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SUPPLEMENTARY METHODS AND
FIGURES

Cell culture

The immortalized human mammary gland epithelial
cells HMLE and foreskin fibroblast BJ-hTERT+LT were
generously provided by Dr. Robert Weinberg [1, 2].
HMLE cells were cultured in DMEM/F12 (1:1) medium
(Mediatech) supplemented with 10 pg/ml insulin, 10 ng/ml
hEGF, 0.5 pg/ml hydrocortisone, and 1% penicillin-
streptomycin. PC3 prostate cancer cells, matching to the
PC3 cells from ATCC by finger printing, were kindly
provided by Dr. Isaiah Fidler [3]. PC3 and SU86.86
pancreatic cancer cells (ATCC) were cultured in RPMI
1640 media (Mediatech), supplemented with 10% FBS
(Gibco) and 1% penicillin-streptomycin (Mediatech).
BJ-hTERT+LT and human lung fibroblast WI-38 (ATCC)
were cultures in DMEM with 10% FBS. ATCC was also
the source for the breast cancer cell lines used in this study,
including cells of luminal subtype AU565, HCC202,
MCF7, SKBR3, T47D, ZR75-1 and MDAMBA453;
cells of basal-A subtype HCC1954, HCC1937, BT20,
MDAMB468 and HCC70; cells of mesenchymal
(claudin-low) subtype BT549, HS578T, MDAMB231
and MDAMBA436 [2, 4, 5]. These cells were cultured
according to ATCC guidance. Claudin-low SUMI159
cells (Asterand) were cultured in F12 + 5% FBS, insulin,
and hydrocortisone [2]. Human mesenchymal stem cells,
MSC-1 and MSC-2, derived from culture of human bone
marrow of two different individuals (Allcells, BM3390
and BM3392), were kindly provided by Dr. Pamela
Wenzel at UTHSC-Houston.

Vector constructs, retro- and lenti-viral
preparation

Our human kinase cDNA collection in pJP1563
retroviral vector has been previously described [6]. The
retroviral pPBABE-puro empty vector, or with -Twist, -Snail,
-V12 H-Ras were kindly provided by Dr. Robert Weinberg
[7, 8]. All shRNA constructs in pLKO.1 lentiviral vector
were purchased from Sigma-Aldrich (MISSION®shRNA
code: shCDKL2-1, TRCN0000000724; shCDKL2-2, TRC
N0000000725; shZEB1-1, TRCN0000017563; shZEB1-2,
TRCNO0000017564; shZEB1-3, TRCN0000017565; shC
TNNB1-1, TRCN0000003846; shCTNNB1-2, TRCN
0000010824) and packaged into viral particles in
293T cells for transduction according to their recom-
mendation [9].

Western blotting analysis

Cells were lysed in RIPA buffer supplemented
with Complete Mini protease inhibitor cocktail and

PhosSTOP phosphatase inhibitor cocktail (Roche Applied
Science). Protein concentrations were determined using
Pierce BCA protein assay kit (Thermo Scientific).
The samples were then separated by SDS-PAGE
and transferred to PVDF membrane (Bio-Rad). The
membrane was blocked with 5% skim milk in TBST
for 1h at room temperature, followed by incubation of a
primary antibody overnight at 4°C. Primary antibodies
used were as follows: anti-vimentin V9 (Abcam) [10],
anti-E-cadherin (BD Bioscience Pharmingen) [11], anti-
Fibronectin (BD Bioscience Pharmingen) [12], anti-N-
cadherin (BD Bioscience Pharmingen) [13], anti-ZEB1
H102 (Santa Cruz Biotechnology) [14], anti-CD44
IM7 (Santa Cruz Biotechnology) [15], anti-ESRP1/2
(Rockland Immunochemicals) [16], anti-B-catenin
(Santa Cruz Biotechnology) [17], anti-occludin (Santa
Cruz Biotechnology) [18] and anti-B-actin (Santa Cruz
Biotechnology). After washes, the membrane was
incubated with HRP-conjugated secondary antibodies
(Cell Signaling Technology) for 1h at room temperature.
The blots were then detected by Pierce ECL Western
Blotting Substrate (Thermo Scientific) on Blue Basic
Autoradiography Film (Bioexpress).

Immunofluorescence and
immunohistochemistry assay

Cells grown on Lab-Tek II Chamber Slide (Thermo
Scientific Nunc) were fixed with 4% paraformaldehyde/
PBS for 10 min, and permeabilized with 0.2% Trition-100/
PBS for 10 min before blocking with blocking buffer
(PBS + 5% BSA + 0.1% Tween-20) for 1 h. Cells were
then incubated with primary antibody (diluted 1:200)
overnight at 4°C. Primary antibodies used were as follows:
anti-E-cadherin (BD Bioscience Pharmingen), anti-f-
catenin (Santa Cruz Biotechnology), anti-N-cadherin
(BD Bioscience Pharmingen). After washing with PBS,
secondary antibodies coupled to Alexa-488 or -594
(Invitrogen) were used in the dark at room temperature
for 1 h. Cell nuclei were then visualized with DRAQS5
(Invitrogen). Slides were mounted with SlowFade Gold
anti-fade reagent (Invitrogen). Images were capturedwith
the Leica TCS SP5 Confocal Microscope and LAS AF
software.

For tissue staining, slides with S5-um sections
of formalin-fixed, paraffin-embedded samples were
deparaffinized and rehydrated before being subjected
to antigen retrieval with 10 mM sodium citrate pH 6.0
for 20 min. Slides were then incubated with Peroxidase
Suppressor (Thermo Scientific Pierce), Avidin/Biotin blocking
solution (Vector Labs) and non-specific binding blocking
buffer (PBS + 5% BSA + 0.1% Tween-20), followed by the
corresponding primary antibody (overnight at 4°C) and HRP-
conjugated secondary antibody (1 h at room temperature).
The immunohistochemistry reaction was developed with



www.impactjournals.com/oncotarget/

Oncotarget, Supplementary Materials 2014

a DAB substrate Kit (Vector Labs) before slides were
counterstained with hematoxilin and mounted in Di-N-butyl
Phthalate in Xylenesolution (DPX, Sigma-Aldrich).

Reverse transcription and quantitative
PCR analysis

RNA was isolated from cells using TRIzol reagent
(Invitrogen). cDNA was generated by reverse transcription

with iScript cDNA Synthesis Kit (Bio-Rad). Real time
PCR was performed using SsoFast EvaGreen Supermix
(Bio-Rad) in Bio-Rad CFX96 Real-Time PCR Detection
System (Bio-Rad) and PCR products were run on 2%
agarose gels. For all RT-PCR analysis, either GAPDH
or B-actin mRNA was used to normalize RNA input
and expression levels were calculated according to the
comparative C, method (AAC,). Primers sequence used
to amplify genes were as follows:

AP1(JUN)-F 5'-CCAAAGGATAGTGCGATGTTT-3'
AP1(JUN)-R 5'-CTGTCCCTCTCCACTGCAAC-3'
CD24-F 5'-TCCAGTGAAACAACAACTGGAA-3'
CD24-R 5'-GGTGGTGGCATTAGTTGGAT-3'
CD44s-F 5'-AGGAGCAGCACTTCAGGAGGTTAC-3'
CD44s-R 5'-ACTGGGGTGGAATGTGTCTTGGTC-3'
CD44v8-9 -F 5'-CAGGTTTGGTGGAAGATTTGG-3'
CD44v8-9 -R 5'-TGTCAGAGTAGAAGTTGTTGGATGG-3'
CDHI1-F 5'-GGCCAGGAAATCACATCCTA-3’
CDHI1-R 5'-GGCAGTGTCTCTCCAAATCC-3’
CDKL2-F 5'-GGAACCCCTATTTCCTGGAG-3'
CDKL2-R 5'-TCCTTGATTTCAGGCAACCT-3’
CTNNB-F 5'-GCTTTCAGTTGAGCTGACCA-3’
CTNNB-R 5'-CAAGTCCAAGATCAGCAGTCTC-3'
ESRPI1-F 5'-ACCAAGCCCTCCGACAGT-3’
ESRP1-R 5'-TGCAGGATTTGCCTGACAT-3'
ESRP2-F 5'-GCTGTTATCCTCCATCTACTCAAAG-3'
ESRP2-R 5'-GTCCACCACATCAGCCTTG-3'
SLUG-F 5'-ACAGCGAACTGGACACACAT-3’
SLUG-R 5'-GATGGGGCTGTATGCTCCT-3'
SNAIL-F 5'-GCTGCAGGACTCTAATCCAGA-3'
SNAIL-R 5'-ATCTCCGGAGGTGGGATG-3'

SOX-2-F 5'-ATGGGTTCGGTGGTCAAGT-3’
SOX-2-R 5'-GGAGGAAGAGGTAACCACAGG-3’
SP1-F 5'-CTATAGCAAATGCCCCAGGT-3'

SP1-R S'CTGGGCTGTTTTCTCCTTC-3'

TWIST-F 5'-CCCAACTCCCAGACACCTC-3'
TWIST-R 5'-CAAAAAGAAAGCGCCCAAC-3’
VIMENTIN-F 5'-AAAGTGTGGCTGCCAAGAAC-3'
VIMENTIN-R 5'-AGCCTCAGAGAGGTCAGCAA-3'
ZEBI1-F 5'-TGTTACCAGGGAGGAGCAGT-3'
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ZEB1-R 5'-GCTTCATCTGCCTGAGCTTC-3'
ZEB2-F 5'-ACAAGCCAGGGACAGATCA-3’
ZEB2-R 5'-GCCACACTCTGTGCATTTGA-3’

Migration assay

Cells were starved by culturing in medium without
growth factors overnight. After starvation, cells were split
and 5 x 10* cells were seeded onto Transwell membrane
inserts (24-well transwell plate containing 8 um pore-size
polycarbonate filters, Corning Costar) in growth factors-
free medium. Full media was added to the lower chamber.
After 24 h incubation at 37°C, non-migrating cells were
wiped from the upper side of the membrane. Cells that
migrated to the lower surface of the membrane were fixed
and stained with 0.5% crystal violet solution (in 95%
ethanol). Duplicate inserts were used for each individual
experiment, and five random microscopic fields were
counted per insert.

Mammoshpere assay

HMLE cells carrying empty vector or expressing
EMT regulators were seeded at 5 x 10° cells per well of a
24-well Ultra Low Plate (Corning) and grown for 14 days
in DMEM/F12 (1:1) medium (Mediatech) supplemented
with 20 ng/ml EGF, 20 ng/ml FGF (Cell Signaling
Technology), 4 png/ml heparin (Sigma), 2% Serum-Free
Supplement B27 (Invitrogen) and 1% methylcellulose
(Spectrum Chemicals). Wells were fed every 3 days with
0.5 ml media for 2 weeks. Then the mammospheres with
diameter > 75 um were counted at indicated time.

Multilineage differentiation

For osteoblast differentiation, 1 x 10* cells were
cultured in NH OsteoDiff Medium (MiltenyiBiotec) in
12-well plates for 35 days; and for adipocyte differentiation,
1 x 10° cells were cultured in NH AdipoDiff Medium
(MiltenyiBiotec) for 42 days. The medium was replaced
every 3 days. After culturing, committed osteogenic cells
and adipogenic cells were detected as previously described
[19, 20]. Briefly, to test osteoblastic differentiation, cells
were incubated with FAST BCIP/NBT (Sigma-Aldrich) to
determine alkaline phosphatase (AP) activity, or analyzed
by alizarin red S (Sigma-Aldrich) staining and silver nitrate
(Von-Kossa) staining to determine calcium deposition and
mineral deposition. As to adipocyte differentiation, oil red O
dye (Sigma-Aldrich) staining was used to detect oil droplets
formation.

Characterization of cell growth

Cells (300/well) were plated in 96-well plate. After
24 h, cells were gently washed with PBS and cultured with

DMEM/F12 (1:1) medium supplemented with decreasing
concentrations of growth factors for 12—14 days. Medium
with full amounts of growth factors was regarded as
100% growth factors.The medium was replaced every
3 days. Cell proliferation was then measured using
the AlamarBlue assay. Briefly, AlamarBlue reagent
(invitrogen) was added to each well, and the plate was
incubated at 37°C for 6 h. The plates were then read on the
Tecan Infinite M 1000 plate reader (TECAN Groups Ltd.,
Mannedorf, Switzerland) using an excitation wavelength
of 535nm and an emission wavelength of 595nm. For
drug resistance assay, all compounds were purchased
from Sigma-Aldrich and dissolved in DMSO. Cells (3000/
well) were plated in 100 ul per well in 96-well plates.
One day (24 h) after seeding, compounds were added in
quadruplicate per concentration for each cell line. Cell
viability was measured after 72 h using the AlamarBlue
assay.

Promoter reporter luciferaseassay

Cells were transiently transfected with firefly
luciferase reporter vectors using TransIT-LT1 Transfection
Reagent (MirusBio). As internal control for transfection
efficiency, renilla luciferase construct was cotransfected
with reporter vectors. After 40 h, luciferase activity was
assessed with Dual-Luciferase Reporter Assay System
(Promega). All data were at least triplicate and analyzed
using Student’s t-test.

Animal experiments

NOD/SCID mice were purchased from Charles
River Laboratories. All mouse procedures were approved
by the Animal Care and Use Committees of University of
Texas Health Science Center at Houston and performed in
accordance with institutional polices.

HMLER-EV and HMLER-CDKL2 cells were
transduced to express luciferase and in vitro luciferase
assay was performed to ensure similar luciferase
expression in both cell lines. The indicated number
of cells were suspended in 30 pl 1:1 Matrigel (BD
Bioscience):DMEM/F12 solution and then injected into
the 4th inguinal mammary glands on both sides of NOD/
SCID mice. Mice were sacrificed after 12 weeks or when
tumors reached a diameter > 1 cm.

Tumor size was measured with a slide caliper and
the volumes were estimated according to the following
formula: Tumor volume (mm?®) = ©/6xXLxW?, where L is
length and W is width. For bioluminescence imagining,
mice were anaesthetized using ketamin/xylazine and
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injected intraperitoneally with 150 mg/kg luciferin
(Caliper Life sciences), and then primary tumor and
metastasis were imaged using an IVIS Lumina II platform
(Caliper Life sciences). Metastasis to lung, liver and chest
bones were examined ex vivo upon sacrifice.
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Supplementary Figure S1: The stem cell-like phenotypes induced by CDKL?2 is comparable to that induced by Snail
and Twist. (A) HMLE-CDKL2 cells generated more mammospheres than HMLE-EV control cells. Snail and Twist were used as positive
controls. Phase-contrast images represent mammospheres formed by indicated cell lines. (B) HMLE cells expressing CDKL2, Twist
or Snail gained MSC-like capabilities for multilineage differentiation. Shown are representative results of osteoblastic differentiation.
Following culture in osteoblastic differentiation media, these cells were tested with FAST BCIP/NBT kit to determine alkaline phosphatase
(AP) activity, or analyzed by alizarin red S staining and silver nitrate (Von-Kossa) staining to determine calcium deposition and mineral

deposition.
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Supplementary Figure S2: CDKL2 endowed CD44"¢"/CD24"" subpopulation with enhanced EMT and stem cell-like
phenotypes. (A) phase-contrast images of parental and sorted cells. (B) relative expression of CDKL2, CD24, CD44 splice isoforms
(mesenchymal isoform CD44s and epithelial isoform CD44v8-9), and EMT markers (E-cadherin and Vimentin) were measured by real
time RT-PCR. B-Actin was used as loading control. The data are reported as mean + SD. (C) multilineage differentiation ability of parental
and sorted cells. Following culture in osteoblastic differentiation media, these cells were tested with FAST BCIP/NBT kit to determine
alkaline phosphatase (AP) activity, or analyzed by alizarin red S staining and silver nitrate (Von-Kossa) staining to determine calcium
deposition and mineral deposition. Following culture in adipogenic differentiation media, cells were stained with oil red dye to detect oil
droplets formation.
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Supplementary Figure S3: Changes of EMT-TFs expression in CDKL2-overexpressing cells. Expression of well-known
EMT-TFs (ZEB1, ZEB2, Twist, Snail, Slug, FOXC2, AP1, SP1, and B-catenin) were determined by real time PCR and reported as

mean = SD.
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Supplementary Figure S4: Alterations in immunofluorescence staining patterns of ZEB1 and E-cadherin by ZEB1
knockdown in HMLE-CDKIL2 cells. Scale bars, 25 pm.
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