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Abstract
Background: Galectin-3 (GAL3), a protein encoded by the LGALS3 gene, plays
diverse roles in cancer initiation, progression, and drug resistance. Accordingly, high
GAL3 expression in tumor cells is associated with poor prognosis in non-small cell
lung cancer (NSCLC). However, the prognostic impact of GAL3 expression on
patients with resected NSCLC receiving platinum-based adjuvant chemotherapy
(AC) remains unclear.
This study aimed to determine the prognostic significance of GAL3 expression in
NSCLC patients receiving platinum-based AC.
Methods: The study included 111 patients with completely resected stages II and IIIA
NSCLC who were receiving platinum-based AC. GAL3 expression in cancer cells was
evaluated immunohistochemically according to H-score (“histo score), with a score of
≥170 considered as high expression. The correlation of GAL3 expression with clinico-
pathological characteristics and survival was subsequently evaluated.
Results: In survival analysis, GAL3 expression was significantly associated with
recurrence-free survival (RFS) and overall survival (OS). In multivariate analysis,
GAL3 expression was an independent predictive factor of RFS rather than OS.
Conclusions: GAL3 expression is a reliable biomarker to predict the prognosis of
completely resected NSCLC patients receiving platinum-based AC.
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INTRODUCTION

Primary lung cancer is the leading cause of cancer-related
mortality worldwide.1 Although surgical resection is the opti-
mal treatment modality for early-stage non-small cell lung
cancer (NSCLC), the five-year survival rates for resectable
NSCLC remain unsatisfactory, ranging from 19% for stage
IIIA to 63% for stage IA.2 Adjuvant platinum-based chemo-
therapy (AC) improves the survival of patients with
completely resected stages II and IIIA NSCLC. However, its
effect is still limited, yielding additional improvement of only

4%–15% in five-year overall survival (OS).3, 4 Thus, a further
understanding of the tumorigenesis and biology of lung cancer
might be useful to detect novel prognostic markers or thera-
peutic targets in NSCLC for improving survival outcomes.

Galectins are carbohydrate-binding proteins characterized
by their binding affinity for β-galactoside and by conserved
sequences in the carbohydrate-binding site.5 They can be
classified as prototype, chimera, and tandem.6, 7 Human
galectin-3 (GAL3), which is encoded by LGALS3, is the only
chimera galectin expressed ubiquitously in healthy adult tis-
sues and various tumor types.7–9 GAL3 is localized mainly in
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the cytoplasm and nucleus; however, it is equally expressed
on the cell surface and secreted via a nonclassical pathway.7–9

GAL3 promotes tumor aggressiveness, including increased
proliferation, antiapoptotic traits, angiogenesis, tumor cell
motility, and metastatic activity.8–11 GAL3 is responsible for
various biological processes in several cancer types.

In NSCLC, high GAL3 expression in tumor cells is asso-
ciated with tumor progression and poor prognosis.12–14 In
addition, GAL3 induces chemoresistance by regulating apo-
ptotic activity through phosphorylation and translocation of
GAL3, regulation of mitochondrial membrane potential,
and regulation of cell survival and caspase pathways.15 Fur-
ther, we previously reported that serum anti-GAL3 autoanti-
body levels effectively predicted the efficacy of platinum-
based chemotherapy for advanced NSCLC.16 However, no
study has investigated the efficacy of GAL3 as a predictor of
AC efficacy in patients with resected NSCLC. Therefore, this
study aimed to analyze the association of GAL3 expression
with the clinicopathological characteristics and prognosis of
patients with surgically resected stages II and IIIA NSCLC
and administered adjuvant chemotherapy. To achieve this,
we immunohistochemically evaluated GAL3 expression in
tumor tissues and conducted a survival analysis.

METHODS

Ethics statements

The study was approved by the Ethics Committee of the
Kitasato University School of Medicine (B17-332) and con-
ducted according to the tenets of the Declaration of Helsinki
and its later amendments. All patients were approached
based on the approved ethical guidelines, agreed to partici-
pate, and could refuse entry and discontinue participation at
any time. All participants provided written consent.

Patient selection and specimens

We retrospectively evaluated 111 patients with completely
resected stages II and IIIA NSCLC who were administered
AC between January 2003 and December 2014 at the
Kitasato University Hospital. Patients who received preoper-
ative chemotherapy and/or radiotherapy were excluded. The
histological diagnosis was based on the 2015 World Health
Organization Classification of Lung and Pleural Tumors
criteria.17 The pathological stage was determined according
to the 8th edition of the TNM classification.18 We retrospec-
tively reviewed the clinicopathological characteristics,
including age at surgical resection, sex, tumor differentia-
tion, histological type, pathological TNM (p-TNM) and
stage, smoking habits, nodal status, intratumoral vascular
invasion, intratumoral lymphatic invasion, pleural invasion,
adjuvant chemotherapy administration, recurrence-free sur-
vival (RFS), and OS. RFS was calculated as the interval
between surgery and recurrence or death from the disease.

OS was defined as the duration from the date of surgery to
the date of death or the end of the follow-up. Patients who
died of other causes or were lost to follow-up were censored.

Evaluation of immunohistochemical stain

We sliced 10% formalin-fixed and paraffin-embedded tissues
and cell lines into 3 μm thick sections and stained them with
hematoxylin and eosin. To evaluate GAL3 expression, these
sections were additionally immunostained using the Bond-
MAX Automated Immunohistochemistry system and Bond
Polymer Refine Detection Kit (DC 9800; Leica Biosystems)
based on our previous study with minor modifications.19

First, the sections were deparaffinized and pretreated with
Bond Epitope Retrieval Solution 2 (Leica Biosystems) at
100�C for 20 min. After washing, peroxidase blocking was
performed for 10 min. The tissues were subsequently washed
again and incubated with prediluted anti-GAL3 monoclonal
antibody (clone 9C4, Leica Biosystems) for 30 min. The sec-
tions were then incubated with Bond Polymer (Leica Bio-
systems) for 10 min, developed with DAB chromogen for
10 min, and finally counterstained with hematoxylin for
5 min. Negative controls were reacted with the Bond primary
antibody diluent replacing the first antibody.

GAL3 cytoplasmic expression on tumor cells was evaluated
and scored using the following scale: 0, no staining; 1, weak
staining; 2, moderate staining; and 3, strong staining. The per-
centage of tumor cells expressing GAL3 was calculated and
multiplied by the staining score and added in five different
areas to obtain a semi-quantitative histological score (H-score
[“histo” score]; maximum value: 300, corresponding to 100% of
tumor cells positive for GAL3 and an overall staining score of
3).20 In a preliminary study, we assessed the discriminate value
of each cutoff point in semi-quantitative H-score regarding clin-
icopathological parameters and prognosis of the patients.

We previously studied the immunohistochemical
expression of nestin and ATP-binding cassette subfamily G
member 2 (ABCG2) as cancer stem cell (CSC) markers and
the expression of E-cadherin and vimentin as epithelial-to-
mesenchymal transition (EMT) markers in 86 patients with
completely resected stage II and IIIA NSCLC treated with
AC.21 These 86 patients are included in the 111 patients of
the present study. Thus, we investigated the correlation
between the GAL3 expression and stem cell markers or
EMT markers in the 86 patients by the kappa coefficient
analysis.22 The details of the immunostaining procedure and
their staining evaluation have been previously described.23

Two blinded investigators (S.I. and S.Y.) independently
evaluated all specimens. Discordance was reviewed and dis-
cussed until a consensus was obtained.

Statistical analysis

The data cutoff was January 2019. The relationships between
GAL3 expression and clinicopathological parameters were
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assessed using the Chi-squared test or Fisher’s exact test, as
appropriate. Cumulative survival was estimated using the
Kaplan–Meier method and compared between the high
(≥170 H-score) and low (<170 H-score) GAL3 expression
groups using the log-rank test. The five-year cumulative sur-
vival probability was estimated using the life table method
with the interval length set at one month.

A multivariate analysis of RFS and OS was conducted
using the Cox-proportional hazards model. GAL3 expres-
sion, histological type, and p-TNM stage were entered into
the multivariate model. The association of GAL3 with EMT
and stem cell markers was evaluated using kappa coefficient.
Statistical analyses were performed using SPSS version 25.0
software (SPSS) without kappa coefficient.

Kappa coefficients were estimated with EZR (Saitama
Medical Center, Jichi Medical University), which is a graphi-
cal user interface for R (The R Foundation for Statistical
Computing, version 3.0.2) based on a modified version of R
commander (version 3.5–2).22

RESULTS

Clinicopathological patient characteristics

The cohort comprised 69 men and 42 women with a median
age of 62 years (range, 39–75 years). The clinicopathological
characteristics of the patients are summarized in Table 1.
There were 72 (64.9%) smokers, and 81 (73.0%), 24 (21.6%),
three (2.7%), two (1.8%), and one (0.9%) patients had ade-
nocarcinoma (AD), squamous cell carcinoma, pleomorphic
carcinoma, large cell neuroendocrine carcinomas, and
adenosquamous carcinoma, respectively. The median
follow-up time was 61 months (5–185 months), and no
treatment-related death occurred. At the end of follow-up,
60 patients were alive, 40 had died of lung cancer, five died
of other causes, and six were lost to follow-up. Of the six
patients lost to follow-up, all were lost due to discontinuing
hospital attendance and could not be contacted.

GAL3 expression in NSCLCs

In normal lung tissues, GAL3 cytoplasmic staining was
observed in bronchial epithelial cells and in fibroblasts, lym-
phocytes, and macrophages at the tumor stroma. In
NSCLCs, GAL3 was predominantly observed in varying
degrees in the cytoplasm of tumor cells. In total, 61 patients
showed high GAL3 expression. The representative images
for GAL3 with H-score of 0, 100, and 300 are shown in
Figure 1(a)–(c), respectively. The relationships between
GAL3 expression and clinicopathological characteristics are
summarized in Table 2. High-GAL3 expression was signifi-
cantly correlated with adenocarcinoma (p < 0.001). In con-
trast, there was no significant correlation with age, sex,
smoking habits, tumor size, nodal status, vascular invasion,
lymphatic invasion, pleural invasion, AC regimen, or

number of treatment cycle. Regarding histological subtypes,
high GAL3 expression was detected in six of 11 (54.5%)
patients with acinar subtype, one lepidic (100%), four of six
micropapillary (66.7%), 37 of 51 (72.5%) papillary, five of
10 solid (50%), and none of the two invasive mucin-
ous (0%) ADs.

Similarly, no correlation was observed between the
kappa coefficient and GAL3 expression and the nestin
(κ = 0.033), ABCG2 (κ = 0.054), E-cadherin (κ = 0.188), and
vimentin (κ = 0.037) in patients with completely resected
stage II and IIIA NSCLC who were administered platinum-
based AC.

Kaplan–Meier estimate of survival in patients
with high and low GAL3 expression

All patients were included in the survival analysis. The five-
year cumulative survival probability was 71.1% in the overall
cohort. A cumulative survival probability of 50% was not

TAB L E 1 Patient characteristics (n = 111)

Characteristics n (%)

Age, years

Median age (range) 62 (39–75)

<60 42 (37.8)

≥60 69 (62.2)

Sex

Male 69 (62.2)

Female 42 (37.8)

Smoking status

Never smoker 39 (35.1)

Smoker 72 (64.9)

Histological type

AD 81 (73.0)

Non-AD 30 (27.0)

p-TNM stage

Stage II 35 (31.5)

Stage IIIA 76 (68.5)

Chemotherapeutic regimen

CBDCA based 28 (25.2)

CDDP based 83 (74.8)

Number of treatment cycle

1–2 15 (13.5)

3–4 96 (86.5)

Survival status

Alive 60 (54.1)

Lung cancer-related death 40 (36.0)

Other causes of death 5 (4.5)

Unknown 6 (5.4)

Abbreviations: AD, adenocarcinoma; CBDCA, carboplatin; CDDP, cisplatin; p-TNM,
pathological TNM eighth edition.
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reached. Compared with low GAL3 expression, high GAL3
expression was correlated with significantly poorer RFS
(p = 0.001; Figure 2(a)) and OS (p = 0.015; Figure 2(b)). The
five-year survival probability was significantly different
between the low and the high GAL3 expression groups
(80.0% vs. 63.9%, p = 0.015).

Regarding predictors of RFS, univariate analysis indi-
cated that histological type (HR, 0.286; 95% confidence
interval (CI): 0.135–0.604; p < 0.001), p-TNM stage (HR,
2.422; 95% CI: 1.287–4.557; p = 0.006), and GAL3 expres-
sion (HR, 2.542; 95% CI: 1.468–4.399; p < 0.001) were sig-
nificant predictors (Table 3). Additionally, multivariate
analysis indicated that histological type (hazard ratio [HR],
0.392; 95% CI: 0.179–0.859; p = 0.019), p-TNM stage (HR,
2.004; 95% CI: 1.055–3.804; p = 0.034), and GAL3 expres-
sion (HR, 1.923; 95% CI: 1.083–3.413; p = 0.026) were sig-
nificant predictors (Table 3).

Histological type (HR, 0.332; 95% CI: 0.130–0.851;
p = 0.022), p-TNM stage (HR, 3.612; 95% CI: 1.411–9.242;
p = 0.007), and GAL3 expression (HR, 2.296; 95% CI:
1.156–4.562; p = 0.018) were significant predictors of poor
OS in the univariate analysis (Table 4). However, unlike
RFS, p-TNM (HR, 2.948; 95% CI: 1.136–7.652; p = 0.026)
was the only predictor of poor OS in the multivariate analy-
sis, and GAL3 was not an independent predictor of poor OS
(HR, 1.708; 95% CI: 0.831–3.513; p = 0.146; Table 4).

DISCUSSION

Members of the galectin family are reported to mediate cell
adhesion, regulate cell growth, and trigger or inhibit apopto-
sis.23 GAL3 expression has a prognostic impact in various
carcinomas. High GAL3 expression is associated with poor
prognosis in tongue, thyroid, ovarian, colorectal, hepatocel-
lular, and prostate cancers. Conversely, low GAL3 expres-
sion is associated with poor prognosis in neuroblastoma and
breast cancers. Meanwhile, the prognostic impact of GAL3
expression according to tumor localization is interesting.24,
25 Moderate expression of GAL3 has been found to be local-
ized in both the nucleus and cytoplasm in normal prostate

glands, whereas it is not usually expressed or decreased in
prostate cancer cells. GAL3 has consistently been found to
be excluded from the nucleus and only present in the cyto-
plasm in cancer cells. Van den Brule et al.24 demonstrated
that cytoplasmic expression of GAL3 in prostate cancer cells
is an independent predictor of disease progression. They
speculated that although GAL3 might be involved in anti-
tumor activities when present in the nucleus, it favors tumor
progression when expressed in the cytoplasm. Similar find-
ings have been reported for colorectal cancer26 and endome-
trial cancer.27

However, the prognostic impact of GAL3 expression
and localization in NSCLC are controversial.14, 28–30

Kosacka et al. reported that GAL3 expression was observed
only in the cytoplasm of tumor cells and that it had no cor-
relation with clinicopathological findings in their study.30 A
similar result was reported by Puglisi et al.29 They described
that the main pattern of GAL3 expression was cytoplasmic,
and GAL3 was only present in a small percentage of the
nucleus. Similarly, they described that all cases with nuclear
GAL3 also showed cytoplasmic immune reactivity. In con-
trast, Mathieu et al.28 reported that compared to cytoplasmic
expression, nuclear expression of GAL3 was associated with
a shorter RFS in their study. However, the majority of stud-
ies reported that GAL3 expression was observed in both the
cytoplasm and nucleus of tumor cells, and its expression
was evaluated as the sum without distinguishing their
localizations.31–33 The abovementioned studies included
patients with distant metastases or those treated with non-
radical resection. The heterogeneity of the patient popula-
tion or treatment might have influenced the controversial
outcomes.

Regarding NSCLC patients who underwent curative
resection, Szöke et al.14 studied the lectin-binding capacities
of the tumor cells with labeled GAL3 and suggested that
among patients with stage II NSCLC receiving AC, those
with high GAL3 expression have shorter OS than those with
low GAL3 expression. Platinum-based AC in patients with
resected NSCLC aims to eradicate micrometastasis and
improve survival. In this study, we observed that GAL3 was
mainly expressed in the cytoplasm of tumor cells, is

F I G U R E 1 GAL3 expression in
non-small cell lung cancers
(NSCLCs). Cytoplasmic expression
of GAL3 was observed in tumor cells
at various intensities, depending on
the case. The H-score of GAL3
expression in tumor cells of (a), (b),
and (c) were 0, 100, and
300, respectively. Original
magnification ×400
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associated with poorer prognosis, and is an independent
prognostic factor for RFS in stage II and IIIA NSCLC
patients with completely resected tumors receiving
AC. Although GAL3 expression was not an independent
prognostic factor for OS, it showed a tendency to prolong
the prognosis. These findings were consistent with those
reported by Szöke et al., who used lectin immunochemistry.

Regarding chemoresistance, CSCs or cancer-initiating
cells are supposedly the causative factors of disease relapse.

Although traditional chemotherapy can kill most cancer
cells, it fails to target CSCs.34 GAL3 expression is associated
with EMT or CSC status.35 In oral tongue squamous cell
carcinoma, GAL3 overexpression significantly increased cell
proliferation, migration, and invasion capabilities and
induced EMT phenotypes. In contrast, knockdown of
galectin-3 using siRNA inhibited their cell proliferation,
migration, and invasion capabilities and reduced EMT phe-
notypes. In our study, there was no association between

T A B L E 2 Association between GAL3 expression and clinicopathological parameters

Clinicopathological parameters

GAL3 expression

Total p-valueHigh (n = 61) Low (n = 50)

Age, years 0.226

<60 20 (47.6) 22 (52.4) 42

≥60 41 (59.4) 28 (40.6) 69

Sex 0.45

Male 36 (52.2) 33 (47.8) 69

Female 25 (59.5) 17 (40.5) 42

Smoking status 0.531

Never smoker 23 (59.0) 16 (41.0) 39

Smoker 38 (52.8) 34 (47.2) 72

Histological type <0.001

AD 53 (65.4) 28 (34.6) 81

Non-AD 8 (26.7) 22 (73.3) 30

p-TNM stage 0.082

Stage II 15 (42.9) 20 (57.1) 35

Stage IIIA 46 (60.5) 30 (39.5) 76

Tumor size, cm 0.077

≤3 27 (65.8) 14 (34.2) 41

>3 34 (48.6) 36 (51.4) 70

Nodal status 0.087

N0 9 (39.1) 14 (60.9) 23

N1/N2/N3 52 (59.1) 36 (40.9) 88

Vascular invasion 0.823

No 12 (57.1) 9 (42.9) 21

Yes 49 (54.4) 41 (45.6) 90

Lymphatic invasion 0.085

No 8 (38.1) 13 (61.9) 21

Yes 53 (58.9) 37 (41.1) 90

Pleural invasion 0.147

No 21 (46.7) 24 (53.3) 45

Yes 40 (60.6) 26 (39.4) 66

Chemotherapeutic regimen 0.294

CBDCA based 13 (46.4) 15 (53.6) 28

CDDP based 48 (57.8) 35 (42.2) 83

Number of treatment cycles 0.124

1–2 11 (73.3) 4 (26.7) 15

3–4 50 (52.1) 46 (47.9) 96

Note: Data are presented as number (percentage).
Abbreviations: CBDCA, carboplatin; CDDP, cisplatin; p-TNM, pathological TNM eighth edition.
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GAL3 expression and EMT or stemness markers. Accord-
ingly, it is reasonable to say that the association between
GAL3 expression and EMT is controversial. Therefore, fur-
ther studies are warranted to determine whether there is a
significant association between them.

Several studies have indicated a strong correlation
between EMT status and the expression of immune check-
point molecules, especially PD-L1, in multiple solid cancers,
including NSCLC, breast cancer, extrahepatic
cholangiocarcinoma, head and neck squamous cell carcino-
mas, and esophageal squamous cancer.36 Kim et al. exam-
ined the expression of EMT markers and PD-L1 levels in
pulmonary adenocarcinoma patients and reported that
SNAIL and vimentin were positively correlated with PD-L1
expression.37 These findings may indicate that patients with
mesenchymal phenotypes are more likely to benefit from
PD-1/PD-L1 immunotherapy. Another study established

that PD-L1 expression is significantly elevated in patients
with mesenchymal phenotype than in those with the epithe-
lial phenotype of lung adenocarcinoma in both TCGA and
PROSPECT databases. In addition, E-cadherin expression
was determined to be strongly negatively correlated with
PD-L1 expression.38 These data indicate that EMT status
may be a cobiomarker with PD-L1 level for the prognosis of
cancer patients and a potential predictive biomarker to
guide the selection of patients who are likely to benefit from
checkpoint blockade through PD-1 inhibitors. Our study
indicates that GAL3 may act as an independent prognostic
factor for the RFS of platinum-based AC; this implies that
NSCLC patients with high GAL3 expression and mesenchy-
mal phenotype may show stronger resistance to platinum-
based chemotherapy. Thus, a clinical trial is required to vali-
date the efficacy of AC with PD-L1 inhibitors in patients
with high GAL3 expression and EMT phenotype.

F I G U R E 2 Cumulative survival of
patients with non-small cell lung cancer
(NSCLC) according to GAL3 expression, as
estimated using the Kaplan–Meier method.
Panels (a) and (b) show the recurrence-free
survival (RFS) and overall survival (OS),
respectively. High GAL3 expression was
significantly associated with a shorter
recurrence-free survival (p = 0.001) and
overall survival (p = 0.015) in patients with
resected NSCLC who received platinum-
based adjuvant chemotherapy
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This study has several limitations. First, because it was
retrospective and performed at a single institution with only
a small number of squamous NSCLC patients, the results
cannot be considered definitive. Second, the role of GAL3 in
the invasive capability of cancer cells was not clarified.

Hence, the prognostic significance of GAL3 expression
requires confirmation in larger patient populations.

In conclusion, GAL3 expression is a reliable biomarker
for the prediction of clinical outcomes in patients with
completely resected NSCLC treated with platinum-based

T A B L E 3 Univariate and multivariate analyses of the effect of GAL3 expression on recurrence-free survival (RFS)

Factors

Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value

GAL3 expression

High vs. low 2.542 1.468–4.399 <0.001 1.923 1.083–3.413 0.026

Age, years

≥60 vs. <60 1.062 0.634–1.780 0.818 Not included

Sex

Male vs. female 1.724 1.045–2.846 0.33 Not included

Smoking status

Smoker vs. never smoker 0.682 0.410–1.133 0.139 Not included

Histological type

AD vs. non-AD 0.286 0.135–0.604 < 0.001 0.392 0.179–0.859 0.019

p-TNM stage

Stage III vs. stage II 2.422 1.287–4.557 0.006 2.004 1.055–3.804 0.034

Chemotherapeutic regimen

CDDP vs. CBDCA based 0.84 0.480–1.468 0.54 Not included

Number of treatment cycles

3–4 vs. 1–2 0.934 0.444–1.965 0.858 Not included

Note: All analyses were performed using Cox proportional hazard regression.
Abbreviations: CBDCA, carboplatin; CDDP, cisplatin; 95% CI, 95% confidence interval; HR, hazard ratio.

T A B L E 4 Univariate and multivariate analyses of the effect of GAL3 expression on overall survival (OS)

Factors

Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value

GAL3 expression

High vs. low 2.296 1.156–4.562 0.018 1.708 0.831–3.513 0.146

Age, years

≥60 vs. <60 1.562 0.790–3.088 0.2 Not included

Sex

Male vs. female 1.379 0.732–2.599 0.32 Not included

Smoking status

Smoker vs. never smoker 0.784 0.411–1.495 0.46 Not included

Histological type

AD vs. non-AD 0.332 0.130–0.851 0.022 0.485 0.180–1.311 0.154

p-TNM stage

Stage III vs. stage II 3.612 1.411–9.242 0.007 2.948 1.136–7.652 0.026

Chemotherapeutic regimen

CDDP vs. CBDCA based 0.653 0.335–1.274 0.212 Not included

Number of treatment cycles

3–4 vs. 1–2 0.605 0.267–1.372 0.229 Not included

Note: All analyses were performed using Cox proportional hazard regression.
Abbreviations: AD, adenocarcinoma; CBDCA, carboplatin; CDDP, cisplatin; 95% CI, 95% confidence interval; HR, hazard ratio; non-AD, nonadenocarcinoma.
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AC. Identifying the subgroup of patients most likely to
respond to a platinum-based AC is the first step towards
precision treatment of this patient population.
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