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Characterization of TRAF4 mRNA and Functions related to tight
junction in pig
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2 % Tumor necrosis factor receptor associated factor 4 (TRAF4)= ARl 0ol A Fitd Fo, gA=
7o), ROS 2 Al 54 P4 5ol Tofst=s AR dA Qlvt. v x| o A7HA] 1 7|53 £/ st
A7/ B v Qiok, gekA] B Ao A= HA] TRAF4S] mRNA AFAES EA31, 1 7153 EA4S gotRy
A Y= It TRAFAY] AN LS ¥5]7] Aal =4 AFFhAZ(pK15)9lA total RNA &3t RACE (Rapid
Amplification of cDNA ends) PCRE $-33t31th. 2,030 97182 mRNA AZAIE B4, 470719 ofm]e
Ato g LA Flof Qi AL Q5T AFEE H9 Homologys B4% A3 242 93 % 121 90 %9 SAIES
WA, AR 870, Feke 12709 ofm]ieAt Apol7t Ql&Z& ERISHAUTE qPCRE 55t TRAF4, CLDN4, OCLN
183 TJP19] WS BA%E A3 A2 9] confluency Aol wet whdo] th2 A yehdS 1819, AlZ7F 40
% A% 1F Btk 60 %2 80 % o1 4] 3 LFolA fIH R =4 UEsTh B3 TRAF4Y 715 ERIsH]
$J5te] TRAF4 siRNA A& g 23} TRAF4S} tight junction T FHAF @A HAHS F2srAct waba] ARt
up§-A0} Zro] HjX|o A TRAF47} A=Y, NZ-AE 7+ 588 IS St= tight junctiond] Fofshs 2o R
Atz g},

Abstract Tumor necrosis factor receptor associated factor 4 (TRAF4) is found to be overexpressed in
human breast cancer. It plays a role in cancer metastasis, production of reactive oxygen species, and
cell polarity at membranes. The characteristics and functions of TRAF4 in pigs have not yet been
identified. As the first step of research, the mRNA sequence of TRAF4 in porcine cells has been
determined. To obtain the full-length sequence, rapid amplification of cDNA ends (RACE) has been
carried out. Upon cloning, 2,030 bp of nucleotides were found to encode 470 amino acids, and 8 and
12 amino acids were different from those of the human and mouse TRAF4, respectively. The coding
region of porcine TRAF4 was shown to be 93% and 90% homologous to human and mouse TRAF4,
respectively. qQPCR was conducted to determine the relative expression level of TRAF4. TRAF4 expression
in pK15 was enhanced by cell-cell contacts. The mRNA levels of CLDN4, OCLN, and TJP1 at 60% and
80% confluency were significantly higher than at 40% confluency. Further, TRAF4 and tight
junction-related genes were down-regulated upon treatment with TRAF4 siRNA. Thus, TRAF4 may affect

the function of tight junctions in pig.
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1. M2

TRAF4+= tumor necrosis factor receptor
(TNFR)-associated factors (TRAFs) family©ll <3}
o, AEZATAY RN vPdAY, AAE P4, 17
1 Fan gy 5ol 583 IS ol gHEE O
A ArH1-3]. 2 Axzdat Alzmetolx e Ht
oL} fHIet Aol IPLE Hi= AR d#A Stk
[1,4-5]. TRAF4 Yoz w0 -9 Hjo} A7,
4738 4 244 34 5ol Il Atk Bt
[2]. T3t EGFRQ Juxtamembrane F9J°] TRAF &
H|Qlo] AdstHA AMZFAT ASHD: 533t o
TS g6l TRAF4+= RING ZHQIF 77H9] zinc
finger, 12]3L TRAF =HQlo& =[] 9low, 27}
9] NLS A9 7HA1AL Qle Aol EAoltHT].

TRAF =Wl C-¥H upstreamo] 8715,
downstreamol| 2-871& 7F<It}. TRAFsS] ¥-g7]ofl=
=47 v RYE 7= AR BRuE vt §
1, 578 B8+ 3 4B 3, 849 92 18] FE0]
, ALHoZ2 = B 69 6, B 75 A5k FEOE
AHA Qlok. 291 AP FEOREE= 4,85 86
93 g 708 dEA gloH, of7|o= Tttt B
o] A%st= AR WA QItHSl. 124, TRAF4+=
HH 29 F4E H= 84 ZARYE K= A
oz d#A JoHIL

AR TRAF49] 739 NOD2(Nucleotide binding
oligomerization domain containing 2), GPVI, L&
I GPIbget Zgstol 2-g3HrH10-13). TRAF4S}
p47phoxe B4 G =849l GPIb-KX-V &3
A, 18a GPVI®F Ayl GPIb-X-V A=
Von Willebrand Factor(VWF)2F GPVI= SeHAx 2
odote] FHGIHREE FESITH3). o] FE of
4w 8490 GPIb-IX-V 2349} GPVIx= TRAF4
o} ¥gste] ROSE A4 & £y ofdz}, "WYY 4
4] 7162 Ad NOD2 §h&-9] 94 24 QIA=E Hil
=1 JtH3,11]. E3h TRAF4E Epithelial cellsollA]
ZF2 gdEy HZ-AEZ7F tight junctiond S350l Al
2 A& JF #ARAYo] Qe AC0E HiuET ok
[14]. o]2} o] TRAF4= ThFet A4 vk} st
of g st A0E AHA ot Al 715l o
SiAe oF7HA] HESHA g0l YA Tk

A, 2 Ao HA] TRAF4 349 AE&
A5kl A A [ AlEZS] confluency o wE

ol

=)

TRAF4 -279] W@} tight junctiond}9] A
£ B354}l st

2. Mz ¥ Wy

2.1 224 % RACE (Rapid Amplified cDNA
ends) PCR

2 Ao TAE AEE HA A% ) AEd
PK15% ©]85}9ct. Total RNAS £&]517] fisto] A=
HjFA 7o) et AMES 343t & trizol (Invitrogen)
£ A5t cDNAQ] g2 LA Taq HS (TaKaRa,
Japan)E AM3HTE cDNATHLS TRAF4 0] &
2to]H(5°-ATG CCC GGC TTC GAC TAC AAG TTT
CT-3", 5 -TCA GCT GAG GAT CTT TCG GGG
CAA T -3)& ol-&sto] AAISHL, o]F pSTBlue-1
g o] fxFote] S22t

TRAF49] AAA LGS Eol5l] JalA GeneRacer core
kit(Invitrogen)E AR&5te] RACE PCRO| 3=t

2.2 OfO|cAt HEH

Abg, =HA] Z1E)ar F9] TRAFS ofr|icdt AGS vl
EA517] Yot] Clustal Omega (www.ebi.ac.uk/
Tools/ msa/clustalO/)Z £4S AAJSIHT].

2.3 pK150{Al TRAF42} Tight junction & QX
N
6

pK15 AEE ZV7F

1

ot
Pt

1

well disholl Al 8i<F

Table 1. The primer sequence for real-time RT-PCR

Genes Sequence

F | TGCCAAGATCTACCCATACC
TRAF4

R | AGGGAACCACATTGAAGCTG

F  AGTGCAAGGTGTACGACTCGCT
CLDN4

R | GCTCTCATCATCCACGCAGTTGGTG
OCIN F  ACGGGAAAGTGAACGAGAAGC

R | GCTGCCTGAGGTCCTCCAC

- F  GTCCAGAATCTCGGAAAAGTGCC

R | GCTTCTTTCAATGCTCCATACCAACC
TRAF4 F  CCUCUGGACUAUGCCAAGATT
siRNA R | UCUUGGCAUAGUCCAGAGGAA
ACTE F  CATCACCATCGGCAACGAGC

R | TAGAGGTCCTTGCGGATGTC
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M7} 40 %, 60 %, 123 80 % 54] oFF= f A
£ 3]55to] total RNAE £&5t9Ith. Transcriptor
first strand cDNA synthesis kit(Roche)& ©]|-&5}]
cDNAZ M 3 & real-time RT-PCRS 335132
o, ARESH melo|H= Table 13 2t

2.4 pK150] TRAF4 siRNA sEH X

pK15 AZE 350 disholl viFste] S4] W=7t 70
% ol EEdl¥S o, Lipofectamin LTX & plus
reagent(Invitrogen)E AR&-3t9] 5 pM, 10 pM 11
25 pM9] siRNAE A5ttt 24A17F & 6 well dish
of| At vigsted 40 %, 60 %, LI 80 % o] F4] U
Lol ZE5lS W AEE 34513t o]F total RNA
2Z35lo] real-time RT-PCRES AA|sF3oH,
TRAF4, CLDN4, OCLN, 12T TJP19] < Ay
sttt

=

=2

2.9 AXze|

SAA 7= SAS Enterprise Guide 7.1 Z&27139]
Tukey's studentized range test(HSD)E ©]-&3}o] A
g7k 594 BAS AABFHITH/X0.05, Mean+SE).

IR ET

3. Zit =

=1}
=

3.1 =HX|0IAl TRAF4 mRNA sequence
FAMS 24

2292 534 IS TRAF4Y Y53 FS NCBIo|
SE50] Y+ XM_021067485.17 H|wslgct 1 4
3}, FZEQEE Eylo] opddog §igh zto]7} QIgle
U A ofuiAle 2o g FUSHA YERth
(Figure 1. A). TSt 5UTR¥} 3'UTRS Higoz
RACE PCRE AAR & 224 ¢Hstqt. 1 21t
=X TRAF4E ATGE 7HAIZECR 3° UT9] poly A
AFol AATAAA AEE ETE 2,030719 @718 o=
o|FolA lom, 4707} ofu|iAto® F/AJE|o] Qlrk=

7Y

AL ERIskAtHFigure 1B). WA, WA LS &4
Sto 2/ FR|o| A= TRAF4 AR} 27} 9l2S &
st = Ak
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Query 1261 1320

TEELLREELEEE il

VELELLETTEETT T
sbjct 1140 TTTGCC! TGCT

[ARRRRRNNS]
TCAGAGCGAAC! ,\I TAA 1199

AGTTCGCCCCGCTCGGAGCCGGGAGCGCGGCCGGAGCGAGGCGCGGGCTGTGGGGCTGCCGCGTGCCCGGCCCCGLT
CCCGTGCCCGCCCGCCATGCCCGGCTTCGACTACAAGTTTCTGGAGAAGCCCAAGCGGCGGCTGCTGTGCCCGCTGTGC
GAAGCCCATGCGCGAGCCTGTGCAGGTTTCTACCTGCGGCCACCGCTTCTGCGACACCTGCCTACAGGAGTTCCTCAGTC
GGAGTCTTCAAATGCCCTGAGGACCAACTTCCTCTGGACTATGCCAAGATCTACCCAGACCCAGAGCTAGAGGTACAGG
GGGCCTGCCTATCCGCTGCATCCACAGTGAGGAGGGCTGCCGCTGGAGTGGGCCACTTCGGCACCTGCAGGGCCACCT
TACCTGCAGCTTCAATGTGGTTCCCTGCCCCAACCGCTGTCCCACCAAGCTGAGCCGCCGGGATCTGCCCGCACACCTGC
ACGACTGCCCCAAGCGGCGCCTCAAGTGCGAGTTCTGTGGCTGTGACTTCAGCGGGGAGGCCTTTGAGAGCCACGAGC
TGTGCCCCCAAGAGAGTGTGTACTGTGAGAACAAGTGCGGGGCCCGCATGATGCGGCGGCTGCTGGCCCAGCATGCCA!
CTGAGTGCCCCAAGCGCACCCAGCCTTGCACCTACTGCACCAAGGAGTTCGTCTTTGACACCATCCAGAGCCACCAGTA
GTGCCCCAGGCTGCCTGTGCCCTGCCCCAACCAGTGTGGCGTGGGCACTGTGGCCCGGGAGGACCTGCCCGGCCATCTC
GGACAGCTGCAGCACTGCCCTGGTGCTGTGCCCATTCAAAGACTCTGGCTGCAAGCACAGGTGCCCTAAGCTGGCAATC
ACGGCACGTGGAGGAGAGCGTGAAGCCACATCTGGCCATGATGTGCGCCCTGGTGAGCCGGCAGCGGCAGGAGCTGC
AGCTGCGGAGAGAGCTGGAGGAGCTGTCGGTGGGCAGTGACGGCGTGCTCATCTGGAAGATTGGCAGTTACGGGCGC!
CTACAGGAGGCCAAAGCCAAGCCCAACCTCGAGTGCTTCAGCCCCGCCTTCTACACGCATAAGTATGGCTACAAGCTGC
TCTCTGCTTTCCTCAACGGCAACGGCAGCGGGGAGGGCACACACCTCTCGCTCTACATTCGCGTGCTGCCAGGTGCCTT
CAATCTCCTTGAGTGGCCCTTTGCCCGCCGCGTCACCTTCTCCCTGCTGGATCAGAGCGAACCTGGGCTGGCTAAGCCAC
ATGTCACTGAGACCTTTCACCCTGACCCAAACTGGAAGAATTTCCAAAAACCAGGCACTTGGCGGGGCTCCCTGGATGA
TTCGCTGGGCTTTGGCTACCCCAAGTTCATCTCCCACCAGGATATCCGCAAGCGAAACTATGTGCGGGATGATGCAGTCT
CCGTGCCTCTGTTGAATTGCCCCGAAAGATCCTCAGCTGAGTGCAGACCCAGCTGCAGGAGAAAGGGGGTGGGAAGTT
ATCAGGCACTGGCTGAGGCTGGAGAGGGGGCCGGACCCCCTTACAGCTGTCTCTGCTGCCTAGGTTCTGTTCCCCCTCCC
TTCCCCACCACCCACAGGTGCCTCCTATTGGTGCTTCAGCCCTGGCCTCTGGGGAGAGCAGGTCTTTGGGTCATCAAGGC
GGAAACAAGTGATCCCAGGGCCTGTCTCCTGGGCAGGGCAGACATGCCTTGGCGCCAGCCACACTCTACCCAGGACTG
TGCCTGCTGGTGCTATGTCCCAAGAGCCAT TAATTTAAAAAATCTC
TGAAATCTGATTTCCCCTTCCCCCAGCTGTGTCCCCTCTGGTTATTTATTTACTTATTGCCAGAAGGGCACAGCAGGGGAAL
CTGATTTTTAATAAATCCTGAATTGTATTTATT/

®

Fig. 1. Identification of porcine TRAF4 mRNA sequence.
(A) CCT to CCA in comparison with
XM_021067485.1 (B) 2,030 base pairs of
porcine TRAF4

A, uke-A, 83 A fAE AASE 5
571 9okl TRAF4 f3A9] A7AES Ed=
neighbor-joining method(Clustal Omega)S &-&3}
Ak BAR Ay, =ix ek Abgol 0.03432, 1A
0.039999] £=2]7} ERI=|loH, o]Z- 0.06334F 1
Bt mheART £ Fo fATAL fH¥oR H
o A Ath= AL Eof = dijoltkFigure 2.).

l Mouse 0.06334
[ Human 0.03999
Pig 0.03432
Fig. 2. Phylogenetic relationship of TRAF4 with
representative species using
neighbor-joining method.

TS TRAF49] 7t A5de &4
3% AT 87, Fleke 12717 Eve S
]

st9ich. HiA] TRAF4 43599 AEL HwHS 73

=]

ZelstitHTable 2.).
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Table 2. Nonhomologic amino acid lists of residue

amino acid
residue Mouse Pig Human
number

80 Ala Pro Pro
111 Val Val Ile

119 Ala Thr Met
153 Tyr Phe Tyr
159 Val Val Met
196 Ala Thr Thr
204 Tyr Phe Phe
220 Pro Pro Ala
237 Thr Gly Gly
244 Ser Ser Asn
247 Phe Leu Leu
254 Glu Asp Asp
267 Gly Ala Ala
304 Ile Val Val
365 Ile Leu Leu
395 Asp Glu Asp
461 Ser Ser Ala

Aol A= TRAF47F NOD2, PIP3, 18]3 GPIbA
T Adoke Ao® 4EA Utk TRAF =HQLE
PIP3%}F A¥sh= R297, K313, 18|11 K345 FEo2
954 9lom, GPIbAR= N355, S357, Y366, F434,
831 Y436 F&o] afets Ao HuEirH15]
ueba, 2 AFOAE ARgolA vehd Azl 22
binding site7} $=A] ERISH] Y5to] ofu|iil A
< A8 A3} Figure 394 UERd Biel o] =7
TRAF49] TRAF Erlo] PIP3, NOD2 181 GPIbA
binging sites’} &= AL &It 4= U

IS TRAF4E TRAF2, 3, 8|1 59k= th27 ofr]
LAF 4215F 426714 1=1E 7D Q] o] EdH
2] TRAF49] TRAF TZH|QlolME ERl= it &5,
A74262 IKKeoll 93] UAksE =lo] NOD2¢F Agtst
L4l o] NOD29| 93t Ae S JAsH= oz
A QtH11,15]. PIP3E TRAF49] TRAF ZH|lo]
ZA3otA =W TRAF47F AlZehE o] Yot A
u7fskA she S rH12-13].

mouse  ELS IGSDGVLIW IGSYGRRLQEAKAKPNLECFSPAF THKYGY/ LQVSAFLNGNGSGEG 360
Pig ELSVGSDGVLIW- IGSYGRRLQEAKAKPNLECFSPAF THKYGY/ LOVSAFLNGNGSGEG 360
human  ELSVGSDGVLIW (IGSYGRRLQEAKAKPNLECFSPAF THKYGY ' LQVSAFLNGNGSGEG 360
mouse  THLS IYIRVLPGAFDNLLEWPFARRVTFSLLDQSDPGLAKPQHVTETFHPDPNWKNFQKP 420
pig THLSLYIRVLPGAFDNLLEWPFARRVTFSLLDQS E PGLAKPQHVTETFHPDPNWKNFQKP 420
human  THLSLYIRVLPGAFDNLLEWPFARRVTFSLLDQSDPGLAKPQHY TETFHPDPNWKNFQKP 420
mouse  GTWRGSLDESSLGFGYPKFISHQDIRKRNYVRDDAVFIRASVELPRKILS 470
pig GTWRGSLE FISHQL YVRDI PRKILS 470
human  GTWRGSLDESSLGFGYPKFISHQDIRKRNYVRDDAVFIRAAVELPRKILS 470

Fig. 3. Reserved binding sites of PIP3, NOD2 and GPIb
B on the TRAF4. Yellow : PIP3, Blue : NOD2,
Red : GPIbA.
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3.2 pk15 MIZ0|IM TRAF48} Tight junction 2+
SR} Wl 2o

Rousseau 52(2011) AE -4 2204 TRAF4E
BEEN slE W TJPIol fiAske FHEolA
co-localization & Z& EISFATHIG6L. FHolA=
it A & 8.59014] 13.5 dpc(days post coitum)
oA &3] =2 TS Btk d=A AoH17]. et
A, 2 AtolAs pkl5 AlEZE o]-8&sto] TRAF4 4
A7} tight junction 3 ATIA7E A 1 ARE &
Q57 flote] Ax F4] Ao g F32 FE £4
< AASITE ME F4]o] 40 %4 80 %E F7Ft
 tight junction® ¥&E CLDN4, OCLN, 183
TJP19] E& FAJo TRAF4S] HEE FoHog &
A UepdE &It tHFigure 4). Epithelial %
mCCDc11 AEZoA A= dx7}t 2716 o A& 8
TJP1 &&o] 718kl OCLN 2d 24| 57F she Bal
(18-1919h= ARG Aa}etal AlmElch

o
—_—
e

RQto ACTB
[ -
T
W
o

~
—

-

L b C b b
0!. \!.J! 4!

TRAM CLDNG oanN Pl

Fig. 4. Relative expression level of TRAF4 and tight
junction related genes in pk15 cell. 8 - actin
used as reference gene (*°P { 0.05. Data
are means *+ SE).

E3SH TRAF49} tight junction®te] A oS
AZsl7] Yste] TRAF4 siRNAS A 2|519ich TRAF4
siRNA 35579 Z+ 5=% 5 pM, 10 pM, J81 25
pM AF| & 24A17F BT viget & TRAF4S] HEHE o]
WEAFITE 11 A3 siRNA 2, 25 pM =& A5}
AL W TRAF4S A3 ads A 4+ 9l9loH
(Figure 5), o|% A5 o] 2L HIFOZ 35

o



23]
=9

A7 &8tE =R A A214 A5%, 2020

6.00

5.00

JIJW

10 pMm 25 pM

S

4.00
W neg. con

3.00 msRNAL

RQto ACTB

sRNAZ

2.00 SRNA3

1.00

0.00

Fig. 5. TRAF4 expression in siRNAs treated pkl5
cells (* P ¢ 0.05. Data are means + SE).

ME WiF confluencyd EASH ZAdl AE9
connection®] T4 &2 40 % A|Ztof| A= TRAF4]
gt siRNA A9 Z37F YeltA] eedeh 2184 60 %
I 80 % A= connection®] U= IF9 AF
TRAFZ}«] HT‘o:]O] ‘I‘I"’]Xq»—i 71—/\01—-— I"J—O]o]— 2 2101
o} ESF TRAF4S] B Wskel &7 tight junction ¥

d FaAe] TdS geIgt 23 CLDN4, OCLN 19
I TIP1E foFog 2A yegthFigure 6). AR
T R AZHK-2)o14 OCLNZ} TJP19] %
Ho] siRNAE A2oIS o ZAstg o, xutsa
34 (Transepithelial electrical resistance, TER)©]
2ol a1, GAEY FEigo] Eobfthe E_le} At
[19]. A AFFEHAE LLC-PK1& ©o]-83F AFofA
TJP19] ohgt siRNA A=Al CLDN2 T Eof7}
=i, Z2RE g4go] Forsitke 237t Eud Ht
AUCH18L. oldt ZA¥E HECE Sigls o, =X
TRAF4AL ARtollAl B A3 Zo]

tight junction@+
H FAX] HHo| JFE vAlE= AR AlmH
4.50

A=

1__

4.00
3.50
3.00
 neg. con

2.50

2.00

RQto ACTB

1.50
1.00

0.5

S

| diki”

CLDN4 OCLN TPl

0.00

Fig. 6. Relative expression patterns of TRAF4 and
tight junction associated genes after
SiRNA®#2) treatment (*™“P ¢ 0.05. Data are
means *+ SE).

220

4, A=
E AT A7 v o R =R TRAF4 Id 9 A =-
ANIE ZF tight junction T FARE £ 23 o2
I e ARS At

(1) =A TRAF4 mRNA 422 2,030 bp & 470 7N
9] ofu|i Ao 2 A E|o] glom, mp AL ARt
T FAMO] B2 ZoE Yehdth

Aol A Uehhs A3t Zo] =ix|ollA = PIP3,
NOD2, 183 GPIbg 2] A%t X7t = A
S 3olslt)

@

(3) Al FA4lo] F7Hgtel w2t TRAF4Y] @ #vt
olya}, CLDN4, OCLN, 183l TJP1 &do] &
olH oz Eolon TRAF4 siRNA A ]of|A]
£ fodoz A AL RISt

£ AFo)4 TRAFS A ES AT =M HX|oA
OX*Z]J]' AES I 4= U, AT} Fe} vl
SIS A fAHdOl =4 U= AS gRlskiit
E3F PIP3, NOD2, 18]al GPIbg A¥AE7 Al
2ol §A =] UZ Hut oftjzl ME-AE b tight
junction9ME JFE vX& AR Uetdt} wet
A, o]#gt A3HE vl o2 TRAF4 F-AA7F ANE 5=
Fo| A Bak ofye}l AJAA| L] HiR] wf whg ThA oA
= oGA FEsH=A 1 752 RARS] 718S 8

shAt gt
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