
&p.1:Abstract A broad variety of normal human tissues were
examined for the expression of Thomsen-Friedenreich
(TF)-related histo-blood group antigens, TF (Galβ1-
3GalNAcα1-R), Tn (TF precursor, GalNAcα1-R), sial-
osyl-Tn (NeuAcα2-6GalNAcα1-R), considered to be
useful in cancer diagnosis and immunotherapy, and sial-
osyl-TF, the cryptic form of TF. These antigens or, more
correctly, glycotopes, were determined by immunohisto-
chemistry with at least two monoclonal antibodies
(mAbs) each (except sialosyl-TF) as well as by lectin
histochemistry. For a better dissection of sialosyl-TF and
TF glycotopes, tissue sections were pretreated with ga-
lactose oxidase or the galactose oxidase-Schiff sequence.
Staining with mAbs appeared to be more restricted than
with the lectins used. Distribution patterns among nor-
mal epithelia were different for all four antigens. These
antigens were also detected in some non-epithelial tis-
sues. They can be classified in the following sequence
according to the frequency of their occurrence in normal
tissues: sialosyl-TF > >sialosyl-Tn >Tn >TF. Most of the
positively staining sites for TF, Tn, and sialosyl-Tn are
located in immunologically privileged areas. The com-
plex results obtained with anti-TF mAbs (after treatment
of the tissue sections with sialidase from Vibrio choler-
ae) and the lectins amaranthin and jacalin revealed a dif-
ferential distribution of the subtypes of sialosyl-TF
[NeuAcα2-3Galβ1-3GalNAcα1-R and Galβ1-3 (Neu-
Acα2-6)GalNAcα1-R] in normal human tissues. From
our data it can be inferred that TF, Tn, and sialosyl-Tn
are promising targets for a cancer vaccine.&bdy:

Introduction

Thomsen-Friedenreich-related antigens (TFRA) are a
group of biosynthetically linked so-called histo-blood
group carbohydrate antigens (Clausen and Hakomori
1989). The epitope (glycotope) structure of Thomsen-
Friedenreich antigen (TF) is Galβ1-3GalNAcα1-R (Kim
and Uhlenbruck 1966). The precursor of TF is Tn anti-
gen, whose glycotope is GalNAcα1-R (Springer and
Desai 1974). The cryptic forms of TF and Tn are defined
as sialosyl-TF (s-TF) and sialosyl-Tn (s-Tn), respectively
(Desai and Springer 1979; Kurosaka et al. 1983). TF, Tn,
and s-Tn have been reported as oncofetal antigens ex-
pressed on epithelial cells (Springer 1984; Kjeldsen et al.
1988). Employing monoclonal antibodies (mAbs) and
lectins, they have been examined in experimental and
clinical studies for tumor diagnosis (Itzkowitz et al.
1990; Springer et al. 1990). Since they are strongly ex-
pressed on the surface of tumor cells and are able to in-
duce humoral as well as cellular immune responses
(Fung et al. 1990), there is reason to assume that these
carbohydrate structures provide one or more suitable de-
terminants for a successful tumor vaccine (Springer et al.
1995). To this end, comprehensive knowledge of the oc-
currence of TFRA in normal adult human tissues is of
the utmost importance. Several groups have examined
normal tissues in the context of their studies (Mandel et
al. 1991; Philipsen et al. 1991; Therkildsen et al. 1994),
but a systematic and comprehensive analysis is still lack-
ing. The study of s-TF has only recently become possible
by a combination of lectin staining with conventional
histochemistry (Sata et al. 1990). Furthermore, Tn shares
terminal GalNAc with blood group A antigen. Therefore,
possible cross-reactivities of their respective mAbs and
lectins had to be considered (Hirohashi et al. 1985).

The objectives of this study were: (1) to determine the
extent to which all four TFRA (TF, s-TF, Tn, s-Tn) are
present (or absent) in normal adult human tissues; (2) to
compare several reagents of similar nominal specificity
in their reactivity with these tissues; (3) to obtain more
accurate information about the distribution of TF and s-
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TF through the combination of immunostaining and lec-
tin staining with galactose oxidase or the galactose oxi-
dase-Schiff sequence treatments; and (4) to examine pos-
sible cross-reactivities of the reagents with blood group
A or B antigen. Our task was facilitated by the availabili-
ty of a newly developed mAb to TF (Karsten et al.
1995). In addition, a mAb to a related but not yet fully
defined epitope containing N-glycolylneuraminic acid
(NeuGc), 3E1.2 (Devine et al. 1991), was included.

Materials and methods

Tissue specimens

Normal human tissues were obtained from immediately fixed sur-
gical specimens or following autopsies performed less than 10 h
after death. The surgical specimens included (number of cases in
parentheses): skin (5), submandibular gland (2), esophagus (1),
stomach (2), descending colon (4), liver (4), gall-bladder (2), pan-
creas (2), trachea (1), lung (3), kidney (3), bladder (4), prostate
gland (1), uterus (2), cervix (2), breast (5), testis (1), nerve (4),
spleen (3), lymph nodes (4), thyroid gland (1), skeletal muscle tis-
sue (1), and synovial tissue (1). Autopsy specimens were: jejunum
(2), ileum (2), heart (1), brain (3), meninges (1), thymus gland (1),
and adrenal gland (1). Only autopsy specimens maintaining good
histological preservation were included here. All tissue samples
were fixed in 10% buffered formalin and embedded in paraffin.

Reagents

Specifications of mAbs and lectins employed in this study are list-
ed in Table 1. A78-G/A7 (abbreviated G/A7, Karsten et al. 1995)
and 12A8-C7-F5 (abbreviated 12A8, Springer et al. 1988; identi-
cal to BaGS-6) were mAbs from the authors; G/A7 was used as
supernatant, and 12A8 was diluted from ascites. HH8 (Clausen et
al. 1988), TKH2 (Kjeldsen et al. 1988), and 3F1 (H. Clausen, un-
published) were kindly contributed by Dr. H. Clausen (Copenha-
gen, Denmark). TEC-02 (purified antibody, Dráber 1987) was pro-
vided by Dr. P. Dráber (Prague, Czech Republic) and 3E1.2 (De-
vine et al. 1991) by Dr. F.-G. Hanisch (Cologne, Germany). The
remaining reagents were purchased from the following sources:

B72.3 from BioGenex (San Ramon, USA); monoclonal anti-A (81
FR2.2) and anti-B (3E7) from Dako (Hamburg, Germany), and
HE-24 and HE-29 from Biogenesis (Bournemouth, UK); biotin-
ylated lectins (peanut agglutinin, PNA; Helix pomatiaagglutinin,
HPA; amaranthin, Amaranthus caudatusagglutinin, ACA; jacalin,
Artocarpus integrifoliaagglutinin, AIA) from Vector Laboratories
(Burlingame, USA).

Immunohistology and lectin histochemistry

Tissue sections were stained using the avidin-biotin complex
(ABC) method with a commercial kit (Vectastain ABC Elite kit,
Vector Laboratories). Paraffin sections, 4-µm-thick, were deparaf-
finized and rehydrated through a graded ethanol series. Endoge-
nous peroxidase activity was destroyed by a 30-min treatment with
0.3% H2O2 in methanol. Non-specific binding sites were inhibited
with normal rabbit serum, which had been absorbed with neur-
aminidase-treated red blood cells from blood group 0 individuals.
After washing with phosphate-buffered saline (PBS), sections
were incubated with mAbs or biotinylated lectins in appropriate
dilutions overnight at 4° C. The thoroughly washed sections (ex-
cept those stained with biotinylated lectins) were treated with bio-
tinylated anti-mouse immunoglobulin antiserum for 30 min, and
thereafter with the ABC complex at room temperature. Color de-
velopment during incubation with the peroxidase substrate (diami-
nobenzidine) was controlled under the microscope with positive
sections from colon carcinoma. Counterstaining was done with he-
matoxylin. Negative controls were incubated with a comparable
dilution of mouse IgM and IgG1 (MOPC 104 E and MOPC 31C,
respectively; Sigma, Deisenhofen, Germany) instead of the mAbs.
For the immunohistochemical detection of sialosyl-TF, sections
were incubated with neuraminidase from Vibrio cholerae(Serva,
Heidelberg, Germany) at a concentration of 0.02 U/ml in PBS
containing 0.01 M Ca++ for 1 h at room temperature to remove
NeuAc, washed, and reacted with anti-TF mAb. Erythrocytes pres-
ent in vessels in the tissue sections functioned as an internal posi-
tive control for sialosyl-TF.

Tissue sections from kidney were additionally treated with the
avidin-biotin blocking kit (Vector Laboratories) to block endoge-
nous biotin (Wood and Warnke 1981). Briefly, sections were incu-
bated with the avidin blocking solution for 15 min after the routine
step with normal serum, rinsed with PBS, and incubated with the
biotin blocking solution for another 15 min.

Since neither the blood group type of the tissue donors nor
their secretor status was known to us, we applied anti-A and anti-
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Antigen Epitope structure MAb or lectin

Thomsen-Friedenreich Galβ1-3GalNAcα1-R A78-G/A7
(TF) HH8

Peanut agglutinin (PNA)
Amaranthin (ACA)
Jacalin (AIA)

Sialosyl-TF Galβ1-3(NeuAcα2-6)GalNAcα1-R and A78-G/A7a
(NeuAcα2-3)Galβ1-3GalNAcα1-R

Jacalin
(NeuAcα2-3)Galβ1-3GalNAcα1-R Amaranthin

Tn GalNAcα-R 12A8-C7-F5
TEC-02
Helix pomatiaagglutinin (HPA)b

Sialosyl-Tn NeuAcα2-6GalNAcα1-R TKH2
B72.3
3F1

A GalNAcα1-3(Fucα1-2)Galβ1-3GlcNAc-R 81 FR2.2
HE-24

B Galα1-3(Fucα1-2)Galβ1-3GlcNAc-R 3E7
HE-29

Table 1 Thomsen-Frieden-
reich-related carbohydrate epi-
topes and monoclonal antibod-
ies (mAb) or lectins used in this
study&/tbl.c:&tbl.b:

a After treatment of the tissue
sections with neuraminidase
from Vibrio cholerae
b Binds to other αGalNAc-car-
rying structures, including
blood group A&/tbl.b:



B mAbs to sections of each specimen and examined red blood
cells and endothelia for reactivity. In the event of a positive reac-
tion, we looked for possible staining of red blood cells and endo-
thelia by the mAbs or the lectins similar to that visualized by anti-
A or anti-B, indicating cross-reactivity with blood group A or B.
HPA reactivity was considered HPA-specific in the absence of
staining with anti-A. Tissues which became reactive towards anti-
TF mAbs only after neuraminidase treatment (and also positive for
amaranthin and jacalin), but not by anti-TF mAb alone, were con-
sidered to express sialosyl-TF.

In the case of positive results for both TF and s-TF, these
glycotopes were differentiated by means of pretreatments with ga-
lactose oxidase or the galactose oxidase-Schiff sequence accord-
ing to Sata et al. (1990) as follows. Sections were treated either
with galactose oxidase (Sigma, 5 U/ml overnight at 37° C) or with
galactose oxidase followed by Schiff reagent (15 min) as de-
scribed by Schulte and Spicer (1983) before incubation with anti-
TF antibody, amaranthin, or jacalin. Resistance of amaranthin and
jacalin staining to the galactose oxidase-Schiff sequence ascer-
tained the presence of s-TF (Sata et al. 1990).

Results

The immunohistological and lectin histochemical results
are summarized in Table 2, a selection of stained tissue
sections is shown in Figs. 1–9. The staining results of
G/A7, amaranthin, and jacalin, in combination with
neuraminidase, galactose oxidase or the galactose oxi-
dase-Schiff sequence are listed in Table 3.

Distribution of TF-related antigens

Sialosyl-TF (“cryptic” TF) was detected in many normal
epithelial, nerve, and lymphoid tissues. Tn and s-Tn
were present predominantly in epithelial cells. As op-
posed to sialosyl-TF, sialosyl-Tn, and Tn, TF was only
very rarely detected in normal cells of the body. Staining
was found in parts of the sebaceous gland, the pancreatic
duct, on apical membranes of renal distal and collecting
tubules, macrophages in lymphoid organs, and sperma-
tides. The extent of binding sites for TF, sialosyl-TF, Tn,
and sialosyl-Tn in normal human epithelial tissue was
ranked according to the present study as follows: sial-
osyl-TF > >sialosyl-Tn >Tn >TF.

Comparison of antibodies and lectins
of similar specificity

TF antigen

The two mAbs against TF, G/A7 and HH8, revealed very
similar staining patterns. G/A7 bound, in addition to the
tissues mentioned above, to parts of white matter of the
brain. PNA reacted with many epithelial and some non-
epithelial cells.

Sialosyl-TF antigen

Although this antigen was broadly distributed, the stain-
ing patterns in terms of the number of stained cells and
the localization in cells in the same tissues varied with
the detection method employed as follows. First, anti-TF
mAbs after neuraminidase treatment or jacalin stained all
lymphocytes in the sections, whereas only the paracorti-
cal zone and follicular centers of lymph nodes and T cell
zones in the spleen were positive for amaranthin. Sec-
ond, jacalin stained thyroid epithelial cells, but amaran-
thin and anti-TF mAb after neuraminidase did not. Third,
small intestine, descending colon, and gall-bladder epi-
thelial cells bound in the supranuclear cytoplasm with
anti-TF mAb after neuraminidase treatment, at the lumi-
nal surface for amaranthin, and strongly with goblet cells
and the cytoplasm of epithelial cells for jacalin. Fourth,
in the testis, amaranthin reacted only with spermatids,
whereas both jacalin and anti-TF mAb after neuramini-
dase reacted with all cells of the seminiferous tubules
and the interstitial cells.

Tn antigen

HPA, which is not strictly specific for Tn, reacted with
epidermis and many glandular epithelia except prostatic,
uterine, and breast. It also stained macrophages similarly
to PNA. Anti-Tn mAbs 12A8 and TEC-02 were similar
with respect to their reactivity with a limited number of
epithelial and the absence of binding to non-epithelial
tissues. However, uterine endometrium and interstitial
cells of the testis were stained with 12A8 but not with
TEC-02, whereas basal cells of the epitdermis were posi-
tive for TEC-02 and negative for 12A8 (see Table 2).

Sialosyl-Tn antigen

Two mAbs, B72.3 and TKH2, stained most tissues simi-
larly; only two epithelial tissues showed different posi-
tive localization. The third mAb, 3F1, presented more re-
activity with epithelial tissues, trachea, and prostate (Ta-
ble 2).

In all cases, lectin reactivity with normal tissues, es-
pecially with epithelial cells, was less specific than
staining with mAbs.

Discrimination between TF and s-TF

Since there are no reagents available which are specific
for s-TF, an indirect technique had to be applied in order
to discriminate between TF and s-TF. This consisted of a
staining procedure with mAb G/A7, specific for TF, and
the lectins amaranthin and jacalin with or without pre-
treatment of the tissue sections with galactose oxidase or
the galactose oxidase-Schiff sequence (Sata et al. 1990).
The staining by G/A7 was completely abolished by pre-
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Table 2 Expression of TF, sialosyl-TF, Tn, and sialosyl-Tn in human adult normal tissues. [+ Positive, − negative, (+) weakly positive] &/tbl.c:&tbl.b:

Tissues TF Sialosyl-TF Tn Sialosyl-Tn

G/A7 HH8 PNA N′+ ACA AIA 12A8 TEC-02 HPA B72.3 TKH2 3F1
G/A7a

Epidermis
Basal layer − − − + + + − + − − − −
Spinous layer − − + + + + − − + − − −
Granular layer − − − + + + − − − − − −
Non-epidermal cells − − − − − − − − − − − −

Hair follicles − − + + + + − − + − − −
Sebaceous gland + + + + + + − − − − − −
Sweat gland

Ducts − − + + + + − − + + + +
Secretory cells − − + + + + − − + − − −

Submandibular gland
Serous acini − − − − + + + + + (+) (+) (+)
Mucous acini − − − − +b + − − + + +
Ducts − − − − +b + + + + + + +
Myoepithelial cells − − − + + + − − − − − −

Esophagus
Squamous epithelium − − + + + + − − + − − −
Mucous acini − − − + + + − − − − − −
Ducts − − − + + + − − − − − −

Stomach
Foveolar epithelium − − +c +c +c + (+) (+) +c +c + +c

Fundus glands − − + − + + (+) (+) + + + +
Corpus glands − − + − + + (+) (+) + + + +

Jejunum and ileum
Mucosa − − +c +c +b + +c +c +c +c +c +c

Descending colon
Mucosa − − +c +c +b + − − − − − −

Gall bladder
Mucosa − − − +c +b + − − +c +c + +c

Liver
Hepatocytes − − − +c +c +c − − − − − −
Kupffer cells − − − + + + − − − − − −
Bile ducts − − − + + + − − +b (+) (+) (+)

Pancreas
Ducts +b +b +b +b +b + − − +b − − −
Acini − − − + + + − − − − − −
Islets of Langerhans − − − + + + − − − − − −

Heart
Endocardium − − − + + + − − − − − −
Myocardium − − − − − − − − − − − −
Mesothelium − − − − − − − − − − − −

Trachea and lung
Serous gland − − − + + + − − + − − +
Mucous gland − − + + + + − − + − − +
Ciliated epithelium − − − + + + − − + − − +
Respiratory epithelium − − − + + + − − − − − −

Kidney
Glomerulus − − − + + + − − − − − −
Bowman’s capsule − − − − − − − − − − − −
Proximal tubules − − − − − − − − − − − −
Distal tubules +b +b +b +b +b + − − +b − − −
Collecting ducts +b +b +b +b +b − − +b − − −

Bladder
Urothelium − − − + + + − − + − − −

Prostate
Glandular epithelium − − +b + + + − − − − − +

Uterus
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b Present along the luminal surface
c Present in the supranuclear cytoplasm or Golgi region. Cases to
which neither bnor chas been assigned were mainly diffusely
stained
d Not all lymphocytes positive

e In individuals of blood group A&/tbl.b:

Table 2 (continued)

Tissues TF Sialosyl-TF Tn Sialosyl-Tn

G/A7 HH8 PNA N′+ ACA AIA 12A8 TEC-02 HPA B72.3 TKH2 3F1
G/A7a

Corpus endometrium − − − +b +b + +b − − +b +b +
Cervix endometrium − − − +b +b + +b − − +b +b +
Cervix glandular cells − − − +b +b + − − − + + +

Mammary gland
Ducts − − − +b +b + − − − − − −
Acini − − − +b +b + − − − − − −
Myoepithelial cells − − − + + + − − − − − −

Testis
Spermatids + + + + + + − − − − − −
Spermatocytes − − − + + − + − − − − −−
Spermatogonia − − − + − + − − − − − −
Sertoli’s cells − − − + − + − − − − − −
Interstitial cells − − − + − + + − − + + +

Brain
Cerebral cortexes − − − + + + − − − − − −
Cerebral medulla + − + + + + − − − − − −
Glial cells − − − + + + − − − − − −
Ependymal cells − − − + + + − − − − − −

Meninges
Arachnoid membrane − − − + + + − − − − − −
Pacchionian granulations − − − + + + − − − − − −

Peripheral nerve
Axons − − + + + + − − − − − −
Schwann cells − − + + + + − − − − − −
Perineurium − − − − − − − − − − − −

Thymus gland
Epithelial reticular cells − − − − − − − − − − − −
Hassall’s bodies − − − + + + − − + − − −
Lymphocytes − − − + +d + − − − − − −
Macrophages + + + + + + − − + − − −

Spleen
Trabeculae − − − − − − − − − − − −
Reticular cells − − − − − − − − − − − −
Macrophages + + + + + + − − + − − −
Lymphocytes − − − + +d + − − − − − −

Lymph nodes
Lymphocytes − − − + +d + − − − − − −
Macrophages + + + + + + − − + − − −
Reticular cells − − − − − − − − − − − −

Thyroid gland
Epithelium − − − − − +b − − − − − −
Colloid − − − − − − − − − − − −

Adrenal gland
Adrenal cortex − − − − − − − − − − − −
Adrenal medulla − − − − − − − − − − − −

Muscle tissues
Smooth muscle − − − − − − − − − − − −
Skeletal muscle − − − − − − − − − − − −

Connective tissue − − − − − − − − − − − −
Synovial tissue − − − + + + − − − − − −
Endothelium − − − + + + − − +e +e −
Erythrocytes − − − + + + − − +e − +e −

a G/A7 after neuraminidase treatment
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Figs. 1–9 Reactivity of a selection of human adult normal tissues
with monoclonal antibodies and lectins to Thomsen-Friedenreich-
related antigens&/fig.c:

Figs. 1–6 Normal ileum from the same tissue block&/fig.c:

Fig. 1 A78-G/A7 (TF) does not stain the mucosa (200×)&/fig.c:

Fig. 2 12A8 (Tn) stains the supranuclear cytoplasm (arrowhead)
of columnar cells (200×)&/fig.c:

Fig. 3 B72.3 (s-Tn) also stains the supranuclear cytoplasm (ar-
rowhead) of columnar cells (200×)&/fig.c:

Fig. 4 Helix pomatiaagglutinin (αGalNAc-reactive lectin) stains
the supranuclear cytoplasm (arrowhead) of columnar cells and
some goblet cells (arrow) at the lower crypts (200×)&/fig.c:

Fig. 5 Amaranthin (2,3-linked s-TF lectin) stains the apical mem-
brane (small arrowhead) of columnar cells and secretion (arrow),
but only some goblet cells (big arrowhead) at the lower crypts
(200×)&/fig.c:

Fig. 6 Jacalin (s-TF lectin) stains goblet cell vacuoles (arrow-
head) and secretion (arrow, 200×)&/fig.c:

Fig. 7 Pancreas: A78-G/A7 stains the luminal surface (arrow) of
the ducts (200×)&/fig.c:

Fig. 8 Brain: A78-G/A7 stains radial columns (arrow, 100×)&/fig.c:

Fig. 9 Spleen: amaranthin stains T lymphocytes (100×)&/fig.c:

Tissues GO GO-S GO-S N′ N′ N′ GO GO-S
G/A7 ACA AIA G/A7 GO+G/A7 GO-S+G/A7 N′+G/A7 N′+G/A7

Epidermis
Basal layer − + + + n.d n.d n.d n.d
Spinous layer − + + + n.d n.d n.d n.d
Granular layer − + + + n.d n.d n.d n.d
Cornified layer − + + + n.d n.d n.d n.d
Non-epidermal cells − + + + n.d n.d n.d n.d

Sebaceous gland − + + + n.d n.d n.d n.d

Pancreas
Ducts − + + + − − + +
Acini − + (+) + − − (+) (+)
Islets of Langerhans − (+) + + − − (+) (+)

Kidney
Glomerulus − + + + − − + +
Bowman’s capsule − − − − − − − −
Proximal tubules − − − − − − − −
Distal tubules − + + + − − + +
Collecting ducts − + + + − − + +

Testis
Spermatids − + + + n.d n.d − n.d
Spermatogonia − − + + n.d n.d − n.d
Sertoli’s cells − − + + n.d n.d − n.d
Interstitial cells − − + + n.d n.d − n.d

Brain
Cerebral cortexes − + + + n.d n.d − n.d
Cerebral medulla − + + + n.d n.d − n.d
Glial cells − + + + n.d n.d − n.d

Thymus gland
Epithelial reticular cells − − − − n.d n.d n.d n.d
Hassall’s bodies − + + + n.d n.d n.d n.d
Lymphocytes − +a + + n.d n.d n.d n.d
Macrophages − + + + n.d n.d n.d n.d

Spleen
Trabeculae − − − − − − − −
Recticular cells − − − − − − − −
Macrophages − + + + − − + +
Lymphocytes − +a + + − − (+) (+)

Lymph nodes
Lymphocytes − +a + + n.d n.d n.d n.d
Macrophages − + + + n.d n.d n.d n.d
Reticular cells − − − − n.d n.d n.d n.d
Endothelium − + + + − − (+) (+)
Erythrocytes − + + + − − (+) (+)

a Not all lymphocytes positive&/tbl.b:

Table 3 Staining of the monoclonal anti-TF antibody G/A7, ama-
ranthin (ACA), and jacalin (AIA) in normal tissues after pretreat-
ment with galactose oxidase (GO) or the galactose oxidase-Schiff

sequence (GO-S). [N´ neuraminidase, + positive, − negative, (+)
weakly positive, n.d.not done]&/tbl.c:&tbl.b:



treatment with galactose oxidase. Amaranthin and jac-
alin, which stain both TF and cryptic TF (s-TF), remain
reactive in the case of s-TF even after galactose oxidase-
Schiff sequence treatment (see Table 3). In our experi-
ments, we additionally treated the sections with neur-
aminidase and galactose oxidase or the galactose oxi-
dase-Schiff sequence in various orders under otherwise
identical conditions (Table 3). The results suggest that
sialic acid may only partially protect Galβ1-3GalNcα1
from the action of galactose oxidase.

Comparison of mAbs and lectins
with respect to their possible cross-reactivity
with blood group AB antigens

We observed that indeed HPA and TKH2 cross-reacted
with blood group A. G/A7, HH8, 12A8, TEC-02, B72.3,
and 3F1 showed no cross-reactivity with blood group A
and B antigens.

During these studies we made the unexpected obser-
vation that anti-A and anti-B mAbs also stained some
non-epithelial and non-endothelial cells, e.g., spermatids,
regardless of the blood group of the individual.

The epitope reacting with mAb 3E1.2 (TF-unrelated,
NeuGc-containing) was even more broadly distributed
than s-TF; it was found in epithelial tissues, muscular
tissue (skeletal muscle, cardiac muscle, and smooth mus-
cle), nerve tissue (cortex and medulla of brain and pe-
ripheral nerve), lymphoid tissue, and endothelium, but
not in connective tissue.

Discussion

The distribution of TFRA in malignant tissues has at-
tracted considerable attention (Springer 1984). In con-
trast, systematic investigations of their occurrence in
normal tissues are scarce. Binding sites of lectins recog-
nizing TFRA, such as PNA, HPA (Helix pomatiaagglu-
tinin, binding to αGalNAc), DBA (Dolichos biflorusag-
glutinin, αGalNAc and GalNAcα1-3GalNAc), VVA (Vi-
cia villosa agglutinin, αGalNAc, βGalNAc, and
GalNAcα1-3Gal), or SBA (soybean agglutinin,
αGalNAc, βGalNAc, and GalNAcα1-3Gal) in normal
tissues have been described in previous studies (Spicer
and Schulte 1992; Danguy et al. 1994; Mcmahon et al.
1994), but most of these lectins have dual or multiple
specificities, and therefore one has also to expect that
these lectins may bind to carbohydrate structures other
than TFRA in tissue sections (Ito and Hirota 1992). For
example, the carbohydrate specificity of PNA is not
strictly confined to the Galβ1-3GalNAc disaccharide; in
fact, this lectin recognizes other types of terminal Gal
residues (Swamy et al. 1991). HPA can bind αGalNAc in
Tn determinant (GalNAcα1-Ser/Thr), Forssman disac-
charide (GalNAcα1-3GalNAc), and A determinant
[GalNAcα1-3 (Fucα1-2)Galβ1-3,4GlcNAc] (Wu and Su-
gii 1991). Thus, distribution patterns of TFRA based ex-

clusively on lectin binding are not sufficiently exact. Our
study provides the first systematic and comprehensive
overview on the occurrence of TFRA in normal human
tissues and compares the reactivities of several reagents
(mAbs and lectins) for these structures in the same mate-
rial. By including galactose oxidase or the galactose oxi-
dase-Schiff sequence pretreatment according to Sata et
al. (1990), s-TF could be detected in the presence of TF.
S-TF occurs extensively in normal tissues, especially in
epithelial cells. TF, Tn, and s-Tn, which are widely ac-
cepted tumor antigens, were found in our study to be
quite differently expressed in normal tissues. Among
these glycotopes, TF is the one which occurred only in a
few normal epithelial cells, whereas s-Tn was found in
most cells of this type, and the expression of Tn was in-
termediate. We have noted that TF, Tn, and s-Tn are also
expressed in some non-epithelial cells.

TF, defined by the two mAbs used here, was ex-
pressed among epithelia only in the sebaceous gland, in
the pancreatic duct, and in apical membranes of renal
distal and collecting tubules. These stainings were pre-
vented by galactose oxidase pretreatment. Our results are
in agreement with other authors who described the ab-
sence of TF in selected tissues like uterus, colon, urothe-
lium or squamous cells (Ravn and Jensen 1988; Mandel
et al. 1991; Itzkowitz 1992; Langkilde et al. 1992). Phil-
ipsen et al. (1991), Therkildsen et al. (1994), and Carne-
iro et al. (1994) reported the presence of TF in acinar
cells of pancreas, in salivary glands, and in the stomach,
respectively, employing mAbs HH8 and HB-T1. We
have not seen TF in these tissues, either with mAb G/A7,
HH8 or HB-T1. This has to be further examined with
special consideration of the secretor status of the individ-
uals and in frozen sections of these tissues as well.
MAbs against TF stained some non-epithelial tissues in
our study, including spermatids, macrophages, and parts
of the white matter of the brain. The control sections
with galactose oxidase pretreatment confirmed that G/A7
also bound to GalNAcα1-3GalNAc in these tissues. Two
groups reported earlier that nerve cells were stained with
rabbit anti-TF serum or PNA, respectively (Örntoft et al.
1985; Apostolski et al. 1994). s-TF was detected either
by means of anti-TF mAbs after removal of sialic acid
by neuraminidase, or by the lectins amaranthin or jac-
alin. The problem of TF binding by amaranthin or jacalin
was ruled out by a pretreatment with the galactose oxi-
dase-Schiff sequence in the TF-positive tissues. s-TF is
almost ubiquitously present in normal tissues, in agree-
ment with the results of previous studies (Sata et al.
1990; Boland et al. 1991; Schetz and Anderson 1995).
Sata and coworkers found that the reactivity of amaran-
thin with the left and the right colon was not identical
(Sata et al. 1992). However, in our study some remark-
able differences of the staining patterns between these
three reagents in normal tissues were found. Amaranthin
is reasonably specific for Galβ1-3GalNAcα- and Neu-
Acα2-3Galβ1-3GalNAcα1- (Rinderle et al. 1989). Jac-
alin binds to Galβ1-3GalNAcα- and its NeuAcα2,3-
linked and/or NeuAcα2,6-linked forms (Swamy et al.
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1991; Maemura and Fukuda 1992). Pretreatment with
neuraminidase from V. choleraeremoves both 2,3- and
2,6-bound sialic acid residues (Watzlawick et al. 1992).
Therefore, we hypothesize that the different staining pat-
terns observed may reflect the occurrence of both sub-
types of s-TF [NeuAcα2-3Galβ1-3GalNAcα1-R and
Galβ1-3(NeuAcα2-6)GalNAcα1-R] and their respective
sialyltransferases in changing ratios in the different cells
and cellular regions. Biochemical investigations have
provided data on the differential distribution of sialy-
transferases in various organs (Paulson et al. 1989). This
can be extended to the cellular level within a given organ
by histochemical localization of different glycosyltrans-
ferase products. Differences in the tissue distribution of
α2,3- and α2,6-linked sialic acid in animal tissues and
human tumor tissues have been detected by means of
lectin histochemistry (Sata et al. 1989, 1991; Vierbuchen
et al. 1995). In our study, all TF-positive tissues also ex-
pressed s-TF; in contrast, many tissues possessing s-TF
did not react with anti-TF mAbs. This indicates that
most normal cells have cryptic TF masked with sialic ac-
id.

Tn expression in some epithelial tissues, for instance
salivary gland, stomach, and uterus, has been described
previously (Carneiro et al. 1994; Tashiro et al. 1994;
Therkildsen et al. 1994). In the present study, other epi-
thelial tissues like small intestine were also found to be
positive for Tn. In addition, apparent differences in stain-
ing patterns between mAbs 12A8 and TEC-02 were ob-
served, which may be explained by the fact that the latter
recognizes a more extended epitope (Dráber 1987).

The presence of s-Tn in normal tissues has been de-
scribed in previous studies, especially those employing
mAb B72.3, although there are also reports claiming that
B72.3 and TKH2 are non-reactive or only very weakly
reactive with all normal tissues (Thor et al. 1986; Kjeld-
sen et al. 1988). Our results confirm findings that s-Tn is
present in a considerable number of normal epithelial tis-
sues and in interstitial cells of the testis (Stein et al.
1991). In addition, we found that the anti-s-Tn mAbs re-
acted with the upper gastrointestinal tract but not with
the colonic epithelium. This may be explained by the
fact that sialic acid residues are O-acetylated in colonic
tissues (Ogata et al. 1995). Jass and colleagues found
that 11 normal colon mucosae expressed O-acetylated s-
Tn; the non-O-acetylated form was present only occa-
sionally in single crypts of four cases, and strongly and
diffusely in five mucosae (Jass et al. 1994). When O-ace-
tylated sialic acid is converted to non-O-acetylated sialic
acid by saponification through treatment with potassium
hydroxide, normal colorectal goblet cells became immu-
noreactive with mAbs for s-Tn (Jass et al. 1995).

Inconsistent findings in different laboratories con-
cerning the reaction of the lectins and mAbs to TFRA in
normal and tumor tissues are not rare. These differences
may be caused by various factors, including the quality
of the tissue specimens, the diversity of techniques em-
ployed, the specificity and sensitivity of mAbs used, or
the secretor status of the individual. First of all, the qual-

ity of the specimens significantly affects the detection of
TFRA. Morphology appears to be a key indicator of
specimen quality. Thus, the preservation of morphologi-
cal detail in the sample is a prerequisite for examining
these antigens. To mention one essential technical detail,
normal serum used to block non-specific binding sites
should be preabsorbed with neuraminidase-treated red
blood cells in order to avoid anti-TF auto-antibody inter-
ference (Springer and Desai 1985). Another point to con-
sider is the observed reactivity of pancreatic acinar cells
and gastric mucins from non-secretors with PNA, but not
from secretors (Ito et al. 1986; Macartney 1986). In gen-
eral terms, we would like to stress that the combined use
of different mAbs and their side-by-side comparison, if
necessary in combination with specific glycosidase di-
gestion procedures, are of great importance in obtaining
more accurate results.

The presence of a given tumor antigen in certain nor-
mal tissues does not necessarily mean that this antigen
cannot serve as a target for tumor diagnosis and immu-
notherapy. In fact, antigens localized in the cytoplasm or
at the luminal side of epithelial surfaces of glands may
be inaccessible or poorly accessible to mAbs injected in
vivo or, alternatively, to active immunocytes (Pervez et
al. 1989). Similarly, the parenchyma of the brain or sper-
matocytes of testis are not accessible as long as the
blood-brain barrier and the blood-testis barrier are intact.
Many of the binding sites for TFRA reagents in normal
tissues described here are essentially restricted to such
sites. In conclusion, from our data it can be inferred that
TF, Tn, and sialosyl-Tn are promising targets for a can-
cer vaccine.

A different situation is represented by mAb 3E1.2.
This antibody has been successfully used to monitor
breast cancer in patient sera (Stacker et al. 1988), al-
though it appears obvious that the epitope is expressed in
normal tissues too ubiquitously to be of value for histo-
pathological diagnosis. The main value of immunohistol-
ogy may reside in its ability to provide basic information
on whether a given antigen is expressed in healthy and
pathological tissues, and where it is localized within the
cell.

Finally, we would like to emphasize several interest-
ing single facts observed during this study. For example,
the anti-TF mAb, G/A7, stained macrophages in some
organs such as lymph nodes, but not in connective tis-
sues. In vitro we also found that macrophages after pro-
longed cultivation were positive for G/A7, whereas those
from short term cultures cells were not (G. Pasternak and
U. Karsten, unpublished). At present we cannot explain
the cause and significance of these observations. Another
very interesting and probably important finding is the
fact that amaranthin reacted with most or all T lympho-
cytes in the spleen, but only with a subpopulation of thy-
mic lymphocytes. This would suggest that the carbohy-
drate structure, NeuAcα2-3Galβ1-3GalNAcα1-R, is on-
ly present on a subset of T lymphocytes and/or at a spe-
cial stage of their differentiation. Third, TF (Galβ1-
3GalNAcα-) and s-TF (NeuAcα2-3Galβ1-3GalNAcα1-)
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are apparently expressed only in mature spermatids, but
are absent in immature spermatocytes and spermatogo-
nia. This will, however, to be addressed in further stud-
ies.

Not much is known about the nature of the glycocon-
jugates carrying TF and TF-related epitopes on tumor
cells, and even less about these glycoconjugates in nor-
mal cells. So far, TF-positive, mucin-like fractions have
been separated by means of affinity chromatography
with PNA-agarose from human milk and gastric mucosa
(Fischer et al. 1984a, b). Glycoproteins with molecular
weights of approximately 120 and 70–80 kDa have been
isolated on PNA-agarose columns from neuronal tissue
(Apostolski et al. 1994). Since there are now mAbs with
higher specificity than lectins available, a new approach
to the identification of TF-carrying molecules is feasible.
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