	Supplementary Table 1: Effect of metabolic stress conditions on regulation of lipid metabolism in cancer cells.


	Stress
	Stress Induction  
	Cancer Type
	Cell lines 
	Effect on Lipid Metabolism 
	Effects on lipid/lipidomic profiles
	Other Relevant Observations 
	[bookmark: _GoBack]Effects confirmed in 3D culture/xenograft models/clinical tissue samples
	References 
	References in text

	H
	GasPak induced hypoxia. 
Incubation time
48 hours
	Breast 
	MX1
MCF7
MDA-MB157

	· ↑FASN (FA synthesis)
· ↑ SREBP-1, HIF1(TFs)
· ↑p-SREBP, , p-Akt  (TFs) 
	
	· ╣ HIF1 (By YC-1) blocks the expression of FASN and SREBP.
· ╣ Akt (By LY294002) blocks the expression of FASN, SREBP, p-Akt and HIF1.
	Mouse Xenograft model
· In xenograft mouse model, FASN was strongly expressed in the hypoxic regions of the tumor.
Clinical tissue samples
· In human breast tumor specimens both FASN and SREBP-1 were colocalized with hypoxic regions in the tumors.
	1
	26

	H
	O2 Concentration
1% O2
Incubation time
48 hours.
	Liver
Prostate 
	Hep3B
SK-Hep-1
HepG2
PC3M
	· ↓ ACADM & ACADL (Beta Oxidation)
· ↑FASN  
· ↑LPIN1 (TG synthesis) 
· ↑ SCD1 (FA desaturation)
· ↓FABP7  (FA uptake)
	· ↑TGs levels 
	· ╨HIF-1α and HIF-2α results in ↓ TGs levels in Hep3B cells.
	Mouse Xenograft model
· ╨LCAD enhanced the tumor growth.
· ╨MCAD ↔ tumor growth.
· ╨ LCAD and MCAD induced lipid accumulation.
Clinical tissue samples
· ↓LCAD in tumor tissues.
· ↑HIF-1α, Akt phosphorylation
· ↓ PGC-1b, LCAD, PTEN protein levels in tumor tissues.
· LCAD expression ∞disease progression.
	2
	27

	H
	O2 Concentration
2% O2
Incubation time
12 hours.
	Liver
	HepG2
	· ↓FASN (only in high-density cell culture under cytotoxic stress) 
· ↔ FASN (low-density cell culture)
· ↓SREBP 
	




	
	
	3
	29

	H
	O2 Concentration
<0.5% O2
Incubation time
24 hours.
	Brain 

	U87 
U251
	· ↓ACACA, ACACB, FASN (FA synthesis)
· ↓HMGCR (Mevalonate synthesis)
· ↑SREBPF2 
· ↓SREBPF1c 
· ↔SREBPF1a 
· ↑ SCD (FA desaturation)
· ↑FABP3, FABP7  (FA uptake)
· SCD and FABP3 expression was correlated with ┤ SREBP1.
· FABP7 expression was correlated with ┤ SREBP1 & SREBP2.
	
	
	
	4
	11

	H
	O2 Concentration
Hypoxia: 1% O2
Incubation time
24 hours.
	Colorectal
	HCT-116
SW1222
 DLD1
	· ↓ ACACA (FA synthesis)
·  ↔FASN 
· ↑ SCD-1 (FA desaturation)
· ↑SREBP-1 
	· ↑ FAs levels
· ↓ Desaturation index

	
	
	5
	30

	H
	O2 Concentration
Hypoxia: 1% O2
Supplementations 
2.5mM acetate
Incubation time
12 hours.
	Liver 
Breast
Prostate 
	HepG2 
A549
PLC-8024
SkBr3
DU 145
	· ↑ ACACA 
· ↑FASN 
· ↑ACSS2 (Acetate-dependent acetyl Co-A synthesis)
· Acetate fuels de novo FA synthesis which promotes the cancer cell survival.
· ↑ Acetate uptake. 
· Acetate epigenetically activates FA synthesis. 
	 
	· ╨FASN results in 
↓Acetate derived de novo FA synthesis.
· HepG2/SkBr3 cells were more sensitive to FASN inhibitor C75
	Clinical tissue samples
· Higher % of liver cancer tissues displays ↑expression of ACSS1 as compared to ACSS2.
· ↑ H3K9ac, H3K14ac, H3K27ac & H3K56ac expression in ACSS2 expressing tumors.
· H 3 acetylation and FASN expression is correlated withACSS1/2 expression.
	6
	41

	H
	O2 Concentration
Hypoxia: 0.1% O2
Incubation time
48 hours.
	Breast Brain 

	MCF7
MDA-MB-231
U87
T98G
	· ↑FABP3 and FABP7 (FA uptake)
· ↑ PLIN2 (LD Synthesis)
· FA synthesis was repressed. 
	· ↑LDs  
· ↑TGs
· ↓ TGs species with 3 double bonds in MCF7 cells. 
· ↑ TGs species with 3 double bonds in U87 cells three 
· ↑ Palmitate, Stearate and Linoleate levels. 
	· ┤FABP3, FABP7, and PLIN2 results in ↓LD 
· ┤HIF-1α ↓LD
· Treatment of DMOG activates HIF-1α and restores the LD levels. 

	3D cell culture
· ↑ FABP3, FABP7 & PLIN2 protein expression in hypoxic core of tumor spheroids.
· ↑ LD levels in hypoxic core of tumor spheroids.

Mouse Xenograft model 
· ╨FABP3 and FABP7 inhibit the growth of tumors.
· ╨FABP3 and FABP7 inhibit LD accumulation in tumors.

	7
	10

	H
	O2 Concentration
Hypoxia: 1% O2
Incubation time
72 hours.
	Breast
Cervical
Lung
	MDA-MB-468 
HeLa
A549 
	· Cancer cells utilized glutamine as chief carbon source for synthesis of Acetyl-Co A.
· Increase in FA uptake (particularly of MUFA (C18:1)
	· ↑ Exogenous FA levels. 
· ↑ MUFAs (C18;1) levels 
	· ↓SCD-1 activity.

	Mouse Xenograft model
· ╣ SCD1(CAY10566) effects the growth of Akt driven tumors.
	8
	9

	H
	O2 Concentration
Hypoxia: 0.5% O2
Supplementations 
200 µM Oleate/0.2% BSA complex.
Incubation time
24 hours.
	Renal
Colorectal 
	ACHN 
Caki-1 
DLD-1 
HCT116 
	· ↔ PNPLA2 (Lipolysis)
· ↔ ABHD5 (TF)
· ↔ G0S2 (TF)
· Intracellular lipolysis is suppressed due to inhibition of PNPLA2 by HIG2. 
	· ↑TG levels
	
	Mouse Xenograft model
· ╨HIG2 delayed tumor growth.
· ↑Neutral lipid in HIG 2 KO tumors. 
· ↔ Lipid in ATGL KO tumors.
Clinical tissue samples
· ↑ HIG 2 in kidney, lung, colon, bladder and uterine tumor tissues.
· ↑ HIG 2 in RCC tissues as compared to adjacent normal kidney tissues. 
· ↔ PNPLA2 & ABHD5 in RCC tissues. 

	9
	32

	H
	O2 Concentration
Hypoxia: 1% O2
Cells and media were placed in low oxygen overnight.
Incubation time
48 hours.
	Breast
Cervical
Lung
	MDA-MB-468 
HeLa 
A549 
	Cancer cells utilized glutamine and acetate for the  synthesis of Acetyl-Co A.
	
	
	
	10
	34

	H
	O2 Concentration
Hypoxia: 1-3% O2
Incubation time
48 hours.
	Lung
Breast
Skin
Colorectal 

	A549 
H460
MDA231
SK-MEL-5 
A431
HCT-116 
	Reductive carboxylation of glutamine-derived -Ketoglutarate (-KG) is responsible for supplying citrate for de novo lipogenesis. 
	 
	
	
	11
	35

	H
	O2 Concentration
Normoxia: 1 % O2
Incubation time
48 hours.
	Liver
Cervical 
Bronchial smooth muscle 
	Huh7
HeLaM 
Hbsm 
	· ↑LIP1N1 
· HIF1-α & EPAS1 expression correlated with LIP1N1 RNA expression. 
	· ↑ TGs levels that are correlated with LIP1N1 RNA expression. 
	· ┤LIP1N1 decreases the TGs accumulation.

	
	12
	43

	H
	O2 Concentration
Hypoxia: 1% O2
Incubation time
1-72 hours. 
*For EVs isolation cells were cultured in exome-depleted FBS

	Prostate
	LNCaP
DU145
	· ↓Cell proliferation
· ↑ FASN 
· ↑ACACA
· ↑ACLY 
· ↑SCD-1 
After Reoxygenation
· ↑Cell proliferation
	Cells
· ↑ Saturation index of membrane PL.
· ↔TGs levels.
· ↑Myristic, Palmitic, stearic, linoleic and arachidonic acid.
· ↓Lipid accumulation (after reoxygenation) 
Extracellular vesicles 
· ↑ Stearic, Palmitic and linoleic acid.  
· ↑ TGs levels. 
Cell vs. EVs
· ↑% age of saturated FA in PL in EVs in comparison to parental cells.
· ↓ Stearic acid and Oleic acid in TGs in EV in comparison to parental cells.
	
	
	13
	28

	H
	Hypoxia was induced by adding 200µM cobalt chloride
Incubation time
3 hours
*Cells were serum starved before incubation under hypoxia.
	Cervical 

	HeLa cells
	
	· Principal component analysis reveal clear-cut separation between lipidomic profiles of hypoxic and normoxic cells.
· PL profile altered but changes were only observed when individual lipid-moieties were compared. 
· ↑PL with polyunsaturated acyl chains.
· ↓PL with mono/di-unsaturated acyl chains.
	





	
	14
	31

	H
	O2 Concentration
Hypoxia: 2 % O2
Incubation time
48 hours.
	Leukemia 
Colon
Lung
	KG1
KCL22 
KU812
SW480
SW620
A549
	· ↓Cell proliferation of SW480 and A549 cells

· ↓ FASN (KCL22 , KU812, SW620 & A549 cells)

· ↔ FASN (KG1 & SW480 cells)

· ↓ HMGCR (KU812, SW620 & A549 cells)
· ↔ HMGCR (KCL22, KG1 & SW480 cells)
↔ MGLL
↔ LPL
↔ CD36
	· ↔Lipidomic profiles of cancer cells
	
	
	15
	69

	H
	O2 Concentration
Hypoxia: 1% O2
Incubation time
24-48 hours.
	Ovarian 
	HeyA8 MDR
	· ↑ FABP4
	
	
	
	16
	42

	H
	O2 Concentration
Hypoxia: 1% O2
Incubation time
48 hours.
	Clear cell renal cell carcinoma
	RCC4
	· ↓ CPT1A
	
	
	
	17
	49

	LS
	Serum Concentration
1% FCS
Incubation time
24 hours

	Breast
	BT20
BT549
MDA-MB-231
MDA-MB-468
MCF7
T47D 
SKBr3
MCF10 A 
	Cancer cells are more dependent on de novo lipid synthesis
	
	· Cancer cells displayed increased sensitivity to FASN inhibitors (C75 & AZ22) in terms of proliferation rates.
	3D cell culture
· ╣FASN (by AZ22) was more effective against MCTS growth. 

	18
	12

	LS
	Serum Concentration
1% FCS
Incubation time
72 hours
	Breast
Prostate 
	MDA-MB-468
MDA-MB-231
BT549
BT20
SKBr3
T47D
MCF7
MCF10 A 
LNCAP
PC3 
DU145
RWPE1

	· ↑ De novo fatty acid synthesis 

	· Membrane phosphoglycerides are mainly composed of mono-unsaturated acyl chains. 
· ↑MUFA levels in DU145 cells. 
	· ┤SCD results in ↓cell number.
· ┤SCD results in ↑MUFA & PUFAs levels and ↓SFAs levels. However, oleic acid supplementation restores the relative proportions of FA classes. 
· ┤SCD reduces the mono-unsaturated acyl chains in PE, PI and PS. Supplementation of oleic acid restores the concentrations of mono-unsaturated species in cancer cells. 
	3D cell culture
· ┤SCD results in ↓spheroid size.
· ┤SCD results in ↓ MUFAs & PUFAs in MCTs of DU145 cells.
2D Vs. 3D(10%FCS )
· ↑poly-unsaturated DG in MCTs of T47D cells
· ↑ Mono-unsaturated PI and LPA.
Mouse xenograft model
· ╨SCD causes ↓ growth of DU145 tumors.
· ↑Unsaturated DG and PC species in BT474 tumors.
Clinical tissue samples
· ↑ SCD in breast and prostate tumor tissues.
	19
	60

	LS
	Serum Concentration
2% FCS
Incubation time
48 hours
	Lung
Pharynx
Lung 
	A549 
FaDu 
H1299
	· ↑ SCD-1  
· ↔SCD-5  




	
	· ┤SCD-1 induced apoptosis 
· ┤SCD-5 inhibition did not induce apoptosis. 
· ╣SCD-1 (with A939572) reduced the Proliferation of cells. Supplementation of media with oleic acid reversed the effect of A939572.
	Clinical tissue samples
· ↑ SCD -1 in cancer tissues.
	20
	50

	LS
	Serum Concentration
2% FBS
Incubation time
48 hours
	Leukemia 
Colon
Lung
	KG1
KCL22 
KU812
SW480
SW620
A549
	· ↓Cell proliferation of all cell lines except SW620
· ↓ FASN (A549 cells)
· ↔ FASN (KCL22 , KU812, KG1, SW480 & SW620  cells)
· ↓ HMGCR (A549 cells)
· ↔ HMGCR (KCL22 , KU812, KG1, SW480 & SW620  cells)
· ↑ MGLL ( SW480 & SW620  cells)
· ↓ MGLL(KG1 & KU812 cells)
· ↔ MGLL(KCL22 & A549cells)
· ↑ LPL(KU812 cells)
· ↔ LPL(SW480)
· ↑ CD36(KU812 cells)
	· ↓ CE levels
· ↓ TGs subspecies levels (Leukemia cell lines)
· ↑DGs levels(Leukemia cell lines)
· ↑Highly saturated PCPs levels(Leukemia cell lines)

	
	
	15
	69

	LS
	Serum Concentration
0.5% FBS
Incubation time
72 hours
	Kidney 
	A498
	
	· ↓ Overall TGs pool 
· ↓ unsaturated TGs 
· ↓ CEs 
· ↑ Saturation index of TGs 
	· ╣SCD-1 increased the TGs and DGs saturation.
	
	21
	70

	LL
	Serum Concentration
1% LPDS
Incubation time
24 hours
	Brain 
	U87 
U251
	· ↑ SREBF1a, SREBF1c , SREBF2 
	
	
	3D cell culture
· ┤SREBP1 results in ↓spheroid diameter.

	4
	11

	LL
	Serum Concentration
Lipid-reduced FBS
Incubation time
48-72  hours
	Prostate
Lung
Liver
	PC3M
HOP62
HepG2
	· Decreased proliferation rates
· Increased dependency on DNL.
	
	· ┤ACLY induced apoptosis. 

	
	22
	73

	LL
	Serum Concentration
1% LPDS
Incubation time
72 hours
	Breast
Prostate 
	BT474
DU145

	↑ACSS2 
	
	
	Clinical tissue samples

· ↑ ACSS2 expression in IDCs and ILCs tissues.
· ACCS2 expression correlated with disease progression/ cancer stage in breast cancer patients.
· ↑ ACSS2 expression in metastatic prostrate tumors as compared to primary tumors.
· ↑ ACSS2 expression in tumors as compared to normal adjacent tissues.

	18
	12

	LL
	Serum Concentration
2% CS-FBS
Incubation time
8 hours
	Pharynx
Lung
	FADU
H1299
	↑ SCD-1 
	
	· Cells were more sensitive to inhibition of SCD-1 by A939572.
	Mouse Xenograft model
· ╣SCD-1(A939572) inhibits the tumor growth.
	20
	50

	LL
	Serum Concentration
10% lipid-reduced serum
Incubation time
72 hours
	Prostate
Lung
Liver
Renal
	PC3M 
HOP62
HepG2 
T24 
	· ↑ ACLY 
· ↑ FASN 
· ↑ ACSS2 
· ↑ HMGCR 
· Only the cell lines that significantly elevated lipogenic activity maintained their proliferation rates.
	
	· ↑ Sensitivity to Soraphen A and Simvastatin.

	· 3D cell culture
↓Growth of tumor spheroids.
	23
	

	LL
	Serum Concentration
1% LPDS

Incubation time
48 hours
	Brain
	U87
	
	· × LD levels

	· ╣HMGCR (by Fatostatin) results in ↓LD accumulation.

	
	7
	10

	LL
	Serum Concentration
10% LPDS
Incubation time
24 hours
	Hematopoietic 
	CCRF-CEM
KG-1
MOLT-3
THP-1
	
	· ↔Cholesterol levels
	
	
	24
	74

	LL
	Serum Concentration
10% LPDS
Incubation time
24 hours
	Hematopoietic
	THP-1
PBMCs
	
	· ↔Cholesterol levels
· ↑TG levels
	
	
	25
	75

	ND+H
	O2 Concentration
Hypoxia: 0.1% O2
Normoxia: 21% O2
Serum/Supplementations 
SMEM media. 
Incubation time
72 hours
	Breast
Prostate 
	MDA-MB-468 
DU145
	· Cancer cells primarily depend upon the de novo fatty acid synthesis.
· ↓Glucose utilization by TCA cycle.
	· ↑PC and PE with shorter more saturated FA acyl chains.

	
	
	18
	12

	LS+H
	O2 Concentration
Hypoxia: 0.1% O2
Normoxia: 21% O2
Serum Concentration
1% FCS
Incubation time
72 hours
	Breast
Prostate
	BT474
BT474c1
DU145
	· Cancer cells used acetate as chief carbon source.
· ↑ ACSS2 
	
	Cancer cells more sensitive to ┤ACSS2.
	
	18
	12

	LL+H
	O2 Concentration
Normoxia:20% O2
Hypoxia:<0.5% O2
Serum Concentration
1% LPDS
Incubation time
24 hours
	Brain 
	U87 
U251
	· ↑ ACACA, ACACB,  FASN, 
· ↑HMGCR 
· ↑ SREBF1a, SREBF1c ,  SREBF2 
· ↑↑ SCD
· ↑↑FABP3, FABP7 
· ┤ SREBP1 increased the apoptosis of cancer cells.
	
	
	
	4
	11

	LS+H
	O2 Concentration
 Normoxia:21% O2, Hypoxia:1% O2
Serum Concentration
1% DFBS

Incubation time
48 to 72 hours
Medium contain 90 µMU 13C-acetate
	Breast 
	MDA-MB-468 
BT-474
	· Cancer cells utilized most of the acetate for synthesis of Acetyl-Co A.
· Increase in nuclear localization of ACSS2. Nuclear ACSS2 recaptures acetate released from histone deacetylation for recycling by histone acetyl transferase.
	
	
	Mouse Xenograft model
· In hypoxic regions of tumor tissues ACSS2 is prominently expressed in the nuclei of tumor cells.
	26
	65

	LL+H
	O2 Concentration
 Normoxia:21% O2, Hypoxia:0.1% O2
Serum Concentration
1% LPDS
Incubation time
48 hours
	Brain 
	U87 
	
	
· × LD levels


	· ╣HMGCR (by Fatostatin) causes ↔LD accumulation.
	
	7
	10

	LS+H
	O2 Concentration
 Normoxia:21% O2, Hypoxia:0.5% O2
Serum Concentration
0.5% FBS
Incubation time
72 hours
	Kidney 
	A498
	· Cancer cells were more sensitive to ┤DGAT( in terms of proliferation )

	· ↑FA saturation index of TGs and DGs.

	· ┤DGAT leads to ↓TGs and ↑≥2 SFA TGs levels
	
	21
	70


Key: Abbreviations: ACACA, acetyl-CoA carboxylase 1; ACACB, acetyl-CoA carboxylase 2; ACSS2, acyl Co-A synthetase-2; ADFP, adipose differentiation protein; ATGL, adipose triglyceride lipase; Cho, choline; CPT1A, Carnitine palmitoyltransferase 1A;  CS-FBS, charcoal striped fetal bovine serum;  DFBS , dialyzed fetal bovine serum; DMOG, dimethyloxalylglycine; DNL, de novo lipid synthesis; FA, fatty acids; FABP3, fatty acid binding protein 3; FABP4, fatty acid binding protein 4;  FABP7, fatty acid binding protein 7; FFA, free fatty acids; FASN, fatty acid synthase; FBS, fetal bovine serum;  FCS, fetal calf serum; H, hypoxia; HIF-1α, hypoxia-inducible factor 1-alpha; HIF-2α, hypoxia-inducible factor 2α; HIG2, hypoxia-inducible gene 2 protein; HMGCR, 3-hydroxy-3-methylglutaryl-CoA reductase; LD, lipid droplet; LCAD, long-Chain Specific acyl-CoA dehydrogenase; LL, low-lipid; LS, low-serum; MAG, monoacylglycerol ; MCAD, Medium-chain acyl-CoA dehydrogenase; MCTs, multicellular tumor spheroids; MUFA, monounsaturated fatty acids; PBMCs, peripheral blood mononuclear cells; PC, Phosphatidylcholines; PE, phosphatidylethanolamines; Pcho, propargyl-choline; PI, phosphatidylinositol;  PS, phosphatidylserine; PUFA, polyunsaturated fatty acids; RCC, renal cell carcinoma; SCD, stearoyl-CoA Desaturase; SFA, saturated fatty acids; SMEM, spinner minimum essential medium; SREBP, sterol regulatory element-binding proteins; TG, triglycerides 
 Symbols: ↓, down regulated; ↑, up regulated; ↑↑, strongly up regulated; ↔, no effect; ×, low effect; ┤, gene knock down by siRNA; ╨, gene knock out; ╣, pharmacological gene inhibition
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