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Abstract
AIM: To elucidate the effects of dexamethasone on hypoxia-induced epithelial-to-mesenchymal transition (EMT) in colon cancer.

METHODS: Human colon cancer HCT116 and HT29 cells were exposed to normoxic (21%) and hypoxic (1%) conditions. First, the effect of dexamethasone on cell viability was examined by MTT cell proliferation assay. In order to measure the expression levels of EMT markers (Snail, Slug, Twist, E-cadherin, and integrin αVβ6) and hypoxia-related genes [Hypoxia-inducible factor-1α (HIF-1α) and vascular endothelial growth factor (VEGF)] by dexamethasone, quantitative real-time polymerase chain reaction and western blot analysis were performed. Furthermore, the morphological changes of colon cancer cells and the expression pattern of E-cadherin by dexamethasone were detected through immunocytochemistry. Finally, the effects of dexamethasone on the invasiveness and migration of colon cancer cells were elucidated using matrigel invasion, migration, and wound healing migration assays. 

RESULTS: Under hypoxia, dexamethasone treatment inhibited HIF-1α protein level and its downstream gene, VEGF mRNA level in the colon cancer cell lines, HCT116 and HT29. In addition, the presence of dexamethasone down-regulated the mRNA levels of hypoxia-induced Snail, Slug, and Twist, all transcriptional factors of EMT, as well as hypoxia-induced integrin αVβ6 protein level, a well-known EMT marker for colon cancer cells. Furthermore, reduced E-cadherin in hypoxic condition was found to be recoverable by treating with dexamethasone in both colon cancer cell lines. Similarly, under hypoxic conditions, dexamethasone restored the growth pattern and morphological phenotype reminiscent of colon cancer cells grown under normoxic conditions; dexamethasone blocked the migration and invasion of both colorectal cancer cell lines in hypoxia.

CONCLUSION: Our study suggested that dexamethasone has inhibitory effects on cell migration and invasion by suppressing EMT of colon cancer cell lines in hypoxic condition.
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Core tip: In solid tumors, the heightened metabolism of cancer cells often leads to areas of hypoxia that can drive epithelial-mesenchymal transition (EMT). Dexamethasone is often given to patients with colon cancer to limit the negative side effects of chemotherapy. Our study investigated the effects of dexamethasone on hypoxia-induced EMT and found that it was sufficient to block the propensity for cells to undergo EMT by repressing the hypoxia-induced expression of Hypoxia-inducible factor-1α, vascular endothelial growth factor and other EMT markers. This evidence suggests that dexamethasone co-treatment may limit the migratory properties of colorectal cancer cells that subsist in the hypoxic regions of colorectal cancers.
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INTRODUCTION
Among newly diagnosed cases of colorectal cancer in the United States, approximately 20% are fully metastatic and an additional 37% are lymph node-positive at presentation[1]. Thus, development of effective chemotherapeutic adjuvants is important to decrease cancer recurrence and increase cure rates in these patients.
	Many human cancers contain hypoxic regions resulting from the increased consumption of oxygen by rapidly proliferating tumor cells, as well as the structural and functional irregularities of intratumoral blood vessels[2]. Intratumoral hypoxia promotes the accumulation of hypoxia-inducible factor-1α (HIF-1α), which is immediately degraded by proteasomal ubiquitination under normoxic conditions[2, 3]. HIF-1α is a critical regulator of tumor invasion and metastasis[4-7]. For metastasis to occur, cancer cells must detach from the primary tumor and then invade and migrate via the connective tissues, blood, and lymphatic vessels. The process by which epithelial cells lose their cell polarity and cell-cell adhesions and thereby acquire migratory and invasive properties of mesenchymal cells is termed as epithelial-to-mesenchymal transition (EMT)[8,9]. The EMT is an important molecular step in cancer progression that provides cancer cells with a more aggressive phenotype. Notably, this process is potentiated by hypoxia in the tumor microenvironment[7].
	The synthetic glucocorticoid dexamethasone (DEX) is widely used in the treatment of many diseases, particularly in hematologic malignancies where it has shown to have cytotoxic effects[10,11]. While DEX lacks this activity in solid tumors, patients are still treated with corticosteroids to prevent complications often associated with cancer therapy, including cancer-related pain, lack of appetite, edema, and electrolyte imbalance[12]. Although DEX is commonly prescribed as a co-medication in cancer treatment, its effects on the metastatic capacity of colorectal cancer is unknown. As such, this study aims to investigate the influence of DEX treatment on hypoxia-dependent EMT in colorectal cancer cell lines.

MATERIALS AND METHODS
Cell lines and cell culture conditions
Human colon cancer cell lines, HCT116 and HT29, were purchased from the Korean Cell Line Bank (Seoul, South Korea) and grown in McCoy’s (Gibco Cell Culture, Carlsbad, CA, USA) supplemented with 10% FBS (Gibco) and 1% penicillin-streptomycin (Gibco). For hypoxic conditions, both cell lines were maintained in a hypoxic incubator (New Brunswick Scientific, Edison, NJ, USA) with a humidified environment consisting of 1% O2, 5% CO2, and 94% N2. 

Reagents
DEX and deferoxamine (DFO) were purchased from Sigma-Aldrich (St. Louis, MO, USA) and dissolved in ethanol and water, respectively.

MTT cell proliferation assay
Cells were seeded in 96-well microassay plates and exposed to various concentrations of DEX for 24-72 h at 37°C prior to the addition of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (Sigma-Aldrich) diluted 1:10 from a stock solution of 5 mg/mL in McCoy’s. After a 90 min incubation period, the MTT-containing medium was removed and replaced with 100 μL DMSO (Sigma-Aldrich) to dissolve the formazan crystals. Absorbance was then measured at 570 nm in a microplate reader and the IC50 values for DEX were calculated using non-linear regression analysis in GraphPad Prism software (version 3.05, San Diego, CA, USA). 

Western blots and antibodies
Cells were lysed with either RIPA buffer (50 mmol/L Tris-HCl (pH 8.0), 150 mmol/L NaCl, 0.5% sodium deoxycholate, 0.1% SDS, 1% NP-40) or whole cell lysate buffer (10 mmol/L HEPES pH 7.9, 400 mmol/L NaCl, 0.1 mmol/L EDTA, 5% Glycerol, 1 mmol/L DTT) to detect EMT markers and HIF-1α, respectively. Antibodies to HIF-1α (1:1000; Novus Biologicals, Littleton, CO, USA), β-actin (1:5000; Santa Cruz Biotechnology, Santa Cruz, CA, USA), E-cadherin (1:5000; Cell Signaling, Beverly, MA, USA), αVβ6 (1:1000; Abcam, Cambridge, UK) were then applied. 

Quantitative real-time PCR
Total RNA was extracted with RNAiso Plus reagent (Takara Bio, Otsu, Japan) and cDNA was synthesized from 1 μg total RNA using the PrimeScript First Strand cDNA Synthesis Kit (Takara Bio). Real-time PCR was performed on a CFX 96 real-time system (Bio-Rad, Hercules, CA, USA) using SYBR Green I Universal PCR Master Mix (Takara Bio) in reactions with the following conditions: 95°C for 10 min, followed by 40 cycles of 95°C for 15 s, and 60°C for 1 min. Samples were loaded in triplicate, and the experiment was repeated three times. Fold change of target gene expression was then calculated per the manufacturer’s instructions using GAPDH as an internal control. Primer sequences for PCR reactions are as follows: Snail 5’-CCC CAACTCG GAA GCC TAA CT-3’ (forward) and 5’-GCT GGA AGG TAA ACT CTG GAT TAG A-3’ (reverse), Slug 5’-ACG CCC AGC TAC CCA ATG-3’ (forward) and 5’-CGC CCC AAA GAT GAG GAG TA-3’ (reverse), Twist 5’-GCG CTG CGG AAG ATC ATC-3’ (forward) and 5’-GGT CTG AAT CTT GCT CAG CTT GT-3’ (reverse), VEGF 5’-ATC TTC AAG CCA TCC TGT GTG C-3’ (forward) and 5’-CAA GGC CCA CAG GGA TTT TC-3’ (reverse), GAPDH 5’-AGG TCG GAG TCA ACG GAT TTG G-3’ (forward) and 5’-ACA GTC TTC TGG GTG GCA GTG ATG-3’ (reverse).

Immunocytochemistry
Cells were grown on coverslips coated with 0.1% gelatin prior to treatment with DEX for 5-7 d. Treated cells were then fixed in 3.7% paraformaldehyde at room temperature for 15 min, washed with phosphate-buffered saline (PBS), and permeabilized in 0.5% Triton X-100/PBS for 5 min. After blocking for 30 min in 1% BSA in PBS-T (0.1% Triton X-100/PBS), cells were incubated with E-cadherin antibody (1:500) diluted in 1% BSA/PBS-T for 1 h at room temperature, and washed with PBS prior to incubation with Alexa Fluor 555 Donkey Anti-Rabbit IgG antibody (Life Technologies, Carlsbad, CA, USA) for another 1 h at room temperature. Cells were then washed with PBS and mounted in Vectorshield with DAPI (Vector Laboratories Inc., Burlingame, CA, USA). Images were taken with a LSM710 confocal microscope (Carl Zeiss, Jena, Germany) at X 200 magnification.

Wound healing assay
Cells were seeded in 60 mm plates, incubated for 24 h, and then scratched using a pipette tip. After washing with PBS, cells were incubated in media containing 100 μmol/L DFO and/or 100-200 nmol/L DEX for 24 h. Images were taken at 0 and 24 h with an Olympus CFX41 microscope (Hamburg, Germany) at X 40 magnification and the percentage of migrating cells was quantified using Image J software. The experiment was repeated three times with independent samples. The percentage of wound closure was calculated by the equation: (% of wound closure) = ((Total area (0 h) – Total area (24 h))/Total area (0 h)) x 100. 

Migration assay using transwell
After coating the lower surface of the transwells (Corning Incorporated, NY, USA) with 0.2% gelatin, cells (2 × 104) in DEX-containing, serum-free medium were seeded into the inner chamber and incubated under normoxic or hypoxic conditions for 24 h. Media containing 20% FBS with or without DEX was used as chemoattractant in the bottom chamber. After methanol fixation and hematoxylin/eosin (H/E) staining, cells on the upper surface were scraped away with a wet cotton swab, and those on the inner surface were mounted in mounting solution (Vectorshield, Vector Laboratories). Images were then obtained with a light microscope (Olympus DP72, Hamburg, Germany) at × 200 magnification. Experiments were independently performed in triplicate.

Matrigel invasion assay
[bookmark: OLE_LINK1]Cell invasion assays were performed using transwell inserts (Corning Incorporated). Briefly, the upper surfaces were coated with matrigel (BD Biosciences, San Jose, CA, USA) at 37°C for 2 h, and the lower chambers were coated with 0.2% gelatin at room temperature for 1 h. Cells (2 × 104) in DEX-containing, serum-free medium were then added to the inner chamber and incubated under normoxic or hypoxic conditions for 48 h. Media supplemented with 20% FBS was used as a chemoattractant in the bottom chamber. After methanol fixation and H/E staining, cells on the upper surface were scraped away with a wet cotton swab, and those on the inner surface were counted under a light microscope (Olympus DP72). Experiments were performed in triplicate with independent samples.

Statistical analysis
Statistical analysis was carried out using SPSS 12.0 (IBM SPSS Statistics, IBM Corporation, Armonk, NY, USA) for MS Windows®. The differences between groups were analyzed using the independent t-test. Two-tailed P-values of < 0.05 were considered to be statistically significant.

RESULTS
DEX inhibits hypoxia-induced VEGF and HIF-1α expression
To determine the IC50 values of DEX in the colon cancer cell lines, HCT116 and HT29 cells were cultured with increasing concentrations of DEX for 24-72 h (Table 1). Notably, little change was observed on the IC50 over the time periods assessed. Next, to examine the effect of DEX on hypoxia-related gene expression, HCT116 and HT29 cells were treated with DEX and incubated under normoxic or hypoxic conditions for 24 or 72 h. As shown in Figure 1A, HCT116 cells treated with DEX under hypoxia exhibited a 67%-75% decrease in vascular endothelial growth factor (VEGF) mRNA compared to the hypoxia-only control (both P < 0.05 vs hypoxia controls). In addition, DEX-treated HT29 cells in hypoxic conditions displayed a 25-35% reduction in VEGF mRNA when compared to the hypoxia-only control (both P < 0.05 vs hypoxia controls) (Figure 1B). The HIF-1α protein expression is kept low under normoxic conditions via ubiquitin-mediated proteasomal degradation; thus, we sought to investigate whether DEX treatment had any effect on HIF-1α protein level in either cell line. For this, cells were cultured under hypoxic conditions for 24 h in the presence of varying concentrations of DEX. Finally, Western blot analysis also demonstrated DEX’s inhibitory effect on HIF-1α protein expression by 53%-82% in HCT116 and 53%-90% in HT29 cells compared to the hypoxia-only controls (Figure. 1C and D).

DEX reduces the expression of EMT markers in hypoxic cells
To monitor whether DEX regulates hypoxia-induced EMT in human colon cancer cells, we incubated HCT116 and HT29 cells with or without DEX under normoxic or hypoxic conditions for 24 or 72 h. The mRNA expression of Snail, Slug, and Twist was then examined by qRT-PCR. While hypoxia alone augmented the mRNA levels of Snail, Slug, and Twist in HCT116 and HT29 cells, adding DEX resulted in the decrease of the mRNA levels as follows. HCT116 cells: Snail (73%-81%, P < 0.05 and P < 0.001 vs hypoxia controls), Slug (75%-85%, P < 0.05 and P < 0.001 vs hypoxia controls), and Twist (89%-93%, P < 0.01 and P < 0.001 vs hypoxia controls). HT29 cells: Snail (49%-65%, P < 0.05 and P < 0.01 vs hypoxia controls), Slug (46%-62%, both P < 0.05 vs hypoxia controls), and Twist (62%-81%, both P < 0.01 vs hypoxia controls) (Figure 2A-F). 
Next, we explored the effect of DEX and hypoxia on expression of the EMT markers, E-cadherin and integrin αVβ6 at the protein level. As shown in Figure 2G and H, E-cadherin expression was reduced by hypoxia alone and recovered in a dose-dependent manner by the addition of DEX. Reversely, hypoxia-induced integrin αVβ6 was further depressed by DEX treatment under hypoxic conditions. Moreover, DEX-treated HCT116 and HT29 cells cultured under hypoxic conditions showed that E-cadherin was recovered by 26% and 33%, whereas integrin αVβ6 was reduced by 44% and 53%, respectively (Figure 2G and H). 

DEX restores morphological changes by hypoxia
Since hypoxia has been shown to regulate the expression of EMT markers and change cell morphology, we assessed whether DEX could rescue the expression of E-cadherin and alter the morphology of cells cultured in the presence of hypoxia. To perform this experiment, HCT116 and HT29 cells were treated with DEX (100 and 200 nmol/L) and incubated under normoxic or hypoxic conditions for 5 or 7 d. Both HCT116 and HT29 cells were largely clustered together when cultured under normoxic conditions, whereas those exposed to hypoxia were scattered and displayed morphological changes, such as an elongated fibroblastic morphology (Figure 3A and B). Importantly, the presence of DEX partially restored the growth pattern and morphological phenotype reminiscent of cells grown under normoxic conditions. Furthermore, E-cadherin expression was increased by DEX compared to hypoxia control counterparts. These effects were present in both cell lines, HCT116 and HT29. 

DEX blocks migration and invasion of colon cancer cells
To examine the effect of DEX on epithelial cell migration, we performed wound healing assays in both cell lines. For these analyses, we used DFO to mimic hypoxic conditions. As shown in Figure 4, DFO-treated cells were highly migratory as compared to the untreated groups, whereas those co-treated with DEX and DFO exhibited a lower propensity for migration compared to DFO-only control cells. Additionally, in hypoxic conditions, DEX showed 55%-57% (both P < 0.05 vs DFO-only controls) and 77%-92% (P < 0.01 and P < 0.001 vs DFO-only controls) decrease on recovery of wounds in HCT116 and HT29 cells, respectively. To confirm this inhibitory effect of DEX on the migration of hypoxic colon cancer cells, we performed the migration assay using transwells. Consistently, the hypoxia-induced migration of HCT116 and HT29 cells decreased by 21%-25% (P < 0.05 and P < 0.01 vs hypoxia controls) and 37%-63% (both P < 0.05 vs hypoxia controls) in DEX-treated cells, respectively (Figure 5A and B).
Finally, we employed matrigel invasion assays to investigate the effect of DEX on colorectal cancer cell invasion. As shown in Figure 5C and D, hypoxic DEX-treated cells showed reductions of 87%-90% (both P < 0.01 vs hypoxia controls) and 56%-98% (P < 0.05 and P < 0.001 vs hypoxia controls) on the invasive capacity of HCT116 and HT29 cells compared to the hypoxia-only controls. This inhibitory effect of DEX on invasion was observed in both cell lines consistently.

DISCUSSION
Hypoxia is a hallmark of various human malignancies and is currently observed as an unfavorable prognostic factor often associated with other high-risk characteristics, such as therapy-resistant metastasis[13]. Thus, tumor hypoxia has been suggested to favor selection of the most aggressive/invasive neoplastic cells, and subsequently facilitate cancer progression[14,15].
In the current study, we used two colorectal cancer cell lines, HCT116 and HT29 to study the effect of DEX on hypoxia-induced EMT. Colon cancer can be classified into two major groups: MSI (microsatellite instability) and MSS (microsatellite stable, chromosome instability)[16]. HCT116 and HT29 were used for this study since they belong to MSI and MSS, respectively. In addition, we hypothesized that DEX blocks the migration and invasion of colorectal cancer cells by repressing EMT under hypoxic conditions. According to our results, DEX inhibited the hypoxia-related expression of HIF-1α and VEGF, as well as the EMT markers (Snail, Slug, Twist, and integrin αVβ6). Furthermore, DEX treatment rescued E-cadherin expression, the morphologic changes, and the migratory properties of colorectal cancer cells in hypoxia.
A number of molecules have been found to be involved in the process of EMT. Among them, Snail and Slug play key roles as transcriptional repressors that promote EMT[17]. More specifically, Snail is expressed in different human carcinoma and melanoma cells, has been detected at the invasive front of epidermoid carcinomas, and is related to breast carcinoma metastasis[18,19]. In addition, the ectopic expression of Snail represses E-cadherin expression to induce a mesenchymal phenotype[5,6,20]. These data suggest that Snail induces tumor invasion and metastasis. Additionally, Twist can function independently of Snail to suppress E-cadherin and is transcriptionally active during the EMT process in metastatic cancer cells[21-23]. Therefore, from our data which DEX inhibited the expression of Snail and Twist under hypoxic conditions, DEX may be involved in the loss of E-cadherin through Snail- and Twist-dependent pathways during hypoxia-induced EMT. 
The loss of E-cadherin is a key event during EMT and the loss of cell-cell adhesion thereof. E-cadherin is a prototypical epithelial cell marker and is repressed during EMT events in early embryonic development, tissue fibrosis, and cancer metastasis[24]. Recent studies on colon cancer reported that only invasive cancer cells, which have undergone EMT to obtain a metastatic phenotype, have high expression of integrin αVβ6[25]. For these reasons, we selected E-cadherin and integrin αVβ6 as EMT markers for colon cancer cells and observed that while DEX increased E-cadherin protein expression in hypoxic cells, the reverse was true for integrin αVβ6.
There was no evidence to show a negative impact of DEX in patients with colorectal cancer. The beneficial effect of DEX during chemotherapy is under consideration. Some studies have identified that DEX promotes tumor proliferation and metastasis by blocking apoptosis and anti-tumor immunosurveillance and, thereby causing resistance to treatment agents[12,26-28], whereas others have reported on the benefits for DEX therapy[20,29,30]. These conflicting results of glucocorticoids may be explained by the differential expression of glucocorticoid receptor co-activators and corepressors in diverse cell types[27]. Corticosteroids activate or repress the transcription of many target genes by binding specific intracellular receptors that can vary between cell lineages. Thus, the observed difference in the efficacy of glucocorticoids on cell viability likely results from cell-type specific transcriptional regulation; however, the mechanistic understanding for this effect is unclear.
A recent report suggests that DEX as a preoperative prophylactic induces no difference in overall and disease-free survival among patients with colorectal cancer, and yet the rate of recurrence is higher among patients receiving DEX[31]. This result conflicts with our hypothesis; however, these results are based on observations after a single dose, and we are unable to make decision on the efficacy of DEX due to the small sample size and lack of a comparable study.
A limitation of this study is the lack of a detailed molecular mechanism underlying the regulation of EMT by DEX in colorectal cancer cells. Wagner et al. previously reported that DEX impairs HIF-1α function by causing an unusual protein distribution from the nucleus to the cytosol in hepatocellular carcinoma cells[32]; however, our western blot analysis using the whole cell lysate from DEX-treated colorectal cancer cells showed that DEX blocked EMT by inhibiting HIF-1α stability, which can be explained by the cell-type specific activity of DEX. Therefore, further studies are necessary to determine how DEX controls HIF-1α stability and the expression of EMT markers under hypoxia.
Limiting the side effects of chemotherapy is clinically significant, as improved treatment outcome and prognosis can be achieved in patients undergoing chemotherapy in terms of recommended dose and duration of treatment. Given that DEX prevented hypoxia-dependent EMT of colon cancer cells, the use of DEX in colorectal cancer patients might be beneficial in mitigating tumor progression or metastasis. However, this finding should be interpreted with caution given the in vitro nature of this study.
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Background
The synthetic glucocorticoid dexamethasone (DEX) is widely used in the treatment of many diseases, particularly in hematologic malignancies where it has shown to have cytotoxic effects. While DEX lacks this activity in solid tumors, patients are still treated with corticosteroids to prevent complications often associated with cancer therapy, including cancer-related pain, lack of appetite, edema, and electrolyte imbalance. Although DEX is commonly prescribed as a co-medication in cancer treatment, the effect of DEX on the metastatic capacity of colorectal cancer is unknown.

Research frontiers
The beneficial effect of DEX during chemotherapy is under consideration. We hypothesized that DEX blocks the migration and invasion of colorectal cancer cells by repressing epithelial-mesenchymal transition (EMT) under hypoxic conditions. According to our results, DEX inhibited the hypoxia-related expression of hypoxia-inducible factor-1α (HIF-1α) and vascular endothelial growth factor (VEGF), as well as the EMT markers, Snail, Slug, Twist, and integrin αVβ6. Furthermore, DEX treatment rescued E-cadherin expression, mesenchymal morphology, and the migratory properties of colorectal cancer cells in hypoxia.

Innovations and breakthroughs
This study investigated the effects of DEX on hypoxia-induced EMT and found that it was sufficient to block the propensity for cells to undergo EMT by repressing the hypoxia-induced expression of HIF-1α and VEGF, as well as the EMT markers. This evidence suggests that DEX co-treatment may limit the migratory properties of colorectal tumors subsisting in the hypoxic regions of colorectal cancers. A limitation of this study is the lack of a detailed molecular mechanism underlying the regulation of EMT by DEX in colorectal cancer cells.

Applications
Limiting the side effects of chemotherapy is clinically significant, as improved treatment outcome and prognosis can be achieved in patients undergoing chemotherapy in terms of recommended dose and duration of treatment. Given that DEX prevented hypoxia-dependent EMT of colon cancer cells, its use in colorectal cancer patients might be beneficial in mitigating tumor progression or metastasis. However, this finding should be interpreted with caution given the in vitro nature of this study.

Peer-review
The authors address a clinically very interesting issue, considering the fact that most patients undergoing chemotherapeutic treatment for metastatic colorectal cancer also receive anti-emetic treatment with synthetic corticosteroids. These authors state that dexamethasone was sufficient to block the propensity for cells to undergo EMT by repressing the hypoxia-induced expression of HIF-1α. This study is easily read, addresses an interesting question, and adds to the existing evidence in the field.
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Table 1 IC50 values of dexamethasone in HCT116 and HT29 cells
	
	Incubation time with DEX

	
	24 h
	48 h
	72 h

	HCT116 (mmol/L)
	0.916
	0.340 
	0.191 

	HT29 (mmol/L)
	1.130 
	0.259 
	0.129 



IC50 is the drug concentration 50% inhibition of cell viability. DEX: Dexamethasone.
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Figure 1 Effects of dexamethasone on vascular endothelial growth factor and hypoxia-inducible factor-1α expression in HCT116 and HT29 cells under hypoxia. A and B: RNA was extracted from cells treated with dexamethasone (DEX) (100, 200 nmol/L) and/or hypoxia for 24 (A) or 72 h (B). Vascular endothelial growth factor (VEGF) mRNA expression was analyzed by qPCR and normalized to glyceraldehyde phosphate dehydrogenase. DEX-treated HCT116 and HT29 cells in hypoxic conditions displayed the reduction of VEGF mRNA level; C and D: HIF-1α and β-actin protein expression in cells treated with DEX (50, 100, and 200 nmol/L) and/or hypoxia for 24 h was assessed by western blot analysis. HIF-1α protein level was inhibited in HCT116 and HT29 cells treated with DEX under hypoxic conditions. The error bar represents the standard deviation. aP < 0.05 vs hypoxia-only group. DEX: Dexamethasone; VEGF: Vascular endothelial growth factor; HIF-1α: Hypoxia-inducible factor-1α; N: Normoxia; H: Hypoxia. 
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Figure 2 Effects of dexamethasone on the hypoxia-induced expression of epithelial-mesenchymal transition markers. A-F: RNA was extracted from cells treated with DEX (100, 200 nmol/L) and/or hypoxia for 24 (A-C) or 72 h (D-F). Snail (A, D), Slug (B, E), and Twist (C, F) mRNA expression levels were then determined by qPCR and normalized to glyceraldehyde phosphate dehydrogenase. In hypoxic conditions, transcripts of Snail, Slug, and Twist were down-regulated in dexamethasone (DEX)-treated HCT116 and HT29 cells; G and H: E-cadherin, integrin αVβ6, and β-actin expression in cells treated with DEX (100, 200 nmol/L) and/or hypoxia for 5 (G) or 7 d (H) was assessed by Western blot analysis. Fold changes of E-cadherin and integrin αVβ6 bands were calculated after normalization to β-actin. E-cadherin was induced in HCT116 and HT29 cells treated with DEX in hypoxic conditions. Reversely, integrin αVβ6 was repressed by treated with DEX in HCT116 and HT29 cells under hypoxia. The error bar represents the standard deviation. aP < 0.05, bP < 0.01, and cP < 0.001 vs hypoxia-only groups. DEX: Dexamethasone; EMT: Epithelial-mesenchymal transition; N: Normoxia; H: Hypoxia.
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Figure 3 Effects of dexamethasone on cell morphology in hypoxia. Immunocytochemical staining for E-cadherin and DAPI in HCT116 (A) and HT29 (B) cells. Cells were treated with dexamethasone (DEX) (100, 200 nmol/L) and/or hypoxia for 5 (A) or 7 d (B). E-cadherin (red) and DAPI (blue) were observed by immunocytochemistry. DEX rescued E-cadherin expression and morphological changes of HCT116 and HT29 cells under hypoxia. Scale bar, 50 µm; Magnification × 200. DEX: Dexamethasone.
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Figure 4 Effects of dexamethasone on wound healing of colon cancer cells in hypoxia. A and B: Wound healing assay in HCT116 (A) and HT29 (B) cells treated with dexamethasone (DEX) (100, 200 nmol/L) and/or deferoxamine (DFO) (100 µmol/L) for 24 h; C and D: Effect of DEX on migration of HCT116 (C) and HT29 cells (D) was plotted as a percentage of wound closure. DEX diminished the ability to recover wounds of HCT116 and HT29 cells under hypoxic conditions. The error bar represents the standard deviation. Magnification × 40. aP < 0.05, bP < 0.01, and cP < 0.001 vs DFO-only groups. DEX: Dexamethasone; DFO: Deferoxamine.
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Figure 5 Effects of dexamethasone on migration and invasion of colon cancer cells in hypoxia. A and B: Transwell migration assay in HCT116 (A) and HT29 (B) cells; C and D: Matrigel invasion assay in HCT116 (C) and HT29 (D) cells. Both cells treated with or without dexamethasone (DEX) and incubated for 24 (A, B) or 48 h (C, D) in normoxic or hypoxic conditions. Cells on the upper surface of the transwells stained with Hematoxylin and Eosin were counted under a light microscope. DEX repressed migration and invasion of HCT116 and HT29 cells under hypoxia. The error bar represents the standard deviation. aP < 0.05, bP < 0.01, and cP < 0.001 vs hypoxia-only groups. DEX: Dexamethasone.
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