACE 1+ Man. 1/

Fic. 2. Structures of the sugar chains of a-amylases purified from human parotid
gland (A) and from two tumors, a serous papillary cystadenocarcinoma of the ovar-
ium and a bronchioalveolar adenocarcinoma of the lung (B)
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2. a-Fetoprotein

a-Fetoprotein is a glycoprotein synthesized by mammalian embryonic liver and yolk
sac. It has been known for more than 20 years as a tumor marker. The concentration of
a-fetoprotein is extremely low in the sera and the ascites fluid of adult mammals except
during pregnancy, but is elevated in those of patients with hepatoma and yolk sac tu-
mor (77). a-Fetoproteins produced by liver cancer and yolk sac tumor are immunologi-
cally indistinguishable, however, they contain different sugar chains as listed in Fig. 3.
The difference can be discriminated by either a concanavalin A-Sepharose column (79)
or an E-PHA-agarose column (Yamashita, K. and Kobata, A., unpublished result).
Almost none of the a-fetoprotein from yolk sac tumor bound to a concanavalin A-
Sepharose column, but was retarded in an E-PHA-agarose column. In contrast, the a-
fetoprotein from primary hepatocellular cancer binds to a concanavalin A column but
not to an E-PHA column.

One might wonder why the bisecting GlcNAc residue appears in the sugar chains
of 7-GT but not in the a-fetoprotein of hepatoma. It is known that the levels of y-GT
and a-fetoprotein do not rise in parallel. This may indicate the complex nature of he-
patocellular cancer.

3. Human Chorionic Gonadotropin (hCG)

HCQG is a glycoprotein hormone produced by trophoblasts in placenta. It is composed
of two subunits with molecular weights of 16,000 (a) and 30,000 (). Both subunits con-
tain two asparagine-linked sugar chains, the structures of which were determined by
Endo et al. (4) as shown in Fig. 4. These five sugar chains are derived by sialylation from

A 2Fucul
-
calahlclcNAcshmanu!\‘

6
3uanm~l(:lt:NAcshlclt:NAt:
GalB1+4GIcNACR1+2Mana1”

*Fucal
+
GalB1+4GICNACS 1+ 2Manaly 6
JMml!l +4GICNACR1+4GIcNAC
NeuAca2+6GalB1+8GICNACR 1+2Manal””

*Fucal
+

NaaAcnI‘6caIBlol(:lcNA«:Bhbllanal\6 6
ZManB 1+4CICNACB 1 +8GIcNAC
NeuAca2+6GalB1+8GIcNACE 1+ 2Mana 1/ 4

B GlcNAci Fucal
‘ ‘
calB|-lclcNAcﬂl-~manul\6 4 T6
gMani‘1 *4GIcNACB 1 *4GIcNAC
GalB1+4GICNACB 1+ 2Mana 1/

GlcNACc ] Fucul
i i
Galgl -chLNAcBHZManM\b L] 6
i‘anﬁl‘lclcNAc(ﬂ +4GIlcNAC
Sian2+6GalB1+4GICNACE 1+ 2Mana 1/

ClcNAcg! Fucal
+ +
sinubscglm*!G!cNActhMannI\s L] 6
'Man{1+4GICNACi1+4CIcNAC
Siaa2+6Gal31+4GICNACR1+2Mana 17

Fic. 3. Structures of the sugar chains of a-fetoproteins purified from hepatoma
(A) and from yolk sac tumor (B)
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Fucad
+
NeuAc (2+3Calf) *AGIcNAcR ! *Manaln o 6
fnnﬂl *QGICNAC11 »*AGIcNAC
NeuAcn2+3Gal B1 *8GICNACR T » 2Man 17

A2
Fucal
+
cﬂllhlclcNAcBI'Nlml\‘ 6
Manf 1 +8CICNACR 1 »4GICNAC
NeuAci2 +3CalB 1 +4GICNACR 1~ 2Mana 1
A-3
NeuAca2+3GalR1 ~4CICNACF 1+ 2Manal
‘}unshoclcnncm-ncknc
NeUACa2+3GalA1+AGICNACE T »Man a1
AN
GalA) +4GICNACB 1 *2Man 1
£1+8GICNACH | *AGIcNAC
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A-S

Man .1
: ‘}ammowkmca 1 -4CIcNAC
NeuAca2+3Gal1-4GICNACHT »2Man 117
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Fia. 5. Structures of the neutral cote portions of the asparagine-linked sugar
chains of choriocarcinoma hCG

the three neutral oligosaccharides (E, F, and H in Fig. 5). Although hCG purified from
the urine of pregnant women is more enriched in sialylated sugar chains than that from
placenta, the molar ratio of oligosaccharides E, F, and H of these hCGs is the same °
(1: 2: 1). Comparative study of the sugar moieties of the a- and B-subunits of hCG re-
vealed that a contains one rg"ole each of F and H, whilq B contains one mole each of E
and F (70).

A high level of hCG is detected not only in the urine of pregnant women but in
that of patients with hydatidiform mole and with choriocarcinoma. Accordingly, this
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glycohormone is widely used in gynecology clinics as a diagnostic marker of various
trophoblastic diseases as well as pregnancy. Because the formation of the four sugar
chains of hCG molecule is highly controlled, it was of interest to see whether the sugar
chains of hCG from choriocarcinoma showed any structural change. Study of an hCG
sample purified from the urine of a choriocarcinoma patient gave several exciting results
(77). None of the sugar chains was sialylated. Structural study of the neutral oligosac-
charides revealed that the eight oligosaccharides shown in Fig. 5 were included in the
choriocarcinoma hCG.

Further studies of the sugar chains of hCGs purified from the urine of three addi-
tional choriocarcinoma patients and three patients with hydatidiform mole revealed many
new aspects of the altered glycosylation of hCG in choriocarcinoma (72). The deletion
of sialic acid residues in the sugar chains is not commonly detected in the hCG pro-
duced by choriocarcinoma. However, eight neutral oligosaccharides in Fig. 5 were de-
tected in all three choriocarcinoma hCGs, although the molar ratio of each oligosaccharide
varied with the sample. In contrast, three hCG preparations from hydatidiform mole
patients have exactly the same neutral portion of the asparagine-linked oligosaccharides as
normal hCG, and the molar ratio of oligosaccharides E, F, and H was also 1:2: 1.
Therefore, the appearance of the five oligosaccharides, A, B, C, D, and G could be con-
sidered as a specific characteristic of choriocarcinoma hCG.

Hydatidiform mole is a benign lesion although the rate of incidence of choriocar-
cinoma in this disease is much higher than in normal pregnancy. Therefore, it was im-
portant to determine at what stage of the pathological process leading to choriocarcinoma
the altered glycosylation of hCG starts. Some of the hydatidiform moles are further clas-
sified as invasive mole, since they apparently show more malignant characteristics such
as invasion into the surrounding tissues and metastasis. It has recently been shown that
the two hCGs purified from the urine of patients with invasive mole contain oligosac-
charides A, B, E, F, G, and H in Fig. 5 but not C and D (5). Therefore, a part but not
all of the structural abnormalities detected in the neutral portion of the asparagine-linked
sugar chains of choriocarcinoma hCGs is also induced in the sugar chains of invasive
mole hCGs.

Based on the results so far described, we can define the biochemical events leading
to the altered glycosylation of hCG in choriocarcinoma as follows: because hCG pro-
duced by normal trophoblasts contains biantennary and monoantennary sugar chains,
GnT IV may not be expressed in these cells. Detection of triantennary sugar chains A
and B in invasive mole hCG indicated that ectopic expression of GnT IV occurs in this
lesion. Therefore, invasive mole might well be considered as a precancerous state. Absence
of oligosaccharides C and D in Fig. 5 indicated that the newly expressed GnT IV can
transfer N-acetylglucosamine to biantennary complex-type sugar chains but not to mono-
antennary sugar chains. This substrate specificity is the same as that of GnT IV in nor-
mal tissues which can produce the triantennary sugar chains, because oligosaccharides C
and D are not detected in the glycoproteins produced by normal cells. In choriocar-
cinoma, the GnT IV might be modified to have wider specificity towards acceptor be-
cause oligosaccharides C and D are formed.

Most of the patients with hydatidiform mole regress spontaneously. However, about
109, will develop persistent gestational trophoblastic diseases such as invasive mole and
will need treatment with therapeutic agents. In order to avoid indiscriminate prophy-
lactic chemotherapy, and to determine choriocarcinoma at its early stage, the structural
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changes found in the sugar moieties of invasive mole and choriocarcinoma hCGs may
be effectively used to develop a new diagnostic method.

CONCLUDING REMARKS

As described in this review, changes of the sugar moieties of glycoproteins during
oncogenesis are diverse. The changes can be in the form of both deletions and elonga-
tions. This is because the sugar chains are not direct gene products but are secondary
products through the concerted action of glycosyltransferases coded by genes. Therefore,
disorder in the controlled expression of genes in the tumor cells may result in various
changes of the sugar chain structures.

As well documented in the story of choriocarcinoma hCG, abnormal sugar chains
produced by cancer cells can include those which have never been detected in the
glycoproteins produced by normal cells. As discussed earlier, these sugar chains might be
produced because tumor glycosyltransferases acquired wider substrate specificity to-
wards acceptor sugar chains than the enzymes of normal cells. That tumor glycosyltrans-
ferases might have wider or looser substrate specificities has also been suggested by
comparative study of glycolipids in normal and tumor cells. Therefore, elucidation of
the biochemical basis of such modification of glycosyltransferases in tumor cells is one
of the important areas to be resolved in the future.

As is exemplified by the study of plasma membrane glycoproteins of fibroblasts and
their malignant transformants, tumor-related alteration of the sugar chains might well
be correlated with the metastatic behavior of the malignant cells. As many cell lines with
different metastatic character have already been established, this area of study may de-
~ velop quickly.

Studies of y-GT and hCG indicate that elucidation of the whole sugar structures of
glycoproteins is essential for the effective use of the altered sugars for clinical applica-
tion, because strategies to develop new diagnostic methods can only be made by pick-
ing up fragmental changes distributed in may tumor oligosaccharides. Since the changes
of sugar chains are qualitative, they will afford much better diagnostic methods than
simple immunochemical methods which have been widely used for cancer diagnosis and
prognosis.
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