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Comprehensive evaluation of the effects of topical estrogen application on
cutaneous wound healing in type 2 diabetes mice model

Mukai, Kanae
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Diabetic foot ulcers are one of the complications of diabetes mellitus, so
the development of effective local wound treatment is much needed. In this research project, we aim
to evaluate the mechanism of the effect of topical estrogen application on cutaneous wound healing
in db/db mice with type 2 diabetes by these three experiments; (1) comprehensive gene analysis by
microarray, (2) comprehensive protein analysis by proteomic LC-MS/MS, and (3) evaluation of
cutaneous wound healing by administration of estrogen receptor agonists and other drugs. The results

revealed that the existence of genes and proteins whose expression was specifically altered by
topical estrogen application on cutaneous wound healing in db/db mice with type 2 diabetes.
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Table 1. Top 10 upregulated genes in db/db Table 2. Top 10 downregulated genes in db/db
Number Symbol  Description db/db®  db/db+  db/db+ Number Symbol  Description db/db®  db/db+  db/db+
estrogen®  vehide® estrogen®  vehicle?
(FC) (FO) (FO) (FC) (FC) (FC)
Day 7 Day 7
LOC1008 - selection and f
XM_003689202 @557 myosin-6-like 1703.89 - -112304 M 177578 Sdnt3 imraﬁ';{‘hg} al“gk;ﬁ’s% _1493.09 B .
NM_080728  Myh7  myosin, heavy polypeptide 7 677.30 - ~706.18 NM_145585 ~ Thumpdl ~THUMP domain containing1 ~ —1421.40 - -
B . selection and uj of
NM_010861 Myi2 myosin, light polypeptide2 ~ 455.36 - 34534 NM_ 178786 SKntd  inyaepthelia {.*;ﬁ’s % 206,08 . 321
NM_022314  Tpm3 tropomyosin 3 365.62 - ~236.57 NM_001012323 Mup20  major urinary protein 20 -136.16 2.03 -
NM_008571  Mcpt2 mast cell protease 2 268.07 -2.05 - NM_001126319  Mup9 major urinary protein 9 -122.09 - 4.70
" ediator of RNA
NM_018803 St10  synaptotagmin X 243.66 - - NM_020000 Med8 g;ly'me"r;ge" wanscription ~118.45 . _
NM_010871  Naip6 apoptosisinhibitory protein 6 218.05 - - NM_008649 Mup5 major urinary protein 5 -111.84 - -
NM_010859  Myi3 myosin, light polypeptide 3~ 109.86 - —186.16 NM_001200006 Mupl7  major urinary protein 17 -109.79 - -
NM_001085378 Myh7b myosin, heavy chain 7B 102.49 - -127.80 NM_001039544 Mup3 major urinary protein 3 —-105.14 - -
histocompatibility 2, dlass
NM_010381 H2-Ea-ps || antigen E alpha 61.42 - - NM_001135127 Mupl9  major urinary protein 19 —-98.09 - -
Day 14 Day 14
. selection and f
NM_181506 Retrlg resistinlike gamma 81832 -31414 809 NM_177578  SKint3  joyreepithol Ak o e . 268
NM_018803 ~ $t10 synaptotagmin X 813.82 - - NM_145585 ~ Thumpdl ~THUMP domain containingl ~ ~1240.81 - -
selection and f
NM_008694 Ngp neutrophilic granule protein 685.53 -823.08 -131.23 NM_178786  Skint4 ,m,&;;?hza,u?k ;ﬁ;i —784.27 7.98 -
NM_008571 Mcpt2  mast cell protease 2 469.72 - - MN_133730 Krt25  keratin25 -687.54  1187.00  49.86
NM_008522  Ltf lactotransferrin 281.25 —45290 -120.05 NM_001012323 Mup20 major urinary protein 20 —328.19 18.63 -
regenerating islet-derived 3
NM_011260 Reg3g  gamma 197.44  -2286  -5.46 NM_001200006 Mupl? — major urinary protein17 ~ -326.94 1618 -
AY500847 Mpo myeloperoxidase 147.05 -78.07 —21.04 NM_008649 Mup5 major urinary protein 5 —295.54 16.51 -
cathelicidin antimicrobial LOC1000 novel member of the major
NM_009921 Camp peptide 135.06 -135.13 —67.88 NM_001199333 48884 urinary protein genefamily ~ —295.04 16.14 -
LOC1008
XM_003689292 62557 myosin-6-like 106.89 —375.24 - NM_001126319 Mup9 major urinary protein 9 —280.05 518 -
NM_207534 Mrgpra5 MAS-related GPR 92.83 -87.92 -8.18 NM_001135127 Mupl19 major urinary protein 19 —273.09 14.84 -
Data were expressed in p- values <0.05 and FCs >2.0 compared with a: the WT group and b: the db/db group. FC: Fold change.
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Table 3. Top 10 genes upregulated specifically in db/db+estrogen

Table 4. Top 10 genes downregulated specifically in db/db+estrogen

Number Symbol  Description db/db + estrogen ~ Number Symbol  Description db/db + estrogen
specific (FC) specific (FC)
Day 7 Day 7
NM_001011849 OIfr792  olfactory receptor 792 12.36 NM_ 001003667 Krt77 keratin 77 -8.26
NM_010374 Gamf granzyme F 11.23 NM_ 008973 Ptn pleiotrophin -5.47
NM_146402  OIfr1303 olfactory receptor 1303 1104 NM_IS3530  Fambe  mempeq Suencesmiaitys 526
NM 198414  Pagro  hiodein and adipoQ receptor family 965 BC115767 Adamtg  Ssintegrinand metallopeptidase ~4.49
NM_010640 Klkib1l  Kallikrein 1-related peptidase b1l 9.32 NM_ 009575 Zic3 zinc finger protein of the cerebellum 3 -3.98
NM_027306 zdhhc25 fo';ﬁ;' Eﬁ%'ngHC domain 853 NM_ 008263 Hoxal0  homeobox A10 -3.81
NM_020268 KIk1b27  kalikrein 1-related peptidase b27 7.33 NM_ 001109758 Bcan brevican -3.81
NM_172861 dc7ald  solute carrier family 7 6.28 NM_ 144551 Trib2 tribbles homolog 2 -3.63
NM _147079 Olfr547  olfactory receptor 547 549 NM _ 001162476 Srab stimulated by retinoic acid gene 6 -3.62
NM 080644 Cacngs ;g?]l#: ;hbz:]??s, voltage-dependert, 5.42 NM _001033354 Igsec3  |1Q motif and Sec7 domain 3 -354
Day 14 Day 14
NM_001037800 Cd209b  CD209b antigen 113.77 NM _011472 Sprr2f small proline-rich protein 2F -817.58
NM_010668 Krt2 keratin 2 91.67 NM_ 011475 Sorr2i small proline-rich protein 2| -699.84
NM_027983 Krt33a keratin 33A 66.70 NM_001039594 Lce3a late cornified envelope 3A —673.86
NM_020509 Retnla  resistinlikeapha 44.74 XM_003689292 égz(%go myosin-é-like ) —375.24
NM_026956  Cd209f  CD209t atigen 202 NROOIIES  Spr2ips pemdagne o 20432
NM_033217 Ngfr nerve growth factor receptor 36.75 NM_011477 Sorr2k small proline-rich protein 2K -235.77
NM_027574 Krt28  keratin 28 32.90 NR_003548 Srr2g  small prolinerich protein 2G -217.35
NM_024450 Scd3 stearoyl-coenzyme A desaturase 3 32.25 NM_ 203320 Cxcl3 chemokine (C-X-C motif) ligand 3 —213.67
NM_027574 Krt28 Keratin 28 31.68 NM_ 080728 Myh7 myosin, heavy polypeptide 7 —-202.12
NM_175448 Clvs2 clavesin 2 31.24 NM_ 019471 Mmpl0  matrix metallopeptidase 10 -157.10

Data were expressed in p- values <0.05 and displayed by excluding predicted genes or RIKEN cDNA genes. FC: Fold change.
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Figure 4. (A) Gene set enrichment analysis of db/db + estrogen-specific upregulation on days 7 and 14 after wounding. (B) Gene set enrichment
analysis of db/db + estrogen-specific downregulation on days 7 and 14 after wounding.
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Figure 5. Expression ratios were normalized using a value derived from housekeeping gene Gapdh. Data are expressed
MEAN + SEM, n = 3-7 per groups. ANOVA and Tukey-HSD test or paired-T test; “p < 0.01 versus db/db group, *p < 0.01
versus db/db+estrogen group, Mp < 0.01 and "p <0.05 versus db/db+vehicle group, and 2p < 0.05.
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Figure 8. Kallikrein (KIk) or PBS were applied to wounds.
Data are expressed MEAN + SEM, n = 4 per groups (A).
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