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Q o Z{Fo EA5}= Collectin-Placenta 1 (CL-P1)2 E3t o8] £79 scavenger &A1= F& W3] A&,
| YT Al gyo] HdEE EXo|tt o] EAk= A H AUE AE d (oxLDL)O| Zgsto]
A= A=E th F g Zolt}. o] #A F AZAIHo] CL-P1 243}0f| ol FkZ vIA=7HE 15K
o AZAE-2 438} B3-S "ol A SHZ Y AAA 9EZ st AERE A= PATAE dHA Sl
2 =AM uhes CL P1 %ﬂ Al promoter F-42] AL AZF FRE -500 WA A717149] ©HS DNA a4
£ o]goto] E2Y ofct I Fof thAAE AL RAW264.7 L A-FotAZA D] NIH3T3 Al2of =Qsto] A=
A€ol CL-P1 44A &0 ojudt JaFE uX=X]o] gt A+E sttt o] FHole= AlZEF7] 248 QIARI E2F
AEHEAE HFEHA o8 F/FY DAL JAAVE B F71AE0] o AR5t Qo olHEE 50097 dHE
pGL4.10 7|2 g 9 a2 weo] AZAI] T N2 =YX 281 viF Fo AZNES AP st |44 &d
TS FF AL EAVHoRE S5t I A |AR do] Al EE ¥F 29 -250004 -3504t019] ¥7]E0°]

CL-P1 g ety Fasiche 22 stdch. 1 FME E2FET 297 2542 A olek: 22 DNA
Sollo] ¢S B9 ol sloirh. o Ha AEQ RAW2647 o] AZARE 7t g A7}, wjokgs] wrlof
A geshs @4 SISt 5 UdE CL-PIede] A=A ofs) AE Hwle] B3 B Je Fi
AS St

Abstract Several types of scavenger receptors, including the Collectin-Placenta 1 (CL-P1) receptorthat is
present in mammals, are molecules that are expressed on the surfaces of endothelial cells, macrophages
and smooth muscle cells. These molecules are cell surface glycoproteins that can be conjugated to
oxidized low density lipoprotein (oxLDL). Among these molecules, the effect of quercetin on CL-P1
activation has been confirmed. Quercetin is known as an antioxidant that stops oxidation because it acts
to remove free radicals that are responsible for the oxidation reaction. In this study, fragments from the
transcription start site of the mouse CL-P1 gene promoter to the -500th base were cloned using DNA
polymerase. These fragments were then introduced into macrophage like RAW264.7 cells and
fibroblast-like NIH3T3 cells to study the effect of quercetin on the CL-P1 gene expression. As a result,
we found that bases ranging from -250 to -350 in the anterior part where gene expression starts are
important for producing CL-P1 protein. Among them, the DNA mutation experiments we performed
confirmed that the E2F binding sites are critical for producing the CL-P1 protein? In addition, when
quercetin was added to the RAW264.7 culture medium, which was a culture of adherent cells,
observedthe phenomenon of the cells falling off from the surface of the culture container.
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Scavenger &A1= 27| AF4l9] BA}F Fof 53}
HPAY W3Rl £H7t gl BAE AAsH: 49
2871 +8AE FA AtHL, 2, 3]. FZTol= s34
AEEE 9 i gekate] ARtz Alof|A9] Scavenger
F-8A0 gk A+ 5ol o]FoiA QUeH4l. CL-P1RA
A= Scavenger 8419 YF 02 wIE At Al
3 QR 52 golomre A ogEnt ohe
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CL-P1 Z¥¥ £49] cDNAE Efut RNAZRH A
Y Holow & I YT Alxo] EXjste AoE
HIUEATH5]. CL-P19] EAFFF0A] AliLdo] $1x|5¢
= N 22 dof] 45E Agst= 92 otal, EFAA
AEFQl JQl ¢ AP Y 99, F2H -FAF 49
9 C-geh g=8HE Q14 &H[Ql (CRD) & 4 =of
At EF QA CL-P1& HBHeRE Wdshe=
Chinese Hamster Ovary (CHO) Al=9} 217k &% Ul
1 AM|E(Human Umbilical Vascular Eendothelial
Cells, HUVECs) ©fl CL-P1& W& AJAA 3% F2<]
Ao R4t (Zymosan) © Wi A% 2 HHE EsH
TH13]. o]€j9] o7 AT A= HEFH +8F o ¢
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Qlo] H&= 3 U9l oy 71A] ulE
7o) A¥HoE ;o] gt Ao= I}
[14].
a=y <l
T 199E

9 ukA9] CL-P1 FAAS] AAL 24
Aotz 24 7|14 et At AU
o} 3 =RolAl= o]Fof| QIF CL-P1 f34H] HAF &
A 71A0f gt Aol o]ojA, mRe-AoAY] HARRE
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Wy A5} ghelo] fofolal 9l Ao AEl A=A
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radical)®] AAA = A-gsto] ThE RO 43S A
3= FASHAIR BRHTHI6). B3 o8 £/ d
= 243 AFIAY BE AAE She AoER oY
ek &, oA QA4S 84 (Protein Kinase)Ql
047‘1]%”]' ozt oAERA =84S B3} Al
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AZF 3% A7 Fol AZADL A0
ThA] 1402k wleF Sho] TS Wik el
| Amsh geisie B4 Sl stk
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HFEH
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2.1 AN 2 OMIZE BHOS

oE AR g YASHA] Y+= 3 Sigma-Aldrich
(St. Louis, MO, USA)IlA 43t A& AR siqith
RAW264.7M22} NIH3T3A|ZE= American Type
Culture Collection (Manassas, VA, USA)°lA 4%
ot AIXZE Dulbecco's modified Eagle's BiA]
(DMEM, GIBCO, Grand Island, NY, USA)?} 10 %
FBS7} 2% ¥ MEM (GIBCO)IA Z+2 v sh3ict.
AFE AEE= 37 €, 5 % CO, 349 75 uo] A
HjoF SRt

2.2 OZ0E DNA HZ U PCR 2
DNAZHAAE o]&sto] uheA CL-P1 A%
nERE FE= AF -500004 HAE AlRtEE
+17H49] 500 B7|FEE tha9] ZefolH o]-g-5}
o] nhe-A Als golBe|g] &HoA £ st &,
DNA 5%&4 A4 ¥ (PCR) 1A 3 @3o=z
FE AZ"E AwDNAE ARESIL, oo AA
(forward) ¢} FEJAA (backward) Zeto|Hofl= Z+zt
EcoRV ©t Kpnl®] ARtAA AIEE dojA] Azt
DNAAJol Hsl=s Asteict.
CL-P1-EcoRV (HAI&): 5'- CGG_ATA TCA AGG
GAA GGT TCG CGC GGG AGG CAC CTC CGT -3’
CL-P1-Kpn/ (F] AlA): 5'- ATG GTA CCA
TGG TGA CTT CGG ATT CTG GCC ACT CGG -3’
PCRY¥ME-2 A& 587F DNAE WAAIZI7] fld)
95°C oA 583F 7HE Sttt 71 W/3H DNAE
94°CollA 30x THA] B4 AlX1 =, Als DNASF A&
H mto|HE 2 Al717] {8l 65°C 1& 7k 5t
DNAZS E4E WRSAIA 72°ColA 1823t 9%
Al o] §h&-Z 303] ¥HEste] T2 KRS A&t
ottt ol AMEE 714+ PCR thermal cycler
model 480 (Takara Shuzo, Tokyo, Japan)& AR&5
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=

479

%t} PCRO] 9J5) 434 DNAE #lE] DNAS 23}
7] 3l ZZte] DNAE Alstas Kpnit FcoRV ¥h-s
AZ1 %, 3P A7) FE7] (agaros geDoll HAAIAA
EX5l= DNA 22 dguiA FAleigich 71 & F
DNAE dZa2 (ligase)® AZsto] Tzne TS
SAsteltt. olnf AFE Al 7IE= QlAquick Gel
Extraction kit (Qiagen, Hilden, Germany)S AF&-3}
ok 29" DNAS @7HigZ gelstz] 918 DNA

(0]

sequencings &9l gRIstrt. 121 4FY AV|E
AAT -2 2 wE A2 o thed 22 Zefo]
HE AZote] 4719k 22 HHoR Y= DNAE A
Zstgict.
mP1A (reverse), 5'- AT GGT ACC CGT TTG
GGG AAG GGC CCA CCT TAC CCC CCG CC-3/,
mP1A1 (reverse), 5'- AT GGT ACC GAC CCC
AGC AGC AGC GGC ACC TTA GGT GCT CG-3’,
mP1A2 (reverse), 5'- AT GGT ACC GGG AAA
AAG AGA GAG CCC GCG CGA GTG GGG CC-3’,
mP1B (forward), 5'-AC GAT ATC GGT GAC
CGT GGG GAC GCA CCG CCG GCC GG -3":
mP1C (reverse), 5'-AC GAT ATC CCC GGC
CGA GCG AGC GGC CGC GCC CAC GCc ccT
C-3,
mP1C (forward), 5'-AC GAT ATC TCT CCT
GCG CGC CCT GGC CCC ACT CGC GCG G-3’
U= 7 FE2 Agtaart 28stke 471 S YE
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(luciferase) FAA7F 01 QlojA] ZRWE FEo| A
2 25 Hotd 9gad duldo] AR, S A
gaAvt 288 4= Qe 71EE YSoR SN F%
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L2 E DNAE Z=9A717] Aol oA AfopAa
Ot PAAEE =Y oFF Hof vt 3, 96 well plate
ol 8 x 10° HEE 3fo] ThA] 24A17H wFic). AE
7} 96 well plate B}=] 80-90% A A2k DNAS
T Al olff =9 DNAE Z2RH %3 DNA
0.1 pg ¥ control DNAQ! pGL4.74 5ngS FAlol A
got=tl, pGL4.74+= dlixF7 TFaL FHA7E =019
= DNAR IZEHE 4o #Aglo] 449 &4 U
Effjof 3}, & DNAZF 4% T9lo] HIA=AE &l
Sh= Ao\t (renilla luciferase, Promega). DNAQ] A
X Y =Y Ao+ Lipofectamine LTX (Invitrogen)
ARESFAL, E9) 5-6A1ZF o= Al HiFH o R wEkst
of LTXE QIgh Z4& AEE AASHY 24412 viFE A
519t} 1 Fof 10uMY] ASNEE AH2e = 1AIXE
HiRkS AlGsiGinh Higo] Ed Az Aids
(PBOZE A& Fof WFEA (luciferase)oll 25t &4
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3.1 THAIMIEE (RAW264.7 cell)0fl U0iAQ| 22

Ef S 9 3 EX| OIX}

o sfele oAM=
ng o B olg
J5He Algolut 3
2& 270 go] e FAsto]
CL-P13-4A 4ol J7 ] 0P27/} SH= AZhof| A
AAISHIT. ARSRt RAW264.7 ME= A9 BE 7S

o9 EAS
ol sht= o4l

480

o] =3t ti A2} ZAY FARSH | izl &=
SEAWAA 223 A A ARESEIE
I la oA =YE DNAS 220 E JI9g e}
W ot 2 23 9 1b 34 I moA Hojgzol
50097122 o]FolA mP1 Kt} 150 ¥7|40] &
olE mP1AoA /o] 2 A& gl & 4= AU
1183 mP1ET 10097171 €01€ mP1AlA = DW
ol Ax ZrAsl= AR ol T 4= QI 1 &
1009717} &orzl (=150 / +1)olAe ZHARE/do]l ALY
AZo] 7P7hg Aredl s Zlskeirh
o] Ait= FHA LEWEH HE2 %}H% ol §
£ Aotk & 5ol EAsk=dl o] FEEol Ao
QIRfeF SARIAL Sol (Y78 AARRIAD 730‘6?@] a4l
+ 52 - IS Eoh= A2 I F £ it a8
7P TR A2 -3500014 150 79| Jqo &4
o] Fagt K97t et gl & £ Ak
1% 1b9 mP1A2 9} mPlB-J wﬂ JzojlA] Hojs
0] o] K97} EXsfjof gto] o] &A UEhdth=
2 hiE dhgol Fasitte AEo|th
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(-500) +1)

(mP1)

(-350) (+1)

(mP1-A)
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(mP1-A1)
(-150) +1)
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Fig. 1. Mouse CL-P1 promoter.

(a) The promoter region from +1 base to -500 base
upstream was divided into five parts to analyze the
part important for the activity of the promoter. (b)
The gray graph shows the activity of the control
promoter and the black graph shows the activity of
quercetin treated for 1 hour.

olfoll= CL-P17A} do] =] B AFA=
QS 2ARP] 3l FAlol A=AES #=]ste] A
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3t AWt 39 1be) Zed Tefmolct. ge 4Y 7hs
3 29e 245 A5 1 30 s AzAEel &
W} ek A BT 5 Aok AZARS Gust

E£A2 g ok} Wi 9] AF Zof Wo| &gt
% 1bolA AZAEY] AFo 2 mPloAE A9 3H|
9] Ao J7loke AL ERl T = Ut oJAY
=500} -250 Ate]o] AZAE §Hg- F97F EXgith=
g IRNAFE= o2, U AZAE A=) gt
BAsk= -2500014 +1744] FhollA= ZHESHA] e
Aoz wrElQlth (18 1b9 mP1Al, mP1A2, mP1B).

3.2 HiXI ZHE U= HY &E0| CL-P1 &I=
ZE0| DXl g

I8 1 oM ol Aiks AlZEF Al Eurxe
8 Solx] FF ABo| nghe Aol AE Yet
ok, T2y @348 T2 e 40 9T F

© FE2 7 o] xAF U I8 2904=
@"3*3—5—01 AAE AejollA Z2rE 9] LA} A=A
go] FF= AR A5l A AlZEE BHo] 2okd
Hﬂ?qoﬂfﬂ “H%*‘} T, @S A fste] 724

w2 = wAste] 1413 B ol A=AES 7Rt A

EoflA19] 1AI7F vjkFo] CL-P1 B/3& 745ttt
o714 2= -35001M +17k4]9] YA mP1A9

ZzREAE FEH JHNM A=A—bA 28] oF

T T 270
de A =0

1.5419] gH4do] Z7I5I= RS A

of7]A oJulst= 2 -3507 -250 H7IARelol A=A
glo] HkgRIth= 22 ojuljith
4
36
3.5
3 serum(-)
W serum(+)
25
2
2
1.5
1
06
05 04 04 y
mP1 mP1A mP1A1 mP1A2 mP1B

Fig. 2. Quercetin stimulation with and without serum
components.

Cells were cultured in serum-free medium for 1 hour

and quercetin was added for 1 hour to measure

CL-P1 activity (grey bar). The black graph was

treated with quercetin after one hour incubation

with fresh serum medium.
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%

43 HHXIOIA HZMEIO] CL-P1 Z2E

20 DRl 3
SEPE PENENELE PUEREEEY BB
b B GRS W RIS 24P Y5l ARe

Z2HEQ mPIC ¥ E2FEATRIE EHo] A
mP1ImCE AZ5t3ct. ESE mP1AS] E2F AO|EE &
%ol AlZl mP1mAE Al&ste] ZHe] & %oz +
A Z2HH| 4L RAE E3ith (19 3b9] B&
Z] 1= H)

J9 32004 HojF= HRe} Zo] 534 FH0A
E2F 9 ¥7]i¥Q] TTTCGCGCE TACAGTGCE W
SFA1Z1 mP1mAY mP1mColA FZ3HA E4de] §lo]

Ae 2 19 3bolA ERIsigit &, A=Al 23
Aoz ¥he3sl= ROy} E2FQ Ao & Fol Ht} o
714 = g = = AL -5000014 -350 74| & -
1oooﬂﬂi +17H] = & OE AL Alo] 2EAA} 2-E
Sl Zlo] ofd7} sk= Zo] mP13}F mP1B9| /g0l
Hojxy Qlr}.

(-500) (+1)

(mP1)

(-350) (+1)

(mP1-A)

(-350) (+1)
(+1)

(+1)

(mP1-mA) -
(-250)
(mP1-AT)

(-150)
(mP1-A2)

(-100)
(mP1-B)

(-350) (-100)

(mP1-C)

(-350)

(-100)

(mP1-mC)

@D E2F=DRTF(differentiation-regulated transcription factor) TTTCGCGC> TACAGTGC

(a)

3.7
‘ 1hr serum(-)g) Thr Quercetin (-/+) in serum(-) ‘

Quercetin(-) B Quercetin(+)

24

0.6 0.6

0.5

o3 010'\ 0.
R |

mP1A  mP1mA mP1A1 mP1A2 mP1B
——

b

Fig. 3. Assay of transcriptional activity by using

mutated promoters.
(a) The E2F portion with the changed base was
marked with an ellipse. (b) The black bars were
incubated in serum-free medium for 1 hour to
remove residual serum components, followed by
addition of quercetin and incubation for 1 hour. The
gray bars did not add quercetin.

0.1,

mP1

mP1C  mP1mC
——
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o714 Ak= -5009014 -350714]9] <} -100
oA +199S 23t T8 RE AL YR o5
A a3lE HolARt (Fig. 1b), o] F971 A~
H AeolA= AZAIRC] ZHH0F E2FFolo] A&
slo] AARAE Eole Aoz HoFi 9t (Fig.
2b). o/F<] dlolelollA B Huat A=A 28
AE o B FRIT 4= AUARE FEeE Fiol A
© & B2 A7 Zesial Alrdh

3.4 HROMMIE (NIH 3T3 ME)0f| A0IAS 222

EETRIE R R

35

30
‘ wConm Que|

25

20

Mock mP1 mP1A mP1A1 mP1A2 mP1B mP1C

(a)

mP1mC

mP1mA mP1C

(b

mP1A

Fig. 4. Measurement of promoters activity in NIH3T3
cells in medium where serum is present.

(a) Promoter activity was measured by treating

quercetin for 1 hour. (b) Indicating the promoter

activity of mutant mPImA and mP1mC. The black

bars are quercetin treated in serum containing

medium.

&M et 22 whHo 2 FyAdRol 2gkE iAo
A dfeFet kA 4G ofNE (fibroblast cell)S!
NIH3T30lA &4& ZAISHGIT Figda oA Hol& HE
9} Zro] DNA =9 Fof 4 s Fig 1bet -RASHA
ot 7IMZ & 4= Qe A2 E2FA|EZE AAE A=

9l mP1AS%H mP1A2014] AZAE 5ol BAgo]
ol st @S HolF Stk E2FE ¥ol Al
24 2% 17 BAME o] AolErt B F2
3 2901 212 SIS Sk (Fig. 4b). o171 %Al
2% 4 9 AL -5003 -350 Aolo] A= A
o] Aojolrt EARICRL £ 4 ek

3.5 AZHIEI| RAW264.7 cell HIOY Dxl= &
AzA=o] CL-P1HAHA T Be AL &
AL RIS, o] HEo] Az ARl ofF L
FA) 7V 7He ABE B9 Lohnslz Bt (Fig.
5). ShAAIEE HFH B LR WeRE7IoA wo

I 49 vigo] BastEA Ak Zo] SAolc,

0%

o r|r

b

Fig. 5. Morphological change of RAW264.7 under
quercetin stimulation.

(a) Culture in serum-present medium. (b) After

incubation for 1 hour in serum-free medium,

quercetin was added and incubated for 1 hour.
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UNHAQl Al v Al Hjekdo] FHo] FHF
10% =% H7kshed], o] @4de w2 579 74
A5 GAst Al7le Edo] EAitt 12 o ¥
Ae @3 £ slollA Hig Foll F2% A= wAlst
of 1A ¥ & AZAES HF 10 uM s& =HA b

Aol 7rste] ThAITAIZE BleF ShRict. 1 $of A atuieF
SIS BHAETE AT 3 4 AIZFHE dvl
oz WSt Fig. 5b oM 9] 2= Al=AHo]
M vigdo] H7F HAZ o F2AZE] 50%013
HiFE7101A Eeeke @de UEriH A27t wid
87100 F2tsH7] s Al F2RIA EA ook
Skt A=AIEe] F2RIAL Haof| Y& F= A=

N rlr
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