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Abstract Galectin-3 influences neoangiogenesis, tumor
cell adhesion, and tumor-immune-escape mechanisms.
Hence, the expression of galectin-3 in pancreatic ductal
adenocarcinoma (PDAC) was evaluated. Galectin-3 expres-
sion in PDAC cell lines was proven by the presence of
intracellular protein and by release into the supernatant.
Furthermore, galectin-3 was found in the majority of human
tissue samples. Serum concentrations of galectin-3 in
PDAC patients did not differ significantly from healthy
donors and did not correlate with established tumor
markers. In conclusion, galectin-3 is expressed in PDAC
tissues suggesting a role in tumor development; however,

no relationship between expression and clinical findings
could be established.
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Abbrevations
CEA Carcinoembryonic antigen
CPB Cyclophylin B
H&E Haematoxylin and eosin
IQR Interquartile range
PBS Phosphate-buffered saline
PDAC Pancreatic ductal adenocarcinoma
TMA Tissue microarray

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the fourth most
common cancer-related death in Western countries [1]. The
dismal prognosis with an overall 5-years survival rate of less
than 5% is due to aggressive and invasive growth, early
metastasis, and resistance to radiation and chemotherapy [2].
Because disease specific symptoms are lacking, diagnosis is
often late, and curative therapy options are rather limited [3].
Hence, there is an intensive search for new therapeutic
regimens and for markers for an early diagnosis as well.

In that context, galectins have been evaluated, because in
numerous malignancies their involvement in tumor neoangio-
genesis [4], tumor cell adhesion [5], tumor cell migration [6],
and tumor-immune-escape [7] was reported. Moreover,
enhanced serum galectin concentrations were found, for
example in patients with bladder cancer, leading to the
suggestion that galectins might serve as a serum “biomarker”
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[8, 9]. In general, galectins are a family of animal lectins that
are able to bind beta-galactosides; beside tumor develop-
ment, galectins are also involved in inflammatory processes,
artherosclerosis and wound repair and are considered to be
widely distributed throughout the body [10].

Of special interest is galectin-3 (LGALS3), a structurally
unique member of the galectin family by the presence of
tandem repeats in the N-terminal region, which has been
detected intracellularly located in the nucleus or cytoplasm, as
well as on the cell surface, and in the extracellular area [11, 12].
Galectin-3 has been described to promote fibroblast prolifer-
ation, macrophage migration, collagen synthesis and the
development of fibrosis [13]. Galectin-3 has been extensively
evaluated in cardiac remodelling and heart failure, where it
has been described as an independent prognostic marker for
patients with acute and chronic heart failure [13–15].

In addition, galectin-3 was also found to be overexpressed
in various malignancies including papillary thyroid carcinoma
[16], bladder cancer [8] or colon cancer [6, 17]. In laryngeal
squamous cell carcinoma galectin-3 expression correlates
with an advanced tumor stage [18], in renal cell cancer with
enhanced metastasis [19] and with a dismal survival
prognosis in patients with malignant melanoma [20].

In the pancreas, galectin-3 expression has been initially
described to be upregulated in chronic pancreatitis, also a
disease with fibrosis and tissue remodelling [21]. Further-
more, a strong galectin-3 expression has been determined in
solid pseudopapillary tumors, potentially associated with
and involved in metastatic processes in this rare tumor
entity of the pancreas [22].

Galectin-3 is also expressed in PDAC tissue, but
according to a study by Berberat et al. it did not correlate
with the clinical tumor stage or with its histological
differentiation [23]. These data were in contrast to a study
of Shimamura et al., who described a correlation between
low galectin-3 expression and advanced clinical stage,
distant metastases and low histological grade of differenti-
ation and dismal survival prognosis [24]. Therefore, to
resolve the given discrepancies, the aim of the present study
was to evaluate galectin-3 expression in PDAC cell lines
and to analyse a large series of human PDAC tissue
samples regarding galectin-3 expression in relationship to
clinical and pathological parameters.

Materials and Methods

Patients and Collection of Tissue Samples

PDAC tumor tissue samples were obtained from 130 patients
(56 female, 74 male; age range from 39 to 85 years; mean:
65.3 years; median 66 years). The tissue specimens were
formalin-fixed and paraffin-embedded. H&E staining was

performed, and the tumor stage was evaluated according to the
criteria established by the World Health Organization (2000)
[25] and the UICC criteria (2009) [26]. Follow-up informa-
tion was available for 104 patients: 61 patients died of the
cancer within 25 to 1187 days after surgery (mean: 427 days,
median: 347 days), 36 patients were alive after a follow-up
of 10 to 1110 days (mean: 557.9 days, median: 663.5 days),
and 7 patients died of non-cancer related disease and were
excluded from further analysis (Table 1).

Serum was obtained from 83 patients with primary PDAC
and from 16 patients with synchronic or metachronic
metastases (37 female, 62male; age range from 41 to 80 years;
mean: 62.2 years; median 63 years). For comparison, serum
from age and gender matched healthy volunteers (n=19) was
collected (Table 2). From 19 patients, serum could be
obtained one day preoperatively and 7 days postoperatively.

The use of tissue and serum samples for scientific purposes
was approved by the ethic committee of the University of
Heidelberg, and informed consent was obtained from the
patients and from the donors as well.

Immunohistochemistry

Paraffin-embedded tissue sections (4 μm) were used for the
immunohistochemical analysis. Immunostaining was per-
formed as previously described [27], using the avidin-biotin
complex method. As primary antibody a mouse monoclonal

Table 1 Patients included in the histological study

Gender (F : M) 56 : 74
(n=130)

Age (years) 39–85 (mean: 65.3) (median: 66)

Location of tumor (n=130) Head: 98

Body: 8

Body and tail: 13

Tail: 11

Tumor stage

T pT3: 126

pT2: 2

pT1: 2

N pN1: 110

pN0: 20

M pM1: 14

pM0 : 116

Grade G3: 39

G2: 86

G1: 5

Survival (n=104 patients; days) Death: 61 patients; 25–1187
(mean 427; median: 347)

Alive: 36 patients; 10–1110
(mean: 557.9; median: 633.5)

Non cancer related death: 7 patients
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antibody to galectin-3 (BD Pharma, Heidelberg, Germany;
diluted 1: 100) was used. Galectin-3 staining was per-
formed on tissue microarrays of 112 and on whole tissue
sections of 18 PDAC patients. For TMA analysis two
representative samples of each patient were analyzed. To
validate the immunohistochemical results obtained from the
microarrays, 20 of the tissue microarray cases were
additionally stained for galectin-3, using whole tissue tumor
sections. An isotype-specific negative control to the primary
antibody (mouse IgG1, DAKO Cytomation, Hamburg,
Germany) was performed to detect the specificity of the
antibody.

To evaluate galectin-3 expression, a semiquantitative
score was established, where score 0 means no expression;
focal expression with 1–75% positive cells was scored 1,
and diffuse expression with more than 75% positive cells
was scored 2. The intensity of expression was also
described as no staining (score 0), weak staining (score
1), moderate staining intensity (score 2) or strong staining
intensity (score 3) (Fig. 1).

The severity and activity of the inflammation was evaluated
microscopically on whole tumor sections, using a previously

established score [28]. The severity was determined as absent
(score 0), mild (score 1), moderate (score 2), or severe (score
3), depending on the accumulation and density of inflamma-
tory cells (lymphocytes, plasma cells, macrophages) and
formation of lymph follicles. The activity of inflammation
was semiquantitatively scored as absent (score 0), mild (score
1) or moderate to severe (score 2), depending on the density
of intratumoral neutrophil granulocytes (Table 3).

Cell Culture

Human PDAC cell lines ASPC-1, BxPc-3, Capan-1, MiaPaCa-
2, PANC-1 and Su8686 were all purchased from American
Type Culture Collection (ATCC, Rockville, MD, USA);
COLO-357 and T3M4 were a gift from R. Metzgar (Duke
University, Durham, NC, USA). Cell lines were cultured in
RPMI1640 medium containing 10% fetal bovine serum (FBS),
penicillin (100 U/mL) and streptomycin (100 μg/mL) (Invi-
trogen, Karlsruhe, Germany) at 37°C in humidified air with 5%
CO2. For supernatant collection, cells were seeded at 2×105 /
well. After 24 h, medium was replaced by serum-free medium
and cells were incubated for another 24 h. Then medium was
collected and ELISA was performed.

Quantitative RT-PCR Analysis

Eight human pancreatic cancer cell lines (AsPC-1, BxPc-3,
Capan-1, Colo-357, MiaPaCa2, PANC-1, Su8686, and
T3M4) were tested. mRNA and cDNA preparation kits
were purchased from Roche Applied Sciences (Mannheim,
Germany). For mRNA preparation, automated MagNA
PURE-LC instrument and corresponding isolation kit I
(for cells) was used. Primers were obtained from Search-LC
(Heidelberg, Germany). cDNA for RT-PCR was prepared
by using a 1st strand cDNA Synthesis kit. Subsequently,
RT-PCR was performed with the LightCycler-FastStart
DNA SYBR Green kit. CPB was used as a housekeeping
gene to normalize the expression of specific galectin-3
transcripts and presented as adjusted copies/10 k copies
CPB, as previously described [29].

Galectin-3 ELISA

Galectin-3 in cell culture supernatants and in the serum
samples were measured using the commercially available
galectin-3 ELISA kit QIA112-1 (Calbiochem, Darmstadt,
Germany) according to the manufacturer’s instructions. All
samples were measured in duplicates.

Cytofluorometry

Eight human pancreatic cancer cell lines (AsPC-1, BxPc-
3, Capan-1, Colo-357, MiaPaCa2, PANC-1, Su8686, and

Table 2 Patients included in the analysis of galectin-3 serum
concentrations

PDAC and Metastasis of PDAC

Gender (F : M) 37 : 62
(n=99)

Age (years) (n=99) 31–80 (mean: 62.2) (median: 63)

Location of tumor, PDAC (n=77) Head: 61

Body: 7

Body and tail: 1

Tail: 8

Tumor stage

T (n=76) pT4: 4

pT3: 68

pT2: 2

pT1: 2

N (n=72) pN1: 56

pN0: 16

M (n=93) pM1: 28

pM0 : 65

Grade (n=72) G3: 23

G2: 40

G1: 9

Diagnosis PDAC: 83

Metastasis of PDAC: 16

CEA in μg/l (n=71) 0–1458 (mean: 27.75;
median: 2.2)

CA19-9 in kU/l (n=79) 0.6–80458 (mean: 2370.86;
median: 266)
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T3M4) were suspended in PBS containing 1% bovine
serum albumin and 0.1% sodium azide (1x105/100 μl)
and incubated with the antibody to galectin-3 (1 μg) or for
comparison with mouse IgG (BD Pharmingen, Heidelberg,
Germany). After 30 min, a FITC-labeled antibody to
mouse IgG (raised in goat; Immunotech, Marseille,
France) was added for 30 min. Then, the cells were
washed, resuspended in 1% paraformaldehyde in PBS and
antibody binding was measured by FACScalibur® using
CellQuest® as software (Becton and Dickinson, Heidel-
berg, Germany). For intracellular galectin-3 determination,
the permeabilisation Kit (Becton and Dickinson) was used
according to the recommendation of the supplier. Galectin-3
expression was measured as mean fluorescence intensity
(MFI).

Statistical Analysis and Correlation

For statistical analysis of survival the non-parametric
Logrank test was performed. Correlation of galectin-3
expression with clinical or pathological parameters respec-
tively was performed using Spearmans-Rho analysis, non-
parametrical Mann-Whitney U- and Chi-Square test with
Yates correction. Significance levels were defined at p<
0.05. The statistical analyses were performed by using
SPSS version 18.0 for Windows (SPSS Inc., Chicago, IL,
USA). Graphs were made using OriginPro7.5 software
(Additive Software, Friedrichsdorf, Germany).

Results

Expression of Galectin-3 in PDAC Tissue, and Correlation
to Clinical and Pathological Parameters

Tissues of 130 patients with PDAC were screened for the
expression of galectin-3 by immunohistochemistry. In 105
patients (80.8%) galectin-3 was expressed, predominantly
with a focal pattern (81/105). In the other positive cases, the
expression pattern was diffuse (Fig. 1, Table 3). Strong
galectin-3 expression in tumor cells was seen in 10 cases
(10.5%), whereas 53 cases (50.5%) showed moderate and
41 cases (39.0%) weak expression. The immunostaining
was predominantely cytoplasmatic in all investigated cases

A B C

D FE

Fig. 1 Immunohistochemical staining of galectin-3. Expression of
galectin-3 in tissue (a–d). Galectin-3 was determined in biopsies of
pancreatic tissue of patients (n=130) by use of a specific antibody. An
example for a negative result is shown in (a); in (b) an example for

weak, in (c) for moderate, and in (d) for intense expression of
galectin-3 is given, respectively. e shows nerve tissue that was used as
internal positive control. f is the negative control without staining

Table 3 Distribution and intensity of galectin-3 expression in tissue

Galectin-3 distribution score Cases of PDAC (n=130)

0 25

1 81

2 24

Galectin-3 intensity score Cases of PDAC (n=130)

0 25

1 41

2 54

3 10
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(n=112), whereas in some cases additionally a membra-
neous or nuclear staining was seen. As internal positive
control nerves revealed a positive immunostaining. Fur-
thermore, in all cases where tumor infiltrating macrophages
were present, they stained positive for galectin-3. In
addition, tumor infiltrating lymphocytes revealed galectin-
3 positivity. The intensity correlated with the distribution
pattern of galectin-3 expression (p<0.001). Neither distri-
bution pattern nor the intensity of galectin-3 expression
correlated with the intratumoral inflammation (Tables 4 and
5) or with clinical or pathohistological parameters (Supple-
mentary Table 1, Supplementary Table 2). In addition, no
relationship between galectin-3 expression and patient
survival could be established, as patients with either
galectin-3 negative or positive tissues showed a comparable
overall survival (galectin-3 negative: mean 669.7 (95% CI
[521.5–817.9]) days; galectin-3 positive: mean 611.7 (95%
CI [515.5–708]) days; p=0.602) (Fig. 2). Furthermore,

galectin-3 intensities did not correlate with patient survival
(data not shown).

Galectin-3 Serum Concentrations in Patients with PDAC

Galectin-3 serum concentrations were tested in patients
(n=99) and in healthy individuals (n=19). Compared to
the mean values obtained from the healthy individuals,
only in 49 patients with PDAC elevated concentrations
were found; and the mean values of the groups did not
differ significantly from each other (Fig. 3a). Comparing
the serum levels of PDAC patients without metastasis
(lymph node and/or distant organ metastases; T1-4, N0,
M0) (n=15) with those having tumor manifestations in
lymph nodes and/or distant organs (n=78) a tendency
towards higher galectin-3 concentrations was seen in the
latter group (p=0.076; Mann-Whitney-U-test) (Fig. 3b).

The galectin-3 serum levels neither correlated with serum
concentrations of CA19-9 (mean 2370.86 kU/l; p=0.575) or
CEA (mean 27.75 μg/l; p=0.715) (Table 2, Fig. 4), nor with
clinical or pathological parameters (Table 6).

Serum samples of PDAC patients (n=19) were collected
preoperatively and 7 days postoperatively after pancreatic
resection. In 16 patients (84.2%), a significant decrease of
the serum galectin-3 concentrations was seen from the
preoperative to the postoperative status (Fig. 5).

Expression of Galectin-3 in PDAC Cell Lines

The galectin-3 expression was tested in established PDAC
cell lines. Galectin-3 mRNA was detected in all cell lines
albeit in different copy numbers (mean: 4532 copies/10 k
copies CPB; interval: 1652–11760 copies/10 k copies
CPB). By cytofluorometry, galectin-3 protein was found
intracellularly. Surface expression of galectin-3 could not be
detected (Fig. 6, Supplementary Table 3).

Table 4 Correlation of galectin-3 distribution in tissue with activity
and severity of intratumoral inflammation

Galectin-3 Distribution (%) p

Inflammation 0 1 2

Activity

0 n=4 0 (0) 2 (50) 2 (50) 0.695
1 n=62 16 (25.8) 35 (56.5) 11 (17.7)

2 n=64 9 (14.1) 44 (68.7) 11 (17.2)

Severity

0 n=0 0 0 0 0.222
1 n=12 6 (50) 4 (33.3) 2 (16.7)

2 n=87 14 (16.1) 57 (65.5) 16 (18.4)

3 n=31 5 (16.1) 20 (64.5) 6 (19.4)

n=25 n=81 n=24

Table 5 Correlation of galectin-
3 staining intensity in tissue
with activity and severity of
intratumoral inflammation

Galectin-3 Intensity (%) p

Inflammation 0 1 2 3

Activity

0 n=4 0 (0) 0 (0) 4 (100) 0 (0) 0.892
1 n=62 16 (25.8) 17 (27.4) 24 (38.7) 5 (8.1)

2 n=64 9 (14.1) 24 (37.5) 26 (40.6) 5 (7.8)

Severity

0 n=0 0 (0) 0 (0) 0 (0) 0 (0) 0.127
1 n=12 6 (50) 2 (16.7) 3 (25) 1 (8.3)

2 n=87 14 (16.1) 31 (35.6) 35 (40.2) 7 (8.1)

3 n=31 5 (16.1) 8 (25.8) 16 (51.6) 2 (6.5)

n=25 n=41 n=54 n=10
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To assess whether the tumor cells release galectin-3,
supernatants of three cell lines (Capan-1, COLO-357 and
T3M4) were collected and galectin-3 concentrations were
measured by ELISA. Three independent tests resulted in an
average release of 2594 pg/ml for COLO-357, of 942 pg/ml
for Capan-1 and of 589 pg/ml for T3M4 (Supplementary
Table 3).

Discussion

The aim of the present study was to determine the expression
of galectin-3 in PDAC tissue, to correlate galectin-3 expres-
sion with clinical and pathological parameters and to assess
whether or not galectin-3 in serum could qualify as a tumor
marker. Galectin-3 appeared as an attractive candidate,

Fig. 2 Correlation of galectin-3 expression and survival. Galectin-3
expression in the pancreas did not correlate with survival, which was
analysed according to Kaplan-Meier. a 97 patients were analysed.
Expression of galectin-3 did not have a significant effect on survival
(mean survival in galectin-3 negative patients 669.7 days, in galectin-3
positive patients 611.7 (log-rank test; p=0.602). b Subdividing the
different groups of galectin-3 distribution patterns in pancreatic cancer
tissue revealed no significant differences between the three groups (no

galectin-3 expression, focal galectin-3 expression, high galectin-3
expression). Patient survival of the group with only focal galectin-3
expression in tissue (1–75% positive pancreatic cancer cells) com-
pared with the group with high galectin-3 expression (>75% of
positive pancreatic cancer cells) showed a trend for an unfavourable
survival prognosis (log-rank test; p=0.145; mean: Distribution 1:
644.2 days; Distribution 2: 444.3 days)

Fig. 3 Galectin-3 concentration in blood sera. Analysis of galectin-3
serum concentrations was determined in serum samples of PDAC
patients (n=99) and healthy individuals (n=19) by ELISA. The data
are summarised as box-and-whiskers blot, with the box containing
50% of the values. The median is depicted as horizontal bar, the mean
as dot, and the IQR as the box length. In (a), the direct comparison of
all patients (mean 2.447 ng/ml; median 2.003 ng/ml) and the healthy
individuals (“control”) (mean 2.031 ng/ml; median 1.988 ng/ml) is

shown. There was no significant difference between the two groups as
tested by ANOVA and by Mann-Withney-U-test (p=0.869). In (b),
patients with lymph node and/or distant organ metastasis (n=78)
(mean 2.641 ng/ml; median 2.0915 ng/ml) were compared to patients
without metastasis (N0M0; n=15) (mean 1.640 ng/ml; median
1.262 ng/ml). Again, there was no difference between the groups (p
=0.076)
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Fig. 4 Relationship between galectin-3 serum concentrations and that
of the established tumor markers CEA and CA19-9. The linear
regression analysis comprising 71 patients (CEA and galectin-3) (a)

and 79 patients (CA19-9 and galectin-3) (b) revealed no correlation
between galectin-3 serum concentrations and concentrations of the tumor
markers (r=0.267, p=0.715 and r=0.226, p=0.575, respectively)

Table 6 Correlation of galectin-
3 serum levels with clinical and
pathological parameters

c(Galectin-3) in ng/ml (median 2,003 (U-14,929 ng/ml); undetectable n=12) p

<2.003 ≥2.003

Sex

Male n=62 35 (56.4) 27 (43.6) 0.381
Female n=37 14 (37.8) 23 (62.2)

Age

<63 n=48 28 (58.3) 20 (41.7) 0.116
≥63 n=51 21 (38.9) 30 (61.1)

T

1 n=2 0 (0) 2 (100) 0.164
2 n=2 1 (50) 1 (50)

3 n=68 36 (52.9) 32 (47.1)

4 n=4 2 (50) 2 (50)

N

0 n=16 11 (68.8) 5 (31.2) 0.156
1 n=56 28 (50) 28 (50)

M

0 n=65 34 (52.3) 31 (47.7) 0.305
1 n=27 11 (40.7) 16 (59.3)

Grade

1 n=9 4 (44.4) 5 (55.6) 0.737
2 n=40 24 (60) 16 (40)

3 n=23 13 (56.5) 10 (43.5)

Tumor size

<3.5 cm n=19 11 (57.9) 8 (42.1) 0.814
≥3.5 cm n=25 13 (52) 12 (48)

CEA

<2.2 μg/l n=34 18 (52.9) 16 (47.1) 0.715
≥2.2 μg/l n=37 15 (40.5) 22 (59.5)

CA19-9

<266 kU/l n=39 22 (56.4) 27 (43.6) 0.575
≥266 kU/l n=40 18 (45) 22 (55)
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because it is found in various human malignancies, including
malignant melanoma [30], laryngeal squamous cell carcino-
ma [18] or renal cell cancer in advanced stage [19].
Moreover, galectin-3 expression serves as diagnostic marker
in papillary thyroid cancer [31].

We have now found galectin-3 expression in tissue of
PDAC patients. In line with previous data by Berberat et al.
comprising a smaller group of patients (n=33), expression

of galectin-3 did not correlate with clinical or pathological
parameters [23]. Moreover, no correlation between severity
and activity of intratumoral inflammation and galectin-3
was seen. Different kinetics of galectin-3 expression by the
tumor cells and the manifestation of the inflammatory
response could account for the discrepancy. Another
explanation is that the inflammatory environment does not
promote the galectin-3 expression by the tumor cells.

In vitro data indicated that numerous pancreas tumor
cells lines synthesize galectin-3 and in all lines tested
galectin-3 protein was found intracellularly. Release of
galectin-3 into the environment was also seen, although so
far the trigger for galectin-3 release has not yet been
identified.

Release from the tumor cells could also account for
the galectin-3 found in the serum of the patients. That
the presence of galectin-3 is linked to the presence of the
tumor could be shown by analysing the serum galectin-3
concentrations prior and 7 days after surgery: here in the
majority of patients (16 of 19) a drastic decrease in the
galectin-3 serum concentration was seen in the post-
operative samples. Despite this relationship, galectin-3 is
not suitable as a biomarker for pancreatic tumours,
because when analysing 99 samples of PDAC patient
serum, galectin-3 expression was only found in 87 (
88%) of the patients, and accordingly, the mean values
between patients and donors did not differ significantly,
and there was no correlation of serum galectin-3
concentrations with clinical or pathological parameters.
In that, PDAC differed from other malignancies such as
bladder cancer or thyroid cancer, where high galectin-3
serum concentration were found [9, 32], but is in line
with data from patients with biliary tract carcinoma, where
serum galectin-3 concentrations did not differ between the
carcinoma group and the control group [33], or with data
by Sakaki et al., who could not find a correlation of
galectin-3 serum concentrations with the clinical and
pathological features such as tumor stage and histological
grading in patients suffering bladder cancer [9].

In summary, in this large series of PDAC patients,
neither expression of galectin-3 in PDAC tissue samples,
nor galectin-3 serum concentrations correlated with clinical
and pathological parameters or with the intratumoral
inflammation, although in vitro data showed that pancreatic
tumor cells lines are able to produce and release galectin-3.
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Fig. 6 Galectin-3 expression by pancreatic cancer cells detected by
FACS. Expression of galectin-3 in pancreatic cancer cells, analysed by
cytofluorometry: (a) galectin-3 was not detected on the surface of the
cells (here as example the cell line Capan-1 was used); (b) reveals the
finding that galectin-3 was seen intracellularly. The histograms shown
illustrate the isotype FITC anti-mouse IgG1 (narrow line) and the anti-
human galectin-3 FITC reactive cells (thick line)

Fig. 5 Galectin-3 serum concentration pre- and postoperatively. In 19
patients, the galectin-3 serum concentration was measured one day
before surgery and 7 days postoperatively. In 16 patients a decline of
the galectin-3 concentration was seen postoperatively (each symbol
represent an individual patient; by using non parametric Wilcoxon test,
the decline was significant; p<0.001)
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