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Abstract: Background: Galectins (LGALS) are a family of carbohydrate-binding proteins, and LGALS family members
have shown prognostic roles in various types of cancers. However, the prognostic significance of some LGALS fam-
ily members has not been studied in breast malignancy. Methods: The prognostic value of LGALS family mRNA
expression in breast cancer patients was investigated according to distinct clinicopathological features (including
lymph node, intrinsic subtype, pathological grade, HER2, and TP53 status) using the Kaplan-Meier plotter database.
Quantitative real-time polymerase chain reaction and western blotting were used to detect the mRNA and protein
expression of LGALS in breast cancer and normal breast cells. The aberrant expression of specific LGALS and its
correlation with breast cancer outcomes remains elusive. In the present analysis, we comprehensively explored an
immunohistochemistry-based map of protein expression profiles in normal tissues, cancer, and cell lines from the
widely available Human Protein Atlas (HPA) database. Immunohistochemistry was applied to evaluate the expres-
sion of LGALS between cancer and normal tissues. Results: Our results showed that overexpression of LGALS2
mRNA were correlated with satisfactory overall survival among all breast cancer patients. Furthermore, LGALS2 and
LGALS4 expression correlated with a better overall survival (0OS) in grade Il breast cancer patients; LGALS2 also
predicted a better OS in basal-like subtype patients, luminal B patients, HER2-overexpressing patients, TP53 mu-
tated and wild breast cancer patients. Notably, the mRNA and protein expression levels of LGALS2 were decreased
in cancer cells compared with normal cells (P<0.05). Furthermore, LGALS2 expression in immunostaining score
was lower in cancer tissues than in normal tissues (P<0.005). Conclusion: In conclusion, LGALS2 has potential as
a valuable biomarker for envisaging a satisfactory prognosis in patients with breast tumours, particularly those with
luminal and basal B types, all stages and grade Ill tumours.
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Introduction

Breast carcinoma is one of the most common
malignancies and is the number one reason for
cancer-related mortality in women throughout
the world [1, 2]. Although the death rate is
declining due to progress in screening, diag-
nostic and treatment modalities, the incidence
of breast carcinoma is rising, and tumour recur-
rence and metastatic relapse are the main
causes of death [3, 4]. Preventive agents and
therapies targeting the progesterone receptor,
oestrogen receptor, and human epidermal
growth factor receptor 2 (HER2) have enhanced
the medical results for numerous women with
breast tumours, but tough challenges remain in

managing cancers that do not express these
molecular targets [5]. Thus, novel biomarkers
that can be used to predict disease progression
or identify new target molecules for more effec-
tive treatment modalities of breast cancer are
being explored.

Galectins (LGALS) are a family of galactoside-
binding glycoproteins with preserved carbohy-
drate recognition domains (CRDs) of approxi-
mately 130 amino acids [6]. Currently, 15 mam-
malian LGALS have been recognized (LGALS
1-15), which are widely expressed in normal
and neoplastic cells. They have been associat-
ed with a wide range of biological processes,
such as inflammatory responses, intracellular
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signalling, tumour metastasis, cell adhesion,
and differentiation [7, 8]. Numerous previous
studies have shown that LGALS is aberrantly
expressed and closely related to metastasis
and invasion in certain types of tumours [9-12].
In addition, Thijssen et al. [13] reported that
LGALS expression was associated with typical
predictive indicators of cancers, such as clini-
cal stage, lymph node status, and cancer grade.
These family members have been well studied
as prognostic markers in different types of
cancer [14-28]. Nevertheless, the predictive
significance of some family members of LGALS
has rarely been studied in breast cancer.
Hence, the analytical and predictive relevance
of LGALS was highlighted, while opposing sta-
tistics concerning the type of LGALS and com-
parative malignancies have been published
[15, 16]. However, the prognostic and function-
al roles of LGALS in women with breast carci-
noma remain uncertain.

This study aimed to determine the prognostic
value of LGALS mRNA expression in breast
tumour patients according to distinct clinico-
pathological features (including lymph node,
intrinsic subtype, pathological grade, HER2,
and TP53 status) using Kaplan-Meier plotter
(KM plotter). Furthermore, to identify prognos-
tic biomarkers for patients with breast tumours,
dissimilar LGALS expression among breast can-
cer cell lines and normal breast cell lines was
observed. HPA using the Protein Atlas samples
contains 20 unique cancer types, 48 unique
normal human tissues, and 47 unique haema-
topoietic cell types and 12 human cell lines
from patients [16, 17]. Expression analysis of
cell lines in HPA is accomplished via pro-
grammed image examination of immunohisto-
chemical (IHC) staining, and a similar scoring
method has been used to describe the ex-
pression level. The databank hence keenly sup-
ports protein expression patterns representing
whether a particular protein might be used as a
biomarker.

Methods and materials

In the present study, the association between
individual LGALS mRNA expression and overall
survival (OS) of breast tumour patients was
investigated using the Kaplan-Meier plotter
database (www.kmplot.com.) [29]. Currently,
this database is proficient for assessing the
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prognostic role of 54,675 genes in lung carci-
noma [30], ovarian carcinoma [31], gastric car-
cinoma [32], and breast carcinoma [33]. Gene
expression data and OS data of breast tumour
patients from the Gene Expression Omnibus
(http://www.ncbi.nim.nih.gov/geo/) [29] are in-
cluded in this database. Additionally, they pro-
vide clinical data, such as intrinsic subtype,
lymph node status, HER2 status, TP53, and dif-
ferentiation grade status of breast cancer
patients.

In simpler terms, fifteen LGALS members
(LGALS1, LGALS2, LGALS3, LGALS4, LGALSS5,
LGALS6, LGALS7, LGALSS8, LGALS9, LGALS10,
LGALS11, LGALS12, LGALS13, LGALS14, and
LGALS15) were introduced into the database
(http://kmplot.com/analysis/index.php?p=ser-
vice&cancer=breast) to obtain Kaplan-Meier
survival plots. The selected breast malignancy
patients were classified into “high” and “low”
according to the LGALS mRNA level with the
auto select best cut-off value. Then, the two
groups of patients were matched with a Kaplan-
Meier survival plot and analysed by setting dif-
ferent clinicopathological parameters. In addi-
tion, 95% confidence intervals (Cls), hazard
ratios (HRs), and log-rank P values were ta-
ken from the website. A P value of <0.05 was
found to be statistically significant; further-
more, if the HR>1 and the lower limit of the
95% CI of the HR>1, this implied that LGALS
expression predicted a poor outcome of breast
cancer patients; however, if the HR<1 and the
upper limit of the 95% CI of the HR<1, this sug-
gested that LGALS expression predicted a bet-
ter outcome of breast cancer patients.

This study was subject to approval by the Ethics
Committee Board of The First Affiliated Hospital
of Shantou University, Guangdong, People’s
Republic of China, SUMC-IRB-2021.

The HPA

HPA (www.proteinatlas.org) comprises IHC-
based expression information for 20 cancer
types, each of which is represented by 12 dis-
tinct tumours [34]. The database recognizes
that tumour type-specific expression patterns
can be classified and that proteins are
expressed differently in distinct tumour types.
Using the HPA database, it was discovered that
more than half of the tumour tissue sections
used a subjective variety of protein expression.
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To identify the IHC image, successive sections
of gastric cancer and normal human tissues
were stained with two distinct antibodies: HPA
and CAB. Different protein expression patterns
were endorsed for direct comparison within tis-
sue and subcellular slices. Finally, a database
was used to examine the protein expression
results of specific LGALS genes in normal tis-
sues and breast cancer tissues.

Cell lines and cell culture

The human breast tumour cell lines T47D, MDA-
MB-231, and MCF-7 and the human normal
breast epithelial cell line MCF10A were obtain-
ed from Fuheng (Shanghai, China). All cell lines
were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) (Biosharp, China) supplement-
ed with 10% foetal bovine serum (FBS) (Bio-
sharp, China) and 1% antibiotics (penicillin-
streptomycin). All cells were incubated at 37°C
in a humidified atmosphere comprising 5%
CO,. Furthermore, the cells were cultured to a
confluence of 80% and passaged by using 1x
trypsin with 0.2% ethylenediaminetetraacetic
acid (EDTA).

RNA extraction and quantitative real-time PCR
(QRT-PCR)

Total RNA was obtained using TRIzol reagent
(Biosharp, China) as directed by the manufac-
turer, and cDNAs were created using reverse
transcription. The subsequent reaction condi-
tions were 94.0°C for 30 seconds for gRT-
PCR, followed by 39 cycles of 94.0°C for 5
seconds and 60.0°C for 30 seconds with the
PCR Kit (Biosharp, China). For gene quantifica-
tion, the internal control of GAPDH was set.
With gRT-PCR analysis, the number of technical
and biological duplicates for each gene was at
least three. The primers that were utilized in
this study are listed below.

Human LGALS2: Forward: 5-ATGACGGGGGAA-
CTTGAGGT-3’, Reverse: 5-CAGGTTCAGCTTGT-
CTGTCC-3". Human GAPDH: Forward: 5-AAG-
AAGGTGGTGAAGCAGG-3’, Reverse: 5'-GTCAAA-
GGTGGAGGAGTGG-3'.

Western blot analysis

The cells were isolated and lysed in lysis buffer
and the protein concentration was measured
with the bicinchoninic acid (BCA) technique.
Protein samples (30 pg) were subjected to sodi-
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um dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and then transferred to
PVDF membranes (Millipore). The membranes
were incubated with primary antibodies ag-
ainst LGALS2 (1:4000, mouse anti-human, B
Boster, China) using a 5% skim milk blocking
agent, and anti-GAPDH (1:2000, mouse anti-
human, Abbkine, China) at 4°C overnight. At
room temperature, the membranes were incu-
bated for 2 hours with a conjugated secondary
antibody before being imaged with chemilumi-
nescence reagent using gel imaging equip-
ment. The amounts of protein were determined
using the NIH ImageJ program and densitome-
try analysis (Rockville, MD, USA). The experi-
ments were carried out three times.

Immunohistochemistry

We constructed 5 breast cancer tissue speci-
mens obtained from staging surgery or cytore-
ductive surgery performed for patients with
breast cancer and 5 normal breast tissue sam-
ples from patients receiving surgery for other
gynaecological diseases after receiving appro-
priate approval from the ethics committee at
The First Affiliated Hospital of Shantou Univer-
sity Medical College. Non-pregnant, non-
breastfeeding women over the age of 18 are
included in the study. Immunohistochemistry
was done on tissue slices (4 m) from 10 for-
malin-fixed, paraffin-embedded breast tumor
tissues and 5 pathologically verified normal
breast tissues. The slides were dehydrated in
xylene and graded ethanol and then treated
with 0.3 percent hydrogen peroxide before
being blocked with 10% normal goat serum.
The sections were then incubated at 4°C
overnight with primary antibodies antiLGALS2
(1:20, mouse antihuman, Santa Cruze). The
sections were then treated with a secondary
antibody before being stained with 3’3-diami-
nobenzidine tetrahydrochloride (DAB) (1:50
dilution, GIBCO) and counterstained with
hematoxylin. For each experiment, positive and
negative controls were established.

Two authors blindly viewed and rated the stain-
ing strength based on the positive cell percent-
age and positive cell staining density. The pro-
portion of positively stained cells was scored
as follows: O for no stained cells, 1 for 1%-25%
stained cells, 2 for 26%-50% stained cells, 3
for 51%-75% stained cells, and 4 for 76%-
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Figure 1. The prognostic HRs of individual LGALS members in all breast
cancers in www.kmplot.com. Only 9 members (LGALS1, LGALS2, LGALS3,
LGALS4, LGALSS8, LGALS10, LGALS12, LGALS13, and LGALS14) were found
on www.kmplot.com. Overexpression of LGALS2 mRNA was correlated with
satisfactory overall survival in all breast cancer patients HR: Hazard ratio; Cl:

confidence intervals.

100% stained cells. The density of positive cell
staining was scored as O (no staining), 1 (light
yellow staining), 2 (yellow staining), and 3
(brown staining). Finally, by multiplying the pro-
portion of positively stained cells by the stain-
ing intensity, the immunoreactivity score (IRS)
was calculated (score ranged from O to 12).
The final score was calculated using the aver-
age of the two referees’ values.

Statistical analyses

For statistical analysis, SPSS 17.0 (SPSS,
Chicago, USA) software was used. The mean
and standard deviation (SD) are presented, and
Student’s t-test was performed to test the sig-
nificance between groups. The Kaplan-Meier
method was used to plot survival curves, and
the log-rank test was used to associate them.
The log-rank P, confidence intervals (95% CI),
and hazard ratios (HRs) were analysed.
Statistical significance was measured by a P
value of <0.05.

Results

The prognostic values of LGALS members in
all breast carcinoma patients

There are fifteen members in the LGALS family;

however, only 9 members (LGALS1, LGALS2,
LGALS3, LGALS4, LGALSS8, LGALS10, LGALS12,
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LGALS13, and LGALS14) were
found in www.kmplot.com. We

1.32 (1.09-1.60) .
show the prognostic values
0.74 (0.61-0.89 .
¢ ) of the mRNA expression of
1.12 (0.93-1.35)

these 9 LGALS family mem-
bers in Figure 1. High mRNA
expression of LGALS2 was
suggestively correlated with
favourable OS in all breast
0.96 (0.79-1.15) tumour patients (HR=0.74
(0.61-0.89), P=0.0018), wh-
ereas LGALS1 was correlated
with a poor OS in all breast
tumour patients HR=1.32
(1.09-1.6), P=0.004. However,
high  mRNA expression of
LGALS3, LGALS4, LGALSS,
LGALS10, LGALS12, LGALS13
and LGALS14 showed no cor-
relation with OS in all bre-
ast cancer patients, HR=1.12
(0.93-1.35), P=0.23; HR=0.87
(0.72-1.05), P=0.15; HR=0.91 (0.75-1.09),
P=0.3; HR=1.04 (0.86-1.25), P=0.72; HR=1.01
(0.77-1.32), P=0.95; HR=0.96 (0.79-1.15),
P=0.65; HR=0.93 (0.77-1.12), P=0.43 (Figure
2A-I).

0.87 (0.72-1.05)
0.91(0.75-1.00)
1.04 (0.86-1.25)
1.01(0.77-1.32)

0.83(0.77-1.12)

0.97 (0.91-1.04)

The prognostic values of LGALS members in
different breast tumour subtypes

Then, the prognostic values of LGALS family
members were assessed in different types of
breast tumours, including basal-like tumours,
different intrinsic subtypes, luminal A tumours,
luminal B tumours, and HER2-high tumours
(Table 1). In basal-like breast carcinoma,
increased expression of LGALS2 mRNA was
significantly linked with a better OS; however,
LGALS1 and LGALS13 expression were associ-
ated with poor OS. In addition, other members
of the LGALS family were not related to OS in
basal-like breast carcinoma patients.

In luminal A-type breast malignancy, high levels
of LGALS members showed no association with
0S.

In luminal B-type breast malignancy, LGALS2
MRNA expression was significantly linked with
better 0OS. However, LGALS1 and LGALS3 pre-
dicted a poor outcome in luminal B-type breast
tumour patients. The rest of the LGALS mem-
bers were not associated with OS in luminal
B-type breast tumour patients.

Am J Transl Res 2022;14(4):2301-2316



LGALS?2 a better prognosis in human breast cancer

A LGALS1 (201105_at) B LGALS2 (208450_at) C LGALS3 (208949_s_at)
. o ] o |
<1 HR=1.32(1.09-1.6) - HR =0.74 (0.61 - 0.89) - HR=1.12(0.93 - 1.35)
logrank P = 0.004 logrank P = 0.0018 logrank P =0.23
© @ |
2 Ch °
(=]
24 23 22
K kel -]
3 2 W 2
2 < R [ O <
[ oo o o
o o !
© | Expression S | Expression © | Expression
— low — low — low
o | high o high o high
o T T T T T T T © T T T T T T T o T T T T T T T
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time (months) Time (months) Time (months)
Number al risk. Number at risk Number at risk
ow 941 700 22 37 5 0 0 ow 91 669 254 6 13 2 0 ow 90 704 2 72 14 2 0
high 938 657 3n 108 15 3 0 high 938 697 299 74 [] 1 0 high 939 662 262 n 7 1 0
D LGALS4 (204272 _at) E LGALSS (210731_s_at) F LGALS10 (206207 _at)
=)
=] * = -
2 HR = 0.87 (0.72 - 1.05) - HR =0.91 (0.75 - 1.09) - HR= 1]04 (O'Ei _102_;1-’2)
logrank P = 0.15 logrank P = 0.3 ogrank P =0.
)
o 2
31 2 E
© 2 @]
z 2 23 \ £3
1 K | E 4
ol © 1 o
Q2 2 [}
o < S « = %
[ N &
& o hl )
© | Expression © | Expression © | Expression
— low — low — low
o high =] - high 2 | — high
s =+ e ) st
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time (months) Time (months) Time (months)
Number at risk Number at risk Number al risk
low 948 638 1 62 6 1 0 low 941 622 253 86 13 1 0 ow 957 677 207 78 B8 1 0
high 431 728 302 81 15 2 0 high 938 744 300 57 8 2 0 high @22 689 256 65 13 2 0
G LGALS12 (223828 s_at) H LGALS13 (220440_at) | PPL13 (220158 _at)
o
o e HR = 0.96 (0.79 - 1.15) = HR =0.93 (0.77 - 1.12)
- HR =1.01(0.77 - 1.32) - - B logrank P = 0.43
logrank P = 0.95 logrank P = 0.65 o
31 81 31
© '
28 23 237 s
5 e Lﬂ'—'\—'—'—H © ) "
d -4 i o
2 2 ©
0« S = s
[ oL o ¢ o
o o N -
© | Expression S | Expression © | Expression
— low — low — low
= high o | high o high
° T T T T < T T T T T T T o T T T T T T T
0 50 100 150 0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time (months) Time (months) Time (months)
Number at risk. Number at risk Number at risk
low 479 310 14 19 low 950 667 283 80 1 3 0 low 943 625 25 52 2 1 0
high 464 324 95 15 high 929 699 270 63 10 0 0 high 935 741 318 91 19 2 0

Figure 2. The prognostic value of LGALS member expression in breast cancer with Affymetrix IDs. The prognostic
survival curves of LGALS1 (A) 201105_at, LGALS2 (B) 208450_at, LGALS3 (C) 208949_s_at, LGALS4 (D) 204272_
at, LGALS8 (E) 210731 _s_at, LGALS10 (F) 206207 _at, LGALS12 (G) 223828_s_at, LGALS13 (H) 220440_at, and
LGALS14 (1) 220158 _at were plotted for all breast cancer patients (n=943 for LGALS12 and n=1879 for the rest of

all LGALS members).

In HER2-overexpressing breast tumour pa-
tients, high mRNA expression of LGALS2 was
correlated with a better prognosis. Never-

theless, the remaining LGALS members were

not
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linked with the prognosis
overexpressing breast carcinoma patients.

in HER2-

The prognostic value of LGALS members in
breast tumour patients with different clinico-
pathological features

In our current research, we observed that high
MRNA expression of LGALS10, LGALS12, and

Am J Transl Res 2022;14(4):2301-2316
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Table 1. Correlation of LGALS expression level with OS in different pathological grades in breast can-
cer patients

Overall Survival

LGALS Intrinsic Subtypes Log rank P CASES
HR (95% Cl)
LGALS1 all types 1.32 (1.09-1.6) 0.004 1879 201105_at
basal type 1.9 (1.29-2.82) 0.0011 404
luminal A 1.07 (0.78-1.47) 0.69 794
luminal B 1.83(1.27-2.63) 0.00093 515
HER2+ 0.61 (0.34-1.07) 0.083 166
LGALS2 all types 0.74 (0.61-0.89) 0.0018" 1879 208450_at
basal type 0.54 (0.37-0.8) 0.0019" 404
luminal A 0.84 (0.61-1.15) 0.27 794
luminal B 0.7 (0.49-1) 0.046" 515
HER2+ 0.54 (0.3-0.97) 0.035" 166
LGALS3 all types 1.12 (0.93-1.35) 0.23 1879 208949_s_at
basal type 1.33(0.91-1.94) 0.15 404
luminal A 0.76 (0.56-1.05) 0.095 794
luminal B 1.47 (1.03-2.08) 0.032 515
HER2+ 1.16 (0.66-2.05) 0.6 166
LGALS4 all types 0.87 (0.72-1.05) 0.15 1879 204272_at
basal type 1.02 (0.7-1.5) 0.9 404
luminal A 0.76 (0.55-1.04) 0.087 794
luminal B 1.02 (0.72-1.45) 0.91 515
HER2+ 1.15 (0.65-2.02) 0.64 166
LGALS8 all types 0.91 (0.75-1.09) 0.3 1879 210731 _s_at
basal type 1.37 (0.93-2.01) 0.11 404
luminal A 0.76 (0.55-1.04) 0.088 794
luminal B 1.01 (0.71-1.43) 0.97 515
HER2+ 1.18 (0.67-2.09) 0.57 166
LGALS10 all types 1.04 (0.86-1.25) 0.72 1879 206207_at
basal type 1.21 (0.82-1.76) 0.33 404
luminal A 0.9 (0.66-1.24) 0.53 794
luminal B 1.22 (0.86-1.74) 0.26 515
HER2+ 1.34 (0.75-2.36) 0.32 166
LGALS12 all types 1.01 (0.77-1.32) 0.95 943 223828_s_at
basal type 1.16 (0.73-1.84) 0.53 278
luminal A 0.99 (0.62-1.59) 0.96 377
luminal B 0.76 (0.41-1.41) 0.38 177
HER2+ 0.98 (0.5-1.95) 0.96 111
LGALS13 all types 0.96 (0.79-1.15) 0.65 1879 220440_at
basal type 1.39 (0.95-2.05) 0.088 404
luminal A 0.74 (0.54-1.02) 0.068 794
luminal B 1.05 (0.74-1.49) 0.77 515
HER2+ 1.31 (0.74-2.32) 0.35 166
LGALS14 all types 0.93 (0.77-1.12) 0.43 1879 220158 _at
basal type 1.18 (0.81-1.73) 0.39 404
luminal A 0.85 (0.62-1.16) 0.3 794
luminal B 1.03 (0.72-1.47) 0.87 515
HER2+ 0.79 (0.45-1.41) 0.43 166
“P<0.05.
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Table 2. Correlation of LGALS expression level with

0S in different clinical stages in breast cancer
patients

Overall Survival

LGALS Grades Log rank P Cases
HR (95% ClI)
LGALS1 | 1.22 (0.49-3.07) 0.67 175
Il 1.11 (0.74-1.66) 0.62 443
1 1.2 (0.89-1.63) 0.23 586
LGALS2 | 0.78 (0.32-1.89) 0.58 175
Il 0.9 (0.6-1.34) 0.6 443
I 0.63(0.46-0.85) 0.0027° 586
LGALS3 | 0.36(0.13-0.98) 0.037" 175
Il 1.13 (0.76-1.68) 0.55 443
1] 1.27 (0.94-1.72) 0.12 586
LGALS4 | 0.69 (0.28-1.68) 0.41 175
Il 1.27 (0.85-1.9) 0.25 443
1 0.72(0.53-0.97) 0.029" 586
LGALSS8 | 1.44 (0.59-3.55) 0.42 175
I 0.98 (0.65-1.46) 0.91 443
I 1.14 (0.84-1.53) 0.41 586
LGALS10 | 1.36 (0.56-3.3) 0.5 175
[ 1.2 (0.8-1.78) 0.38 443
1] 1.23 (0.91-1.67) 0.17 586
LGALS12 | 4.64 (0.36-60.4) 0.21 26
Il 1.51 (0.48-4.77) 0.48 64
1 1.09 (0.66-1.82) 0.73 204
LGALS13 | 0.76 (0.29-1.95) 0.56 175
I 1.07 (0.72-1.6) 0.74 443
I 0.93 (0.69-1.25) 0.64 586
LGALS14 | 0.65 (0.25-1.67) 0.36 175
Il 0.93(0.62-1.4) 0.75 443
1] 0.9 (0.67-1.22) 0.5 586
“P<0.05.

LGALS14 exhibited no association with the
prognosis of all breast tumour patients, basal-
like breast tumour patients, luminal A and B
type breast carcinoma patients, and HER2-
overexpression breast tumour patients. Hence,
we further assessed the correlation of the
LGALS members with other clinicopathological
features, such as pathological grade (Table 2),
HER2 status (Table 3), lymph node status
(Table 4), and TP53 status (Table 5), of breast
tumour patients. As mentioned in Table 2, we
discovered that high mRNA expression of
LGALS2 and LGALS4 was correlated with a
better prognosis in grade Il breast tumour
patients. Furthermore, LGALS3 was associated
with a favourable prognosis in grade | breast
tumour patients. However, overexpression of
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LGALS1, LGALS8, LGALS10, LGALS12,
LGALS13, and LGALS14 mRNA showed no
correlation with all pathological grades of
breast tumours.

Next, we evaluated the prognostic signifi-
cance among the nine LGALS mRNA expres-
sion levels and HER2 status in breast tu-
mour patients (Table 3). Our results indicat-
ed that high mRNA expression of LGALS2
(HER-2 positive) and LGALS8 (HER-2 nega-
tive) was related to a longer survival of HER2-
negative breast tumour patients. However,
LGALS3 in HER2-positive breast tumour
patients and LGALS1 in HER2-negative
breast tumour patients predicted poor sur-
vival rates. The P values of LGALS2 (HER2-
positive and negative) and LGALS8 (HER2-
negative) were less than 0.05 and the HR<1;
however, the upper limit of the 95% CI of the
HR>1, implying that these correlations were
not statistically significant. Thus, high mRNA
expression of LGALS4, LGALS10, LGALS12,
LGALS13, and LGALS14 showed no associa-
tion with outcomes in HER2 positive breast
tumour patients.

Additionally, from Table 4, we observed that
high mRNA expression of LGALS2, LGALSS,
and LGALS14 presented favourable survival
in lymph node-negative breast tumour
patients. In addition, a high level of LGALS1
was associated with lymph node-negative
breast tumour patients. However, LGALS3,
LGALS4, LGALS12, LGALS13, and LGALS14
had no correlation with outcomes for lymph
node-negative and positive breast tumour
patients.

Finally, we examined the connection among the
nine LGALS members and the prognosis
according to TP53 status in breast tumours
(Table 5). Elevated LGALS2 mRNA expression
was associated with satisfactory OS in TP53
wild-type breast cancer patients. However,
LGALS1, LGALS3, LGALS4, LGALSS, LGALS10,
LGALS12, LGALS13, and LGALS14 showed no
association with OS in either TP53-mutated or
wild-type breast tumour patients.

HPA

From the HPA database, fifteen LGALS gene
members in normal breast tissues and breast
cancer tissues were chosen. We went through
all of the accessible immunohistochemistry
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breast cancer patients with different HER2 statuses

Overall Survival

LGALS HER2 status Logrank P Cases
HR (95% ClI)
LGALS1 Positive 1.11 (0.77-1.59) 0.59 420
Negative 1.41 (1.12-1.76) 0.0028 1459
LGALS2 Positive 0.5 (0.34-0.73) 0.00022" 420
Negative 0.8 (0.64-1) 0.051 130
LGALS3 Positive 1.5 (1.04-2.16) 0.028 420
Negative 0.97 (0.78-1.21) 0.8 1459
LGALS4 Positive 1.1 (0.77-1.58) 0.61 420
Negative 0.85 (0.68-1.05) 0.14 1459
LGALS8 Positive 1.1 (0.76-1.58) 0.61 420
Negative 0.76 (0.61-0.95) 0.014~ 1459
LGALS10 Positive 0.9 (0.63-1.29) 0.57 420
Negative 0.98 (0.79-1.23) 0.89 1459
LGALS12 Positive 1.04 (0.63-1.71) 0.89 223
Negative 1.01 (0.74-1.39) 0.93 720
LGALS13 Positive 1.02 (0.71-1.47) 0.9 420
Negative 0.94 (0.76-1.18) 0.61 1459
LGALS14 Positive 1.16 (0.81-1.67) 0.41 420
Negative 0.86 (0.69-1.08) 0.19 1459
“P<0.05.

Table 4. Correlation of LGALS expression level with OS in
breast cancer patients with different lymph node status

Overall Survival

LGALS Lymph node status Log rank P Cases
HR (95% Cl)
LGALS1 Positive 0.97 (0.7-1.34) 0.84 452
Negative 1.55 (1.08-2.21) 0.016 726
LGALS2 Positive 0.87 (0.63-1.22) 0.43 452
Negative 0.69(0.49-0.98) 0.035" 726
LGALS3 Positive 0.97 (0.7-1.34) 0.84 452
Negative 0.97 (0.69-1.36) 0.84 726
LGALS4 Positive 1.05 (0.75-1.45) 0.79 452
Negative 0.76 (0.54-1.06) 0.11 726
LGALS8 Positive 1.34 (0.95-1.87) 0.09 452
Negative 0.65 (0.46-0.92) 0.014" 726
LGALS10 Positive 1.32 (0.95-1.84) 0.096 452
Negative 0.98 (0.7-1.37) 0.89 726
LGALS12 Positive 1.18 (0.73-1.91) 0.5 230
Negative 0.93 (0.42-2.05) 0.86 180
LGALS13 Positive 1.23(0.88-1.71) 0.23 452
Negative 0.99 (0.7-1.39) 0.95 726
LGALS14 Positive 1.25 (0.89-1.74) 0.19 452
Negative 0.65 (0.46-0.92) 0.015" 726
“P<0.05.
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photos for all of the proteins in
the database one by one. Al-
though image quality disparities
were found, numerous proteins
with fascinating forms were iden-
tified with differential expression
in normal breast tissue relative to
breast cancer tissue (Figure 3).
We discovered that the LGALS4
was not expressed in either nor-
mal or breast cancer tissues in
this study. Whereas, LGALS1 and
LGALS8 showed higher expres-
sion in cancer tissues compared
to the normal breast cancer tis-
sues. Nevertheless, LGALS2 ex-
pression was shown to be higher
in normal breast tissues, while
mild expression was found in the
cytoplasmic and membranous
portions of breast cancer tis-
sues, respectively. However, oth-
er LGALS were not associated
with the expression in both nor-
mal and cancer breast tissues.
Information about the LGALS2
IHC slides is provided in the Table
7.

The expression of LGALS2 mRNA
in breast cancer cells and nor-
mal breast cells and the protein
expression of LGALS2 in breast
cancer cells and normal breast
cells

As presented in Figure 4, LGALS2
MRNA expression was consider-
ably downregulated in the human
breast tumour cell lines com-
pared to the normal breast cell
lines (P<0.05). On the other hand,
the protein level of LGALS2 in
breast cancer cell lines was
decreased compared to that in
normal breast cells (*P<0.05;
**P<0.01; ***P<0.001).

The expression of LGALS2 pro-
tein between breast cancer tis-
sues and normal breast tissues

Table 6 demonstrated the clinical
features of the patients LGALS2

Am J Transl Res 2022;14(4):2301-2316
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Table 5. Correlation of AQP gene expression with OS in
breast cancer patients with TP53 mutation status

breast tumour patients or any intrinsic
subtype breast tumour patients; thus,

Overall Survival

more investigations are needed to con-

LGALS TP53 mutation HR (95% CI) Log rank P Cases firm their role in breast cancer.
LGALS1 Mutated 1.4 (0.72-2.74) 0.32 130 Among all fifteen LGALS family mem-
Wild 0.95 (0.51-1.75) 0.86 197 bers, LGALS10, LGALS12, LGALS13,
LGALS2 Mutated 0.52 (0.26-1.04)  0.059 130 and LGALS14 have been less studied.
Wild 0.48 (0.25-0.91) 0.022" 197 To our knowledge, only one study us-
LGALS3 Mutated ~ 1.21(0.62-2.35)  0.58 130 ing quantitative proteomics methods
Wild 1.19 (0.64-2.21) 0.57 197 showed that the LGALS10 protein
LGALS4  Mutated ~ 146(0.71-3.03) 03 130  ©xpression level was progressively
Wild 0.86 (0.47-1.6)  0.64 197 Upregglate? in tlhe mtuTiStage Carg‘;}'
genesis of colorectal cancer .
LGALS8 Mutf’:\ted 1.55 (0.76-3.15) 0.23 130 Laderach et al. [35] found that
Wild 0.93(0.51.72) 081 197 LGALS12 expression was downregu-
LGALS10 Mutated 1.63 (0.82-3.24) 0.16 130 lated in malignant prostate tissue
Wild 1.68(0.9-3.15) 0.1 197 compared with normal (benign hyper-
LGALS12 Mutated 0.65 (0.17-2.47) 0.53 56 plasia) prostate tissue. Subsequently,
Wwild N/A 6 Katzenmaier et al. [36] also demon-
LGALS13 Mutated 1.64 (0.81-3.33) 0.16 130 strated that LGALS12 mRNA expres-
Wild 1.32 (0.71-2.45) 0.38 197 sion was decreased in colorectal can-
LGALS14  Mutated  1.09(0.532.21) 0.82 130 cer tissue compared to adjacent nor-
Wild 1.14 (0.62-2.11) 0.67 197 mal tissue; therefore, they concluded
“P<0.05. that LGALS12 might play a tumour-

immunostaining was found in the cytoplasm of
positive cells (Figure 5). In breast cancer tis-
sues, the staining scores of LGALS2 were
1.32+0.58, which was lower than those in nor-
mal breast tissues (6.14+1.80) (P<0.005).

Discussion

In a recent report, we carefully explored the
prognostic importance of LGALS family mem-
bers in breast tumour patients by means of an
online KM plotter database. Our data showed
that high LGALS2 expression was related to a
prolonged survival rate in all breast tumour
patients. Although LGALS3, LGLAS4, and
LGALSS8 showed no association with the prog-
nosis of all breast tumour patients, they show-
ed a significant prognostic relationship with
other clinicopathological features (intrinsic sub-
type, pathological grade, HER2 status, and
lymph node status). LGALS1 was associated
with a poor prognosis in all breast tumour
patients and had a significant correlation with
prognosis and other clinicopathological fea-
tures. Meanwhile, we determined that LGA-
LS10, LGALS12, LGALS13, and LGALS14 mRNA
were not correlated with the prognosis of all

2309

suppressive role in colorectal cancer.

In addition, Leithy et al. [14] demon-
strated that lower LGALS12 gene expression
was significantly related to worse overall sur-
vival in acute myeloid leukaemia patients.
LGALS13, also called human placental tis-
sue protein 13 (PP-13), is highly expressed in
syncytiotrophoblasts, trophoblast cells, and
nuclei of syncytiotrophoblasts as well as in
extravillous trophoblast cells of the placenta
and it plays a vital role in the regulation of the
maternal immune system with its anti-inflam-
matory function in the placenta during preg-
nancy [37, 38]. However, to date, there have
been no studies on the prognostic roles of
these four LGALS members in solid tumours,
including breast carcinoma. In the current
study, we discovered that increased levels of
LGALS10, LGALS12, LGALS13, and LGALS14
were not associated with the prognosis of
breast tumour patients. Further investigations
of these LGALS are needed to verify these
findings.

Several studies have reported that LGALS1 and
LGALS3, the most studied members of the
LGALS family, play prognostic roles in cancer
and are linked to patient outcomes. Increased
expression of LGALS1 was related to a poor
prognosis in patients with prostate carcinoma
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nostic value of LGALS3; how-
ever, the results were incon-
sistent and dependent on the
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type of cancer. Okada et al.
[21] demonstrated that high
LGALS3 expression was sig-
nificantly related to a satisfac-
tory prognosis in gastric carci-
noma. However, high levels of
LGALS3 predicted poor out-

X400

LGALS2

Antibody:HPA 003162

s 40 comes in patients with colo-

rectal cancer [22, 23], brain
cancer [24], cervical cancer
[40], distal cholangiocarcino-
ma [25], and so on. In addi-
tion, Honjo et al. [41] reported
that blockage of LGALS3
expression in MDA-MB-435

X400

LGALS3

Antibody:HPA031184

human breast carcinoma cells
led to partial reversion of the
transformed phenotype in
vitro and to significant sup-
pression of tumour growth in
vivo, suggesting that LGALS3
plays a crucial role in breast

X400

LGALS4

Antibody:HPA 030491

cancer. Moisa et al. [26] found
that the presence of LGALS3
in the stroma, but not the
nucleus or cytoplasm in tu-
mour cells, was related to
more aggressive tumours and
predicted a poor outcome of

X400

LGALSS

Figure 3. Immunohistochemistry images of magnification x400 were ob-
tained from HPA. The selected image of LGALS member proteins detected in
the HPA database showed trends towards differential expression in normal

and breast cancer tissues.

[15], ovarian carcinoma [16], glioblastoma
multiforme [17], gingival squamous cell carci-
noma [18], nasopharyngeal carcinoma [19],
pancreatic ductal adenocarcinoma [20], etc.
Furthermore, Jung et al. [39] revealed that
LGALS1 expression was upregulated in breast
cancer tissues, and they showed that LGALS1
expression in cancer-associated stromal cells
was associated with tumour progression and
tumour invasiveness in breast carcinoma.
Numerous studies have focused on the prog-
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breast cancer. Consistent with
previous findings, we found
that high LGALS1 mRNA
expression was significantly
linked with poor survival rates
in basal-like and luminal B
subtype breast tumour pa-
tients; LGALS3 was strongly
related to poor survival rates
in luminal B subtype breast
tumour patients. Moreover,
LGALS1 expression was corre-
lated with significantly decreased survival in
patients with negative lymph node breast carci-
noma. LGALS3 mRNA expression showed a null
prognosis in grade Il and Il breast cancer
patients. Taken together, high LGALS1 and
LGALS3 mRNA expression predicted a worse
outcome in patients with breast carcinoma.

Jung et al. [42] found that low expression of
LGALS2 was markedly associated with lymph
node metastasis and advanced clinical stage in
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Table 6. Clinical types of breast cancer patients and

control patients

gests that LGALS2 may be an impor-
tant marker in predicting a better prog-

Patients with breast Patients with normal
breast cancer (N=5)

Variables cancer (N=5)

nosis for breast cancer patients. The
study of Cai et al. [27] showed

Median age (years) 45 (range 30-55) 50 (range 35-60)

Marital status, n (%)

Married 5 (100%) 5 (100%)
Unmarried 0
Histology, n (%)
Basal 5 (90%)
Luminal 0
TNM stages, n (%)
I 1 (30%)
Il 1 (30%)
I 3 (60%)

that low expression of LGALS4 was
closely associated with hepatocellular
carcinoma progression (microvascular
invasion, larger tumour size, more
advanced stage, and malignant differ-
entiation) and might serve as a prog-
nostic biomarker to classify patients
with poor clinical results. Wu et al. [28]
found that low LGALS8 expression was
related to disease-free survival and
poor overall survival in patients with
gastric carcinoma after surgical resec-

Table 7. The table shows the basic informa-
tion of the IHC
Tissue Type ID AGE Gender
Normal (LGALS1) 319 55years Female
Cancer (LGALS1) 108 91l years Female
Normal (LGALS2) 2259 23years Female
Cancer (LGALS2) 1838 40years Female
Normal (LGALS3) 2252 47 years Female
Cancer (LGALS3) 2091 40years Female

(

(

(

(

Normal (LGALS4) 2160 83 years Female
Cancer (LGALS4) 4193 43 years Female
Normal (LGALS8) 2565 bSlyears Female
Cancer (LGALSS8) 2252 47 years Female

gastric carcinoma, suggesting that loss of
LGALS2 may promote the aggressiveness of
gastric carcinoma. Reports on the role of
LGALS2 in human cancers, however, are very
few. LGALS2 expression correlated with a bet-
ter overall survival (0OS) in grade Il breast can-
cer patients; LGALS2 also predicted a better
OS in basal-like subtype patients, luminal B
patients, HER2-overexpressing patients, TP53
mutated and wild breast cancer patients. It
implies that LGALS2 possibly exerts its predic-
tive role in breast cancer. Specially, our study
further identified the downregulation of LG-
ALS2 in breast cancer cells compared with
those in normal breast cell at mRNA and pro-
tein levels, and also showed the similar
decreased expression in normal breast tissues
compared with those in breast tumor tissues.
It was speculated that LGALS2 might be a
tumor suppressor in ovarian cancer, which
needs more biological research. Overall, it sug-
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tion.

Regarding the new LGALS14 member little is
known about its function in malignancies.
Furthermore, there are almost no studies ab-
out the prognostic value of these LGALS family
members in breast carcinoma. We reported for
the first time that increased LGALS2 mRNA
expression was linked with a favourable prog-
nosis in all breast tumour patients. Addition-
ally, the database results showed that high lev-
els of LGALS3, LGALS4, LGLASS, and LGALS13
were significantly related to a favourable prog-
nosis in luminal A breast cancer patients. In
addition, high levels of LGALS2, LGALSS, and
LGALS14 expression predicted a better out-
come in lymph node-negative breast tumour
patients; LGALS1 was linked with poor survival
in lymph node-negative breast tumour patients.
Likewise, high LGALS2 and LGALS4 mRNA
expression were correlated with a better prog-
nosis in grade Il breast tumour patients.
Additionally, LGALS2 also predicted a better
prognosis in basal-like subtype patients, lumi-
nal B patients, and HER2-overexpressing
breast cancer patients. Based on our study,
high levels of LGALS2 and LGALS4 predicted
a favourable outcome in breast tumour
patients. This implies that LGALS2 may play a
vital role in breast cancer progression. Our
research found downregulation of LGALS2 at
the mRNA and protein levels in normal breast
cells relative to cancer cells, as well as lower
expression in normal breast tissues compared
to breast tumour tissues. LGALS?2 is thought to
be a tumour suppressor in breast carcinoma,
yet more biological research is needed. LGALS2
may be a crucial marker for improving out-
comes of breast tumour patients, according to
the findings.
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Figure 4. Analysis of (A) LGALS2 mRNA expression
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mal breast cells using western blot analysis and
(C) western blot bands. The human breast tumour
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were used. Data are presented as the mean *
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Figure 5. The associated protein expression of LGALS2 in human breast tissues was detected by immunohistochem-
istry (SP staining, x200). A and B. Representative images and scores of IHC for LGALS2 in human breast cancer
tissue and matched normal breast tissue. Values were expressed as the mean +/- SD. *P<0.05.

The HER2 oncogene is amplified in 25%-30% of
human breast carcinomas, and this modifica-
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tion is related to poor prognosis in human
breast carcinoma [43-47]. Several previous
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studies showed that LGALS7 expression was
upregulated in HER2-positive breast tumour
patients [48-50]. Demers et al. [48] demon-
strated that high LGALS7 expression is linked
with lymph node metastasis in HER2-positive
breast tumour patients. In the present analysis,
we discovered that high LGALS3 mRNA expres-
sion was related to a poor prognosis in HER2-
positive breast malignancy patients.

Various studies have explored the connection
between p53 protein expression and the prog-
nosis of breast tumour patients; however, the
results were conflicting. Therefore, Pharoah et
al. [51] conducted a meta-analysis to produce a
more precise estimate of the prognostic value
of p53 mutations. They confirmed that p53
mutations predicted poor overall survival and
disease-free survival in patients with breast
malignancy. However, to date, no published
study has mentioned the prognostic value of
LGALS family members in different TP53 sta-
tuses of breast tumour patients. In the present
analysis, we discovered that mRNA expression
of LGALS2 was linked with favourable OS in
both TP53 mutant and wild breast tumour
patients.

Our study was the first to look at the LGALS
family’s predictive function in patients with
breast cancer. However, there were several lim-
itations to our research that should be consid-
ered. First, we did not investigate the predictive
roles of 6 LGALS members (LGALS5, LGALSG,
LGALS7, LGALS9, LGALS11 and LGALS15) in
breast cancer since there was no data acces-
sible in the K-M plotter database among these
fifteen LGALS members, despite earlier study
into their functions. Second, the mechanism by
which LGALS2 was linked to a higher survival
result and expressed differentially in breast
cancer and normal breast cells/tissues re-
mained unknown, which would be the focus of
our future research. Finally, because no fresh
breast cancer or normal tissues were gathered,
our research only looked at the distinct mRNA
and protein expression of LGALS members in
cell lines, not tissue samples. Instead, we used
immunohistochemistry on paraffin slices of tis-
sues to detect the various expressions of
LGALS members, which will be further investi-
gated using RT-PCR and western blot to investi-
gate LGALS expression in breast cancer
patients.
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Conclusion

Our results showed that LGALS2 expression
was linked with improved outcomes in all breast
tumour patients by applying the Kaplan-
Meier database. Additionally, increased mRNA
expression of LGALS2 was associated with dis-
crete clinicopathological parameters, such as
pathological grade, TP53 status, HER2, and
lymph node status. Although LGALS3, LGALS4,
and LGLASS revealed no association with the
prognosis of all breast tumour patients, they
showed a significant prognostic relationship
with other clinicopathological features (in-
trinsic subtype, metastatic lymph node and
pathological grade). However, LGALS10, LG-
ALS12, and LGALS13 expression showed no
involvement in all breast cancer patients or
any intrinsic subtype breast cancer patients.
Taken together, the database outcomes sug-
gest that LGALS2 expression predicts a favour-
able outcome. In brief, our results indicated
that LGALS2 is associated with an improved
OS and reduced OS in breast cancer cells and
tissues, suggesting that LGALS2 might be a
promising prognostic marker for patients with
breast carcinoma, specifically in patients with
luminal carcinoma, all clinical stages and grade
Il carcinoma. Nevertheless, investigations of
the biological mechanism are necessary to
authenticate the role of LGALS2.
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