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Abstract

Galectin-3 (Gal-3) is a multifunctional protein involved in cancer through regulation of cell 

adhesion, cell growth, apoptosis, and metastasis, while p21 (Cip1/WAF1) is a negative regulator 

of the cell cycle, involved in apoptosis, transcription, DNA repair and metastasis. The results 

presented here demonstrate for the first time that the level of Gal-3 protein is associated with the 

level of p21 protein expression in human prostate cancer cells and the effects of Gal-3 on cell 

growth and apoptosis were reversed by modulating p21 expression level. Furthermore, Gal-3 

regulates p21 expression at the post-translational level by stabilizing p21 protein via the 

carbohydrate-recognition domain (CRD). This is the first report suggesting a molecular function 

not yet described for Gal-3 as the regulator of p21 protein stability. This study provides a unique 

insight into the relationship of these two molecules during prostate cancer progression, and may 

provide a novel therapeutic target.
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Introduction

Gal-3, a carbohydrate-binding protein, consists of three structural domains: an NH2-terminal 

domain, repeated collagen-like sequence, and COOH-terminal containing a single CRD (1). 

Gal-3 exerts multiple functions through CRD binding to the carbohydrate portion of 

glycoproteins and glycolipids. Literature suggests that the alteration of Gal-3 expression is 

associated with the malignant transformation and progression of many kinds of human 

tumors (2–4). In prostate cancer, Gal-3 expression may be decreased compared with normal 

prostate and prostatic intraepithelial neoplasia (5). Using differential immunohistochemistry, 

we found that, although the expression level of intact Gal-3 decreased, its cleavage by 

matrix metalloproteinases (MMPs) is associated with the progression of prostate cancer (6). 
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It has been demonstrated that Gal-3 plays important roles in the development and 

progression of various tumors through regulating cell growth, apoptosis, and metastasis (7, 

8).

p21, also known as cyclin-dependent kinase (CDK) inhibitor 1 or CDK-interacting protein 

1, is encoded by the CDKN1A gene located on chromosome 6 (9). It was originally 

described as a potent negative regulator of cell cycle progression by inhibiting the activity of 

cyclin/CDK complex (10). In addition, p21 has now been recognized to be involved in 

apoptosis (11), transcription (12), and DNA repair (13).

Previously, Lin et al., (7) reported that genistein induced p21 expression in Gal-3 transfected 

BT549 cells (human breast cancer cell line), but not in the control Gal-3 null BT549 cells, 

moreover, genistein induced apoptosis in control BT549 cells without directly affecting cell 

cycle arrest, whereas, Gal-3 transfected BT549 cells responded to genistein by cell cycle 

arrest without apoptosis. p21 protein expression was up-regulated by the Gal-3 specific 

inhibitor modified citrus pectin (MCP/GCS-100) along with G1 arrest and apoptosis in 

myeloma cells (14). Based on the above, we examined whether p21 protein expression is 

regulated by Gal-3 to exert related functions. In the present study, we have demonstrated 

that in human prostate cancer cells the expression level of Gal-3 protein is associated with 

that of p21 protein. p21 partially mediates the effects of Gal-3 on cell growth and apoptosis, 

while Gal-3 stabilizes p21 protein via its CRD. Thus, this study reports an undescribed 

function of Gal-3 and may assist in better understanding of the molecular mechanisms of 

Gal-3 actions in relation to p21, and may provide a new insight into the relationship between 

Gal-3 and p21 during human prostate cancer progression.

Results

Gal-3 regulates the expression of p21 in human prostate cancer cells

To study the possible effect of Gal-3 on p21 protein expression, two prostate cancer cell 

lines LNCaP (Gal-3 null) and DU145 (Gal-3 expressing) were used. Gal-3 over-expressing 

LNCaP and Gal-3 knockdown DU145 cell clones were established as described in Materials 

and Methods. As shown in Figure 1, compared to control cells, Gal-3 over-expressing 

LNCaP cells exhibited higher expression levels of p21 protein, while Gal-3 knockdown 

DU145 cells displayed markedly decreased expression of p21 protein, indicating that in 

human prostate cancer cells the expression of p21 can be regulated/associated with Gal-3 

protein expression.

Gal-3 functions are partially mediated by p21

Since Gal-3 regulates the expression level of p21 protein, we presumed that elevated levels 

of p21 protein might in turn mediate Gal-3 associated functions. In LNCaP cells, Gal-3 

protein over-expression resulted in a decrease in caspase-3 activation induced by cisplatin 

(indicating reduced apoptosis) (15). We show here that the inhibition of apoptosis could be 

reversed by p21 knockdown (Figure 2a). In DU145 cells, Gal-3 knockdown resulted in an 

increase of caspase-3 activation induced by cisplatin, the increased caspase-3 activation was 

attenuated by p21 over-expression (Figure 2b). Of note, neither p21 over-expression nor 
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knockdown has altered Gal-3 expression. The results suggest that p21 mediates at least in 

part the anti-apoptotic function of Gal-3 in prostate cancer cells. In addition, we observed 

the effect of Gal-3 knockdown on the growth of DU145 cells. As shown in Figure 2c, Gal-3 

knockdown DU145 cells grew faster than control cells. The accelerated growth of DU145 

cells mediated by Gal-3 knockdown was slowed down by p21 over-expression (Figure 2d), 

which suggests that p21 also mediates the regulatory effect of Gal-3 on cell growth.

Regulation of p21 expression by Gal-3 at the post-translational level

Next, we investigated how Gal-3 regulates the expression of p21 protein. p21 mRNA levels 

were evaluated by semi-quantitative PCR and quantitative PCR. The results did not show an 

obvious effect of Gal-3 on p21 mRNA levels in both LNCaP and DU145 cells (Data not 

shown), indicating that the regulation of p21 protein expression by Gal-3 does not occur at 

the transcriptional level. Next, we considered the possibility that the regulation might occur 

at the post-translational level. The stability of p21 was examined by Western Blot analysis 

of p21 in cells treated with protein translation inhibitor cycloheximide for appropriate times. 

Compared to control cells, Gal-3 over-expressing LNCaP cells displayed increased stability 

of p21 (Figure 3a), whereas, Gal-3 knockdown in DU145 cells led to decreased p21 stability 

(Figure 3b). The half-life of p21 was increased from less than 1 h in LNCaP control cells to 

more than 2 h in Gal-3 over-expressing LNCaP cells (Figure 3c). Gal-3 knockdown in 

DU145 cells decreased the half-life of p21 from more than 2 h in control cells to about 1.3 h 

(Figure 3d).

The stabilization of p21 by Gal-3 is mediated by CRD

To investigate if p21 stability is mediated by CRD, GCS-100 and lactose were used to block 

Gal-3 functions by competitively binding to its CRD. As shown in Figure 4a and b, 

compared with untreated and CP treated cells, GCS-100 treated cells showed decreased 

stability of p21. To exclude the possibility of this effect resulting from GCS-100 binding to 

other lectins besides Gal-3, we treated Gal-3 null LNCaP parental cells with GCS-100, it did 

not decrease the stability of p21 in Gal-3 null LNCaP cells (data not shown), suggesting that 

GCS-100 binds to the CRD of Gal-3 to inhibit the effect of Gal-3 on p21 stability. The 

addition of GCS-100 decreased the half-life of p21 in LNCaP cl-2911 (Figure 4c) and 

DU145 cells (Figure 4d) from about 2.3 h to only about 1 h. Similarly, the addition of 

lactose also decreased the stability of p21 in both LNCaP (Figure 5a) and DU145 (Figure 

5b) cells. The half-life of p21 in LNCaP cl-2911 cells was decreased by lactose to less than 

half an hour (Figure 5c), and that in DU145 cells was decreased by lactose to about 45 min 

(Figure 5d). Our results indicate that Gal-3 enhances the stability of p21 via the CRD 

domain. To further confirm our findings, we transfected C4-2B cells (Gal-3 null) with 

plasmids containing three different fragments of Gal-3 (1-107aa non-CRD portion, 

108-250aa CRD portion, 1-250aa full length). Compared to C4-2B cells transfected with 

scramble vector, cells transfected with both Gal-3 (108-250) and full length displayed 

increased stability of p21, however, Gal-3 (1-107) over-expression had no obvious effect on 

p21 stability (Figure 6a). The half-life of p21 is about 2 h in control and Gal-3 (1-107) 

transfected cells, about 3 h in Gal-3 (108-250) transfected cells, and about 4.5 h in Gal-3 

(1-250) transfected cells (Figure 6b). Co-IP assays have indicated recognition and binding of 

p21 to Gal-3 which was attenuated by a specific sugar inhibitor i.e. lactose (Figure 7a), 
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implying that the binding site resides within the CRD motif of Gal-3. In silico docking 

analysis confirms the potential interaction of Gal-3 CRD with p21 protein (Figure 7b) or 

lactose (Figure 7c).

Discussion

The roles of Gal-3 in human cancer are well documented (16). According to previous 

reports, Gal-3 seems to have dual roles as both a tumor suppressor and an oncogene in 

tumorigenesis and progression depending on the types of tumors. Elevated expression level 

of Gal-3 is detected in malignant thyroid tumor (17) and colon cancer (18), whereas, 

compared to normal tissue, expression of intact Gal-3 decreases in breast (19), ovarian (20), 

and prostate cancer (5). The functions of Gal-3 involved in tumor progression include the 

regulation of cell growth, apoptosis, and metastasis. In a prostate cancer study, Gal-3 

transfected LNCaP cells were found to proliferate at a slower rate than Gal-3 null control 

cells. Four of six Gal-3 transfected clones formed tumors in nude mice at a slower rate than 

control LNCaP cells (21). Gal-3 inhibition increases cisplatin-induced apoptosis of PC3 

cells, and this effect is mediated at least in part by calpain activation (22).

A different protein i.e., p21 also exhibits both tumor-suppressive and oncogenic activities 

(23). In fact, the negative regulatory role of p21 in cell proliferation is counterbalanced by 

preventing drug-induced apoptosis in tumor cells (24, 25), and by promoting a metastatic 

potential (26). The anti- or pro-tumor activities of p21 may vary due to a tumor’s origin. The 

loss of p21 expression along with increased p53 is associated with poor prognosis of breast, 

gastric, and ovarian cancers (27–29). In prostate cancer, p21 over-expression associates with 

the worst clinical outcome before and after androgen deprivation therapy (30). It was 

reported that in response to genistein (7) or the loss of cell anchorage (31), Gal-3 transfected 

human breast cancer cells displayed cell cycle arrest and inhibited apoptosis, which involves 

up-regulation of p21. Our results showed that Gal-3 protein over-expression in LNCaP cells 

(p53 wild type) up-regulated the expression of p21, Gal-3 protein silencing in DU145 cells 

(p53 mutant) down-regulated p21 protein expression (Figure 1), which suggests that Gal-3 is 

the regulator of p21 expression in human prostate cancer cells. Interestingly, our previous 

study in another human prostate cancer cell line PC3 (p53 null) showed that Gal-3 

knockdown in PC3 cells induced the expression of p21. The possible reason for this 

discrepancy is that Gal-3 might regulate p21 expression through different mechanisms in 

p53 null and p53 expressing prostate cancer cells.

Initially, p21 was described as a cell cycle regulator. Later, the implication of p21 in 

apoptosis was revealed. Previous reports indicate the contradictive effects of p21 on 

apoptosis: anti- and pro-apoptotic activities (24, 32), which might be influenced by several 

factors including the nature of the apoptotic stimuli (33), subcellular localization (34), and 

the extent of DNA damage (35). It was reported that human prostate cancer cell line LNCaP 

is resistant to docetaxel-induced apoptosis because docetaxel treatment results in the up-

regulation of p53 and p21 proteins mediated by p38 phosphorylation, and that knockdown of 

p21 sensitizes LNCaP cells to docetaxel treatment (36). In the present study, we found that 

up-regulated p21 by Gal-3 partially mediated the anti-apoptotic function of Gal-3. In 
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addition, we found that the effect of Gal-3 on cell growth was also mediated by p21. Our 

results suggest that p21 may act as the target of Gal-3 to execute its functions at least in part.

The expression of p21 can be regulated at both transcriptional and post-translational levels. 

The transcriptional regulation of p21 protein expression has been extensively studied. The 

transcription of CDKN1A gene can be activated through both p53-dependent and p53-

independent mechanisms (37, 38). In the present study, we did not find obvious changes of 

p21 transcription after modulating Gal-3 expression. So, we assumed that Gal-3 might 

regulate the expression of p21 at post-translational level. The proteasome degradation of p21 

can occur in both ubiquitin-dependent and –independent mechanisms (39, 40). The 

ubiquitin-dependent mechanisms have been described to occur via three E3 ubiquitin 

ligases, namely SCFSkp2, APC/CCdc20, and CRLCdt2 (39, 41, 42). p21 also can be degraded 

independently of ubiquitin by interaction of its C terminus with C8α subunit of 20S 

proteasome (43). Various factors and signaling molecules were reported to affect the 

stability of p21. For example, tumor growth factor (TGF)-β and bone morphogenetic protein 

2 (BMP2) suppress the growth of human colon cancer cells partly owing to increased p21 

stability, although the mechanism is poorly understood (44, 45). Our study showed that 

Gal-3 over-expression enhances the stability of p21 protein in human prostate cancer cells, 

whereas, Gal-3 knockdown leads to decreased stability of p21 (Figure 3), suggesting the 

regulation of p21 stability by Gal-3.

To investigate which fragment of Gal-3 mediates its effect on p21 stability, we used two 

Gal-3 inhibitors: GCS-100 and lactose to block CRD activity of Gal-3, then re-evaluated the 

effect of Gal-3 on p21 stability. Our results showed that compared to control, both Gal-3 

inhibitors lead to a decrease in the stability of p21 protein expression associated with 

reduced half-life of p21 protein (Figure 4 and 5), suggesting that CRD is responsible for the 

effect of Gal-3 on p21 stability. To further confirm this, we transfected LNCaP-derivative 

C4-2B cells (Gal-3 null) with three different fragments of Gal-3: non-CRD portion 

(1-107aa), CRD portion (108-250aa), and the full length (1-250aa). The results showed that 

both full length Gal-3 and CRD of Gal-3 enhanced p21 stability, non-CRD portion had no 

obvious effect (Figure 6). Compared to the strong effect of full length, the effect of CRD is 

moderate, suggesting that even though the regulation of p21 stability by Gal-3 is mediated 

by CRD, the exhibition of most effect may also require the facilitation of non-CRD portion. 

Based on Co-IP assays and in silico docking analysis, the results indicated the binding of 

p21 protein is with the CRD of Gal-3 (Figure 7). Based on these data, we propose the 

following model for the mechanism by which Gal-3 regulates p21 in p53 expressing prostate 

cancer cells (Figure 8). The interaction between Gal-3 and p21 through CRD stabilizes p21 

protein, which contributes to Gal-3 regulated functions such as cell growth, apoptosis, and 

so on. However, the mechanism for the regulation of p21 by Gal-3 in p53 null prostate 

cancer cells remains unclear and might be different. This study will help us to better 

understand the mechanisms of actions of Gal-3. Consideration of the relationship between 

Gal-3 and p21 will provide a novel therapeutic strategy.
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Materials and Methods

Antibodies

Monoclonal rat anti-Gal-3 antibody was isolated from the supernatant of hybridoma (catalog 

number: TIB-166, American Type Culture Collection, Manassas, VA, USA); Customized 

polyclonal rabbit anti-Gal-3 antibody was created by Invitrogen (Grand Island, NY, USA); 

mouse anti-p21 was purchased from BD Biosciences (San Jose, CA, USA); cisplatin, 

thiazolyl blue tetrazolium bromide (MTT), cycloheximide, mouse anti-β-actin was 

purchased from Sigma Chemicals (St. Louis, MO, USA); rabbit anti-caspase-3 was 

purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Citrus pectin (CP) was 

purchased from Sigma Chemicals and modified to MCP as previously described (22).

Cell culture

Human prostate cancer cells LNCaP (ATCC#CRL-1740) and DU145 (ATCC#HTB-81) 

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 over-expressing LNCaP clones, cl-2911 and 

cl-2923, and non-target control vector clone VC were kindly provided by Dr. Reuben Lotan 

(University of Texas MD Anderson cancer center, Houston, Texas, USA). Parental LNCaP, 

DU145, and C4-2B cells were cultured in RPMI 1640 medium supplemented with 10% fetal 

bovine serum. To maintain clones, 200 μg/ml G418 (Invitrogen) for LNCaP and DU145 

transfectants, or 5 μg/ml blasticidin (Invitrogen) for C4-2B transfectants were added to the 

culture media.

Plasmids and transfection

shRNA expression plasmid targeting Gal-3 and control plasmid were previously described 

(6). Gal-3 shRNA oligonucleotides sequence is as follows: 5′-

GATCCCGGGAAGAAAGACAGTCGGTTTCAAGAGAACCGACTGTCTTTCTTCC 

CTTTTTTGGAAA-3′. To construct pcDNA 6.0-p21-V5His, human p21 complete cDNA 

was amplified by polymerase chain reaction (PCR) using primers: 5′-

GCTTGGATCCACCATGTCAGAACCGGCTGGG-3′ and 5′-

CGTTCTCGAGGCGGGCTTCCTCTTGGAGAAGAT-3′. After sequencing, the PCR 

products were purified and cloned into pcDNA 6.0-V5His plasmid and verified by plasmid 

sequencing. Plasmids containing human Gal-3 fragments cDNA (1-107aa, 108-250aa, and 

1-250aa) and scramble control were prepared as previously described (46). DU145 and 

C4-2B cells were transfected with appropriate plasmids using FuGENE HD transfection 

reagent (Roche Applied Science, Nutley, NJ, USA) according to the manufacturer’s 

instructions. Stable clones of DU145 cells were selected by G418, two Gal-3 knockdown 

clones, siGal3-33 and siGal3-35 were used for the following experiments. Stable clones of 

C4-2B cells were selected by blasticidin, clones over-expressing three Gal-3 fragments 

Gal-3 (1-107), Gal-3 (108-250), and Gal-3 (1-250) were used for the following experiments.
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siRNA transfection

Custom siRNA duplex targeting human p21 (sense sequence as 

UGGCGGGCUGCAUCCAGGAUU) and non-target control siRNA (D-001810) were 

ordered from Thermo Scientific Dharmacon (Lafayette, CO, USA). siRNA transfection was 

performed using TransIT-siQUEST transfection reagent (Mirus, Madison, WI, USA) 

according to the manufacturer’s instructions.

Western blot analysis

Cells were lysed in RIPA buffer containing protease inhibitors (Roche Applied Science). 

Western blot was performed as previously described (17). The quantification of band 

intensity was performed using Gel-Pro Analyzer (Media Cybernetics, Bethesda, MD, USA).

Cell growth assay

Cell growth was examined by MTT assay. Briefly, cells were seeded at the density of 8000 

cells/well into 96-well plate. At the time of assay, 0.5 mg/ml MTT in basic medium was 

added to each well and incubated for 4 h. After removing MTT, dimethyl sulfoxide (DMSO) 

was added and mixed vigorously. Absorbance was measured at 490 nm using a Vmax 

microplate reader (Molecular Devices, Sunnyvale, CA, USA).

In silico docking

Human p21 structure was predicted using I-TASSER online server (47). We used 

PatchDock web server http://bioinfo3d.cs.tau.ac.il/PatchDock/ to perform rigid-body 

docking of CRD domain of Gal-3 (1A3K) with lactose (48) or predicted structure of p21, 

FireDock method for flexible refinement of the accepted complexes (49, 50).

Co-immunoprecipitation (IP) assay

Cells were lysed in buffer (50 mM Tris-HCl pH 7.5, 100 mM NaCl, 0.5% NP-40) containing 

protease inhibitors (Roche Applied Science). Cell lysates (3 mg) were incubated with 12 μg 

of monoclonal rat anti-Gal-3 antibody or normal rat IgG and 50 μl of protein G Sepharose 

(GE Healthcare, Piscataway, NJ, USA) for 2 h at 4 °C. The beads were washed twice with 

10 ml of lysis buffer, twice with 10 ml of lysis buffer containing 0.5 M LiCl, and twice with 

10 ml of phosphate-buffered saline. Beads were boiled in 1 X sample buffer, subsequent 

supernatant was subjected to SDS-PAGE and immunoblotted for mouse anti-p21 and rabbit 

anti-Gal-3.

Statistical analysis

Data are expressed as mean±S.D. of three independent experiments and analyzed by one-

way ANOVA test using SPSS 14.0 software (SPSS Incorporated, Chicago, IL, USA). 

P<0.05 was considered statistically significant.
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Figure 1. 
The regulation of p21 expression by Gal-3 in human prostate cancer cells. The expression 

levels of Gal-3 and p21 were analyzed by Western blot analysis. (a) Gal-3 over-expression 

in LNCaP cells up-regulated the endogenous level of p21 protein. (b) Gal-3 knockdown in 

DU145 cells down-regulated the endogenous level of p21. β-actin was used as the loading 

control. Data are representative of three independent experiments.
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Figure 2. 
p21 partially mediates the functions of Gal-3. The expression levels of active caspase-3, 

p21, Gal-3, and β-actin were analyzed by Western blot analysis. (a) Gal-3 over-expression-

mediated inhibition of apoptosis was reversed by p21 knockdown. LNCaP VC and cl-2911 

were transfected with p21 siRNA or control siRNA, 48 h later, cells were treated with 

cisplatin (50 μM) for 12 h. (b) Gal-3 knockdown-induced apoptosis was attenuated by p21 

over-expression. DU145 VC and siGal3-35 were transfected with pcDNA 6.0-p21-V5His or 

control vector, 48 h later, cells were treated with cisplatin (50 μM) for 12 h. β-actin was used 
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as the loading control. (c) Gal-3 knockdown led to increased cell growth of DU145. Cell 

growth was analyzed by MTT assay. **, P<0.01 vs. control vector. (d) Gal-3 knockdown-

induced increase in cell growth of DU145 was slowed down by p21 over-expression. Cells 

were seeded into 96-well plate, the next day, transfected with pcDNA 6.0-p21-V5His or 

control vector, two days later, cell growth was analyzed by MTT assay. **, P<0.01 vs. 

siGal3-35 transfected with control vector. Data are representative of three independent 

experiments.
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Figure 3. 
Gal-3 enhances the stability of p21. (a) Gal-3 over-expression in LNCaP cells increased the 

stability of p21. (b) Gal-3 knockdown in DU145 cells decreased the stability of p21. Cells 

were treated with cycloheximide (50 μg/ml) for indicated times, collected and subjected to 

Western blot analysis. β-actin was used as the loading control. Data are representative of 

three independent experiments. The graph of half-life of p21 in LNCaP (c) and DU145 (d) 
cells. p21 expression was quantified by densitometric analysis and normalized to β-actin. 

The relative abundance of p21 was represented as the percentage remaining relative to time 

zero.

Wang et al. Page 14

Oncogene. Author manuscript; available in PMC 2014 April 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
The stabilization of p21 by Gal-3 is impaired by GCS-100. LNCaP Cl-2911 (a) and DU145 

parental cells (b) were treated with 1% GCS-100 or 1%CP for 24 h, and treated with 

cycloheximide (50 μg/ml) for indicated times. Cells were harvested and subjected to 

Western blot analysis. Data are representative of three independent experiments. The graph 

of half-life of p21 in LNCaP cl-2911 (c) and DU145 cells (d) after GCS-100 treatment. p21 

expression was quantified by densitometric analysis and normalized to β-actin. The relative 

abundance of p21 was represented as the percentage remaining relative to time zero.
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Figure 5. 
The stabilization of p21 by Gal-3 is impaired by lactose. LNCaP Cl-2911 (a) and DU145 

parental cells (b) were treated with 100mM lactose or 100mM sucrose or remained 

untreated, 24 h later, treated with cycloheximide (50 μg/ml) for indicated times. Cells were 

harvested and subjected to Western blot analysis. β-actin was used as the loading control. 

Data are representative of three independent experiments. The graph of half-life of p21 in 

LNCaP cl-2911 (c) and DU145 (d) cells after lactose treatment. p21 expression was 

quantified by densitometric analysis and normalized to β-actin. The relative abundance of 

p21 was represented as the percentage remaining relative to time zero.
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Figure 6. 
The effects of different Gal-3 fragments on p21 stability. Gal-3 null C4-2B cells were 

transfected with plasmids containing three different Gal-3 fragments sequence (1-107aa, 

108-250aa, and 1-250aa). (a) Gal-3 (108-250) and Gal-3 (1-250) stabilized p21 protein in 

C4-2B cells. Cells were treated with cycloheximide (50 μg/ml) for indicated times, collected 

and subjected to Western blot analysis. Compared to control transfectants (I), p21 stability 

was increased in Gal-3 (108-250) (III) and Gal-3 (1-250) (IV) transfected clones, but not in 

Gal-3 (1-107) (II) transfected clone. β-actin was used as the loading control. Data are 

representative of three independent experiments. (b) The graph of half-life of p21 in Gal-3 

fragments transfected clones. p21 expression was quantified by densitometric analysis and 

normalized to β-actin. The relative abundance of p21 was represented as the percentage 

remaining relative to time zero.
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Figure 7. 
The interaction of p21 protein with the CRD of Gal-3. (a) Detection of the interaction of p21 

with the CRD of Gal-3 by Co-IP. LNCaP cl-2911 cells were treated with 100 mM lactose or 

remained untreated for 24 h, collected and analyzed by Co-IP as described in Materials and 

Methods. 1-4, immunoblot for p21; 1′-4′, immunoblot for Gal-3; 1 and 1′, untreated cell 

lysate IP with normal rat IgG; 2 and 2′, untreated cell lysate IP with rat anti-Gal-3; 3 and 3′, 

lactose treated cell lysate IP with rat anti-Gal-3; 4 and 4′, untreated total cell lysate. 

Prediction of the interaction of CRD of Gal-3 with p21 (b) and lactose (c). The references 

about the structure of Gal-3 CRD, lactose, and p21 were indicated in Meterials and Methods. 

In silico docking was performed using PatchDock and FireDock online server http://

bioinfo3d.cs.tau.ac.il/PatchDock/.

Wang et al. Page 18

Oncogene. Author manuscript; available in PMC 2014 April 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://bioinfo3d.cs.tau.ac.il/PatchDock/
http://bioinfo3d.cs.tau.ac.il/PatchDock/


Figure 8. 
Proposed model for the regulation of p21 by Gal-3 in p53 expressing prostate cancer cells. 

Gal-3 binds to p21 through CRD, which can be blocked by sugars i.e. lactose or GCS-100. 

The interaction between Gal-3 and p21 promotes p21 stability, and the regulated p21 

partially mediates Gal-3 functions associated with cell proliferation, apoptosis, and invasion. 

Acting as a transcription factor, p53 positively regulates p21 and negatively regulates Gal-3.
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