Abstract
We examined the expression of PC by immunohistochemistry of paraffin-embedded

breast tissue sections of 57 breast cancer patients with different stages of cancer progression.
PC was expressed in the cancerous areas of breast tissue at higher levels than in the non-
cancerous areas. We also found statistical association between the levels of PC expression and
tumor size and tumor stage (P < 0.05). The involvement of PC with these two parameters was
further studied in four breast cancer cell lines with different metastatic potentials; i.e., MCF-7,
SKBR3 (low metastasis), MDA-MB-435 (moderate metastasis) and MDA-MB-231 (high
metastasis). The abundance of both PC mRNA and protein in MDA-MB-231 and MDA-MB-435
cells was 2-3-fold higher than that in MCF-7 and SKBR3 cells. siRNA-mediated knockdown of
PC expression in MDA-MB-231 and MDA-MB-435 cells resulted in a 50% reduction of cell
proliferation, migration and in vitro invasion ability, under both glutamine-dependent and
glutamine-depleted conditions. MDA-MB-231 cells containing PC knockdown showed a marked
reduction in viability and proliferation rates suggesting the perturbation of pathways that are
involved in cancer invasiveness. Strong PC suppression lowered glucose incorporation into
downstream metabolites of oxaloacetate, the product of the PC reaction, including malate,
citrate and aspartate. Levels of pyruvate, lactate, the redox partner of pyruvate, and acetyl-CoA
were also lower suggesting the impairment of mitochondrial pyruvate cycles. Serine, glycine
and 5-carbon sugar levels and flux of glucose into fatty acids were decreased. ATP, ADP and
NAD(H) levels were unchanged indicating that PC suppression did not significantly affect
mitochondrial energy production. The data indicate that the major metabolic roles of PC in
invasive breast cancer are primarily anaplerosis, pyruvate cycling and mitochondrial
biosynthesis of precursors of cellular components required for breast cancer cell growth and
replication.

We also combine the literature data on the miRNAs that potentially regulate 40
metabolic enzymes responsible for metabolic reprogramming in cancers, with additional miRs
from computational prediction. By combining known and predicted interactions of oncogenic
transcription factors (TFs) (c-MYC, HIF1Q and p53), sterol regulatory element binding protein 1
(SREBP1), 40 metabolic enzymes, and regulatory miRs we have established one of the first
reference maps for miRs and oncogenic TFs that regulate metabolic reprogramming in cancers.
The combined network shows that glycolytic enzymes are linked to miRs via p53, c-MYC,
HIF1Q, whereas the genes in serine, glycine and one carbon metabolism are regulated via the
c-MYC, as well as other regulatory organization that cannot be observed by investigating

individual miRs, TFs, and target genes.



Q 1
1NAnaa
nnnAnIMILEaInanvaddunled pyruvate carboxylase (PC) luiliaibanziTadunvasgie 57 Mofgn
Aaiudunniaduuluszoen 1-4 Tas35 Immunohistochemistry wudtaulsd PC finsuaasaangalu
& A I3 % A = a o A& A a o | a o a & aa ' @
alanziFaduuiaTouiisunubaidelndvesfiemodeinu kamylenzineeidnuin swaums
X v o o & @ 'Y ¥ ® & { @
uaasaanvadlanloli JanusunwinUTazaINsiSud Bl uazswmavasnawhansiss Geanuineitasvas
= & % & o o =2 ' & & o & da o
Wwlmd  PC AuszazuazawaveduziSaiwy lashandnsdalwimasusiSaduunuumnzideendseau
AMURINTD NTUNINTZANUAINY LTW La8 MCF-7, SKBR3 (JA8&10130 MNIWWINTZan86n), MDA-
MB-435 (fanuaansnlumiuninizanoiunand) uaz MDA-MB-231 (fanumansnlunmsuwinizasgs)
wuhlwaasuzSandanumannlununinizaegs (1w MDA-MB-231 uaz MDA-MB-435 azlin1uaasaan
vasanladl PC niluszau mRNA wazlis@uganinaasuniaduufidanuauisalumuninizaoe v
MCF-7 and SKBR3 U3zanth 2-3 1¥in MIgugInsuaadaanwaddn ol PC ¢aasiRNA lulaas MDA-MB-231
uaz MDA-MB-435 wuirdwarlémsasaidula msefewd  wazmisuwinzaisvadoasuselunaea
= & Aa ‘A P A A o v o 2 o o &
nanasaaniis 50% wluanzifuazlidngeandu  waziedudunammenastnadu  Fsviinsainoimad
o o = A X i o v a a 4 {
MCF-7 Tfimsasnadulod PC wiintw wuivhlwaamsasadula, maefeni wszanusanInleng
: & = A X \ s N vo Y & o & &
uwinsznpveamasuziilunaoanasaainiu 2 wh emzdidsldinsiamasngndudaenlsl PC
' @ = & @ d ' o o
adsnilaslfioas MDA-MB-231 Saduimaduziiadunniionumanialunsuninizaegs wazvhmyia
3201 metabolitelan LC-MS uazlfarsuaulalalnl@aaunihananglosuaznganiin luisad MDA-MB-231 1
Qﬂﬂ’ﬂﬂ’&ﬂﬂ‘ﬁﬂ PC WUin1Iaaaszad TCA cycle intermediate LT% citrate L8z malate FININABIAINGE
Navn1#n1389a1T TCA cycle intermediate lUFIL@TERRNTA9 LT serine, glycine, aspartate Wag NIA L%
o v v =2 ' & 6 a a a a ¢ 2 o ' a a
Mlddasas Semanariiduasddsznavvaslsdn, lodn wazindlolng dsdndudemsaiyidulavas
kg Qs A =3 1 Qo
LIRS WaNINNHITALUDY pyruvate, acetyl Co-A LLa¢ lactate F91d% redox partner 184 pyruvate NAANILTHNG
MIAAAIVDI citrate WAz malate TIALARTIANNLNNIIVDS pyruvate cycle senindlulnaeamasuuas cytosol
danmaaangngugs PC Faldannuaigidulandias anuammassianuatuaaslwiduisununnai
auadfuvandulad PC lumidusiumaaigidnlawsznsdiseguenaasuniaduundanusunsaly
MIUWINTZLE
wanniiaaeg s ladnmvavtinansaiuquidnloilusuiunawaveddulumaduzising 9
1ae3% computational biology wWuiinsuaadaanvaddulodamuquuuanvadfugnaiuguluuuuiaiatierin

oncogenic transcription factor ldun HIF1a, p53 L8z c-myc Wae SREBP1 luszau transcription LLaz miRNA.

Keywords: Pyruvate carboxylase, cancer, metastasis, metabolism, \ anapleorsis, aerobic

glycolysis, mass spectroscopy, transcription, miRNA



	Pub 2.pdf
	MicroRNAs and oncogenic transcriptional regulatory networks controlling metabolic reprogramming in cancers
	1. Overall metabolic reprograming in cancers
	1.1. miRNAs regulate metabolic pathways
	1.2. Glycolytic and pentose phosphate pathways
	1.3. Mitochondrial metabolism
	1.4. Amino acid synthesis
	1.5. Lipid biosynthesis
	1.6. Metabolic pathway crosstalk contributing to tumorigenesis
	1.7. Coordinate regulation of metabolic reprogramming in cancers by oncogenic transcription factors
	1.8. Expanding the repertoire of miRNA target of the alterative expressed metabolic genes in cancer using computational prediction
	1.9. MicroRNAs and oncogenic transcriptional regulatory networks

	Acknowledgements
	References


	Pub 3.pdf
	Residues in the acetyl CoA binding site of pyruvate carboxylase involved in allosteric regulation
	1 Introduction
	2 Materials and methods
	2.1 Construction of mutants
	2.2 Preparation of WT and mutant RePC
	2.3 Pyruvate carboxylase assay
	2.4 Bicarbonate-dependent MgATP cleavage assay

	3 Results
	3.1 Arg469 mutations
	3.2 Asp471 mutation
	3.3 Glu1027 mutations
	3.4 Asp1018 mutation

	4 Discussion
	Acknowledgements
	References


	Pub 4.pdf
	Mass spectrometry analysis shows the biosynthetic pathways supported by pyruvate carboxylase in highly invasive breast canc...
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. Designation of Pcx shRNA constructs and generation of Pcx-knockdown MDA-MB-231 cell lines
	2.3. Generation of MDA-MB-231 PC knockdown cell lines
	2.4. Quantitative real time reverse transcriptase polymerase chain reaction (QRT-PCR)
	2.5. Cell viability assay
	2.6. Cell proliferation
	2.7. PC enzyme activity
	2.8. Measurement of pyruvate, malate and citrate from PC knockdown cells by alkali enhanced fluorescence
	2.9. Metabolites analysis by LC-MS and GC-MS
	2.10. Enzyme activities
	2.11. Statistical analysis

	3. Results
	3.1. Characterization of the PC knockdown MDA-MB-231 cell lines
	3.2. Decreased cell proliferation rates in PC knockdown cell lines
	3.3. Metabolite analysis
	3.4. No decrease in glycolytic intermediates with PC knockdown
	3.5. Suppression of PC lowers malate and citrate
	3.6. Effects of suppression of PC on levels of pyruvate, lactate and acetyl-CoA
	3.7. Suppression of PC lowers aspartate, glycine and serine
	3.8. Decreased 13C-glucose incorporation into palmitate in PC knockdown cell lines
	3.9. PC knockdown lowers various metabolites including nucleotides
	3.10. Enzyme levels in PC knockdown cell lines

	4. Discussion
	4.1. The role of PC in cancer cell proliferation
	4.2. Knockdown of PC inhibits anaplerosis
	4.3. PC knockdown lowers pyruvate cycling
	4.4. Generalized effects of PC knockdown on metabolite precursors needed for cell structure and energy production

	5. Conclusion
	Author contribution
	Funding
	Conflict of interest
	Transparency document
	Acknowledgments
	References



