Supplementary Figures
and Tables

Chen et al, p27 mislocalization is a poor prognostic
factor of osteosarcoma by activating PAK1-mediated
metastasis
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Supplementary Figure S1A. Representative images of tumor cores on the tissue microarray showing
different proportion scores of p27 staining (brown) used in the survival analysis.
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Supplementary Figure S1B. Representative images of tumor cores showing negative (Top), nuclear
(Middle) and cytoplasmic (Bottom) IHC staining for p27 in the tissue microarray. Left and right
columns show the lower (4X) and high (20X) power of magnification, respectively.
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Supplementary Figure S2. Kaplan-Meier plots of cytoplasmic p27 in osteosarcoma tissue
microarray. A, Event-free survival of intensity score (p=0.037, left) and total score (p=0.015, right)
of cytoplasmic p27 in osteosarcoma cases. B, Disease-specific survival of metastasis at diagnosis
(p=2.29E-07, left) and histologic response (p=7.66E-06, right) in osteosarcoma cases. C, Event-free
survival of cytoplasmic p27 proportion score with cutoff >= 2 (p=0.10, left) and 3 (p=0.55, right).
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Supplementary Figure S3. A, Western blots of PAK1 in p27-immunoprecipitated proteins in
HT-1080. The pulldown assay was performed by rabbit p27 antibody (Ra-p27), whereas same
amount of cell lysis incubated with rabbit IgG was used as a negative control. PAK1 was
detected by mouse PAK1 monoclonal antibody (Ma-PAK1). Mouse monoclonal antibody p27
antibody (Ma-p27) was used as an immunoprecipitation control and total PAK1 expression
was used as an input control. B, Representative images (left) and quantification (right) of
transwell migration assays of NES-p27 cells treated with 1uM of the Group | PAK inhibitor
(G5555) or the vehicle control (DMSO). Migrated cells were stained, counted, and averaged
using Image) 1.51K-IHC tool box (NIH) software in five random and independent microscopic
fields (10X). Error bars represent standard deviations and asterisks denote statistical
significance of the cell counts in the five fields (student-t test, p<0.001). The experiments
were replicated three times. C, Fractionated Western blots of three OS cell lines (NES-p27,
U20S and 143B). HDAC and GAPDH were used as nuclear (N) and cytoplasmic (C) loading
controls, respectively.
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Supplementary Figure S4. Subcellular fractionation followed by Western blotting of p27 on PAK1
shRNA (shRNA#1 and #2) and scramble mutants of three osteosarcoma cell lines (NES-p27, 143B and
U20S). GAPDH and HDAC were used as cytoplasmic and nuclear protein controls, respectively.
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Supplementary Figure S5. Lung metastasis of
mice injected with HT-1080 harboring PAK1-
ShRNA or scramble shRNA control. Four weeks
after injection, mice were sacrificed and mouse
lungs were harvested and examined by H & E
staining to evaluate the presence of
microscopic metastatic foci. Representative H &
E staining images of metastatic nodules (20X)
were shown (Arrow, left). The percentage of
total lung volume occupied by tumor cells was
counted and compared between the scramble
and shRNA groups (Student’s t-test, p<0.01,
right).



Supplementary Table S1. Comparison of demographic factors and histologic subtypes with p27
proportion score. p-values for gender, race and histologic subtypes were calculated by 2-sided fisher-
exact tests and p-value for age were calculated by a 2-sided student’s t-test.

Demographics

p27 Proportion Score p-value
Low High
Gender
Female 12 57 1
Male 11 56
Race
African-American 0 17 0.068
Caucasian 22 93
Other 1 3
Histologic subtype
Chondroblastic 3 21 0.363
Fibroblastic 5 27
Osteoblastic 7 45
Other 8 20

Age (meantstdev, year) 25+17 2315 0.507




Supplementary Table S2. Results of the p27 immunoprecipitation followed by mass spectrometry to
show cytoplasmic p27 interacting proteins uniquely present in the p27-mislocalized osteosarcoma cell
line NES-p27 relative to the empty vector control. Only the proteins with at least two identified
peptides are shown in the table. Cyclin-dependent kinase inhibitor 1B (p27) is shown in red and PAK1 is
shown in bold.

Rank NCBI gi no. Protein Name Peptide Hits
Empty Vector NES-p27

4757962 cyclin-dependent kinase inhibitor 1B 26 62

1 57013276 tubulin alpha-1B chain 150
2 171460916 dynamin-1-like protein isoform 2 48
3 119703753 keratin, type Il cytoskeletal 6B 40
4 285395246 tubulin alpha chain-like 3 isoform 2 37
5 209969836 transportin-2 isoform 2 32
6 109148552 keratin, type Il cytoskeletal 3 23
7 83641870 nucleophosmin isoform 3 22
8 38201625 eukaryotic translation initiation factor 4 gamma 1 isoform 3 21
9 419636284 AP-3 complex subunit beta-1 isoform 2 20
10 163310745 LIM and calponin homology domains-containing protein 1 isoform c 18
11 5453880 acidic leucine-rich nuclear phosphoprotein 32 family member A 17
12 6005743 ATP-dependent RNA helicase DDX19B isoform 1 16

signal transducer and activator of transcription 1-alpha/beta isoform beta
13 21536301  (STAT1) 14
14 23111038 sorting nexin-2 isoform 1 14
15 112382257 inaD-like protein 13
16 24430146 nuclear pore complex protein Nup153 isoform 2 13
17 33469968 DNA replication licensing factor MCM7 isoform 1 12
18 28144897 adenylate kinase isoenzyme 5 isoform 1 12
19 13569879 acidic leucine-rich nuclear phosphoprotein 32 family member E isoform 1 12
20 459352730 POTE ankyrin domain family member J 11
21 53729363 E3 ubiquitin-protein ligase LRSAML1 isoform 1 11
22 372466577 Kkeratin, type Il cytoskeletal 8 isoform 2 11
23 33598968 LIM domain only protein 7 isoform 1 10
24 394582099 DNA replication licensing factor MCM3 isoform 2 10
25 42794769 serine/threonine-protein kinase PAK 1 9
26 6598323 rab GDP dissociation inhibitor beta isoform 1 9
27 39995059 caspase-2 isoform 1 preproprotein 9
28 15011972 rho guanine nucleotide exchange factor 1 isoform 2 9
29 289629267 protein transport protein Sec23B isoform 2 9
30 67191208 polyubiquitin-C 8
31 67782365 keratin, type Il cytoskeletal 7 8
32 21536286 creatine kinase B-type 8
33 288915536 plastin-1 8
serine/threonine-protein phosphatase PP1-beta catalytic subunit isoform

34 46249376 1 8
35 5579478 dual specificity mitogen-activated protein kinase kinase 1 8
36 399154157  striatin-interacting protein 1 isoform 2 8
37 16753215 profilin-2 isoform a 7
38 21361091 ubiquitin carboxyl-terminal hydrolase isozyme L1 7
39 242247193 SH2B adapter protein 2 7
40 39930351 dynamin-binding protein 7
41 336176066 RNA-binding protein 39 isoform d 7
42 7524354 N(G),N(G)-dimethylarginine dimethylaminohydrolase 2 7
43 50083291 amyloid beta A4 precursor protein-binding family B member 2 isoform c 7
44 7019569 vacuolar protein sorting-associated protein 4A 7
45 351721296 protein SET isoform 3 7
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ubiquitin carboxyl-terminal hydrolase 13

importin subunit alpha-4

ATP-dependent RNA helicase DDX39A

spliceosome RNA helicase DDX39B

structural maintenance of chromosomes protein 4
macrophage receptor MARCO

microtubule-associated protein 2 isoform 5
C-Jun-amino-terminal kinase-interacting protein 4 isoform 4
nuclear receptor coactivator 1 isoform 3

ATP-dependent RNA helicase A

ephexin-1 isoform 2

bifunctional protein NCOAT isoform b
dihydropyrimidinase-related protein 2 isoform 3
aminopeptidase B

breast cancer anti-estrogen resistance protein 1 isoform 2
kinesin light chain 2 isoform 2

myotubularin-related protein 12

keratin, type | cytoskeletal 18

protein timeless homolog

cAMP-dependent protein kinase catalytic subunit alpha isoform 2
thyroid receptor-interacting protein 11

calcyclin-binding protein isoform 1

SHC-transforming protein 1 isoform 4

ubiquitin-conjugating enzyme E2 H isoform 1

E3 ubiquitin-protein ligase TRIM33 isoform beta

eukaryotic translation initiation factor 4 gamma 3 isoform 3
nardilysin isoform b precursor

translin isoform 1

zinc finger CCCH-type antiviral protein 1-like

ras-related protein Rab-6A isoform c

phosphomevalonate kinase

putative sodium-coupled neutral amino acid transporter 10 isoform b
transcription elongation factor SPT5 isoform b
alpha-centractin

tyrosine-protein phosphatase non-receptor type 12 isoform 1
katanin p60 ATPase-containing subunit Al isoform 2
sorting nexin-3 isoform b

protein CutA isoform 1

drebrin-like protein isoform b

acidic leucine-rich nuclear phosphoprotein 32 family member C
AP-3 complex subunit mu-2

prostaglandin E synthase 3

rap guanine nucleotide exchange factor 6 isoform 5

genetic suppressor element 1 isoform 2

ADP-ribosylation factor-binding protein GGA3 isoform 1
interleukin-1 receptor-associated kinase 4 isoform b
centrosomal protein of 78 kDa isoform b

mitotic checkpoint protein BUB3 isoform b
mini-chromosome maintenance complex-binding protein isoform 2
A-kinase anchor protein 10, mitochondrial precursor
NME1-NME2 protein

negative elongation factor A

DNA polymerase alpha catalytic subunit

amyloid beta A4 precursor protein-binding family B member 1 isoform c

TBC1 domain family member 1 isoform 2
importin subunit alpha-7
armadillo repeat-containing protein 6 isoform 2
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oxysterol-binding protein-related protein 11
transducin-like enhancer protein 1

protein zwilch homolog

microtubule-associated protein RP/EB family member 1
serine/threonine-protein kinase MST4 isoform 2

26S proteasome non-ATPase regulatory subunit 6 isoform 2
EF-hand domain-containing protein D1 isoform 1

protein AF1lq

adenylate kinase isoenzyme 1

PITH domain-containing protein 1

PREDICTED: hornerin

centrosomal protein of 170 kDa isoform alpha
PREDICTED: keratin, type Il cuticular Hb3 isoform 2
obg-like ATPase 1 isoform 1

zinc finger CCCH domain-containing protein 13

netrin receptor UNC5D precursor

C-Maf-inducing protein isoform Tc-Mip
serine/threonine-protein phosphatase 4 regulatory subunit 3A
desmoplakin isoform Il

synaptojanin-1 isoform d

intersectin-2 isoform 2

E3 ubiquitin-protein ligase UBR4

rho guanine nucleotide exchange factor 18 isoform a
DNA mismatch repair protein Msh2 isoform 2
microtubule-associated serine/threonine-protein kinase 2
myotrophin

ADP-ribosylation factor-like protein 2 isoform 1

WASH complex subunit FAM21C isoform 3

DNA mismatch repair protein Mlh1 isoform 2

A-kinase anchor protein 8-like

pumilio homolog 1 isoform 2

SEC14 domain and spectrin repeat-containing protein 1
folliculin isoform 1

phosphatidylinositol-binding clathrin assembly protein isoform 4
negative elongation factor B

40S ribosomal protein S15a

CD2 antigen cytoplasmic tail-binding protein 2

RUN and FYVE domain-containing protein 4

protein disulfide-isomerase A3 precursor

proteasome subunit alpha type-7

protein mago nashi homolog 2

interleukin-1 receptor-associated kinase 3 isoform a
matrin-3 isoform b

liprin-beta-2 isoform 3

serine/threonine-protein phosphatase 6 regulatory ankyrin repeat subunit B isoform B
uncharacterized protein C30rf33

abl interactor 1 isoform |

protein arginine N-methyltransferase 5 isoform a

40S ribosomal protein S27

protein NDRGL1 isoform 3

cyclin-dependent kinase inhibitor 2A isoform p16INK4a
coiled-coil and C2 domain-containing protein 1B
aminoacyl tRNA synthase complex-interacting multifunctional protein 2
dynamin-1 isoform 2

mismatch repair endonuclease PMS2 isoform a

histone H3.2

SH3 and multiple ankyrin repeat domains protein 1
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spectrin beta chain, non-erythrocytic 4 isoform sigmal
WD repeat and HMG-box DNA-binding protein 1 isoform 2
centrosomal protein of 152 kDa isoform 2

rab GTPase-activating protein 1-like isoform A

NEDDS ultimate buster 1 isoform 2

cyclin-dependent kinase 13 isoform 2

arf-GAP with GTPase, ANK repeat and PH domain-containing protein 3

isoform a

serine/threonine-protein kinase ULK2

heterogeneous nuclear ribonucleoprotein Q isoform 7
splicing factor 3A subunit 1 isoform 1

kinesin-like protein KIF1B isoform b

xyloside xylosyltransferase 1

AP-4 complex accessory subunit tepsin

collagen alpha-2(V) chain preproprotein

MAP kinase-activating death domain protein isoform j

PERQ amino acid-rich with GYF domain-containing protein 2 isoform ¢

mRNA-decapping enzyme 1B

afadin isoform 2

ubiquitin carboxyl-terminal hydrolase 19 isoform 4
eukaryotic translation initiation factor 5A-2

proteasome subunit alpha type-1 isoform 3
pre-mRNA-processing factor 39

pleckstrin homology-like domain family B member 1 isoform b
nucleoredoxin isoform 1

partitioning defective 3 homolog isoform 10

minor histocompatibility protein HA-1 isoform 1

thyroid adenoma-associated protein isoform a

probable ATP-dependent RNA helicase DDX46
PREDICTED: otogelin isoform 1

guanine nucleotide-binding protein G(olf) subunit alpha isoform 2
A-kinase anchor protein 11

destrin isoform a

sorting nexin-8

fragile X mental retardation 1 neighbor protein
ropporin-1-like protein

E3 ubiquitin-protein ligase ARIH2

collagen alpha-1(l1l) chain preproprotein

ARF GTPase-activating protein GIT1 isoform 2

hepatocyte growth factor-regulated tyrosine kinase substrate
replication factor C subunit 4

nuclear pore membrane glycoprotein 210-like isoform 2 precursor
synaptic vesicle membrane protein VAT-1 homolog

type | inositol 3,4-bisphosphate 4-phosphatase isoform a

E3 ubiquitin-protein ligase SH3RF1

eukaryotic translation initiation factor 6 isoform a

ETS domain-containing protein Elk-1 isoform a

protein Shroom1 isoform 1

1,4-alpha-glucan-branching enzyme

tankyrase-1

COP9 signalosome complex subunit 3 isoform 1

WD repeat-containing protein 7 isoform 2
retinoblastoma-binding protein 5 isoform 2

cerebral dopamine neurotrophic factor precursor

probable ATP-dependent RNA helicase DDX59

GPI mannosyltransferase 3

integrator complex subunit 7 isoform 4
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RNA-binding protein MEX3D isoform 1
platelet-activating factor acetylhydrolase IB subunit beta isoform a
kelch-like protein 22

bleomycin hydrolase

cleavage stimulation factor subunit 2

DIS3-like exonuclease 2 isoform 3

centromere protein T

cyclin-dependent kinase-like 3 isoform 2
UMP-CMP kinase isoform a

ATPase ASNA1

protein SCAF8

protein phosphatase 1E

40S ribosomal protein S26

visinin-like protein 1

conserved oligomeric Golgi complex subunit 7
AP-4 complex subunit epsilon-1 isoform 1

DNA polymerase delta subunit 2 isoform 1

tctexl domain-containing protein 4

transforming growth factor beta receptor type 3 isoform b precursor
lactoylglutathione lyase

ribonucleoprotein PTB-binding 1

proton-coupled amino acid transporter 2
programmed cell death protein 6 isoform 4

tether containing UBX domain for GLUT4 isoform 1
TBC1 domain family member 23 isoform 2
leucine-rich repeat-containing protein 3C precursor
growth factor receptor-bound protein 2 isoform 2
histidine triad nucleotide-binding protein 1
transforming protein RhoA precursor (RhoA?)
prothymosin alpha isoform 2

spectrin beta chain, non-erythrocytic 5
calcium-responsive transactivator
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