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The significance of galectin-3 as a new basal cell
marker in prostate cancer

Y Wang*,1,4, V Balan1,4, X Gao1, PG Reddy2, D Kho1, L Tait3 and A Raz*,1

Prostate cancer may originate from distinct cell types, resulting in the heterogeneity of this disease. Galectin-3 (Gal-3) and
androgen receptor (AR) have been reported to play important roles in the progression of prostate cancer, and their
heterogeneous expressions might be associated with different cancer subtypes. Our study found that in various prostate cancer
cell lines Gal-3 expression was always opposite to AR expression and other luminal cell markers but consistent with basal cell
markers including glutathione S-transferase-p and Bcl-2. This expression pattern was confirmed in human prostate cancer
tissues. Our results also showed that prostate cancer cells positive with basal cell markers were more aggressive.
Downregulation of Gal-3 expression resulted in increased apoptotic potential and decreased metastasis potential of prostate
cancer cells. Our findings demonstrate for the first time that Gal-3 may serve as a new marker for basal characteristics of
prostate cancer epithelium. This study helps us to better understand the heterogeneity of prostate cancer. The clinical
significance of this study lies in the application of Gal-3 to distinguish prostate cancer subtypes and improve treatment efficacy
with designed personalized therapy.
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Prostate cancer is the most commonmalignant neoplasm and
the second most common cause of death from malignancies
in men.1 Three main epithelial cell types have been identified
in prostate epithelium: luminal, basal, and neuroendocrine.
The luminal cells are polarized columnar cells and express
characteristic markers such as androgen receptor (AR),
prostate-specific antigen (PSA), cytokeratin-8 (CK-8), and
CK-18. Basal cells, which are beneath the luminal epithelium
and lined by the basement membrane, express biomarkers
including CK-5, CK-14, p63, Bcl-2, glutathione S-transferase-p
(GST-p), and so on. The neuroendocrine cells are a rare
population of cells and sparsely scattered between the luminal
and basal layers; they are characterized by the expression of
chromogranin A and serotonin.2,3 It is possible that there are
different prostate cancer cells of origin. Some studies support
that luminal cells are the cells of origin of prostate cancer;4–6

others demonstrate that prostate cancer arises from cells with
basal phenotype.7–9 Recently, it has been proposed that
prostate cancers arise from prostate cancer stem cells.10,11

Galectin-3 (Gal-3), a b-galactoside-binding protein, has
multiple biological functions. It has been demonstrated to play
important roles in tumorigenicity and progression through
regulating cell proliferation, apoptosis, cell invasion, and
metastasis.12–14 Besides of the roles in cancer, Gal-3 is also

associated with cell differentiation. Solid cell nests of the
thyroid are composed of main cells and C cells, and the main
cells have been suggested to be pluripotent cells, contributing
to the histogenesis of C cells and follicular cells.15 It was
reported that Gal-3 along with p63 and Bcl-2 were positively
stained inmain cells of solid cell nests,16 which suggested that
Gal-3 might be a marker of pluripotent main cells of thyroid.
However, in the study of oropharynx and larynx squamous
cancer, Gal-3 reactivity was not detected in the basal cell layer
of normal epithelia, and tumor cells expressed Gal-3 with an
intensity positively correlated with tumor differentiation.17 It
seems that Gal-3 expression might be the marker for
pluripotent cells or differentiated cells due to different cell
types. Ellerhorst et al.18 reported that, in prostate tissues, the
expression of Gal-3 in the luminal cells of normal prostate and
prostatic intraepithelial neoplasia was heterogeneous but
intense and uniform in the basal cells.
AR, a steroid hormone receptor member of the larger

nuclear receptor superfamilies,19 plays an essential role in
development and differentiation of the prostate and in
development of prostate cancer. Structurally, AR has three
areas: an amino-terminal area, which can independently
stimulate transcription; a central DNA-binding domain; and a
ligand-binding domain located in the carboxy terminal.19–21
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In the absence of androgen, AR associates with a heat-shock
protein 90 complex, which functions as a chaperone to
maintain AR in a ligand-binding conformation. Upon androgen
binding, AR undergoes a conformational change that results
in formation of a homodimer, DNA binding, and recruitment of
multiple transcription factors that activate the transcription of
androgen-dependent genes.22 In general, AR expression has
been reported to be extremely heterogeneous in prostate
cancer specimens, reflecting the histological heterogeneity of
the tumor.23 AR is also considered as the characteristic
marker for luminal phenotype of prostate epithelium.24–26

Our study found that the expression of Gal-3 was opposite
to that of AR in some prostate cancer cell lines. Based on the
above information, we hypothesize that Gal-3 might be a
biomolecular marker for basal cell phenotype in human
prostate. The results of our study can be used in the diagnosis
of subtypes of prostate cancer and guide appro-
priate personalized therapeutic strategies according to the
expression profile of Gal-3 and AR.

Results

The opposite expressions of Gal-3 and AR in human
prostate cancer cells. Endogenous Gal-3 and AR protein
expressions were examined using western blot analysis in
androgen-dependent cells LNCaP and androgen-independent
cells DU145 and PC3. AR-expressing LNCaP cells have no
endogenous expression of Gal-3; however, AR-non-expres-
sing DU145 and PC3 cells have strong expression of Gal-3
(Figure 1a). To further investigate whether or not Gal-3 and
AR regulate each other’s protein expression, the expression
of one of them was compared after another protein
expression was modulated. As shown in Figure 1b, neither
Gal-3 overexpression in LNCaP cells nor Gal-3 knockdown in
PC3 cells changed the expression level of AR; similarly, AR
overexpression in PC3 cells had no regulatory effect on Gal-
3 expression (Figure 1c).

Gal-3 as a new marker for basal cell characterization. As
the expression of Gal-3 is opposite to that of AR and AR is
well accepted as the marker for luminal phenotype in
differentiation of human prostate cells, we assumed that
Gal-3 expression might be associated with basal characteristics.
Some basal cell markers such as GST-p27 and Bcl-228 and
luminal cell markers such as CK-1829 and AR24 were
examined and compared together with Gal-3 in different
prostate cancer cell lines. As shown in Figures 2Aa and b,
AR-expressing cells, such as LNCaP and C4-2B, had no
detectable endogenous expression of Gal-3 and other basal
markers; however, cells negative for AR, such as DU145,
PC3, and VUI3, displayed strong expression levels of Gal-3,
GST-p, and Bcl-2. In DU145 and VUI3 cells, CK-18 was still
detectable but very weak, suggesting some intermediate
characteristics of these cells. The similar expression profile
was also detected in normal prostate epithelial cells PZ-HPV-7
(Figure 2B). Double staining of Gal-3 and AR was
performed using immunohistochemistry in human prostate
cancer tissues. Well-differentiated cancer tissues still
displayed prostate gland structure, cells in the luminal layer

with ARþ (brownish-red color in nuclei), and Gal-3þ cells
(bluish-gray color in nuclei and cytoplasm) localized in the
basal layer (Figure 2Ca); in poorly differentiated cancer
tissues, the normal structure was destroyed, and Gal-3þ

cells were scattered in ARþ cells (Figure 2Cb), and a positive
reactivity to these two antigens was not detected together in
the same cell. Both in vitro and vivo results indicate that Gal-3
can serve as a marker for basal phenotype.

Cells positive with basal cell markers are more aggressive.
VUI3 cells were derived from LNCaP cells after
continuous culture of 490 passages. Various cell biological
behaviors were compared in LNCaP and C4-2B (luminal
phenotype) and VUI3 cells (basal phenotype). For cell
proliferation, VUI3 cells showed fastest cell growth rate;
especially on day 5 after seeding, the number of VUI3 cells
was much more than that of LNCaP or C4-2B cells
(Figure 3A). In response to the chemotherapeutic drug
cisplatin, both LNCaP and C4-2B cells showed strong
activation of caspase-3; however, VUI3 cells showed only
weak activation (Figure 3Ba). Similarly, annexin V/7-
aminoactinomycin D (7-AAD) staining showed that cisplatin

Figure 1 The expression pattern of Gal-3 and AR in human prostate cancer
cells. The expression levels of related proteins were analyzed by western blot.
(a) The expression of Gal-3 and AR in LNCaP, DU145, and PC3 cells. (b) Gal-3
modulation had no effect on endogenous AR level. VC, cells transfected with a non-
target control vector; no. 29-11 and no. 29-23, LNCaP clones with Gal-3
overexpression; siGal3-11 and siGal3-19, PC3 clones with Gal-3 knockdown.
(c) AR overexpression had no effect on Gal-3 level in PC3 cells. PC3-AR, PC3 cells
transfected with AR. b-Actin was used as the loading control. Data are
representative of three independent experiments
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treatment caused 15.9% apoptosis in LNCaP cells and
18.1% in C4-2B cells but only 6.5% in VUI3 cells
(Figure 3Bb), which means VUI3 cells were resistant to
cisplatin. Moreover, the antiapoptotic effect of VUI3 was
reversed by downregulation of Gal-3 expression in VUI3 cells
(Figure 3Bc), which suggests that Gal-3 expression is
associated with antiapoptotic effect. The proliferation ability
of one single cell in anchorage-dependent and anchorage-
independent conditions was examined by colony formation
assay in plates and soft agar, respectively. Compared with
cells that were negative for basal cell markers, colonies
formed from VUI3 cells were bigger and more abundant in
both six-well plates (Figure 3C) and soft agar (Figure 3D),
and the colony-forming efficiency of VUI3 cells was much
higher than that of cells that lack basal markers. Metastatic
potential of cells was examined by zymography and Matrigel
cell invasion assay. Compared with LNCaP or C4-2B cells,
VUI3 cells secreted much more active matrix metallopepti-
dase (MMP-2 and MMP-9), which are metastasis-related
proteins30,31 (Figure 3E), and more VUI3 cells invaded
through Matrigel toward chemoattractant (Figure 3F),
suggesting higher metastatic potential of VUI3 cells.

Clinical application of Gal-3 in diagnosis of subtypes of
prostate cancer. Double staining of Gal-3 and AR in the
same slide and single staining of p63 in another serial section
slide were performed in human prostate cancer tissue arrays.

Among 40 cases of cancer tissues, 15 cases were Gal-3þ /AR�

(15/40) and 25 cases were Gal-3� /ARþ (25/40). As
shown in Figure 4, double-staining results demonstrated that
cancer cells that were Gal-3þ did not show AR-positive
reactivity; in contrast, cells that were Gal-3� showed AR-
positive staining, which is in accordance with the expression
pattern of Gal-3/AR in vitro. p63, another marker for stem cells
or basal cells,32 was used here as the positive control. In 40
cancer tissues, 6 cases displayed p63-positive staining (6/40).
p63þ areas were in accordance with Gal-3þ areas, whereas
p63� areas were the same areas where cells showed
Gal-3� /ARþ (Figures 4c and d). Of note, some cases that
were Gal-3þ did not show p63-positive staining. The reason
for this might be that p63 disappears before Gal-3 during the
differentiation from basal to luminal phenotype; therefore,
Gal-3 will be a valuable marker to distinguish basal-intermediate
subtypes of cancer cells in clinical diagnosis.

A therapeutic strategy targeting Gal-3 for prostate
cancer treatment. As we demonstrated above, Gal-3 could
be used as a marker for basal cell phenotype, and cells with
basal characteristics are more aggressive. We suggest that
Gal-3 could be a therapeutic target for prostate cancer rich
with basal characteristic cells. In our previous study, we
knocked down Gal-3 expression in PC3 cells and then
injected Gal-3-knockdown PC3 cells and control cells into
nude mice. The tumors formed from Gal-3-knockdown cells

Figure 2 Gal-3 expression may serve as a new basal cell marker for human prostate cancer cells. The expression profile of basal and luminal markers in LNCaP, DU145,
and PC3 cells (Aa); LNCaP, C4-2B, and VUI3 cells (Ab); and normal prostate epithelial cells PZ-HPV-7 (B). The expression pattern of Gal-3 is in accordance with markers for
basal phenotype such as GST-p and Bcl-2 but opposite with makers for luminal phenotype such as CK-18 and AR. b-Actin was used as the loading control. Data are
representative of three independent experiments. (C) The pattern of opposite expressions of Gal-3 and AR in human prostate cancer tissues. Double staining of Gal-3 and AR
in the same section was performed using immunohistochemistry. Gal-3-positive cells were negative for AR (arrows point to Gal-3, which is represented with bluish-gray
staining in nucleus and cytoplasm), whereas AR-positive cells (arrows point to brownish-red color in nucleus) were negative for Gal-3. Line boxed pictures localized in the
upper right corner of each picture represent � 400 magnification of corresponding areas in � 200 magnification pictures. (a) Gleason 2; (b) Gleason 5
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were smaller than those from control cells.33 The formed
tumors were prepared and subjected to immunohistochemistry
staining of apoptosis- and metastasis-related proteins.
As shown in Figure 5, compared with tumors formed from
control cells, those from Gal-3-knockdown cells showed
stronger staining for proapoptotic protein caspase-3 and
weaker staining for antiapoptotic protein Bcl-2 and
metastasis-related protein MMP-9, suggesting that down-
regulation of Gal-3 helps to increase the apoptosis of cancer
cells and inhibit metastasis potential.

Discussion

Prostate cancer is the second leading cause of cancer death
in men in Western countries.34 Normal prostate glands are
composed of three main epithelial cells: basal, luminal, and
neuroendocrine cells. Cellular origin of prostate cancer is still
argued. Classically, prostate cancer is thought to originate
from luminal cells, as most tumor cells express luminal
characteristics.35 It has been shown that candidate luminal

progenitor cells in the prostate tumor derived from a
phosphatase and tensin homolog (PTEN)-knockout mouse
can act as tumor-initiating cells.36 Studies of PSA-Cre;
PTENflox/flox mice have suggested a rare luminal Cluþ

Tacstd2þSca-1þ population as corresponding to the cells
of origin in this model.4 Furthermore, a recent study has
identified a rare luminal population of CARNs (castration-
resistant NKx3.1-expressing cells) that can self-renew in vivo
and reconstitute prostate ducts in the renal grafts. Moreover,
deletion of PTEN in CARNs resulted in the formation of
invasive carcinoma following androgen repletion and prostate
regeneration.37

In contrast, other studies have demonstrated that basal
cells could also serve as the cells of origin for prostate cancer.
A basal cell of origin has been suggested by a study of
Pb-Cre4;PTENflox/flox mice, which display an expansion of
basal cells as well as intermediate cells.7 Mouse Lin�Sca-1þ

CD49fhigh cells, a predominantly basal population, can
differentiate into luminal cells in xenografts.38 Moreover,
lentiviral overexpression of ERG1 and coactivation of the

Figure 3 More aggressive phenotype of prostate cancer cells expressing basal cell markers. (A) VUI3 cells had a higher growth rate. The alive cell number was counted
using automated cell counter. (B) VUI3 cells were resistant to the chemotherapeutic drug cisplatin, and the resistance was reversed by Gal-3 knockdown. (Ba) Cells were
treated with 50mM cisplatin for 16 h and then subjected to western blot analysis of active caspase-3. b-Actin was used as the loading control. 1 and 4, LNCaP; 2 and 5, C4-2B;
3 and 6, VUI3. (Bb) FITC annexin V apoptosis detection. Cells were treated with 100 mM cisplatin for 4 h and then stained with FITC annexin V/7-AAD and analyzed by flow
cytometry. Early-apoptotic cells were shown in the lower right corner of the image. (Bc) Gal-3 knockdown increased the number of apoptotic VUI3 cells in response to cisplatin.
VUI3 cells were transfected with Gal-3 siRNA or control siRNA as described in the Materials and methods section. Thirty-eight hours later, cells were treated with 100mM
cisplatin for 4 h, stained with FITC annexin V/7-AAD, and analyzed by flow cytometry. VUI3 cells showed higher colony formation rate in six-well plates (C) and soft agar (D).
Upper panel, picture of colonies; lower panel, the graph of colony-forming efficiency. (E) Gelatin zymography assay showed more active MMP-2 and MMP-9 in VUI3 cells.
(F) Chemoinvasion assay showed more VUI3 cells invaded through Matrigel. (a) C4-2B or VUI3 versus LNCaP; (b) VUI3 versus C4-2B. Error bars represent S.D.; *Po0.05,
**Po0.01, ***Po0.001. Data are representative of three independent experiments

Gal-3 as a new basal cell marker
Y Wang et al

4

Cell Death and Disease



Akt and AR signaling pathway in Lin�Sca-1þCD49fhigh cells
resulted in oncogenic transformation.8 Importantly, a recent
study has shown that basal cells, but not the luminal cells, are
the possible cells of origin for prostate cancer, and trans-
formed basal cells can generate prostate cancers with luminal
phenotypes.9

In addition, it was hypothesized that prostate cancer stem
cells might be the cells of origin for prostate cancers.10,11

Many studies were performed to identify putative prostate
cancer stem cells. In the case of mouse prostate cancer,

Lin�Sca-1þCD49fþ cells from Pb-Cre4;PTENflox/flox mice
have been shown to have tumor-initiating properties.39 In
human prostate cancer, putative cancer stem cells have been
isolated with a CD133þa2b1integrinhighCD44þ cell-surface
marker.40 Thus, based on the above evidence, we believe that
prostate cancer can indeed arise from distinct cell types of
origin and might result in different cancer subtypes.
Roles of Gal-3 in tumor progression have been well studied

previously. It has been reported that the positive expression
rate of Gal-3 decreases during the malignant transformation

Figure 4 Confirmation of Gal-3 as a new basal marker in human prostate cancer tissue assays. Double staining of Gal-3/AR (left) and single staining of p63 (right) were
performed by immunohistochemistry. Gal-3 positive, bluish gray in nucleus and cytoplasm; AR positive, brownish red in nucleus; p63 positive, red in nucleus. Gal-3-positive
cells were negative for AR staining but were in accordance with p63-positive areas. Line boxed pictures localized in the lower right corner of each picture represent � 400
magnification of corresponding areas in � 200 magnification pictures. Arrows indicate Gal-3� /ARþ areas, which are also p63� . (a) Normal; (b) Gleason 2; (c) Gleason 3;
(d) Gleason 4
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of prostate epithelium.41,42 Here, we propose a new function
of Gal-3 and its significance in prostate cancer. Experiments
in our previous study showed that the positive staining of Gal-3
in the luminal layer of prostate epithelium was heterogeneous
but uniform in the basal layer, consistent with reports of
Ellerhorst et al.,18 suggesting that the expression of Gal-3
might differentially reflect the heterogeneity of prostate
cancer. AR, a nuclear hormone receptor, has been reported
to play key roles in the development of normal prostate and
cancer progression. During the progression of prostate
cancer, various alterations of AR signaling have been
identified including AR amplification,43 mutation,44 and
activation by other signaling pathways.45 The expression of
AR in prostate cancer tissues is also heterogeneous.
Combined analysis of the expression profile of Gal-3 and
AR will provide us more comprehensive information to
understand the heterogeneity of prostate cancer.

In this study, we found that the expression of Gal-3 is
always opposite to that of AR in various prostate cancer cells,
that is, the pattern of Gal-3þ /AR� or Gal-3� /ARþ . However,
the reason for this pattern is not because Gal-3 or AR
regulates each other’s protein expression (Figures 1b and c).
Besides the roles in cancers, Gal-3 has also been demon-
strated to be associated with cell differentiation. Brand et al.46

reported that Gal-3 favored terminal differentiation of myeloid
progenitors. The secretion of Gal-3 was also associated with
the differentiation step of kidney intercalated cells.47 Based on
the roles of Gal-3 in cell differentiation and its opposite
expression to AR, we propose that Gal-3might serve as a new
marker for basal cell phenotype. We detected Gal-3 and
various basal and luminal cell markers in different prostate
cancer cell lines. Our results showed that the expression
pattern of Gal-3 was always consistent with that of other basal
cell markers and, however, opposite to that of luminal cell

Figure 5 Downregulation of Gal-3 increased apoptotic potential and decreased metastasis potential of prostate cancer cells in a xenograft model. Appropriate cancer cells
were injected into nude mice, and the tumor model was established as previously described.33 Tumors were sectioned and subjected to immunohistochemistry as described in
the Materials and methods section. The positive staining for all related proteins was shown in brown color. VC, PC3 cells transfected with a non-target control vector; siGal3-11,
PC3 clone with Gal-3 knockdown. Magnification, � 200
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markers (Figures 2Aa and b). In the normal epithelial cell line
PZ-HPV-7, we found that Gal-3, GST-p, and Bcl-2 were all
positive, but AR and CK-18 were negative, the same pattern
as that in prostate cancer cells. Moreover, immunohisto-
chemistry staining in prostate cancer tissues showed the
localization of Gal-3þ cells in the basal layer of prostate ducts
(Figure 2C), confirming the proposal of Gal-3 as a new basal
cell marker.
Even though prostate cancer is predominantly luminal

phenotype, it has been reported that most androgen-
independent prostate cancers express basal cell character-
istics.3 In addition, Liu et al.48 analyzed and sorted CD57þ

(a luminal cell marker) and CD44þ (a basal cell marker) cells
from various prostate cancer tissues and found that CD57þ

cells predominated in primary cancer tissues; however,
CD44þ cells predominated in metastasis tissues. In our
study, we found that compared with LNCaP or C4-2B cells,
which are luminal phenotypes, LNCaP-derivative VUI3 cells,
which express basal characteristics, display higher growth
rate, resistance to chemotherapeutic drugs, elevated colony
formation efficiency, and higher metastasis potential,
suggesting that cancer cells with basal characteristics are
more aggressive.
Liu et al.48 also found that all the prostate tumor tissues

were characterized by the ratio of CD57þ cells to CD44þ

cells. As prostate cancers express both luminal and basal
characteristics and basal phenotype is more aggressive, it
has important clinical significance to distinguish the subtypes
of prostate cancers. Our results (Figure 4) in prostate cancer
tissue array further confirmed the clinical value of Gal-3 as a
newmarker for basal cell phenotype. Double staining of Gal-3
and AR could be a very useful method to distinguish cell
subtypes of prostate cancers. Previous studies demonstrated
that secreted Gal-3 was the substrate of MMPs.49 Compared
with intact Gal-3, the cleaved Gal-3 leads to increased cell
invasion of breast cancer cells and angiogenesis, which might
explain how Gal-3 could promote a more aggressive
phenotype of prostate cancers. Knapp et al.50 reported that
Gal-3 expression in prostate cancer tissues significantly
correlated with biochemical recurrence. Gal-3 expression
was reported as a useful predictive factor for prognosis of
bladder cancer.51 There is the possible correlation between
Gal-3 expression and prostate cancer patient survival. The
ratio of Gal-3þ cells to ARþ cells could guide personalized
therapy for prostate cancer patients and then improve the
patient survival.
It has been demonstrated that inhibition of Gal-3 functions

helps to suppress the progression of prostate cancer. Oral
administration of modified citrus pectin, an inhibitor of Gal-3,
significantly reduced lung metastasis of prostate cancer.52

Gal-3 knockdown in prostate cancer cells was associated with
reduced cell proliferation, cell migration and invasion, colony
formation in soft agar, and tumor formation in nude mice.33 In
this study, our results showed that tumors formed by Gal-3-
knockdown prostate cancer cells exhibited stronger immuno-
staining of caspase-3 and weaker staining of Bcl-2 and
MMP-9, suggesting that downregulation of Gal-3 helps to
suppress the progression of prostate cancer. All the above
findings indicate that in the case of high ratio of Gal-3þ to
ARþ cells of prostate cancer, therapies targeting Gal-3

inhibition could be considered to favor the treatments for
advanced prostate cancers.
Our study demonstrates that Gal-3 may serve as a new

marker for basal characteristics in prostate cancer. Our
findings build the bridge between laboratory research and
clinical applications. Double staining of Gal-3 and AR will help
to analyze the cell components of prostate cancer tissues and
then determine the main subtype of prostate cancer. The ratio
of Gal-3þ to ARþ cells in patient tissues will serve as a
valuable guide for personalized treatment to achieve better
treatment efficacy.

Materials and Methods
Antibodies. Monoclonal rat anti-Gal-3 antibody M3/38 was isolated from
hybridoma supernatant of TIB-166 (American Type Culture Collection, Manassas,
VA, USA); mouse anti-AR and rabbit anti-Bcl-2 were purchased from Cell
Signaling Technology (Danvers, MA, USA); mouse anti-GST-p, rabbit anti-active
caspase-3, and mouse anti-MMP-9 were purchased from BD Biosciences
(San Jose, CA, USA); mouse anti-p63 was from Abcam (Cambridge, MA, USA);
anti-CK-18 was from Dako (Carpinteria, CA, USA); cisplatin and mouse anti-b-
actin were purchased from Sigma Chemicals (St. Louis, MO, USA).

Cell culture. Human prostate cancer cells LNCaP (ATCC no. CRL-1740),
DU145 (ATCC no. HTB-81), PC3 (ATCC no. CRL-1435), and normal prostate
epithelial cells PZ-HPV-7 (ATCC no. CRL-2221) were purchased from American
Type Culture Collection. LNCaP-derivative C4-2B cells were purchased from
Urocor Labs (Oklahoma City, OK, USA). These cell lines have been tested and
authenticated by the supplier. Gal-3-overexpressing LNCaP clones, nos. 29-11
and 29-23, and the non-target control vector clone VC were kindly provided by
Dr. Reuben Lotan (University of Texas MD Anderson Cancer Center, Houston, TX,
USA). Gal-3-knockdown PC3 clones, siGal3-11 and siGal3-19, and the non-target
control vector clone VC were established as described in our previous study.33

PC3 cells transfected with AR and LNCaP-derivative VUI3 cells were kindly
provided by Dr. Prem Veer Reddy. Parental LNCaP, DU145, PC3, C4-2B, and
VUI3 cells were cultured in RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS). PZ-HPV-7 cells were cultured in a keratinocyte serum-free
medium with 0.05 mg/ml bovine pituitary extract and 5 ng/ml human recombinant
epidermal growth factor. To maintain clones, 200 g/ml G418 (Invitrogen, Grand
Island, NY, USA) for LNCaP and PC3 transfectants were added to the culture
media.

Western blot analysis. Cells were lysed in RIPA buffer containing protease
inhibitors (Roche Applied Science, Nutley, NJ, USA). Western blot was performed
as previously described.33

Cell growth assay. Cells were seeded at 2� 104 cells per well into 24-well
plates. After seeding, starting from the third day until the sixth day, everyday cells
were digested, stained with Trypan blue dye, and counted with a TC10 automated
cell counter (Bio-Rad, Hercules, CA, USA).

Annexin V apoptosis detection. Cells were treated with 100mM cisplatin
for 4 h. After treatment, cells were stained by FITC annexin V apoptosis detection
kit II (BD Biosciences) according to the manufacturer’s instruction. Briefly, cells
were washed twice with cold PBS and then resuspended in 1� binding buffer
(0.01 M HEPES/NaOH (pH 7.4), 0.14 M NaCl, 2.5 mM CaCl2) at a concentration of
1� 106 cells/ml. A portion of 100ml of the solution (1� 105 cells) was transferred
to a 5-ml culture tube, and 5ml of FITC annexin V and 5ml of 7-AAD were added.
Cells were gently vortexed and incubated for 15min at room temperature (RT) in
the dark. A portion of 400ml of 1� binding buffer was added to each tube, and
cells were analyzed by flow cytometry within 1 h. Flow cytometry was performed at
the Microscopy, Imaging and Cytometry Resources Core at Wayne State
University.

siRNA transfection. Gal-3 siRNA and control siRNA (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) were reversely transfected into VUI3
cells using Lipofectamine RNAiMax reagent (Invitrogen) according to the
manufacturer’s instruction.
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Colony formation assay in plates. Cells were seeded at the density of
200 cells per well into six-well plates and cultured for 12 days. When colonies were
visible, cells were fixed and stained with 0.1% crystal violet in 10% ethanol for
30min. The number of colonies, defined as 450 cells per colony, was counted,
and colony formation efficiency was calculated as the ratio of the number of
colonies to total seeded cells.

Anchorage-independent growth assay. Dishes (60mm) were coated
with 1% SeaPlaque agarose (BioWhittaker Molecular Applications, Rockland, ME,
USA) dissolved in DMEM/10% FBS. A total of 2000 cells suspended in DMEM/
10% FBS containing 0.5% agarose were overlaid on the bottom layer. The plates
were kept at 4 1C for 2 h and then moved to a tissue culture incubator. Twenty-four
hours later, fresh DMEM/10% FBS was placed on top and replaced every 3 days.
Colonies were counted 3 weeks later and photographed using phase-contrast
photomicrography. Colonies measuring Z0.1 mm in diameter were scored.
Colony formation efficiency was calculated as the ratio of the number of colonies
to total seeded cells.

Gelatin zymography. Conditioned media were concentrated using Amicon
Ultra centrifugal filter devices (EMD Millipore, Billerica, MA, USA), and protein
concentration was determined using Bio-Rad protein assay reagent. Gelatin
zymography was performed as previously described.33

Cell invasion assay. Cell invasion assay was performed using the Matrigel
invasion chamber (BD Biosciences). Briefly, basic DMEM containing chemo-
attractant (0.05 mg/ml laminin) was added to the chambers, and cells suspended
in basic DMEM were seeded into the inserts. After 17 h of incubation, non-invading
cells on the upper side of the inserts were removed using a cotton swab, and
invading cells on the bottom side of the inserts were fixed and stained with the
Diff-Quik stain set (Fisher Scientific, Pittsburgh, PA, USA). Quantification was
performed by counting the stained cells under a microscope.

Immunohistochemistry. Prostate cancer tissue array serial sections
(PR483a) including normal prostate tissues (n¼ 8) and malignant tumors
(n¼ 40) were purchased from US Biomax (Rockville, MD, USA). Mouse prostate
cancer model was established as described in our previous study,33 and the
formed tumors were collected and prepared as usual. Sections were
deparaffinized, rehydrated, and boiled in 1mM EDTA (pH 8.0) by microwave for
15min. Endogenous peroxidase activity was blocked by 3% H2O2, and nonspecific
binding of immunoglobulin was minimized by blocking with Super Block (Scytek
Laboratories, Logan, UT, USA) for 1 h at RT. For Gal-3 and AR double staining,
sections were incubated with mouse anti-AR (1 : 50) overnight at 4 1C, then linked
with biotinylated anti-mouse (1 : 500; Vector Laboratories, Burlingame, CA, USA)
for 30min and the avidin–biotin–peroxidase complex for 30min at RT, and
colorized by Nova Red peroxidase substrate kit (Vector Laboratories). The same
sections were then incubated with rat anti-Gal-3 (1 : 50) for 1 h at RT, linked with
biotinylated anti-rat (1 : 500; Vector Laboratories) for 30min and the avidin–biotin–
peroxidase complex for 30min, and colorized by 3,30-diaminobenzidine
tetrahydrochloride hydrate (Sigma Chemicals). For single-antigen staining,
sections were incubated with appropriate primary antibodies overnight at 4 1C
and appropriate biotinylated secondary antibodies and substrates (Nova Red
peroxidase substrate kit for p63; 3,30-diaminobenzidine tetrahydrochloride for
Gal-3, caspase-3, Bcl-2, and MMP-9) at RT. Visualization and documentation
were accomplished with an Olympus (Melville, NY, USA) BX40 microscope
supporting a Sony (Tokyo, Japan) DXC-979MD 3CCCD video camera. Two
investigators evaluated results in blinded manner. Sections with more than 10% of
positive cancer cells were regarded as positive samples.

Statistical analysis. Data were expressed as mean±S.D. of three
independent experiments and analyzed by a one-way ANOVA test using SPSS
14.0 software (SPSS Inc., Chicago, IL, USA). Po0.05 was considered statistically
significant.
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