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For group size justification, we performed the power analysis using both G*power version 

3.1.9.6 and the function of power.anova.test in R version 3.5.3 (R Foundation for Statistical 

Computing, Vienna, Austria). The assumptions of our power calculations include the same 

standard variance in each study group, effect size= , alpha 

level=0.05, power=0.9 and number of study groups. The effect size for specific experiments is 

assumed based on previous similar studies or literature. In previous experiences from our 

Microsurgical Core, we have observed a survival rate of ~90% after the TAC procedure. To offset 

the possible loss of mice per treatment, we added at least one mouse per treatment group. 
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Online Figure Legends 

Online Figure I. Upregulation of EPRS in TGF-ββ activated human cardiac fibroblasts. 

(A)  Transcriptional activation of cytosolic ARSs, including EPRS in TGF-β stimulated human 

CFs.  

(B)  No remarkable transcriptional activation of other translation factors in TGF-β stimulated 

human CFs. Abbreviations: eIF; eukaryotic initiation factor; eEF: eukaryotic elongation factor; 

eTF: eukaryotic termination factor. 

Online Figure II. Generation and characterization of Eprs+/– heterozygous knockout mice. 

(A)  Schematic of the generation of Eprs+/– mice by CRISPR technology. 

(B)  Sanger DNA sequencing confirms an insertion of two tandem stop codons in Eprs knockout 

allele. 

(C)  Genotyping of Eprs+/+ and Eprs+/– mice. 

(D)  Eprs mRNA and protein expression are reduced by ~50% in Eprs+/– mouse hearts. n=4, two 

male and two female mice were used. 

(E)  Immunostaining shows EPRS is reduced by ~50% in Vimentin positive CFs in Eprs+/– mice. 

Scale bar: 50 μm. Quantification of EPRS intensity is shown for n>200 cells from three murine 

hearts. 

(F)  Immunostaining shows EPRS is reduced by ~50% in α-actinin positive CMs in Eprs+/– mice. 

Quantification of EPRS intensity is shown. Scale bar: 50 μm. Quantification of EPRS intensity 

is shown for n>200 cells from three murine hearts. 

(G)  Phalloidin staining of ISO-treated primary mouse CMs isolated from WT and Eprs+/– mice. 10 
μM ISO was used for the treatment. Scale bar: 100 μm. Quantification of cell sizes is shown 

for n>500 cells from three replicated experiments. 

Comparisons were performed by non-parametric unpaired Mann-Whitney test for D-F, and 

Kruskal-Wallis test with Benjamini-

Hochberg correction for G. 

Online Figure III. Eprs haploinsufficiency reduces cardiac fibrosis in the MI surgery model.  



(A-B) Picrosirius staining was performed in a series of six heart tissue sections from apex to base 

and fibrotic area was quantitatively measured. N=4-6. Scale bar: 2 mm. 

Comparisons were performed by non-parametric Kruskal-Wallis test with 

Benjamini-Hochberg correction for B. 

Online Figure IV. Generation and characterization of Eprs conditional knockout mice. 

(A)  Breeding strategy for generating tamoxifen-inducible Postn-Cre-driven Eprs conditional KO 

mice. 

(B)  Genotyping of Eprs conditional KO mice. 

(C)  EPRS is reduced by ~45% in α-SMA positive myofibroblasts in Eprs cKO mice under TAC 

surgical conditions indicated by immunofluorescence. Quantification of EPRS intensity is 

shown. Scale bar: 50 μm. N>200 cells from three hearts. Comparisons were performed by 

non-parametric unpaired Mann-Whitney test. 

Online Figure V. The effect of EPRS overexpression and knockdown on collagen protein 

expression in cardiac fibroblasts. 

(A)  EPRS expression does not positively correlate with CM hypertrophy marker gene expression 

in human heart samples. Pearson correlation coefficient was presented. 

(B)  Eprs mRNA is induced by pro-hypertrophic and pro-fibrotic agonists in primary mouse CFs. 

ISO: 10 μM; Ang II: 200 nM; TGF-β: 10 ng/ml; IL-11: 5 ng/ml. 

(C)  ISO-induced EPRS mRNA and protein expression in primary mouse CFs. 18S rRNA and 

GAPDH are used for loading controls for mRNA (n=6) and protein (n=4) quantification, 

respectively. 

(D)  Myofibroblast marker gene mRNA expression is strongly induced by TGF-β, but not ISO in 

primary mouse CFs. 

(E)  Left panel: Collagen mRNA expression is slightly increased in ISO-treated primary mouse 

CFs (n=6). 18S rRNA is used as a loading control. Middle panel: Representative Western blot 

images from two biological replicates indicate that collagen proteins are strongly induced by 

ISO in primary mouse CFs. Right panel: The protein/mRNA ratio of collagen genes is strongly 

increased in ISO-treated primary mouse CFs. The protein/mRNA ratio was calculated by pair-

wise comparison of quantification of two biological replicates of Western blot with six biological 

replicates of mRNA expression. 



(F) Upper panel: Polysome-RT-qPCR assay indicates that EPRS inhibition by Halo reverses ISO-

induced polysome association with Col3a1 mRNA in primary mouse CFs. Low panel: 

Polysome-associated Col3a1 mRNA is reduced in primary Eprs+/– CFs compared to WT 

(Eprs+/+) CFs after ISO treatment. Upper panel: * P=2.4x10-7, ** P=4.7x10-11, † P=1.2x10-7, 

Veh. vs. ISO; # P=8.9x10-5, ## P=1.8x10-6, ‡ P=1.7x10-8, ISO vs. ISO, Halo. Lower panel: * 

P=3.9x10-5, ** P=1.9x10-8, † P=1.4x10-6,  Eprs+/+ Veh. vs. Eprs+/+ ISO; # P=0.15, ## P=0.0029, 

‡ P=0.095, Eprs+/+ ISO vs. Eprs+/– ISO. Comparisons were performed by non-parametric 

Kruskal-Wallis test with 

Benjamini-Hochberg correction. 

(A) EPRS overexpression induces COL3A1 protein expression indicated by IF. EPRS-

overexpressing and control lentiviruses were used to infect primary mouse CFs with or without 

TGF-β (10 ng/ml) treatment. Scale bar: 100 μM. n>120 cells for COL3A1 protein expression 

measurement from 3 biologically replicated experiments. 

Comparisons were performed by non-parametric unpaired for C, E and non-

parametric Kruskal-Wallis test with 

Benjamini-Hochberg correction for G. 

Online Figure VI. EPRS regulates Pro-rich protein expression in fibroblasts. 

(A) Differentially expressed genes identified by RNA-Seq and polysome-Seq are indicated by dot 

plot. Translation efficiency (TE) is indicated by the ratio between light polysome and 

polysome-free fraction. The colored dots indicate statistically significantly changed genes in 

either RNA-Seq or polysome-Seq. 

 

(B) A majority of genes show a synergistic change at mRNA and translational levels after EPRS 

inhibition by Halo. The number of genes is shown with changes at both translation efficiency 

(the ratio of heavy or light polysome to polysome-free fraction) and steady-state mRNA levels 

in all four areas. 

(C) Log2FC of translation efficiency and steady-state mRNA level for all the collagens (typical Pro-

rich genes as a positive control gene panel for Area 1). 



(D) Log2FC of translation efficiency and steady-state mRNA level for all cytosolic aminoacyl-tRNA 

synthetase (amino acid starvation response markers as a positive control gene panel for Area 

3). 

Online Figure VII. Halo downregulated collagen protein translation. 

(A-B) Genetic codon composition in mouse Col1a1 and Col3a1 genes and global mouse genome 

(https://www.genscript.com/tools/codon-frequency-table). 

(C-D) Halo reduced polysome association of collagen mRNAs in primary mouse CFs. C. * 

P=1.8x10-5, ** P=4.6x10-6, # P=7.7x10-5, Halo vs. Veh. D. * P=1.2x10-4, ** P=1.2x10-4, # 

P=1.2x10-4, Halo vs. Veh. Comparisons were performed by non-parametric Kruskal-Wallis 

test with Benjamini-

Hochberg correction. 

(E) Translationally dysregulated genes are indicated by overlapping changed genes in the same 

area of heavy polysome (Figure 4B) and light polysome (Online Figure VIA). Genes 

decreased at the translational level and increased at steady-state mRNA level (Area 2) or 

increased at the translational level and decreased at steady-state mRNA level (Area 4) at 

translation and steady-state mRNA levels are shown. 

(F) KEGG pathway analyses of the gene cluster in Area 4 from (E). DAVID Bioinformatics 

Resources 6.8 was used. 

Online Figure VIII. LTBP2 is a novel downstream target of EPRS. 

(A)  Dot plot of mass spectrometry data of human CFs treated with 300 nM Halo (experiments 

performed by Glaxo Smith Kline)15. 

(B)  Ltbp2 mRNA levels are reduced by Halo in both RNA-Seq and polysome-Seq of Halo-treated 

NIH/3T3 mouse fibroblasts. 

(C)  Polysome-associated Ltbp2 mRNA levels are reduced by Halo in primary mouse CFs. ns: 

P=0.060, * P=0.014, # P=0.027, Halo vs. Veh. by non-parametric Kruskal-Wallis test with 

Benjamini-

Hochberg correction. 

(D)  EPRS inhibition reverses ISO-induced polysome association of Ltbp2 mRNA in primary 

mouse CFs. ns: P=0.60, ** P=1.0x10-6, † P=3.1x10-6, Veh. vs. ISO; # P=2.5x10-6, ## 

P=1.5x10-5, ‡ P=5.6x10-5 ISO vs. ISO, Halo. by non-parametric Kruskal-Wallis test with 



Benjamini-

Hochberg correction. 

(E)  Polysome-associated Ltbp2 mRNA is reduced in primary Eprs+/– CFs compared to WT 

(Eprs+/+) CFs after ISO treatment. * P=2.5x10-5, ** P=0.036, † P=1.4x10-6, Eprs+/+, Veh. vs. 

Eprs+/+, ISO; # P=1.9x10-10, ## P=5.6x10-8, ‡ P=5.1x10-9 Eprs+/+, ISO vs. Eprs+/–, ISO by non-

parametric Kruskal-Wallis test with 

Benjamini-Hochberg correction. 

Online Figure IX. SULF1 is a human and mouse cardiac fibrosis marker. 

(A)  RT-qPCR measurement of Sulf1 mRNA expression in isolated primary mouse CFs and CMs. 

Postn and Myh6 mRNA expression was measured as indication of quality control of CM and 

CF isolation. 

(B)  SULF1 mRNA expression is increased in dilated cardiomyopathy (DCM, n=82) and ischemic 

heart failure (IHF, n=95) patients compared to non-failing (NF, n=80) donor heart tissues from 

a publicly available microarray dataset GSE5734541. 

(C-D) SULF1 expression is correlated with COL1A1 (C) and COL3A1 (D) in the validation cohort 

of human subjects. Pearson correlation coefficient was presented. 

(E) Immunostaining shows SULF1 is highly expressed in α-SMA positive myofibroblasts in failing 

human hearts. Scale bar: 20 μm. 

(F-G) Quantification of α-SMA (F) and SULF1 (G) protein expression in failing human and non-

failing hearts in immunofluorescence staining in (E). n>200 cells from three heart tissue 

samples were analyzed. 

(H-I) Immunostaining shows SULF1 is highly expressed in α-SMA positive myofibroblasts in a 

TAC-induced mouse HF model (H) and quantification of SULF1 intensity in (I). Scale bar: 20 

μm. n>150 cells from three mouse heart samples were analyzed. 

Comparisons were performed by non-parametric unpaired Mann-Whitney test for A, I, and non-

parametric Kruskal-Wallis test with 

Benjamini-Hochberg correction for B, F, G. 

Online Figure X. The effect of SULF1 knockdown and overexpression on TGF-ββ-activated 

myofibroblast formation. 



(A-B) IF staining shows reduced protein expression of COL1A1 and α-SMA by siRNA-mediated 

knockdown of Sulf1 in TGF-β-treated primary mouse CFs. Scale bar: 40 μm. 

(C-D) SULF1 overexpression induces COL1A1 and α-SMA protein expression indicated by IF. 

Lentiviral Sulf1 and control lentivirus were used to infect primary mouse CFs with or without 

TGF-β (10 ng/ml) treatment. Scale bar: 100 μM. n>200 cells from 3 biologically replicated 

experiments.  

Online Figure XI. Knockdown of CysRS or inhibition of LeuRS does not reduce COL1A1 

protein expression. 

(A)  siRNA-mediated knockdown of CysRS does not significantly reduce COL1A1 protein 

expression in NIH/3T3 fibroblast cells.  

(B)  LeuRS inhibitor leucinol does not reduce COL1A1 protein expression when used to treat 

NIH/3T3 fibroblast cells at 10-2000 nM. 

Online Figure XII. Effect of genetic knockdown or Halo inhibition of EPRS on POSTN 

protein expression. 

(A)  POSTN protein expression is slightly but significantly reduced in Eprs insufficient primary CFs 

isolated from 

Scale bar: 100 μm. 

(B-C) POSTN protein expression is markedly reduced in Halo-treated primary CFs isolated from 

Scale bar: 100 μm. 

Comparisons were performed by non-parametric Kruskal-Wallis test with 

Benjamini-Hochberg correction for A-C. 
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Supplemental Sequence Information 
 
Human COL1A1 protein sequence: 
MFSFVDLRLLLLLAATALLTHGQEEGQVEGQDEDIPPITCVQNGLRYHDRDVWKPEPCRICVCDN
GKVLCDDVICDETKNCPGAEVPEGECCPVCPDGSESPTDQETTGVEGPKGDTGPRGPRGPAGPP
GRDGIPGQPGLPGPPGPPGPPGPPGLGGNFAPQLSYGYDEKSTGGISVPGPMGPSGPRGLPGP
PGAPGPQGFQGPPGEPGEPGASGPMGPRGPPGPPGKNGDDGEAGKPGRPGERGPPGPQGAR
GLPGTAGLPGMKGHRGFSGLDGAKGDAGPAGPKGEPGSPGENGAPGQMGPRGLPGERGRPG
APGPAGARGNDGATGAAGPPGPTGPAGPPGFPGAVGAKGEAGPQGPRGSEGPQGVRGEPGPP
GPAGAAGPAGNPGADGQPGAKGANGAPGIAGAPGFPGARGPSGPQGPGGPPGPKGNSGEPG
APGSKGDTGAKGEPGPVGVQGPPGPAGEEGKRGARGEPGPTGLPGPPGERGGPGSRGFPGAD
GVAGPKGPAGERGSPGPAGPKGSPGEAGRPGEAGLPGAKGLTGSPGSPGPDGKTGPPGPAGQ
DGRPGPPGPPGARGQAGVMGFPGPKGAAGEPGKAGERGVPGPPGAVGPAGKDGEAGAQGPP
GPAGPAGERGEQGPAGSPGFQGLPGPAGPPGEAGKPGEQGVPGDLGAPGPSGARGERGFPGE
RGVQGPPGPAGPRGANGAPGNDGAKGDAGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGD
RGDAGPKGADGSPGKDGVRGLTGPIGPPGPAGAPGDKGESGPSGPAGPTGARGAPGDRGEPG
PPGPAGFAGPPGADGQPGAKGEPGDAGAKGDAGPPGPAGPAGPPGPIGNVGAPGAKGARGSA
GPPGATGFPGAAGRVGPPGPSGNAGPPGPPGPAGKEGGKGPRGETGPAGRPGEVGPPGPPGP
AGEKGSPGADGPAGAPGTPGPQGIAGQRGVVGLPGQRGERGFPGLPGPSGEPGKQGPSGASG
ERGPPGPMGPPGLAGPPGESGREGAPGAEGSPGRDGSPGAKGDRGETGPAGPPGAPGAPGA
PGPVGPAGKSGDRGETGPAGPAGPVGPVGARGPAGPQGPRGDKGETGEQGDRGIKGHRGFSG
LQGPPGPPGSPGEQGPSGASGPAGPRGPPGSAGAPGKDGLNGLPGPIGPPGPRGRTGDAGPV
GPPGPPGPPGPPGPPSAGFDFSFLPQPPQEKAHDGGRYYRADDANVVRDRDLEVDTTLKSLSQ
QIENIRSPEGSRKNPARTCRDLKMCHSDWKSGEYWIDPNQGCNLDAIKVFCNMETGETCVYPTQ
PSVAQKNWYISKNPKDKRHVWFGESMTDGFQFEYGGQGSDPADVAIQLTFLRLMSTEASQNITY
HCKNSVAYMDQQTGNLKKALLLQGSNEIEIRAEGNSRFTYSVTVDGCTSHTGAWGKTVIEYKTTK
TSRLPIIDVAPLDVGAPDQEFGFDVGPVCFL 
 
Mouse COL1A1 protein sequence: 
MFSFVDLRLLLLLGATALLTHGQEDIPEVSCIHNGLRVPNGETWKPEVCLICICHNGTAVCDDVQC
NEELDCPNPQRREGECCAFCPEEYVSPNSEDVGVEGPKGDPGPQGPRGPVGPPGRDGIPGQPG
LPGPPGPPGPPGPPGLGGNFASQMSYGYDEKSAGVSVPGPMGPSGPRGLPGPPGAPGPQGFQ
GPPGEPGEPGGSGPMGPRGPPGPPGKNGDDGEAGKPGRPGERGPPGPQGARGLPGTAGLPG
MKGHRGFSGLDGAKGDAGPAGPKGEPGSPGENGAPGQMGPRGLPGERGRPGPPGTAGARGN
DGAVGAAGPPGPTGPTGPPGFPGAVGAKGEAGPQGARGSEGPQGVRGEPGPPGPAGAAGPAG
NPGADGQPGAKGANGAPGIAGAPGFPGARGPSGPQGPSGPPGPKGNSGEPGAPGNKGDTGA
KGEPGATGVQGPPGPAGEEGKRGARGEPGPSGLPGPPGERGGPGSRGFPGADGVAGPKGPSG
ERGAPGPAGPKGSPGEAGRPGEAGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPAGPP
GARGQAGVMGFPGPKGTAGEPGKAGERGLPGPPGAVGPAGKDGEAGAQGAPGPAGPAGERG
EQGPAGSPGFQGLPGPAGPPGEAGKPGEQGVPGDLGAPGPSGARGERGFPGERGVQGPPGPA
GPRGNNGAPGNDGAKGDTGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGDRGDAGPKGAD
GSPGKDGARGLTGPIGPPGPAGAPGDKGEAGPSGPPGPTGARGAPGDRGEAGPPGPAGFAGP
PGADGQPGAKGEPGDTGVKGDAGPPGPAGPAGPPGPIGNVGAPGPKGPRGAAGPPGATGFPG
AAGRVGPPGPSGNAGPPGPPGPVGKEGGKGPRGETGPAGRPGEVGPPGPPGPAGEKGSPGAD
GPAGSPGTPGPQGIAGQRGVVGLPGQRGERGFPGLPGPSGEPGKQGPSGSSGERGPPGPMGP
PGLAGPPGESGREGSPGAEGSPGRDGAPGAKGDRGETGPAGPPGAPGAPGAPGPVGPAGKNG
DRGETGPAGPAGPIGPAGARGPAGPQGPRGDKGETGEQGDRGIKGHRGFSGLQGPPGSPGSP
GEQGPSGASGPAGPRGPPGSAGSPGKDGLNGLPGPIGPPGPRGRTGDSGPAGPPGPPGPPGP
PGPPSGGYDFSFLPQPPQEKSQDGGRYYRADDANVVRDRDLEVDTTLKSLSQQIENIRSPEGSRK



NPARTCRDLKMCHSDWKSGEYWIDPNQGCNLDAIKVYCNMETGQTCVFPTQPSVPQKNWYISP
NPKEKKHVWFGESMTDGFPFEYGSEGSDPADVAIQLTFLRLMSTEASQNITYHCKNSVAYMDQQ
TGNLKKALLLQGSNEIELRGEGNSRFTYSTLVDGCTSHTGTWGKTVIEYKTTKTSRLPIIDVAPLDIG
APDQEFGLDIGPACFV 
 
Human COL3A1 protein sequence: 
MMSFVQKGSWLLLALLHPTIILAQQEAVEGGCSHLGQSYADRDVWKPEPCQICVCDSGSVLCDDI
ICDDQELDCPNPEIPFGECCAVCPQPPTAPTRPPNGQGPQGPKGDPGPPGIPGRNGDPGIPGQP
GSPGSPGPPGICESCPTGPQNYSPQYDSYDVKSGVAVGGLAGYPGPAGPPGPPGPPGTSGHPG
SPGSPGYQGPPGEPGQAGPSGPPGPPGAIGPSGPAGKDGESGRPGRPGERGLPGPPGIKGPA
GIPGFPGMKGHRGFDGRNGEKGETGAPGLKGENGLPGENGAPGPMGPRGAPGERGRPGLPGA
AGARGNDGARGSDGQPGPPGPPGTAGFPGSPGAKGEVGPAGSPGSNGAPGQRGEPGPQGHA
GAQGPPGPPGINGSPGGKGEMGPAGIPGAPGLMGARGPPGPAGANGAPGLRGGAGEPGKNG
AKGEPGPRGERGEAGIPGVPGAKGEDGKDGSPGEPGANGLPGAAGERGAPGFRGPAGPNGIPG
EKGPAGERGAPGPAGPRGAAGEPGRDGVPGGPGMRGMPGSPGGPGSDGKPGPPGSQGESG
RPGPPGPSGPRGQPGVMGFPGPKGNDGAPGKNGERGGPGGPGPQGPPGKNGETGPQGPPG
PTGPGGDKGDTGPPGPQGLQGLPGTGGPPGENGKPGEPGPKGDAGAPGAPGGKGDAGAPGE
RGPPGLAGAPGLRGGAGPPGPEGGKGAAGPPGPPGAAGTPGLQGMPGERGGLGSPGPKGDK
GEPGGPGADGVPGKDGPRGPTGPIGPPGPAGQPGDKGEGGAPGLPGIAGPRGSPGERGETGP
PGPAGFPGAPGQNGEPGGKGERGAPGEKGEGGPPGVAGPPGGSGPAGPPGPQGVKGERGSP
GGPGAAGFPGARGLPGPPGSNGNPGPPGPSGSPGKDGPPGPAGNTGAPGSPGVSGPKGDAG
QPGEKGSPGAQGPPGAPGPLGIAGITGARGLAGPPGMPGPRGSPGPQGVKGESGKPGANGLS
GERGPPGPQGLPGLAGTAGEPGRDGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPG
PPGPVGPAGKSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRGFP
GNPGAPGSPGPAGQQGAIGSPGPAGPRGPVGPSGPPGKDGTSGHPGPIGPPGPRGNRGERGS
EGSPGHPGQPGPPGPPGAPGPCCGGVGAAAIAGIGGEKAGGFAPYYGDEPMDFKINTDEIMTSL
KSVNGQIESLISPDGSRKNPARNCRDLKFCHPELKSGEYWVDPNQGCKLDAIKVFCNMETGETCI
SANPLNVPRKHWWTDSSAEKKHVWFGESMDGGFQFSYGNPELPEDVLDVQLAFLRLLSSRASQ
NITYHCKNSIAYMDQASGNVKKALKLMGSNEGEFKAEGNSKFTYTVLEDGCTKHTGEWSKTVFEY
RTRKAVRLPIVDIAPYDIGGPDQEFGVDVGPVCFL 
 
Mouse COL3A1 protein sequence: 
MMSFVQSGTWFLLTLLHPTLILAQQSNVDELGCSHLGQSYESRDVWKPEPCQICVCDSGSVLCD
DIICDEEPLDCPNPEIPFGECCAICPQPSTPAPVLPDGHGPQGPKGDPGPPGIPGRNGDPGLPGQ
PGLPGPPGSPGICESCPTGGQNYSPQFDSYDVKSGVGGMGGYPGPAGPPGPPGPPGSSGHPG
SPGSPGYQGPPGEPGQAGPAGPPGPPGALGPAGPAGKDGESGRPGRPGERGLPGPPGIKGPA
GMPGFPGMKGHRGFDGRNGEKGETGAPGLKGENGLPGDNGAPGPMGPRGAPGERGRPGLPG
AAGARGNDGARGSDGQPGPPGPPGTAGFPGSPGAKGEVGPAGSPGSNGSPGQRGEPGPQGH
AGAQGPPGPPGNNGSPGGKGEMGPAGIPGAPGLIGARGPPGPAGTNGIPGTRGPSGEPGKNGA
KGEPGARGERGEAGSPGIPGPKGEDGKDGSPGEPGANGLPGAAGERGPSGFRGPAGPNGIPGE
KGPPGERGGPGPAGPRGVAGEPGRDGTPGGPGIRGMPGSPGGPGNDGKPGPPGSQGESGRP
GPPGPSGPRGQPGVMGFPGPKGNDGAPGKNGERGGPGGPGLPGPAGKNGETGPQGPPGPTG
PAGDKGDSGPPGPQGLQGIPGTGGPPGENGKPGEPGPKGEVGAPGAPGGKGDSGAPGERGPP
GTAGIPGARGGAGPPGPEGGKGPAGPPGPPGASGSPGLQGMPGERGGPGSPGPKGEKGEPG
GAGADGVPGKDGPRGPAGPIGPPGPAGQPGDKGEGGSPGLPGIAGPRGGPGERGEHGPPGPA
GFPGAPGQNGEPGAKGERGAPGEKGEGGPPGPAGPTGSSGPAGPPGPQGVKGERGSPGGPG
TAGFPGGRGLPGPPGNNGNPGPPGPSGAPGKDGPPGPAGNSGSPGNPGIAGPKGDAGQPGEK
GPPGAQGPPGSPGPLGIAGLTGARGLAGPPGMPGPRGSPGPQGIKGESGKPGASGHNGERGP
PGPQGLPGQPGTAGEPGRDGNPGSDGQPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPV



GPSGKSGDRGETGPAGPSGAPGPAGARGAPGPQGPRGDKGETGERGSNGIKGHRGFPGNPGP
PGSPGAAGHQGAIGSPGPAGPRGPVGPHGPPGKDGTSGHPGPIGPPGPRGNRGERGSEGSPG
HPGQPGPPGPPGAPGPCCGGGAAAIAGVGGEKSGGFSPYYGDDPMDFKINTEEIMSSLKSVNG
QIESLISPDGSRKNPARNCRDLKFCHPELKSGEYWVDPNQGCKMDAIKVFCNMETGETCINASP
MTVPRKHWWTDSGAEKKHVWFGESMNGGFQFSYGPPDLPEDVVDVQLAFLRLLSSRASQNITY
HCKNSIAYMDQASGNVKKSLKLMGSNEGEFKAEGNSKFTYTVLEDGCTKHTGEWSKTVFEYQTR
KAMRLPIIDIAPYDIGGPDQEFGVDIGPVCFL 
 
Human SULF1 protein sequence: 
MKYSCCALVLAVLGTELLGSLCSTVRSPRFRGRIQQERKNIRPNIILVLTDDQDVELGSLQVMNKTR
KIMEHGGATFINAFVTTPMCCPSRSSMLTGKYVHNHNVYTNNENCSSPSWQAMHEPRTFAVYLN
NTGYRTAFFGKYLNEYNGSYIPPGWREWLGLIKNSRFYNYTVCRNGIKEKHGFDYAKDYFTDLITN
ESINYFKMSKRMYPHRPVMMVISHAAPHGPEDSAPQFSKLYPNASQHITPSYNYAPNMDKHWIM
QYTGPMLPIHMEFTNILQRKRLQTLMSVDDSVERLYNMLVETGELENTYIIYTADHGYHIGQFGLVK
GKSMPYDFDIRVPFFIRGPSVEPGSIVPQIVLNIDLAPTILDIAGLDTPPDVDGKSVLKLLDPEKPGNR
FRTNKKAKIWRDTFLVERGKFLRKKEESSKNIQQSNHLPKYERVKELCQQARYQTACEQPGQKW
QCIEDTSGKLRIHKCKGPSDLLTVRQSTRNLYARGFHDKDKECSCRESGYRASRSQRKSQRQFL
RNQGTPKYKPRFVHTRQTRSLSVEFEGEIYDINLEEEEELQVLQPRNIAKRHDEGHKGPRDLQASS
GGNRGRMLADSSNAVGPPTTVRVTHKCFILPNDSIHCERELYQSARAWKDHKAYIDKEIEALQDKI
KNLREVRGHLKRRKPEECSCSKQSYYNKEKGVKKQEKLKSHLHPFKEAAQEVDSKLQLFKENNR
RRKKERKEKRRQRKGEECSLPGLTCFTHDNNHWQTAPFWNLGSFCACTSSNNNTYWCLRTVNE
THNFLFCEFATGFLEYFDMNTDPYQLTNTVHTVERGILNQLHVQLMELRSCQGYKQCNPRPKNLD
VGNKDGGSYDLHRGQLWDGWEG 
 
Mouse SULF1 protein sequence: 
MKYSLWALLLAVLGTQLLGSLCSTVRSQRFRGRIQQERKNIRPNIILVLTDDQDVELGSLQVMNKT
RKIMEQGGATFTNAFVTTPMCCPSRSSMLTGKYVHNHNVYTNNENCSSPSWQAMHEPRTFAVY
LNNTGYRTAFFGKYLNEYNGSYIPPGWREWLGLIKNSRFYNYTVCRNGIKEKHGFDYAKDYFTDLI
TNESINYFKMSKRMYPHRPIMMVISHAAPHGPEDSAPQFSKLYPNASQHITPSYNYAPNMDKHWI
MQYTGPMLPIHMEFTNVLQRKRLQTLMSVDDSVERLYNMLVESGELDNTYIIYTADHGYHIGQFG
LVKGKSMPYDFDIRVPFFIRGPSIEPGSIVPQIVLNIDLAPTILDIAGLDSPSDVDGKSVLKLLDLEKPG
NRFRTNKKAKIWRDTFLVERGKFLRKKEESGKNIQQSNHLPKYERVKELCQQARYQTACEQPGQ
NWQCIEDTSGKLRIHKCKGPSDLLTVRQNARNLYSRGLHDKDKECHCRDSGYRSSRSQRKNQR
QFLRNKGTPKYKPRFVHTRQTRSLSVEFEGEIYDINLEEEELQVLPPRSIAKRHDEGHQGFIGHQAA
AGDIRNEMLADSNNAVGLPATVRVTHKCFILPNDTIHCERELYQSARAWKDHKAYIDKEIEVLQDKI
KNLREVRGHLKKRKPEECGCGDQSYYNKEKGVKRQEKLKSHLHPFKEAAAQEVDSKLQLFKEHR
RRKKERKEKKRQRKGEECSLPGLTCFTHDNNHWQTAPFWNLGSFCACTSSNNNTYWCLRTVNE
THNFLFCEFATGFLEYFDMNTDPYQLTNTVHTVERSILNQLHIQLMELRSCQGYKQCNPRPKSLDI
GAKEGGNYDPHRGQLWDGWEG 
 
Human LTBP2 protein sequence: 
MRPRTKARSPGRALRNPWRGFLPLTLALFVGAGHAQRDPVGRYEPAGGDANRLRRPGGSYPAA
AAAKVYSLFREQDAPVAGLQPVERAQPGWGSPRRPTEAEARRPSRAQQSRRVQPPAQTRRSTPL
GQQQPAPRTRAAPALPRLGTPQRSGAAPPTPPRGRLTGRNVCGGQCCPGWTTANSTNHCIKPV
CEPPCQNRGSCSRPQLCVCRSGFRGARCEEVIPDEEFDPQNSRLAPRRWAERSPNLRRSSAAG
EGTLARAQPPAPQSPPAPQSPPAGTLSGLSQTHPSQQHVGLSRTVRLHPTATASSQLSSNALPP
GPGLEQRDGTQQAVPLEHPSSPWGLNLTEKIKKIKIVFTPTICKQTCARGHCANSCERGDTTTLYS
QGGHGHDPKSGFRIYFCQIPCLNGGRCIGRDECWCPANSTGKFCHLPIPQPDREPPGRGSRPRA
LLEAPLKQSTFTLPLSNQLASVNPSLVKVHIHHPPEASVQIHQVAQVRGGVEEALVENSVETRPPP



WLPASPGHSLWDSNNIPARSGEPPRPLPPAAPRPRGLLGRCYLNTVNGQCANPLLELTTQEDCC
GSVGAFWGVTLCAPCPPRPASPVIENGQLECPQGYKRLNLTHCQDINECLTLGLCKDAECVNTR
GSYLCTCRPGLMLDPSRSRCVSDKAISMLQGLCYRSLGPGTCTLPLAQRITKQICCCSRVGKAW
GSECEKCPLPGTEAFREICPAGHGYTYASSDIRLSMRKAEEEELARPPREQGQRSSGALPGPAER
QPLRVVTDTWLEAGTIPDKGDSQAGQVTTSVTHAPAWVTGNATTPPMPEQGIAEIQEEQVTPSTD
VLVTLSTPGIDRCAAGATNVCGPGTCVNLPDGYRCVCSPGYQLHPSQAYCTDDNECLRDPCKGK
GRCINRVGSYSCFCYPGYTLATSGATQECQDINECEQPGVCSGGQCTNTEGSYHCECDQGYIMV
RKGHCQDINECRHPGTCPDGRCVNSPGSYTCLACEEGYRGQSGSCVDVNECLTPGVCAHGKCT
NLEGSFRCSCEQGYEVTSDEKGCQDVDECASRASCPTGLCLNTEGSFACSACENGYWVNEDGT
ACEDLDECAFPGVCPSGVCTNTAGSFSCKDCDGGYRPSPLGDSCEDVDECEDPQSSCLGGECK
NTVGSYQCLCPQGFQLANGTVCEDVNECMGEEHCAPHGECLNSHGSFFCLCAPGFVSAEGGTS
CQDVDECATTDPCVGGHCVNTEGSFNCLCETGFQPSPESGECVDIDECEDYGDPVCGTWKCEN
SPGSYRCVLGCQPGFHMAPNGDCIDIDECANDTMCGSHGFCDNTDGSFRCLCDQGFEISPSGW
DCVDVNECELMLAVCGAALCENVEGSFLCLCASDLEEYDAQEGHCRPRGAGGQSMSEAPTGDH
APAPTRMDCYSGQKGHAPCSSVLGRNTTQAECCCTQGASWGDACDLCPSEDSAEFSEICPSGK
GYIPVEGAWTFGQTMYTDADECVIFGPGLCPNGRCLNTVPGYVCLCNPGFHYDASHKKCEDHDE
CQDLACENGECVNTEGSFHCFCSPPLTLDLSQQRCMNSTSSTEDLPDHDIHMDICWKKVTNDVC
SEPLRGHRTTYTECCCQDGEAWSQQCALCPPRSSEVYAQLCNVARIEAEREAGVHFRPGYEYGP
GPDDLHYSIYGPDGAPFYNYLGPEDTVPEPAFPNTAGHSADRTPILESPLQPSELQPHYVASHPEP
PAGFEGLQAEECGILNGCENGRCVRVREGYTCDCFEGFQLDAAHMACVDVNECDDLNGPAVLCV
HGYCENTEGSYRCHCSPGYVAEAGPPHCTAKE 
 
Mouse LTBP2 protein sequence: 
MRAPTTARCSGCIRRVRWRGFLPLVLAVLMGTSHAQRDSIGRYEPASRDANRLWHPVGSHPAAA
AAKVYSLFREPDAPVPGLSPSEWNQPAQGNPGRLAEAEARRPPRTQQLRRVQPPVQTRRSHPR
GQQQIAARAAPSVARLETPQRPAAARRGRLTGRNVCGGQCCPGWTTSNSTNHCIKPVCQPPCQ
NRGSCSRPQVCICRSGFRGARCEEVIPEEEFDPQNARPVPRRSVERAPGPHRSSEARGSLVTRIQ
PLVPPPSPPPSRRLSQPWPLQQHSGPSRTVRRYPATGANGQLMSNALPSGLELRDSSPQAAHV
NHLSPPWGLNLTEKIKKIKVVFTPTICKQTCARGRCANSCEKGDTTTLYSQGGHGHDPKSGFRIYF
CQIPCLNGGRCIGRDECWCPANSTGKFCHLPVPQPDREPAGRGSRHRTLLEGPLKQSTFTLPLS
NQLASVNPSLVKVQIHHPPEASVQIHQVARVRGELDPVLEDNSVETRASRRPHGNLGHSPWASNS
IPARAGEAPRPPPVLSRHYGLLGQCYLSTVNGQCANPLGELTSQEDCCGSVGTFWGVTSCAPCP
PRPAFPVIENGQLECPQGYKRLNLSHCQDINECLTLGLCKDSECVNTRGSYLCTCRPGLMLDPSR
SRCVSDKAVSMQQGLCYRSLGSGTCTLPLVHRITKQICCCSRVGKAWGSTCEQCPLPGTEAFREI
CPAGHGYTYSSSDIRLSMRKAEEEELASPLREQTEQSTAPPPGQAERQPLRAATATWIEAETLPDK
GDSRAVQITTSAPHLPARVPGDATGRPAPSLPGQGIPESPAEEQVIPSSDVLVTHSPPDFDPCFAG
ASNICGPGTCVSLPNGYRCVCSPGYQLHPSQDYCTDDNECMRNPCEGRGRCVNSVGSYSCLCY
PGYTLVTLRDTQECQDIDECEQPGVCSGGRCSNTEGSYHCECDRGYIMVRKGHCQDINECRHPG
TCPDGRCVNSPGSYTCLACEEGYVGQSGSCVDVNECLTPGICTHGRCINMEGSFRCSCEPGYEV
TPDKKGCRDVDECASRASCPTGLCLNTEGSFTCSACQSGYWVNEDGTACEDLDECAFPGVCPT
GVCTNTVGSFSCKDCDRGYRPNPLGNRCEDVDECEGPQSSCRGGECKNTEGSYQCLCHQGFQ
LVNGTMCEDVNECVGEEHCAPHGECLNSLGSFFCLCAPGFASAEGGTRCQDVDECAATDPCPG
GHCVNTEGSFSCLCETGFQPSPDSGECLDIDECEDREDPVCGAWRCENSPGSYRCILDCQPGFY
VAPNGDCIDIDECANDTVCGNHGFCDNTDGSFRCLCDQGFETSPSGWECVDVNECELMMAVCG
DALCENVEGSFLCLCASDLEEYDAEEGHCRPRVAGAQRIPEVRTEDQAPSLIRMECYSEHNGGPP
CSQILGQNSTQAECCCTQGARWGKACAPCPSEDSVEFSQLCPSGQGYIPVEGAWTFGQTMYTD
ADECVLFGPALCQNGRCLNIVPGYICLCNPGYHYDASSRKCQDHNECQDLACENGECVNTEGSF
HCLCNPPLTLDLSGQRCVNSTSSTEDFPDHDIHMDICWKKVTNDVCSQPLRGHHTTYTECCCQD
GEAWSQQCALCPPRSSEVYAQLCNVARIEAERGAGIHFRPGYEYGPGLDDLPENLYGPDGAPFY



NYLGPEDTAPEPPFSNPASQPGDNTPVLEPPLQPSELQPHYLASHSEPLASFEGLQAEECGILNG
CENGRCVRVREGYTCDCFEGFQLDAAHMACVDVNECEDLNGPAALCAHGHCENTEGSYRCHC
SPGYVAEPGPPHCAAKE 
 
Human CKAP4 protein sequence: 
MPSAKQRGSKGGHGAASPSEKGAHPSGGADDVAKKPPPAPQQPPPPPAPHPQQHPQQHPQN
QAHGKGGHRGGGGGGGKSSSSSSASAAAAAAAASSSASCSRRLGRALNFLFYLALVAAAAFSG
WCVHHVLEEVQQVRRSHQDFSRQREELGQGLQGVEQKVQSLQATFGTFESILRSSQHKQDLTEK
AVKQGESEVSRISEVLQKLQNEILKDLSDGIHVVKDARERDFTSLENTVEERLTELTKSINDNIAIFTE
VQKRSQKEINDMKAKVASLEESEGNKQDLKALKEAVKEIQTSAKSREWDMEALRSTLQTMESDIY
TEVRELVSLKQEQQAFKEAADTERLALQALTEKLLRSEESVSRLPEEIRRLEEELRQLKSDSHGPKE
DGGFRHSEAFEALQQKSQGLDSRLQHVEDGVLSMQVASARQTESLESLLSKSQEHEQRLAALQG
RLEGLGSSEADQDGLASTVRSLGETQLVLYGDVEELKRSVGELPSTVESLQKVQEQVHTLLSQDQ
AQAARLPPQDFLDRLSSLDNLKASVSQVEADLKMLRTAVDSLVAYSVKIETNENNLESAKGLLDDL
RNDLDRLFVKVEKIHEKV 
 
Mouse CKAP4 protein sequence: 
MPSAKQRGSKGGHGAASPSDKGAHPSGGADDVAKKPPAAPQQPQPPAPHPPQHPQNQAHRG
GHRGRSSAATANASSASCSRRLGRVLNFLFYLSLVAAAAFSGWYVHHVLEEVQQVRRGHQDFSR
QRDELGQGLQGVEQKVQSLQATFGTFESLLRNSQHKQDLTEKAVKEGESELNRISEVLQKLQNEIL
KDLSDGIHVVKDARERDFTSLENTVEERLTELTKSINDNIAIFTDVQKRSQKEINEVKMKVASLEESK
GDRSQDVKTLKDAVKEVQASMMSRERDIEALKSSLQTMESDVYTEVRELVSLKQEQQAFKQAAD
SERLALQALTEKLLRSEESSSRLPEDIRRLEEELQQLKVGAHGSEEGAVFKDSKALEELQRQIEGLG
ARLQYVEDGVYSMQVASARHTESLESLLSKSQEYEQRLAMLQEHVGNLGSSSDLASTVRSLGET
QLALSSDLKELKQSLGELPGTVESLQEQVLSLLSQDQAQAEGLPPQDFLDRLSSLDNLKSSVSQV
ESDLKMLRTAVDSLVAYSVKIETNENNLESAKGLLDDLRNDLDRLFLKVEKIHEKI 
Human IL-11 protein sequence: 
MNCVCRLVLVVLSLWPDTAVAPGPPPGPPRVSPDPRAELDSTVLLTRSLLADTRQLAAQLRDKFP
ADGDHNLDSLPTLAMSAGALGALQLPGVLTRLRADLLSYLRHVQWLRRAGGSSLKTLEPELGTLQ
ARLDRLLRRLQLLMSRLALPQPPPDPPAPPLAPPSSAWGGIRAAHAILGGLHLTLDWAVRGLLLLK
TRL 
 
Mouse IL-11 protein sequence: 
MNCVCRLVLVVLSLWPDRVVAPGPPAGSPRVSSDPRADLDSAVLLTRSLLADTRQLAAQMRDKF
PADGDHSLDSLPTLAMSAGTLGSLQLPGVLTRLRVDLMSYLRHVQWLRRAGGPSLKTLEPELGA
LQARLERLLRRLQLLMSRLALPQAAPDQPVIPLGPPASAWGSIRAAHAILGGLHLTLDWAVRGLLL
LKTRL


