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Ethnic differences in the expression of blood group 
antigens in the salivary gland secretory cells from 
German and Japanese non-secretor individuals 
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Type 1 ABO blood group antigens (peripheral core structure: Gal/31-3GlcNAc/31-R) are expressed mainly in 
endodermally-derived tissues, but are not synthesized in mesoderrnally-derived tissues. In the former tissues, H type 
1 antigen is generated largely by a-2-L-fucosyltransferase encoded by secretor (Se) gene and acting on the terminal 
galactose of the type 1 precursor chain. This theory has been generally accepted, and it seems that the expression 
of ABO blood group antigens is absent, or expressed at a low level, in these tissues from non-secretor individuals. 
In this immunohistochemical study on the secretory cells of salivary glands, we found ethnic difference between 
German and Japanese non-secretor individuals in the expression of blood group antigens: i.e. the expression of the 
type 1 blood group antigens is present in these cells from Japanese non-secretor individuals but absent from 
German. A possible explanation is that another c~-2-L-fucosyltransferase, independent of the secretor gene, is 
present in Japanese non-secretor individuals. 
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Introduction 

In a previous study [1], we compared the staining 
properties of  several blood group A specific lectins in 
different human tissues and found that in submandibular 
glands from blood group A non-secretors, Dolichos 
biflorus agglutinin (DBA), Griffonis simplicifolia agglu- 
tinin I (GSA-I), and Sophora japonica agglutinin (SJA) did 
not react with mucous cells, whereas Helix pomatia 
agglutinin (HPA) and Helix aspersa agglutinin (HAA) did 
react. In a preliminary study using German subjects, 
however, we found that the two snail lectins did not react 
with mucous cells of  salivary glands from blood group A 
non-secretors, suggesting the existence of ethnic differ- 
ences in the expression of blood group antigens. It has 
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been reported that the H type 1 antigenicity was clearly 
detected in saliva from Japanese blood group O non- 
secretor individuals [2]. Gibbs et al. [3] reported that the 
reactivity of  blood group B erythrocytes with anti-B serum 
was the strongest among Blacks, weakest among Mon- 
goloids and intermediate among Caucasians. Henry et al. 
[4] showed in their study of the expression of Lewis blood 
group antigens in the human plasma, that ethnic 
differences are present in the phenotypical expression of  
Le antigens in plasma of  some populations. They 
presumed that the differences were caused by an 
inefficient type a-2-L-fucosyltransferase appearing in the 
Leb+ non-secretor phenotypes of  a certain population. 

However, ethnic differences in blood group antigen 
expression in tissue sections have been dealt with in only 
a few studies. 

In the present study, we systematically compared the 
histochemical properties of  secretory cells of  various 
salivary glands obtained from German blood group A, 
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AB and 0 non-secretor individuals with those from 
Japanese non-secretors for the purpose of analysing the 
mechanism causing the ethnic difference. 

Mater ia l s  and  m e t h o d s  

Tissue specimens of  the submandibular glands, sublingual 
glands and tongues were collected at autopsies in the 
Instittit ffir Rechtsmedizin, Miinster University, Depart- 
ment of Legal Medicine, Shiga University of Medical 
Science and Osaka Medical Examiners Office. ABO and 
Lewis blood grouping of  the donors were performed by 
routine haemagglutination testing, using the blood samples 
obtained at autopsies. The secretor status of the donors 
was determined by the Lewis blood type or histochemi- 
cally deduced from the presence (secretor) or absence 
(non-secretor) of H antigen in the serous cells of 
submandibular glands. The distribution of the blood 
groups of German and Japanese samples examined is 
listed in Table 1. 

Tissue specimens were fixed in 10%-formalin at room 
temperature for 3-6 days and embedded in paraffin. 
Serial sections were sliced at a thickness of 4/xm and 
stained with monoclonal antibodies, labelled lectins, and 
conventional carbohydrate staining methods such as 
periodic acid Schiff (PAS), Alcian blue at pH 2.5, and 
aldehyde pararosanilin methods. Staining procedures with 
labelled lectins and monoclonal antibodies as well as 

Table 1. Distribution of ABO and Lewis blood groups of German 
(a) and Japanese (b) samples tested in this study. 

(a) Le(a+b-) Le(a-b-) Le(a-b+) 

non-secretor secretor total 

A1 4 1 2 8 15 
A2 2 0 0 4 6 
AIB 2 0 2 2 6 
A2B 1 1 1 2 5 
B 1 0 0 1 2 
O 4 1 3 11 19 

14 3 8 28 53 

(b) Le(a+b-) Le(a-b-) Le(a-b+) 

non-secretor secretor total 

A1 9 2 2 6 19 
A1B 5 1 2 4 12 
B 3 0 0 2 5 
O 4 2 1 4 1t 

21 5 5 16 47 

Tanegashima et al. 

conventional histochemical methods were described in the 
previous papers [5-7]. 

Digestion with a-L-fucosidase was carried out by 
incubating tissue sections in a solution containing the 
enzyme at a concentration of 1 Um1-1 in 0.1 M citrate 
phosphate buffer, pH 5.2, at 37 °C for 20h [8]. As 
controls for this enzyme digestion experiment, tissue 
sections were incubated in the same buffer solution 
without enzyme under each incubation condition. 

The following blood group A, B or AB specific 
lectins, conjugated with horseradish peroxidase (HRP) or 
with biotin were used: DBA, GSA-I, HAA, HPA, SJA 
and Vicia villosa agglutinin (VVA). In addition, Ulex 
europaeus agglutinin (UEA) and Lotus tetragonolobus 
agglutinin (LTA) which are specific for H type 2 antigen, 
and soy bean agglutinin (SBA) and peanut agglutinin 
(PNA) which are specific for type 2 and 3 precursor 
chain, respectively, were also used. HAA and VVA were 
provided as biotin labelled lectins and the others as HRP 
labelled lectins and were purchased from Sigma Chemi- 
cal Co., St Louis, Mo, USA (DBA, GSA-I, HAA, VVA, 
GSAI-B4, LTA, SBA and PNA) or E. Y. Laboratories, 
San Mateo, CA, USA (SJA and UEA). 

Monoclonal anti-A and anti-B antibodies were pur- 
chased from Biotest-Serum-Inst. (Frankfurt, Germany), 
Ortho Diagnostic System (Raritan, NJ, USA), Dako Co. 
(Santa Barbara, CA, USA), Biocarb Chemicals (Lund, 
Sweden) and Cromatest Laboratories (Knickerbocker Co., 
Spain). Monoclonal anti-A1 antibody specific for A type 
3 or 4 chain antigens was purchased from Biotest-Serum- 
Inst. Monoclonal anti-H antibody which is specific for 
type 2 chain was purchased from Dako Co. Monoclonal 
anti-Le a and anti-Le b antibodies were purchased from 
Biotest-Serum-Inst Monoclonal anti-Le x and anti-Le y 
antibodies were purchased from Seikagaku Co. (Tokyo, 
Japan). Monoclonal anti-type 1 precursor antibody (BG- 
1) was purchased from Signet Laboratories (Cambridge, 
MA, USA). 

~-L-fucosidase (bovine kidney) was purchased from 
Boehringer-Mannheim (Indianapolis, IN, USA). 

Resul t s  

The conventional histochemical staining method showed 
no observable difference in the staining patterns of the 
secretory cells between German and Japanese individuals 
irrespective of blood group and secretor status of  the 
donors. 

Expression of A antigen 

In all Japanese blood group A and AB non-secretors 
examined, HPA (Fig. 1B; Table 2) and HAA reacted 
moderately or strongly with the mucous cells of 
submandibular glands, sublingual glands, anterior and 
posterior lingual glands and with the serous cells of von 
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Figure 1. Sections of submandiblar gland from a Japanese blood 
group AB non-seeretor stained with: A, monoclonal anti-A 
antibody; B, HPA; C, DBA; D, monoclonal anti-B antibody. The 
mucous cells and the endothelial cells of  blood vessels were 
stained with monoclonal anti-A antibody (1A), HPA (1B), and 
monoclonal anti-B antibody (1D). No staining with DBA was 
detected (1C). 

Figure 2. Sections of submandiblar gland from a German blood 
group A2B non-secretor stained with: A, monoclonal anti-A 
antibody; B, HPA; C, DBA; D, monoclonal anti-B antibody. The 
endothelial cells of  blood vessels were well stained with 
monoelonal anti-A antibody" (2A), HPA (2B), and monoclonal 
anti-B antibody (2D), but the mucous cells showed no reactivities 
with these antibodies and lectin. No staining with DBA was 
detected (2C). 
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Figure3.  Sections of sublingual gland from a Japanese blood 
group O non-secretor stained with: A, UEA; B, monoclonal anti- 
type 1 precursor antibody; C, monoclonal anti-Le a antibody; D, 
monoclonal anti-LO antibody. The mucous cells showed good 
reactivity with UEA (3A), but no reactivity with anti-type 1 
precursor antibody could be detected (3B). Not only Le a (3C) 
antigenicity but also Le b (3D) antigenicity were detected ill the 
mucous cells. 

Figure 4. Sections of sublingual gland from a German blood group 
O non-secretor stained with: A, UEA; B, monoclonal anti-type 1 
precursor antibody; C, monoclonal anti-Le a antibody; D, mono- 
clonal anti-Le b antibody. In contrast to Japanese O non-secretor 
individuals, the mucous cells showed no reactivity with UEA (4A), 
but weak reactivity with anti-type 1 precursor antibody (4B). These 
cells showed good reactivity with anti-Le a antibody (4C), while Le b 
antigenicity could not be detected in the mucous cells (4D). 
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T a b l e  2. S t a i n i n g  w i t h  b l o o d  g r o u p - s p e c i f i c  m o n o c l o n a l  a n t i b o d i e s  

a n d  l e c t i n s  in  s a l i v a r y  g l a n d s  f r o m  G e r m a n  a n d  J a p a n e s e  b l o o d  

group AB non-secretor individuals. 

German AB Le(a+b-) 

S M  muc. S M  se~ SL muc. Lin. gl. Duc t  Eb. gl. Endo. 

M o A B - A  . . . .  + + + +  

HPA . . . . .  + + +  

D B A  . . . . . .  

M o A B - B  . . . .  + + *  + + +  

L e  ~ + +  ++*  + +  + +  + +  - 

L e  b . . . . . .  

L e  z + + + *  + + + *  + + + *  + + + *  + +  - 

L e  v . . . .  + 

Japanese AB Le(a+b-) 

S M  muc. S M  set. SL muc. Lin. gl. Duc t  Eb. gl. Endo. 

M o A B - A  + + +  - + + +  + + +  +*  + + *  + + +  

H P A  +4-+ +*  + + +  + + +  - ++*  + + +  

D B A  . . . .  + * *  - - 

M o A B - B  + +  ++*  + +  + +  + + +  + + *  + + +  

Lea  + +  ++*  + +  + +  + + +  - 

Le  b + +*  +*  +*  + +*  _ 

L e  • + + + *  + + + *  ++*  ++*  + +  + + +  - 

L e  v - +*  _ _ + + +  +*  _ 

- :  negative, +: weak, ++: moderate, +++: strong. MoAB-A, B, and Le~b~Y: 
monoclonal  anti-A, -B, -Le abxv antibody, respectively. Monoclonal  anti-B 
antibody made by Nickerbocker  Co. was used. SM: submandiblar gland, 
SL: sublingal gland, Lin. gl.: l ingual gland, Eb. gl.: von Ebner gland, Endo.: 
endothelial  cell, Duct: duct cell  in all  salivary glands, muc.: mucous cell, 
ser.: serous cell. 
*: some of  all cells were positive. **: only supranuclear area was positive. 

Ebner gland in tongues. Similar results were obtained 
from the Japanese secretor individuals (data not shown). 
In contrast, other blood group A or AB specific lectins 
such as DBA (Fig. 1C), VVA, GSA-I and SJA did not bind 
to these cells from Japanese non-secretors, although these 
reagents reacted well with the cells from secretor 
individuals (data not shown). Monoclonal anti-A anti- 
bodies used in this study showed good reactivity with 
these secretory cells of salivary glands (Fig. 1A). No 
differences were observed in the staining specificities 
among the monoclonal anti-A antibodies from the five 
different sources. 

In the German non-secretors, however, the mucous 
cells of  salivary glands and serous cells of  the von Ebner 
glands showed no reaction or only feeble reactivity with 
HPA and HAA as well as other blood group A or AB 
specific lectins (Fig. 2B, C; Table 2). The majority of 
these cells likewise showed no or feeble reactivity with 
the monoclonal anti-A antibodies (Fig. 2A). Among the 
specimens examined in the present study, the secretory 
cells from A2 non-secretor individuals showed the lowest 
reactivity with these reagents. In fact, it was difficult to 
find any such cells reactive with these reagents, although 

541 

erythrocytes and vascular endothelium showed good 
reactivity with anti-A and H antibodies. 

The secretory cells from blood group A2 secretor 
individuals reacted strongly both with monoclonat anti-A 
and H antibodies, although the secretory cells from blood 
group A1 secretor individuals showed good reactivity 
with anti-A antibody and relatively weak reactivity with 
anti-H antibody. 

Anti-A1 antibody showed no reactivity with the mucous 
cells of salivary glands and lingual glands from Japanese 
and German blood group A and AB non-secretor 
individuals, and weak reactivity with the supranuclear 
area of some duct cells of von Ebner glands. PNA also 
showed no reactivity with mucous acinar cells. On the 
other hand anti-A1 antibody showed weak reactivity with 
the mucous cells of the salivary glands and strong 
staining with the supranucIear region in the duct cells of 
salivary glands from blood group A1 secretor individuals. 
No staining with anti-A1 was found on vascular 
endothelium or erytt~'ocytes. 

Expression of B antigen 
Although the secretory cells from Japanese blood group B 
non-secretor individuals showed no reactivity with four 
out of five monoclonal anti-B antibodies used in the 
present study, the antibody purchased from Knickerbocker 
did react with the secretory cells of salivary gland from 
Japanese non-secretors (Fig. 1D). In contrast, the secretory 
cells from German blood group B non-secretors showed 
no reactivity with any of 5 blood group B antibodies, 
including the antibody from the Knickerbocker Co. (Fig. 
2D), as well as antibodies obtained from the sera of blood 
group A individuals. 

The results obtained with blood group AB non-secretor 
individuals are summarized in Table 2. 

Expression of H and Le antigens 
The secretory cells from blood group O secretor 
individuals showed good reactivity with anti-H antibody 
and UEA-I (an H antigen-specific lectin), as did their 
erythrocytes and endothelial ceils. In the salivary glands 
from Japanese blood group O non-secretor individuals, the 
mucous cells showed no reactivity with anti-H antibody, 
although the serous cells and endothelial cells showed 
good reactivity (Table 3). Their mucous cells as well as 
serous cells and endothelial cells showed good reactivity 
with UEA-I (Fig. 3A; Table 3). In the salivary glands from 
German blood group O non-secretors, however, only 
endothelial cells showed reactivity with anti-H antibody 
and UEA-I, and secretory cells showed no reactivity (Fig. 
4A; Table 3). 

Although the secretory cells from Japanese blood 
group O non-secretor individuals expressed a small 
amount of blood group L e  b antigen and large amounts 
of blood group Le a antigens (Fig. 3C, D; Table 3), the 
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Table 3. Staining with blood group-specific monoclonal antibodies 
and lectins in salivary glands from German and Japanese blood 
group 0 non-secretor individuals. 

German O Le(a+b-) 

S M  muc. S M  ser. SL muc. Lin. gl. Duct  Eb. gl. Endo. 

MoAB-H . . . . .  ++ 
UEA . . . . .  + 
Type 1 +* ++* ++* ++* + 
Le a + + + + - _ 
Le b . . . .  + 
Le x ++* ++* ++* ++* +* _ 
Le y - +* _ _ ++ - 

Japanese O L e ( a + b - )  

S M  muc. S M  ser. SL muc. Lin. gl. Duct  Eb. gl. Endo. 

MoAB-H - +* - - + ++ 
UEA ++* ++* ++* ++* + ++ 
Type 1 +* ++* - - +* - 
Le a ++ +* ++ ++ + - 
Le b + +* + + ++ - 
Le • ++* ++* ++* ++* + - 
Le y - +* _ _ ++ - 

- :  negative, +: weak, ++: moderate, +++: strong. MoAB-H Type 1 and 
LeabXY: monoclonal anti-H, -type 1 precursor, -Le abxy antibody, respectively. 
SM: submandibular gland, SL: sublingal gland, Lin. gl.: lingual gland, Eb. 
gl.: von Ebner gland, Endo.: endothelial cell, Duct: duct cell in all salivary 
glands, muc.: mucous cell, ser.: serous cells. 
*: some of all cells were positive. 

secretory cells f rom German blood group O non-secretor  
individuals expressed only Le a antigens (Fig. 4C, D; 
Table 3). 

Weak or moderate reactivity with monoclonal  anti-type 
1 precursor ant ibody was seen in the mucous  cells o f  the 
sublingual glands f rom blood group O non-secretors f rom 
Germany (Fig. 4B) but none from the corresponding 
Japanese samples (Fig. 3B). 

The results obtained with blood group O non-secretor  
individuals are summarized in Table 3. 

After a-L-fucosidase digestion, monoclonal  anti-type 1 
precursor ant ibody could detect small amounts o f  type 1 
precursor antigen in the sublingual gland mucous  cells 
f rom Japanese non-secretor  individuals (Fig. 5). 

Some salivary gland mucous  cells f rom all non- 
secretors including L e ( a + b - )  and L e ( a - b - )  individuals, 
both Japanese and German,  showed reactivity with anti- 
Le x ant ibody (Tables 2 and 3). In contrast, no reactivity 
was found between anti-Le x ant ibody and salivary gland 
mucous  cells f rom both Japanese and German secretor 
individuals. 

The anti-Le y antibody showed good  reactivity with 
salivary gland duct cells f rom all individuals independent 
o f  secretor status or ethnic origin. In addition, this 
ant ibody showed good  reactivity with the salivary gland 
mucous  cells f rom secretor individuals. 

T a n e g a s h i m a  et al. 

Figure  5. Effect of a-L-fucosidase digestion on anti-type 1 
precursor antibody staining to sublingual gland from a Japanese 
non-secretor individual. A, after enzyme digestion; B, control. 
After this enzyme digestion, staining with anti-type 1 precursor 
antibody was observed in some mucous cells (arrow). This 
observation suggests that the 1-2-fucosylation of type 1 precursor 
chain, which is the reverse pathway to this enzyme digestion, may 
occur in these cells from Japanese O non-secretor individuals. 

D i s c u s s i o n  

Recent  developments in biochemical  methods for analys- 
ing blood group substances have provided definite 
information as to the complexi ty and heterogeneity o f  
the basic structures o f  the blood group determinants [9]. 
The blood group A determinant is a well characterized 
trisaccharide, and 4 types o f  precursor chains, types 1, 2, 3 
and 4, have been recognized. 

The mucous  cells o f  salivary glands and serous cells o f  
von Ebner gland f rom Japanese blood group A non- 
secretor individuals expressed A antigen when mono-  
clonal anti-A antibodies and HPA and VVA lectins were 
used. D B A  and other A or AB specific lectins did not 
react with the cells f rom non-secretor individuals, there- 
fore it was concluded that the expression o f  A antigen 
detected by D B A  in the salivary glands was controlled by 
the secretor gene. This discrepancy is most  likely to be 
due to the difference in binding specificity o f  the lectin 
used in the present study and in the structure or number  
o f  A antigens expressed in the cells. 
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In a previous study, we employed 12 different labelled 
lectins and assessed their ability to recognize blood group 
antigens in tissue sections. The results showed that blood 
group A or AB specific lectins display marked 
differences in their recognition patterns in certain tissues, 
i.e. HPA and HAA recognized A antigens in the mucous 
cells of salivary glands from blood group A or AB non- 
secretor and secretor individuals, whereas DBA, SJA and 
GSA-I did not bind to these cells from non-secretors. 

According to Baker et al. [10], HPA exhibits much 
broader specificity for terminal GatNAc than DBA. DBA 
is assumed to have restricted specificity for certain A 
antigen variants, since the lectin has been employed as 
blood group A1 specific tectin. Among the monoclonal 
anti-A antibodies used in the present study, the antibody 
(A581) obtained from the Dako Co. reacted with all 
blood group A variants, including type 1, 2 and 4 chains, 
mono and difucosyl structures [11, 12]. The snail lectins 
can react with Tn determinants (GalNAc-Ser/Thr) as well 
as with A determinants. However, in this study, the 
recognition pattern of the snail lectins in the salivary 
gland mucous cells was similar to the anti-A antibodies 
which cannot detect the Tn determinants. This observa- 
tion showed that the snail lectins probably do not detect 
the Tn determinants but do detect the A determinants in 
these cells. Our results showed at least two different 
types of A antigen variants were expressed in salivary 
glands from blood group A Japanese individuals; first, 
the HPA and monoclonal anti-A antibody reactive A 
antigen which cannot be recognized by other lectins and 
is not expressed in the glands from German blood group 
A non-secretors, and second, the A antigen which reacts 
with all the A-specific lectins. It is assumed that the 
latter but not former is under the control of  the secretor 
gene. The monoclonal anti-Aa antibody, which has a 
specificity for type 3 and type 4 chains, was found to 
react with the mucous cells and duct cells from both 
Japanese and German (blood group A1) secretor indivi- 
duals but not from non-secretors. 

The monoclonal anti-H antibody purchased from the 
Dako Co. which has a specificity for type 2 chain 
oligosaccharide showed good reactivity with endothelial 
cells and erythrocytes in saliva~ glands from blood 
group O non-secretor individuals but not with mucous 
cells, although it reacted strongly with mucous cells from 
the corresponding secretor individuals. 

UEA-I was reported as being specific for H type 2 
structures [13]. In this study, however, UEA-I could react 
with the salivary gland mucous cells from Japanese blood 
group O non-secretors in which H type 2 antigens could 
not be detected by anti-H type 2 antibody from the Dako 
Co. This observation suggests that UEA-I lectin may 
detect the H type t precursor antigen, and showed ethnic 
differences, reacting well with salivary gland mucous 
cells from Japanese but not German blood group O non- 
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secretor individuals. The type 1 precursor antigen, in 
contrast, was detected in the sublingual gland mucous 
cells of  German but not Japanese blood group O non- 
secretors (Figs 3 and 4; Table 3). 

The type 1 precursor chain could be detected in 
sublingual gland mucous cells from Japanese blood group 
O non-secretors, as a weak reaction to a monoclonal anti- 
type 1 precursor antibody, only after fucosidase digestion 
(Fig. 5) which can hydrolyse fucose residues of the H 
type 1 antigen to the type 1 precursor antigenic structure. 
This suggests that the cells in Japanese but not German 
blood group O non-secretors possess an enzyme to 
catalyse the addition of fucose to the type t precursor 
chain. 

On the basis of these considerations, it is presumed 
that blood group A and B active type 1 chain is secreted 
in the secretory cells from Japanese blood group A non- 
secretor individuals, since type 3 and 4 chains which are 
recognized by anti-A1 antibody are not secreted in those 
cells and the expression of type 2 chain is probably 
controlled by the secretor gene as in the case of blood 
group O individuals. 

In German non-secretors, it is assumed that relatively 
small amounts of A and B active type 1 antigen are 
secreted as compared with those in Japanese. This 
conclusion may be supported by findings of the previous 
studies where the Le(a+b+) phenotype and partial 
secretory phenotypes are frequent in Polynesians and 
Asians [14-16] but they are absent or rare in adult 
Caucasians [17]. 

The expression of type 1 blood group antigens in 
salivary glands from Japanese could be explained by at 
least three hypotheses (Fig. 6). First, the H gene, which is 
normally expressed mainly in tissues of mesodermic 
origin and is one of two closely linked loci (H and Se ) 
encoding an c~-2-L-fucosyltransferase reacting with both 
type 1 and type 2 precursor chains [18-23], may be 
expressed weakly in the secretory glands of Japanese 
non-secretors thereby leading to the production of some 
H type 1 antigen. Second, another enzyme which is 
independent of both H and Se genes may be present in 
these glands. Third, Japanese non-secretors may have a 
mutant Se-encoded a-2-L-fucosyltransferase with low 
activity. 

In the present study, it must be assumed that the 
expression of H type 2 is absent in salivary gland 
mucous cells from Japanese blood group O non-secretor 
individuals. Type 2 chain antigens are found mainly in 
ecto- or mesodermally derived tissues [9, 24, 25]. In a 
few endodermally derived tissues, they are expressed 
similarly to type 1 chain structures, but normally they are 
expressed only weakly or not at all [26, 27]. In our study, 
the observation of the strong expression of Le x antigen in 
both Japanese and German non-secretors shows that type 
2 precursor structures are synthesized in the salivary 
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Type 1 )recursor 

(A)---t~ X (c) 
Le a 

H type 1 

(B)---~ X "(c) 

" L L e b  

A, B type 1 

,,(c) 

A, B Le b 
(Difucosyl A, B) 

Figure 6. Biosynthesis of type 1 blood group antigens in secretory 
cells. Glycosyltransferases: A (1) Secretor individuals: synthesis of 
H type 1 chains is due primarily to an a-2-L-fucosyltransferase 
coded by the Se gene (FUT 2), (2) Japanese non-secretor 
individuals: synthesis of H type 1 chains may be due to a novel 
ot-2-L-fucosyltransferase independent of the H and Se genes, or to 
weak expression of the H-gene encoded enzyme, or to a mutant Se 
gene (Henry et al. [4] have proposed an inefficient fucosyltrans- 
ferase coded by the Se w gene.) B, Blood group A, N-acetyl 
galactosaminyltrmasferase; blood group B, galactosyltransferase. C, 
a3/4L-fucosyltransferase coded by Le gene (FUT 3). 

glands. The absence of H type 2 may indicate that the o~- 
3-L-fucosyltransferase competes more effectively for the 
precursors than the o~-2-L-fucosyltransferase with low 
activity. 

This conclusion, furthermore, indicates that the expres- 
sion of Le x antigen in mucous cells of salivary glands 
could be a useful evidence for the immunohistochemical 
detection of secretory status. 

In consideration of these above results, the second 
hypothesis, postulating the presence of another o~-2-L- 
fucosyltransferase independent of  both H gene and Se 
gene, cannot be excluded. In fact, it has been reported 
that a third distinct o~-2-L-fucosyltransferase activity may 
be expressed by human cells [28]. 

Henry et al. [4] proposed a hypothesis that there may 
be a range of inefficient type fucosyltransferases coded 

Tanegashima et al. 

by a mutant Se gene (SEW), which consequently brought 
about the ethnic differences according to the ability of 
each transferase (third hypothesis). 

In our study, it was found that only type 1 ABH 
antigens are expressed in the salivary gland mucous cells 
from Japanese non-secretor individuals. Because the type 
2 chains may be utilized by the a-3-L-fucosyltransferase 
they are not available for conversion to H and then to A 
and B structures. 

In conclusion, the difference in the expressions of 
blood group antigens in salivary glands from German and 
Japanese non-secretor individuals is assumed to be based 
on qualitative and/or quantitative variation in o~-2-L- 
fucosyltransferase in the salivary gland. Recently, cDNA 
encoding the H gene-specified ol-2-L-fucosyltransferase 
has been cloned and sequenced [29, 30]. 

Rouquier et al. [31] and Kelly et al. [32] reported the 
isolation of two human DNA segments that represent 
candidates for the Se gene-specified a-2-L-fucosyltrans- 
ferase locus which cross-hybridize with the H gene and 
are in close physical proximity to this locus on chromo- 
some 19. They presumed that one of these segments may 
correspond to the Se gene, and found that the non- 
secretor individuals in their study maintain homozygosity 
for an allele at this locus which contains an enzyme- 
inactivating translational termination codon. They also 
reported that the other segment is a pseudogene, which 
possibly associates with above-mentioned 'third distinct 
o~-2-L-fucosyltransferase' expressed in human carcinoma 
cell line. 

At the present time, it is not evident from what gene 
the a-2-L-fucosyltransferase, possibly causing the ethnic 
differences, is derived. It is, however, conceivable that the 
above two DNA segments may associate with this 
enzyme. Molecular analysis of the Se gene in Japanese 
non-secretors appears necessary to determine the exact 
mechanism responsible for the observed ethnic differ- 
ences. 

Acknowledgements 

We thank all staffs of the Department of Legal Medicine, 
Shiga University of Medical Science, the Department of 
Legal Medicine, Mie University School of  Medicine and 
the Osaka Medical Examiners Office for their kind 
cooperation. We wish to thank Dr J. David Sinclair for 
valuable comments and English corrections. This work 
was supported in part by the funds of Shiga Medical 
Science Association for International Cooperation and 
Grant-in-Aid from the Ministry of Education, Science and 
Culture of Japan. This paper forms part of a dissertation 
submitted by Akio Tanegashima to Shiga University of 
Medical Science in partial fulfilment of  the requirements 
for the degree of Doctor of Medical Science. 



Ethnic differences in the expression of blood group antigens 

References 

1. Ito N, Nishi K, Kawahara S, Okamura Y, Hirota T, Rand S, 
Fechner G, Brinkmann B (1990) Histochem J 22: 604-14. 

2. Wang B, Akiyama K, Jia jr., Kimura H (1994) Forensic Sci 
Int 67: 1-8. 

3. Gibbs MB, Akeroyd JH, Zapf JJ (1961) Nature 192: 1196-97. 
4. Henry SM, Oriol R, Samuelsson BE (1994) Glycoconjugate J 

11: 593-99. 
5. Ito N, Nishi K, Nakajima M, Matsuda Y, Ishitani A, Mizumoto 

J, Itirota T (1986) Acre Histochem Cytoehem 19: 205-18. 
6. Ito N, Nishi K, Nakajima M, Ishitani A, Okamura Y, Matsuda 

Y, Hirota T (I987) J Histochem Cytochem 35: 881-90. 
7. Nishi K, Fechner G, Rand S, Brinkmann B (1989) 

Z Rechtsmed 102: 255-62. 
8. Ito N, Nishi K, Nakajima M, Okamura Y, Hirota T (1988) 

J Histochem Cytochem 36: 503-9. 
9. Hakomori S (1981) Semin Hematol 18: 39-62. 

10. Baker DA, Sugii S, Kabat EA, Ratcliffe RM, Hermentin P, 
Lemieux RU (1983) Biochemistry 22: 2741-50. 

11. Breimer ME, Samuelsson BE (1986) Transplantation 42: 
88--90. 

12. Mollicone R, Dalix AM, Jacobsson A, Samuelsson BE, Gerard 
G, Crainic K, Caillard T, Le Pendu J, Oriol R (1988) 
@coconjugate J 5: 499-512. 

13. Hindsgaul O, Khare DP, Bach M, Lemieux RU (1984) Can J 
Chem 63: 2653-58. 

14. Henry SM, Simpson LA, Woodfield DG (1988) Hum Hered 
38: 11t-t6. 

15. Henry SM, Benny AG, Woodfield DG (1990) Vox Sang 58: 
61.66. 

16. Lin-Chu M, Broadberry RE, Chang FJ (1988) Tramfusion 28: 
350-52. 

545 

17. Mourant AE, Kopec A, Domaniewska-Sobczak K (1976) In 
The Distribution of the Human Blood Groups and Other 
Polymorphisms, 2nd ed., pp. 548-76. Oxford: Oxford Uni- 
versity Press. 

18. Oriol R, Danilovs J, Hawkins BR (1981) Am JHum Genet 33: 
421-31. 

19. Betteridge A, Watkins WM (1985) Glycoconjugate J 2: 61-78. 
20. Betteridge A, Watkins WM (1985) Biochem Soc Trans 13: 

1126-27. 
21. Kumazaki T, Yoshida A (1984) Proc Natl Acad Sci USA 81: 

4193-97. 
22. Schenkel-Brunner H, Chester MA, Watkins WM (1972) Eur J 

Biochem 30: 269-77. 
23. Kypfianou P, Betteridge A, Donald AS, Watkins WM (1990) 

Glycoconjugate J 7: 573-88. 
24. Dabelsteen E, Vedtofte P, Hakomori SI, Young WW (1982) 

J Invest Dermatol 79: 3-7. 
25. Oriol R, Le Pendu J, Mollicone R (1986) Vox Sang 51: 

161-71. 
26. Breimer ME (1984) Arch Biochem Biophys 228: 71-85. 
27. Dabelsteen E, Graem N, Clausen H, Hakomori S (1988) 

Cancer Res 48: 181-87. 
28. Blaszczyk-Thurin M, Samesto A, Thurin J, Hindsgaul O, 

Koprowski H (1988) Biochem Biophys Res Commun 151: 
100-8. 

28. Larsen RD, Ernst LK, Nair RP, Lowe JB (1990) Proc Natl 
Acad Sci USA 87: 6674--78. 

30. Kelly R J, Ernst LK, Larsen RD, Bryant JG, Robinson JS, 
Lowe JB (1994) Proc Natl Acad Sci USA 91: 5843-47. 

31. Rouquier S, Lowe JB, Kelly RB, Fertitta AL, Lmmon GG, 
Giorgi D (1995) J Biol Chem 270: 4632-39. 

32. Kelly RB, Rouquier S, Giorgi D, Lennon GG, Lowe JB (1995) 
J Biol Chem 270: 4640-49. 


