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Supplementary Figure and Figure Legend 

Supplementary Fig. 1 
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Supplementary Fig. 1 Related to Fig. 1  

(a) MCF-10A (10A), MDA-MB-231 (231), Sk-br-3 (sk), SUM149 (149) and BT549 

(549) cells in the exponential growth phase were harvested, and nuclear and 

cytoplasmic protein samples were isolated. The expression of Aurora A (AURKA), 

-actin and histone H3 was determined via immunoblotting (IB). 

(b)-(f) AURKA (green) distribution was analyzed via immunofluorescence (IF) 
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staining in MCF-10A (10A), MDA-MB-231 (231), Sk-br-3 (sk), SUM149 (149) and 

BT549 (549) cells in the exponential growth phase. -Tubulin (red) was used to 

indicate centrosome location. The nuclei were stained with DAPI (blue). Scale bar, 50 

m. 

(g) The treatment was similar to Fig. 1d. Cells were subjected to ALDEFLUOR 

staining and analysis by flow cytometry.  

(h) The treatment was similar to Fig. 1e. Cells were subjected to ALDEFLUOR 

staining and analysis flow cytometry. 

(i) MDA-MB-231 cells (2×105), which expressed shRNA against AURKA under the 

control of a Tet-inducible system, were treated with doxycycline for 24 h. Then, the 

cells were transfected with lentivirus expressing AURKA (WT, KA or KD) or the 

AURKA-ER (AER) fusion protein in the presence of doxycycline for 72 h. The cells 

were harvested for IB analysis. 

(j) MDA-MB-231 cells (3×106) overexpressed AER via lentivirus-mediated gene 

transfer were treated with or without 200nM OHT treatment. Two days after 

transfection, the cells were selected using 1g/ml puromycin for 2 days. The 

cytoplasmic and nuclear fractions were prepared and subjected to IB analysis. 

(k) The cells subjected to treatment similar to that in (j) were fixed, and 

immunofluorescence (IF) staining was performed for HA (green). The nuclei were 

stained with DAPI (blue). Scale bar, 50 m. 

(l) MDA-MB-231 cells (2×105) were transduced with shRNA vector (sh Control or 

shAURKA) and over-expression vector (ER or AER) via lentivirus-mediated gene 
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transfer. Two days after transfection, the cells were double-selected with 1 g/ml 

puromycin and 2 g/ml blasticidin for 2 days. The adherent cells were collected for IB 

analysis. 

(m) SUM149 cells (2×105) were co-transfected with shRNA vector (sh Control or 

shAURKA) and the overexpression vector (ER or AER) via lentivirus-mediated gene 

transfer. Two days after transfection, the cells were double-selected using 1 g/ml 

puromycin and 2 g/ml blasticidin for 2 days. The resultant cells were used to 

perform first round mammosphere culture for 9 days (upper panel). At the end of the 

first round mammosphere culture, the cells were photographed. Then, the single 

suspension was prepared from sphere from the first round culture and subjected to 

second round mammosphere culture for 9 days (lower panel). At the end of the second 

round mammosphere culture, the cells were photographed. Scale bar, 100 m. 

(n) Data from three independent experiments derived from (m) were used for 

quantitative analysis of the mammosphere size (diameter, Φ) and the mammosphere 

number. The left panel showed the distribution pattern of the mammosphere size from 

SUM149 cells (Kruskal-Wallis test followed by Dunn's Multiple Comparison test, 

***p < 0.001). The right panel showed the number of mammosphere (Φ>60 m), the 

bars represented the means ± SEM (ANOVA followed by the LSD test, ***p < 0.001). 

(o) The cells in Fig. 1g used to perform two round mammosphere culture were 

subjected to a proliferation assay in conventional adherent culture by cell counting. 

(p) The cells used in (m) to perform two round mammosphere culture were subjected 

to a proliferation in conventional adherent culture by cell counting. 
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Supplementary Fig. 2 

 

Supplementary Fig. 2 Related to Fig. 2 

(a) Schematic diagram showing the hydrophobicity of three potential WT TADs (blue 

line) or mutant TADs (red line) in AURKA. 

(b) and (c) MCF-10A (3×106) overexpressed 20 g of AURKA and 3×106 
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MDA-MB-231 treated with 400 pmol and the corresponding control cell lines were 

subjected to RNA extraction. The expression of indicated genes were determined by 

realtime PCR. The bar represents means ± SEM of three independent experiments (t 

test, *: p≤ 0.05, **: p≤ 0.01). 

(d) AURKA was down-regulated in MDA-MB-231 cells (2×105) by treatment with 

three different siRNA (60 pmol) for 48 h. The expression of AURKA, c-Myc and 

-Actin mRNA was determined via semi-quantitative PCR. The bars represented the 

means ± SEM of three independent experiments (ANOVA followed by the LSD test, 

***: p≤ 0.001). 

(e) One g of empty vector (Vec) or a vector expressing AURKA (WT, KA or KD) 

was transfected into 5×105 MDA-MB-231 cells for 48 h. The expression of AURKA, 

c-Myc and -Actin mRNA was determined via semi-quantitative PCR. The bars 

represented the means ± SEM of three independent experiments (ANOVA followed 

by the LSD test, ***: p≤ 0.001). 

(f) and (g) SUM149 and BT549 cells (2×105) were treated with 60 pmol AURKA or 

scramble siRNA for 48 h. The expression of c-Myc and -Actin mRNA was 

determined via semi-quantitative PCR, and AURKA and GAPDH were determined 

via IB. The bar represented the means ± SEM of three independent experiments 

(ANOVA followed by the LSD test, *: p≤ 0.05, **: p≤ 0.01, ***: p≤ 0.001). 

(h) and (i) One g of empty empty vector (Vec) or vector expressing AURKA (WT, 

KA or KD) was transfected into 5×105 SUM149 and BT549 cells for 48 h. The 

expression of c-Myc and -Actin mRNA was determined by semiquantitative PCR, 
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AURKA and GAPDH expression determined by IB. The bar represented the means ± 

SEM of three independent experiments (ANOVA followed by the LSD test, **: p≤ 

0.01, ***: p≤ 0.001). 

(j) MDA-MB-231 cells (5×105) were treated with 60 pmol siRNA against AURKA or 

scramble for 48 h. Then, the cells were then treated with 100 g/ml cycloheximide 

(CHX) for the indicated period and were harvested for IB analysis. The expression of 

c-Myc and GAPDH was determined via IB (left panel). The IB results of c-Myc were 

quantified using Image J and were normalized to those of GAPDH. The normalized 

c-Myc expression level was used to construct a scatter plot (right panel). Linear 

regression was performed for statistical analysis. 

(k) Scramble or AURKA siRNA (60 pmol) were transfected into 5×105 

MDA-MB-231 cells for 24 h. Then 0.5g of MYC promoter or an empty basic 

reporter and 0.05 g of pRL-TK plasmid were co-transfected into MDA-MB-231 

cells for another 24 h. Dual luciferase reporter assays were performed to evaluate 

MYC promoter activation. The bars represented the means ± SEM of three 

independent experiments (ANOVA followed by the LSD test, ***: p≤ 0.001). 

(l) One g of empty vector (Vec) or a vector expressing AURKA (WT, KA or KD), 

0.5 g of MYC promoter reporter or a basic reporter and 0.05 g of pRL-TK plasmid 

were co-transfected into 5×105 MDA-MB-231 cells for 24 h. Dual luciferase reporter 

assays were performed to evaluate MYC promoter activity. The bars represented the 

means ± SEM of three independent experiments (ANOVA followed by the LSD test, 

**: p≤ 0.01, ***: p≤ 0.001). 
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(m) One g of DBD/AURKA-DBD (WT, M1, M2 or M3) was transfected into 5×105 

293T cells. After 24 h, the cells were harvested for real time PCR analysis. 

(n) BCSC and non-BCSC were isolated according to their side population level by 

flow cytometry. RNA of these cells was isolated and subjected to S1 nuclease 

protection assay to monitor the MYC P1 and P2 transcripts. The level of B2M mRNA 

in parallel identical samples were also determined. 
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Supplementary Fig. 3 

 

Supplementary Fig. 3 Related to Fig. 3 

(a) and (b) MDA-MB-231 cells (5×105) were co-transfected with 1 g of AURKA 

and/or hnRNP A1 and 0.5g of MYC promoter reporter (MYC) or basic reporter (Vec) 

along with 0.05 g of pRL-TK plasmid for 24 h. The expression of c-Myc, hnRNP A1, 
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AURKA and GAPDH were confirmed via IB (a). The MYC promoter activity was 

determined via a dual luciferase reporter assay (b). The bars represented the means ± 

SEM of three independent experiments (ANOVA followed by the LSD test, **: p≤ 

0.01). 

(c) and (d) MDA-MB-231 cells (5×105) were co-transfected with 1 g of AURKA 

and/or hnRNP K and 0.5g of MYC promoter reporter (MYC) or basic reporter (Vec) 

along with 0.05 g of pRL-TK plasmid for 24 h. The expression of c-Myc, hnRNP K, 

AURKA and GAPDH were determined via IB (c). The MYC promoter activity was 

determined via a dual luciferase reporter assay (d). The bars represented the means ± 

SEM of three independent experiments (ANOVA followed by the LSD test, **: p≤ 

0.01). 

(e), (f) and (g) MDA-MB-231 cells (5×105) were co-transfected with 1 g of 

expression vectors for the AURKA mutants and hnRNP K and 0.5g of MYC 

promoter reporter (MYC) or basic reporter (Vec) along with 0.05 g of pRL-TK 

plasmid for 24 h. MYC promoter activity was determined via a dual luciferase reporter 

assay (e). The expression of c-Myc, hnRNP K, AURKA and GAPDH were analyzed 

via RT-PCR (f) and IB (g). The bars represented the means ± SEM of three 

independent experiments (ANOVA followed by the LSD test, **: p≤ 0.01, ***: p≤ 

0.001). 

(h) 293T cells (3×106) were co-transfected with 20 g of Flag-AURKA-EGFP and 

hnRNP K-HA for 24 h. The cells were lyzsed and IP was performed using a anti-HA 

antibody. The expression of Flag-tagged AURKA and HA-tagged hnRNP K was 
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determined via IB. 

(i) 293T cells (3×106) were co-transfected with 20 g of HA-hnRNP K and 

Flag-AURKA-EGFP for 24 h. The cells were lysed and IP was performed using an 

anti-Flag antibody. The expression of Flag-tagged AURKA and HA-tagged hnRNP K 

was determined via IB. 

(j) MDA-MB-231 cells (6×106) in the exponential growth phase were lysed, and IP 

was performed using antibodies against hnRNP K, AURKA or control IgG. The 

expression of AURKA and hnRNP K was determined via IB. 

(k) Twenty g of Flag-tagged hnRNP K (WT, SD or SA) expression plasmids were 

transfected into 3×106 293T cells. After 24 h, the cells were lysed and IP was 

performed using an anti-AURKA antibody. The expression of Flag-tagged hnRNP K 

and AURKA were determined by IB. 

(l) Schematic diagram of the GST-fused hnRNP K truncated mutants. 

(m) Schematic diagram of the GST-fused AURKA truncated mutants. 

(n) Twenty g of HA-tagged AURKA was overexpressed in 3×106 293T cells for 24 h. 

The cells were lysed and divided equally into 5 aliquots. 5 g of GST-fused hnRNP K 

was incubated with lysates, followed by pull down of GST-fused hnRNP K to 

examine the expression of HA-tagged AURKA in GST-fused hnRNP K protein 

complexes via IB. 

(o) Twenty g of HA-tagged hnRNP K was overexpressed in 3×106 293T cells for 24 

h. The cells were lysed and divided equally into 9 aliquots. 5 g of GST-fused 

AURKA was incubated with lysates, followed by pull down of GST-fused AURKA to 
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examine the expression of HA-tagged hnRNP K in GST-fused AURKA protein 

complexes via IB. 

(p) 293T cells (5×105) were transfected with 1 g of wild type or NLS deleted hnRNP 

K for 24 h. Cells were fixed and subjected to IF staining. 
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Supplementary Fig. 4 

 

Supplementary Fig. 4 Related to Fig. 4 

(a) MDA-MB-231 cells (3×106) were transfected with 400 pmol siRNA against 

negative control (NC), AURKA and hnRNP K for 48 h. The cells were subjected to IB 

analysis. 
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(b) and (c) Cells were treated as Fig. 4c and Then subjected to real time PCR (b) and 

IB (c) analysis. 

(d) The sequencing results of the CT-element mutation of the MYC promoter are 

shown. 

(e) The treatment was identical to that in Fig. 4d. The cells were collected for 

performing IB analysis. 

(f) One g of Flag-tagged hnRNP K (WT, SD or SA) expression plasmids, 0.5 g of 

MYC promoter reporter or a basic reporter and 0.05 g of pRL-TK plasmid were 

transfected into 5×105 293T cells. After 24 h, dual luciferase reporter assays were 

performed to evaluate MYC promoter activation. The bars represented the means ± 

SEM of three independent experiments (ANOVA followed by the LSD test, ***: p≤ 

0.001). 

(g) SUM149 cells (5×105) overexpressing HA-tagged AURKA were transfected with 

60 pmol hnRNP K or NC siRNA. After 48 h, the CD24low/CD44high population was 

analyzed via flow cytometry. The bars represented the means ± SEM of three 

independent experiments (ANOVA followed by the LSD test, **: p≤ 0.01, ***: p≤ 

0.001). 

(h) Expression of exogenous c-Myc was driven by wild-type ("WT") or mutant 

(mutated hnRNP K binding site, "Mut") MYC promoter in MDA-MB-231. Control 

("Con") represented wild-type MYC promoter without the downstream MYC open 

reading frame. AURKA or/and hnRNP K were expressed via lentivirus-mediated gene 

transfer. The cells were also subjected to IB analysis. 
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(i) The cells established in (h) were subjected to mammosphere culture (6 days) and 

the secondary passaging (additional 6 days). The left panel showed the distribution 

pattern of mammosphere size from MDA-MB-231 (Kruskal-Wallis test followed by 

Dunn's Multiple Comparison test, ***p < 0.001). The right panel showed the number 

of mammosphere (Φ>60 m). 

(j) The cells used in (i) to perform two round mammosphere culture were subjected to 

a proliferation assay by cell counting. 

(k) The treatment was the same as Fig. 4l. The population of CD24High were used to 

perform limiting dilution assays in NOD/SCID mice. 

(l) The CD24Low cells sorted in Fig. 4l were subjected to evaluate proliferation by cell 

counting. 
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Supplementary Fig. 5 

 

Supplementary Fig. 5 Related to Fig. 5 

(a) The results of Fig. 5a were summarized. 

(b) Different amounts of hnRNP K (0 g, 1 g or 4 g) were expressed in 5×105 

MDA-MB-231 cells for 24 h. The cytoplasmic and nuclear proteins were extracted 

and subjected to IB analysis. 
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(c) MCF-10A cells (6×106) were treated with the indicated concentrations of VX-680 

for 24 h. The cytoplasmic and nuclear proteins were extracted and subjected to IB 

analysis. 

(d) Twenty g of wild type or NLS deletion mutant of hnRNP K were expressed in 

3×106 MDA-MB-231 cells for 24 h. The cytoplasmic and nuclear proteins were 

extracted and subjected to IB analysis. 

(e) The cells in Fig. 5e were subjected to evaluate proliferation in adherent culture by 

cell counting. 

(f) MDA-MB-231 cells were infected with lentivirus expressing a fusion protein 

(ER-NLS-AUR333) and were treated with or without 200nM OHT for 48 h. The cells 

were fixed and IF staining was performed against the HA-tag. Scale bar, 50 m. 

(g) MDA-MB-231 cells were co-infected with lentivirus expressing AURKA shRNA 

(shAURKA or sh Control) and ER-NLS-AUR333. Then the cells were replaced with 

fresh medium and cultured for 48 h in the presence or absence of 200nM OHT 

treatment. The cells were selected in medium containing or lacking OHT in the 

presence of 1 g/ml puromycin and 5 g/ml blasticidin for 48 h. The expression 

levels of AURKA (endogenous), ER-NLS-AUR333 and GAPDH were determined via 

IB. 

(h) SUM149 cells were co-infected with lentivirus expressing AURKA shRNA 

(shAURKA or sh Control) and ER-NLS-AUR333. Then, the cells were cultured in 

fresh medium for 48 h in the presence or absence of 200nM OHT. The cells were 

selected for in medium containing or lacking OHT and in the presence of 1 g/ml 
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puromycin and 5 g/ml blasticidin for 48 h, before harvested for CD24low/CD44high 

population analysis by flow cytometry. The bars represented the means ± SEM of 

three independent experiments (ANOVA followed by the LSD test, ***: p≤ 0.001). 

(i) The cells used in Fig.5g to perform two rounds of mammosphere cultures were 

subjected to evaluate proliferation in adherent culture by cell counting. 
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Supplementary Fig. 6 

 

Supplementary Fig. 6 Related to Fig. 6 

(a) The cells used in Fig. 6f to perform two rounds mammosphere cultures were 

assayed for proliferation in adherent culture by cell counting. 

(b)-(e) MDA-MB-231 cells were infected with lentivirus expressed AURKA shRNA 
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for 24 h. Then, the lentivirus infected MDA-MB-231 cells (5×105) were transfected 

with 1 g of the NES or NLS fused AURKA for 24 h. Then, cells were propagated, 

and were treated with or without 0.4 M MLN8237 or vehicle for 48 h. The cells 

were collected for IF staining (b), IB (c) and CD24/CD44 staining (d) analysis. The 

results in (d) are summarized in (e). 
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Supplementary Fig. 7 
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Supplementary Fig. 7 Related to Fig. 7 

(a) The primary breast cancer cells shown in Fig. 7a were analyzed for the expression 

of CD326 via flow cytometry. 

(b)-(d) IHC staining of AURKA, c-Myc and CD24, respectively, were performed on 

the breast cancer tissues. The cutoff values were determined based on the receiver 

operating characteristic (ROC) curve. 

(e) IHC staining of AURKA was performed on the breast cancer tissues.. 

Kaplan-Meier analysis was performed and the log-rank test was used for statistical 

analysis. 

(f) Breast cancer samples (N=59) were subjected to FISH assay to identify their MYC 

copy number. Samples were also subjected to IHC staining of AURKA and c-Myc. 

The samples (N=31) with normal MYC copy number (2 copies) and with paired 

AURKA and c-Myc staining were scored and subjected to linear regression analysis. 

(g) MDA-MB-231 cells were synchronized at M phase by treating with 100 ng/ml 

nocodazole for 12 h. M phase cells were collected. The M phase cells were treated 

with 100 ng/ml nocodazole and indicated concentration of VX-680 for 36 h. The 

control cells (unsynchronized cells) were treated with indicated concentration of 
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VX-680 for 36 h. Cells were subjected to IB analysis.
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Supplementary Fig. 8 
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Supplementary Fig. 7 Uncropped images of blots. Uncropped scans of blots shown 

in the Figs 1a, 1c, 1d, 1e, 2a, 2b, 2d, 2g, 2h, 2k, 2l, 2m, 2n, 2o, 3d, 3f, 3g, 3h, 3j, 3k, 

4e, 4g, 4h, 5c, 6a, 7a, and supplementary Figs.1a, 1i, 1j, 1l, 2f, 2g, 2h, 2i, 2j, 2k, 2l, 2n, 

3a, 3c, 3g, 3h, 3i, 3j, 3k, 3n, 3o, 4a, 4c, 4e, 4f, 4h, 5b, 5c, 5d, 5g, 6c, 7g. 
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Supplementary Table 1 

Differentially expressed genes regulated by AURKA are identified by RNA 

sequencing. 
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Supplementary Table 2 

The interactions between AURKA regulated differentially expressed genes are 

shown. 
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Supplementary Table 3 

AURKA interacting proteins and MYC promoter binding proteins are shown. 
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Supplementary Table 4 

The primers used in quantitative PCR are shown. 
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SUPPLEMENTARY METHODS 

Immunofluorescence (IF) Analysis 

Cells (5×103 cells per well) were seeded into 6-well plate. The next day, cells were 

rinsed with ice-cold PBS and fixed with 5% paraformaldehyde for 10 min at RT. Then, 

cells were treated with 1% BSA (in PBS) plus 0.2% Triton X-100 for 15 min. Cells 

were subjected to immunofluorescence staining with indicated antibodies (1:200) for 

1 h at RT. Cells were then washed with PBS three times for 10 min each. Cells were 

incubated with indicated secondary antibody (1:200) at RT for 1 h. Cells were washed 

with cold PBS three times for 10 min each, and incubated with DAPI (0.1g/ml) to 

stain the nucleus. The cells were examined by confocal microscopy (Olympus). 


