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ABSTRACT
The localization of three carbohydrate antigens, Le", Ler, and sialyl-

ated \ i-'-i. which are closely related to stage-specific embryonic antigen

1, in the lung of developing human embryos was investigated using
specific monoclonal antibodies. In the 38-day-old embryo, when the

primitive lung bud has appeared and developed into two lung sacs, only
Le* antigen was specifically positive in the proliferating cells in the
terminal portion of lung bud. In the 50-53-day-old embryos, the future

bronchi were actively developing from the bronchial buds. At this stage,
the Le* antigen was maximally expressed and the Le" antigen appeared

in the bud cells. In the lung of the 12-week-old embryo, buds for the

future bronchioles were lined by simple cuboidal epithelial cells, which
were strongly positive for Le" antigen, weakly positive for Ley antigen,
and still completely negative for sialylated Le*-i antigen. Sialylated Lex-

i antigen finally appeared in 18-week-old embryos, in the cells of the
terminal buds for the future alveoli. At this stage, the Le" and Ler

antigens were already beginning to disappear and were only weakly
positive in cells of terminal buds. At 20 weeks, only sialylated Le"-i

antigen was weakly detected in the cells in the terminal buds; after 8
months, all three antigens were essentially not detected in the respiratory
cells in most of the embryos examined in this study. Formation of
bronchial glands was detected at 18 weeks, where the developing gland
cells were specifically positive for sialylated Le*-i antigen. Ciliation of

the bronchial epithelial cells started at 12 weeks and propagated there
after. The filini Â¡onwas accompanied by the reappearance of Ler and Le*

antigen in the epithelial cells. These findings collectively indicated that
the three antigens all have a physiological significance as stage-specific

developmental antigens of the human lung; those antigens were specifi
cally present in the bud cells at each important step of the morphogenesis
of the human lung, such as cells in the lung buds, bronchial buds, and
terminal buds for the formation of the alveolus, and cells differentiating
into bronchial gland cells. The three antigens gradually disappear in the
later stage of development along with the maturation process of the lung.
Stage-specific embryonic antigen 1 and related antigens are known to be

associated with various human cancers, including lung cancers. We
suggest that the expression of these antigens in the lung cancer cells is
the result of the retrodifferentiation of the cancer cells to the stages of
immature embryonic lung cells.

INTRODUCTION

Cancer cells frequently express embryonic antigens since they
undergo a retrodifferentiation process during the course of
malignant transformation. SSEA-1,3 first described by Solter

and Knowles in 1978 (1), is one of the embryonic antigens,
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which is specifically expressed on the murine preimplantation
embryos at the mÃ³rula stage. The SSEA-1 antigen is described
chemically as a carbohydrate antigen carrying Lex-hapten and
i-antigenic structures (2, 3). By using the specific monoclonal
antibodies, it was shown that the SSEA-1 and its modified form
of the antigen, including the sialylated form (sialylated Le" or
sialylated Le"-i and fucosylated forms (Ley and poly Le"), are
frequently accumulated in human cancers of various origins (4-

8).
Among various human cancers, lung adenocarcinoma is one

of the good sources of the SSEA-1 and its modified forms of
the antigen (9), and murine monoclonal antibodies directed to
lung cancer cells frequently turned out to recognize SSEA-1
and related antigens (10, 11). Moreover, among the modified
forms of the SSEA-1, sialylated SSEA-1 has been shown to be
present in the sera of patients with adenocarcinoma of the lung,
as well as in cancer cells (8, 12, 13).

Since SSEA-1 was first described as an embryonic antigen
and subsequently found in various human cancers, the antigen
has sometimes been regarded as an oncofetal or oncodevelop-
mental antigen (14-18). However, the following reservations
should be taken into consideration before the SSEA-1 and
related antigens are regarded as oncofatal antigens: (a) the study
of the antigen in the preimplantation embryos was based mainly
on the observation made with murine experimental systems,
while the study on the distribution of the antigens in malignant
cells has mostly been carried out by using cancer cells and
tissues of humans. It has been only sparsely tested whether or
not the antigen is really an embryonic antigen in humans (14-

Table 1 Carbohydrate structures of immunodominant epitopes ofSSEA-I and
related forms of the antigen and specific monoclonal antibodies used in this paper

Antigen Antibody Structure of immunodominant epitope
Le" (SSEA-1) FH 2

LeÂ» AH-6

Sialyl Le"-i FH-6"

Gal/Ã®l

Fucal
Fucal-Â»2Gal/31

Fucal
NeuAca2-Â»3Gal/31

Fucal

GlcNAc01->3R

GlcNAc/31-Â»3R

3

GlcNAC|81-Â»3R

Â°The FH-6 antibody requires the presence of i-antigenic structure in the core

of the carbohydrate chain for reaction (8) in addition to the terminal immuno
dominant epitope (sialyl Le") shown here. Therefore, the antigen defined by this
antibody is referred to as sialyl Le*-i as has been designated previously (8, 13).
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Table 2 Summary of the stage-specific expression ofSSEA-l and related
antigens in the lung of human embryos at various stages of development

Developmental stages
and samplenumbersStage

16 (38 days)
148Stage

22 (50 days)
150Stage

23 (53 days)
152Stage

21-23
89812

wk
22318-20wk

15616215815421-24

wk
1061641608

mo
107109

1049-10

mo
101102

103Cellular

Le" Le' Sialyl Le'-i
components (FH-2) (AH-6)(FH-6)Lung

bud â€”¿�* +â€”¿�Bronchial

bud + ++ â€”¿�
Stem bronchus -*-*Bronchial

bud + ++ -
Stem bronchus -*-*Bronchial

bud + ++
Stem bronchus -* -*-Bronchiolar

bud ++ + -
Stem bronchioles -*-*Terminal

bud + + ++
Alveolar duct -* --Terminal

bud -* + +
Alveolar duct â€”¿�* â€”¿�*â€”¿�Terminal

bud â€”¿� â€”¿�* +
Alveolar duct â€”¿� â€”¿�â€”¿�Terminal

bud - -* +
Alveolar duct â€”¿� â€”¿�â€”¿�Terminal

bud â€”¿� â€”¿� +
Alveolar duct â€”¿� â€”¿�â€”¿�Terminal

bud â€”¿� â€”¿� Â±
Alveolar duct â€”¿� â€”¿�â€”¿�Terminal

bud - - Â±
Alveolar duct - --Respiratory

epi- - -* -*
thelium'

Respiratory epi- â€”¿� â€”¿� â€”¿�*

thelium
Respiratory epi- â€”¿� â€”¿� â€”¿�*

theliumRespiratory

epi- - - -
thelium

Respiratory epi- - - -
thelium

Respiratory epi- - - -
thelium

Table 3 Summary of the stage-specific expression ofSSEA-l and related
antigens in the trachea and bronchus of human embryos at various stages of

development

" ++, more than 50% of cells strongly positive for the antigen; +, less than

50% of cells strongly positive for the antigen.
* A very small number of cells showed the positive staining.
' Respiratory epithelium consists of alveolar cells and alveolar epithelial cells.

16); (b) it appears to be very unusual for the cancer cells
originating from such highly differentiated cells as adult lung
cells to undergo the retrodifferentiation process, suddenly
jumping to the stage of preimplantation embryos in the course
of malignant transformation.

In the murine system, it has been reported that the SSEA-1
antigen reappears in the limited lineages of cells in a later stage
of the implanted embryo and shows an interesting pattern of
distribution and localization during the course of the morpho
genesis of various organs (17). In this study, by considering that
those antigens are frequently present in the human lung cancer
cells, we have investigated the distribution of SSEA-1 and its
modified forms of the antigen during the course of organogÃ©n
esis of the lung in human embryos.

Developmental stages
and samplenumbersStage

16 (38 days)
148Stage

22 (50 days)
150Stage

23 (53 days)
15212

wk
22318-20

wk
15616215421-24wk

1061641608

mo
1071099-10

mo
101102103Le"

LÃ©> Sialyl Le"-i
Cellular components (FH-2) (AH-6)(FH-6)TrachÃ©al

epithelium â€”¿�"â€” â€”¿�
Bronchial epithelium â€”¿� 4 â€”¿�

(Lungbud)Trachea!

epithelium â€”¿� â€”¿� â€”¿�
Bronchial epithelium â€”¿�* â€”¿�*â€”¿�Trachea!

epithelium â€”¿� â€”¿� â€”¿�
Bronchial epithelium -* -*-Trachea!

epithelium - + -
Bronchial epithelium â€”¿�* â€”¿�*â€”¿�Trachea!

epithelium â€”¿�* ++ â€”¿�
Bronchial epithelium -* + -
TrachÃ©alglands â€”¿�* â€”¿�* â€”¿�*
Bronchial glands â€”¿�* â€”¿�* â€”¿�*Bronchial

epithelium â€”¿� â€”¿� â€”¿�
Bronchial glands â€”¿� â€”¿�*+Bronchial

epithelium + + â€”¿�
Bronchial glands â€”¿�* â€”¿�*+Trachea!

epithelium â€”¿�* ++ â€”¿�
Bronchial epithelium â€”¿�* ++ â€”¿�
Trachea! glands -* - ++
Bronchial glands â€”¿�* â€”¿�++Bronchial

epithelium -* ++-Bronchial

epithelium â€”¿�* ++â€”¿�Trachea!

epithelium â€”¿�* ++ â€”¿�
Bronchial epithelium â€”¿�* ++ â€”¿�
Trachea! glands -* - ++
Bronchial glands â€”¿�* â€”¿�*++TrachÃ©al

epithelium â€”¿�* ++ â€”¿�*
Bronchial epithelium -* + -*
TrachÃ©alglands -* -* ++
Bronchial glands â€”¿�* +++TrachÃ©al

epithelium â€”¿�* ++ +
Bronchial epithelium â€”¿�* ++ â€”¿�*
Trachea! glands â€”¿�' + ++
Bronchial glands â€”¿�* +++Trachea!

epithelium â€”¿�* ++ +
Bronchial epithelium â€”¿�* ++ â€”¿�*
Trachea! glands â€”¿�* + ++
Bronchial glands -* -*++Trachea!

epithelium -* ++ -*
Bronchial epithelium â€”¿� ++ â€”¿�*
Trachea! glands â€”¿�* â€”¿� ++
Bronchial glands â€”¿�* + ++

" ++, more than 50% of cells strongly positive for the antigen; +, less than

50% of the cells strongly positive for the antigen.
* A very small number of cells showed the positive staining.

MATERIALS AND METHODS

Monoclonal Antibodies Directed to SSEA-1 and Related Antigens
Used in This Study. The specificities of the monoclonal antibodies
directed to SSEA-1 and its modified forms of the antigen are summa
rized in Table 1. Antibodies FH-2 (specific to Le" hapten, which is the
dominant epitope of SSEA-1), AH-6 (specific to Ley hapten, the fuco-
sylated form of Lex), and FH-6 (specific to sialylated Le" hapten carried
by i-antigenic core structure) are all murine IgM and were prepared as
described previously (8, 13).

7151

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2434472/cr0480247150.pdf by guest on 19 M

ay 2023



SSEA-1-RELATED ANTIGENS IN HUMAN EMBRYONIC LUNG

r

BB

SB

SB

BB

SB

Fig. 1. Specific localization of Le* antigen (a) in the epithelial cells of the distal terminus of the lung bud at Carnegie stage 16 (about 38 days, sample 148) and
distribution of Le* (b), Ley (c), and sialyl Le"-i (</)antigens in the epithelial cells of the bronchial bud at Carnegie stage 22 (50 days, sample 1SO). In a, the cells of the
most distal end of the right lung bud (the future right bronchus) are shown (A), and are clearly positive for Ley antigen. The cells of the left lung bud (the future left
bronchus) shown in this section (/.) are the cells in the stem portion of the lung bud which are located far from the distal end of the bud, and they are essentially
negative for the Ley antigen. This indicates that only the cells located at the terminal portion of the lung buds are positive for Le- antigen. Endothelial cells of small
vessels are also positive for the Le" antigen. In b. Le* antigen, first appearing at this stage, is strictly localized only in the epithelial cells at the bronchial buds (BB),

which are lined by the stratified columnar epithelium. Note that the nucleus has a central position in the epithelial cells of the bronchial buds, whereas it has an apical
position in the epithelial cells of the stem bronchus (SB). These epithelial cells of stem bronchus are the cells which have completed the initial differentiation process
from the bronchial bud cells and are only sporadically positive for the antigen. As in e, Le' antigen is strongly positive for the cells in the bronchial buds. The
endothelium of the small blood vessels around the bud is also positive for the Ley antigen. As shown in d, the sialylated I c' i antigen is totally negative in all types of
the cell at this stage, a, b, and tl. original magnification, x 100; c, x 200.

Human Embryos and Fetuses and Immunohistochemical Techniques.
The 18 externally normal human embryos and fetuses were obtained
from Kyoto University and Shimane Medical University. As summa
rized in Tables 2 and 3, the developmental stages of those embryos and
fetuses ranged from the embryo at Carnegie stage 16 (estimated ovu
lation age, 38 days) to full term fetuses. In the fetuses, their approximate
gestation ages were determined from the clinical data and the degree
of development of the outer anatomical characteristics (19, 20). The
tissue sample was prepared from the left lower part or lobe of the lung
(21), except for the embryos at Carnegie stages 16, 22, and 23, with
which the whole lung was used. Formalin-fixed and paraffin-embedded
tissue samples were prepared and the consecutive 4-Mm-thick sections
were prepared. The avidin-biotin complex technique for the immuno-
histochemical study of human embryos was performed as described in
the instruction of the kits (Vectastain) provided by Vector (Burlingame,
CA).

RESULTS

Appearance of Ley Antigen in the Lung Buds of the 38-Day-

Old Human Embryos (Carnegie Stage 16). Early in the 4th week
of embryonic life, the lung bud appears in the primitive pharyn-
geal floor and soon develops into two lung sacs. At Carnegie
stage 16 (approximately 38-day-old embryo), the epithelial cells
of the lung buds are composed of the stratified columnar cells

as shown in Fig. la, and Ley antigen is the first antigen among

the antigens examined in this study which is clearly recognized
in the epithelial cells of this stage. Lex and sialylated Le*-i

antigens are completely negative in these cells (see Table 2,
photographs not shown). The Ley-positive cells are observed

only in the cells of the distal terminus of the lung buds, as is
clearly shown in Fig. 1a (see figure legend).

Expression of Le" and Ley Antigens in the Lung Buds of the
50-53-Day-Old Embryos (Carnegie Stages 22 and 23). At Car

negie stage 22 (50 days), the bronchial trees develop from the
actively dividing cells in the bronchial buds, in which the Le"

antigen appears as shown in Fig. Ib.
The Ley antigen is maximally expressed at this stage, and the

Ley antigen is also strictly localized in the epithelial cells of the
bronchial buds (Fig. le). The sialylated Le*-i antigen is com

pletely negative at this stage (Fig. Id).
In the lung of the embryos at Carnegie stage 23 (about S3

days), the distribution patterns of the three antigens were essen
tially the same as in Carnegie stage 22 (see Table 2, photographs
not shown).

Distribution of Le" and Ley Antigens in the Developing Lung
in the 12-Week-Old Embryo. In the 12-week-old embryo, the
lung is characterized by the prominent dichotomous branching
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SB

BB

Fig. 2. Distribution of Le" (a and A).Le* (<â€¢).and sialyl I .e'-i (</)antigens in the epithelial cells of the lung at 12 weeks (sample 223).
In a and b. Le* antigen is maximally positive at this stage and is specifically localized in the epithelial cells at the bronchiolar buds (lilt), which are lined now by

the single columnar epithelial cells, the nuclei of which are located in the central regions of the cells. Note that the nucleus of the epithelial cells of the stem
bronchiolus (SB) has an apical position. These are the cells which have completed the initial differentiation process from the bronchiolar bud cells and are only
sporadically positive for the antigen. Le' antigen is still positive for the cells in the bronchiolar buds and is essentially negative in the epithelium of the bronchiolar
stem as shown in <â€¢.The sialylated Le'-i antigen is still negative at this stage as in Â¡I.

of the tubular structure, which forms the future bronchioles. At
this period, the Le" antigen is maximally expressed in the cells

of the bronchiolar buds (Fig. 2, a and b).
The Ley antigen is still positive in the bud cells at this stage

(Fig. 2c), but the intensity of the staining is less than in the bud
cells at Carnegie stages 22 and 23, indicating that the antigen
is already on the way to disappearing. The sialylated Le"-i

antigen still remains totally negative in the cells at this stage
(Fig. 2<0.

Distribution of SSEA-1-related Antigens in the Developing
Lung in the 18-20-Week-Old Embryos. Sialylated Le"-i antigen
finally appears in the 18-week-old embryonic lung as shown in
Fig. 3Â¿>.At this stage, the bifurcation of the airways is promi
nent, and the future alveoli are developing in the lung. The
sialylated Le"-i antigen is specifically localized in the epithelial

cells at the terminal buds, and the epithelial cells of the com
pleted alveolar ducts are totally negative for the antigen. The
expression of the sialylated Le*-i antigen is maximum in the

lung at 18 weeks, and staining of the lung at 20 weeks was
significantly weaker than that observed in the lung of 18-week
embryos (Table 2, photographs not shown).

Le" antigen still continues to be positive at 18 weeks and

localized in the cells of the terminal buds as shown in Fig. 3a,
but the staining intensity is significantly weaker than in the
previous stage. Similarly, the staining intensity of the Ley

antigen at this stage is significantly weaker than in the previous

stage (Table 2, photographs not shown). These findings indicate
that Le", as well as Ley, begin to disappear at this stage. In the

lung at 20 weeks, both antigens are essentially negative in cells
of either the terminal buds or the alveolar ducts (Table 2,
photographs not shown).

Distribution of SSEA-1-related Antigens in the Developing
Lung in the Fetus Older than 21 Weeks. After 21 weeks, the
lung undergoes the process of morphological maturation. In
the lungs of 21-week-old fetuses, the airways gradually increase,
and the respiratory epithelial cells of the former terminal buds
are now significantly flattened. Some cells in the terminal
portion of the alveolus remain cuboidal, which are weakly
positive for the sialylated Le*-i antigen as shown in Fig. 4, c

and d. Other cells in the alveolar airways are more flattened
and negative for the antigen. After this period, the sialylated
Le"-i antigen continues to disappear from the cells of the

alveolus, and essentially no positive cells were observed after 8
months (Table 2, photographs not shown).

Ley and Le" antigens are already negative in the lung of the
21-week-old fetuses as shown in Fig. 4, a and b, respectively,
and remained negative throughout prenatal life after this period
(Table 2, photographs not shown).

Reappearance of SSEA-1-related Antigens in the Epithelial
Cells and Gland Cells of the Trachea and Large Bronchus in the
Later Stage of Development. The formation of the bronchial
and trachea! gland is observed first in the developing lung of
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Fig. 3. Distribution of Le' (a), and sialylated Le*-i (b) in the epithelial cells of

the lung at 18 weeks (sample 156).
As shown in a, the Le* antigen is still positive for the cells in the terminal buds

('/'//) at this stage, but only weakly at the luminal surface of the cells, h shows the
appearance of the sialylated Le*-i antigen. The antigen is localized in the epithelial

cells of the terminal buds, which are lined by the single columnar epithelial cells.
The epithelial cells of the alveolar ducts (AD), which have completed the initial
differentiation process from the terminal bud cells, are negative for both antigens.
Original magnification, x 200.

the 18-week-old embryo. As shown in Fig. 5a, the glands are
formed first as a mass of proliferating bronchial epithelial cells
which migrate into the submucosal region. These cells, which
can be called bud cells for bronchial glands, are positive only
for sialylated Lex-i antigen and are negative for Le" and Ley
antigens. The expression of sialylated Le"-i antigen in gland
cells is maximum in 21-24-week-old embryos, and the antigen
is continuously present in the gland cells throughout the pre
natal life (Fig. 5, b-d; Table 3).

At Carnegie stage 16, the Ley antigen was positive only in

the lung bud cells and was negative in the cells of the trachÃ©al
and bronchial epithelium, as has been described earlier. As
shown in Fig. 6<z,the antigen is still negative in the epithelial
cells of the trachea at Carnegie stage 23. At 12 weeks, the
epithelial cells of the trachea and large bronchi develop cilia,
and at this period Ley antigen becomes positive in the devel
oping epithelial cells (Fig. 6b). In a later stage, Le" antigen also
becomes patchily positive as well as does Ley in these ciliated

cells, and these antigens are especially condensed at the ciliated
surface of the cells (Fig. 6, c and d). The antigens were more or
less positive in the ciliated epithelial cells of the trachea and
large bronchi throughout the prenatal life after this period
(Table 3).

Summary of the Distribution of SSEA-1-related Antigens in
the Developing Lung of Human Fetus and Comparison with the
Antigenic Pattern of Human Adenocarcinoma of the Lung. The
stage-specific expression of the Le" and related antigens in the

lung morphogenesis in human embryos and fetuses is schemat
ically summarized in Fig. 7. Ley antigen appears earliest in the

lung bud, is maximally expressed at the stage of formation of
the large bronchus, and gradually disappears thereafter. Le"
antigen appears later than Ley, in the bronchial bud cells of the
50-day-old embryo, and is maximally expressed at the period
of formation of the bronchiolus in the 12-week-old embryo.
The antigen disappears rapidly thereafter. The sialylated anti
gen appears latest among these three antigens in the terminal
bud cells at the period of alveolar formation. The expression of
these antigens in alveolar cells is only transient and stage

a
\ Ã€

/__

I ^ 4

,-dr
Â«T* *

' X

Â».â€¢ s /,
â€”¿�â€¢Â»Â»â€¢¿�-, 'C

Fig. 4. Distribution of Le' (a), Le* (*), and
sialylated Le"-i (c and d) antigens in the epi

thelial cells of the lung at 21 weeks (sample
106). At this stage, Le" and Ley antigens are
not present in the cell of the alveoli any more
(a and b), and only a part of the endothelial
cells of small vessels is positive for the Le*
antigen (Â¿>).In c and d, sialyl Le"-i antigen is
recognized in the cuboidal cells in the alveolus
as indicated by arrows, a, b, and d, original
magnification, X 400; c, X 200.
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a
.

-

Fig. 5. Distribution of sialyl Lex-i antigen in the bronchial gland cells (a-c) and trachÃ©algland cells (</)of the lung in the human embryos and fetuses at various
stages of development. The formation of bronchial glands is notable for an 18-week-old embryo as in a; these primitive gland cells are positive for the sialyl Le'-i
antigen as indicated by an arrow (sample 156). />,bronchus in the lung of a 21-week-old fetus (sample 106; developing bronchial gland cells are indicated by arrows);
c, bronchus in the lung of a 10-month-old fetus (sample 103); d, trachea of a 21-week-old fetus (sample 106). a, b, and <:original magnification, x 100; il. x 200.

C

Â» **

O, -

Fig. 6. Distribution of Le" and Ley antigens in the epithelial cells of trachea and bronchus of human embryos at various stages, a and b show the localization of
Ley antigen in the epithelial cells of the trachea at Carnegie stage 23 (sample 152) and at 12 weeks (sample 223), respectively. Trachea! epithelial cells at Carnegie
stage 23 are not ciliated and are essentially negative for the antigen (a). In a 12-week-old trachea, significant ciliation of epithelial cells is observed as indicated by
arrows, and the ciliated cells are positive for Le* antigen (Â¿>).c and d show the distribution of Le* and Le' in the epithelial cells of the middle-sized bronchus of an 18-
week-old embryo, indicating that these antigens are most strongly positive at the ciliated apical surface of the cells (sample 156). a, original magnification, x 200; b,
c, and d, x 400.

specific, and no respiratory cells are positive for these antigens
in full term fetuses.

In a later stage, the Ley and Le" antigens reappeared in the

epithelial cells of the trachea and large bronchus at the stage of
the development of cilia. The sialylated Lex-i antigen also

appears in the course of development of the bronchial and
trachÃ©alglands. The expression of Le" and related antigens in

these epithelial and gland cells is persistent throughout the
prenatal life thereafter.

As shown in Table 4, human lung adenocarcinoma shows a
variable expression of these three antigens according to their
degrees of differentiation. Among the three antigens, the Ley

antigen is most frequently expressed in cancer cells. Poorly
differentiated adenocarcinoma tended to be negative for the
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stage 16 stage 22

(about 38day) (about 50day)

SSEA-1-RELATED ANTIGENS IN HUMAN EMBRYONIC LUNG

12 week

Sialyl Lex-i (+)â€¢)

Sialyl Lex-i (H)

Fig. 7. Schematic presentation of the stage-specific expression of the SSEA-1 and related antigens in the morphogenesis of the human lung.

sialylated Le"-i antigen. Large cell carcinoma of the lung, the

most undifferentiated form of the human lung cancer, still
expressed Ley antigen with a considerable frequency, but Lex
and sialyl Le"-i antigens were negative in most cases. Squamous

cell carcinoma showed a pattern similar to that of large cell
carcinoma. Small cell carcinoma were essentially negative for
the Le" and sialyl Le'-i antigens and only sporadically positive
for the Ley antigen.

DISCUSSION

SSEA-1 was first described as a monoclonal antibody-defined
embryonic antigen which appears in murine preimplantation
embryos in a stage-specific manner (1). Various human cancers
were found to contain the SSEA-1 active carbohydrate antigen
(Le") and its modified forms, such as Ley (fucosylated type of
SSEA-1) or sialyl Le" (sialylated type of SSEA-1) antigen, and

the adenocarcinoma of the lung showed the highest frequency
for these antigens in the sera of patients (12, 13). Considering
that SSEA-1 antigen, the prototype of these antigens, was first
described as an embryonic antigen, we and other investigators
thought these antigens to be oncodevelopmental antigens (14-

18,22,23).
However, it is rather unnatural for mature and specialized

cells like adult lung cells (21), which have completed many
steps of differentiation during ontogeny, to suddenly acquire,
upon malignant transformation, antigens specific for the preim
plantation embryos, which are at a very early stage of ontogeny.
Since it was known that SSEA-1 antigens reappear in a certain
lineage of cells after implantation during the course of morpho
genesis of certain organs such as brain and urogenital organs
(17, 24), we thought it necessary to test whether or not the
antigen reappears in the course of morphogenesis of human
lung, and the expression of SSEA-1-related antigens in lung
cancer cells could be the result of the retrodifferentiation of
cancer cells towards a certain stage of lung morphogenesis in
prenatal life rather than the retrodifferentiation to the earliest
stage for preimplantation embryos.

Our results described in this paper clearly show the stage-

specific expression of Le" and related antigens in developing

lungs of human embryos. As summarized in Fig. 7, each im
portant step of lung morphogenesis is characterized by the
appearance of each form of the SSEA-1-related antigens: the
cells in the stage of development of the future trachea and large
bronchus are characterized by expressing the Ley antigen; the
cells for the future bronchiolus expressed Le"; and the cells for
future alveoli were characterized by the sialyl Lex-i antigen. At

every stage, each antigen is localized specifically in the imma
ture cells found in "buds," such as lung buds, bronchial buds,

and terminal buds, where the cells undergo the most active
proliferation and differentiation processes.

The physiological relevance of the strict localization of these
antigens in the bud cells in the developing lung remains un
known at present. The physiological significance of SSEA-1
antigen in the murine preimplantation embryos is reported to
be the facilitation of the cell-to-cell interaction and the com
paction of proliferated mÃ³rulacells, which prepared those cells
for the morphogenesis of the blastocyst (25, 26). The Ley, Le",
and sialyl Le"-i antigens may play a similar role in the cell-to-

cell interaction and compaction of proliferated cells in the lung
buds, bronchial buds, and terminal buds, respectively, and in
preparing those cells for the further specific morphogenesis of
bronchus, bronchioles, and alveolus.

Two kinds of stage-specific expression are noted with these
antigens. One is that found in the bud cells, where only the
immature cells are positive for the antigen, and the antigen
disappears from the cells during the course of differentiation.
As a result, mature epithelial cells in the bronchial stem, bron-

chiolar stem, and alveolar duct, which have already completed
the initial differentiation process from the bud cells in each
stage of embryonic development, turn negative for the Le", Ley,
or sialyl Le"-i antigen, respectively. No alveolar cells positive

for these antigens are reported to be present in adult lung (13,
27). This type of expression of the stage-specific antigen is
characterized by their strict stage specificity and disappearance
of the antigen in mature cells. This expression of SSEA-1 -
related antigen during the course of organogÃ©nesis can be
regarded as the second wave of the expression of those antigens,

7156

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2434472/cr0480247150.pdf by guest on 19 M

ay 2023



SSEA-1-RELATED ANTIGENS IN HUMAN EMBRYONIC LUNG

Table 4 Coexpression of Le' and related antigens in the adenocarcinoma and

large cell carcinoma of the lung

Cancer LeÂ« Le"
Sialylated

Le"-i

Well-differentiated adenocarcinoma
Case 8034 -Â° ++ ++

Case 8486 + ++ ++
Case 8539 (mucin producing) Â± ++ +
Case 8075 (mucin producing) â€”¿� ++ â€”¿�
Case 8375 ++ Â± ++

Bronchioloalveolar type adenocarcinoma
Case 8656 - + ++
Case 8526 Â± Â± +

Moderately differentiated adenocarcinoma
Case 8537 + ++ ++
Case 8624 Â± ++ +
Case 8126 Â± ++ ++
Case 8662 Â± ++ ++

Poorly differentiated adenocarcinoma
Case 8483 ++ ++ +
Case 8645 Â± + +
Case 498 + ++ Â±
Case 506 + ++
Case 308 Â± ++

Adenosquamous carcinoma
Case 8071 + ++ +

Large cell carcinoma
Case 8169 - +
Case 8082 - -
Case 8638 - -
Case 8082 - + Â±
Case 8074 - + Â±
Case 8157 Â± +
Case 309 - +

Small cell carcinoma
Case 8136 - -
Case 8589 - -
Case 8141 - -
Case 8667 -
Case 8166 - Â±
Case 8203 - Â±
Case 8363

Squamous cell carcinoma
Case 8416 - ++ Â±
Case 8519 Â±
Case 8194 Â± + Â±
Case 8362 Â± +
Case 8154 - Â±
Case 8109 Â± +
Case 8414 - -
Case 8016 Â± +
Case 8091 +
Case 8382 - Â±
Case 8032 - -
Case 8615 - Â± Â±
Case 8406 - -
Case 8414 - +

* ++, more than 50% of cancer cells strongly positive for the antigen; +, less

than 50% of cancer cells strongly positive for the antigen; Â±,only a few cancer
cells positive for the antigen.

assuming the appearance of these antigens in the preimplanta-
tion embryos as classically described (1) as the first wave of the
expression.

The other pattern of expression of these antigens is observed
in the epithelial cells of trachea and large bronchus in a much
later stage of development. Le" and Ley antigens reappear at

the stage of cilial development in some of the epithelial cells of
the trachea and large bronchus in 12-18-week-old embryos,
and this expression continues throughout the prenatal life.
Similarly, sialyl Le"-i antigen specifically reappears in 18-week-

old embryos in the mass of bud cells which are to form future

trachÃ©aland bronchial glands, and the mature gland cells which
accomplished the differentiation process from these bud cells
still remain strongly positive for the antigen throughout the
prenatal life. Judging from the finding that the cells of trachÃ©al
and bronchial glands and a few of the epithelial cells are positive
for these antigens in adults (13, 27), these cell lineages seem to
be persistently positive for the antigens throughout life. This
type of the expression of stage-specific antigen is characterized
by this persistency of the antigen after differentiation. This
expression of the SSEA-1-related antigens can be regarded as
the third and the latest wave of the expression of these antigens
in intrauterine life.

Human lung cancer cells are found to express varying degrees
of these SSEA-1 and related antigens. The positive frequency
of the Ley antigen was highest among the three antigens tested,

and the antigen was observed in adenocarcinoma having the
most differentiated morphological appearance as well as in large
cell cancers which are thought to represent the most undiffer-
entiated cancers of the lung (28). The wide distribution of the
Ley antigen in lung cancer cells is in line with the finding in
embryonic lungs that Ley antigen is observed in the most

immature cell lineage of the earliest lung buds as well as in the
relatively mature cells such as ciliated bronchial epithelial cells
which appear at a much later stage. Lex and sialyl Le*-i antigens

were also observed in well and moderately differentiated ade
nocarcinoma of the lung, but the antigens tended to be negative
in poorly differentiated adenocarcinoma and large, squamous,
and small cell carcinoma, which corresponds well with the
findings that the antigens are positive in embryonic lung cells
only in the later period and are negative in the bud cells of the
earliest stage of development of embryonic lung. These variable
expressions of SSEA-1-related antigens may indicate the vari
able degree of retrodifferentiation process of adenocarcinoma
cells towards the variable stage of the lung bud cells during the
course of embryonic development of the lung. At present, the
cell lineage origin of human lung cancers is largely unknown
(29), and the distribution of these SSEA-1 and related antigens
can be utilized as one of the tools for the classification and
grading of the differentiation status of cancer cells.
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