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Abstract: Management of prostate cancer, especially advanced prostate cancer, remains clinically challenging and
requires the identification of new biomarkers and therapeutic targets that can be exploited to improve patient out-
come. Galectin-3 (gal-3) is a carbohydrate-binding protein involved in cancer progression and metastasis, including
prostate tissues. Gal-3 function is regulated by proteolytic cleavage and the cleaved gal-3 is implicated in tumor pro-
gression. This study is the first to determine gal-3 expressions with two monoclonal anti-gal-3 antibodies in prostate
tissues to distinguish expression patterns between intact and cleaved gal-3 and analyze their clinical relevance. Our
results showed gal-3 cleavage occurred in prostate cancer but not normal prostate. Gal-3 presented in tumor tis-
sues was mainly the cleaved form that can be detected by the anti-gal-3 antibody targeting C terminal. The cleaved
gal-3, but not the intact gal-3, was increased in prostate cancer compared to normal prostate tissues and positively
associated with malignance, tumor progression and metastasis. In addition, the expression of cleaved gal-3 was
closely related to PSA level, indicating a PSA-mediated degradation of intact gal-3 in prostate cancer. In summary,
our findings suggested the cleaved gal-3 could be a valuable diagnostic biomarker and a therapeutic target for the
treatment of prostate cancer, especially advanced metastatic prostate cancer.
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Introduction

Prostate cancer (PCa) is one of the most com-
mon types of cancer in men worldwide and has
recently become one of the leading causes of
cancer death. Prostate cancer alone accounts
for almost 1 in 5 new diagnoses of all cancer
cases in men and approximately 26,730 deaths
in United States in 2017 [1, 2]. While early-
stage prostate cancer is well treated by surg-
ical resection or radiotherapy, advanced-stage
prostate cancer, especially metastatic prostate
cancer, has limited therapeutic options. There-
fore, there is a continuous search for better
diagnostic markers and therapeutic targets for
this disease.

Galectin-3 (gal-3) is a member of the B-gala-
ctoside-binding lectin (galectin) family, compris-
ing 250 amino acid residues [3]. Gal-3 is syn-
thesized in the cytoplasm and is then either
transported to the nucleus and other cell organ-
elles, or secreted into the extracellular space
through non-classical mechanisms [4]. Unlike
other galectins that are consisted of exclusive
carbohydrate recognition domains (CRD), gal-3
is the only chimera galectin that contains three
distinct structural domains: a short NH_-termi-
nal domain containing a phosphorylation site,
a repeated collagen a-like sequence, and a C-
terminal domain containing a single CRD com-
posed of 140 amino acids [5, 6]. The N-terminal
domain is associated with self-association of


http://www.ijcep.com

Galectin-3 and prostate cancer

gal-3 from monomer to oligomer, whereas the
CRD is responsible for gal-3’s lectin activity,
and specifically recognizes and binds to glyco-
protein oligosaccharides expressed on the cell
surface or within the extracellular matrix [4, 7].
This ability of CRD is related to gal-3’s function.
Besides, the collagen-like domain of gal-3 is
susceptible to rapid and efficient cleavage by
proteases [4].

Due to its unique molecular structure, gal-3
was reported to be a substrate for enzymatic
cleavage by MMPs, and prostate specific anti-
gen (PSA) at Gly®2-Ala33, Ala®2-Tyr®3, and Tyri®-
Gly'°® [6, 8, 9]. Gal-3 cleavage was critical
for tumor progression. In breast cancers, the
cleaved form of gal-3 modulated angiogenesis,
tumor growth and was associated with malig-
nancy in primary lesions [8, 9]. In prostate can-
cer, the cleaved gal-3 was implicated in cell
migration and bone metastasis [6, 10, 11]. Itis
likely that gal-3 cleavage was a characterized
event in bone metastatic niche of prostate
cancer. However, the precise role of cleaved
gal-3 in the prostate tissue and its implication
for clinical pathological parameters remains
obscure. In an attempt to further our under-
standing of the significance of cleaved gal-3
during cancer progression, we measured the
expression of gal-3 with two antibodies target-
ing different domains of gal-3, in prostate tis-
sue, in order to distinguish expression patterns
between intact and cleaved gal-3. One antibody
targeting C-terminal fragment of gal-3 was a
novel monoclonal antibody named anti-gal-3C,
the other one was a commercial N-terminal
monoclonal antibody named anti-gal-3N. Anti-
gal-3C recognizes the epitopes in or around the
CRD, which could detected the intact gal-3 and
the cleaved C-terminal region of gal-3, while
anti-gal-3N only recognizes the intact gal-3
[12]. Our data showed that the positive staining
with anti-gal-3C increased, whereas the posi-
tive staining with anti-gal-3N decreased, during
prostate cancer progression, suggesting gal-3
was cleaved during the cancer progression. In
addition, the cleaved gal-3 was significantly
associated with clinical parameters. This is the
first time gal-3 was detected with a monoclonal
antibody specifically targeting C-terminal frag-
ment of gal-3 in prostate cancer and correlated
with clinical parameters.
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Materials and methods
Antibodies

Customized monoclonal mouse anti-galectin-3
antibody against the C-terminal region (anti-gal-
3C) was created by Dr. Lanqging Huang (The
Skip Viragh Center for Pancreatic Cancer Re-
search and Clinical Care and the Sol Goldman
Pancreatic Cancer Center at Johns Hopkins).
Rat monoclonal antibody against galectin-3
(anti-gal-3N, also known as anti-Mac-2 in other
papers) was produced by the hybridoma clone
M3/38 (Boehringer Mannheim, Indianapolis,
Ind.).

Study patients

66 patients with prostate cancer and 73 pati-
ents with benign prostatic hyperplasia (BPH)
were recruited in the First Affiliated Hospital of
Guangxi Medical University, China, during the
period from January 2014 to December 2015.
The mean age of prostate cancer patients and
BPH patients was 71.2+8.5 years (ranged from
46 to 85 years) and 69.0+7.7 years (ranged
from 56 to 85 years) respectively. The TNM
stage classification and gleason score informa-
tion of each tissue specimen was annotated by
the clinicians in the above hospital: for histo-
logical grade, 43 patients were gleason 6-7, 23
were gleason 8-9; for pathological stage, 29
were stage I-l, 37 were stage IlI-IV. This study
was approved by the ethical committee of
Guangxi Medical University, and carried out in
accordance with The Code of Ethics of the
World Medical Association. Informed consent
was obtained from all human subjects.

Immunohistochemistry

Immunohistochemical staining was performed
with streptavidin-peroxidase (SP) two steps.
Paraffin-embedded sections on polylysine-
coated slides were used for staining. Slides
were baked at 65°C for 3 hours, and deparaf-
finage in xylene then rehydrated in a grade
alcohol series. After that, the tissue slides were
boiled in 1 mmol/L sodium citrate buffer (pH
6.0) in a pressure cooker for 15 minutes then
washed with PBS. Endogenous peroxidase ac-
tivity was blocked by 0.3% hydrogen peroxide
for 15 min at 37°C and washed with PBS, then
nonspecific binding of immunoglobulin was
minimized by blocking with normal goat serum
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SR Evaluation of immunohisto-
chemical staining

W

Ten high-power field (HPF)
(magnification, x400) of each
slide of tumor were evaluated
by two independent observers
(Jiamin Gao, first author) and
Tianyu Li (Co-first author) to
semiquantify the percentage
of gal-3 immunopositivity fol-
lowing the protocols described
previously. The staining resu-
Its were evaluated according
to the immunodetection of st-
ain intensity and area of posi-
tive cells. The degree of stain-

% - 3 ing was subdivided as follows:
s

&% .!S:

ity o
BN RN 0, No staining; 1, Focal, weak
EVCH staining; 2, Linear or cluster,

Figure 1. The expression of intact galectin-3 and cleaved galectin-3 in pros-
tate specimens as determined by immunohistochemical staining using anti-
gal-3C monoclonal antibody. Representative immunohistochemistry results
were shown. Original magnification, X100, x400. A. The human ovarian can-
cer tissue (positive control); B. Benign prostatic hyperplasia; C-F. Prostate
cancer; C. Gleason score 6 (T2NOMO, Stage Il, aged 60 years); D. Gleason
score 7 (T2NOMO, Stage I, aged 65 years); E. Gleason score 8 (T3NOMO,
Stage Ill, aged 64 years); F. Gleason score 9 (TAN1MO, Stage IV, aged 74

years).

working fluid for 20 min at 37°C. After incubat-
ing with an anti-gal-3C mouse monoclonal anti-
body (10 upg/ml) overnight at 4°C, sections
were washed 3 times in PBS to remove unbound
primary antibody, then incubated with appropri-
ate biotinylated secondary antibodies for 15
min at 37°C. Before and after incubating with
the avidin-biotin-peroxidase complex for 20
minutes at 37°C, sections were washed in PBS.
For Blank control, the primary antibody was
replaced by PBS. Visualization was performed
by using DAB (ZSBIO, ZLI-9018) chromogen for
5 min. Samples were counterstained by incu-
bating with hematoxylin (BORSTER, AROOO5)
for 1 min, then dehydrated and mounted. Visua-
lization and documentation were accomplish-
ed with a Leica Microsystems.
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strong staining; 3, Diffuse,
intense staining. The positive
cells in the observed tissue
ranged from O to 4 in percent-
age: 0, No staining; 1, <25%;
2, 26%-50%; 3, 51%-75%; 4, >
75%. The samples were cate-
gorized as positive and nega-
tive based on the sum of the
scores as follows: 0-2, nega-
tive (-); 3-4, positive (+); 5-6,
positive (++); 7, positive (+++).
The score of (-) were consid-
ered to be negative for gal-3
expression. Positive (+) was
considered as low expression,
and positive (++ or +++) was
considered as high expres-
sion. All cases were reviewed by two patholo-
gists who were blinded.

Statistical analyses

All results were presented as the mean + SD for
three or more individual experiments. The rela-
tionship between the protein expression of
gal-3 protein expression and different clinico-
pathological characteristics was analyzed using
Chi-square test (x?) and Fisher's exact test.
When the confidence interval was defined as
95% and the P values <0.05, the differences
were considered statistically significant. Stati-
stical analyses were performed with SPSS soft-
ware (version 23.0, SPSS Inc. Chicago, IL, USA).
The diagrams were drawn by using GraphPad
Prism 5.
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Figure 2. The expression of intact galectin-3 in prostate specimens as de-
termined by immunohistochemical staining using anti-gal-3N monoclonal
antibody. Representative immunohistochemistry results were shown. Origi-
nal magnification, x100, x400. A. The human ovarian cancer tissue (posi-
tive control); B. Benign prostatic hyperplasia (BPH); C-F. Prostate cancer; C.
TANOMO, Stage |, aged 71 years; D. T2NOMO, Stage Il, aged 84 years; E.
T3NOMO, Stage lIl, aged 83 years; F. TANOMO, Stage |V, aged 76 years.

Table 1. Expression of gal-3 (detected by us-
ing anti-gal-3C antibody) in different types of
prostate tissues

Anti-gal-3C staining n (%)

Prostate Case

tissue n Low ) High. P
expression  expression
PCa 66 36 (54.55) 30 (45.45) <0.001
BPH 73 65(89.04) 8(10.96)
Results

Expression of the gal-3 in human prostate tis-
sues detected by two different antibodies

To understand the cleavage of gal-3 in human
prostate cancer, we examined the prostate tis-
sues with two antibodies recognizing different
fragments of gal-3 as described in material and
methods.
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As shown in Figure 1, the ex-
pression of gal-3 stained with
anti-gal-3C antibody was pre-
dominantly localized in the
cytoplasm referred to the pos-
itive control ovarian tissue
(Figure 1A). In contrast, gal-3
stained with anti-gal-3N anti-
body was localized in both the
cytoplasm and nucleus in BPH
tissues and early stage cancer
tissues, but transferred into
cytoplasm in advanced pros-
tate cancer tissues (Figure 2
and Table 3). The expression
of gal-3 varied in different pro-
state tissues. In BPH tissues,
anti-gal-3C showed weak stai-
ning (Figure 1B) whereas anti-
gal-3N displayed intense sta-
ining (Figure 2B), indicating
that gal-3 is not cleaved in
normal prostate. In prostate
tumor tissues, gal-3 was inte-
nsely stained in cytoplasm wi-
th anti-gal-3C antibody (Figure
1C-F) and the intensity of tis-
sue staining for Gal-3 in pros-
tate cancer was significantly
higher than that in BPH tis-
sues (45.45% vs. 10.96%, P<
0.001) (Table 1). However, as
for anti-gal-3N antibody, there
was high density staining in
early stage tumor tissues, but
little gal-3 staining in advanced tumor samples
(Figure 2C-F). These results indicated that
gal-3 cleavage occurred in prostate tumor tis-
sues and mainly in advanced tumor tissues. It
is noteworthy that the gal-3 staining with anti-
gal-3C antibody was more intense in advanced
stage tissues compared to those in early stag-
es, meanwhile staining with anti-gal-3N anti-
body showed opposite results, suggesting the
cleaved form of gal-3 was increased during
tumor progression.

Relationship between the expression of the
gal-3 and clinic pathological features in pros-
tate cancer

While the intensity of gal-3 staining with anti-
gal-3C antibody was showed to increase with
prostate tumor progression, the clinical rele-
vance of gal-3 expression of remains unclear.

Int J Clin Exp Pathol 2018;11(2):839-846
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Table 2. Relationship between the expression of gal-3 (determined
by using anti-gal-3C antibody) and clinicopathological features in

prostate cancer

. Anti-gal-3C staining n (%)

percentage of gal-3 positive
staining was observed in
cases of TNM stage IlI-IV
compared to cases of TNM

Variables Cas Low High p stage |-l (56.76% vs.
expression  expression 31.03%, P=O-O37)_ (Table

Age (years) 2). _Iq contrast, gntl.-gaI-SN
<70 24 10 (41.67) 14(58.33) 0.112 staining  was significantly
570 42 26(61.90) 16 (38.10) more intense in tissues of
Free PSA (ng/ml)/Total PSA (ng/ml) TNM stage -l compared to
those of TNM llI-IV (Table 4),

>0.16 15 10 (66.67) 5(33.33) 0.283 indicating the intact gal-3
<0.16 51 26(50.98) 25(49.02) was reduced with tumor pro-
Total PSA (ng/ml) gression. All these results
<20 15 12 (80.00) 3(20.00) 0.024 suggested that the cleaved
220 51 24 (47.06) 27 (52.94) gal-3, but not the intact gal-
TNM Stage 3, was positively associated
-1 29 20(68.97) 9(31.03) 0.037 with tumor progression. Mo-
(Y 37 16(43.24) 21 (56.76) re interestingly, the positi-
Gleason Score vity rate of gal-3 in cases
67 43 34(79.07) 9(20.93) <0.001  With total PSA=20 ng/ml
8-9 23 2(8.70) 21 (91.30) was significantly higher than

Table 3. Expression of gal-3 (detected by anti-
gal-3N antibody) in benign prostatic hyperplasia
(BPH) tissues

Tissue Case Anti-gal-3N staining n (%)
n Cytoplasm and nucleus  Cytoplasm
BPH 11 11 (99.9) 0 (0)

Table 4. Relationship between gal-3 expression

(determined by anti-gal-3N antibody) and clinico-

pathological features in prostate cancer

Anti-gal-3N staining n (%)

Variables Cise Low High P
expression expression
TNM stage
I 8  6(750) 2(250) 0.013
IV 10 1(100)  9(90.0)

Thus we analyzed the relationship between the
gal-3 expression determined by the anti-gal-3C
antibody and clinical parameters.

Among the prostate cancer tissues tested,
the percentage of gal-3-positive expression in
cases with gleason score 8-9 was significantly
higher than cases with gleason score 6-7
(91.30% vs. 20.93%, P<0.001) (Table 2), sug-
gesting increased gal-3 is related to malig-
nance of prostate cancer. Likewise, a higher
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those with total PSA<20
ng/ml (52.94% vs. 20.00%,
P=0.024), indicating gal-3 cleavage might be
associated with PSA level and distant metasta-
ses. There was no association between gal-3
expression and age, the ratio of free PSA to
total PSA in prostate cancer (Table 2). Taken
together, these data suggested the cleaved
gal-3 was implicated with malignance and tu-
mor progression in prostate cancer.

Discussion

Prostate cancer is one of the leading causes of
cancer-related death among men worldwide
[1]. Metastasis is the major cause of cancer
death due to the limitation of chemotherapy.
Therefore, better diagnostic biomarkers and
therapeutic targets to diagnose or control pros-
tate cancer is badly needed.

There is growing clinical interest in the role of
gal-3 as a potential diagnostic marker and/or a
therapeutic target. To our best knowledge, the
present study is the first to evaluate gal-3
expression with a monoclonal antibody target-
ing C-terminal region in comparison with one
targeting the N-terminal, and to correlate their
expression levels to clinical parameters.

Gal-3 is a carbohydrate-binding protein, and it
has been associated with many tumor develop-
ment processes including cell growth, adhe-
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sion, proliferation, and metastasis [13, 14].
Gal-3 is known to serve as a tumor suppressor
in tumorigenesis and progression in prostate
cancer. Knockdown of gal-3 in prostate cancer
cells was related with reduced cell prolifera-
tion, cell migration and invasion, and tumor for-
mation in nude mice. Inhibition of gal-3 func-
tions with an inhibitor significantly reduced lung
metastasis of prostate cancer [15]. Due to its
unique chimera structure, gal-3 was suscepti-
ble to be cleaved by proteases, such as MMPs
and PSA [4]. The function of gal-3 is regulated,
at least in part, by proteolytic processing that
cleaves the gal-3 CRD from the N-terminal non-
lectin domain [16]. Proteolytic cleavage of
galectin-3 results in the production of a func-
tional galectin-3 CRD fragment and abolishes
the ability of intact gal-3 to crosslink its target
ligands [16, 17]. Gal-3 cleavage was reported
to be critical to the function of gal-3 and play an
important role in tumor progression [8-11, 16].

In this study, we immunochemically measured
the expression of gal-3 in prostate cancers with
two antibodies, anti-gal-3C and anti-gal-3N, to
distinguish expression patterns between intact
and cleaved gal-3. The anti-gal-3C antibody, a
novel monoclonal antibody recognizing epit-
opes in or around the CRD of gal-3, detects
both the intact and the cleaved gal-3 (C-terminal
region), while the anti-gal-3N antibody binding
to the N-terminal of gal-3, detects only the
intact gal-3. We investigated the role of gal-3
and its cleaved form during the progression of
human prostate cancer by using these two dif-
ferent anti-gal-3 antibodies. In BPH tissues,
gal-3 was not cleaved since anti-gal-3N anti-
body showed intense staining whereas the anti-
gal-3C exhibited weak staining. However, the
results were opposite in prostate tumor tis-
sues: the anti-gal-3C staining was more intense
in tumor tissues compared to BPH tissues,
while anti-gal-3N staining was weaker in tumor
tissues (especially advanced prostate tumor
tissues) compared to BPH tissues. This discrep-
ancy suggests gal-3 cleavage occurs in pros-
tate tumor tissues but not prostate tissues. Our
results obtained by using anti-gal-3N antibody
showed the gal-3 expression was significantly
higher in TNM stage I-ll tissues compared to
TNM stage IlI-IV tissues, indicating the intact
gal-3 was decreased during tumor progress-
ion. This finding was consistent with past stud-
ies [12, 18-20], which describe a decreased
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expression of gal-3 during prostate cancer pro-
gression when using a monoclonal antibody
recognizing only the intact gal-3, indicating that
loss of gal-3 expression may be associated
with the evolution of the disease. More impor-
tantly, our findings obtained with anti-gal-3C
antibody indicated that the levels of cleaved
gal-3 increased with the progression of the
prostate cancer, although the levels of intact
gal-3 decreased, which is in agreement with
Wang et al’'s results [10]. In their study, the
cleaved form of gal-3 was detected by a poly-
clonal antibody that recognized both the intact
and cleaved gal-3. What is more, as anti-gal-3N
showed very weak staining while anti-gal-3C
displayed intense staining in advanced tumor
tissues, we speculate the gal-3 detected in
advanced prostate cancer tissues is mainly the
cleaved form of gal-3, which can be detected by
our novel anti-gal-3C monoclonal antibody. Our
previous results showed that the location of
gal-3 was in the cytoplasm in advanced pros-
tate cancer, suggesting the cleaved form of
gal-3 was mostly localized in cytoplasm. Taken
together, our findings showed that gal-3 cleav-
age may occur in prostate cancer tissues but
not normal prostate tissues. Although the
intact gal-3 decreased, the cleaved gal-3
increased with prostate cancer progression.
The form of gal-3 existed in advanced tumor tis-
sue was mainly the cleaved form of gal-3, which
can be detected by a C-terminal region mono-
clonal antibody.

Gal-3 is known to be involved in the progres-
sion and metastasis of various cancers, includ-
ing prostate adenocarcinoma. An evaluation of
gal-3 expression in tissue microarrays prepared
from prostate cancer patients demonstrated
that the decrease of gal-3 staining intensity
correlated with biochemical recurrence [21].
However, the clinical significance of gal-3 still
remains elusive. In the present study, the rela-
tionship between the expression of gal-3 (dete-
cted by anti-gal-3C antibody) and the clinical
and pathological features of prostate cancer
was investigated. We found that the percent-
age of gal-3-positive expression in cases with
gleason score 8-9 was significantly higher than
cases with gleason score 6-7, indicating incre-
ased expression of gal-3 is associated with ma-
lignance of prostate cancer. Besides, a more
intense staining of anti-gal-3C in cases of TNM
stage IlI-IV was observed when compared to
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that of TNM stage I-Il, suggesting the increased
expression of gal-3 is associated with prostate
cancer progression. Approximately 90% of pa-
tients with advanced prostate cancer develop
0sseous metastases, which are difficult to era-
dicate [22]. Thus, the strong expression of gal-
3 examined by anti-gal-3C in advanced-stage
prostate cancer might be closely correlated
with tumor metastasis. These findings are con-
sistent with previous studies [11, 23-26], which
demonstrated that increased expression of
gal-3 is associated with high metastatic poten-
tial. On the basis of the results above, we could
conclude that the increased expression of gal-3
is mostly the cleaved form of gal-3 since the
intact gal-3 is down-regulated in prostate can-
cer with progressive stages. Thereby, the sig-
nificant correlation between gal-3 expression
and pathological features is mainly concerned
with the cleaved gal-3 but not the intact gal-3.
Collectively, our results suggested the cleaved
gal-3, but not the intact gal-3, promotes pros-
tate cancer progression and is implicated with
malignance, tumor progression and metastasis
of prostate cancer.

It is important to note that the expression of
gal-3 determined by anti-gal-3C antibody was
significantly higher in case with PSA>20 ng/ml
compared to cases with PSA<20 ng/ml. This
result was in accordance with the previous find-
ing that gal-3 level was positively associated
with PSA level in prostate cancer patients [27].
Recently, it was shown that gal-3 can be
cleaved by PSA after Tyrl” [16]. PSA is a well-
known prostate cancer biomarker, rising in
serum of prostate cancer patients. In this con-
text, we propose that the decrease of intact
gal-3 in advanced prostate cancer might be
attributed to PSA-mediated degradation of
intact gal-3, which resulting in an increase of
the cleaved form of gal-3. Our hypothesis was
supported by Saraswati S’ investigation [16].
Saraswati S et al demonstrated that PSA
cleaves gal-3 after Tyr'%, and this cleavage
destroys gal-3 multivalency while preserving its
carbohydrate binding activity [16]. That might
be the reason why the cleaved form of gal-3
can only be detected by C-terminal region anti-
body but not N-terminal region antibody.
However, PSA is not the only protease that
cleaves gal-3, and other proteases (such as
MMP2, MMP9) are known to cleave intact gal-3
and leave the C-terminal region of gal-3 [17].
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Therefore, further study is needed to indentify
which protease is responsible for gal-3 cleav-
age in prostate cancer.

In conclusion, this is the first study to detect the
cleaved gal-3 with a novel C-terminal region
monoclonal antibody in prostate cancer and
correlated it to pathological parameters. We
are the first to report that the level of cleaved
gal-3 in the prostate, was positively associated
with malignancy and tumor progression. Intact
gal-3 is not an ideal therapeutic target because
it is cleaved in advanced tumor, while the
cleaved gal-3 is high expressed in prostate
cancer especially advanced cancer. Thus, this
study provides evidence that the cleaved gal-3
has the potential to be a clinical diagnostic bio-
markers and therapeutic target for the treat-
ment of prostate cancer, especially advanced
prostate cancer.
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