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Figure 1: GRβ and GRα expression and migration in UMUC3 and T24 human bladder cancer cells. GRβ and GRα 
expression was measured by immunoflourescence (A). Secondary antibodies (labeling GRα or GRβ) are shown in green, DAPI (nuclei 
labeling) are shown in blue, and a bright field images are shown in gray (scale bar = 25 μm). GRβ and GRα mRNA expression measured 
by Real-Time PCR (B). *p < 0.05; **p < 0.01 (versus UMUC3) (±S.E.; n = 3). Migration was measured in UMUC3 and T24 cells at 5, 10, 
15, 20, and 25 hours post wounding as the fold-changed wound width remaining (C). Images of the migration assay at 0 and 15 hours post 
wounding, with wound edges marked at T0 (black solid line) and T15 (white dashed line). ANOVA p < 0.0001; Bonferoni comparisons 
****p < 0.0001 (versus UMUC3) (±S.E.; n = 6).

Figure 2: Knockdown of GRβ reduces migration of human bladder cancer cells. Schematic of the the human GR gene to 
show the shRNA target site for GRβ (A). Knockdown of GRβ was confirmed by Real-Time PCR (B). **p < 0.01 (versus T24 Scramble) 
(±S.E.; n = 3). Migration was measured in the T24 Scramble and T24 GRβ shRNA cells at 5, 10, 15, 20, and 25 hours post wounding (C). 
Images of the migration assay at 0 and 25 hours post wounding are shown, with wound edges marked at T0 (black solid line) and T15 (white 
dashed line). ANOVA p < 0.001; Bonferoni comparisons **p < 0.01; ***p < 0.001. (versus T24 Scramble) (±S.E.; n = 6).
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Figure 3: Dexamethasone and insulin treatment in T24 and UMUC-3 cells. GRβ and GRα expression and location was 
measured using immunoflourescence with control (vehicle treatment), dexamethasone, or insulin treatments (A–D). Cells were seeded 
onto coverslips in media containing 10% dialyzed FBS for 24 hours before treating. Cells were treated with 100 nM insulin, 100 nM 
dexamethasone, or vehicle for 30 minutes. Secondary antibodies (labeling of human GRα or GRβ) are shown in green, DAPI (nuclei 
labeling) are shown in blue, a merge of the green and blue images are shown in panel 3 to represent localization, and a bright field image 
is shown in gray (scale bar = 25 μm). Data are represented as fold change compared to control. **p < 0.01; ***p < 0.001; ****p < 0.0001 
(versus control) (±S.E.; n = 3).

Figure 4: GRα controlled gene expression in T24 and UMUC-3 human bladder cancer cells. GRα controlled gene response 
was measured by Real-time PCR for FKBP51, GILZ, p21, VEGFA, GRα, and GRβ. Cells were seeded in media containing 10% Dialyzed 
FBS for 24 hours before treatment. Cells were then treated with 100nM dexamethasone or vehicle for 2 hours before mRNA was harvested. 
*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001 (versus UMUC3 control); #p < 0.05 (versus UMUC3 Dex) (±S.E.; n = 3).
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GRβ expression is controlled by miRNAs

To assay miRNA control of GRβ expression, 
we used the in-silico prediction software Targetscan 
(version 6.2) to find miRNAs that may bind to the 3′- UTR 
of human GRβ (Supplementary Figure 1) [37–39]. Three 
miRNAs were predicted to bind the 3′UTR of human GRβ 
(miR33a, miR181-a/b/c/d, and miR144). To determine 
which of the predicted miRNAs may regulate human 
GRβ expression, we used the pMirTarget vector with 

the 3′ UTR of human GRβ (pMirTarget 3′ UTR hGRβ) 
inserted after the luciferase reporter gene, which is under 
the control of the IRES promoter (Figure 5A). Next, 
we mutated the predicted binding sites to all adenines 
(Supplementary Figure 2) to determine the potential of 
the miRNA on human GRβ expression. We transfected the 
UMUC-3 and T24 cells with the pMirTarget 3′ UTR hGRβ 
mutants and measured luciferase activity (Figure 5B). 
Mutational analysis of the miR144 binding site resulted 
in a decrease of 77% (UMUC-3) and 81% (T24) in the 

Figure 5: The human 3′UTR of GRβ is regulated by miR144. The pMirTarget vector containing the 3′UTR of human GRβ was 
cloned into a luciferase reporter gene (3′UTR GRβ-Luc) (A). The T24 and UMUC-3 bladder cancer cells were transfected with the 3′UTR 
GRβ-Luc expression construct with mutation in the miRNA binding site for miR181, miR144, or miR33a and was measured by a luciferase 
assay, and normalized to renilla (B). ***p < 0.001; ****p < 0.0001 (versus WT) (±S.E.; n = 6). The miRNA expression in the UMUC3 
and T24 cells was measured using Real-Time PCR (C). *p < 0.05; **p < 0.01 (versus UMUC3) (±S.E.; n = 3). Total RNA was harvested 
at the time of wounding and 3 hours after from the T24 cells in media containing 10% dialyzed FBS to determine the expression during 
migration assay for miRNA expression (D). *p < 0.05 (versus T0) (±S.E.; n = 3), and for mRNA expression of GRβ and GRα expression 
(E). ***p < 0.001 (versus T0) (±S.E.; n = 3). A plasmid containing the human miR144 in the pCMV-MIR vector was transfected in the T24 
cells to show how miR144 overexpression affected the expression of GRβ and GRα as measured by Real-time PCR (F). *p < 0.05 (versus 
T24 Vector) (±S.E.; n = 3).


