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Abstract

Objective: To evaluate the relation of the level of serum anti-TF, -Tn and -a.Gal carbohydrate
antibodies to survival in gastrointestinal cancer patients.

Methods: The level of anti-TF (Thomsen-Friedenreich antigen), -Tn and -a.Gal IgG was analysed in
the serum of patients with gastric (n = 83) and colorectal (n = 51) cancers in the long-term fol-
low-up, using ELISA with polyacrylamide glycoconjugates. To evaluate overall survival and the risk
of death, the Kaplan-Meier method and the Cox proportional hazards model were used in the
univariate analysis of patients groups.

Results: A significantly better survival was observed: (1) in patients with an increased level of
anti-TF antibodies (all, stage I, T2-4, N1-2 and G3; P = 0.004-0.038, HR = 0.16-0.46); and (2) in
patients with an increased level of anti-Tn antibodies (GI-2 tumors; P = 0.034-0.042, HR =
0.34-0.47). A significantly worse survival was observed in gastrointestinal, gastric and colorectal
groups with an increased level of serum anti-aGal antibodies. This association depended on the
patho-morphology of tumors (all, stages I-Il, Ill, T2-4, NO, N1-2 and G1-2; P = 0.006-0.048, HR =
[.99-2.33). In the combined assessment of the anti-TF and -aGal antibodies level of the whole
gastrointestinal group (n = 53), P = 0.002, HR = 0.25, 95% CI 0.094-0.655. In the follow-up, the
survival time was shorter in patients whose level of anti-aGal antibodies rose (P = 0.009-0.040,
HR = 2.18-4.27). The level of anti-TF antibodies inversely correlated with neutrophil/lymphocyte
ratio (NLR, r =-0.401, P = 0.004, n = 49). Patients with a higher level of anti-o.Gal antibodies and
NLR values demonstrated a significantly worse survival (P = 0.009, HR = 2.98, n = 48).

Conclusions: The preoperative levels of anti-TF, -Tn and -aGal antibodies and their dynamics are
of prognostic significance. The method for the determination of circulating anti-carbohydrate
antibodies may be a useful supplement in clinical outcome assessment.

Key words: gastrointestinal cancer, survival, Thomsen-Friedenreich, Tn, alpha-Gal, antibodies,
enteric microbiota.

Introduction

Anti-carbohydrate antibodies in human are con-  occurr [1-3] that may change the pattern and level of
stantly stimulated by enteric microbiota. In different  circulating anti-carbohydrate antibodies. Compara-
pathologies of the digestive tract, including cancer, tive data about spontaneously occurring an-
the altered colonization and bacterial translocation  ti-carbohydrate antibodies in relation to survival of
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patients with gastrointestinal cancer are scanty, but
may be of clinical significance. The Thom-
sen-Friedenreich antigen (TF, Galp1-3GalNAca) and
its precursor Tn (GalNAca) belong to the mucin-type
tumor-associated carbohydrate antigens (TACA).
They are usually cryptic epitopes in normal tissues
but frequently expressed in adenocarcinomas [4, 5].
The increased expression of TF and Tn antigens is
associated with the tumor invasion and metastases [4,
6]. The aGal epitope (Galal-3GalB1-4GlcNAc) is also
cryptic and is only aberrantly expressed on human
cells [7]. It is considered that the natural anti-TF, -Tn
and -aGal antibodies in human are induced by
gastrointestinal microorganisms [7, 8]. We used syn-
thetic homogeneous polyacrylamide conjugates [9],
viz. TE-pAA, Tn-PAA and Bg-PAA (Bgi is a minimal
ligand of anti-aGal antibodies) to determine antibody
levels in the sera of donors and patients with cancer.
The preoperative level of anti-TF antibodies was sig-
nificantly decreased in the serum of patients [10, 11].
This is in accordance with the results obtained by
other researchers who used the erythrocyte-derived
TF-antigen in the assay of anti-TF antibodies [12]. The
elevated postoperative levels of anti-TF, -Tn and
-aGal IgG observed in the follow-up were associated
with the stage and morphology of the tumor [13]. The
anti-aGal antibodies may be involved in the progres-
sion of autoimmune diseases [7] but have been stud-
ied insufficiently with reference to cancer.

In the present study, the preoperative level of
anti-TF, -Tn and -aGal IgG and its changes in the fol-
low-up were investigated in relation to survival. Also
stages of the disease, tumor size status, morphology,
tumor spread in regional lymph nodes and hemato-
logical parameters were considered.

Material and Methods

Patients

The investigation was carried out in accordance
with the ICH GCP Standards and approved by Tallinn
Medical Research Ethics Committee, Estonia. The in-
formed consent was obtained from each patient under
examination. Altogether two hundred nineteen pa-
tients with gastrointestinal cancer, whose diagnosis
was verified by the pTNM system [14], were investi-
gated. More homogeneous groups were subjected to
the long-term follow-up, excluding patients with dis-
tant metastases, those who underwent non-resective
surgery, or individuals who during dynamic investi-
gations survived less than three months after surgery.
Also, patients who died of causes other than tumor
recurrence were excluded from the study. The chemo-
and X-ray therapy influenced the circulating antibody

level, therefore, therapy-prescribed patients were ex-
cluded. Survival was evaluated in selected patients (n
= 134), among them ninety-nine underwent a
long-term follow-up. The median and mean age + SD
of males was 61 and 60.249.3 (n = 68), and of females
63 and 61.5+9.6 (n = 66), respectively. The curative
surgery, involving the extended D2 gastrectomy with
lymphadenectomy and the resection of local lesions
for colorectal cancer, was performed. Regional lymph
node metastases were also removed in advanced
cancer. The venous blood samples were taken before
and after a surgical operation, and during the planned
visits to the physician for health control according to
standard protocol. Within the first 2 years after sur-
gery, a follow-up every 3-6 months consisted of a
clinical examination, routine blood testing, assess-
ment of tumor markers concentration, abdominal ul-
trasonography, CT scanning and endoscopy. During
the next years, the patients were followed up every
6-12 months.

Glycoconjugates

The synthetic glycoconjugates (Mr 30 kDa) were
obtained from Lectinity (Russia). The soluble TF con-
jugate  with  N-unsubstituted polyacrylamide
(TF-pAA, amide-type) as well as ethanolamide-type
glycoconjugates of the poly[N-(2-hydroxyethyl)
acrylamide] namely, Tn-PAA and oGal-PAA
(Bai-PAA, in which Bg; is Gala1-3Galp1), were used in
ELISA. The TF-pAA contained 0.1 mol of TF per 1 mol
of pAA. The rest of the conjugates had 0.2 mol of a
saccharide per 1 mol of PAA. Tris(hydroxymethyl)
aminomethane-PAA was used as an adequate nega-
tive control [11].

The indirect ELISA

The assay was performed as described earlier
[15]. The sera were collected by centrifugation of
clotted venous blood after incubation for 2 h at 37°C.
The sera were kept at 4°C for no longer than three
weeks or were frozen (-50°C) and thawed once before
use. The glycoconjugates with PAA (5 pg/ml) in 0.05
M carbonate buffer, pH 9.2, were applied to the
Nunc-Immuno plate (MaxiSorp) and held overnight
at 4°C. After washing with 0.05 M Tris HC1/0.2 M
NaCl/0.02% sodium azide/0.05% Tween 20, pH 7.5
(TBS), the plate was coated with human sera diluted
(1:25 - 1:200) in TBS/5 mM EDTA/0.25% bovine se-
rum albumin (BSA) and incubated for 2 h at 26°C. The
plate was washed with TBS and goat anti-human
IgG-alkaline phosphatase conjugate in TBS was add-
ed. The plate was kept for 1.5 h at 26°C and washed.
The absorbance (A) at 405 nm was measured using a
Labsystem Multiscan MCC/340 (Finland) after incu-
bation for 1 h at 26°C with a p-nitrophenylphosphate
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disodium salt (1 mg/ml in 0.1 M glycine-buffer, pH
10.3). Each sample was analyzed in dublicate, in-
cluding analysis with Tris-PAA (negative control).
The antibody level was estimated as a ratio of A¢
est/ Acontrol, Where A is the absorbance with the
PAA-glycoconjugate and Aconwro, With the Tris-PAA.
The variation coefficient was 3%.

Clinical analysis of blood samples

Biochemical and hematological analyses were
performed in the Oncological Centre of the
North-Estonian Regional Hospital, using a Hitachi
912 and Elecsys 2010, Roche Diagnostics; a Sysmex
XE-2100, Sysmex Corporation. The antibody levels
were correlated with the count and percentage of
leukocytes, neutrophils, monocytes, lymphocytes and
eosinophils, and neutrophile/lymphocyte ratio
(count).

Statistical analysis

The level of antibodies and its dynamics were
studied in relation to overall survival time starting
from the date of the preoperatively taken blood sam-
ple. The Kaplan-Meier method was used for the esti-
mation of survival curves in the univariate analysis of
patients groups, the significance of differences was
analyzed by the log-rank test. The Cox proportional
hazards model was used to evaluate the risk of death.
Statistical analysis was performed using SPSS, version
15.0. The median (M) of the level of anti-TF, -Tn and
-aGal antibodies was used as cut-off to discriminate
between responders (R, the level above or equal to M)
and weak responders (WR, the level below M). Sur-
vival of R vs WR was evaluated in subgroups divided
by stages, tumor volume, tumor grade and regional
lymph node metastases. The difference in survival
between patient groups was considered to be signifi-
cant when P < 0.05. The linear regression analysis was
conducted using a Statgraphics Plus 5.1. The data
were approximated to a quadratic function, using a
CurveFinder for CurveExpert (Version 1.34).

Results

The relation of the preoperative antibody level
to survival

In general, the TF-R of different groups demon-
strated a better survival (HR < 1, mean survival time
of R > WR) while aGal-R revealed a worse survival
(HR > 1, mean survival time of R < WR, Table 1, Fig-
ure1 A, C). In both gastrointestinal and gastric cancer,

the significantly better survival in R vs WR was asso-
ciated with tumor grade: G3 for TF-R and G1-2 for
Tn-R (Table 1, Figure 1 B). The TF-R exhibited a sig-
nificantly better survival in advanced gastrointestinal
cancer in stage III, T2-4 and N1-2 (the difference in
survival between cancer patients in stages I-1I, T1 or
NO was insignificant). The oaGal-R showed a
significantly worse survival in stages I-II and NO in
gastric cancer but in stage III and N1-2 in colorectal
cancer. No significant differences in survival between
TF-R and TF-WR, as well as between Tn-R and Tn-WR
in coloractal cancer were observed. We did not ob-
serve the relation of survival to tumor morphology in
patients with gastric, colorectal or gastrointestinal
cancer (G1-2 vs G3, P = 0.24 - 0.54). Survival was not
associated with the age and sex of patients either (P =
0.20, P = 0. 65). Survival was better in NO status (NO vs
N1-2, P =0.046, n =134, HR = 0.60, 95% CI 1.01-2.76).

Patients selected from all gastrointestinal
groups, whose level of anti-TF antibodies was in-
creased and that of anti-aGal antibodies decreased, i.e.
TF-R/0Gal-WR, demonstrated a significantly better
survival compared to patients TF-WR/aGal-R (P =
0.002, HR = 0.25, 95% CI 0.094-0.655, mean survival
time 156.1 vs 91.9, n = 53, Figure 2A).

The relation of the antibody level dynamics to
survival

The level of IgG antibodies to glycoconjugates in
the serum of patients changed after surgery [13]. We
delineated the change of antibody level as a quadratic
function Y = a + bX + ¢X?, where Y is the level of an-
tibodies, X is the time in months, coefficient a is the
factor characterizing the initial level of antibodies, b
and c are the factors characterizing its dynamics (b is
the change of antibody level by month and c is the
acceleration of antibody level change). This function
showed a good fit to the data points (r = 0.84-0.95)
and was applied to the calculation of factors for each
patient. We did not examine the dependence of sur-
vival on factor ¢ because of its insignificant influence
on antibody level dynamics. The medians of factors a
and b were used as cut-off to discriminate between
responders (the value above or equal to M) and weak
responders (the value below M). Evaluated by factor
b, the antibody levels in responders were prone to rise
after surgery (positive values of the median and mean
of factor b), but the levels diminished in most weak
responders (negative values of the mean factor b, Ta-
ble 2).
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Table I. The relation of the preoperative antibody level in the serum of cancer patients to survival.

Antibodies ~ Group Median (M) n P HR 95% CI Mean survival time, months *
TF Gastrointestinal, all 1.17 106 0.013 0.46 0.24-0.86 145.3;104.3
Stage III 36 0.036 0.24 0.06-1.03 122.4;69.5
T2-T4 85 0.011 041 0.20-0.84 138.8; 88.4
N1-2 39 0.038 0.24 0.06-1.04 124.5;74.2
G3 48 0.004 0.16 0.04-0.67 173.6;99.5
Gastric, all 1.14 66 0.075 0.51 0.24-1.08 143.2;103.5
G3 39 0.016 0.30 0.11-0.85 151.3; 88.9
Tn Gastrointestinal, all 141 134 0.401
G1-2 73 0.034 0.47 0.23-0.96 125.5;104.5
Gastric, all 143 83 0.806
G1-2 37 0.042 0.34 0.11-1.01 135.8;106.3
oGal Gastrointestinal, all 411 134 0.006 2.19 1.24-3.87 104.5;145.4
Stages I-II 85 0.048 2.20 0.99-4.91 120.9;156.2
Stage III 49 0.036 2.33 1.03-5.24 74.5;122.1
T2-T4 106 0.020 1.99 1.10-3.59 94.6;135.2
NO 78 0.056 2.28 1.02-5.08 119.8;153.3
N1-2 56 0.070 2.08 0.93-4.69 82.2,124.7
G1-2 73 0.048 2.03 0.99-4.16 101.3; 135.0
G3 61 0.051 2.49 0.96-6.45 108.3;152.1
Gastric, all 4.34 83 0.106
I-1I 54 0.039 3.14 1.00-9.89 126.3;170.2
NO 50 0.031 3.30 1.05-10.37 125.3;169.5
Colorectal, all 2.99 51 0.044 2.86 0.96-7.90 89.5;120.9
Stage III or N1-2 23 0.024 7.85 0.97-65.59 74.9;142.8

* Responders vs weak responders.
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Fig 1. The probability of survival in responders (the level of serum antibodies above or equal to median M, a solid line) vs weak responders (the level below
M, a dotted line). A, B, C — the relation of the preoperative antibody level to survival; D, E, F - the relation of the antibody level dynamics to survival. A —
anti-TF antibodies, all patients with gastrointestinal cancer; B — anti-Tn antibodies, G1-2 tumors of gastrointestinal cancer; C — anti-aGal antibodies, all
patients with gastrointestinal cancer. D — anti-Tn antibodies, gastrointestinal cancer in stages I-ll, the evaluation of survival by factor a. E, F — anti-oGal
antibodies, the evaluation of survival by factor b, E — all patients with gastrointestinal cancer, F — patients with an N 1-2 status of gastrointestinal cancer
(medians shown in Table 2).
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Table 2. Median and mean of factors a and b (the whole gastrointestinal group).

Antibodies Factor Median (M) Mean * SD*, responders Mean + SD, weak responders
TF a 1.130 2.153 £1.903 0.947 £0.297
b 0.001 0.039 £ 0.071 -0.011 +£0.017
Tn a 1.490 3.292+£2.189 0.975£1.126
b 0.0001 0.058 £ 0.149 -0.031 + 0.054
aGal a 4.440 8.542 +4.850 2144 £2.134
b 0.006 0.199 £ 0.324 -0.082+0.161
*SD - standard deviation
Anti-TF, -aGal antibodies Anti- «Gal antibodies
100 | ' 100
s | ™ A =
& ha &
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Fig 2. The probability of survival. A —TF responders/aGal weak responders (a solid line) vs TF weak responders/aGal responders (a dotted line) in the
whole gastrointestinal group. B — a.Gal responders having mean NLR = M (a solid line) vs aGal responders having mean NLR < M (a dotted line).

Similar to the results of the preoperative as-
sessment, survival of TF-R vs TF-WR evaluated by
factor a was significantly better in the whole gastro-
intestinal group as well as in groups G3 and T2-4
(Table 3). Survival was not associated with the dy-
namics of anti-TF antibody level as evaluated by fac-
tor b. The survival of Tn-R evaluated by factor a was
better in stages I-1I, T2-4, NO and G1-2 (Table 3, Figure
1 D). No difference in survival evaluated by factor a of
anti-TF, -Tn- and -aGal antibodies was found between
patients in stage III or group N1-2. Evaluated by fac-
tor b, the survival was found to be worse in the Tn-R
of gastric cancer in stage III or N1-2. In stages I-1I or
group NO, the survival of aGal-R evaluated by factor a
was significantly worse. Also, the worse survival of
oGal-R evaluated by factor b was observed in
different groups, including patients with and N1-2
status and not those with an NO status (Table 3, Figure
1E F).

The relation of antibody levels to hematolog-
ical parameters

The neutrophil/lymphocyte ratio (NLR) reflects
the inflammatory response. The NLR values of
patients was changed in the follow-up. The mean
value of NLR in each patient was calculated and the
median of mean values was used as a cut-off criterion.
Survival was worse in the whole group of patients

with gastrointestinal cancer, whose mean NLR 2=
median (M =1.95, P =0.059, n =72, HR =2.09, 95% CI
0.96-4.59). The aGal responders having mean NLR =
M (M = 1.90) demonstrated a significantly worse sur-
vival than aGal responders, whose mean NLR <M (P
= 0.009, n = 48, HR = 2.98, 95% CI 1.26-7.05, Figure
2B). The relationship between the level of anti-aGal
antibodies and NLR was observed in the follow-up in
some patients. Patients whose level of anti-aGal
antibodies directly correlated with NLR (r = 0.38, n =
28) showed a worse survival compared to patients,
whose antibody level did not correlate or correlated
inversely with NLR (n =25): P =0.017, HR = 4.27, 95%
CI 1.17-15.52. The level of anti-aGal antibodies
slightly correlated with the percentage of monocytes
(r = 0.265, P = 0.038, n = 62). The level of anti-TF
antibodies correlated with the count of lymphocytes (r
= 0.446, P = 0.001) but correlated inversely with the
count of neutrophils (r = - 0.300, P = 0.036) and NLR (r
=-0.401, P = 0.004, n = 49 in all cases, Figure 3). The
level of anti-Tn antibodies did not correlate with the
count or percentage of neutrophils, lymphocytes and
monocytes, and NLR. The level of anti-TF, -Tn and
-aGal antibodies did not correlate with the count or
percentage of leukocytes, platelets and eosinophils.
No correlation between the age of patients and their
serum antibody level was observed.
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Table 3. The relation of the antibody level dynamics to survival.

Antibodies ~ Group Factor n P HR 95% CI Mean survival time, months *
TF Gastrointestinal, all a 99 0.035 0.48 0.24-0.96 160.3; 134.3
T2-4 81 0.042 0.47 0.22-0.98
G3 45 0.016 0.27 0.08-0.84 169.5;123.2
Gastric, all a 62 0.067 163.8;129.2
T2-4 45 0.034 0.34 0.12-0.97
G3 37 0.020 0.24 0.07-0.88 172.8;116.4
Tn Gastrointestinal, all a 99 0.052 0.51 0.25-1.02 158.9;134.3
Stages I-11 68 0.011 0.30 0.11-0.80 173.5;141.9
T2-4 81 0.036 0.46 0.22-0.97 155.1;125.6
NO 62 0.038 0.37 0.14-0.98 171.7;145.0
G1-2 54 0.041 0.39 0.15-0.99 152.1;128.9
T2-4NO 47 0.010 0.24 0.08-0.78 157.9;116.4
T2-4N1-2 34 0.79
Gastric, all a 62 0.049 0.41 0.17-1.02 163.5;130.3
Stages I-11 44 0.041 0.27 0.07-1.04 178.6; 146.6
T2-4 45 0.049 0.39 0.15-1.03 157.9;116.4
G1-2 25 0.056 0.24 0.05-1.18
Stage III b 18 0.044 441 0.92-21.14 68.6;133.6
N1-2 24 0.016 4.57 1.18-17.61 72.6;142.0
Colorectal, all or T2-4 a 37 0.024 0.24 0.06-0.91 169.4;122.1
Stages I-II or NO 23 0.025 0.19 0.04-0.95 175.6;115.8
G1-2 29 0.010 017 0.04-0.78
oGal Gastrointestinal, all a 99 0.056 1.96 0.97-3.96 136.5;159.1
Stages I-11 68 0.030 2.90 1.05-8.07 146.5;174.9
T2-4 81 0.067 1.97 0.94-4.12
NO 62 0.029 2.99 1.07-8.40 145.4;174.5
T2-4NO 47 0.076 2.71 0.86-8.55
T2-4N1-2 34 0.596
Gastrointestinal, all b 99 0.009 251 1.24-5.09 132.1;161.9
Stage II1 31 0.063 2.86 0.90-9.09
T2-4 81 0.034 218 1.04-4.57 127.8;156.4
NO 62 0.263
N1-2 37 0.013 3.87 1.23-12.23 87.9;154.4
G1-2 54 0.020 2.84 1.13-7.11 121.7;160.4
T2-4NO 47 0.524
T2-4N1-2 34 0.040 3.14 0.10-9.93
Gastric, all a 62 0.170
Stages I-11 44 0.010 5.97 1.26-28.23 133.7;182.5
NO 38 0.014 5.77 1.19-27.89 134.6;181.7
Gastric, all b 62 0.075 219 0.90-5.31 134.1;158.5
N1-2 24 0.015 4.27 1.22-15.00 71.7;145.1
* Responders vs weak responders.
6
54 o . .
Discussion
4 Natural anti-carbohydrate antibodies are mostly
x4 me IgM-class antibodies. The study was focused on IgG
= °° 5 ° antibodies because we observed a high an-
21 & o o ti-carbohydrate IgG in some long-term survivors [11,
1] QM 13]. According to our preliminary data, no difference
. e ° o in survival was demonstrated in relation to an-
0 : ti-MUC1 IgM and anti-TF IgM antibodies [16]. The
o Anii - Iag G L high level of anti-carbohydrate IgG and/or its

Fig 3. The correlation between the level of anti-TF IgG and neutro-
phil/lymphocyte ratio in patients with gastrointestinal cancer (y = 2.01 -
0.1 1x).

postoperative elevation observed in some patients
with cancer [13] may be a sign of an adaptive immune

http://www.medsci.org



Int. J. Med. Sci. 2013, Vol. 10

1680

response which is indicative of the switching of
antibodies to the IgG-class.

This study demonstrates that there is an associa-
tion of the survival rate of patients with gastrointes-
tinal cancer with the serum level of anti-carbohydrate
IgG antibodies. The association of antibody levels
with survival was revealed in the examination of
patho-morphological subgroups. The increased pre-
operative or initial level of anti-TF and -Tn antibodies
and the decreased level of anti-aGal antibodies were
associated with a benefit in the survival rate (Tables 1
and 3, factor a). A significant association of the high
preoperative level of anti-TF IgG with the survival of
gastric cancer patients was demonstrated earlier [16].
However, in the present, longer follow-up of another,
more homogeneous group of patients with gastric
cancer, only a tendency to this association (P = 0.075,
Table 1) was noted. In the present study, we used the
modified ELISA with an adequate negative control
that made it possible to exclude from analysis serum
samples with the level of anti-TF antibodies < 1 (the
results are presented in Table 1). A significantly better
survival in TF-R vs TF-WR was observed in the gas-
trointestinal group and its subgroups, particularly in
the G3 of gastrointestinal and gastric cancers. No as-
sociation with survival in Tn-R vs Tn-WR and aGal-R
vs aGal-WR in the whole gastric cancer group was
found. Hamanaka Y et al. established that there is no
association of the serum anti-aGal IgG level with the
survival of pancreatic cancer patients [17]. The pre-
operative level of anti-TF, -Tn or -aGal antibodies
determined separately was of prognostic value for the
groups examined. The combination of anti-TF and
-aGal antibodies was more predictive as shown for
the whole gastrointestinal group. The difference in
survival between TF-R/aGal-WR and TF-WR/aGal-R
was more significant than that between TF-R and
TF-WR, or between aGal-R and aGal-WR.

To analyse the relation of antibodies level dy-
namics to survival, we used factors calculated as co-
efficients of a quadratic function. The study of the
dynamics of anti-TF antibodies level did not reveal
any additional groups to exist with different survival
rates, but such groups were revealed while investi-
gating the level of anti-Tn antibodies, namely, in
stages I-1I, T2-4 and NO, including colorectal cancer
(factor a), as well as in stage IIl and N1-2 (gastric
cancer, factor b). Signifiant differences in survival rate
between patients were revealed in the whole
gastrointestinal group, as well as in groups T2-4, N1-2
and G1-2 when anti-aGal antibodies were assessed by
factor b. These results show that dynamic
investigations were more informative for anti-Tn and
-aGal antibodies, being less informative for anti-TF
antibodies probably due to inadequate time intervals

of observations. It is noteworthy that survival in many
groups of R vs WR differed significantly after a
10-year observation as evaluated by the preoperative
level of antibodies or their dynamics.

The lower level of preoperative anti-1F IgG
dominated in stages III-IV or in metastases N1-2, as
well as in patients with poorly differentiated carci-
noma G3 [18]. The present study demonstrated that
the lower preoperative level of anti-TF IgG (TF-WR)
in the examined subgroups (Stage III, N1-2 and G3) is
associated with worse survival. The postoperative
level of anti-TF, -Tn and -oGal antibodies in patients
with the G3 tumor of the gastrointestinal tract had
increased to a different degree [13]. However, this
positive dynamics was not associated with survival.
The elevation of anti-aGal antibodies level was
associated with poorer clinical outcome in many
subgroups.

An absolute lymphocyte count is a surrogate
marker of host immunity and is indicative of a better
clinical outcome of patients with cancer [19]. NLR has
been found to be indicative of systemic inflammation
and stress. Moreover, the high values of NLR are a
poor prognostic factor in oncological patients [20, 21].
The level of anti-TF IgG directly correlated with the
count of lymphocytes that may reflect the adaptive
immune response but inversely correlated with the
count of neutrophils and NLR that may be indicative
of the noninvolvement of anti-TF antibodies in the
inflammatory response (Figure 3). A significantly
worse survival was demonstrated in aGal-R having
an elevated mean NLR. The combined determination
of the level of anti-oGal antibodies and estimation of
NLR was of prognostic value. The direct correlation
between the level of anti-aGal antibodies and NLR
was revealed only in a small group of patients whose
survival was worse. The anti-aGal immune response
in some patients may be associated with an inflam-
mation unfavourable in cancer. Inflammatory diseas-
es (enterocolitis, pancreatitis and cholecystitis), post-
operative ileus and infectious complications (suppu-
ration of wound and abscess) were revealed in ap-
proximately 20% of aGal-R and aGal-WR.

The association of survival with antibody level
may be explained differently. An increased level of
anti-TF antibodies in the circulation may be beneficial
for cancer patients if antibodies could compete with
circulating galectins for the binding to can-
cer-associated TF structure and thereby reduce the
metastasis-promoting action of circulating galectins
[22]. On the other hand, the serum level of galectins is
greatly increased in patients with cancer and a high
level of galectin 3 (the major known TE-binding pro-
tein) is associated with the worse survival of patients
[22, 23]. In ELISA, the increased level of galectin 3 in
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serum samples may compete with anti-TF antibodies
for the binding of TF-conjugate, thereby influencing
the results of determination of anti-TF IgG. Both
suppositions need further detailed investigations.
Many  anti-carbohydrate = antibodies  are
cross-reactive to histo-blood group related antigens
that may be aberrantly expressed in tumors as pre-
cursors or incompatible antigens [15, 24]. In this re-
spect, some genera of enteric microbiota stimulating
TACA-cross-reactive antibodies might be beneficial in
cancer patients. We attempted to characterize the
specificity of antibodies, and isolated anti-TF and
anti-Tn IgGs from the serum samples of patients with
gastrointestinal cancer, using PAA
glycoconjugate-sorbents. The antibodies display a low
specificity to tumor-associated and tumor-derived
mucins [25]. In the indirect and competitive ELISA,
the anti-TF IgG antibodies were more reactive to TF§
(Galp1-3GalNACcP) than to TF (TFa) conjugates, and
they were a heterogenic population varying in the
cross-reactivity to GAl and other glycans [25-27]. The
populations of autoantibodies cross-reactive to TF(
and GA1 have been characterized in healthy donors
and neurological patients [28-30]. The anti-TF IgG
antibodies examined in the present study are unre-
lated to neuropathies rather because neurological
disorders were observed in neither cancer patients nor
donors having a high anti-TF IgG level.
Gastrointestinal ~tumors develop in the
environment of commensal and pathogenic
microbiota. Anti-TF antibodies may be induced by the
TF-related antigens of enteric bacteria. The protein
bands were immunostained on the blots of H. pylori
extracts, using TF-specific monoclonal antibodies [31].
However, structures, which are immunochemically
identical to TFa, are extremely rare on the surface of
human intestinal bacteria [32]. The Tn antigen is ex-
pressed in glycans of parasites and related to different
disorders and diseases [33]. The anti-aGal antibodies
demonstrate the cross-reactivity to aGal mimic or
blood group related glycans [15, 34, 35]. The anti-aGal
antibodies were found to interact with a variety of
enterobacteria and are possibly implicated in in-
flammatory processes due to the binding of bacteria
adhered to human cells [36]. The level of anti-aGal
IgG in benign gastrointestinal diseases, including
Crohn's disease, has significantly increased [16, 37].
The increased level of antibodies in benign diseases
may be related to bacterial translocation (BT). BT
frequently occurs in patients with benign and
malignant gastrointestinal diseases [2, 3] and may be
one of the reason of an augmented immune response.
In colorectal cancer patients, BT in the mesenteric
lymph nodes is indicative of a worse outcome [38]. In
fact, BT identified in patients with colorectal cancer is

increased in deep invasion (T3) [3]. We demonstrated
that the survival of aGal-R vs aGal-WR in the
gastrointestinal (T2-T4) and colorectal cancer groups
was worse (Table 1) and, as shown earlier, the level of
anti-aGal IgG was significantly higher in patients
with tumor size T2-T3 vs T1 [18].

Neoplasia and inflammation can disrupt the
intact mucosal barrier to intraluminal bacteria and
bacterial antigens. An inflammation promotes the
invasion and metastasis of tumor cells [39]. A striking
difference in microbial colonization patterns between
tumor tissue and adjacent non-malignant mucosa or
control tissues has been found [1, 40]. The coloniza-
tion may cause apoptosis in tumors or, on the con-
trary, promote the tumor progression [41-43] as well
as distort the anti-tumor immune response. We sup-
pose that the level of anti-TF, -Tn and -aGal IgGs re-
flects the immune response to microorganisms and
may be indirectly associated with better or worse
survival via beneficial or detrimental interrelation
between enteric microorganisms and tumor.

In conclusion, the level of serum anti-TF, -Tn and
-aGal antibodies was associated with survival of
patients with gastrointestinal cancer in a long-term
investigation. In different patho-morphological sub-
groups, the preoperative levels of antibodies and their
dynamics was found to be of prognostic significance.
Patients with elevated levels of anti-TF and -Tn anti-
bodies showed a longer survival time while, on the
contrary, the survival time was shorter in patients
with an elevated level of anti-aGal antibodies. The
simple method for determination of serum antibodies
level may be a useful supplement in clinical outcome
assessment.
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