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A Specific Biomarker for The Diagnosis of Equine Laminitis

Seungwoo Lee, Seung heon Lee, Myung-Chul Kim, Yong-Baek Kim and Doug-Young Ryu'

College of Veterinary Medicine, Seoul National University, Seoul 151-742, South Korea

Abstract : There is no reliable indicator available for the diagnosis of horse laminitis, although the disease is common
and costly. This study was performed to develop a specific diagnostic biomarker for laminitis. We have identified
33 differentially expressed proteins in plasma of a horse suffering laminitis that is experimentally induced by an overdose
of oligofructose, in comparison with normal horse plasma. Among the proteins, myosin-9 mRNA was found in RNA
sequencing analysis to be expressed specifically in laminitis tissues compared to other horse tissues. It is thus suggested
that expression of plasma myosin-9 may be used for the diagnosis of equine laminitis.
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daA A4, Addias 75, Btk ddsd A
T A= v FEA gk ok A4l
(Systemic disease)°] ©JxHA o= WA 4= gt} W=l
A 2%°] AFE FHES e A, A9
W Ars S2AAM BEEE AAA dYepdtiar
BAES QITh(5,10,14). 2 ©Alo] wat A g7k
ERbA] @, AdH Z1A e Eerh AlRtEE 2
(Developmental phase), A|$3e] &3¢} A7hgt gefo] e}
war, A3AZo] wh WellA HfE dodle w47](Acute
phase), A|3A|Zo] Ag HIE doA dEulehs H3 o
£ 3|Eo] B7153 7] (Acute phase)E LRl ZITH(13).

olefgt AFH &g AFE 3l Hede A mdS N
et eEsiglon, o A S, A, 5 55 ol
sto] AAA AAE el o] &3kirk6). Le]al SE|ars
Y EZ(Oligofructose)s TYat] APZ AFA Aol A}
B3I Th4,8). T3 AP A s Sl AAA R
(Biomarker)S #=3l7] flal Addl 2 o] 84, &
%, A B A7 HAL UTK5,7,14).

A4 7] (Mass Spectrometry)y= JEl0|=9] A7ks £
2 AL g &, 7]Ee] ThE dlolEwo] el A-g-sfe]
whild 54 (Protein identification)ol] &3] AR
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FH3 e, 53] Liquid chromatography/tandem mass
spectrometry (LC-MS/MS)= E, g4, 4 o @d
A Aol &3] AREEAL ATk(12,17). 2E]AL AF el A
273 59 94 W eiAs ARHEATIE o835t
Aeto 2 AdHe] W71 L AAAE ol
T7F o)FoIA AL TH3,14).
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quencingyS AHE-3d RNAoK tish AJH A2 cDNAS 4
3k & Reference genome®| #S AlFX: 2Z4ES Y

(Mapping)3ro. 24| X182 &2] AAMA (Transcriptome)E
ks Woltt o] AZ2E 7]&2 A&(Exony} JAEE
(Intron), ¥<&=3} JIEE A, 53 37 TS 2Hs 4= 9l
ow, 7o wt JPE AR e] B3-S ol 7bssHl
Sh= R oltk(11,16).
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Fig 1. Dosage and dosing schedule of oligofructose.

Aol A4 FEs g8 ZFESYIT & S
P2%, (F)Fd, g2 ARSSISITh eS| Fo
2 4782 Fig 19 VR 23 o] = &3 1 gkegS Al
=l 4o} 3 Uzt (Day 0, 1, 2) FIg ¥, Day 3o 2
&% 10gkegSs Fx= I o4, 25 2 3o 4A ¥
o %(Nasogastric)F$- 22 o] &3] FYsITh
AAAA RS Day 3FE 19 2318 AAEGlon, A2
HAAA LA (MT 1961%, Microlife)S 217 ol Adste] =
Aot wge] 7 APk =S 008 ok, A
epdTh Auree F271E olgste] #giel AH
431590, gelE g2 v W TR A G
T AlEsglo=® wyrielginh. Bgtk fgaAlet AE Ve
AdedEe] Yep =Rl #Eeiih 54, I35k A
AR= Day 5 94, %] ZAAWozRE ajFsle] BD
vacutainer EDTA-K2 10.8mg (6 ml)] B¥ 3 % ADVIA
120 EH7AL7]7](Siemens Healthcare Diagnostics, Deerfield,
IL, USA)S} FUJI DRY-CHEM 3500i (Fuji Film, Tokyo,
Japan)E AH&-3te] AAJEIATE 228 HAke A9x2A S
FrEA A Ao E JAste] HIISIHATH).
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2 QFE g8l vHA 2 FGA (Domosedan®, 10 mg/
kg, Orion Co./ Ketamine, 1500 mgkg, +3+43)S Foish
&, QFFAK1 mId Embutramide 200 mg Mebezonium iodine
50 mg Tetracaine 5mg, T-61%, 50 ml, FHEIE) ¥ FHS
AAEaTh. 23 Agde] i we] 7 A F, 9,
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AR 2 A 24 Fe8TF Fo dol Aoz
B 2183l BD vacutainer EDTA-K2 10.8 mg (6 ml)l]
2§, GAEZIE 3000 pm, 1027 A4 EElske] A
Atk 23 A i § e FEE doll B3
W o 2 RE] 23l BD vacutainer EDTA-K2 10.8 mg (6
miol] B2 F, AAE7I= 3000 rpm, 1087 94 &
stod A F s

RNA F£&
AGde] fe Lo AP} 1274 F874719 24 50
mg F Trizol 0.75mle ¥ #4312 At #2435}
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4°CoA1 14000 rpm, 1537+ Y4le]ste] <F 500 ule] 35
Ne FHINTh FRE 5 oA ILFT S (Iso-
propylalcohol)3} 1:12 &t &, 204 1087F WA
ZAth. ©] 3 4°ColA 14000 rpm, 1087 L4EES 2
sl RNA HAES ERIEA, 35S 25 AASIH.
I2]2 RNA JAEC] 70% o€k (EtOH) 1 mle #7138
S, 4°Co A 8000 rpm, 5E7F YAEEEI] RNA HAHES
AAFstATh 2 &, ATdS BT AASIAL A4 tube
545 dolyd Al RNA =S €3] ZHth RNA
HAAEo] 943 k=™ 20~100 ule] HPLC &g 718k
{2348 AP rt. 283 DNAZKFES] T4 (Dnase 1)
£ H2A 158 A2lte] =53 RNAS FE313Th

mRNA Next Generation Sequencing &2

ZA A FZ3 HA| RNAE Illumina TrusSeq RNA
Sample Preparation KitE AFE3}e] oS3} o] wAIA
RNA 2}o]E#2](mRNA library)S A&l Z2)-T 22
3L (Poly-T oligo)’t &1 E A& (Magnetic beadyS At
4310 Z2]-A (Poly-A oligo)?+ ¥3He HAIXRNAS A A
3 & JHALE A (Reverse transcriptase)el Do A
(Random primer)S AREst] 3 WA 71=he] 414 DNA
(cDNA)E FMdsisleh. 22]a 3 wix) 7h=e] 4E2 DNA
Z o]g3le] F 7l (Double-stranded)?] 4H 2 DNAS §
g5kt ©] & Ampure XP AHOR F Tie] FE A
DNAZ #2393, End Repair (ERP) E3E2S H7lske]
o Wore B UokBlunt end) O E THE 3 37 Dtho]
A 9715 H7beiaith. 28l A9V H7bE F e A
X2 DNA & gthol| ojHE (Adaptor)s F231aL, 8=
4 ANES-(Polymerase chain reaction, PCR)S ©]-8-3}o]
dezior o ekl 2719 ofYH 2K Adapter mol-
ecule)s 7FA= DNA WS SHAZAT o]} ZFo] A&
F wW4lA RNA Zlo]H22]= Agilent Technologies 2100
Bioanalyzer®} F#24 %84 A4¥H-8-(Quantitative poly-
merase chain reaction, gPCR)S ©|-&slo glolHezle] =
2S golalen, Ilumina HiSeq 2000 FH| S A}&-3}e]
Al87%d (Sequencing)yS AAIBIATE A4 FASTQ Y2
Solexa QA (Perl-based software package)S AR&-slo] Al
Aol F4 BAE AT Al 2 4§, ALk
RNA-Seq readE&2 Equus caballus®] chromosome (ftp://
ftp.ncbi.nih.gov/genomes/Equus_caballus/GFF/ref EquCab2.0
top_level.gff3.gz)l TopHat (version 1.3.3)& AR&3le] A&
(Alignmenty* | Ft}. 22|53 Cufflink (version 1.2.1)5 AR
3] transcript set®> 2 ZFH(Assemble)dt ¥, CuffdiffS A}
&5te] HIAIAIRNAS] 2Rl S v, AT3HATHS).

Nano-LC-ESI-MS/MS (Mass Spectrometry) &4

AFd i A, & 2o &4 d¥d 50ugs SDS-
PAGEE ol&sfe] 223t §, AS sdsp 5 F3ste] 2
gtk A 27 7S MR OE FYEE U] "h,
50% oM ELo] E8 (Acetonitrile, ACN)©] EZ3HE 50 mM &
AFAYEFNHHCO)E F7ksle] FrAEdeESS
(Coomassie Brilliant Blue, CBB)E A| A3ttt 18]
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100% oM EUe|EZZ g (Dehydration)*]7] %, speedVac
o2 208 B FFAXIAL AL 3l (Digestion)r 7171
LA 56°CoNA] 458 F<F 10mM DTT7F 28H 50 mM
Bk o WHSAIH oW, R 55mM 2 QEoHE
o] = (lodoacetamide)’} E&% 50 mM BRAHFAURFOZ

T8 oA 308 B9 Al&=HQl LA 3(Cysteine alkyla-
tion)S AAISHATE o] ¥, Z47te] A Z2ZFE2 12,5 ng/ul
sequencing grade modified trypsin (Promega, Madison,
whel ZgE 50mM EAHEASEE (pH7.8)d ¥ &,
37°ColA @ BLo] E(Overnight)stith. A 2l & 5% &
S4HFormic acid)e] ZEE 50% oMHEUC|EEH &S 3
7Fstal 203 FRF Aol ¥hEEte] EHAIFE] = (Tryptic
peptide)s F=3I5th. 183l 45NE Fo} speedVaco 2
TE 5, 0.1% EFAO R AF-Fsto] FASNCH, MS &
A1 A C18 ZipTips (Millipore, MA)S Ag-3le] 52319
olg} 7ol HAE EYAHEI=E CI18 974 A5 um,
200 )= FAAE &84Tl mlelaEAA A- (12 em x
75 um)oll 2Q3ATh LC wEe vt 22 A% a8
AE(Linear gradient) o}l 60 &<t 250 nL/min®] 32
2 YAk 3-40% S B (0.1% ES4to] g
ACN), &7 A (0.1% XE2te] X3E T/ HE
nano-electrospray ion source’t “§2¥l LTQ linear ion-trap
mass spectrometer (Finnigan, CA)ol| Zul2 A4 35t
Electrospray voltages= 1.95kV, MSollA MS/MSZ A g3}
7] gk AR ke 500, MS/MSell AfsheE FEUAE
main radio frequency amplitude (RF)2] 35%, A|&AI7H>
30ms °o]$th. ZE A EZ= data-dependent scan mode
oA AATHY). BAFE LC-ESI-MS/MS fragment >3 E g}
+ National Center for Biotechnology Information (http:/
www.ncbi.nlm.nih.gov/)2] SEQUEST 74 <lz& xglsla
21+ BioWorkBrowser (version Rev. 3.3.1 SPI, Thermo
Fisher Scientific Inc., CA)S ARE-sl] AASI T HA =
71& trypsin enzyme specificity®} 2709] missed cleavage
ol thgt permissible level, peptide tolerance 5 ©]$T}.
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Fig 2. Detection of plasma proteins by nano-LC-ESI-MS/MS
in a horse before and after experimentally-induced laminitis.
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Table 1. Plasma proteins up-regulated in a horse after induction of experimental laminitis

Peptide ratio in blood Peptide ratio in blood
plasma before plasma after

GI number Proteins M.W (kDa) experimentally induced experimentally induced
laminitis laminitis
338721109  myosin-9 209 0 0.008228461
149692076  thrombospondin-1 129 0 0.002904163
194222987  coagulation factor XIII A chain 82 0 0.002420136
194219197  myosin-11 228 0 0.001694095
126352584  clusterin precursor 52 0 0.001694095
126352367 integrin alpha-IIb precursor 113 0 0.001452081
255522921  serum amyloid A protein precursor 14 0 0.001210068
338720560  neutrophil gelatinase-associated lipocalin-like 23 0 0.000968054
338728730  complement factor H-like, partial 38 0 0.000968054
194211335  tubulin alpha-4A chain 49 0 0.000968054
126352414  integrin beta-3 precursor 86 0 0.000968054
338719929  alpha-actinin-1-like isoform 2 103 0 0.000968054
338722645  fibrinogen beta chain isoform 2 56 0 0.000968054
338727875 myosin regulatory light polypeptide 9-like isoform 2 13 0 0.000726041
338726386  myosin light polypeptide 6-like isoform 2 16 0 0.000726041
149726676  protein Spindly 70 0 0.000726041
338727785  lysine-specific demethylase 2B 149 0 0.000726041
194221780  sacsin 523 0 0.000726041
194206025  vinculin isoform 2 123 0 0.000484027
194223929  complement component C7 100 0 0.000484027
338718513  tubulin beta-2B chain-like isoform 2 41 0 0.000484027
149724305 myosin-10 isoform 1 228 0 0.000484027
338718422  dynein heavy chain 8, axonemal 540 0 0.000484027
338716931  meiosis-specific nuclear structural protein 1-like 44 0 0.000484027
338711954  thyroid hormone receptor alpha-like 53 0 0.000484027
194206384 €3 ubiquitin-protein ligase HERC2 527 0 0.000484027
149724221  profilin-1-like 15 0 0.000484027
149720280  splicing factor 3A subunit 1 isoform 1 88 0 0.000484027
149731503  apolipoprotein D-like 24 0 0.000484027
194210256  zona pellucida sperm-binding protein 3 receptor-like 86 0 0.000484027
338721087  dual specificity protein phosphatase 6 isoform 2 26 0 0.000484027
338724604  coagulation factor V 231 0 0.000484027
338712996  periplakin 209 0 0.000484027
12 other Laminae ot A ZANME 54372 AP EolFoZ wEH o)
tissues  tissue B mRNACIITE 123 BAlo) A9YS F2A717]
o] Ao X= peptide ratio’} 002 5 EAIEA] 2k

24

Fig 3. Expression of mRNA species in tissues of a horse
having experimentally-induced laminitis.
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Table 2. Sixty-six mRNA species expressed specifically in laminae tissues of a horse having experimentally-induced laminitis

FPKM in 12 major FPKM in laminae

Accession Number mRNA s .
organs's tissues tissue
Unidentified 1 0 2279.52
XM_001490711.2 serpin B3-like 0 1448.20
XM_001496895.2 keratin, type I cuticular Ha6 0 1289.33
XM_001915638.2 alpha-2-macroglobulin-like protein 1-like 0 665.76
XM_003364597.1 metallothionein-1B-like 0 663.44
XM_001499212.2 keratin-associated protein 13-2-like 0 542.44
XM _001491366.1 serpin B4-like 0 513.38
XM_001494298.2 keratin, type Il microfibrillar, component 7C-like 0 355.17
XM 001487831.2 superoxide dismutase, mitochondrial-like 0 344.63
XM 003362568.1 keratin-associated protein 3-2-like 0 332.88
XM_003362324.1 comifelin-like isoform 2 0 331.88
XM_001494378.2 protein S100-A9-like 0 276.37
NM_001123380.1 annexin A2 0 269.67
Unidentified 2 0 24791
XM 001916041.2 keratin, type II cuticular Hb6 0 228.26
XM_001917422.1 keratin, type I cuticular Ha4-like 0 194.42
XM _001504409.2 voltage-dependent anion-selective channel protein 1-like 0 163.00
XM_001497467.3 calnexin-like 0 155.47
XM_001916206.2 desmoglein-1-like 0 145.19
XM _001499878.2 gl:;ipi)rl:ohpase A2 inhibitor and Ly6/PLAUR domain-containing 0 141.10
XM_001916214.1 keratin, type II microfibrillar, component 7C-like 0 119.38
XM_001503993.2 ATPase inhibitor, mitochondrial-like 0 118.68
Unidentified 3 0 115.50
XM 001502665.3 60 kDa heat shock protein, mitochondrial 0 114.43
XM_001495373.1 keratin-associated protein 11-1-like 0 112.62
XM 001494313.2 Sodium/potassium-transporting ATPase subunit beta-3 0 111.85
XM_001489257.2 corneodesmosin-like 0 110.08
XM_001504383.1 keratin, type II cuticular Hbl-like 0 106.85
XM 001494036.3 heterogeneous nuclear ribonucleoprotein U 0 104.05
XM 003362571.1 keratin-associated protein 3-3-like 0 100.99
XM_001501742.2 syndecan-1-like 0 97.29
NM_001195587.1 splicing factor, arginine/serine-rich 5 0 88.50
XM_001503172.2 60S ribosomal protein L21-like 0 87.98
XM_001499918.1 cyclin-dependent kinase inhibitor 1-like 0 80.72
XM_001492148.1 sorcin-like 0 78.62
Unidentified 4 0 76.89
Unidentified 5 0 76.42
XM_001491114.1 serpin B13 isoform 2 0 73.24
Unidentified 6 0 72.60
XM_003363990.1 heterogeneous nuclear ribonucleoprotein K 0 69.86
XM_001497327.1 Keratin, high-sulfur matrix protein, [1IA3-like 0 69.58
XM_003364569.1 brain protein 44-like protein-like 0 68.91
Unidentified 7 0 67.59
XM_003365781.1 putative RNA-binding protein 3-like isoform 2 0 67.41
XM_001497007.2 Keratin, type I cuticular Hal 0 67.15
XM_001917756.2 cold shock domain-containing protein E1 isoform 4 0 67.10
XM_001497396.1 Keratin, high-sulfur matrix protein, [1IA3-like 0 65.80
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Table 2. (continued) Sixty-six mRNAs expressed specifically in laminae tissue

FPKM in 12 major FPKM in laminae

Accession Number mRNA L .
organs's tissues tissue
XM_001489751.2 Poly (U)-specific endoribonuclease 0 64.98
XM_001490607.2 glucose-6-phosphate isomerase 0 62.74
XM 001501126.3 histone H1.0-like 0 62.24
XM _001497358.1 transmembrane epididymal protein 1-like 0 59.56
XM _001505015.1 lymphocyte antigen 6D-like 0 58.45
XM _001915640.2 destrin-like 0 57.58
XM _001918147.2 WW domain-containing transcription regulator protein 1 0 57.07
XM 001500202.3 myosin-9 0 54.37
XM _001497417.2 transmembrane epididymal protein 1-like 0 53.93
XM _003365021.1 proline-rich protein 9-like 0 53.82
XM 001499317.3 chromosome transmission fidelity protein 8 homolog 0 53.74
XM _001496664.2 galectin-7-like 0 53.34
XM 001488582 3 NADH dehydrog;nase [Bubiquinone] 1 alpha subcomplex 0 5318
- subunit 4-like 2-like
XM_001492385.3 cytochrome ¢ oxidase subunit 6B1-like 0 52.40
XM 001915736.2 eukaryotic translation initiation factor 3 subunit C 0 52.06
XM _003365240.1 eukaryotic translation initiation factor 4B isoform 2 0 51.11
XM _001504928.1 pleckstrin homology domain-containing family B member 2-like 0 50.72
XM_003364825.1 heterogeneous nuclear ribonucleoproteins A2/B1 isoform 2 0 50.24
XM 001492168.2 signal recognition particle 72 kDa protein isoform 1 0 50.04
= 60 0.09
2= 9
N > —
S X 40 v 0.06
=N o -
S
X - o
(R o
< @ 20 - 0.03
=z 2 o M
()] L0
X — 0
£ .
Before After 12 other  Laminae
Fig 4. Expression of myosin-9 protein in plasma of a horse tissues tissue

before and after experimentally-induced laminitis.
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Fig 5. Tissue-specific expression of myosin-9 mRNA in a
horse having experimentally-induced laminitis.
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