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Abstract

Objective The predictive importance of galectin-3 in non-small cell lung cancer (NSCLC) has not been elucidated. We
examined whether galectin-3 could serve as a predictor for tumor recurrence in NSCLC.

Methods In 42 consecutive patients with NSCLC who underwent radical resection, galectin-3 expression in tumor cells was
examined by immunohistochemistry. Galectin-3 levels in serum were assessed before surgery and 1 month after surgery by
enzyme-linked immunosorbent assays.

Results Higher expression of galectin-3 in tumor cells was associated significantly with lymphatic invasion (p =0.049) and
tumor recurrence (p =0.001). The Kaplan—Meier curves for relapse-free survival after radical resection showed that patients
with high expression of galectin-3 had significantly shorter relapse-free survival than those with low expression of galectin-3
(»<0.001). The serum level of galectin-3 was not reduced after radical resection, and there was no significant correlation
between the serum level of galectin-3 and recurrence.

Conclusions Galectin-3 expression in tumor cells could serve as a predictive factor for recurrence, but serum level of galec-
tin-3 is not useful for predicting NSCLC recurrence.
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Introduction

Non-small cell lung cancer (NSCLC) is the leading cause of
cancer death worldwide [1]. The prognosis of NSCLC has
gradually improved through advances in therapeutic strate-
gies, such as surgery, chemotherapy, radiotherapy, molecu-
lar targeted therapy, and immunotherapy [2-6]. However,
10-60% of patients with p-stage IA—IIIA NSCLC develop
recurrent disease within 5 years after radical resection [6, 7].
Therefore, the identification of useful biomarkers to predict
tumor recurrence is very important.

Galectins are a family of -galactoside-binding lectins
that can be classified into three groups: prototype, chimera,
and tandem [8, 9]. Galectin-3 is the only member of the chi-
mera group, and is expressed ubiquitously in healthy adult
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tissues, as well as in various tumor types [9—11]. Galectin-3
is localized mainly to the cytoplasm and nucleus [10, 11].
It is also expressed on the cell surface, and secreted via a
non-classical pathway that is yet to be identified [9-11].
Galectin-3 has been reported to promote the aggressiveness
of tumors, including increased proliferation of tumor cells,
anti-apoptotic traits, angiogenesis, tumor cell motility, and
metastatic activity [10-13].

In NSCLC, galectin-3 shows high expression in tumor
cells, and has been reported to be associated with tumor
progression and a poor prognosis [14—-16]. Furthermore,
scholars have reported that galectin-3 is secreted by tumor
cells [17, 18], and the serum level of galectin-3 in patients
with lung cancer is higher than that in healthy individuals
[19]. Collectively, these data suggest that galectin-3 could
be a predictive biomarker for NSCLC recurrence. However,
the clinical importance of galectin-3 in post-operative recur-
rence in NSCLC patients has not been elucidated fully.

In the present study, we hypothesized that galectin-3
could serve as a predictive marker for post-operative recur-
rence of NSCLC. We wished to evaluate the predictive value
of galectin-3 in NSCLC recurrence.
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Materials and methods
Patient samples

Samples of tumor tissues and serum were obtained from
42 consecutive patients with p-stage IA-IIIA NSCLC who
underwent radical surgical resection at Shiga University
of Medical Science Hospital, between January 2014 and
October 2015. Patients who received pre-operative anti-
cancer therapy, such as chemotherapy or radiotherapy,
were excluded. Patients with adenocarcinoma in situ/
minimally invasive adenocarcinoma were also excluded.
Serum samples were stored at — 80 °C until use. This study
was approved by the Institutional Review Board of Shiga
University of Medical Science (IRB #28-210). Written
informed consent was obtained from all patients to par-
ticipate in this study.

Enzyme-linked immunosorbent assay (ELISA)

The serum level of galectin-3 was measured before sur-
gery and 1 month after surgery using a Human Galectin-3
ELISA kit (Abcam, Cambridge, UK), according to the
manufacturer’s instructions. All ELISAs were repeated
three times independently, and each was carried out using
duplicate measurements.

Immunohistochemistry

Sections of formalin-fixed paraffin-embedded tumor tissues
(thickness, 4 um) were stained with anti-human galectin-3
monoclonal antibody (1:100; Abcam) using the Envision-
kit, according to the manufacturer’s instructions (DAKO,
Glostrup, Denmark). Briefly, tissue sections were deparaffi-
nized in xylene, and then rehydrated in ethanol and distilled
water. Antigen retrieval was performed in Tris—EDTA buffer
(pH 9.0) for 5 min using a microwave. Endogenous peroxi-
dase activity was inactivated using 3% H,O, for 10 min, and
slides were blocked with 5% normal goat serum in PBS at
room temperature for 1 h. Sections were incubated with anti-
galectin-3 at room temperature for 1 h, before incubating
with secondary anti-mouse antibody-coated polymer per-
oxidase complexes for 1 h. Then, slides were then treated
with substrate/chromogen (DAKO) for 5 min, followed by
counterstaining with hematoxylin. For negative controls, the
primary antibody was omitted. Ten fields at 400X magnifi-
cation were randomly selected for each slide. Stained slides
were evaluated under guidance by an experienced a patholo-
gist. Galectin-3 expression was described as being high if
more than 10% of tumor cells were positively stained.

Statistical analysis

Results are expressed as mean + standard deviation (SD).
The Fisher’s exact test or Mann—Whitney U test was applied
to investigate significant differences between groups. Curves
for relapse-free survival or overall survival were calculated
using the Kaplan—Meier method and compared by the log-
rank test. Statistical analysis was carried out using SPSS
22 Statistics V.22.0 software (IBM, Armonk, NY, USA).
p <0.05 was considered significant.

Results
Characteristics of the study cohort

Forty-two patients (31 men and 11 women) with NSCLC
who underwent radical resection formed the study cohort
(Table 1). The median age of patients was 70 years (range
49-83 years). Twenty-nine patients (69.0%) were habitual
smokers. The pathological stages (TNM version 8) were IA
(n=24,57.1%), 1B (n=9, 21.4%), 1A (n=3, 7.2%) and IIIA
(n=06, 14.3%). Positive N1 or N2 lymph node metastases
were identified in eight cases (19.0%). The major histologi-
cal type was adenocarcinoma (n=27, 64.2%), followed by
squamous cell carcinoma (n =13, 31.0%), pleomorphic car-
cinoma (n=1, 2.4%), and adenosquamous carcinoma (n=1,
2.4%). Nineteen patients (45.2%) had received post-oper-
ative adjuvant chemotherapy (uracil/tegafur or platinum-
based chemotherapy). Among ten cases (23.8%) who had
disease reappearance after radical resection, one case had
local recurrence and nine cases had distant recurrences. The
sites of distant recurrence were bone (five cases), lung (five
cases), distant lymph nodes (two cases), liver (one case) and
adrenal glands (one case). Five patients diagnosed with dis-
tant recurrence had two types of distant site.

Correlation between galectin-3 expression
and clinicopathological characteristics

High expression of galectin-3 was observed in 14 cases
(33.3%) (Fig. 1a; Table 2). Univariate analysis showed that
high expression of galectin-3 in tumor cells was associated
significantly with lymphatic invasion (p =0.049) (Table 2).
In patients diagnosed with recurrence, galectin-3 expression
in tumor cells was associated significantly with distant recur-
rence (p =0.046) (Table 3). However, age, sex, smoking hab-
its, tumor size, pathological stage, lymph node metastasis,
histological grade, pleural invasion, and invasion into micro-
blood vessels were not correlated with galectin-3 expression
(Table 2). Univariate analysis revealed significant associa-
tions between tumor recurrence and the following factors:
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Table 1 Clinical characteristics of patients with NSCLC

Patient characteristics (n=42)

Total, n 42
Median age (range), years 70 (49-83)
Sex, n (%)

Male 31 (73.8)

Female 11 (26.2)
Smoking status, n (%)

Never 13 (31.0)

Current/former 29 (69.0)

Median tumor size (range), mm 25 (9-60)
Pathological stage, n (%)

1A 24 (57.1)

IB 9(214)

1A 3(7.2)

A 6(14.3)
Lymph node metastasis, n (%)

NO 34 (81.0)

N1 24.7)

N2 6 (14.3)
Histological type, n (%)

Adenocarcinoma 27 (64.2)

Squamous cell carcinoma 13 (31.0)

Pleomorphic carcinoma 12.4)

Adenosquamous carcinoma 12.4)
Histological grade, n (%)

Gl 19 (45.3)

G2 15 (35.7)

G3/G4 8 (19.0)
Pleural invasion, n (%)

plo 31 (73.8)

pll 6 (14.3)

pl2/pl13 5(11.9)
Lymphatic invasion, n (%)

LyO 22 (52.4)

Lyl 20 (47.6)
Microblood vessel invasion, n (%)

VO 13 (31.0)

V1 29 (69.0)

low-grade histological tumor (p=0.013), lymphatic invasion
(p=0.003), microblood vessel invasion (p =0.010), and high
galectin-3 expression (p=0.001) (Table 4).

Galectin-3 expression in tumor cells, relapse-free
survival and overall survival

In the 42 patients included in this analysis, median follow-
up duration after surgery was 32.5 months (range 20-43
months). The median relapse-free survival after surgery
was not reached in patients with low galectin-3 expression
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compared with 18.0 months (95% CI 5.3-30.7) in patients
with high galectin-3 expression. The Kaplan—Meier curve
for relapse-free survival after surgery showed that patients
with high expression of galectin-3 (n=14) had significantly
shorter relapse-free survival than those with low expression
of galectin-3 (n=28) (p <0.001) (Fig. 1b). Furthermore, in
33 patients with p-stage I, patients with high expression of
galectin-3 (n=9) had significantly longer relapse-free sur-
vival rate compared with patients with low expression of
galectin-3 (n=24) (p=0.001) (Fig. 1c). However, there was
no significant difference in the overall survival for patients
with high expression of galectin-3 (n=14) compared to
those with low expression of galectin-3 (n=28) (p=0.213)
(Fig. 1d).

Serum levels of galectin-3 in NSCLC patients

The mean serum level of galectin-3 before surgery in
NSCLC patients was 16.37 £5.13 ng/ml. One month
after surgery, however, serum levels of galectin-3 had not
decreased significantly (18.13+11.54 ng/ml, p=0.262)
(Fig. 2). Next, we then evaluated the correlation between
the serum level of galectin-3 before surgery and clinico-
pathological characteristics (Table 5). There was no asso-
ciation between the serum level of galectin-3 and patients’
sex, smoking habits, tumor size, pathological stage, lymph
node metastasis, histological grade, pleural invasion, lym-
phatic invasion, invasion of microblood vessels, or tumor
recurrence. Furthermore, a significant correlation was not
observed between serum level of galectin-3 and galectin-3
expression in tumor cells (Table 5).

Discussion

In this study, we evaluated the predictive value of galec-
tin-3 expression in NSCLC recurrence. We demonstrated
that expression of galectin-3 is a potential biomarker for
predicting tumor recurrence in NSCLC after radical resec-
tion. However, the serum level of galectin-3 did not have a
prognostic role in NSCLC, and a significant correlation was
not observed between expression of galectin-3 in tumor cells
and serum.

Reports have indicated that galectin-3 is overexpressed in
several types of tumor including pancreatic and tongue can-
cers, and is correlated with tumor aggressiveness and a poor
prognosis [20, 21]. Conversely, in breast, and clear cell renal
cancers, the loss of galectin-3 expression has been reported
to be associated with reduced overall survival [22, 23].

In NSCLC, the prognostic importance of galectin-3
expression is controversial [14, 24-26]. In one study
of NSCLC, Kosacka et al. [24] reported that galectin-3
expression was not associated with poor overall survival.
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Fig. 1 Galectin-3 expression in human NSCLC tissues. Galectin-3
positivity in tumor tissues was evaluated by immunohistochemical
staining. a Staining at 400X magnification in patients with squamous
cell carcinoma. Scale bar, 100 pm. b, ¢ Curves showing relapse-
free survival for NSCLC patients with p-stage IA-IIIA (b) and
p-stage I (c). Patients with high expression of galectin-3 had signifi-

By contrast, Mathieu et al. [25] showed nuclear expression
of galectin-3 to be related to shorter relapse-free survival
compared with cytoplasmic expression of galectin-3. Those
studies included patients with distant metastases or those
treated by non-radical resection. The diversity of patients or
treatment variation might have influenced those controver-
sial outcomes. With regard to NSCLC patients who under-
went curative resection, Szoke et al. [14] suggested that
patients with high expression of galectin-3 achieved shorter
overall survival than those with low expression of galec-
tin-3 in stage II NSCLC, and Puglisi et al. [26] found that
concomitant nuclear expression of nuclear galectin-3 and
thyroid transcription factor-1 was associated independently
with shorter overall survival. However, those two reports did
not detail the prevalence of relapse-free survival.

Whether galectin-3 expression in tumor cells could serve
as a predictive biomarker for recurrence has not been clari-
fied. Therefore, in the present study, we evaluated the cor-
relation between galectin-3 expression in tumor cells and
relapse-free survival in consecutive patients with NSCLC
who underwent radical resection. Immunohistochemical

Time after surgery (months)

Time after surgery (months)

cantly shorter disease-free survival than those with low expression
(»<0.001, p=0.001, log-rank test). d Curves showing overall sur-
vival for patients with NSCLC. There was no significant difference in
overall survival for patients with high expression of galectin-3 com-
pared those with low expression of galectin-3 (p=0.213, log-rank
test)

analysis showed that high expression of galectin-3 in tumor
cells was correlated significantly with lymphatic invasion
and tumor recurrence after radical resection. Furthermore,
NSCLC patients with a high level of galectin-3 had signifi-
cantly shorter relapse-free survival than those with a low
level of galectin-3. In patients with tumor reappearance,
galectin-3 expression was related significantly to distant
recurrence. These findings suggested that galectin-3 expres-
sion in tumor cells might be involved in the progression and
post-operative tumor recurrence in NSCLC patients.

Unlike results for relapse-free survival, for overall sur-
vival, Kaplan—Meier curves did not show a significant differ-
ence for galectin-3 expression. This observation might have
been because: (i) only five patients died during follow-up;
(ii) most patients who had disease recurrence received anti-
cancer treatments.

The mechanism by which galectin-3 affects tumor pro-
gression and the prognosis is not known, but several mecha-
nisms have been postulated. Some studies have shown that
galectin-3 secreted from tumors binds to the receptors on
the surface of tumor cells, such as integrins and receptor
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Table 2 Correlation between galectin-3 expression and clinicopatho-
logical characteristics

Table 3 Relationship between galectin-3 expression and sites of
tumor recurrence

Patient characteristics (n=42) n (%) High expression p value® Recurrence (n=10) n High expression of p value®
of galectin-3 (%) galectin-3 (%)
Total 42 14 (33.3) Local recurrence 1 0(0.0) 0.046
Age Distant recurrence 9 8 (88.9)
<70 20 (47.6) 8 (40.0) 0414 . . . ,
70 22 (52.4) 6(27.3) 'p value was calculated using the Fisher’s exact test
Sex
Male 31(73.8) 11(35.3) 0.723 o ) )
Female 11262) 327.3) Table 4 Univariate analysis of risk factors for tumor recurrence
Smoking status Variables p value?
Never 13 (31.0) 4(30.8) 0.813 Age 0641
Current/former 29 (69.0) 10 (34.5) <70 vs>70
Tumor size, mm Sex 0.245
<25 17 (40.5) 5(29.4) 0.747 Male vs female
>
225 25(59.5) 936.0) Smoking status 0.134
Pathological stage Never vs Current/former
IA/IB 33(78.5) 9(27.3) 0.764 Tumor size 0719
ITA/IIIA 9(21.5) 5(55.6) <25 vs>25
Lymph node metastasis Pathological stage 0.164
NO 34 (81.0) 10(29.4) 0.406 LA/IB vs TTA/IITA
HNI/TZ. | 8(19.0) 4(50.0) Lymph node metastasis 0.369
istological type
NO vs N1/N2
/s%denocarcm(;i‘na ) ?; (gz:'(z)) : (izg) 0.218 Histological type 0.451
Oq}ljamous cell carcihoma ) : X 0) 0 (00' ) Adenocarcinoma vs squamous cell carcinoma/other
i t Tr cal erad “8) 0.0 Histological grade 0.013
istological grade
G1 vs G2/G3/G4
g;/G3/G4 Z (:4513) 4110(241131; 0.275 Pleural invasion 0.504
Ploural invasion (54.7) @35 plO vs pl1/pl2/pl3
eura asio Lymphatic invasion 0.003
plo 31(73.8) 10(32.3) 0.966 Ly0 vs Lyl
Lp 11/1;1 2/'p l? ) 11(14.3) 4(33.3) Microblood vessel invasion 0.01
ymphatic invasion
VOvs V1
II:y(l) ;é 2232 ?2(9(610) 0 0.049 Galectin-3 expression 0.001
High vs low
Microblood vessel invasion g
VO 13 (31.0) 2(15.4) 0.159 p values were calculated using the Fisher’s exact test
V1 29 (69.0) 12 (41.4)
Tumor recurrence . . .
No 32(762) 6(18.8) 0.001 an independent prognostic factor in colorectal and pancrea-
Yes 10(23.8) 8 (80.0) tobiliary cancer [30, 31]. Iurisci and colleagues addressed

p values were calculated using the Fisher’s exact test

tyrosine kinases [11]. This linking prevents endocytosis of
the receptors, promoting signal transduction and tumor pro-
gression [11]. In patients with bladder cancer, pancreatic
carcinoma, or hepatocellular carcinoma, the circulating con-
centration of galectin-3 has been reported to be much higher
than that in healthy individuals [27-29]. Also, a higher cir-
culating concentration of galectin-3 has been shown to be
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the observation that the serum level of galectin-3 in patients
with lung cancer was higher than those in normal controls
[19]. However, the prognostic value of the serum level of
galectin-3 in NSCLC patients has not been clarified.

From the findings in other types of cancers mentioned
above, it was expected that the circulating level of galec-
tin-3, as well as galectin-3 expression in tissue, would be a
predictive marker for NSCLC recurrence. We used ELISAs
to measure the serum concentration of galectin-3 in patients
with NSCLC. However, our data showed: (i) no significant
correlation between the serum level of galectin-3 and tumor
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Fig.2 Serum levels of galectin-3 before surgery and 1 month after
surgery. No significant difference was seen between the two groups.
N.S., not significant; pre-ope, pre-operative; 1M, 1 month after sur-

gery

recurrence or clinicopathological features in NSCLC; (ii) no
association between the tissue expression and serum level
of galectin-3.

Galectin-3 has intracellular and extracellular functions
[10-13]. Galectin-3 has been reported to be secreted by
tumor cells as well as normal epithelial cells, fibroblasts, and
macrophages [10, 17, 18]. In HeLa cells and hepatocellular
carcinoma cells, extracellular galectin-3 has been shown
to influence cell motility via an autocrine process [32, 33].
Those studies reported a high level of galectin-3 (15-25 pg/
ml) [32, 33]. However, Kuo et al. [16] showed that galectin-3
was not detected in the conditioned medium of NSCLC cell
lines that express high galectin-3 in the cytoplasm, and also
indicated that the effect of galectin-3 in NSCLC cells might
be mainly through intracellular (not extracellular) function.
Therefore, in the present study, the serum level of galectin-3
in NSCLC patients might represent galectin-3 secreted from
normal (not tumor) cells. Importantly, the galectin-3 concen-
tration did not change before and after surgery and, in fact,
the median level of galectin-3 in serum was <20 ng/ml in
NSCLC patients. Based on our results for the serum level
of galectin-3, although a high level of extracellular galec-
tin-3 could enhance tumor cell motility, the predicted level
in the tumor microenvironment of NSCLC patients could be
much lower than that in vitro reported previously. In NSCLC
patients, the serum level of galectin-3, as an extracellular
function, did not seem to influence the progression or recur-
rence of tumor cells.

Our study had three main limitations. First, our study
cohort was small and contained patients with early and

Table 5 Correlation between serum level of galectin-3 and clinico-
pathological characteristics

Patient characteristics n (%) Galectin-3 (ng/ml)® p value®

(n=42)

Age
<70 17 (40.5) 15.35+4.31 0.134
>70 25 (59.5) 17.30+5.61

Sex
Male 31(73.8) 16.45+5.24 0.943
Female 11 (26.2) 16.33+4.98

Smoking status
Never 13 (31.0) 15.90+5.33 0.586
Current/former 29 (69.0) 16.28+4.85

Tumor size, mm
<25 17 (40.5) 17.51+5.02 0.063
>25 25(59.5) 15.23+4.98

Pathological stage
1A, IB 33 (78.5) 16.65+5.00 0.382
IIA, TITA 9(21.5) 15.32+547

Lymph node metastasis
NO 34 (81.0) 16.49+5.37 0.663
N1/N2 8(19.0) 16.03+2.43

Histological type
Adenocarcinoma 27 (64.2) 16.55+5.28 0.723
Squamous cell carci- 13 (31.0) 16.05+4.82

noma, other

Histological grade
Gl 19 (45.3) 17.17+5.67 0.343
G2/G3/G4 23 (54.7) 15.70+4.53

Pleural invasion
plo 31(73.8) 17.16+5.43 0.148
pll/pl2/pl13 11 (14.3) 14.13+3.24

Lymphatic invasion
LyO 22 (52.4) 16.85+4.99 0.427
Lyl 20 (47.6) 15.62+5.19

Microblood vessel invasion
\% 13 (31.0) 17.74+5.32 0.201
V1 29 (69.0) 15.74+4.84

Galectin-3 expression on tumor cells
Low expression 28 (66.7) 15.78 +4.37 0.513
High expression 14 (33.3) 18.21+6.44

Tumor recurrence
No 32(76.2) 17.10+6.02 0.498
Yes 10 (23.8) 16.15+4.79

*Results are expressed as the mean + SD of three independent experi-
ments

®p values were calculated using the Mann—Whitney U test

locally advanced NSCLC, which limited our ability to per-
form multivariate analysis and predict tumor recurrence in
patients with NSCLC. Therefore, extended immunohisto-
chemical analyses in a much larger population of NSCLC
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patients should be performed to confirm the prognostic
significance of galectin-3 in NSCLC recurrence. Second,
the immunohistochemical analysis was done by research-
ers under the guidance of one pathologist. Third, we did
not measure the serum level of galectin-3 from a control
group of healthy individuals. Therefore, we could not evalu-
ate the difference in the serum level of galectin-3 between
NSCLC patients and healthy controls. One strength of our
study was that patients were treated by radical surgery at the
same institution and were followed up at regular intervals
after surgery.

In conclusion, this is the first report to address the predic-
tive importance of galectin-3 expression in the tissue and
serum of NSCLC patients who underwent radical resec-
tion. In human NSCLC, galectin-3 expression in tumor cells
could be a biomarker for predicting tumor recurrence after
radical resection, but the serum level of galectin-3 is not
helpful to predict tumor recurrence.
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