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Characterization of the CD11¢c Promoter Which Is
Expressed in the Mouse Dendritic Cells
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Institute, Tumor Immunity Medical Research Center, Transplan-
tation Research Institute, Xenotransplantation Research Center,
Seoul National University College of Medicine, Seoul, Korea

Background: CD11c, also known as integrin alpha x, is one
of the optimum markers of dendritic cells. However, the regu-
lation of the CD11c¢ expression in mouse has not been identi-
fied yet. In this study, in order to analyze the regulation of
CD11c expression, the promoter of CD11c was cloned and
characterized. Methods: To identify the promoter portion,
various sizes of what are considered to be CD11c promoter
fragments was amplified by polymerase chain reaction
(PCR), using mouse genomic DNA as a template. After se-
quence was obtained, these fragments were transfected into
various cell lines including mouse dendritic cell lines such as
JAWSII and DC2.4 and L929 as control cell line.. The pro-
moter activity of three promoter fragments was measured
and compared by luciferase activity in the transfected cells.
Results: Three clones with size of 1kb, 3kb and 6kb were ob-
tained from mouse genomic DNA. Flow cytometry analysis
of JAWSII cells revealed that 52% of the cells expressed
CD11¢, which was confirmed by RT-PCR analysis. On the
contrary, L929 and DC 2.4 cells did not express CD11c. The
CD11c+ JAWSII cells were enriched from 52% to 90% with
cell sorter. The comparative luciferase activity analyisis dem-
onstrated that the region responsible for tissue specific ex-
pression was contained within —3 kb and the clone with size
of 3 kb particularly showed higher luciferase activity than 6
kb and 1 kb clones. Conclusion: The CD11c promoter region
containing the region responsible for tissue specificity was
successfully cloned and —3 kb region showed the highest
activity.

St Al ho] @ o] 22H7] HEF ARGl Tt 20kt & O] BSHA E

RS

v

[Immune Network 2008;8(4):137-142]

N o=

CD11cE 150KDa?] 37|15 7FA|AL 9.2 M, Integrin CD18 fam-
ily & 8P} b2 CDlla (LFA-1), CD11b (MAC-1), I12]3
CD11d( @ D¢} u}E7FA 2 CD11¢/CD18e] HEj2 o] o] et
(heterodimer) e & o]F3L QITh(1-3), T3k o} bke] A,
g7r=9] ¥¥(ligand profile)Hellq XA, CD11b 9} v-$- A}
3lek4), ®A 2]A1El4 (complement receptor 4)2 LE A U=
CD11ce iC3b-gAay EAE(opsonized particles) o] E2]2H-&
of FoldtaL(s), BAll(complement) glo|% EHe| gloh) 2he
T&(latex bead)& X2 5 | 5= o= a4 ok
). AHtel CDlles F2 @3 (monocytes)o] Y& A
(plasma membrane), TJ2JA|3E(macrophage), AFAAs|A|EZ
(Natural killer cell), L8] t)F2-2] 2)/dA| 2 (denritic cell)
oM HA=HE Aog dEA JAHT), AF A AL 54
AAZEAMTE LAY FAFAE] M 2 BAA
(MarkenZ &84 Ath(8-10). =3 AFe] CD1lcE T2 RE
5 HRE o] dabzdIAEol 1990di Y deA giot
(11-14).

FAA E(Dendritic cel)= AE FAAA A EZA(Pro-
fessional antigen presenting cell), HZ 7oy} 22| FHE
o YA|stHA Heukge] ARt 2do vl Fast TS
e Ao B EojA ith(15). olfdt AU e WM E
o} FAFAEL] 7154 BAE ol3lEty] Yt W F9] gt
A A WellM FAGHNEE AAS AL FAGA R} Fs)
T HZFY V)eg FEske Wl Aok mEkA e A
HollA FAFAEL] EAAHMarken) 2 &# 7] CD1lc o T2
TH &3 tzgglol 54 2]4JE (diphtheria toxin recep-
tong o83t FAIHNEE AA & 5 e AF7} EE]
T SFATH16). 2, o]u] THEofR] T2 RE|RE Al
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CD11c Z2XE 9} genomic DNA hybridization®] &]&}e] Ao
A AowA, A TrTEH Bl LEA|A] &UTH17).
ujeba], B oA E CD11c o] 24 7148 vpotatar
FAPFA AT FolglA A 4= E constructe] A2HE
Y&l AF FARAEL] EX|AH(marken 2 &4d 7 CDllc =&
HH F4E w2 genomic DNAOA FHEAAMEE
(PCRE &3l 243t T2 RE G4 489t 1 2
7} CD11c proteino] THEOIA|= A2l —3 kb7}A| o] F
ollx] FAGAE Eo] B eS¢ F sk

g % T8

MIZ HH ¥

RF FAGAEFQ JAWSIT (ATCC - CRL 11904) M EFE
20% fetal bovine serum (FBS, Gibco/BRL, USA), 4 mM L-glu-
tamine, 50 #g/ml gentamycin (Invitrogen, USA), Z2]i 5
ng/ml2] Mouse granulocyte macrophage stimulating factor
(Peprotech, USA)7} X8+ alpha Minimum Essential medium
(alpha-MEM, Gibco/BRL, USA)E o]-g-3}o] uja}qict. & of
2 AFH FAAMEF DC 2.4% Roswell Park Memorial
Institute 1640 (RPMI 1640, Gibco/BRL, USA)el|l 10% fetal bo-
vine serum (FBS, Gibco/BRL, USA), non-essential amino
acids, f-mercaptoethanol, HPES, gentamycing &35+ v 4]
£ ARgste] wieFat et AF AFRAIES] 1929 (ATCC-CCLY)
A|EF Dulbecco's Modified Eagle's Medium (DMEM, Gibco/
BRL, USA)ll RPMI HjA|¢} 22 H7}ES E3ksle] wjokalsl
th ZE wdzde 37°C, 5% CO, ol ittt

SM= EXM(Flow cytometry)
FITCE A4 3AE BD biosciencesl A T3ttt A=
FITC conjugated CD11c (HL3)¢} 58t ZT(Isotype control)
O 2% ant rat IgGl & FAZE FYs] AFESFITE

HjFE A EE B 5o 0.5% bovine serum albumin®] 3
8+H phosphate-buffered saline (PBS; 137 mM NaCl, 2,7 mM
KCl, 8 mM Na;HPO, 1.5 mM KH,PO;, 9 mM CaCl, * 2H,0,
5 mM MgCl, « 6HL,O, pH 7.4)°ll 2¥ Washad}il FHE £4&
A FHE 8F3ler 5014 Fe receptor A%E 9] £
n}9-2 FeR @AIQ] 24625 5x10° Aol #2s}a, FITCE
HAE and CD11c FAE A3kt

FAHE 248 93 AH|E FACScan (BD bioscience, USA)
£ olg3te] SAskglrk. &3k 1x10" A EE ani CD11c 7
2 HEA8}aL, JSAN cell sorter (JSAN, JAPAN)E o]-8-3}¢] 90%
ol Wileh= 9 Eelahlrt.

Reverse transcriptase PCR (RT-PCR)
wlkE AEE 7151 AE 58 24a 2x10° MEF o]
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£3}e] AA] RNAS RNeasy prep kit (Qiagen, Germany)E o]
gate] st st a2 Al2AF manualel] whet 8}
Ao}, E8]" AA| RNATE UV-spectrophotometers ©]-&3} ¢
oFv} w2 23439k EelEl DA RNAE Accupower”
RT/PCR PreMix (Bioneer, Korea)& ©]43}¢] &} cDNAZ
HAdatet. ol 27l B8k cDNAY Table 16 FA1E RT pri-
mer$} B -actin primerS ©]8-5}a] PCRE F=3Y35}St}h. cDNAG]
o] PB-actin primerE go] PCREF AL SAIUZT(Negative

control) & 2 AF&-3} T}

MZ genomic DNA £&

C57BL/6 AF 9 7 £L 10~20 mm FE A2 3 100
ug/ml Proteinase K (Promega, USA)7} X84 Tail lysis buffer
(100 mM Tris-HCI, 100 mM Tris-HCI, pH 8.5, 5 mM EDTA,
0.2% SDS, 200 mM NaCl) 200 1o 23 55°CollA] 1247 1
w9k &, Phenol-chloroform extraction & ofgb& Ao g
genomic DNAES ZAA)7]3L, 10 mM Tris-HCl (pH 7.4) buffer
A %el F, UV FREE BN e AIHA.

Zz2Y4(Cloning)

A% genomic DNA 100 ng& 5% DNAE ARE-5}e] Table 19
YUeolgl= PrimerE AREste] 28 ash AdwH-S-(polymerase
chain reaction)& 433}l CD1lc TZREY AR AE ==
8kt PCRol AFE-¥E W ¥A taq polymerase= Han-pfu
(Genenmed, Korea)& AMESFIL, HEGof] ARS-E Aok BT
AzAfA AlTE AFS AREEFSITE PCR WHgo] 272
94°CollA] 380 2 WA predenaturation A]7|3L 94°Col|A 15
&<t denaturation, Z} primer2] melting temperature (Tm)ol|
w2} 54~60°CollA] 13 F<F annealing, 12|31 72°Cel|A] 31
=0} elongationdl= ZHAORE 35AF0| 5 e & 72°CollA]
105 &<l post elongation & 35T o] LA dojxl
Zyz+o] AbE(product)S AlgF&EA Mlu 13} Xho 1S ©]&3}e]
luciferase reporter vector$l pGL3 vector (Promega, USA)°ll &

Table I. Primer list used in cloning. The restriction enzyme site for
cloning was indicated as bold characters

Primer Sequence

1 kb forward Mlul - 5'CGACGCGTTTGCTGGCTGCTGCTATC3!

3 kb forward Mlul  5'CGACGCGTAAGCAAAGACTCAGAAAACS'

6 kb forward Mlul  5'CGACGCGTATCTGCAGAATTCGCCTTGCG3'
Reverse Xhol 5'CCGCTCGAGATGACTGGAGAACAGAAG3!
CD11cRT forward  5'GCTGCTGCCACCAACCCTTGGT3'!
CD11cRT reverse  5'CATCTTGCCGAGCTCCACTTTG3'
B-actinforward  5'GTGGGCCGCTCTAGGCACCAA3'

B-actin reverse 5'CTCTTTGATGTCACGCACGATTTC3!




2y 8lrt. Transfections 9lste] SRYE Z47he] tag
EndoFree”® Plasmid Maxi kit (Qiagen, Germany)& o|&3)]

Fshsic,

Transfection

TransIT-TKO® transfection reagent (Mirus, USA)E A}&3}¢]
Transfectiong =33}t 24 well plateol] 50 ~60%2] con-
fluency2 A EE wjd3F 3 serum free DMEM O 2 Hloju o]
serum< A|ASFIF, ZH2+e] Transfection reagents/DNA com-
plexE 4 1l: 2 pgo] v o] HEE serum free DMEM 150 1
o] Z+2}¢] plasmid DNAZ equal molar ratio® 412 & A X
2 g317] Hof| Aol 203t FAIAA complex7} o] Fo#]
T2 a9t} 37°C, 5% COMA 4A)7F wioF ol 250 19
complete BIAE L 24417 525U 27004 vkt o
luciferase ¥d J=E A3t

Luciferase reporter assay

243}8 luciferase™= Dual-Luciferase™ Reporter Assay System
(Promega, USA)S o]&3le] A8}, AZAMS] Manualol
U A3 o A sk = WS s 7lest
T, 24 wellollA] wljkE AEZE HHEH lysis buffers A 2lshe]
M EZG3b(cell lysate)E A2 F 96 well plateo]] 20 u12 £

8k & 100 ¢1 substrate 28] 3}o] luciferase 438 =435
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o}, 2A7H]= Victor 3 plate reader (Perkin Elmer, USA)E
o] 83, &4 2L substrate A3 2% Fol A4S
Aakel 1023 ZA485(T.

g 1

CDllc Z22H o4Ree 22Y

CD1lc o3H9E F2Yst7198] C57BL/6 A7 o] e
Tail lysis ¥'H S 2 genomic DNAS F%3}It}, PCR WO &
Z3£35}17] 93] National Center for Biotechnology Information
(NCBI, www,ncbi,nlm, nih,gov)§Ato]ES] A FH-F-AAL-FY

1.7kb +
A
= =
893bp 893bp
—
1Kb
3Kb
6Kb

Figure 1. Schematic representation of the CD11c promoter construct.
White arrows represent repeated sequence. 1.7 kb spanning region
was identified between two white arrows. 1 kb, 3 kb, and 6 kb of
tentative promoter region were cloned by using PCR amplification
from mouse genomic DNA.

Jawsh 1929 DC-24 ()

Figure 2. CD11c and GFP expression of
JAWSII cells. Flow cytometry analysis for
surface  expression of CD11c on
unsorted JAWSIl cell (A, B) and
CD11c+ enriched cells by cell sorter (C,
D). E, CD11c mRNA expression was
assessed by RT PCR. Total RNA was
isolated from cultured cells (2x10° then
reverse-transcribed and amplified in the
presence of CD11c primer. (—) repre-
sents negative control. beta-actin expre-
ssion was used as positive control and
for normalization (E). GFP expression
was detected in untrasfected (F) and
transfected cell (G) by flow cytometry.

IMMUNE NETWORK 139



Characterization of Mouse CD11c Promoter
Bongi Kim, et al.

(Mouse gene bank)ollA] CD11c dl’FF-91E ANsIS] o]3e]
ARZ uleto 2 primerZ A 23ko](Table 1) ZEA| AL}, o]&
Al AoJF 1 Kb, 3 Kb, 6 Kb¥] fragmentE Z}Zt pGL3 vectore]]
2249 33tk (plucl, pluc3, pluco) (Fig, 1) (AF % =2 2
).

&

JAWSII, 1929, 2|11 DC2.4 Mi=Z2| CD11c &3

AF nAds FAGAETF JAWSIE] - A AZEL] 50~
60%7} CD11cE w&slar dch. FACS Sorter (JSAN, Japan)
£ o]g3le] CD1lc WA AEE 90% ol ¥ & AATHFig.
2A-D). E3}F RT-PCRS EalA CD11ce] mRNA 23-g 2l
o A7, AFH AREAET 1929 Az} AF FAGAET
DC2.4 SJAE CD11ce] mRNA o] gl vk o] JAWSITOA]
+ mRNA o] )58 Eel & SIATh(Fig. 2E). o|& FA
I BEAE B4 DC2.49} 19299014 CD11c7h A ] walw A
&S gelatsirh(Fig. 3). 53] DC2.49] 79 JAWSIS} vjst
THAZ AF ] FAFAETLNE B3 CD11ce] o]

JERIR gl

JAWSII, 1929, 12|11 DC2.4 M|Z2| transfection
F29YE Z2RH ofE49, plucl, pluc3, pluc6e] T2 2
H 842 A7 AR luciferase] #4202 318ttt
Luciferase] 84L& Z2A3}7] 93te] JAWSI A EFo] Z21
B o599} Renilla luciferase reporter vector (pRLbasic vec-
tor, promega, USA)E WHtHZ (internal control) 2 ¢
ZAld| transfections 573§ 3}Fch

S 2T (negative control) S 2= 20| Ho| QA &
pGL3 vector2} Y%Al thZF(positive control) &2 c-Jun X
RHZE doningdt pcjun & AFE-3SIE) TransfectionA]
FEE(Liposome)& o8¢ WP H7]%FH (electropora-
tion) DNAS EH# o R AT e HdatA] et 3irh(el
olE] AAEFA] L), TransIT TKO (Mirus)A|E3} EGFP DNA
E o]&3}e] JAWSIT Al Eo|A] oF 50%9] trasnfection &8 H
SthFig, 2F, G). LO29M|E8} DC 2.4 M E%E T3 JAWSIT M E

o K orle

et M O 2 transfectionS 3F3L, JAWSI A|E Bt}
2 transfection E&< YIS & 4 dgdrhdolE+
SEET

3
=
=4

9}
=]
A

onZ20E AR Lucifearase reporter assay

Z2RH 248 437 A%t wansfecion® MEE
1xPassive lysis buffer (Promega, USA)E ©|-835}a] &3] A7
1, luciferase & AT 27}, CD11cE H&3= FAVA
FF0] JAWSIT A Eol|A] pluc 1 3 pluc 394 EAlo] &<
& 5 ULk, 53] JAWSIE A Z A= plue 37} pGL3o] H]3)
178 =2 848 YR e, DC2. 441329} 1929 A
oAM= pluc 67} 71 =2 48 YeRSItHFig. 4. 2y
2L FAPFAEOIAGE, DC 244 E CD11ce] o] 424
AIZ7} obd 1929438k 5 A3HA mRNAY e oA
UehHA] efan QISaL(Fig. 2, 3), ZEEE B4 E DC2.44]

A DC2.4150.004 DC2.4CD116.003
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Figure 3. Expression of CD11c in DC2.4 (A, B) and L929 (C, D). Cells
were stained with rat anti-mouse CD11c-FITC antibody to detect
expression of CD11c on each cell lines. A rat I1gG1k isotype-FITC was
used as isotype-matched control. There was no increase in expression
of CD11c on both DC2.4 and L929.

SWSI . o
ocas Figure 4. CD11c promoter activities in
Lo 1929, DC24, and JAWSII. Schematic

illustration of the promoter constructs
used for transfection experiments. Doted
boxes represent a luciferase reporter
vector, pGL3 (A). Luciferase reporter
analysis of promoter constructs in L929,
DC2.4, and JAWSII cells (B). Error bars
] represent the standard deviation from
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7} 192904 Z 00} T 28 TS ek An v)%a sfEo
2 Uertg o 4 9l9ith, ATHO R Clle $77) 3000
+1 32o] Z2REle] B48hE LERAT CDIIt B
£ AN SolHel B4sE Yehc,

1 &

B2 Ao AF FASAEY dEH FAAE gzl
CD11c®] T2 RY FEOZ Supstream 3 kb H-E-& F24Y3}
AL o] Fito] CDlle 5o] Z43E Yepilth= AME B
Ft

A FUANA AEZA, FAIAEE A | HYZEE]
Alzkoluf 2o glojA] wig- Fagh d3S shal Qv A
Z A gl ARolt) o], AF M= CD1IcF A
AFA Z Ak W EE BA]72bo]7] wiid], CD11c -7}
MRS 2k TR REE &85, FAGAEAATE So]
Ao g GFpe}t e dshke A4S AN F ).

AR, o]FA WOl FEL& on] LA W Al
CD1lc ZE2RHE o]-&35}e] AF genomic DNA library$} hy-
bridizationg 53] dold A0 2(17), ZEREE}7] Hrpe= =
ZREY} T34 55 kbe] 2712 7HAE CDllc §-871e] 5°%
Folgla & & £ Q)

ubA, T2 RE 95 F2Y 3] st AF ] FA}
23 of|4] CD11c®] A%} CodontE] HbeF tha] WafjA], 5
FOo= o 6 kb 719 BHE THT F eF primerE A%
sdtt. AiF e g 3 kb 8|3l 1 kb F7]9] dHE FE3
I S primer= o] AZSiTt. o]Zgh primerE ]85},
BS7BL/6 AF <] mg]oA #2]gt genomic DNAE FHO2 3}
of THELAH vH-& T3 A A BelE S5
AT} 53] 6 kb o]n] ¥R 55 kbe] 7|5 EFslE AL

> 1 g

c

24, W 24 SN FHTFLE 593 bpe] ol 17
kb 7H4& T3 SEH glE AL T & 5 Urh(Fig.
D, wEd FES MY dFH A4 (sequence homology
search)Z 3l 27, ojd So|gt A% WA3A| Z3rh(dlo]

—_r

B AxaA g, 2e, o

nxo] T3 6 kb ¢
A t}2 AHT} luciferase EAJo] 2

kgl 7] wiiToll(Fig. 4), oFvt
TE5H A gREo| cDllco] W o 2A7|5E T &
Sle Zols 228 % Sk

FAGAEY] 7, DNAE AZY=Z AGAr7]E Wil
Transfecton®] ¢ o]g]2 AEZ LA JArH(18-24), 53,
A7) Aol DU $AATS EARE Fei4 ]
w2, CD1lc ZERE] BMS I E vheA] 2 4A 27}
Basith, S, Al ATl FAPIEE vgsel,
AR A E B 2 A E(Macrophage) ol %= CD11c7}F 23
7] wid TErE EXS Yfi Fo] transfectiono] o]
& FAPPALE ALBEA Qobe HLk, ol olfE A
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a
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CDllc ZRRE #Ads BE AR t2 2T U937HE
7} AREEo)A] kA 7]3F W (electroporation) 0 & G ¥} O
2 transfectiono] 7}Fssitta &eld hok(12). o]E3F o]%7}
Ajdo e AFe] CDlle ZRRE 2o B8 HEd =F
o] A QI shte] dlo] & 4 S Aot} B AFolxE
AF o] v FAPIHNETQ JAWSIL AE7L ARSI
JAWSIT A|3E B3 Transfectiono] o]#< A|EXE 4dHA Y=
o], TransIT-Tko (Mirus, USA)E o]&3}e] JAWSH A|EojA]
50%9] B&& & 4 Arhal EREOIHTH2S).

webr] =gk AAIRE 2 Transfections X198,

JAWSIL AlE= FAIE A A3, 50~60%2] A Exto]
CD11cE Wdsl= A2 YERITE cell sorter (JSAN, Japan)
£ o]&3le] CDllc %A AEE 90%old & + AUt
o]t zfol= RT-PCRHS 0|83t mRNA HE FFIM =
zhol7} g Feldd = itkEolHE AATHA %), =2
2H &4 =AHdE cDdllc ¥4 AE7F 90% o] E3H
JAWSIIZ} ARE-H ATt I Th2 FAPFAZESA DC2.4 A2}
AT B AEF L9204 2= JAWSHOF ThEA FAIE A A
3 CDlleh A 55 = & UNEdFg. 3), BF
mRNAZ} A=A 9458 RT-PCRES &3l &<l & 4 Stk
(Fig. 2). DC2.4%= myc¥ rafE codingsl= dlEZufolg|~E
M E(bone marrow cel) o] ZHHAIA Fo52 & F =
= e AERA, o8 FAPFAEY] BEYS YeRATh20).
ol Y& Hol= MEA luciferase B35 S 27
DC2.4 A2} L929A|Z 9] 73-¢-, ¥ & DC2.49] /0] 19294
EHRUNE E7]E SHANE BT Bk sjeS Hole whdd,
JAWSIIS] 75l 3 kbellA 7P & 245 Holal 6 kbe
FiHe R e &9 Holil Qith(Fig. 4). H& A vl
02 AEH gunZE R FEo| 34 vz vssl ¥
2 42 JeER) A, o] Z2REZ} CD11cs} thE T2 RE
oln] AARE Y thxdd 7k TRREHE ARREQAL,
H$o] CD1lc ZEHEE A9 &A4o] o] Ftrot 44 =
2 g 27] W, vlelely Agrde & A7 sk
& 4 AtKFig. 4). oldel A=, AF 9 CDIlcZZRE7}
A2 codon F-9] oA HE SRS R 3 kbe] F7|E 2t F-9
o YAghth= Ag HolEth, &% 3 kb ¢hollA] o8 744 A
Aozl Agt B41E e ATE Bl A5 e U
Bl #Fofete AAE g 4 9lon F2Y ° Z2R
HE 8831 FAVHAE SolaiA HEE F345 A9
& F g Aoz JgEd

A B

DC2.4 AEE AFs FAL B2 AL FA M2 o]
SR w5EA ZAL =Hye)
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