
&p.1:Abstract Aberrant glycosylation is a hallmark of cancer
cells. The blood group precursors T (Thomsen-Frieden-
reich) and Tn epitopes are shielded in healthy and be-
nign-diseased tissues but uncovered in approx. 90% of
carcinomas. T and Tn glycoproteins are specific, autoim-
munogenic 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 carci-
nomas 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. Immunohisto-
chemical studies of the extent of Tn antigen expression
in primary breast carcinoma demonstrate its highly sig-
nificant correlation with clinicopathological tumor stag-

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” anti-
carcinoma anti-Tn and anti-T antibodies, induced pre-
dominantly by the intestinal flora, while cellular immune
responses to T and Tn epitopes are evoked only by carci-
nomas and some lymphomas. Carcinoma dedifferentia-
tion leading to predominance of Tn over T epitopes is
described, as is the role of Tn and T epitopes in very ear-
ly, including preclinical, carcinoma detection. The high-
est 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 pa-
tients long (x– 6 years) before their biopsy/X-ray results
became positive. There were no false predictions of car-
cinoma in 38 control persons with benign diseases (ob-
servation average 4.8 years). These findings open a novel
window for both curative approaches and pathophysio-
logical 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 modi-
fied radical mastectomy and sometimes lumpectomy
plus axillary dissection always followed by adjuvant ra-
dio/chemotherapy. The vaccine consists of human group
O red blood cell membrane derived, HLA-free T/Tn anti-
gen containing as adjuvant Ca3(PO4)2 plus a trace of
phosphoglycolipid A hyperantigen, i.e., S. typhivaccine
(USP), which itself has T and Tn specificities. Our ef-
forts have now for up to 20 years remained successful in
a large majority of the 32 patients. All 32 patients sur-
vived 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 sta-
tistics of the United States National Cancer Institute. Be-
cause these vaccinations are successful, their extension
to large populations with major types of carcinomas
should be considered, and even immunological carcino-
ma prevention may be contemplated.
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Introduction

T (Thomsen-Friedenreich) and Tn epitopes are progeni-
tors of fully differentiated normal epithelial and blood
cell surface structures. T (Gal-β1→3GalNAc-α1-O-
Ser/Thr) is terminal and Tn (GalNAc-α1-O-Ser/Thr) is
penultimate [1–4] on T-specific glycoproteins and is cov-
ered 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 immunore-
active in approx. 90% of all carcinomas (CAs) tested, as
found first by us [1, 7, 8] and soon confirmed by numer-
ous 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 an-
ti-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 condi-
tions. 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 elic-
ited in human infants and adults following feeding or in-
halation 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]).

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 corre-
lated 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 pri-
mary 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-per-
oxidase, then stained with diaminobenzidine tetrahydro-
chloride and counterstained with methyl green. Immuno-
stained Tn and T epitopes were quantitated by computer-
ized image analysis. Classical pathological and histologi-
cal 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 epi-
tope expression was statistically significantly associated

Fig. 1 Pathway depicting biosynthesis of the T immunodetermi-
nant structures of human histo-blood group M and N glycopro-
teins, by preexisting human serum glycosyltransferases. Tn is
transformed to (1) T by GalNAc-β-3-D-Gal-transferase in the pres-
ence 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 trans-
ferase (present only in human donors who possess the M gene) in
the presence of CMP; activators are not needed [3]&/fig.c:

Fig. 2 T glycoprotein: amino-terminal sequence. Circles, O-gly-
cosylation positions (approx. 90% T and 10% Tn haptens). Note
cluster formations [73, 74]&/fig.c:
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various CAs of all stages and for non-CA control test
subjects. DTHR-T was positive in 85% of 461 CA pa-
tients tested and in 3 of 12 lymphoma/leukemia patients.
The great majority (approx. 60%) of the lung CA pa-
tients had adeno-CAs (78 bronchial and 8 bronchioloal-
veolar); 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 posi-
tive. 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 or-
gans.

DTHR-T was negative in 58 of 64 benign lung dis-
ease patients (Table 2). All 14 patients with lobar, lobu-
lar 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 obstruc-
tive pulmonary disease, severe chronic indurating pneu-
monia, and/or abscess, two of four patients with sarcoi-
dosis, 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 β-
hemolytic streptococci [26].

The DTHR-T was also negative in all 66 patients with
benign diseases of organs other than lung and breast (Ta-
ble 2). This population included those suffering from
pancreatitis, ulcerative colitis, diverticulitis, various be-
nign adenomas, ovarian cysts, cardiovascular diseases,
diabetes mellitus, alcoholism with liver disease, myas-
thenia gravis, chronic ear, nose, throat infections, parkin-
sonism, Wilson’s disease, tracheal stenosis, lymphoblas-
tic granulomatosis, post-Guillain-Barré syndrome, and
hypothyroidism. Altogether only 8% of 328 patients with

Table 1 Prognostic factors as-
sociated with the mean percent-
age of Tn epitope immuno-
stained on primary breast CA
cells of the 55 patients studied
(high ≥33% of immunostained
areas, low <33%)&/tbl.c:&tbl.b:

n Tn epitope

High Low Association P

All cases, primary CA 55 31 24
pTNM stage 0.24 0.027
I and IIA 31 13 18
IIB–IV 24 18 6

Size of primary CA 0.39 0.109
<2.0 cm 25 11 14
≥2.0 cm 30 20 10

Lymph node 0.21 0.013
Negative 30 12 18
Positive 25 19 6

Combined histological grade 0.14 0.001
I and II 27 9 18
III 28 22 6

Disease-free interval 0.13 0.006
≥5 years 40 18 22
<5 years 15 13 2

&/tbl.b:

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 quantita-
tive immunohistochemical image analysis of Tn epitopes
of primary breast CAs aids importantly in prognostica-
tion 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 delayed-
type skin hypersensitivity responses to CA tissue but
permits in vivo testing only with autologous tumor prep-
arations 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
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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 in-
cipient and even preclinical CA.

Cell-mediated autoimmune responses of CA patients
to T epitopes, when measured in vitro with leukocyte ad-
herence inhibition assays (LAI) [28], in which the mean
number of nonadherent cells was counted by computer-
ized 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 sensi-
tive, in our hands, although it had about the same speci-
ficity 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 autoim-
mune response in patients with prior, current, or subse-
quent in situ breast CA significantly improves survival
time in patients with invasive breast CA; their study en-
compassed 129394 patients.

Humoral anti-CA-T and anti-Tn responses

After confirming the specificity of anti-T and anti-Tn an-
tibodies by absorption and inhibition studies with anti-
gens, 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 lev-
els are rather constant throughout adult life [32]. We
measured them initially by hemagglutination assays us-
ing RBCs on which T antigen had been maximally un-

covered by neuraminidase [1] to determine the anti-T an-
tibody levels semiquantitatively in the test subjects’ sera
by standard serological titration using twofold geometri-
cal 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]. Depres-
sion of anti-T antibodies in CA patients is specific, anti-
AB0 antibodies and anti-sheep RBC hemolysin levels
did not change along with anti-T [12, 34].

Thatcher et al. [35] compared 55 patients with un-
treated, disseminated melanoma who had significantly
depressed serum anti-T agglutinin levels with 609 heal-
thy persons (P<0.0005). Significant increase in anti-T
antibodies and improved survival followed a single in-
travenous infusion of Corynebacterium parvum(which
has T antigen), given at a concentration of 2 mg/m2

body surface into all of 14 melanoma patients, indicat-
ing 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 statisti-
cally significantly higher among the 21 melanoma pa-
tients who responded to chemoimmunotherapy; their
50% survival time was approx. 120 weeks compared to
20 weeks for the 34 nonresponders. Hence the anti-T ti-
ters had prognostic meaning, while tumor burden was ir-
relevant.

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 postop-
erative (>3 months) patients with massive metastatic gas-
trointestinal CA had depressed lytic anti-T levels, corre-
lated with disease burden, while 11 patients with nonde-

Table 2 Carcinoma detection
by DTHR-T at initial patient
visit &/tbl.c:&tbl.b:

Category Total tested DTHR-T positive % Positivea

Carcinoma 461 391 85
Lung 144 127 88
Breast 199 166 83
Pancreas 26 23 89
Upper aerodigestive tract 21 16 76
Gastrointestinal tract 20 17 85
Genitourinary tract 38 32 84
Melanoma 12 9 75
Thymoma 1 1 (100)

Non-CA cancer 26 3 12
Leukemia/lymphoma 12 3 25
Sarcoma 5 0 (0)
Central nervous system 9 0 (0)

Benign diseases 328 25 8
Lung 64 6 9
Breast 198 19b 10
Other 66 0 0

Healthy 126 0 0

a Cohorts of fewer than10 per-
sons in parentheses
b 17/19 had premalignant hy-
perplastic disease&/tbl.b:
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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 Afri-
ca [36]. Among more than 500 children in geographic ar-
eas 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 com-
pared to the hemagglutinin titration tests. These assays
determine anti-T IgM and total IgM in sera using isolat-
ed, highly purified T antigen, and anti-human IgM anti-
bodies 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 pa-
tients and controls was greater than that obtained by anti-
T determination alone when the total IgM values of any
given serum were included (by relating anti-T IgM to to-
tal 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 com-
bined. 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 false-
positive results in three of four breast disease patients
with clearly premalignant breast conditions. Importantly,

the assays were especially sensitive for cases of incipient
CA, stages 0 and I. Specificity was 92% in 287 benign-
diseased and healthy persons [31, 37]. There were 154
CA patients studied 0–14 days prior to surgery; the reac-
tions were positive. False-positive reactions were ob-
served 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-mediat-
ed autoimmune and humoral responses compared to the
carcinoembryonic antigen, where we assessed these re-
sponses 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 beforebiopsy and X-
ray 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%) pa-
tients were persistently falsely positive in respect to our
positive anti-T tests between 2 months and 12 years (test-
ed at 8- to 12-month intervals) before their negative biop-
sy or X-ray findings also became positive for CA. As of
now 11 patients have not yet developed CA. Thus posi-
tive T reactions predicted with greater than 77% accuracy
clinical CA within approx. 10 years in the patients stud-
ied, while their biopsy/X-ray remained negative. Howev-
er, of these 48 patients 7 (15%) were lost to follow up af-
ter 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 3 CA detection with quantitative serum anti-T antibody im-
munoassay at initial patient visit (solid-phase immunoassay to de-
termine anti-T IgM antibodies in relation to total IgM)&/tbl.c:&tbl.b:

Category Total tested No. positive % Positivea

Carcinoma 360 315 88
Breast 216 184 85
Lung 96 89 93
Pancreas 20 19 95
Genitourinary tract 18 15 83
Other CAs 10 8 80

Benign diseases 124 13 10
Breast 75 11b 15
Lungc 32 2 6
Pancreas 5 0 (0)
Other non-CA diseases 12 0 0

Healthy 163 11 7

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

Table 4 Cellular and humoral immune responses to T antigen of
patients with pancreatic disease compared with reactivity to CEA&/tbl.c:&tbl.b:

Disease Positive/total tested

DTHR-T anti-T QM CEA

Adenocarcinoma 22/23 18/18a 12/23
Chronic inflammation 0/11 0/6 4/9

a One carcinoma patient was borderline positive
&/tbl.b:
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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 tet-
raantennary 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 mod-
els. 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 reticuloendo-
thelial system, but also because the liver is a frequent tar-
get for tumor metastasis, and Kupffer cells are the first
barrier encountered by tumor cells; their Gal/GalNAc li-
gands are membrane-associated. Hepatocytes were stud-
ied for comparison; in contrast to macrophages, their li-
gands 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 concentra-
tions; for hepatocytes these figures were 6×10–6 mM T
and 1.2×10–6 mM Tn antigen. Amino-terminal cleavage

Fig. 3 Prediction of CA. Open bars, confirmation by positive an-
ti-T tests in persons with negative biopsies; closed bars, confirma-
tion by X-rays and biopsy in persons who developed clinically
verified carcinoma long thereafter.&/fig.c:

products of the T glycoprotein, possessing clusterster-
minating in nonreducing Gal/GalNAc, inhibited T RBC-
binding to Kupffer cells and hepatocytes by at least 50%
at 10–5–10–7 mM [41]. Free GalNAc, galactose, and ga-
lactose glycosides had only trace inhibitory activities
(1–10 mM). Galactose-unrelated carbohydrates were in-
active at concentrations of 50 mM or higher.

Electron microscopy of gold-labeled T and Tn anti-
gens revealed their specific binding to macrophages; this
was followed by their uptake via the coated pit/vesicle
pathway of receptor-mediated endocytosis. Preincuba-
tion 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 mole-
cular binding of the ESb cells to the corresponding li-
gands is the principal first step after recognition of hepa-
tocyte ligands. ESb cells strongly express T and Tn epi-
topes on their cell surfaces [42]. Binding of ESb tumor
cells to isogenic hepatocytes was inhibited in a dose de-
pendent 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 dis-
semination (metastasis) in borderline lesions, including a
single CA cell in regional lymph nodes [43, 44]. We re-
cently established a highly statistically significant associ-
ation 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 expres-
sion rate of Tn antigen in uterine cervival cancer and me-
tastasis.

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 hu-
man breast CAs [38, 49–51], despite the then prevailing
general opinion that vaccination against cancer amount-
ed to “black magic” [52]. Initially we were permitted to
treat only few patients and had to severely restrict the en-
trance in our protocol. The number of those engaged in
developing vaccines against cancer in humans using pu-
rified 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 effec-
tive 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 reac-
tion, given by the adjuvant-containing vaccine. The adju-
vant is necessary for persistence in the tissue of the anti-
gen to maintain CD8+ T cell-mediated cytotoxic immu-
nity (see [57]). T/Tn antigens are HLA-allele-free, apy-
rogenic, 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 re-
currence, 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 ra-
diotherapeutical 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 evi-
dence of disease, have not yet reached the 10-year sur-
vival time [31, 38, 49–51].

The survival period was measured from day of opera-
tion; TNM staging was pathological and, where applica-
ble, 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 mas-
tectomy, or modified radical mastectomy were vaccinat-
ed 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; unpub-
lished).

T/Tn vaccine is chemically and physically fully de-
fined, 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, spe-
cific immunization approach is successful, and expan-
sion 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 em-
bryonal stages (see [31]). They do occur in lymphomas
and leukemias [23] but have not been found in other me-
sodermal malignancies. In vitro, isolated glycoproteins
and glycopeptides carrying clusters of T and/or Tn epi-
topes are potent inhibitors of cancer cell adhesion to
healthy tissue [41, 42]. The density of Tn epitope expres-
sion allows the prediction of a primary CA aggressive-
ness [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 ex-
amples 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 struc-
tures, are frequently terminal on antigens [62, 63]. Cell
adhesion is frequently carbohydrate dependent (see
above). Glycoproteins confer specificity to cell recogni-
tion 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 elimi-
nate 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 in-
cipient 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 per-
sons, positive anti-T responses detected preclinical CA
months to many years (mean 6 years) prior to positive bi-
opsy/X-ray [31, 38]; hence measurement of these re-
sponses 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 sub-
classes in CA. In contrast to anti-T and anti-Tn antibod-
ies, which everyone has due to humoral immune re-
sponse to common Enterobacteriacae, there is no preex-
isting cellular immune response to CA-T and anti-Tn an-
tigens. In fact, any measurable response in clinically CA-
free 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 microenvi-
ronment requires elucidation close to the cancer’s mono-
clonal origin, beginning with intercellular recognition of
CA and its adhesion to healthy tissue, followed by inva-
sion 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
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other therapeutic agents. The principles established large-
ly with breast CA are likely to apply to all CAs and con-
tribute importantly to solution of the cancer problem,
which show that in addition to carbohydrates [68, 69]
protein conformation is importantly involved [31, 67, 72].
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