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&p.1:Abstract Aberrant glycosylation is a hallmark of cancer
cells. The blood group precursors T (Thomsen-Friedenreich) and Tn epitopes are shielded in healthy and benign-diseased tissues but uncovered in approx. 90% of
carcinomas. T and Tn glycoproteins are specific, autoimmunogenic pancarcinoma antigens. These antigens may
also be found in neoplastic blood cells (and on LTV-II
infected T lymphocytes). Fundamental chemical and
physical aspects of these glycoproteins of primary carcinomas are discussed first. Tn and T epitopes are cell and
tissue adhesion molecules, essential in invasion by and
metastasis of carcinoma which includes adherent and
proliferative phases. These properties are then delineated
next, followed by consideration of pathophysiological
and clinical aspects of these antigens. Immunohistochemical studies of the extent of Tn antigen expression
in primary breast carcinoma demonstrate its highly significant correlation with clinicopathological tumor stagGEORG F. SPRINGER
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es, and hence its value as a reliable prognosticator. On
the other hand, there is no significant, prognostically
useful association between T antigen expression and
clinical disease course. Everyone has “preexisting” anticarcinoma anti-Tn and anti-T antibodies, induced predominantly by the intestinal flora, while cellular immune
responses to T and Tn epitopes are evoked only by carcinomas and some lymphomas. Carcinoma dedifferentiation leading to predominance of Tn over T epitopes is
described, as is the role of Tn and T epitopes in very early, including preclinical, carcinoma detection. The highest sensitivities in carcinoma detection are for preclinical
and the earliest clinical stages. Obviously, preclinical
carcinoma detection is of practical importance. T/anti-T
tests detected preclinical carcinoma in 77% of 48 patients long (x– 6 years) before their biopsy/X-ray results
became positive. There were no false predictions of carcinoma in 38 control persons with benign diseases (observation average 4.8 years). These findings open a novel
window for both curative approaches and pathophysiological studies. The autoimmunogenicity of carcinoma
T/Tn antigen led us more than two decades ago to begin
intradermal vaccination of patients with advanced breast
carcinoma of stages IV–IIb, predominately after modified radical mastectomy and sometimes lumpectomy
plus axillary dissection always followed by adjuvant radio/chemotherapy. The vaccine consists of human group
O red blood cell membrane derived, HLA-free T/Tn antigen containing as adjuvant Ca3(PO4)2 plus a trace of
phosphoglycolipid A hyperantigen, i.e., S. typhi vaccine
(USP), which itself has T and Tn specificities. Our efforts have now for up to 20 years remained successful in
a large majority of the 32 patients. All 32 patients survived at least 5 years; 10-year survival was statistically
highly significantly improved (5-year survival:
P<1×10–7; 10-year survival: P<1×10–5) compared to statistics of the United States National Cancer Institute. Because these vaccinations are successful, their extension
to large populations with major types of carcinomas
should be considered, and even immunological carcinoma prevention may be contemplated.
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Introduction
T (Thomsen-Friedenreich) and Tn epitopes are progenitors of fully differentiated normal epithelial and blood
cell surface structures. T (Gal-β1→3GalNAc-α1-OSer/Thr) is terminal and Tn (GalNAc-α1-O-Ser/Thr) is
penultimate [1–4] on T-specific glycoproteins and is covered with only one or two N-acetyl-neuraminic acids
[1–4] to form the histo-blood group M, N antigens [1, 4],
or these precursors link complex heterosaccharide chains
O-glycosidically [5, 6]. T and Tn epitopes are occluded
in healthy and benign-diseased tissues but are immunoreactive in approx. 90% of all carcinomas (CAs) tested, as
found first by us [1, 7, 8] and soon confirmed by numerous others (e.g., [9–12]].
Specific removal of β-Gal1→3 with bovine testicular
β-D-galactosidase transforms T to Tn glycoprotein [13].
Conversely, human serum β1→3-Gal transferase in the
presence of UDP-Gal synthesizes T from Tn [2, 3]. The
two immunodeterminant carbohydrates of T Ag are Gal
and GalNAc [2–4, 13]. The predominant amino acids
(>4%) in descending order of abundance for two typical
preparations of complete T Ag from our laboratory are
Thr, Glu, Leu, Ser, Val, and Pro [14, 15] (see Figs. 1, 2).
We have shown the majority of Enterobacteriaceae to
possess highly immunogenic T and Tn specificities [8,
16]. The origin for at least the majority of anti-T and anti-Tn antibodies, which all humans have, was confirmed
in experiments with germ-free and ordinary chicks and
human infants and adults. Germ-free chicks produced no
anti-blood group T and Tn antibodies, in contrast to
chicks from the same hatch raised under ordinary conditions. Feeding germ-free chicks live blood group T/Tn
active bacteria elicited high anti-T and anti-Tn antibody
titers. Similarly, anti-T and anti-Tn antibodies were elicited in human infants and adults following feeding or inhalation of live or killed blood group active bacteria [16].
Monoclonal rodent anti-T and anti-Tn antibodies
were first elicited with T red blood cell (RBC) antigens
[17] and a lung CA [18], and anti-Tn also by us with O
Tn RBC and CAs [19], and by others (e.g., [20, 21]).

Fig. 1 Pathway depicting biosynthesis of the T immunodeterminant structures of human histo-blood group M and N glycoproteins, by preexisting human serum glycosyltransferases. Tn is
transformed to (1) T by GalNAc-β-3-D-Gal-transferase in the presence of UDP-Gal plus ATP and MnCl2 and MgCl2 as activators. T
is transformed to (2) N by α-N-acetyl-neuraminic acid (NeuAc)
transferase present in sera of donors of all MN genotypes. M is
synthesized either from (3a) N or from (3b) T by α-NeuAc transferase (present only in human donors who possess the M gene) in
the presence of CMP; activators are not needed [3]&ig.c:/f

Fig. 2 T glycoprotein: amino-terminal sequence. Circles, O-glycosylation positions (approx. 90% T and 10% Tn haptens). Note
cluster formations [73, 74]&ig.c:/f

Tn and T epitope expression in CA prognostication
It is of paramount importance to establish whether the
degree of pan-CA T and Tn epitope expression is correlated with the prognosis of primary breast and other
CAs. We determined the prognostic value of the extent
of Tn and T epitope expression quantitatively in 55 primary invasive breast ductal CA tissues of stages I–IV
[22]. Tissue sections from paraffin blocks were reacted
with pools of rodent monoclonal anti-Tn and anti-T as
primary antibodies, followed by streptavidin-biotin-peroxidase, then stained with diaminobenzidine tetrahydrochloride and counterstained with methyl green. Immunostained Tn and T epitopes were quantitated by computerized image analysis. Classical pathological and histological prognostic indicators associated with survival were
subdivided into favorable and unfavorable categories by
standard critera.
Of the 55 CAs 51 strongly expressed Tn and T, and 4
had traces. As shown in Table 1, high extent of Tn epitope expression was statistically significantly associated

596
Table 1 Prognostic factors associated with the mean percentage of Tn epitope immunostained on primary breast CA
cells of the 55 patients studied
(high ≥33% of immunostained
areas, low <33%)&/tbl.c:&

n

Tn epitope
High

Low

55

31

24

31
24

13
18

18
6

Size of primary CA
<2.0 cm
≥2.0 cm

25
30

11
20

14
10

Lymph node
Negative
Positive

30
25

12
19

18
6

Combined histological grade
I and II
III

27
28

9
22

18
6

Disease-free interval
≥5 years
<5 years

40
15

18
13

22
2

All cases, primary CA
pTNM stage
I and IIA
IIB–IV

Association

P

0.24

0.027

0.39

0.109

0.21

0.013

0.14

0.001

0.13

0.006

&/tbl.:

with shortened 5-year disease-free interval, higher
pTNM stages, positive lymph node status, and increased
combined histological grades, by both determination of
probability values and odds ratios. There was only a
weak association with tumor size. On the other hand, T
antigen expression showed no significant association
with prognostic factors. Our results suggest that quantitative immunohistochemical image analysis of Tn epitopes
of primary breast CAs aids importantly in prognostication of the disease (a finding that is in accord with our
semiquantitative absorption assays using live breast CA
tissues [23]). Immunohistochemical analysis permits
rather precise location of Tn- and T-active structures and
uses considerably less tissue or cultured cells than are
needed in specific antibody absorption experiments. On
the other hand, however, the latter have the advantage of
permitting the study of live cells [23]. It is relevant for
immunochemical studies that antibody Fc receptors have
been shown not to react with breast CA cells (negative in
97 of 97 cases [24]).

T and Tn epitopes in cell adhesion invasion
and metastasis cellular immune responses
It was first suggested some 45 years ago that human CAs
possess characteristic antigenic structures capable of
eliciting autoimmune responses [25]. This allows patient
tumor-interactions to be probed by means of delayedtype skin hypersensitivity responses to CA tissue but
permits in vivo testing only with autologous tumor preparations to avoid transfer of potential tumor viruses and
allogeneic “background” reactivity [25].
Cell-mediated autoimmune responses to O RBC MN
glycoprotein-derived, sterile and HLA-free T/Tn antigen
were successfully measured in vivo by delayed-type
skin hypersensitivity reactions (DTHR-T) [8, 26]. The
results obtained are listed in Table 2 for patients with

various CAs of all stages and for non-CA control test
subjects. DTHR-T was positive in 85% of 461 CA patients tested and in 3 of 12 lymphoma/leukemia patients.
The great majority (approx. 60%) of the lung CA patients had adeno-CAs (78 bronchial and 8 bronchioloalveolar); 89.5% of these 86 lung adeno-CA patients had
positive DTHR-T results. Among the 21 patients with
small-cell lung CA 90.5% were DTHR-T positive, while
80% of 25 squamous-cell lung CA patients tested positive. Positive DTHR-T results were shown by 85%–95%
of breast, pancreas, and colon CA patients and also by
approx. 80% of patients with CAs of other major organs.
DTHR-T was negative in 58 of 64 benign lung disease patients (Table 2). All 14 patients with lobar, lobular and acute pneumonias, granulomatous fungal disease,
cysts, effusive tuberculosis, silicosis, chronic interstitial
fibrosis, emphysema, and/or benign lung tumors reacted
negatively, as did 37 of 40 patients with chronic obstructive pulmonary disease, severe chronic indurating pneumonia, and/or abscess, two of four patients with sarcoidosis, and five of six with hamartomas. The positive
DTHR-T in two of the six patients with benign disease,
one with pneumonia and one with sarcoidosis, became
negative in less than 1 year. In the former of these the
positive reaction was shown to be due to uncovering of T
antigen in lung tissue by neuraminidase, elaborated by βhemolytic streptococci [26].
The DTHR-T was also negative in all 66 patients with
benign diseases of organs other than lung and breast (Table 2). This population included those suffering from
pancreatitis, ulcerative colitis, diverticulitis, various benign adenomas, ovarian cysts, cardiovascular diseases,
diabetes mellitus, alcoholism with liver disease, myasthenia gravis, chronic ear, nose, throat infections, parkinsonism, Wilson’s disease, tracheal stenosis, lymphoblastic granulomatosis, post-Guillain-Barré syndrome, and
hypothyroidism. Altogether only 8% of 328 patients with
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Table 2 Carcinoma detection
by DTHR-T at initial patient
visit&/tbl.c:&

Category

Total tested

DTHR-T positive

% Positivea

Carcinoma
Lung
Breast
Pancreas
Upper aerodigestive tract
Gastrointestinal tract
Genitourinary tract
Melanoma
Thymoma

461
144
199
26
21
20
38
12
1

391
127
166
23
16
17
32
9
1

85
88
83
89
76
85
84
75
(100)

26
12
5
9

3
3
0
0

12
25
(0)
(0)

Benign diseases
Lung
Breast
Other

328
64
198
66

25
6
19b
0

8
9
10
0

Healthy

126

0

0

Non-CA cancer
Leukemia/lymphoma
Sarcoma
Central nervous system

a

Cohorts of fewer than10 persons in parentheses
b 17/19 had premalignant hyperplastic disease&/tbl.:

non-CA disease were DTHR-T positive. None of the 126
healthy persons had a positive DTHR-T reaction.
The high sensitivity and high specificity of the
DTHR-T in CA detection makes it a valuable diagnostic
test, and as we found [26, 27], especially of clinically incipient and even preclinical CA.
Cell-mediated autoimmune responses of CA patients
to T epitopes, when measured in vitro with leukocyte adherence inhibition assays (LAI) [28], in which the mean
number of nonadherent cells was counted by computerized image analysis and expressed as a percentage of
nonadherence, showed a positive reaction in 78% of 76
breast, lung, and colon CA patients and in fewer than 5%
of 65 patients with benign diseases, including benign
breast disease, diverticulitis, and pneumonitis. These
findings are in accord with those reported by Ichinose et
al. [29]. LAI also using T antigen was much less sensitive, in our hands, although it had about the same specificity as both LAI-T and DTHR-T in the 150 CA patients
and 199 non-CA subjects studied [26].
It is important in this connection that Black et al. [30]
observed that a strong anti-CA cell-mediated autoimmune response in patients with prior, current, or subsequent in situ breast CA significantly improves survival
time in patients with invasive breast CA; their study encompassed 129394 patients.

Humoral anti-CA-T and anti-Tn responses
After confirming the specificity of anti-T and anti-Tn antibodies by absorption and inhibition studies with antigens, epitopes, and haptens [4, 27, 31], anti-T antibody
levels were assessed by in vitro studies of the relevant
serum antibodies. In healthy persons anti-T antibody levels are rather constant throughout adult life [32]. We
measured them initially by hemagglutination assays using RBCs on which T antigen had been maximally un-

covered by neuraminidase [1] to determine the anti-T antibody levels semiquantitatively in the test subjects’ sera
by standard serological titration using twofold geometrical dilution steps [14, 33]. Among 287 consecutive
preoperative patients who turned out to have primary CA
of breast, respiratory, gastrointestinal, and urogenital
tracts, 41% had abnormal anti-T titer scores, whereas
normal anti-T agglutinin levels were found in 91% of
309 nonpurposely selected patients with benign diseases
and 92% of 200 putatively healthy persons (P<0.001 for
CA patients versus non-CA groups) [14, 26, 33]. Depression of anti-T antibodies in CA patients is specific, antiAB0 antibodies and anti-sheep RBC hemolysin levels
did not change along with anti-T [12, 34].
Thatcher et al. [35] compared 55 patients with untreated, disseminated melanoma who had significantly
depressed serum anti-T agglutinin levels with 609 healthy persons (P<0.0005). Significant increase in anti-T
antibodies and improved survival followed a single intravenous infusion of Corynebacterium parvum (which
has T antigen), given at a concentration of 2 mg/m 2
body surface into all of 14 melanoma patients, indicating immunotherapeutic relevance of C. parvum; there
was no anti-T increase using bacille Calmette-Guérin
(no T antigen) injected in nine other melanoma patients.
Also, pretreatment anti-T agglutinin titers were statistically significantly higher among the 21 melanoma patients who responded to chemoimmunotherapy; their
50% survival time was approx. 120 weeks compared to
20 weeks for the 34 nonresponders. Hence the anti-T titers had prognostic meaning, while tumor burden was irrelevant.
Bray et al. [12] showed that all 40 normal human sera
tested had anti-T antibodies that specifically lysed O, T
RBCs in the presence of complement; 83% of 18 postoperative (>3 months) patients with massive metastatic gastrointestinal CA had depressed lytic anti-T levels, correlated with disease burden, while 11 patients with nonde-
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monstrable or minimal disease had no decrease in anti-T
hemolysin (P<0.001).
There has been an epidemic of esophageal CA for
over 40 years among black men in Transkei, South Africa [36]. Among more than 500 children in geographic areas with and without high risk for esophageal CA, anti-T
titers, as measured with serological titration assays, were
highly elevated exclusively in the high-risk areas. Vos et
al. [36] concluded that the T epitopes themselves may be
a decisive factor in the development of CA, via cellular
defects exposing them, and thus facilitating cell entry by
carcinogenic viral or other agents.
We introduced quantitative, solid-phase anti-T serum
immune assays for CA detection (see [37]). These tests
more than doubled the sensitivity of CA detection compared to the hemagglutinin titration tests. These assays
determine anti-T IgM and total IgM in sera using isolated, highly purified T antigen, and anti-human IgM antibodies both fluorescently labeled as solid phases; later
we introduced an enzyme-linked immunoassay using
3,3′ 5,5′ tetramethyl benzidine for color development
[37]. The results with the two assays were very similar.
The sensitivity of differentiation between sera of CA patients and controls was greater than that obtained by antiT determination alone when the total IgM values of any
given serum were included (by relating anti-T IgM to total IgM and expressing it as the quotient, QM), by using
the formula: QM=100 [(mg/dl anti-T IgM)2/mg/dl total
IgM]. The average percentage variation in QM values of
the same samples determined on different days was less
than ±3% [37].
Table 3 lists the results of the two procedures combined. The assay identified 88% of 360 CA patients with
CAs of major organs and was correctly negative in 90%
of 124 patients with benign disease. There were falsepositive results in three of four breast disease patients
with clearly premalignant breast conditions. Importantly,
Table 3 CA detection with quantitative serum anti-T antibody immunoassay at initial patient visit (solid-phase immunoassay to determine anti-T IgM antibodies in relation to total IgM)&/tbl.c:&
Category

Total tested

No. positive % Positivea

Carcinoma
Breast
Lung
Pancreas
Genitourinary tract
Other CAs

360
216
96
20
18
10

315
184
89
19
15
8

88
85
93
95
83
80

Benign diseases
124
Breast
75
Lungc
32
Pancreas
5
Other non-CA diseases 12

13
11b
2
0
0

10
15
6
(0)
0

Healthy

11

7

163

the assays were especially sensitive for cases of incipient
CA, stages 0 and I. Specificity was 92% in 287 benigndiseased and healthy persons [31, 37]. There were 154
CA patients studied 0–14 days prior to surgery; the reactions were positive. False-positive reactions were observed in 10% of 124 patients.

Combined measurements of cellular
and humoral anti-CA responses compared
with other procedures are predictive of CA
Table 4 demonstrates both the superior sensitivity and
specificity of T antigen tests in preoperative detection of
CA in patients with uncertain diagnosis, by cell-mediated autoimmune and humoral responses compared to the
carcinoembryonic antigen, where we assessed these responses immediately prior to operation. Both types of
anti-T responses were close to 100% correctly positive
for patients subsequently shown to have pancreatic CA
and negative for those who had chronic inflammation,
while carcinoembryonic antigen had a failure rate of
nearly 50% for both CA and inflammation [31].
It is of true clinical importance that positive anti-T
tests predicted CA months to years before biopsy and Xray did [27, 31, 33, 38]. The value of anti-T tests in CA
prediction is shown in Fig. 1. In view of negative biopsy
and X-ray results, to the clinicians 37 of 48 (77%) patients were persistently falsely positive in respect to our
positive anti-T tests between 2 months and 12 years (tested at 8- to 12-month intervals) before their negative biopsy or X-ray findings also became positive for CA. As of
now 11 patients have not yet developed CA. Thus positive T reactions predicted with greater than 77% accuracy
clinical CA within approx. 10 years in the patients studied, while their biopsy/X-ray remained negative. However, of these 48 patients 7 (15%) were lost to follow up after an average of 5.3 years. Hence the number of patients
that developed CA within 10 years may be greater than
77%. Of 38 women with suspicious breast lesions who
had consistently negative anti-T reactions none developed
CA during an average observation period of 5.4 years
[27, 31, 33]. Our correct preclinical prediction of CA
opens a new avenue for CA prophylatic treatment and
pathogenesis studies. Remarkably, one patient diagnosed
unequivocally by clinicians as having pancreatic CA had
preoperatively negative anti-T tests. Surgery revealed a
normal pancreas but a duodenal volvulus [27].
Table 4 Cellular and humoral immune responses to T antigen of
patients with pancreatic disease compared with reactivity to CEA&/tbl.c:&

a
b
c

Disease

Adenocarcinoma
Chronic inflammation

In parentheses: cohorts of fewer than 10 persons
3/11 had premalignant atypically hyperplastic disease
1/2 carcinoid and 1/5 chronic obstructive pulmonary disease patients&/tbl.:

a

&/tbl.:

Positive/total tested
DTHR-T

anti-T QM

CEA

22/23
0/11

18/18a
0/6

12/23
4/9

One carcinoma patient was borderline positive
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Fig. 3 Prediction of CA. Open bars, confirmation by positive anti-T tests in persons with negative biopsies; closed bars, confirmation by X-rays and biopsy in persons who developed clinically
verified carcinoma long thereafter.&ig.c:/f

Importantly, a human macrophage cell surface lectin
that specifically recognizes CA-associated Tn epitopes
was recently shown to locate preferentially within lung
metastases of mouse ovarian CA. It reacted well with tetraantennary complex type carbohydrate Tn chains [39].

Clustered carcinoma T- and Tn epitopes are powerful
adhesion arrays
At the molecular level we assessed adhesion functions of
T and Tn epitopes using live cancer cells in in vitro models. Cultured breast CA DU 4475 cells and T RBC
bound specifically to the Gal/GalNAc receptors of rat
Kupffer cells and of hepatocytes [40]. Kupffer cells were
chosen not only because they represent the reticuloendothelial system, but also because the liver is a frequent target for tumor metastasis, and Kupffer cells are the first
barrier encountered by tumor cells; their Gal/GalNAc ligands are membrane-associated. Hepatocytes were studied for comparison; in contrast to macrophages, their ligands are transmembrane molecules, Mr 180 000, that
have fewer and differently spaced combing sites [41].
Cell attachment was specifically inhibited by T and Tn
antigens in a concentration-dependent manner: 50% of
the T RBC Kupffer cell contacts were inhibited at
8.5×10–6 mM T and 8.5×10–5 mM Tn antigen concentrations; for hepatocytes these figures were 6×10–6 mM T
and 1.2×10–6 mM Tn antigen. Amino-terminal cleavage

products of the T glycoprotein, possessing clusters terminating in nonreducing Gal/GalNAc, inhibited T RBCbinding to Kupffer cells and hepatocytes by at least 50%
at 10–5–10–7 mM [41]. Free GalNAc, galactose, and galactose glycosides had only trace inhibitory activities
(1–10 mM). Galactose-unrelated carbohydrates were inactive at concentrations of 50 mM or higher.
Electron microscopy of gold-labeled T and Tn antigens revealed their specific binding to macrophages; this
was followed by their uptake via the coated pit/vesicle
pathway of receptor-mediated endocytosis. Preincubation of the Kupffer cells with GalNAc and GalNAc-BSA,
but not GlcNAc or GlcNAc-BSA, specifically blocked
binding of the T and Tn glycoproteins [40].
In a different system the specific adhesion between
invasive, metastatic murine ESb T-lymphoma cells and
syngeneic hepatocytes was measured [42]. Direct molecular binding of the ESb cells to the corresponding ligands is the principal first step after recognition of hepatocyte ligands. ESb cells strongly express T and Tn epitopes on their cell surfaces [42]. Binding of ESb tumor
cells to isogenic hepatocytes was inhibited in a dose dependent manner by T antigen and NH2 terminal peptides
cleaved from them. The extent of inhibition increased
exponentially with the number of clusters and epitopes
per clusters [42].

Role of T and Tn epitopes in the cancer metastatic
process
T and Tn epitopes are promising detectors of CA dissemination (metastasis) in borderline lesions, including a
single CA cell in regional lymph nodes [43, 44]. We recently established a highly statistically significant association between T antigen density of primary human colon
CA and metastasis to the liver [45]. Primary melanomas
with high density of T epitopes are the most likely ones
to metastasize [46]. Namada et al. [47] and Hirao et al.
[48] have shown a close relationship between the expression rate of Tn antigen in uterine cervival cancer and metastasis.

Immunotherapy using T/Tn autoantigens
The autoimmunogenicity of CA-T and anti-Tn epitopes
on CA glycoproteins and their abundance, in covered
form, on RBC glycoproteins [4, 8, 31], prompted us 23
years ago to attempt intradermal vaccination with human
O RBC derived T/Tn antigen against recurrence of human breast CAs [38, 49–51], despite the then prevailing
general opinion that vaccination against cancer amounted to “black magic” [52]. Initially we were permitted to
treat only few patients and had to severely restrict the entrance in our protocol. The number of those engaged in
developing vaccines against cancer in humans using purified antigens has substantially increased in the early
1990s [53–56].
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We therapeutically vaccinate patients with advanced
breast CA to prevent its clinical recurrence. T/Tn antigen
vaccine is safe and specific and affords long-term effective protection for up to at least 20 years (March 1997)
against recurrence of advanced breast CA stages II–IV.
Intradermal vaccination is ad infinitum and repeated on
various body sites every 6–20 weeks, depending on the
size of the resulting delayed-skin hypersensitivity reaction, given by the adjuvant-containing vaccine. The adjuvant is necessary for persistence in the tissue of the antigen to maintain CD8+ T cell-mediated cytotoxic immunity (see [57]). T/Tn antigens are HLA-allele-free, apyrogenic, and the vaccine is safe and specific and affords
long-term effective protection against recurrence of CA,
now up to 20 years [49–51]. Initially 32 patients with
ductal breast CA (13 stage IV, 6 stage III, 13 stage II)
were vaccinated after modified radical mastectomy or
lumpectomy with axillary dissection or after first CA recurrence, provided they were of AJCC host performance
scale H0. Patients with more than one recurrence in time
were not treated. All patients received first chemo- or radiotherapeutical adjuvant treatment. Median interval
from surgery to beginning of vaccination was 1.5 years.
Of the 32 patients 24 were less than 50 years old and 8
were older than 50. All patients survived longer than
5 years. Of the 32 patients 14 (44%) survived longer than
10 years (10.2–20.1 years), 11 (34%) died of their CA
within 5–10 years, and 7 (22%), all but one, without evidence of disease, have not yet reached the 10-year survival time [31, 38, 49–51].
The survival period was measured from day of operation; TNM staging was pathological and, where applicable, r1TNM. Controls were the national survival rates as
reported by the Biostatistics Branch of the United States
National Cancer Institute [58]. The probability that our
survival statistics of these 32 originally treated patients are
due solely to chance is for all three stages taken together:
5-year survival, P<1×10–7; 10-year survival, P<1×10–5.
An additional 20 ductal breast CA patients of stages
IV, III, and IIb who had either lumpectomy, simple mastectomy, or modified radical mastectomy were vaccinated postoperatively for 3–5 years (March 1997); 15 have
no evidence of disease and 5 have distant metastases
with optimal host performance scale (AJCC-H0; unpublished).
T/Tn vaccine is chemically and physically fully defined, sterile, and free of any known viruses, including
human immunodeficiency virus (P.M. Feorino and M.S.
Favero, Centers for Disease Control, 1986). Adjuvants
are Ca3(PO4)2 and traces of typhoid vaccine, which has a
polysaccharide phosphoglycolipid A “hyperantigen” coat
[59] and T and Tn specificities [8, 31]. Our active, specific immunization approach is successful, and expansion of such studies should be considered for treatment
with this or similar vaccines on large populations with
major types of CAs, and even immunological prevention
of CA with such vaccines should be considered.
As described here, uncovered T and Tn epitopes are
pan-CA adhesion, invasion, metastasis, and autoimmu-

nogenic epitopes. T and Tn epitopes are occluded in
healthy and benign-diseased tissues except in early embryonal stages (see [31]). They do occur in lymphomas
and leukemias [23] but have not been found in other mesodermal malignancies. In vitro, isolated glycoproteins
and glycopeptides carrying clusters of T and/or Tn epitopes are potent inhibitors of cancer cell adhesion to
healthy tissue [41, 42]. The density of Tn epitope expression allows the prediction of a primary CA aggressiveness [27]. Increased density of Tn over T is an indicator
of rapid CA progression and high metastatic potential
[22, 60]. The T and Tn epitopes represent classical examples of aberrant glycosylation which is commonplace
among malignantly transformed cells. It had been shown
long before the introduction of monoclonal antibody in
1975 [61] that such epitopes, i.e., carbohydrate structures, are frequently terminal on antigens [62, 63]. Cell
adhesion is frequently carbohydrate dependent (see
above). Glycoproteins confer specificity to cell recognition and to cell adhesion [64]; tumor-associated antigens
are preeminently involved in these processes [65–69].
Anti-CA autoimmune responses, among which those
against T and Tn are very important, are likely to eliminate most CAs at nascence [70, 71]. The strong anti-T
autoimmune responses elicited to CA are cellular and
humoral and are readily measurable in about 90% of incipient and established cases of CA. In our studies the
sensitivity and specificity of these reactions was on the
order of 90% among more than 500 CA patients, approx.
350 with benign diseases and 176 healthy subjects [8,
14, 26, 27, 31]. Remarkably, in a high percentage of persons, positive anti-T responses detected preclinical CA
months to many years (mean 6 years) prior to positive biopsy/X-ray [31, 38]; hence measurement of these responses is of great practical clinical import.
Investigation of immune responses to CA-Tn antigen
has lagged, and their evaluation is of immediate concern,
especially because of the close association of Tn with the
most malignant CAs [22, 60]. Among antibodies other
anti-T and anti-Tn antibody classes than IgM need study.
Our preliminary findings indicate a role for IgG subclasses in CA. In contrast to anti-T and anti-Tn antibodies, which everyone has due to humoral immune response to common Enterobacteriacae, there is no preexisting cellular immune response to CA-T and anti-Tn antigens. In fact, any measurable response in clinically CAfree individuals indicates evolving CA [31].
The role of both T and Tn in CA pathogenesis needs
to be more firmly established. The complex interactions
of CA T and Tn epitopes with the patient’s microenvironment requires elucidation close to the cancer’s monoclonal origin, beginning with intercellular recognition of
CA and its adhesion to healthy tissue, followed by invasion and proliferation, prior to metastasis.
The clinical studies are to be expanded, especially in
regards to very early diagnosis of preinvase phases of
CA, which allows consideration of the use of isolated
T/Tn epitopes preventing clinical CA manifestation
and/or locoregional blocking procedures together with

601

other therapeutic agents. The principles established largely with breast CA are likely to apply to all CAs and contribute importantly to solution of the cancer problem,
which show that in addition to carbohydrates [68, 69]
protein conformation is importantly involved [31, 67, 72].
&p.2:Acknowledgements The author’s own work reported in this
manuscript was supported by the U.S. Public Health Service, National Cancer Institute grants CA 19083 and CA 22540 and the
Heather M. Bligh Cancer Fund. All studies on patients and volunteers were carried out in compliance with the recommendations of
the Declaration of Helsinki and were approved by the Institutional
Review Boards (local ethics committees) of the Evanston Hospital
(Northwestern University) and the Chicago Medical School.

References
1. Springer GF, Ansell NJ (1958) Inactivation of human erythrocyte agglutinogens M and N by influenza viruses and receptordestroying enzyme. Proc Natl Acad Sci USA 44:182–189
2. Springer GF, Desai PR, Schachter H, Narasimhan S (1976)
Enzymatic synthesis of human blood group M-, N- and T-specific structures. Naturwissenschaften 63:488–489
3. Desai PR, Springer GF (1979) Biosynthesis of blood group T-,
N-, and M-specific immunodeterminants on human erythrocyte antigens. J Immunogenet 6:403–417
4. Springer GF (1984) T and Tn general carcinoma autoantigens.
Science 224:1198–1206
5. Lloyd KO, Kabat EA (1968) Immunochemical studies on
blood groups. XLI. Proposed structures for the carbohydrate
portions of blood group A, B, H, Lewis a and Lewisb substances. Proc Natl Acad Sci USA 61:1470–1477
6. Donald ASR, Creeth JM, Morgan WTJ, Watkins WM (1969)
The peptide moiety of human blood group active glycoproteins associated with the AB0 and Lewis groups. Biochem J
115:125–127
7. Springer GF, Desai PR, Banatwala I (1975) Blood group MN
antigens and precursors in normal and malignant human breast
glandular tissue. J Natl Cancer Inst 54:335–339
8. Springer GF, Desai PR, Murthy MS, Tegtmeyer H, Scanlon EF
(1979) Human carcinoma-associated precursor antigens of the
blood group MN system and the host’s immune responses to
them. Prog Allergy 26:42–96
9. Anglin JH Jr, Luner MP, Nordquist RE (1977) Blood grouplike activity released by human mammary carcinoma cells in
culture. Nature 269:254–255
10. Laurent JC, Noël P, Faucon M (1978) Expression of a cryptic
cell surface antigen in primary cell cultures from human breast
cancer. Biomedicine 29:260–261
11. Coon JS, Weinstein RS, Summers JL (1982) Blood group precursor T-antigen expression in human urinary bladder carcinoma. Am J Clin Pathol 77:692–699
12. Bray J, Maclean GD, Dusel FJ, McPherson TA (1982) Decreased levels of circulating lytic anti-T in the serum of patients with metastatic gastrointestinal cancer: a correlation
with disease burden. Clin Exp Immunol 47:176–182
13. Springer GF, Desai PR (1974) Common precursors of human
blood group MN specificities. Biochem Biophy Res Commun
61:470–475
14. Springer GF, Desai PR, Scanlon EF (1976) Blood group MN
precursors as human breast carcinoma-associated antigens and
“naturally” occurring human cytotoxins against them. Cancer
37:169–176
15. Springer GF, Nagai Y, Tegtmeyer H (1966) Isolation and properties of human blood-group NN and meconium-Vg antigens.
Biochemistry 5:3254–3272
16. Springer GF, Tegtmeyer H (1981) Origin of anti-Thomsen-Friedenreich (T) and Tn agglutinins in man and in White Leghorn
chicks. Br J Haematol 47:453–460

17. Metcalfe SM, Springer GF, Svvennsen RJ, Tegtmeyer H
(1984) Monoclonal antibodies specific for human ThomsenFriedenreich (T) and Tn blood group precursor antigens. Protides Biol Fluids Proc 32:765–768
18. Stein R, Chen S, Grossman W, Goldenberg DM (1989) A human lung carcinoma monoclonal antibody specific for the
Thomsen-Friedenreich antigen. Cancer Res 49:32–37
19. Springer GF, Chandrasekaran EV, Desai PR, Tegtmeyer H
(1988) Blood group Tn-active macromolecules from human
carcinomas and erythrocytes: characterization of and specific
reactivity with mono- and poly-clonal anti-Tn antibodies induced by various immunogens. Carbohydr Res 178:271–292
20. Hirohashi S, Clausen H, Yamada T, Shimosato Y, Hakomori SI (1985) Blood group A cross-reacting epitope defined by
monoclonal antibodies NCC-LU-35 and -81 expressed in carcinoma of blood group O or B individuals: its identification as
Tn antigen. Proc Natl Acad Sci USA 82:7039–7043
21. Roxby DJ, Skinner JM, Morley AA, Weeks S, Burpee M
(1987) Expression of a Tn-like epitope by carcinoma cells. Br
J Cancer 56:734–737
22. Wang B-L, Springer GF, Carlstedt SC (1997) Quantitative image analysis of Tn and T (Thomsen-Friedenreich) epitopes in
prognostication of human breast carcinoma (submitted)
23. Springer GF, Taylor CR, Howard DR, Tegtmeyer H, Desai PR,
Murthy SM, Felder B, Scanlon EF (1985) Tn, a carcinoma-associated antigen, reacts with anti-Tn of normal human sera.
Cancer 55:561–569
24. Turner DT, Connolly CE, Isaacson P, Turnbull AR (1978) Receptors for Fc and complement in human breast carcinoma.
Clin Oncol 4:87–92
25. Black MM, Speer FD (1959) Immunology of cancer. Int Abstr
Surg 109:105–116
26. Springer GF, Murthy MS, Desai PR, Scanlon EF (1980) Breast
cancer patient’s cell-mediated immune response to ThomsenFriedenreich (T) antigen. Cancer 45:2949–2954
27. Springer GF, Desai PR, Wise W, Carlstedt, SC, Tegtmeyer H,
Stein R, Scanlon EF (1990) Pancarcinoma T and Tn epitopes:
autoimmunogens and diagnostic markers that reveal incipient
carcinomas and help establish prognosis. In: Herberman RB,
Mercer DW (eds) Immunodiagnosis of cancer, 2nd edn. Dekker, New York, pp 587–612
28. Thomson DMP, Springer GF, Desai PR, Scanzano R, Gubersky M, Shenouda G (1988) Comparison by leukocyte adherence inhibition of human immune response to cancer-associated immunogens, Thomsen-Friedenreich (T) and Tn, myelin
basic protein, and organ-specific cancer neoantigens. Clin Immunol Immunopathol 49:231–241
29. Ichinose Y, Yagawa K, Kaku M, Hara N, Ohta M (1985) Immune reactivity to Thomsen- Friedenreich antigen in patients
with lung cancer detected by superoxide assay-leukocyte adherence inhibition test. Cancer Res 45:4473–4477
30. Black MM, Zachrau RE, Hankey BF, Feuer E (1996) Prognostic significance of in situ carcinoma associated with invasive
breast carcinoma. A natural experiment in cancer immunology.
Cancer 78:778–788
31. Springer GF (1995) T & Tn pancarcinoma markers: autoantigenic adhesion molecules in pathogenesis, prebiopsy carcinoma-detection and long-term breast carcinoma immuno-therapy. Crit Rev Oncogen 6:57–85
32. Lind PE, McArthur NR (1947) The distribution of “T” agglutinins in human sera. Aust J Exp Biol Med Sci 25:247–250
33. Springer GF, Desai PR, Ghazizadeh M, Tegtmeyer H (1995)
T/Tn pancarcinoma autoantigens: fundamental, diagnostic,
and prognostic aspects. Cancer Detect Prev 19:173–182
34. Schneider AW, Fischer K, Stegner HE, Poschmann A (1986)
Automatic determination of anti-T antibodies in patients with
breast carcinoma and controls. Tumor Diagn Ther 7:78–84
35. Thatcher N, Hashmi K, Chang J, Swindell R, Crowther D
(1980) Anti-T antibody in malignant melanoma patients. Influence of response and survival following chemotherapy –
changes in serum levels following C parvum, BCG immunization. Cancer 46:1378- 1382

602
36. Vos GH, Rose EF, Vos D (1981) Antibody responses to T-activated red cells in children from high- and low-risk areas of
cancer of the oesophagus in Transkei. S Afr Med J 59:56–60
37. Desai PR, Ujjainwala LH, Carlstedt SC, Springer GF (1995)
Anti-Thomsen-Friedenreich (T) antibody-based ELISA and its
application to human breast carcinoma detection. J Immunol
Meth 188:175–185
38. Springer GF, Desai PR, Tegtmeyer H, Spencer BD, Scanlon
EF (1993) Pancarcinoma T/Tn antigen detects human carcinoma long before biopsy does and its vaccine prevents breast
carcinoma recurrence. Ann NY Acad Sci 690: 355–357
39. Suzuki N, Yamamoto K, Toyoshima S, Osawa T, Irimura T
(1996) Molecular cloning and expression of cDNA encoding
human macrophage C-type lectin. Its unique binding specificty
for Tn antigen. J Immunol 156:128–135
40. Schlepper-Schäfer J, Springer G, Holl N, Kolb H, KolbBachofen V (1987) Macrophages from rat liver bind breast
carcinoma cells and ingest tumor associated T and Tn antigens. Immunobiol Suppl 3:180
41. Schlepper-Schäfer J, Springer GF (1989) Carcinoma autoantigens T and Tn and their cleavage products interact with
Gal/GalNAc-specific receptors on rat Kupffer cells and hepatocytes. Biochim Biophys Acta 89:266–272
42. Springer GF, Cheingsong-Popov R, Schirrmacher V, Desai PR,
Tegtmeyer H (1983) Proposed molecular basis of murine tumor cell-hepatocyte interaction. J Biol Chem 258:5702–5706
43. Coon JS, McCall A, Miller AW, Farrow GM, Weinstein RS
(1985) Expression of blood group-related antigens in carcinoma in situ of the urinary bladder. Cancer 56:797–804
44. Seitz RC, Fischer K, Stegner HE, Poschmann A (1984) Detection of metastatic breastcarcinoma cells by immunofluorescent
demonstration of Thomsen-Friedenreich antigen. Cancer 54:
830–836
45. Cao Y, Karsten U, Liebrich W, Haensch W, Springer GF,
Schlag P (1995) Expression of Thomsen-Friedenreich-related
antigens in primary and metastatic colorectal carcinomas: a reevaluation. Cancer 76:1700–1708
46. Zebda N, Bailly M, Brown S, Doré JF, Berthier-Vergnes O
(1994) Expression of PNA-binding sites on specific glycoproteins by human melanoma cells is associated with a high metastatic potential. J Cell Biochem 54:161–173
47. Namada S, Furumoto H, Kamada M, Hirao T, Aono T (1993)
High expression rate of Tn antigen in metastatic lesions of
uterine cervical cancer. Cancer Lett 74:167–173
48. Hirao T, Sakamoto Y, Kamada M, Hamada S-I, Aono T (1993)
Tn antigen, a marker of potential for metastasis of uterine cervix cancer cells. Cancer 72:154–159
49. Springer GF, Desai PR, Tegtmeyer H, Carlstedt SC, Scanlon
EF (1994) T/Tn antigen vaccine is effective and safe in preventing recurrence of advanced human breast carcinoma. Cancer Biotherapy 9:7–15
50. Springer GF, Desai PR, Spencer BD, Tegtmeyer H, Carlstedt
SC, Scanlon EF (1995) T/Tn antigen vaccine is effective and
safe in preventing recurrence of advanced breast carcinoma.
Cancer Detect Prev 19:374–380
51. Springer GF (1997) T/Tn antigen: 2 decades of experience in
early immuno-detection and -therapy of human carcinoma. In:
Siegenthaler W, Haas R (eds) Jung-Stiftung für Wissenschaft
und Forschung. Thieme, Stuttgart, pp 25–31
52. Cohen J (1993) Cancer vaccines get a shot in the arm. Science
262:841–843
53. Mitchell MS, Kan-Mitchell J, Kempf RA, Harel W, Shau H,
Lind S (1988) Active specific immunotherapy for melanoma:
phase I trial of allogeneic lysates and a novel adjuvant. Cancer
Res 48:5883–5893
54. Hareuveni M, Gautier C, Kieny M-P, Wreschner D, Chambon
P, Lathe R (1990) Vaccination against tumor cells expressing

55.

56.
57.

58.
59.

60.
61.
62.
63.

64.
65.
66.
67.
68.
69.
70.
71.
72.

73.
74.

breast cancer epithelial tumor antigen. Proc Natl Acad Sci
USA 87:9498–9502
Maclean GD, Bowen-Yacyshyn MB, Samuel J, Meikle A, Stuart G, Nation J, Poppema S, Jerry M, Koganty R, Wong T,
Longenecker BM (1992) Active immunization of human ovarian cancer patients against a common carcinoma (ThomsenFriedenreich) determinant using a synthetic carbohydrate antigen. J Immunotherapy 11:292–305
Taylor-Papadimitriou J, Epenetos AA (1994) Exploiting altered glycosylation patterns in cancer: progress and challenges
in diagnosis and therapy. TIBTECH 12:227–233
Kündig TM, Bachmann MF, Oehen S, Hoffmann UW, Simard
JJL, Kalberer CP, Pircher H, Ohashi PS, Hengartner H, Zinkernagel RM (1996) On the role of antigen in maintaining cytotoxic T-cell memory. Proc Natl Acad Sci USA 93:9716–
9723
Gloeckler-Ries LA, Henson DE, Harras A (1994) Survival
from breast cancer according to tumor size and nodal status.
Surg Oncol Clinics North Am 3:35–53.
Rietschel ET, Kirikae T, Schade FU, Mamat U, Schmidt G,
Loppnow H, Ulmer AJ, Zähringer U, Seydel U, DiPadova F,
Schreier M, Brade H (1994) Bacterial endotoxin: molecular
relationships of structure to activity and function. FASEB J
8:217–225
Springer GF (1989) Tn epitope (N-acetyl-D-galactosamine α−
Ο-serine/threonine) density in primary breast carcinoma: a
functional predictor of aggressiveness. Mol Immunol 26:1–5
Köhler G, Milstein C (1975) Continuous cultures of fused
cells secreting antibodies of predefined specificity. Nature
256:495–497
Heidelberger M, Goebel WF, Avery OT (1925) The soluble
specific substance of a strain of Friedländer’s bacillus. Exp
Med 43:701–707
Goebel WF (1939) Studies on antibacterial immunity induced
by artificial antigens. I. Immunity to experimental pneumococcal infection with an antigen containing cellobiuronic acid. J
Exp Med 69:353–364
Edelman GM, Crossin KL (1991) Cell adhesion molecules:
Implications for a molecular histology. Ann Rev Biochem
60:155–190
Devine PL, McKenzie IFC (1992) Mucins: structure, function,
and associations with malignancy. Bioessays 14:619–624
Fukuda M (1996) Possible roles of tumor-associated carbohydrate antigens. Cancer Res 56:2237–2244
Edelman G, Rutishauser Y (1981) Molecules involved in cell
adhesion. J Supramol Struct Cell Biochem 16:259–268
Hakomori S-I (1996) Tumor malignancy defined by aberrant
glycosylation and sphingo(glyco)lipid metabolism. Cancer Res
56:5309–5318
Hilkens J, Ligtenberg MJL, Vos HL, Litvinov SV (1992) Cell
membrane-associated mucins and their adhesion-modulating
property. Trends Biochem Sci 17:359–363
Ehrlich P (1909) Ueber den jetzigen Stand der Karzinomforschung. Ned T Geneesk 5: 274–290
Bertrand M (1910) In: Travaux de la 2e Conference internationale pour l’étude du cancer. Alcan, Paris, 753–758
Peters KP, Fauck J, Frömmel C (1996) The automatic search
for ligand binding sites in proteins of known three-dimensional structure using only geometric criteria. J Mol Biol
256:2101–213
Tomita M, Marchesi VT (1975) Amino-acid sequence and oligosaccharide attachment sites of human erythrocyte glycophorin. Proc Natl Acad Sci USA 72:2964–2968
Springer GF, Yang HJ, Desai PR (1978) Three-dimensional
model of highly M-active NH2-terminal sialoglycopentapeptide from human blood group MM red cells. Naturwissenschaften 65:547

