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Single Nucleotide Polymorphisms and Conserved
Transcription Factor Binding Site of CD14 Gene
in Yorkshire Terrier
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Abstract: In humans, single nucleotide polymorphisms (SNPs) of CDI4 promoter region are associated with

allergic diseases. There are no reports of canine CD/4 gene cloning, nor any reports studying the pathogenesis
of CD14 polymorphism in dogs. In this study, canine CD/4 gene was cloned by 5' and 3' RACE method and its
SNPs were analyzed. The presence of two SNPs were identified. SNP1 was located at predicted AP-1 binding
site of CD14 promoter region (-187C>T) in the Yorkshire terrier. SNP2 (c.930G>A), silent mutation of Glu,
identified in 5 dog breeds. The relative transcriptional activity of a general breed type CD14 promoter (-187C/
luc) did not differ from those of Yorkshire terrier type (-187T/luc); however, the relative activity was diminished

when the AP-1 site was mutated. In conclusion, CD14 gene structure was highly conserved in dog breeds and its

expression could be regulated by the transcription factor AP-1.
Keywords: Canine atopic dermatitis, Cloning, Luciferase reporter assay, Transcription factor

1. Introduction

The gene encoding CD14 was first sequenced in
humans in 1988 1. The structure of CD14 was revealed
as a bent solenoid, which is typical of leucine-rich repeat
(LRR) proteins with an N-terminal pocket that binds
lipopolysaccharide (LPS)?. CD14 exists in two forms: a
membrane form and a soluble protein form. Membrane

CD14 is a glycosylphosphatidylinositol (GPI)-anchored
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glycoprotein expressed on monocytes/macrophages and
granulocytes ¥. The recognition of LPS by CD14 is catalyzed
by LPS-binding protein, and it is then shuttled to the toll-like
receptor 4 and myeloid differentiation-2 complex ®. The
signal transduction induces the differentiation of progenitor
cells to monocytes, macrophages, and/or dendritic cells .
A previous study has demonstrated that CD14 plays a
role in pattern recognition receptors for innate immune
responses ©. According to the hygiene hypothesis stating
that a lack of exposure to LPS in early childhood increases
susceptibility to allergic diseases, the expression of CD14,

the receptor of LPS associates with disease development
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and adaptive immunity ”. In humans, a single nucleotide
polymorphism (SNP) of the CDI/4 promoter at position
—159 from the transcription start site (TSS) is associated
with concentrations of serum soluble CD14 and total
serum IgE ® are reportedly correlated. Moreover, this SNP
is associated with Kawasaki disease®, while an SNP at
position —260 is associated with myocardial infarction '?.
In dogs, CD14 polymorphisms and its relation has not been
reported yet. Here we examined the full length sequence
of the canine CD/4 gene and identified two SNPs within
16 dog breeds. We focused the one of SNPs at the position
prior to TSS in the dog CDI4 gene, which was identified
particularly Yorkshire terrier within 16 dog breeds.

2. Material and Methods

2.1. Dogs

This investigation was approved by The Azabu University
Ethics committee (approval 170621-7). For cloning, a total
of 26 samples of frozen-stored clot and serum or whole
blood from 16 dog breeds were obtained from the veterinary
teaching hospital at Azabu University (Table S1). And for
genotyping, a total of 62 samples of frozen-stored clot and
serum or whole blood from Yorkshire terriers were obtained
from primary animal hospitals and the veterinary teaching
hospital at Azabu University. The frozen-stored samples left
after laboratory examinations were used in this study. The
whole blood samples were obtained after informed consent
to pet owners. For case-control analysis, 27 Yorkshire
Terriers (age, 0—18 years) were divided into groups with

or without canine atopic dermatitis (CAD), which was

Table 1
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diagnosed if the dog satisfied more than five criteria of set !V
(Table 1).

2.2. DNA extraction and sequencing

Genomic DNA was extracted using QuickGene DNA
whole blood kit S (Kurabo Industries LTD., Tokyo,
Japan). Total RNA was extracted from peripheral blood
mononuclear cells using an RNeasy Plus Mini Kit (Qiagen
K.K., Tokyo, Japan) and reverse-transcribed to first strand
cDNA using a Prime Script Ist Strand cDNA Synthesis
Kit (Takara Bio Inc., Shiga, Japan). Genomic DNA (200
ng) and cDNA (1 pL) were amplified by polymerase chain
reaction (PCR) using the Ex Taq Hot-Start Version (Takara
Bio Inc.). The primers were constructed on the basis of a
predicted sequence in the NCBI database (accession number
XM _843653) (Table S2). Ethidium bromide electrophoresis
was used to visualize the PCR products. The 3’ and 5’
end sequences of RNA transcripts were isolated by the
rapid amplification of cDNA ends (RACE) method using
the 3'-Full and 5’-Full RACE Core Set (Takara Bio Inc.),
respectively. PCR products were sequenced at a commercial
laboratory (Fasmac CO., Ltd., Kanagawa, Japan), and the
DNA sequence was analyzed using MEGAG software. The
potential signal peptide cleavage site was searched using
SignalP4.0. N-glycosylation site prediction was performed
using NetNGlycl.0 software, and a GPI-anchor site was
predicted using the PredGPI prediction server. The predicted
transcription factors binding sites (TFBS) in the promoter
sequence were searched by Match-1.0 Public using weight
matrices from TRANSFAC Public 6.0. The URL for the in

silico database is available in Table S3.

Genotype and clinical condition of 27 Yorkshire Terriers enrolled in case-control association study

Diagnosis of canine

Total scores of Favrot’s set 1 criteria

atopic dermatitis Conoipes NS @1 50 A () (Favrot et al., 2010)*
Case TT 9.5+2.7 6.8+0.9
Case TC 9.0+£2.8 6.7+1.2
Case CC 0 ND** ND**
Control TT 13 7.6+5.0 2.8+0.9
Control TC 4 43+4.1 23+1.3
Control CC 1 1

* Mean + standard deviation, ** Not detected.
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2.3. Plasmid and luciferase assays

Plasmid construction and luciferase assays were
performed as previously described 1. A DNA sequence
spanning nt —373 to nt +73 (nt +1 was defined as the TSS)
of the sequenced dog CDI4 promoter was amplified and
cloned into a pGL4 basic vector containing the firefly
luciferase reporter (Promega, Tokyo, Japan). Reporter
plasmids with the general breed type SNP (TGACTCA) and
Yorkshire Terrier type SNP (TGATTCA) and the mutated
control sequence (TGATTTT) at the predicted TFBS were
prepared using a PCR-based method and verified by DNA
sequencing (as a template).

The human acute monocytic leukemia cell line THP-1
(DS Pharma Biomedical, Osaka, Japan) was cultivated
and maintained in an RPMI-1640 medium containing 10%
fetal calf serum, penicillin (100 U/mL), and streptomycin
(0.1 mg/mL) at 37°C in a 5%CO, incubator. THP-1 cells
(1.0 x 10° were transfected with the constructed reporter
plasmids and a plasmid expressing Renilla luciferase under
the control of the thymidine kinase promoter (pRL-tk) using
polyethylenimine (PEI) “Max (Polysciences, Warrington,
PA). At 48-h post-transfection, cells (2.0 x 10°) were
harvested onto 48-well culture plates and incubated with
100 ng/mL 12-O-tetradecanoylphorbol-13-acetate (TPA)
(Sigma-Aldrich Japan, Tokyo, Japan) for 48 h. Firefly
luciferase activity was normalized to the Renilla luciferase
activity. The resulting data are reported as the mean value of

triplicate wells.

2.4. Statistical analysis

Chi-squared test was used to assess whether the genotype
frequencies were in Hardy—Weinberg equilibrium (HWE)
and for the case-control analysis of CAD. Differences in
the luciferase activity between the transfected cells were
examined using paired z-tests. Differences of p < 0.05 were

considered statistically significant.
3. Results
3.1. Sequence of CD14 gene

The nucleotide and deduced amino acid sequence of dog

CD14, which has registered NCBI database (LC147081),

is shown in Figs. 1 and 2. The dog CDI4 gene comprises
two exons and a short intron (80 bp) located next to the
ATG translation start codon. The ATG initiation codon was
identified and is followed by an open reading frame at +1119
and a TGA stop codon at +1341. The open reading frame
was flanked by 132-bp 5’ untranslated sequence and 545-bp
3" untranslated sequence. Four consensus polyadenylation
signals were located at +513-534 of the termination codon,
the latter of which was followed 9 bp downstream by a
polyadenylate tail. As deduced from cDNA, the primary
structure of dog CD14 protein comprises 373 amino acids.
The alignment of the amino acid sequence of dog CD14
with the human, cow, pig, mouse, and rabbit sequences
revealed 71%, 75%, 73%, 65%, and 72% amino acid
identity, respectively. The first methionine in canine CD14
is followed by a stretch of nearly hydrophobic and/or neutral
residues, which is typical of a eukaryotic signal peptide,
followed by a potential signal peptide cleavage site between
positions 17 and 18. Canine CD14 contains 12 cysteine
residues, 8 of which are conserved in the human, cow, pig,
mouse, and rabbit sequences, suggesting that these might
be important in determining the conformation of dog CD14
through the formation of specific disulfide bridges. Eleven
LRRs representing the LXXLXLX motif were observed,
consistent with previous reports 2. There were five potential
N-linked glycosylation sites (Asn-X-Thr/Ser), three of
which are conserved in the human, cow, pig, mouse, and
rabbit sequences. The GPI-anchor site was unique as the dog
sequence contained threonine. The signal peptide, motif,
and GPI-anchor sites demonstrated that the structure of dog
CD14 protein is very similar to that of human, cow, pig,

mouse, and rabbit CD14 proteins.

3.2. SNPs of CD14

The transcription factor activating protein-1 (AP-1),
CHOP-C/EBPalpha, and STATx binding site were identified
at the position prior to TSS in the dog CDI4 gene by
Match-1.0 Public (Fig. 3). Next, we analyzed the full
length of the CD14 gene sequence from 16 dog breeds, and
identified two SNPs (Fig. 4). SNP1 (-187C>T) was found
in the four of four Yorkshire Terriers and was located in
AP-1 binding sequence (Fig. 3). SNP2 (c.930G>A), a silent
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TGTACCGCTGAAAT ATAGGCAGAGGGAGGTGAGAGTCTTGGCTTGAGGCACTAGGGATC —229
SNP1
TTTGTTTGCCCATAGT TAGGAAACAAGCGTGGGGTGTGTGARTCA TCAGGGGACTGCCT GGGGCAT TGCAGTGTACATTCCCTACAAGAT 139
CCTTCCTGTTATAGTCCTGGCAACATCCT TCAT TGCAAAATTTCC CGGAAGGGTAGTGCATGGAGTGGT TGGGTGGCAGAGACGTGGGAG -49
cDMNA
L
TGACCAGGGT TCACGGAGGAAGGAACCAAGTGACATCCCAAGGGT TGCATAAACTCCCAGGCCGGCAAAGAGGACAGATACTGTGGAACC 42
TAGAAAGGAT TGAGTGCCGCTGTATAGGAAAGAAGCCGGAGGCCT TCCGGGAGCCGCGCT GGAAGAT AGAGGC TGGAAGCACGGATTGAGG 132
GTGAGTGGATGATCTTGGGGCCCAGAGGGAATTACT CAAGGAACCGCAGGGACTGGCTGGGGCTGCCCTGACCTCTGETTITETTECT 222
T4 - —— Intronl ——— — — — — — — — — — 1
AG ATGCGCACACCCTGGTTGCTGCTGCTGCTGCTGCCGCCGGTG CTGTGCGTCTCTGAGACCT GAGTAGAGCGCC TGCGAAGTAGATGAG 311
— M R T P € L L L L L L P P VY L ¢ V $ E T $ L E P C E V D D 30
GACGATTTCCGCTGCTTCTGCAACTTCACGGAT CCGCAGCCCGAC TGGTCCAGCGCATTCCAGTGTATGATTGCCGTCGAGGTGGAGATC 401
O D F R G F € N F T D P @ P D W S S A F @ ¢G M I AV E V E I 80
CACGGGGGCGGCCGCAGCGT GGAACAAT TTCTAAAGGGCGCAGAG GCGGACGCAAAGCAGTACGCT GAGATGGTGAGGGCCCTGCGTTTIG 491
H G 6 G R S L E 0 F L K G A D A D P K O Y A D M V R A L R L 80
CGGCGGCTCACCGTGGCCTCTGCACAGGTTCCTGCTGTGETGGTG ACCGCCT TCCTGCGGGCGCTGGGGTACTCCCGCCTCAAGGAAGTG 581
R R L T V A S A @ V P A V L V T A F L R AL G Y S R L K E L 120
ACGCTGCAGGACG T GGAGGT AAGCGGCAGGCCGCCGGCCGOCGEGT GTGGAAGCCACTGGGCCTGCGCTG TCCAGCGTCGAGCCT GOGGAAC 671
T L @ b L E WV T 6 T P P P P P L E AT G P AL S T L T L R N 150
GTGTCGTGGGCAACGGGAAGTGCCTGGCTCGCCGAACTGCAGCGE TGGCTGAAGCCGGGCCTCAAGGTACTGAACATCGCGCAGGCACAC 761
vV S W A T G S A W L A E L 0 R W L K P G L K V L N I A 0 A H 180
TGGGTTIGGTTTTTGGT GCGGGACGAGT GGGCACCT TCGGGGCGG TG AGGAGGT TAGACCTATGCGAGAAT GGCGGAGTGGGAGAGCGACGGA 851
s L A F S G AR L R T FF P A L T T L DL S DNP G L G E H G 210
CTGGCTTCGGCTCTCTGTCCGCAAAAGTTCCCGGCCCTCCAGGET CTCGTCT TGCGCAACGCGGGAATGCATACGCCGAACGGCGTGTGE 941
L A S AL C P @ K F P A L OA L V¥V L RN AGMMHTPNGV ¢ 240
GGGGGGA TGGGGGTGGCGGGTGTGCAACGCCGCCACCTAGAGG TG AGCCAGAACTCGCT GGGCGCT ACGGCCCGGAGGCGCTCGTGCGTGT 1031
A A M A V A G V O P R H L DL S HN S L R AT A P G A P A C 270
GTCTGGCCCAGCGGACTGGACTCTCTCAACTTGTCCTTCTCTGGG CTGGGGCAGGT GCCTAAGGGACTACCCGCCAGGCTGAGCGTGEGTE 1121
vV W P S A L D S L N L 8 F 8 G L G @ V P K G L P A R L S8 V L 300
SNP2
GATCTTAGGT GCAAGAAGCT GAACAGAGABCCT CGGCTAGAAGAG GTGGCTAAGGT GAGCAACCTGACAGTGGACGGGAATCCGTTTCTG 1211
D LR C NI KLN NI RIEPRILETE L P KWV SN L T L D GNP F L 330
GACCCCGAAGCTCCCAAGTACCAAGAAAACCCGACGAGGTCTGGC GTGGTCCCATCCTGTGCGGGT TCEGGCCTGGCGGTGGGGATGTCA 1301
0D P E AP K Y @ E N P T T $ G V V P S C A RS G L AV G M s 360
GG.McrcTGGcGGTGcncAMGGGTGGchcTrrccGc GGAGGAGAGAGGAATGAAT TGGGT GAGATTGGCGTGGT TGGAGGA 1391
G T L AV L © R V 6 G F A = 373
AAGCCGCATCAGGACGT T TTAACCAACCAACCCGCAGCCCTATCT TCATTAAAATCTGGAACAACGATCCGTGTCATTCACTCGACGGGT 1481
GGGTAGTGGGTGTGTGGTGGGGGAGAGTGCTGGATGTGGAATGGA TTATATTTAGAGTTGTT TGATGGTAAT TGCGTAGAAAGCTAAGAA 1571
TAGAATT TAGAGGACAGAAGGGGCAGGGAATGTTGCCTATCTAGG CTGTGETGAGAAACGGGGGTTTCTGTGCAGTTGGGCTTTCTGAGA 1661
TTACTTGCACCTGTGT TAAAGTT TAAAAGAGGGGCGCCTGGGTGG GTCAGCGGTGGAGCATCTGET T TTGGC TCAGGCGATGATOCCGGG 1751
GTGCCAGATTGGAATCCCACATCGGGCTCCTGCAGGGAGCCTGET TCTCCCCCTGTGTCTCTGCCTCTCTGTGTIGTGTIGTGTGTGTGTGT 1841
~1-
GTGTGACTATCATAAATAAAAATAAAATAAAATAAAGTTTAAAA —poly(A) 1885

Fig. 1

The nucleotide and deduced amino acid sequences of dog CD14.

Numbers on the right of each row represent the nucleotide and amino acid position, respectively. Arrowheads
above 1bp and 1885bp indicate the first and last bases of the dog CD74 cDNA, respectively. Sequences in the
boxes represent the start codon (ATG) and termination codon (TGA), respectively. Eukaryotic polyadenylation
signals AATAAA are underlined. The identified SNPs are shown in darkened boxes.
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. Signal peptide
Dog 'MMRTPCLLLLLLPPVL GVSETSLEPCEVDDDDF RGF - TDPQPDWSSAFQCMI AVEVE 60

Human MERASCLLLLLLP-LVHVSATTPEPCELDDEDF RCV - SEPQPDWSEAF QCVSAVEVE ] 59
Cow MVCVPYLLLLLLPSLLRVSADI TEPCEL DDDDF RCV TDPKPDWSSAVQCMVAVEVE [ 60
Pig MVRLPCPLLLLLP-LLRVSAATPEPCQIDDEDVRCV - THPQPDWSSAL QCVAAVEVLE ] 59
Rabbit MEPVPCLLLLLLP-LLRASTDTPEPCELDDDD]IRCV SDPQPDWSSAL QCMPAVQVEM 59
Mouse MERVLGLLLLLL - VHASPAPPEPCELDEE--SCS SDPKPDWSSAFNCLGAADVEL 55
* e ook K A * **t * t sk K EEKEE K ‘* * sk
LRR 1 LRR 2
Dog HGGGRSL EQF L KG—~-ADADPKQYADMVRAL RL RRLTVASAQVPAVIL VTAFLRAL GYSRLK 118
Human HAGGLNL EPFLKRVDADADPRQY ADTVKAL RVRRL TVGAAQVPAQLL VGAL RVL AYSRLK 119
Cow SAGGRSLEQFLKG—ADTNPKQYADT [ KAL RVRRLKL GAAQVPAQL L VAVL RAL GYSRLK 118
Pig RGGGRSLEEFLLKS-ASANPKQYADMIL KAL RLRRLTVGAARVPAQILAL VL HAL GFSRLK 118
Rabbi t WGGGHSLEQF LRQADLYTDQRRYADVVKAL RVRRLTVGAVQVPAPLLLGVLRVLGYSRLK 119
Mouse YGGGRSLEYLLKRVDTEADLGOQF TDIIKSLSLKRLTVRAARIPSRILFGALRVLGISGLQ 115
e e e e L * ok * #* > L
LRR 3 LRR 4
Dog ELTLQDLEVTIGTIPPPPP-LEATGPALSTLTL VSWATGSAWLAELQRWLKPGLKVLNIA 177
Human ELTLEDLKITGTMPPLP-LEATGL ALSSLRL SWATGRSWI AFL QQWL KPGL KVL STA 178
Cow ELTLEDLEVTGPTPPTP-LEAAGPALTTLSL SWTTGGAWL GELQQWLKPGLRVLNIA 177
Pig ELTLEDLEVTGQVPPPL-QETPGPALTTLRL SWATGGAWL GELQQWLQPSLKVLKVA 177
Rabbit ELALEDIEVTGTAPPPPPLEATGPALSTLSL SWPKGGAWL SELQOQWL KPGL QVLNT A 179
Mouse ELTLENLEVTGTAPPPL-LEATGPDLNILNL VSWATRDAWLAEL QQWLKPGLKVLSIA 174
s e e stese ¢ e . e SO HOR B Sed HCR HOE Kk OR #
LRR 5 LRR 6 LRR 7
Dog QAHSLAF SCARLRTF PALTTLDLSDNPGLGEHGL ASALCPQKFPALQALVLRNAGMHTPN 237
Human QAHSPAF SCEQVRAF PAL TSLDLSDNPGL GERGLMAAL CPHKFPAIQNLAL RNTGMETPT 238
Cow QAHSILAFPCAGL STFEAL TTLDLSDNPSLGDSGIMAAL CPNKFPAL QYL AL RNAGME TPS 237
Pig QASSLAFPCAQLRAFPALTTLDLSDNPGLGERGL TAALCPRKFPALEDLAL RNAGMETPS 237
Rabbit QAHTLAF SCEQVRTF SALTTLDLSENPGL GERGLVAAL CPHKFPALQDLALRNAGMKTLQ 239
Mouse QAHSLNF SCEQVRVF PALSTLDLSDNPELGERGL ISALCPLKFPTLQVLALRNAGMETPS 234
£k > : E R Bk I O O S £ **t* ka2 ek K ¥
R 8 LRR 9
Dog GVCAAMAVAGVQPRHLDL SHNSLRATAPG - APACVWPSAL DSIL SFSGLGOQVPKGLPAR 296
Human GVCAAL AAAGVQPHSL DL SHNSLRATVNPSAPRCMWSSALNSL SFAGLEQVPKGLPAK 298
Cow GVCAAL AAARVQPQSLDL SHNSLRVTAPG-ATRCVWPSAL RSIL SFAGLEQVPKGLPPK 296
Pig GVCAAL AGAGVQPHRL DL SHNSLRATAAG-ARE CVWPAAL SSL SFAELEQVPKGL PPK 296
Rabbi t GVCAALAEAGVQPHHLDLSHNSLRADTQ-—-RCIWPSALNSL SFTGLQOVPKGL PAK 295
Mouse GVCSALAAARVQLQGL DILSHNSI RDAAG--APSCDWPSQL NSL SFTGLKQVPKGL PAK 292
il-ﬂk: A’ A A Ak e 2 Aok s Aok A Ao : * Ao A Aok A A Aok A Ao A
LRR 10 LRR11 _
Dog LSVLDLRCNKLNREPRLEELPKVSNL TLDGNPFLDPEAPKYQENPT TSGVVPSCARSGLA 356
Human LRVLDLSCNRLNRAPQPDELPEVDNL TLDGNPFLVPGTAL PHEGSMNSGVVPACARSITLS 358
Cow LSVLDLSCNKLSREPRRDEL PEVNDL TLDGNPFLDPGALQHQNDPMI SGVVPACARSAL T 356
Pig LTVLDLSCNKLNRAPRPEELPAVDDL TLEGNPYMDPEALQHQE DPMASGVVPPCARSAL T 356
Rabbi t LNVLDLSCNKLNRAPQPGEL PKVVNL SLDGNPFLVPGASKLQEDLTNSGVFPACPPSPLA 355
Mouse LSVLDLSYNRLDRNPSPDELPQVGNLSLKGNPFLD-——-SESHSEKFNSGVVTAGAPSSQA 3249
L T *® Ak kK Ak AA A A L .**1‘ *
propeptide ,
Dog VmSG[LAVLQRVGGFA. 373
Human VGVSGTLVLLQGARGF A 375
Cow MGVSGALALLQGARGFA 373
Pig MGVSGTLALLQGARGF A 373
Rabbi t MGMSGTL AL L QGARGF 1 372
Mouse VALSGTLALLLGDRLFV 366

i *

Fig. 2 Alignment of CD14 amino acid sequences of dog, human, cow, pig, rabbit and mouse.

Numbers on the right of each row represent amino acid position. The predicted signal peptide, LRRs, and
propeptide are labeled above the alignment according to Kelley et al. (2013). Predicted N-glycosylation
sites are in boxes. Below the alignment, the GPl-anchor amidated asparagine is indicated by “e”, and the
cysteine residues are indicated by “#”. Asterisks denote the amino acids that are entirely identical among
all species. The amino acid sequences of dog (BAX01969), human (NP_000582), cow (BAA21517), pig
(ABC84487), rabbit (NP_001075664), mouse (NP_033971) were obtained from the NCBI database.

mutation of Glu (Fig. 4), was confirmed in the two of three (all of them were heterozygous mutants). As a result of
Shiba dogs, the one of three American Cocker Spaniels, examining the frequency of SNP 1 in 62 Yorkshire Terriers,

and in one Maltese, Pekingese and Labrador Retriever 41 Yorkshire terriers were TT, 12 were TC and 9 were CC. In
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General breed type AP-1

—

45 31 %

2019 ¢

CHOP-C/EBPalpha

-—

-230  TTTCTTTCCCCATAGTTAGCAAACAAGCCTGGGGTGTCTGARTCATCAGGGCACTGCCTGGGGCATTGCACTCTACATTCOCTACAAGAT ~139

STATx
—
-138 CCTTCCTGTTATAGTCCTGGCAACATCCTTCATTGCAAAATTTCCCGGAAGGGTAGTGCATGGAGTGGTTGGGTGGCAGAGACGTGGEAG -49

-4 TGACCAGGGTTCACGGAGGAAGGAACCAAGTGACATCCCAAGGGTTGC -1

Yorkshire terrier type

CHOP-C/EBPalpha

—

-230  TTTCTTTCCCCATAGTTAGCAAACAAGCCTGGGGTGTCTGAIITCATCAGGGCAC TRCCTGGGGCATTGCACTCTACATTCOCTACAAGAT -139

STATX
—_—
-138 CCTTCCTGTTATAGTCCTGGCAACATCCTTCATTGCAAAATTTCCCGGAAGGGTAGTGCATGGAGTGGTTGGGTGGCAGAGACGTGGEAG -49

-48  TGACCAGGGTTCACGGAGGAAGGAACCAAGTGACATCCCAAGGGTTGC -1

Fig. 3 Predicted TFBS of dog CD74 gene by Match 1.0 Public.

Rightward arrows indicate plus strand and leftward arrows indicate minus strand, respectively. Numbers
on the right and left of each row represent nucleotide position of Figure 1A. Top sequence is a general
breed type (C allele), and bottom sequence is a Yorkshire terrier type (T allele). Polymorphism positions

are shown by darkend box.

SNP 1 SNP 2
5’—‘—3\/ ——
s~ 1 Sy
‘ i L A
AARTEST s /930 GSA ™™=~ _.
LA R AR ) T-.I.-ll- .-..--._I.I-I.--
TGTCTG JCJTCATCAGG CAGAG AG CTECGGEY

e

/\[\ Gfr';ejl ‘ s“"‘u/‘\f“\/lzﬂ MMM\M

[
CAGA

A f Heterozygous -
ORI Nadin/ )
TeTCTG Afi|Tcatcac G, )
APV “ i A Yorkshlre

] ﬂ ‘ y\}\ terrier

Fig. 4 Schematic representation of SNP1 (-187 C>T) and
SNP 2 (c.930 G>A) located at CD14 structure.

Yorkshire terrier, the TT, TC, and CC genotype frequencies
for SNP1 were 0.672, 0.172, and 0.155, respectively. The T
and C allelic frequencies were 0.759 and 0.241, respectively.

The genotype frequencies indicated a significant departure

from HWE (p <0.01; x2 = 16.24 > 6.63). Yorkshire Terriers
which visited the veterinary teaching hospital at Azabu
University each have some sort of disease, and since there
is a possibility that it might have been biased, we excepted
those and examined. As a result, genotype frequencies
were 0.704, 0.259, and 0.037, respectively. The T and C
allelic frequencies were 0.833 and 0.167, respectively. The
genotype frequencies indicated consistent with HWE.

In humans, CD14 polymorphisms in the promoter region
are associated with allergic diseases®. To assess whether
SNP1 was associated with the pathogenesis of CAD in
Yorkshire Terriers, a case-control analysis was performed.
The numbers of CC, TC, and TT dogs in the CAD group were
0,4, and 6, respectively, and in the control group the numbers
were 1, 3, and 13. The genotype frequencies for SNP1 did
not differ significantly between these two groups (p = 0.67).

3.3. Transcriptional activity of AP-1 binding sequence
The C to T substitution of SNP1 in Yorkshire Terriers
did not show an AP-1 binding site in Match-1.0 Public



SNPs and AP-1 Binding Site of CD/4 Gene in Yorkie 7

N
)

oo ——D

2\

=P

-187Clluc  -187T/luc Mutation/luc
(TGACTCA) (TGATTCA) (TGATTTT)

Relative luciferase activity
—
1

o

Fig. 5 The comparison of luciferase activities between
general breed type CD14 promoter (-187C/luc)
and Yorkshire Terrier type (=187 T/luc).

THP-1 cells were transfected with the constructed reporter
plasmids of the general breed type SNP (TGACTCA),
Yorkshire Terrier type SNP (TGATTCA), or the mutated
control sequence (TGATTTT) at the predicted AP-1 binding
site and the plasmid expressing Renilla luciferase under
the control of the pRL-tk using PEI “Max”. At 48-h post-
transfection, cells were incubated with TPA (100 ng/mL) for
48 h. Firefly luciferase activity was normalized to the Renilla
luciferase activity. Data represent the mean value of triplicate
wells. The three independent experiments were performed
and each experiment was shown as different shapes.

(Fig. 3). Thus, to determine whether SNP1 modulated CD14
transcriptional activity, the luciferase activities of the general
breed type CD14 promoter (—/87C/luc) and Yorkshire
Terrier type (—187T/luc) were compared. The relative
activity of —/87T/luc was not significantly different from that
of —187C/luc (mean £ SD = 1.11 £ 0.62, n = 3). The relative
activity of the mutated negative control sequence could not
be detected (Fig. 5).

4. Discussion

To the best of our knowledge, the full length of
complete sequence and its polymorphisms have not been
previously elucidated in any dog breeds. Similar to other
mammals, almost 70% of the amino acid sequences and
characteristic structure of the disulfide bridges, LRR,
N-linked glycosylation sites, and GPI-anchor sites were
conserved in dog CD14 (Fig. 2). These results indicate that
dog CD14 can recognize LPS and has similar functions in
innate immune responses.

In addition, we revealed two SNPs in the dog CD14 gene,

namely SNP1 located at the AP-1 binding site and SNP2 at
the second exon. Because the silent mutation in SNP2 does
not affect gene regulation, we focused on the correlation
between SNP1 allele frequency and the prevalence of CAD,
as reported in humans ®. The genotype frequency of SNP1
was not associated with the prevalence of CAD. In humans,
correlations of the CD14 promoter at position —159 from
the TSS and concentrations of serum soluble CD14 and
total serum IgE are shown®. In the present study, we could
not examine the association of SNP1 with severity of CAD
because we didn’t evaluate degree of the severity and
sensitization such as clinical scores, allergen-specific serum
IgE test, and intradermal skin test in the healthy controls.
Thus, further research is warranted to examine SNP1 in the
pathogenesis of CAD.

In the dog CD14 gene, the AP-1 binding site was located
at position —190 from the TSS (Fig. 1). This location is
similar to that reported in the human (-220), rat (—270), and
mouse (—255) CD14 genes 319, THP-1 cells were used for
the luciferase assay of the dog CD/4 promotor containing
SNP1. AP-1 is known to bind the TPA response element
(TRE), 5'-TGACTCA-3' and induce the following transcript
in response to TPA. THP-1 cells can be induced by TPA
to differentiate into macrophage-like cells and express the
scavenger receptor gene, the transcript of which is regulated
by AP-119,

In humans, the SNP at position —159 in the CDI4
promotor is associated with increased disease risk; this
region binds to the transcription factor Sp family. The C
to T substitution at position —159 in CDI4 causes a slight
increase (32%) in luciferase activity in human monocytic
Mono Mac 6 cells compared with that in the wild type 7.
Conversely, a significant difference in the relative luciferase
activity between the general breed type CD14 promoter
(—187C/luc) and Yorkshire Terrier type (—1877/luc) was not
observed in the present study. AP-1, which comprises the
constituent proteins Jun and Fos, binds to the TGACTCA
consensus motif.

In previous work, the effect of all possible SNPs within
the TGACTCA motif on AP-1 and DNA interaction was
evaluated in vitro isothermal titration calorimetry using

synthetic double-stranded DNA oligos and E. coli expressed
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proteins '¥. Single nucleotide substitutions within the
TGACTCA motif did not abrogate the binding of the
Jun—Fos heterodimer, and the relative binding affinities
to the Jun—Fos heterodimer were not markedly different
between the TGACTCA and TGATTCA variants '®. The
AP-1 binding site of the TGATTCA motif has also been
reported in rodent CD14 promoters '>'¥. Our data (Fig. 5)
may indicate that both SNP1 alleles result in functional TRE
in dogs because the TRE mutation has completely lost the
basal transcription of CDI4.

Limitation of the present study is we could not show
the direct evidence of canine AP-1 activation on canine
CD14 promoter. Our results suggested SNP1 could bind
to human AP-1, but we could not examine to canine AP-1.
In the preliminary experiments, canine hepatocellular
carcinoma cell line (CHKS)!? failed to transfect with the
constructed reporter plasmids and a plasmid expressing
Renilla luciferase (data not shown). Because AP-1 binding
activity of rat apical sodium-dependent bile acid transporter
was examined in human and canine cell lines?” and the
presence of abundant AP-1 activity was suggested in THP-1
cells 19, we used THP-1 cells in the present study. If the
binding affinity to TGATTCA of the Jun—Fos heterodimer
were different between humans and dogs, SNP1 might
modulate the binding ability to canine AP-1. Thus, further
researches are required to examine canine AP-1 activation
on canine CD14 promoter by transcription factor binding
assay such as electrophoretic mobility shift assay, as
reported in humans 7.

Here, we cloned the full length of the dog CD14 gene for
the first time and examined polymorphisms among different
breeds. Similar to other mammals, the amino acid sequence
and the characteristic structures were conserved in dog
CD14. Two SNPs were identified. SNP1 (—187C>T) located
at a transcription factor AP-1 binding prediction site in
Yorkshire Terriers. SNP2 (c.930G>A), which was identified
in several dog breeds, was a silent mutation of Glu. The
correlation between SNP1 genotype and CAD in Yorkshire
Terriers was not significant. In addition, a significant
difference in the relative luciferase activity between
the general dog breed CD/14 promoter (—/87C/luc) and
Yorkshire Terrier type (—/877/luc) was not observed. The

5314 2019 4%

reporter plasmid harboring mutated sequence (TGATTTT)
lacked the relative luciferase activity. These results suggest
that both SNP1 alleles were functional TREs in dogs. CD14
was highly conserved in dog breeds, and its expression may

be regulated by transcription factor AP-1.
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Table S1 Enrolled dog breeds and the number
of samples for full sequences

Number

Dog breed
Yorkshire Terrier
Beagle
Shiba

American Cocker Spaniel
Miniature Schnauzer

Italian Greyhound

Cavalier King Charles Spaniel

Saluki

Papillon

Brussels Griffon
Bulldog

Pekingese
Pomeranian
Maltese

Miniature Pinscher

Labrador Retriever

4

—_— = = N W W W
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Table S2 Primers sequence used in this study and the product lengths

Primer name Forward Primer Reverse Primer Product(bp)
Primerl GGCTTGCAATCTCTTCCAAA GGTGCTTCGAGCCTCTATGT 531
Primer2 GAGTCTTGGCTTGAGGCACT TGCGCCCTTTAGAAATTGTT 698
Primer3 CACACCCTGCTTGCTGCT CGCGATGTTCAGTACCTTGA 523
Primer4 GGGCCTCAAGGTACTGAACA CAGCCCAGAGAAGGACAAGT 352
Primer5 TCTCTGTCCGCAAAAGTTCC GGCAATCTGAGGCAATTCAT 517
Primer6 GGGATGTCAGGAACTCTCGC CCTGTATTTTCCTAAGCATGTTTACCA 658
5’RACE RT Primer ~ AGCGTCAGTTCCTTG 497
5’RACE Primer 1st CGCGGACCCAAAGCAGTA CCACCTCGACGGCAATCATA 448
5’RACE Primer 2nd ~ TCACCGTGGCCTCTGCAC TCGTCGTCATCTACTTCGCAG 315
3’RACE Primer GGTACCCGGTGGGGATGTCAGGAA 624
3’RACE vector GAGCGGATAACAATTTCACACAGG CGCCAGGGTTTTCCCAGTCACGAC 805

specific Primer

Table S3 In silico database used in the study

Database

URL

MEGAG6 software
SignalP 4.0

NetNGlyc 1.0 software

PredGPI prediction server

TRANSFAC Public 6.0

White Paper on Household Animals 2015

http://megasoftware.net/
http://www.cbs.dtu.dk/services/SignalP-4.0/

http://www.cbs.dtu.dk/services/NetNGlyc/
http://gpcr.biocomp.unibo.it/predgpi/index.htm

http://www.gene-regulation.com/cgi-bin/pub/programs/match/bin/match.cgi
https://www.anicom-page.com/hakusho/book/pdf/book 201512.pdf




