Journal of Rheumatic Diseases
Vol. 21, No. 3, June, 2014
http://dx.doi.org/10.4078/jrd.2014.21.3.122

(] Original Article [ @

CrossMark

THP-1 A|EZF2] UAAE FE 3317 ol A
DICAMel] 2|3t A 13 QIS A| 289 A

2ol -8 ol Mg -
oFte kg

rok

1,2

o
0

A A
F_IT S

Fubel ok, o Fstelubg e o skl 74

DICAM-mediated Inhibition of Type 1 Interferon System
during Macrophage Differentiation of THP-1 Cells

Bo Yeon Kiml, In Parkl, Youn Kwan Jungz, Min Su Hanz, Gun Woo Kiml’z, Seung Woo Han"?

Department of Internal Medicine, Daegu Fatima Hospital',
Laboratory for Arthritis and Bone Biology, Fatima Research Institute’, Daegu, Korea

Objective. We have previously shown that DICAM inhibits
LPS-mediated macrophage differentiation. However, less is
known about the exact action mechanisms of DICAM on
the macrophage function and differentiation.

Methods. To induce differentiation into a resting M0 mac-
rophage, THP-1 cells were cultured with 100 nM PMA for
24 h, and then rested for 3 days. THP-1 cells were infected
with 50 moi of control LacZ- or DICAM-containing
adenovirus. The RNA expression profile associated with
DICAM during THP-1 differentiation was analyzed with
a microarray chip and in silico analysis with Ingenuity
Pathway Analysis (IPA) program.

Results. A disease and function analysis of the microarray
data in DICAM-overexpressed THP-1 cells revealed a sup-
pression in the expression of multiple genes involved in the
response of myeloid cells and phagocytes, and an increase
of genes associated with apoptosis of fibroblast cell-line, and
viral infection and replication. The canonical pathway anal-
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ysis also showed the most prominent changes of signaling
pathways that involve inflammation responses. An upstream
regulator analysis identifyingmolecules upstream of the
genes that potentially explain the observed expression
changes revealed that IRF7 and the genes in type 1 interfer-
on system, such as IFNA2 and IFNAR,was significantly at-
tenuated by DICAM. A mechanistic network analysis con-
firmed a direct causal association between IRF7 and type
1 interferon system. A real-time RT-PCR analysis validat-
ing the microarray data verified the significant suppression
of IRFs, IFNA2, and IFNBI.

Conclusion. These results suggest that DICAM can be a
critical regulator of type 1 interferon system, which is an
essential mediator in the process of intracellular infection
and systemic lupus erythematosus.

Key Words. DICAM, Interferon, Interferon regulatory fac-
tor, Macrophage, THP-1
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Type 1 Interferon System and DICAM

ing) ot} tA7159] 24 Folle Fofsle] A9 44
+ AU E et ). WAAIEE S TolA £
shelw] 23} bl el chekst £33 & 7HA =, ZA
T AF PAME Eslol M1 AAE} oixF A AE
3l M2 A AIZZ i} (1,2). o] H3F 2 Thi
AZ Ao E71RIQN JIEISE- 7 o] 23] M1 A M| 22 &
3k 3z, Th2 Are] E7FRIQ1 QIE1F-714, -139] &J3l M2 w4
AE2 B3lsl=d] A3} 3). M1 A A EE IL-12"
IL-23"" 1L-10""¢] £33 7}AH IL-1 58, TNF-«, IL-6
o 2 AFA AolEIQl 4], HE3A A&7 (reactive
oxygen)?t AtspAL9l 2 A4 FZHE(nitrogen inter-
mediates)®] A84F, Thl 8Fg-9] FX1& 3 45 gkl &
olgte} (1), ¥b M2 WA A EE IL49) IL-131] 9]l &3}
o] Th2 W33 G Ao Fofste M2a, S £
A2} TollYF &A/NEF71-1 T84 2l 7k=el] ozl 23}
o] Th2 ARk} HgzA wbgoll FE Hosle
M2b, 2] 2 IL-1091] 9J&l H3}x]o] o] =Aw =3
zulalo)] Folsts M2c, L]l FokAEol 23] F&
+ M2d TAM (tumor associated macrophages)-gl o|AA el g
AN ZETS S slo] ALHrt @), oleldt M2 A AIEE
IL-12°%, IL-23"%9] £33 T8, A8 A (scaven-
ger) 24| 2} Wk A~ (mannose), 225~ (galactose) T--&-A
£ Wol Wi, arginase®] W3E T3 224"
(ornithine)@} Ze]o}] (polyamine) 4 o] =714 <7 o
Aol g Hldk (5-7).

A A L] 3ol 5 S ClA Skl Ao ET1Rl0]
v ARTRRI 59 dsuAR o] FastAl ot (1). o
B E ddels 4] A4 AolE7l FoE Al ¢
Bl Q] B E- a, - 89} 28 AEHIER] IHHE- 7, 2
g3z 3531 QIE|H[E- 1 9] A7HA] o2 A=) (8). QIE
HAE dAgels dAAIE 23} B3] Ml 234 Fa3t 9%
< 7} 9). Thl A|ZE2] 9 Ao E7IRIQI EHIE- v &
JAK/STAT1 A5 B3l FgH o2 Ml tAAIE 31 #
=3k} (10). Wk ofE} /IEIHIE- 7 & TLR 8IZFE, TNF- @
a3 Al e Bl 23t tiAAIES] v ST
= A& (priming) 715 7HeE (11). A1F A=A st
el QIE | E- B &= AHEH]A] (autocrine) 2 2. 2850 Q1E |
27 3} fAA M1 IAAIER ] B35 fEsi (12). =
gk A JEHAEL AT 28 A HIE FEAe] S
B3l JIBHAIE-y AT E TTHITIE A =HS] 71AE 7t
el 13). 0|28t SAEL UlAAE B34 QlEHlE Al
glo] A =4I R A-g3kS oulsh, faf7kA| o -
+ Thl Ae]E71RIQ1 JEHIE- v of] HF=o] et (1,2).

el ZE-a, - A2 TAFE Al 18 Qe E A28l n}
olgit Adlmt 12 AIE W zhedoll FosHAl AHg-gih
o] I ollA Tollek 5=&-H(Toll-like receptor; TLR)3, TLR7,
RIG-I-7-AF 84| (RIG-I-like receptor; RLR)7} ZE1Q1Z] 4=
SAH| 2 AL3pr, o] &L n|EZ=glol-dd A% EA(ada-

~
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ptor molecule)?] H|EFZE]o} gulo] = Al St (Mito-
chondrial antiviral-signaling protein; MAVS)¥} A% 2}-8-3}m
sH5-2] TBK1o]U} IKK- € 9F 32 7ol AlE ‘g3l interferon
regulatory factor (IRF)-3, -7, 12| 2. NF-kBS Eal 13 2le] =
22 A wiZNgcHFigure 3). Al 1% B HE Al 2=Hl9
AETHR Tl Bt ol Az while]u}
717 el i3k A= o =i AAeolth

DICAM (Dual Immunoglobulin domain contatining Cell
Adhesion Molecule)e Ql7Fed FA|EF2] HCS-2/8 Al|E2]
cDNA glolHlg] A5 Fall 73 25 FAh o
2, "HAZFZ2 59 Fo#AEele CTX (cortex thymocyte
marker in Xenopus) Lol 43t} (14). +2% 2 & DICAM
ch A2 Al 13 ekl 2 N Eitkel] A% jlelo] =9
Mol 7y WG EEd A Reldddt skl 1t 3
WA He AE Brow TR (15)
DICAM®| Zr-g-ofl thdt drollA] Qlel2gl £39] JAAIE &
o) SHEAES] Bojol BRAAS FEATE A5S el
shadch (16,17). FEAE E3F AT FAHelA gl
DICAM< & A]7]"H M-CSFell 2J3F thAAl 2 2] &
st A" S FEgl e, Tl Al EFQ] RAW264.7
AlZ2] LPSAFSoll o]k 2317} DICAMell o3l Zhagl &
Haslde} (17,18). 53] o] H7goll4 M-CSFe} LPSel| 23k
INK MAP kinase ¥4 &9t ZFASAD] F2o3
ITAM 38 4=8-#¢] Trem2, Piral, Oscar® &l o] 747}
gohs lekglel (18). Evt o]’k Z 3= DICAMOI|
o3t tAAIE £33} A7) o PFell EFpslm, HREH Q]
DICAM®| #-&-71-ell gk A=)l Ql HE5 53k &4
2 ofF o]FolXInt girk. B AR qhellF AEF<]
THP-1 A Zef] DICAM= I AAIZ] 3 XA EE 2314
7§72 23 Fnke] W3hE cDNA wlo] 2ol 8|o] 7]
He g FA438ic) o] & F3ll DICAMo] thAAlx &3} 7}
AellA Al 13 e #HE Alz"le AR Qs

H Y 3
T

T 2w

THP-1 A|Z£°] A AE £3} g DICAM ks

A7F <kl AJ£3]] THP-1 Al 73 5eheha 314t
FrlollA] FFurglom, RPMI 1640 (Coming™, MA)S vl
©.Z 10% F-eflol = (fetal bovine resrum; FBS), 100 1 g/mL
2Ef|Euto]4l, 100 UmL AYA=, 12|31 005 «M B-
mercaptoethanol-& 87}t wllR|ol| 4], 37°C, 5% o]Atstets =
Z1ol| A ekl THP-1 Al ESF a9k thAAIE9]
ZF7FAle] AEZ, PAAEZ 531X]7]7] 98l phorbol
12-myristate 13-acetate (PMA)E *|2]3}= WS wsich
(19). ZFeks] 71Esld, THP-1 Al E5l] 100 nM<]
PMA (Simga, SL)&} 37| 50 moi®] Ad- DICAM#} Ad-LacZZ
izl H7bsled s} Bt midsladct. vhad iR E &
A3k 3 PMA7} 501 UA] 952 10% RPMI 1640 wHA]of] 2
off 3k WA wiA & Asl™ wHokslich

U
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mpolz ol dle] 4

PMAS} 7] DICAM =+ Lacz7} 35 olu|mnlo]E]
25 35 5k Aelg ¥, 397k wljekste] THP-143£9]
Z1 A RNAE- Trizol A](Invitrogen, Carlsbad, CA)& ©]-8-3}
o] H2]3}9ic}. NanoDrop ND-1000 (Thermo Scientific TM,
USA)9} AgilentAt2] Bioanalyzer 21008 o|&3lo] 4%
A260/A280 H]Eo] 18~2.1% uHEsl3, RNA Integrity
NumberZ} 9.0 ©]/¢l & ] RNA 200 ng< ¢cDNA Aloll A
2319t RNAZHE] cDNAY 3HA, cDNAEHRE] cRNA
9] 3H4 Bl cRNAZFE w4 71| (DNAE sl 3
732 SuperScript II reverse transcriptase®} T7-(N)6 primer,
Random primerE X3+l WT expression kit (Ambion)E
Agste] egslgict. vtolerlo g FA)E whd 7=t
cDNA+ GeneChjp® WT Terminal Labeling Kit (Affymetrix)
2 37°Coll A 6087 H A 2]sto] fragmentations A A gk
& Affymetrix GeneChip® Mouse Gene 1.0 ST arrayol] <
sto] A3} A4S A Psl9A}. Affymetrix GeneChip” 2=
7N 3000 (Affymetrix) 7GS o] §3lo] Z+7zte] X o g R
d4& 2708t 5 Affymetrix Expression Console software
(Ver 1.3)2 A2} 2l ol digh %o Z=E At
stk nlo]Z 2ol Hlo] 2] FXE%}o|= Avadis Prophetic 3.3
version software (Strand Genomics)S o]-&al4 A3} 4l
15359131, 2 fold change method K-means clusterE ©]-%
slo] clustering & tl. wlolzZoldlo] wlojE]e] H 42
Ingenuity System A+2] Ingenuity Pathway Analysis (IPA) =
23 (www.ingenuity.com)s ©]-83}ic}.

AA 7 F3E 4 Auk-L (real-time RT-PCR) 4]
ulo]g 2ojdlo] A} AFE 3 AL FHELA
248 (real-time PCR)-2 ©]-83}o] IRFs®} IFNAI, IFNA2,

o3

A 2

IFNBI, IFNG®] RNA %313 913}l cl. THP-1 Al E5o]|
Ad-DICAM#} Ad-LacZz <3 % 49 EQF ufokst Zof
Trizol A|%F& o]-&3sto] AEE G213l el ELIPS Biotech
Reverse Transcription prime kit (Daejeon, Korea)= ©]-&&}o]
2 ng® AA RNAS 20 1Lo] 9F3-&-2] cDNAE XA
shaach AAZE TR ELEQANSS A% SN =42
12022 3] A3k ¢cDNA A& 4.0 L, QuantiFast SYBR
Green PCR Master Mix (Qiagen) 5.0 «L, A8; 2] 31l Aut
Al(primer)E ZF 0.2 ©L (200 nM/L)H, ZE8]lx HAE A
(nuclease)”} E3H=|A] ¢k B 06 nL Hrlsto] 25 2
& 10 «L HAZ = ViiA™ 7 Real-Time PCR System
(Life Technologies™, CA)Z o] g3lo] F38slgict. 40l
o] &% AlkbA|e] AP b33 Zrl; IFNAL: Forward:
GCC TCG CCC TTIT GCT TTA CT, Reverse: CTG TGG
GTC TCA GGG AGA TCA, IFNA2: Forward: GCT TGG
GAT GAG ACC CTC CTA, Reverse: CCC ACC CCC TGT
ATC ACA C, IFNBI: Forward: ATG ACC AAC AAG TGT
CTC CTC C, Reverse: GGA ATC CAA GCA AGT TGT AGC
TC, IFNG: Forward: TCG GTA ACT GAC TTG AAT GTC
CA, Reverse: TCG CTT CCC TGT TTT AGC TGC. A A| 7+
FTEELQAAS Aol g FA E41-2 Mann-Whitney
UZ vl A3, p<005E A o2 §2J3F 2o
7t = AoE Aot 5A A2l PASW statistics
version 18.0 (SPSS, Chicago, IL) &ZE o] & o] &&}9]c}.

2
DICAMZHelol] o]4k THP-1 AEF S84 el Wt
el o] BIAAIE B3tel A DICAM Fhell o8 &
AR o] Hol & 2Hls)7] Sl AT AEF
THP-1 A %ol 100 nM2] PMAE %] g]s}3L, DICAM 532}

Table 1. The 8 mostly affected category of disease and biologic functions by DICAM overexpression in THP-1 cells that was analyzed

with Downstream Effects Analysis using IPA

Category Disease or functions annotation p-value* 'Pre('hcted Actlvatu;n #Molecules
activation state z-score

Cell-To-Cell Signaling Response of myeloid cells 2.84E-05 Decreased —3.049 25
and Interaction

Inflammatory Response Response of phagocytes 6.18E-06 Decreased —2.990 28
Cell-To-Cell Signaling Response of phagocytes 6.18E-06 Decreased —2.990 28
and Interaction
Lipid Metabolism Biosynthesis of polyunsaturated 1.30E-08 Decreased —2.951 35

fatty acids

Cell Death and Survival Apoptosis of fibroblast cell lines 7.84E-06 Increased 3.126 40
Infectious Disease Viral Infection 1.12E-09 Increased 3.095 168
Infectious Disease Replication of RNA virus 1.33E-07 Increased 3.056 62
Infectious Disease Replication of virus 3.98E-08 Increased 2.769 68

*The p-value was calculated with the Fischer’s exact test, and reflects the likelyhood that the association between a set of genes in
dataset and a related biological function is significant. TA positive or negative z-score value indicates that a function is predicted to
be increased or decreased in THP-1 cells by DICAM overexpression. TNumber of RNAs differentially expressed in the disease and

functions category.



Type 1 Interferon System and DICAM

9} tHZTQ Laczrt 49 E ot zufe]H =F 50 moizE
S4% Eok 2AAZT. o] % PMATL E4HEA EE WA 2

A F 397 wiF 3 F AA| RNAE FE3te] nfpo]=2
goldlo] 45 A3t DICAMo] = THP-1
A Zoll A Q] LacZ 23 A2} vl aislo] RNAS]
o] 2ulf o]} F7HH fAAE 7197091 2m, 26l o] 4
e AR 4897030t

Ingenuity Pathway Analysis (IPA) ZZ 18 o]-8slo] F-71
A ] wstel] whE ABEEH W}t 9l Awyte] A
(disease and function analysis; Downstream effect analysis)&
5131t Table 101] A2l vk} 7ro] DICAM ZHiEg el o]zl
=99k A ZE(myeloid cell)2] HHS-(activated z-score —3.049, p
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<0.001)3} A BE-2(z-score —2.990, p<0.001)°] HHEE
o7 Fo3t Aad &S Hlew, a=E¥s Ak

(polyunsaturated fatty acid)®] A&4d(z-score —2.951, p<0.001)

5 frelsl Zhazs| gt v

A A Z(fibroblast) A|ZF-2

A FEAPE AHz-score 3.126, p<0.001)¢} vlolE] A 74 (z-score
3.095, p<0.001)°l HAE FAAEL F7HE £ B3k
1251 RNA wlolel ) 4] vlolels 2ol BAE Szt

=

ZFol] DICAMPe] zhibks = 7
ZrokAEe] 2k 1l g4lo

A7 1k

v =

Il THP-1 cell chip data_2.0 fold
—=— Ratio

IL-10 signaling

and diapedesis
Mitotic roles of
polo-like kinase

Granulocyte adhesion
LXR/RXR activation
Atherosclerosis signaling

Role of osteoblasts, osteoclast
and chondrocytes in RA

p38 MAPK signaling

Cholecystokinin/Q

Cytokine Production in

n o c 0 L O
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Superpathway of
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Group 2: cholesterol synthesis

Cholesf

hesis

| Biosynthesis|

Group 1: inflammation related group

Cyclins and -egu\allon

Group 3: proliferation of cells

St 2719 S Rgdek ofeld Ashs THP-1 HalT A
& FATS WAIES T
| 7w, vholel 2 gioge] 7}
o] WisheS oluldhet,

A=A E A (canonical pathway analysis)ol| 4] =

Figure 1. Top hits for canonical
pathways of differentially expre-
ssed proteins by DICAM and their
overlap connections. (A) The most
highly represented canonical path-
ways of genes differentially expre-
ssed during the macrophage diffe-
rentiation of THP-1 cells. The
columns represent the -log of the
p-value calculated based on Fisher’s
exact test. The dot points represents
the ratio of the number of genes in
a given pathway that meet cut off
criteria and total number of genes
that make up that pathway. (B) The
network of canonical pathways
highlights the relationships between
pathways and classify the functional
domains.
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Figure 2. IRF7-associated mecha-
nistic networks of upstream regula-
tors. IRF7, mostly suppressed by
DICAM overexpression, is postu-
lated to affect the expression of
type 1 interferon and their down-
stream signaling molecules such as
IRFs, STAT1/2/3 and RelA (p65).
The set of total 15 regulators in
mechanistic network has a connec-
tion with 187 dataset genes (not
shown) among which 40 genes
directly connect to IRF7. The blue
color indicates a more confident
predicted inhibition and the pale
blue indicates a less confident
predicted inhibition.

Table 2. The 12 mostly activated and inhibited upstream regulators by DICAM overexpression in THP-1 cells predicted by the Upstream
Regulator Analysis in IPA

Predicted Activation p-value of
Upstream regulator Fold change Molecule type L. +
activation state z-score® overlap
IRF7 —38.745 Tanscription regulator Inhibited —5.247 2.70E-18
IFNA2 Cytokine Inhibited —4914 1.18E-15
Ifnar Group Inhibited —4.636 1.58E-18
Tretinoin Chemical - endogenous mammalian Inhibited —4.599 2.01E-19
IFNL1 Cytokine Inhibited —4.463 4.80E-16
Lipopolysaccharide Chemical drug Inhibited —4.345 4.02E-45
MYC 2.052 Transcription regulator Activated 5.330 4.19E-14
TRIM24 Transcription regulator Activated 4.208 7.73E-15
E2F1 Transcription regulator Activated 4.060 6.09E-13
INSIG1 —6.816 Other Activated 3.957 3.90E-13
TBX2 Transcription regulator Activated 3.900 4.44E-10
IL1IRN —5.747 Cytokine Activated 3.816 1.99E-11

IRF7: interferon regulatory factor7, IFNA2: interferon alpha-2, Ifnar: interferon- @/ /S receptor, IFNLI: interferon lambdal, MYC: v-myc
avian myelocytomatosis viral oncogene homolog, TRIM24: Tripartite Motif Containing 24, E2F1: E2F transcription factor 1, INSIG1:
insulin induced gene 1, TBX2: T-box transcription factor2, ILIRN: interleukin-1 receptor antagonist. *Based on a model that assigns
random regulation directions for predicted upstream regulators (|z|>2). Z>2 predicts activation of the upstream regulator. Z< —2 predicts

inhibition of the upstream regulator.

T The p-value of overlap was used to rank the significance associated for each Upstream Regulator.

The p-value indicates the significance of the overlap between the genes targeted by the upstream regulator in the IPKB database and
the experimental dataset.

¥ Al Z(granulocyte, agranulocyte)®] H-2+3} §-5=(diape- =
desis), IL-10 412 p38 MAP kinase A 3.9} 7to] ¢3=nh-g Zo] u}
o] Falxl S e WIS HYw EIL
=457 73 $}==(atherosclerosis), T.-‘:']-E]/‘-"]'X4 d, AAS ZHH = Cyclin ¥ o] DICAMe| 2]
AR o Rl A > A%lchFiaure 1B)
ZdzdE Al Holxl AT

‘JT

o] b5 4 g A= e

[e]
HEEF 20} 22 Aol Bolel
%

A% ol Fog 7

ZA kAL, F

5= &S Wokch(Figure 1A). ©] NEES A5 o
slo] ME3) 319 Sull, FZutea} BAE AS

G
—ZO_AL

FdlzEE A /HIE Al
<
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DICAMO| &J3t A 13 AEISE A TAF A5 oA
DICAMel| o3l ZA4F & 9 A A5 E 237 9
8l IPA Z 21300l 4] Upstream Regulator AnalysisE 4|23
itk Table 201 A2l % wie} o], DICAME ZHitE 4]
70 7% e A2 X152} #=H interferon regulatory factor
7 (IRF7), Interferon- @ 2 (IFNA2), interferon (alpha, beta and
omega) receptor (IFNAR), interferon, lambda 1 (IFNL1)e] 7}

Extracellular space

Cytoplasm

YP)

IRF3 IRF-3,

Nucleus

®
IRF3 X IRF3
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A wo| 7+4% £AS Bk g3 vlelIAY FHEA]
AL B9l tretinolin ¥ o]l Bl A3F = Hd=3 Jx

%l lipopolysaccharide 3} A% A] Zh4% k48 H S
o Z7b8 AZADARE AAA] MYC, Tripartite
motif-containing 24 (TRIM24), E2F transcription factor 1
A 59}
AR, FalzEE GAo] FAH Msulin in-

(E2F1), T-box transcription factor2 (TBX2)<2] }&
Sk

autocrine
activatio

Prediction Legend

more extreme less

@ Upregulated (D
@ Downregulated >

more confidence less
@ eredicted activation (>
@ Predicted inhibition

Predicted Relationships
== Leads to activation
= Leads tc inhibition
Findings inconsistent
with state of downstream
molecule
= Effect not predicted

D

IRF9
TAT:

Late phase
type | IFN @
production

Figure 3. The predicted DICAM-mediated inhibition of IRF canonical pathway. The canonical pathway of IRF activation by cytosolic
pattern recognition receptor is analyzed in silico using Molecule Activity Predictor analysis of IPA.
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15+ [ LacZ
Il DICAM

1.0 Ea

Relative expression
normalized to gapdh

*%

0.0 +— T .

B
% 1549 [ Lacz
Il DICAM

cc

o T

= a

%g 1.0 1

g8

33

o N

%g 0.5 T

-~ Eé . *%

0.0 +

T T T T T
IRF1  IRF2 IRF3 IRF4 [IRF5 IRF6 IRF7

T T T T
IRF8 IRF9 IFNA1 IFNA2 IFNB1 IFNG

Figure 4. DICAM-mediated inhibition of IRFs and type I interferon system. The microarray data is validated with real-time RT-PCR
analysis. In the presence of PMA 100 nM, THP-1 cells infected with adenovirus encoding DICAM or LacZ for 24 h, and then left
unstimulated for 3 days. Real-time RT-PCR analysis of (A) IRFs mRNA and (B) type I interferon (IFNA1, IFNA2 and IFNB1) and

type 2 interferon (IFNG).

duced gene 1 (INSIG1)Z} interleukin-1 receptor antagonist
(IL-IRA=ILIRN) 3}5 A= 27159l ch(Table 2).

Upstream Regulator Analysisol|4] DICAMel| 2]t QlE] |
E 3 AE AT Aol EAs, 7 folskAl 7
4% IRF73F JAIE A5 240459 A3 EHZE
Mechanistic Networks #4415 -3l 2els}ic}. IRF72] 7+
2 A 13 Qe d 22 interferon- @, interferon- 5 A% 2]
22l AdFE 9, o]Se] }Hol IRFI, IRF3, STAT,
STAT3 % canonical NF-kB A% ol] 23 RELA (p65) Al
3o ZH4¢t AfE Kok o] & sl NFkB 3 JUN
AR AZE FHadE #lelglon, CREB-binding
protein (CREBBP) A% A ZH4 == Zlo 2 o &= gl
(Figure 2).

o4l Aol ZAste] IRF7 B type I QIE| =& A 28]
o] Te3A Fodste AEAW HAJAAFEA Az
9] H3LE IPA ZZ 1M 2] Molecular Activity PredictorE
o] gslo] ghelslirt. DICAMS| k&l ]38l IRF79]
ot zH4 9 IRF39] 47t ofl&FE 9o, kB S7HE
913k canonical NFkB A1 % ¢] A7} of|F5 odrt. o] Foll
o3k 27] Al 13 QA A4 ZaE ok, 37
Al 13 AE A 2] AR od|Z=]o], AubAQ] Al 13 <]
ElHE Alaqle] AA7} o FE Y chFigure 3).

A A E 23} 31404 DICAMO] &3k QAE|HAZE =43
Az H Qe & i =4

ulo]ZZojdle] £4 A5 #Qlsly| 9l THP-1 AlE
Foll PMAE X 2lslo] A AEE 23147 4 DICAM
< oldlnlolg AR Fhutdslo] Qe E =A AR} g
Qe]sEe WS AT ELQAMNSE S &
sldrk PMA 2] ¥ 42 &) RNAS] W wi3kE 2holsls]
< ujl, DICAM & A] QlE]| & =4z} fde] 7124

IRF1, IRF2, IRF4, IRFS, IRF7, IRF92] wF&o] §-2]3}A] 7+
2]k QIE A E o S lslle w, Al 13 QIE
A&l QE|#E- a2 (FNA2)$} QIE|#&- 41 (IFNB1)9]
RNA @& o] DICAMel| &3l f-2JstA| ZH4= it vhd 2
3 B HAIE]] JHHAE- 7 (IFNG)E] W2 {23 2ol
£ HolA Adrh(Figure 4).
I =
B Aol A DICAMe]| Zital sl THP-1 el A E59]
42 24 e AW 7)5 o W54 (disease and func-
tion analysis)oll4] DICAMoIl 23l F% A|E(myeloid
cell) HH-2-3} &A1 A ZE "2 (response of phagocytes)©] 72
SHAl ZraEa, AGREAESFS] AEAEAY vlo] &
e S7HE A7 S Bodrh A5 A DA E4 (canonical
pathway analysis)ol| A = Hubd 0 & odFub-goll AAIE Al
IAEA L w3 AAs A ol & v FE=A
AALE #9lstr] 913k EA oA IRF72 THAIE A1 <l
ElAE A7t fdAsA A 2748 08 F U
AAZ ERE L Aliat-gollA A 4 et
THP-1 A|¥ol] DICAMS ¥2d A|7]2 dAAZEZ E3)
A7l &7l A, A-H-=7 Q1 A} (upstream regulator) 7}-2-H
IRF70] 7} dAAslA JAE Fds HEdck IRF7S
Ebstain-Barr vlo|2] 2ol 7+ % B Al oA EBNAL -4
o] AAAZ X5 A ATt (20). o] F Aol 4] IRF3
oF A Al 18 A HAIE AB A E-a/-£9 P =
Aslal, RANTESS 22 AR7RIS EHlE F7HA17]+
Ao d#F ) (21-24). Lu 5 U937 9 HL60Z 22
Z &3l (promonocyte) Al EFoll 4 PMAel 2|3t A A
3} I oA IRF70] 57153, IRF7 Ede] HAE
=9
o

L

]

VY A WYAZZ B3 2 WA o] g,
RF7% SHA7E Ao dajfe] haEzs)
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2ok G gl 25). 2T ATl sy RF72
Aol FOX037F AIQIAE EAslm, AKT A3}
FOX039] #AEE =Asle Aoz Ruxdrt (26).
AKT A& FOX039 QA3 & &3 fu|AEsE 571
AlA, Z2e 2FellA FOX039 3l 5 F7HA7+ 714
© & FOXO030l| A& oz 223t} (27,28). HolFLXL&
A3 AFtollA4] DICAM= & A1 75 sh=A1E 8l
A A A AKT AF Aol FEHoR A%
A& skt (16,17). DICAMe]| 23k AKT A132] <
A7} FOX03E& F7HA17]aL # o & o] &3k FOX037} IRF7
o] of Al AHrepressonE AH-geto] ThATFe] B A E e
Ralrh QAR Fhsel lovl, F7hHel Az A A
VY ATE 2k
el 7 A EE Batsls Bl Mielu M2 o
A 2R S 7HAA AgE A E3kd (1,2). #
TollAHs el Fel] PMAS He3 & LA E<t
PMA glo] uieksto] tHAAER E3A 7] W] T4
T AEF2] HYAERZ S F}ol] 7hA Hol AH-EEH, o]
73-¢ Rhe2s &A1) CD2063 Z~AMA =8-4Q) CD204
ol st M2 23S 7HAE dHAIER Eo)e)
Aoz A ek 29). olA ATolA ARE
DICAMo]| Qlellzzzl 23 A13e] 44| gl Ax| ezl 483
welpel g E*M SHEAZe) Bk 2 Gz Yol
Aoz g Wagrt (16,17). H ATl 9
s Qlelzgl 537 }73*5] AZ 9] FgolA] =331 thall
TE MCSF Z3 i AllA wiokd A% ozl vl
TGF- 8 & o] A4ksle M2 £ S 7HA& dAAZE
BolE = o8 Bl (30). o]#lgF Z 3= DICAMel| £
o <ol el f37F AAlE S M2 Al EE
_,_9}31‘ 7]”6_/13 < A] Apghe}, sk o]g] 3} DICAM 4 ;(l—.&O]
Al 18 Q|| =2 7hiol| o3t 2HgolsE holsl= =7}
M9l q77} A esteh
¥ o]l 4] DICAMS SHlTeN 4 A Zoll 4] 4] 13 Qe
AE B AZE AAsA Ak 18 QA S
7o BE AlxoA wEE™, F2 AlEAe4 DNAL
dsRNA®)| BF-g-3l= ARRIA] &A1 LAl ofsl] A
ek 31). 2l A AIE- 59 UEHAIE-a 40l 23
71 Al 19 dEHE A S Tl SFEEE A=Y 7
AL 7R (22,32). Al QB HAZS A2 ZE njolH
2= ko] Astel|A] Z7)o] 3E el A 2uiedo] HEAlE] )
ol Aol AEu) utelel 2 FA1e oAl FosA 2
f31m, B3| 3 7hdo|ut AFmd AR ulo|#] AHIV),
Q1E Follzt kel - ERNAvtol# 22 Aol olel] %
88t #g3t 31). ol @2k okie} A1 Qs
£ A 2Bl Listeria, Mycobacteria, Brucella, Chlamydia®}
2o A E s AT woldl® Festt 3.
T NEAQ ATbdAgel AAENLFE AT Al

eIz o] Fast el AE&S 7HAE Ao s dEA

ot

oEE_
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1

Atk FF2 FAA 18 AR FE
A|Zol|A] AArE (33), B4 FF2= gxbe]
Lol A A1 QE]H| 2ol 93] FEEE ST
71e AAE Hcﬂt} (34-36). 1|3 BFEA
NZB/NZW AF ol JIE A E- ¢ & T A3} ofdnlo]
HAE FA 7% gHdsDNA AI7F G285 w], AT A
o] FEEUT 37). FFL kAo kel o) 217
DNAU} RNAS} 73+ A7Vl & X2 E 735 Fo 784
ol A%kt & AEqroe & A E o] TLR7o} TLROS &
g Al1d AEAEY Bis S7HAF T (33). DICAMO
o 13 A& =4 2ZHE-g 1S u o] A
= H]—O]EJA gl Ayl 72 A Z Al FAdE oy,

F228 2 AprhH A gl A vﬂap_i EL_?CF]_E]‘_
DICAMA okol] g} 13 ClE]H| &9 AAte] =AE 5= 9]
3, A FFTEY AFE A5 F U £ ]X}E 2
£9 T A& 7hsA S AlASY ey B QT ol
ulo|H g o] &3] A ENA HHE = glE A=
o] ¥ DICAMEHH S QI9|H o7 FpHAA od-2 A}
=2 3% knock down AEE F3F Ao AYPE T
Hert 9t

it

—

r
sk

2 =
DICAM+ junctional adhesion molecule (JAM) | 2|9}
ARE AERAEALE, AeiedTroll A LbSell 23k th4jAll =
298] 35 JAlske= vkE Basigl ot 7146l sk <
T= BE3gich nlo] 220l dlo] AFE [PA ZEIaHO
2 B A3192 o, DICAMe] I}k s]l THP-1 gha) xﬂi
5 PMAC] 23t AAE E3}F A ollA] ek Alx
<7 FAAIE vEgo] fofuiAl ZFAaE gl AEA %ﬁl
EAellA = Aubg oz o Fub-goll FAIR AxA DA
HE7LE Al o] & wilE= *J-‘?‘—éé"d }% 2l

71 1% 244 RFTSH A1 ALHAE AB7} 214
S A S HAY F A, vm Tl

kg HAofl A #eld = 9lr) o] DICAMe] 4]
AZo] B3} Fs AAs=d Bodste, Al 13 AE
o] T 93 Agsle vlole] A 7ol AAFHEEFE
229} 2 Astol|A] T3t 2AHAqAE 283 7eA S

A Aghet

4

ZAtel 2

[=]
o] =2 2011 E REAT)EF] Ao =
TARke] A& whob —r*ﬁ d ATguch@HAE £ 2011-
0007402).
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