Additional file 1

Table S1. Affymetrix® expression analysis of NHDF treated with HA vs. control showing the 50 most upregulated genes (FC = fold change).
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Table S2. Affymetrix® expression analysis of NHDF treated with HA vs. control showing the 50 most downregulated genes (FC = fold change).
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Table S3. Affymetrix® expression analysis of NHDF treated with medium-sized HA vs. control showing the 50 most upregulated genes (FC = fold change).
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Table S4. Affymetrix® expression analysis of NHDF treated with medium-sized HA vs. control showing the 50 most downregulated genes (FC = fold change).
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Table S5. Affymetrix® expression analysis of NHDF treated with HYAL vs. control showing the 50 most upregulated genes (FC = fold change).
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Table S6. Affymetrix® expression analysis of NHDF treated with HYAL vs. control showing the 50 most downregulated genes (FC = fold change).
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[image: ]Figure S1. (A, C) HAS1, HAS3 gene expression levels in normal human dermal fibroblasts (NHDF) after stimulation with 1 mg/ml HA, 1.5 U/ml HYAL and HA+HYAL co-stimulation for 2 h, 4 h, 12 h and 24 h, (B, D) HAS1, HAS3 gene expression levels of NHDF after stimulation with 15 U/ml, 1.5 U/ml, 0.15 U/ml and 0.015 U/ml HYAL for 24 h. Asterisks above columns indicate statistical significant differences compared to their respective medium controls. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001 (t-test, two-sided).
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Figure S2. (A, C, E) HAS1, HAS2, HAS3 gene expression levels in primary human keratinocytes after stimulation with 1 mg/ml HA, 1.5 U/ml HYAL and HA+HYAL co-stimulation for 2 h, 4 h, 12 h and 24 h, (B, D, F) HAS1, HAS2, HAS3 gene expression levels in keratinocytes after stimulation with 15 U/ml, 1.5 U/ml, 0.15 U/ml and 0.015 U/ml HYAL for 24 h, (G, H) HA amount (ng/ml) measurement by means of ELISA in supernatants of NHDF treated as described in A-F. Asterisks above columns indicate statistical significant differences compared to their respective medium controls. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001 (t-test, two-sided).
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image1.emf
Rank FC (abs) HA 

vs. Control   

(UP)    

Gene Symbol Gene Title

1 1,9477CLDN4 claudin 4

2 1,9008LCE2A late cornified envelope 2A

3 1,8966RTN1 reticulon 1

4 1,8899MT1G metallothionein 1G

5 1,8481SMARCD1 SWI/SNF related, matrix associated, actin dependent regulator of 

chromatin, subfamily d, member 1

6 1,8355NEDD4L neural precursor cell expressed, developmentally down-regulated 4-

like, E3 ubiquitin protein ligase

7 1,8326FGD2 FYVE, RhoGEF and PH domain containing 2

8 1,8222NUDCD3 NudC domain containing 3

9 1,8137B3GNT7 UDP-GlcNAc:betaGal beta-1,3-N-acetylglucosaminyltransferase 7

10 1,7957AGBL4 ATP/GTP binding protein-like 4

11 1,7682LCE3A late cornified envelope 3A

12 1,7667DUOXA1 dual oxidase maturation factor 1

13 1,7642FXYD5 FXYD domain containing ion transport regulator 5

14 1,7523FAM131B family with sequence similarity 131, member B

15 1,7481HBEGF heparin-binding EGF-like growth factor

16 1,7476DNAI2 dynein, axonemal, intermediate chain 2

17 1,7392INSC inscuteable homolog (Drosophila)

18 1,7361ALPK3 alpha-kinase 3

19 1,7336LCE3D late cornified envelope 3D

20 1,7283RIMS1 regulating synaptic membrane exocytosis 1

21 1,7111YIF1B Yip1 interacting factor homolog B (S. cerevisiae)

22 1,7082GUCA1A guanylate cyclase activator 1A (retina)

23 1,7056TNNT3 troponin T type 3 (skeletal, fast)

24 1,7033CRIP3 cysteine-rich protein 3

25 1,7022VRK3 vaccinia related kinase 3

26 1,6998BEST1 bestrophin 1

27 1,6993CORO1A coronin, actin binding protein, 1A

28 1,6886LOC100505815 uncharacterized LOC100505815

29 1,6882CDH22 cadherin 22, type 2

30 1,6844SNORA5B small nucleolar RNA, H/ACA box 5B (transforming growth factor beta 

regulator 4)

31 1,6828C10orf25 chromosome 10 open reading frame 25

32 1,6790MAP3K9 mitogen-activated protein kinase kinase kinase 9

33 1,6773COX19 COX19 cytochrome c oxidase assembly homolog (S. cerevisiae)

34 1,6771YME1L1 YME1-like 1 (S. cerevisiae)

35 1,6766C14orf182 chromosome 14 open reading frame 182

36 1,6689LRRC37A11P leucine rich repeat containing 37, member A11, pseudogene

37 1,6677ATPAF2 ATP synthase mitochondrial F1 complex assembly factor 2

38 1,6647TDRKH tudor and KH domain containing

39 1,6534CRISP1 cysteine-rich secretory protein 1

40 1,6456C8orf46 chromosome 8 open reading frame 46

41 1,6448PRKG2 protein kinase, cGMP-dependent, type II

42 1,6404C1orf229 chromosome 1 open reading frame 229

43 1,6392ALS2CL ALS2 C-terminal like

44 1,6367ZNF496 Zinc finger protein 496

45 1,6350MRGPRX2 MAS-related GPR, member X2

46 1,6341OR2T3 olfactory receptor, family 2, subfamily T, member 3

47 1,6324ERVK3-2 endogenous retrovirus group K3, member 2

48 1,6282MAPK15 mitogen-activated protein kinase 15

49 1,6265SGK2 serum/glucocorticoid regulated kinase 2

50 1,6239THUMPD3 THUMP domain containing 3


image2.emf
Rank FC (abs) HA 

vs. Control 

(DOWN)

Gene Symbol Gene Title

1 3,8311CXCL5 chemokine (C-X-C motif) ligand 5

2 2,7615DYNC1I2 dynein, cytoplasmic 1, intermediate chain 2

3 2,3244COX1 cytochrome c oxidase subunit I

4 2,3046HNRNPM heterogeneous nuclear ribonucleoprotein M

5 2,1574IL7 interleukin 7

6 2,1018SPRY4 sprouty homolog 4 (Drosophila)

7 2,0670SNORA12 small nucleolar RNA, H/ACA box 12

8 2,0338ND4 NADH dehydrogenase, subunit 4 (complex I)

9 2,0312ETV1 ets variant 1

10 2,0266C10orf54 chromosome 10 open reading frame 54

11 2,0166MYH9 myosin, heavy chain 9, non-muscle

12 2,0077SIPA1L2 signal-induced proliferation-associated 1 like 2

13 1,9980FNDC3B fibronectin type III domain containing 3B

14 1,9944MTR 5-methyltetrahydrofolate-homocysteine methyltransferase

15 1,9879HMGN5 high mobility group nucleosome binding domain 5

16 1,9662MCM8 minichromosome maintenance complex component 8

17 1,9374ANKRD36 ankyrin repeat domain 36

18 1,9331COX3 cytochrome c oxidase III

19 1,9192SLC40A1 solute carrier family 40 (iron-regulated transporter), member 1

20 1,8910TRUB1 TruB pseudouridine (psi) synthase homolog 1 (E. coli)

21 1,8827ZNF345 zinc finger protein 345

22 1,8824PIM1 pim-1 oncogene

23 1,8702NPIP nuclear pore complex interacting protein

24 1,8348COL14A1 collagen, type XIV, alpha 1

25 1,8319ZNF563 zinc finger protein 563

26 1,8276LOC157503 uncharacterized LOC157503

27 1,8248KCNQ1OT1 KCNQ1 opposite strand/antisense transcript 1 (non-protein coding)

28 1,8158STK4 serine/threonine kinase 4

29 1,8079SLC38A4 solute carrier family 38, member 4

30 1,8043CHD2 chromodomain helicase DNA binding protein 2

31 1,8036MAFB v-maf musculoaponeurotic fibrosarcoma oncogene homolog B (avian)

32 1,7967MALAT1 metastasis associated lung adenocarcinoma transcript 1 (non-protein 

coding)

33 1,7956DKK2 dickkopf 2 homolog (Xenopus laevis)

34 1,7910VCAN versican

35 1,7880CLK4 CDC-like kinase 4

36 1,7854TMPO thymopoietin

37 1,7787USP15 ubiquitin specific peptidase 15

38 1,7731MTMR12 myotubularin related protein 12

39 1,7691AFF4 AF4/FMR2 family, member 4

40 1,7677ZC3H7A zinc finger CCCH-type containing 7A

41 1,7657SKP2 S-phase kinase-associated protein 2, E3 ubiquitin protein ligase

42 1,7550SVIP small VCP/p97-interacting protein

43 1,7517CACUL1 CDK2-associated, cullin domain 1

44 1,7514SLAMF6 SLAM family member 6

45 1,7506PKD1P1 polycystic kidney disease 1 (autosomal dominant) pseudogene 1

46 1,7463 SMG1 smg-1 homolog, phosphatidylinositol 3-kinase-related kinase (C. 

elegans)

47 1,7431CDK1 cyclin-dependent kinase 1

48 1,7417CDKN3 cyclin-dependent kinase inhibitor 3

49 1,7381DNAJC9 DnaJ (Hsp40) homolog, subfamily C, member 9

50 1,7362ANKRD44 ankyrin repeat domain 44


image3.emf
Rank FC (abs) HA 

medium size 

vs. Control 

(UP)

Gene Symbol Gene Title

1 2,2189CCDC64B coiled-coil domain containing 64B

2 2,1718FAM96A family with sequence similarity 96, member A

3 2,0896TAC4 tachykinin 4 (hemokinin)

4 1,9934RPL5 ribosomal protein L5

5 1,9530INSC inscuteable homolog (Drosophila)

6 1,8931SPATA6 spermatogenesis associated 6

7 1,8682FEZ1 fasciculation and elongation protein zeta 1 (zygin I)

8 1,8657C10orf128 chromosome 10 open reading frame 128

9 1,8623ADRBK2 adrenergic, beta, receptor kinase 2

10 1,8515KRT71 keratin 71

11 1,8443UBXN1 UBX domain protein 1

12 1,8385RPL34-AS1 RPL34 antisense RNA 1 (non-protein coding)

13 1,8363GGT1 gamma-glutamyltransferase 1

14 1,8154NEDD4L neural precursor cell expressed, developmentally down-regulated 4-

like, E3 ubiquitin protein ligase

15 1,8134OR2H1 olfactory receptor, family 2, subfamily H, member 1

16 1,7982CPNE6 copine VI (neuronal)

17 1,7963FAM189A1 family with sequence similarity 189, member A1

18 1,7884ADORA2A adenosine A2a receptor

19 1,7882SPATA6L spermatogenesis associated 6-like

20 1,7852VWDE von Willebrand factor D and EGF domains

21 1,7831DNMT3L DNA (cytosine-5-)-methyltransferase 3-like

22 1,7775ATPAF2 ATP synthase mitochondrial F1 complex assembly factor 2

23 1,7565HNMT histamine N-methyltransferase

24 1,7525C10orf53 chromosome 10 open reading frame 53

25 1,7489CAPN6 calpain 6

26 1,7450NDUFS2 NADH dehydrogenase (ubiquinone) Fe-S protein 2, 49kDa (NADH-

coenzyme Q reductase)

27 1,7435SLC25A2 solute carrier family 25 (mitochondrial carrier; ornithine transporter) 

member 2

28 1,7430C7orf10 chromosome 7 open reading frame 10

29 1,7430PIK3AP1 phosphoinositide-3-kinase adaptor protein 1

30 1,7412SLC16A14 solute carrier family 16, member 14 (monocarboxylic acid transporter 14)

31 1,7306SNORA14B small nucleolar RNA, H/ACA box 14B

32 1,7230DMKN dermokine

33 1,7176DNAJB2 DnaJ (Hsp40) homolog, subfamily B, member 2

34 1,7169BCL2L15 BCL2-like 15

35 1,7165TNNT3 troponin T type 3 (skeletal, fast)

36 1,7154FLJ39061 uncharacterized protein FLJ39061

37 1,7087PDZD7 PDZ domain containing 7

38 1,7063TAC3 tachykinin 3

39 1,7029HEXA hexosaminidase A (alpha polypeptide)

40 1,7009FRY furry homolog (Drosophila)

41 1,7007MCTP2 multiple C2 domains, transmembrane 2

42 1,6898GLP2R glucagon-like peptide 2 receptor

43 1,6882GHRL ghrelin/obestatin prepropeptide

44 1,6810GLS2 glutaminase 2 (liver, mitochondrial)

45 1,6784PEX26 peroxisomal biogenesis factor 26

46 1,6761LRRC37A11P leucine rich repeat containing 37, member A11, pseudogene

47 1,6727SLC25A41 solute carrier family 25, member 41

48 1,6702VGLL1 vestigial like 1 (Drosophila)

49 1,6694NAIF1 nuclear apoptosis inducing factor 1

50 1,6642SEC14L4 SEC14-like 4 (S. cerevisiae)


image4.emf
Rank FC (abs) HA 

medium size 

vs. Control 

(DOWN)

Gene Symbol Gene Title

1 2,6306USP15 ubiquitin specific peptidase 15

2 2,3820CDKN3 cyclin-dependent kinase inhibitor 3

3 2,1296TAX1BP1 Tax1 (human T-cell leukemia virus type I) binding protein 1

4 2,1153PNISR PNN-interacting serine/arginine-rich protein

5 2,0955SNORA12 small nucleolar RNA, H/ACA box 12

6 2,0452NUMB numb homolog (Drosophila)

7 1,9578MYSM1 Myb-like, SWIRM and MPN domains 1

8 1,9439CPM carboxypeptidase M

9 1,8921TMEM50B transmembrane protein 50B

10 1,8815ANKRD36 ankyrin repeat domain 36

11 1,8757TMEM65 transmembrane protein 65

12 1,8682TRMT13 tRNA methyltransferase 13 homolog (S. cerevisiae)

13 1,8670SNAPC1 small nuclear RNA activating complex, polypeptide 1, 43kDa

14 1,8355CHORDC1 cysteine and histidine-rich domain (CHORD) containing 1

15 1,8305CCPG1 cell cycle progression 1

16 1,8202C7orf41 chromosome 7 open reading frame 41

17 1,8115CHIC1 cysteine-rich hydrophobic domain 1

18 1,7970COL5A2 collagen, type V, alpha 2

19 1,7965NEK2 NIMA (never in mitosis gene a)-related kinase 2

20 1,7961SUCLG2 succinate-CoA ligase, GDP-forming, beta subunit

21 1,7877FAM46C family with sequence similarity 46, member C

22 1,7869ITGAV integrin, alpha V

23 1,7845MAFB v-maf musculoaponeurotic fibrosarcoma oncogene homolog B (avian)

24 1,7806DST dystonin

25 1,7722ILF3 interleukin enhancer binding factor 3, 90kDa

26 1,7666VCAN versican

27 1,7581ZBED4 zinc finger, BED-type containing 4

28 1,7570SORBS2 sorbin and SH3 domain containing 2

29 1,7561MTHFD2L methylenetetrahydrofolate dehydrogenase (NADP+ dependent) 2-like

30 1,7560LOC100131541 uncharacterized LOC100131541

31 1,7541GMCL1 germ cell-less homolog 1 (Drosophila)

32 1,7529CASC4 cancer susceptibility candidate 4

33 1,7516C15orf29 chromosome 15 open reading frame 29

34 1,7511MAP9 microtubule-associated protein 9

35 1,7500TSPAN12 tetraspanin 12

36 1,7378CEP57 centrosomal protein 57kDa

37 1,7364DBF4 DBF4 homolog (S. cerevisiae)

38 1,7295FAM208B family with sequence similarity 208, member B

39 1,7287SWAP70 SWAP switching B-cell complex 70kDa subunit

40 1,7163EMB embigin

41 1,7156MKI67 antigen identified by monoclonal antibody Ki-67

42 1,7154GCC2 GRIP and coiled-coil domain containing 2

43 1,7154ZBTB1 zinc finger and BTB domain containing 1

44 1,7142CDC7 cell division cycle 7 homolog (S. cerevisiae)

45 1,7097COL14A1 collagen, type XIV, alpha 1

46 1,7081OGN osteoglycin

47 1,7072CISD1 CDGSH iron sulfur domain 1

48 1,7048ZNF345 zinc finger protein 345

49 1,7026CREBBP CREB binding protein

50 1,7025WNT5A wingless-type MMTV integration site family, member 5A
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Rank FC (abs) 

Hylase vs. 

Control (UP)

Gene Symbol Gene Title

1 3,3780RGS16 regulator of G-protein signaling 16

2 2,6295LCE2A late cornified envelope 2A

3 2,5560LCE2C late cornified envelope 2C

4 2,5431SERPINB2 serpin peptidase inhibitor, clade B (ovalbumin), member 2

5 2,5383BMP2 bone morphogenetic protein 2

6 2,4468IL33 interleukin 33

7 2,3795CXCL6 chemokine (C-X-C motif) ligand 6 (granulocyte chemotactic protein 2)

8 2,3106LCE3D late cornified envelope 3D

9 2,2799NEFM neurofilament, medium polypeptide

10 2,2777LCE3A late cornified envelope 3A

11 2,2621LCE1F late cornified envelope 1F

12 2,2168TMEM158 transmembrane protein 158 (gene/pseudogene)

13 2,2119IL11 interleukin 11

14 2,1872ABCG1 ATP-binding cassette, sub-family G (WHITE), member 1

15 2,1733GORASP1 golgi reassembly stacking protein 1, 65kDa

16 2,1695ADRBK2 adrenergic, beta, receptor kinase 2

17 2,1555STC1 stanniocalcin 1

18 2,0847CALB2 calbindin 2

19 2,0790PTHLH parathyroid hormone-like hormone

20 2,0167MMP10 matrix metallopeptidase 10 (stromelysin 2)

21 2,0158RNF152 ring finger protein 152

22 1,9917NUDCD3 NudC domain containing 3

23 1,9903SOBP sine oculis binding protein homolog (Drosophila)

24 1,9852INSC inscuteable homolog (Drosophila)

25 1,9818EDNRB endothelin receptor type B

26 1,9769HBEGF heparin-binding EGF-like growth factor

27 1,9574NTRK1 neurotrophic tyrosine kinase, receptor, type 1

28 1,9512PTPN22 protein tyrosine phosphatase, non-receptor type 22 (lymphoid)

29 1,9398TGFA transforming growth factor, alpha

30 1,9336PAPPA pregnancy-associated plasma protein A, pappalysin 1

31 1,9335SPRY4 sprouty homolog 4 (Drosophila)

32 1,9303B3GALT5 UDP-Gal:betaGlcNAc beta 1,3-galactosyltransferase, polypeptide 5

33 1,9145GPRC5A G protein-coupled receptor, family C, group 5, member A

34 1,9119CCDC93 coiled-coil domain containing 93

35 1,9080P2RX2 purinergic receptor P2X, ligand-gated ion channel, 2

36 1,8950MMP16 matrix metallopeptidase 16 (membrane-inserted)

37 1,8853PHLDA1 pleckstrin homology-like domain, family A, member 1

38 1,8840HSD17B2 hydroxysteroid (17-beta) dehydrogenase 2

39 1,8826AKAP8 A kinase (PRKA) anchor protein 8

40 1,8680INHBA inhibin, beta A

41 1,8667EPHB1 EPH receptor B1

42 1,8617ENDOU endonuclease, polyU-specific

43 1,8583ALG9 asparagine-linked glycosylation 9, alpha-1,2-mannosyltransferase 

homolog (S. cerevisiae)

44 1,8549C14orf182 chromosome 14 open reading frame 182

45 1,8533RHD Rh blood group, D antigen

46 1,8492NEFL neurofilament, light polypeptide

47 1,8473FRMD3 FERM domain containing 3

48 1,8439FAM167A family with sequence similarity 167, member A

49 1,8425C20orf173 chromosome 20 open reading frame 173

50 1,8350IL8 interleukin 8


image6.emf
Rank FC (abs) 

Hylase vs. 

Control 

(DOWN)

Gene Symbol Gene Title

1 2,7781FLG filaggrin

2 2,6449SYNPO2 synaptopodin 2

3 2,5568HMGN5 high mobility group nucleosome binding domain 5

4 2,5566MEST mesoderm specific transcript homolog (mouse)

5 2,5414SDPR serum deprivation response

6 2,4855NEK2 NIMA (never in mitosis gene a)-related kinase 2

7 2,4656INMT indolethylamine N-methyltransferase

8 2,3091ANKRD6 ankyrin repeat domain 6

9 2,2227PDE5A phosphodiesterase 5A, cGMP-specific

10 2,2148MKX mohawk homeobox

11 2,2043DEPTOR DEP domain containing MTOR-interacting protein

12 2,1713GPD1L glycerol-3-phosphate dehydrogenase 1-like

13 2,1462SNORA12 small nucleolar RNA, H/ACA box 12

14 2,1389THRB thyroid hormone receptor, beta

15 2,1386RDH10 retinol dehydrogenase 10 (all-trans)

16 2,1068IFIT1 interferon-induced protein with tetratricopeptide repeats 1

17 2,1003CDKN2B cyclin-dependent kinase inhibitor 2B (p15, inhibits CDK4)

18 2,0870CHIC1 cysteine-rich hydrophobic domain 1

19 2,0746ZNF230 zinc finger protein 230

20 2,0614TSPAN2 tetraspanin 2

21 2,0582LGR4 leucine-rich repeat containing G protein-coupled receptor 4

22 2,0523MAN1C1 mannosidase, alpha, class 1C, member 1

23 2,0459CDKN3 cyclin-dependent kinase inhibitor 3

24 2,0377TRIM59 tripartite motif containing 59

25 2,0259DBF4 DBF4 homolog (S. cerevisiae)

26 2,0224BCHE butyrylcholinesterase

27 2,0221SLC38A4 solute carrier family 38, member 4

28 2,0214PCDHB6 protocadherin beta 6

29 2,0134DNAJC27 DnaJ (Hsp40) homolog, subfamily C, member 27

30 2,0054TNFRSF10C tumor necrosis factor receptor superfamily, member 10c, decoy without 

an intracellular domain

31 1,9988CSRP2 cysteine and glycine-rich protein 2

32 1,9851SLC40A1 solute carrier family 40 (iron-regulated transporter), member 1

33 1,9801CDK1 cyclin-dependent kinase 1

34 1,9789LDB2 LIM domain binding 2

35 1,9701MSR1 macrophage scavenger receptor 1

36 1,9510RHCE Rh blood group, CcEe antigens

37 1,9367FAM13C family with sequence similarity 13, member C

38 1,9290PIR pirin (iron-binding nuclear protein)

39 1,9277COL5A2 collagen, type V, alpha 2

40 1,9256CKAP2 cytoskeleton associated protein 2

41 1,9109PIM1 pim-1 oncogene

42 1,9065PDE11A phosphodiesterase 11A

43 1,8993OMD osteomodulin

44 1,8989ST6GALNAC5 ST6 (

a

-N-acetyl-neuraminyl-2,3-

b

-galactosyl-1,3)-N-

acetylgalactosaminide 

a

-2,6-sialyltransferase 5

45 1,8947ZNF506 zinc finger protein 506

46 1,8918AP4E1 adaptor-related protein complex 4, epsilon 1 subunit

47 1,8907SFRP2 secreted frizzled-related protein 2

48 1,8823MESDC2 mesoderm development candidate 2

49 1,8808LIN7A lin-7 homolog A (C. elegans)

50 1,8749MTR 5-methyltetrahydrofolate-homocysteine methyltransferase


