Cell Reports, Volume 74

Supplemental Information

Fatty Acid Oxidation-Driven Src Links
Mitochondrial Energy Reprogramming and Oncogenic

Properties in Triple-Negative Breast Cancer

Jun Hyoung Park, Sajna Vithayathil, Santosh Kumar, Pi-Lin Sung, Lacey Elizabeth
Dobrolecki, Vasanta Putluri, Vadiraja B. Bhat, Salil Kumar Bhowmik, Vineet
Gupta, Kavisha Arora, Danli Wu, Efrosini Tsouko, Yiqun Zhang, Suman
Maity, Taraka R. Donti, Brett H. Graham, Daniel E. Frigo, Cristian Coarfa, Patricia
Yotnda, Nagireddy Putluri, Arun Sreekumar, Michael T. Lewis, Chad J.
Creighton, Lee-Jun C. Wong, and Benny Abraham Kaipparettu



Figure S1

A B c-sumi159 C-A1N4

2000 -
(2]
2
c 1500
=]
©
[&]
% 1000 |
1™
[
s
£ 500
3
=

0 T
)
& & E
& @

C pSrc (Y419 D pSrc (Y530)

g -t B No Distant Metastasis ot

i L e ™

WA [— nra " M f—

Wt fr— Bl No Distant Metastasis o Il Distant Metastasis —

e — e

ma - B Distant Metastasis ea ]

e — Frapt

A — oy —

wo o Hep -

e — b e

"o AS— e —

ik — e —

o — b

me — e o

o e e S

na- |ro——r WLk

ot nro  e—

B E - o |—

[T — e

A = nra [—

ww — "a —

ey WA —

A — s P

‘C MbC po—r

K et MEE

. — s -

w1 prr—— MiE -

A prerr— MIA s

et o MEE -—

nes. Tl esgad mr——

— MES P—

.4 [— MEA S

i ot e Jr—

ety r— MR pr——

A i e —

M — o p—

i MhB -

wo upa ]

- e— o

e — e —

-5 o——— MiE -

ey - . A . X . X

a8 &0 08 12 K EY) 05 00 05 10

Relative pSrc (Y419) expression Relative pSre (Y530) expression

E pSrc (Y530)

1.01

0.51

004

£0.51

-1.01

pSrc (Y530) expression

-1.5

No DM DM




Figure S1. Related to Figure 1. (A) Soft agar colony formation of parental mitochondria donor cells used
for cybrid generation. (B) In vivo growth of tumor cybrids. C-SUM159 or C-A1N4 cybrids were
transplanted into the fourth mammary fat pads (both sides) of SCID/Beige mice. While control cybrids
with mitochondria from SUM159 cells generated tumors in both sides, no tumors formed in mice that were
transplanted with cybrids containing mitochondria from benign A1N4 cells. Transplantation sites are
marked with a red arrow. (C-E) RPPA analysis of PDX with (red) and without (green) distant metastatic
(DM) potential. Relative expression of pSrc (Y419) (C) and (Y530) (D) of individual PDX lines are
shown. There was no significant difference in pSrc (Y530) expression between DM and No DM PDX (E).
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Figure S2. Related to Figure 2. (A) Western blot analysis showing pSrc (Y419) expression. pSrc (Y419)
of cybrids with cancer mitochondria is decreased after treatment with Dasatinib. (B-F) Soft agar colony
formation assay. Dasatinib (B and C) or PP2 (D-F) dose-dependently decreased the colony formation
potential of parental cells (B and D) and cybrids (C, E, and F). (G) Wound-healing migration assay.
Overnight treatment with Src inhibitor PP2 (10 pM) decreased the metastatic potential (wound healing
property) of C-SUM159 and C-MDA231 cybrids as well as MDA231 parental cells.
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Figure S3. Related to Figure 2. (A) Western blot analysis of total levels of Src family member proteins
(Src, Fyn, Lck, Lyn, Yes, Fgr, and CSK) in the mitochondrial and cytoplasmic fractions of MDA231 and
SUMI159 cells. a-tubulin, Tim23, and Lamin B are makers for cytosol, mitochondria, and nucleus
respectively. (B) Western blot analysis of cybrids using all the available phospho SFK antibodies [pSrc
(Y419), pSrc (Y530), pLck (Y394), pHck(Y411)]. Compared to control C-SUM159, only pSrc (Y419)
expression showed major reduction in cybrids with benign mitochondria. (C) Percentage of pSFK/SFK
ratio from four independent WB experiments. Ratio in C-SUM159 is taken as 100% and error bar
represents SE of four experiments. * Represent p<0.05 compared to C-SUM159.
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Figure S4. Related to Figure 4. (A) Illustration of proteomic data for mitochondrial fatty acid B-oxidation
pathway generated from WebGestalt web site (http://bioinfo.vanderbilt.edu/webgestalt/) inputting altered
B-oxidation related proteins. Several proteins involved in the B-oxidation pathway are upregulated (labeled
in red boxes) in cybrids with mitochondria from TNBC cells compared to cybrids with mitochondria from
benign cells. (B) Western blot of selected proteins identified in the cybrid proteomics data analysis. (C)
Basal cellular respiration is inhibited by ETX (100 uM) in Seahorse analysis. (D and E) Inhibition of -
oxidation using ETX (100 uM) enhances glycolysis measured by extracellular acidification rate (ECAR).
(F) Inhibition of B-oxidation using ETX induces neutral lipid staining in a TNBC cell line (MDA231) but
not in ER+ MCF7 cells.
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Figure S5. Related to Figure 5. (A) Flow cytometry analysis of cybrids after Antimycin-A treatment.
Antimycin-A enhanced mitochondrial ROS measured by mitosox in C-SUM159 and C-MDA231. (B)
Flow cytometry analysis of cybrids with DCFDA after H,0,, NAC, and combination treatments. (C) NAC
treatment reversed the H,0,-mediated inhibition of pSrc (Y419).
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Figure S6. Related to Figure 6. (A) Western blot analysis of Src and related protein expressions in
MDA231 and SUMI159 cells with and without ETX treatment. ETX treatment down-regulated pSrc
(Y419) and the phosphorylation of its target gene FAK. However, it did not affect the expression of pSrc
(Y530) and other Src regulatory or binding proteins like PTPN13, CSK, SHP1, SHP2, PTP1B, and
p62DOK. (B) Western blot analysis in Scrambled, CPT1, and CPT2 shRNA-transfected MDA231 cells
using the total and phospho SFK antibodies after treatment with or without ETX. (C) Percentage of
pSFK/SFK ratio from three independent WB experiments. Ratio in shScr is taken as 100% and error bar
represents SEM. (D) Percentage of pSrc(Y419)/Src from three independent WB experiments. Vehicle
treated cells are taken as 100% and error bars represent SEM. (E) Wound healing assay in scrambled,
CPT1, and CPT2 shRNA transfected MDA231 cells after treatment with vehicle or CPT1 inhibitors ETX
(100 uM) and PHX (5 uM). Percentage of wound distance at different time points relative to the wound
distance measured at 0 hour.
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Figure S7. Related to Figure 7. (A) TCGA data analysis showing lack of significant correlation between
CPT1A and pSrc (Y419) expression in unselected BCa. (B) TCGA data analysis showing lack of
significant correlation between CPT1A and pSrc (Y530) expression in TNBC. (C) In vivo tumor growth of
PDX after ETX treatment after one week of PDX transplantation. ETX-treated days are marked with
yellow box. (D) MDA231 cells (1.5 x 10°) were injected into the tail vein of NOD SCID Gamma mice.
Vehicle or ETX (50 mg/kg) was administered every day. Bioluminescence imaging after three weeks
showed decreased metastasis in ETX-treated mice (lower panel) compared to the vehicle treated mice
(upper panel). An expression scale of luminescence has been added to the side of the panel. (E)
Quantification of lung metastatic nodules.



Experimental Procedures

Cells, Cybrids, and PDX

MCF10A, AIN4, T47D, MCF-7, ZR75-1, MDA231, and MDA-MB-468 cells were from the American
Type Culture Collection (ATCC), SUM159 from Asterand Bioscience provided by Dr. Dave, HMLE cells
provided by Dr. Mani, and lung metastatic MDA231 (MDA231-LM) was kindly provided by Dr. Zhang.
Transmitochondrial cybrids (C-MCF10A, C-A1N4, C-SUMI159, and C-MDA231) were generated as
previously described (Vithayathil et al., 2012). SUM159 p° cells were used as nuclear donor and MCF10A,
A1IN4, SUM 159, and MDA231 cells were used as mitochondrial donor cells. pGIPZ lentivirus ShRNAs for
CPT1 and CPT2 were purchased from the C-BASS core at Baylor College of Medicine. Mitochondrial
isolation was using the Qproteome Mitochondria Isolation Kit (Qiagen).

Soft Agar Colony Formation, Wound Healing, and Transwell Migration Analysis

Soft agar colony formation assay was performed as previously published (Kajiwara et al., 2008; Lee et al.,
2012) with minor modifications. Cells (5-10 x 10° cells/well) were resuspended in 2 ml of 0.35% agarose
solution in respective culture medium and overlayed onto the bottom agar layer (0.5%) in six-well plates.
Colonies were counted at different time intervals using the GelCount™ colony counting system (Oxford
Optronix, Oxford, UK) according to the manufacturer’s instructions. For wound healing assay, two
methods were used: 1. Image analysis of 6-well cell culture plates after generating a scratch in confluent
cells (Wang et al., 2014). 2. IncuCyte ZOOM (Essen Bioscience) technique. For the IncuCyte assay, 5 X
10* cells were seeded into ImageLock 96-well plates (Essen Bioscience) and incubated overnight. Wounds
were created using the IncuCyte™ Cell Migration Kit (Essen Bioscience), and relative wound density or
wound width was analyzed using the IncuCyte ZOOM software (Essen Bioscience) (Kopp et al., 2014;
Stewart et al., 2015). Migration assay was performed using 5 X 10* cells in 24-well Transwell inserts
(Corning) (Park et al., 2008). Medium containing 10% FBS was used as the chemo-attractant in the lower
chamber. Cells which have migrated through the membrane were fixed with 100% methanol, stained with 1%
crystal violet, and counted.

Western Blotting

Antibodies used were rabbit anti-pSrc (Y419), rabbit anti-pSrc (Y530), mouse anti-Src, rabbit anti-B-actin,
rabbit anti-complex IV subunit II, rabbit anti-CSK, rabbit anti-pFAK (Y576/577), rabbit anti-FAK, rabbit
anti-a-tubulin, rabbit anti-PARP N, rabbit anti-CPT1 antibody (Cell Signaling) and rabbit anti-CPT2 (Santa
Cruz Biotechnology). Detection was conducted by horseradish peroxidase-conjugated secondary antibodies
using the ECL method (Gendepot). Mitochondrial complex activities were inhibited using treatment with
Rotenone [0.01-10 uM for 4 h, (Li et al., 2003)], antimycin-A [0.1-20 uM for 24 h, (Wang et al., 2013)],
and oligomycin [0.01-5 pg/ml for 4 h, (Gong and Agani, 2005)]. Glycolysis was inhibited by DCA [0-400
UM for 24 h, (Babu et al., 2011)] and 3-BP [0-100 uM for 24 h, (Wu et al., 2014)]. The glutamine pathway
was inhibited by AOA [0.1-10 uM for 24 h, (Oja and Kontro, 1988)]. FAO was inhibited by ETX [50-300
uM for 24 h, (Estan et al., 2014; Pike et al., 2011; Roy et al., 2014; Samudio et al., 2010; Schlaepfer et al.,
2015) or Perhexiline [0.1-10 uM for 24 h, (Agren et al., 2014)]. FAO was induced by fatty acid-BSA [10
uM for 24 h, (Oswal et al., 2014)] or L-carnitine [10 mM for 24 h, (Seiler et al., 2014)]. ROS was
scavenged by NAC [1-20 mM for 4 h, (Gong and Agani, 2005)]. Src activity was inhibited by PP2 [5-10
uM for 24 h, (Fan et al., 2013)] and dasatinib [10-50 nM for 24 h (Pichot et al., 2009)].

Cytotoxicity and cell viability

Cell viability was monitored after different drug treatment using the standard 3-(4, 5-Dimethyl-2-thiazolyl)-
2, 5-diphenyl-2H-tetrazolium bromide (MTT) assay and validated using the sulforhodamine B (SRB)
based colorimetric assay (Vichai and Kirtikara, 2006) (to rule out artifacts from mitochondrial alterations in
MTT activity). Experiments under hypoxia are performed as described before (Wu and Yotnda, 2011).

In vitro ATP Autophosphorylation Assay

In vitro autophosphorylation assay of recombinant human Src (R&D Systems ; 4595-KS) was conducted
by the methods previously described (Osusky et al., 1995) with minor modifications. Recombinant human
Src was incubated in kinase buffer (25 mM MOPS, pH7.2, 12.5 B-glycerolphosphate, 20 mM MgCl2, 12.5
mM MnCI2, 5 mM EGTA, 2 mM EDTA, and 0.25 mM DTT) with various concentration of ATP for 15
min at 30°C. Kinase activity was stopped by adding SDS sample buffer and was assessed by SDS-PAGE
and western blotting. Intensity of each band was quantified using ImageQuant software (GE Healthcare
Life Sciences).



Reactive Oxygen Species (ROS) Assay
ROS was measured using CM-H2DCFDA (Life Technologies; C6827) and MitoSox (Invitrogen; M36008)
and analyzed using flow cytometry.

CO, Trap Assay
CO, trap assay was performed according to the protocol recently published using '*C radiolabeled oleate
complexed with BSA (Tennakoon et al., 2014; Tsouko et al., 2014).

Cell Respiratory Assay
OCR and ECAR were measured using the XF24 extracellular flux analyzer (Seahorse Biosciences) as
previously described (Donti et al., 2014). XF Palmitate-BSA FAO Substrate (Seahorse Biosciences) was
used for the FAO assay.

In vivo Experiments

All animal studies were conducted in accordance with the standard procedures approved by the Baylor
College of Medicine Institutional Animal Care and Use Committee. For mammary transplantation assay, 2
x 10° cells or cybrids with Firefly luciferase were transplanted into the fourth mammary fat pads of 4-5
week old SCID/Beige female mice (Harlan Laboratories). For PDX models, small tumor pieces from PDX
(BCM-2147 and BCM-4013) were transplanted (Zhang et al., 2013). In the ETX treatment study, the mice
were treated with vehicle or ETX (50 mg/kg body weight, IP) every two days. Tumors were monitored by
manual observation and luciferase bioluminescence imaging (IVIS Lumina XR) (Minn et al., 2005). For
metastatic study by the tail vein injection, 1.5 x 10° MDA231 cells pretreated for 48 hours with vehicle or
ETX were injected into the tail veins of 4-5 week old NOD SCID Gamma mice. ETX treatment continued
in mice for one more week (50 mg/kg body weight, IP). Metastasis was analyzed as described above.

Shotgun Proteomics Analysis

After protein extraction, 200 pg of each protein sample was reduced, alkylated, and double-trypsin
digested. Dried peptides were reconstituted in 0.1% formic acid and 25 pg of tryptic peptides was injected
onto a 2.1 x 250 mm Agilent AdvanceBio Peptide Mapping column using UHPLC at 0.2 mL/min flow rate.
All the samples were analyzed in triplicate on an Agilent 1290 UHPLC/AJS-dual ion Funnel 6550 Q-TOF
mass spectrometer using a 100 min gradient. The LC-MS/MS data was searched against the SwissProt
Human database using the Spectrum Mill bioinformatics tool.

Lipid Staining Assay
Cells were treated with vehicle or ETX overnight and stained using LipidTOX™ Red (Life Technologies).
Lipid storage was analyzed by flow cytometry.

CPT1 Activity Assay
CPT1 activity in total cell lysates and isolated mitochondria was analyzed using previously published
protocols (Bieber et al., 1972; Setoyama et al., 2013).

Microarray and Src Gene Signature Analysis

The mRNA expression profile was assessed using the U133plus 2.0 at UCLA's Clinical Microarray Core,
University of California, Los Angeles, CA. Microarray datasets were processed and analyzed as previously
described (Kaipparettu et al., 2013). A transcriptional signature of Src activation, previously defined
elsewhere (Creighton, 2008), was examined in its entirety in our expression profiling datasets. The
definition of basal-like samples within the breast tumor expression profile dataset from Kessler et al
(Kessler et al., 2012) was as previously described (Creighton, 2012), with survival data capped at 15 years.
TCGA BC RPPA data were analyzed for Src, pSrc (Y419), and pSrc (Y530) and correlated with gene
expression data for CPT1A by Pearson’s correlation.

mtDNA sequencing
mtDNAs from original cell lines used for the generation of cybrids were sequenced to identify mtDNA
sequence variants (Cui et al., 2013).



Statistical Analysis

Unless stated otherwise, data are mean + SEM of at least three independent experiments, and the two-tailed
unpaired Student’s t test was used to assess statistical significance with p < 0.05 being regarded as
significant. Animal experiments used groups of six mice.
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Table S1: mtDNA sequence variations of parental cells used for cybrid generation (compared
with the Revised Cambridge Reference Sequence, rCRS NC_012920), Related to Figure 1.

SUM159 MCF10A A1IN4 MDAZ231
1527>C 73A>G 73A>G 73A>G
263A>G 185G>A 1527>C 153A>G
311insC 228G>A 2177>C 195T>C
739C>T 263A>G 263A>G 225G>T
750A>G 295C>T 310dupC 226T>C
1438A>G 300_301het_insCC 508A>G 263A>G
4769A>G 310T>C 637C>CT 311insC
8592G>A 462C>T 750A>G 750A>G
8860A>G 489T>C 1154A>T 1438A>G
15326A>G 750A>G 1438A>G 1719G>A
15340A>G 1438A>G 1811A>G 2706A>G
16519T>C 2706A>G 2706A>G 4769A>G
3010G>A 3107delX 6221T>C
4216T>C 3720A>G 6371C>T
4769A>G 3865A>G 7028C>T
6249G>A 4769A>G 8860A>G
7028C>T 5390A>G 11719G>A
8860A>G 5426T>C 12705C>T
10084T>C 6045C>T 13966A>G
11251A>G 6152T>C 14470T>A
11719G>A 7028C>T 14766C>T
12612A>G 8860A>G 15326A>G
13708G>A 10876A>G 16021C>T
16069C>T 11016G>A 16126T>C
16126T>C 11467A>G 16189T>C
16319G>A 11719G>A 16223C>T
12308A>G 16278C>T
12372G>A 16519T>C
13020T>C
13734T>C
14766C>T
15326A>G
15454T>C
15731G>A
15732C>T
15907A>G
16051A>G
16129G>C
16179C>T
16182A>C
16183A>C
16189T>C
16362T>C
16519T>C
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