
      
 

2-hydroxylation of fatty acids represses colorectal tumorigenesis and metastasis via 

the YAP transcriptional axis 
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Supplementary Experimental Materials and Methods 

Bioinformatics analysis 

Raw reads were aligned to the human reference genome (hg19) by tophat2 (Version 

2.1.1, RRID:SCR_013035) (1). SAMtools (Version 1.9, RRID:SCR_002105) toolkit (2) 

was applied to produce mapped reads in SAM format from the Tophat2-generated BAM 

file. GFOLD (Version 1.1.4) (3) was utilized to count reads to generate gene-level counts. 

R language (Version 3.6.2, RRID:SCR_001905) pipeline based on Bioconductor 

(RRID:SCR_006442) packages “limma” (Version 3.40.6, RRID:SCR_010943) (4) and 

“edgeR” (Version 3.26.8, RRID:SCR_012802) (5) was used to identify differentially 

expressed genes. Trimmed Mean of M-values (TMM) method normalized counts were 

transformed to log2-counts per million (log CPM). Gene expression matrix was generated 

for further enrichment analysis. P-value < 0.005 and log2 fold change > 1 were used as 

the cutoff for statistical significance. Gene Ontology (GO, RRID:SCR_002811) 

biological process (BP) and KEGG biological pathway (RRID: SCR_012773) enrichment 

analyses for differentially expressed genes were performed on the DAVID webserver of 

(https://david.ncifcrf.gov/, RRID:SCR_001881) (6). P-value < 0.05 was set as the cutoff 

for statistical significance. 

Three independent microarray datasets (GSE18105, GSE21510, and GSE44076) 

(7-9) for transcriptome comparison between CRC and normal tissues, two gene 

expression data archives for survival analysis (GSE39582 and GSE28722) (10, 11), and 

two published transcriptome profiling datasets for YAP S127D phospho-mimic mutant 

(GSE41509) (12) and YAP knock-down (GSE92335) (13) treatment in CRC cells were 

obtained from NCBI Gene Expression Omnibus (GEO, 

https://www.ncbi.nlm.nih.gov/geo/, RRID:SCR_005012) database. For Affymetrix 

microarray raw data, R language (Version 3.6.2, RRID:SCR_001905) workflow based on 

Bioconductor packages “limma” (Version 3.40.6, RRID:SCR_010943) (4) and “oligo” 

(Version 1.49.0, RRID:SCR_015729) (14) was used to preprocess CEL format files. 

https://david.ncifcrf.gov/
https://www.ncbi.nlm.nih.gov/geo/


      
 

Robust Multi-array Average (RMA) normalization was carried out to calibrate the signals 

of Affymetrix probe sets. For the Rosetta custom human 23K array data (GSE28722), a 

series matrix file was accessed from GEO via Bioconductor package “GEOquery” 

(Version 2.52.0, RRID:SCR_000146) (15). Quantile standardization was performed as 

implemented by the built-in function in the “limma” package. The level of statistical 

significance for the differential expression of the FA2H gene was expressed as a 

P-value corrected by the Benjamini-Hochberg procedure. P-value < 0.05 was set as the 

cutoff for statistical significance. Differentially expressed genes in GSE41509 and 

GSE92335 were ranked by B values (log-odds) and the top 1,000 were identified as the 

signatures of most differentially expressed genes and subjected to further enrichment 

analysis. Both up-regulated and down-regulated gene signatures were individually 

packaged into GMT format files.  

Gene set enrichment analysis (GSEA, Version 4.0.2, RRID:SCR_003199) (16) 

was used to determine whether the prior defined gene sets of YAP knock-down/mutant 

shows statistically significant, concordant differences between FA2H overexpression 

treatment and control. In addition, GSEA for CRC samples from the GSE39582 dataset 

(based on FA2H expression, top 20% versus the bottom 20% from 562 CRC tumor 

samples) was also performed to test the overrepresentation of gene sets from Molecular 

Signatures Database (https://www.gsea-msigdb.org/gsea/msigdb/index.jsp). P-value < 

0.05 was set as the cutoff for statistical significance. 

 

LC-MS/MS-based lipidomics analysis 

Total lipids of CRC cells were extracted by the method of Bligh-Dyer as previously 

described (17) and evaporated at room temperature under vacuum. The dried samples 

were stored at -80°C until subsequent LC-MS experiments. The lipidomics data 

acquisition was performed using a UHPLC system (ExionLC AD; SCIEX, USA) coupled 

to a quadrupole time-of-flight mass spectrometer (TripleTOF 5600
+
, SCIEX, USA) 

https://www.gsea-msigdb.org/gsea/msigdb/index.jsp


      
 

equipped with an electrospray ion (ESI) source. A Phenomenex Kinetex C18 column 

(particle size, 2.6 μm; 100 mm (length) × 2.1 mm (i.d.)) was used for the LC separation 

and the column temperature was kept at 60 °C. Mobile phase A was 5 mM ammonium 

acetate (NH4OAc) in Water: Methanol: Acetonitrile (3:1:1), and B was 5 mM ammonium 

acetate (NH4OAc) in isopropanol for both the positive (ESI
+
) and negative (ESI

−
) modes. 

The flow rate was 0.4 mL/min and the gradient was set as follows: 0-0.5 min: 20% B, 

0.5-1.5 min: 20% B to 40% B, 1.5-3 min: 40% B to 60% B, 3-13 min: 60% B to 98% B, 

13-13.1 min: 98% B to 20% B, and 13.1-17 min: 20% B. The injection volume was 2 μL.  

The data acquisition was operated using the information-dependent acquisition 

(IDA) mode. The source parameters were set as follows: ion source gas 1 (GAS1), 60 psi; 

ion source gas 2 (GAS2), 60 psi; curtain gas (CUR), 35 psi; temperature (TEM), 600 °C; 

declustering potential (DP), 80 V, or-80 V in positive or negative modes, respectively; 

and ion spray voltage floating (ISVF), 5500 or -4500 V in positive or negative modes, 

respectively. The TOF MS scan parameters were set as follows: mass range, 100-1000 Da; 

accumulation time, 100 ms; and dynamic background subtract, on. The product ion scan 

parameters were set as follows: mass range, 50-1000 Da; accumulation time, 50 ms; 

collision energy, 45 or -45 V in positive or negative modes, respectively; collision energy 

spread, 20; resolution, UNIT; charge state, 1 to 1; intensity, 100 cps; exclude isotopes 

within 4 Da; mass tolerance, 50 mDa; the maximum number of candidate ions to monitor 

per cycle, 10; and never exclude former target ions. 

The MS data were acquired by Analyst TF software (Version 1.7.1, AB SCIEX, 

RRID:SCR_015785) and then submitted to LipidView (Version 1.2, AB SCIEX, 

RRID:SCR_017003) for lipid identification. The resultant data were introduced into 

PeakView workstation (Version 2.2, AB SCIEX, RRID:SCR_015786) to obtain lipid 

name, m/z, and retention time. MultiQuant software (Version 3.0.3, AB SCIEX) was used 

for the accurate quantification of measured analytes. The data file of peak areas for lipid 

species obtained from MultiQuant output was then subjected to subsequent statistical 



      
 

analysis. 
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Supplementary Figure S1. Expression and manipulation of FA2H in human CRC cells. 

(A): FA2H protein (left) and mRNA expression (right) in six CRC cell lines were 

detected by Western blotting and qRT-PCR. The bar graphs represent the 18s-normalized 

FA2H mRNA levels. Error bars represent SEM. (B): The protein (top) and mRNA levels 

(bottom) of FA2H expression in cells stably transfected with empty vector (VEC) and in 

cells stably expressing FA2H (FA2H OE) were tested by Western blotting and qRT-PCR 

in SW480 and LOVO colorectal cancer cells. Error bars represent SEM. (C): The protein 

(top) and mRNA levels (bottom) of FA2H expression in wild-type cells (shControl) and 

in cells with stable knockdown of FA2H (shFA2H) were tested by Western blotting and 

qRT-PCR in HCT8 and SW620 colorectal cancer cells. Error bars represent SEM. 

**P<0.01; ***P < 0.001.



      
 

 

Supplementary Figure S2. siRNA-mediated FA2H knockdown promotes tumor growth 

and cell migration in CRC. (A): The protein (left) and mRNA levels (right) of FA2H 

expression in HCT116 wild-type cells (siControl) and in cells treated with FA2H-specific 

siRNA (siFA2H) were tested by Western blotting and qRT-PCR. Error bars represent 

SEM. (B): CCK8 assays for HCT116 cells treated with siFA2H and siControl, presented 

as mean ± SEM (n = 5). (C): Migration assays for HCT116 cells with siFA2H and 

siControl treatments. Representative photographs are presented (left; magnification, × 

200) and the relative number of migratory cells (right) were counted. The bands were 

quantified and presented as the mean ± SEM of three independent experiments. 

**P<0.01; ***P < 0.001.



      
 

 

Supplementary Figure S3. FA2H regulation of Gli1 and phosphorylation of ERK1/2, 

p38, and JNK. (A): Western blot analysis (left) of the indicated protein in LOVO cells 

stably transfected with empty vector (VEC) and in cells stably expressing FA2H (FA2H 

OE). GAPDH as a loading control. The bands were quantified and presented as the mean 

± SEM of three independent experiments (right). (B): Western blot analysis (left) of the 

indicated protein in wild-type SW620 cells (shControl) and cells with stable knockdown 

of FA2H (shFA2H). GAPDH as a loading control. The bands were quantified and 

presented as the mean ± SEM of three independent experiments (right). NS, 

non-significant. 

  



      
 

 

Supplementary Figure S4. FA2H promotes AMPK phosphorylation in CRC cells. (A-B): 

GSEA of up- and down-regulated genes in response to AMPK activation by interleukin 

15 (IL-15) treatment. Microarray data of 226 CRC samples selected from the GSE39582 

dataset (based on FA2H expression, top 20% versus the bottom 20% from 562 CRC 

tumor samples) were input as expression profiles into GSEA. The red curve denotes the 

running sum statistic of the enrichment score (ES). Each vertical bar on the x-axis 

represents a gene signature from the GSEA gene module. (C): Western blot analysis (left) 

of the indicated protein in SW480 and LOVO cells stably transfected with a FA2H 

expression vector (FA2H OE) and empty vector (VEC). GAPDH as a loading control. 

The bands were quantified and presented as the mean ± SEM of three independent 

experiments (right). (D): Western blot analysis (left) of the indicated protein in HCT8 and 

SW620 cells with stable knockdown of FA2H (shFA2H) and wild-type (shControl) 

control. GAPDH as a loading control. The bands were quantified and presented as the 



      
 

mean ± SEM of three independent experiments (right). (E): Western blot analysis (left) 

of the indicated protein in SW480 and LOVO cells treated with BSA, 50 µM PA, 

(R)-2-OHPA (2R), or (S)-2-OHPA (2S). GAPDH as a loading control. The bands were 

quantified and presented as the mean ± SEM of three independent experiments (right). 

*P<0.05; **P < 0.01. 

 



      
 

Supplementary Table S1. Association between FA2H and clinic-pathological factors in 

141 patients with colorectal cancer. 

Clinic parameters Case No. 
FA2H expression 

χ
2
 P value 

None or low High 

Total 141 59 (41.8%) 82 (58.2%)   

Age (years)      

<65 56 24 (42.9%) 32 (57.1%) 
0.039 0.843 

>=65 85 35 (41.2%) 50 (58.8%) 

Gender      

Male 89 37 (41.6%) 52 (58.4%) 
0.007 0.932 

Female 52 22 (42.3%) 30 (57.7%) 

Tumor size      

<5cm 77 24 (31.2%) 53 (68.8%) 
7.944 0.005** 

>=5cm 64 35 (54.7%) 29 (45.3%) 

Tumor location      

Left-sided colon 46 22 (47.8%) 24 (52.2%) 

1.924 0.382 Right-sided colon 48 21 (43.8%) 27 (56.2%) 

Rectum 47 16 (34.0%) 31 (66.0%) 

Depth of invasion      

T1-2 28 6 (21.4%) 22 (78.6%) 
5.984 0.014* 

T3-4 113 53 (46.9%) 60 (53.1%) 

Lymph node metastasis      

Yes 58 40 (61.0%) 18 (39.0%) 
29.783 < 0.001*** 

No 83 19 (22.9%) 64 (77.1%) 

TNM stage      

I/II 82 19 (23.2%) 63(76.8%) 
28.080 < 0.001*** 

III/IV 59 40 (67.8%) 19 (32.2%) 

* P < 0.05, ** P < 0.01, *** P < 0.001 

 

 

 

 

 

 

 

 

 

 

 

 



      
 

Supplementary Table S2. Antibody information 

Name Company Catalog Number RRID 

FA2H Proteintech 15452-1-AP AB_2101886 

GLUT2 Proteintech 20436-1-AP AB_2750600 

CTGF Proteintech 23936-1-AP AB_2736836 

Gli1 Abcam ab151796 Not available 

Lamin A/C Santa Cruz Biotechnology sc-376248 AB_10991536 

GAPDH Beyotime AG019 AB_2861160 

Phospho-YAP (Ser127) Cell Signaling Technology 57706 AB_2799531 

YAP Cell Signaling Technology 14074 AB_2650491 

E-cadherin Cell Signaling Technology 3195 AB_2291471 

Vimentin Cell Signaling Technology 5741 AB_10695459 

Phospho-AMPKα (Thr172) Cell Signaling Technology 2535 AB_331250 

AMPKα Cell Signaling Technology 2532 AB_330331 

Phospho-ACC (Ser79) Cell Signaling Technology 11818 AB_2687505 

ACC Cell Signaling Technology 3676 AB_2219397 

Phospho-ERK1/2 (Thr202/Tyr204) Cell Signaling Technology 4370 AB_2315112 

ERK1/2 Cell Signaling Technology 4695 AB_390779 

Phospho-p38 (Thr180/Tyr182) Cell Signaling Technology 4511 AB_2139682 

p38 Cell Signaling Technology 8690 AB_10999090 

Phospho-JNK (Thr183/Tyr185) Cell Signaling Technology 4668 AB_823588 

JNK Cell Signaling Technology 9252 AB_2250373 

Rabbit anti-GLUT1 antibody was kindly provided by Dr. Mike Mueckler (Washington 

University in St. Louis). 

  



      
 

Supplementary Table S3. Primers used for qRT-PCR analysis. 

Gene Forward primer (5’-3’) Reverse primer (5’-3’) 

FA2H GTACGATGAGTGGGTTCACCA GATGGGGACACTGTACCAGAC 

CTGF CCAATGACAACGCCTCCTG TGGTGCAGCCAGAAAGCTC 

CYR61 AGCCTCGCATCCTATACAACC TTCTTTCACAAGGCGGCACTC 

18s GTAACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG 

 

 


