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ABSTRACT

Background: Adipose tissues wete initially introduced as enetgy storages, but recently
they have become famous as an endocrine organ which produces and secretes various
kinds of molecules to make physiologic and metabolic changes in human body. It has
been studied that these molecules are sccreted in abundance as the adipose dssue
becomes bigger along with obesity. Furthermore, it has been found that they ate
mediating systemic inflammaton and generation of metabolic diseases such as type 2
diabetes and atherosclerosis. On the basis of these, we studied previous papers which
have been researched about the interaction between preadipocytes and macrophages,
adipose tissucs and lymph nodes, and adipose tissue secreting molecules. Results: Firstly,
preadipocytes and macrophages ate expressing similar transcriptomes and proteins, and
preadipocytes can be converted to mature mactophages which have phagocytic activity.
Moreover, the monocytes, which inidally located in the bone marrow, are filtrated to
the adipose tissue by monocyte chemotatic protein-1 and are matured to macrophages
by colony stimulating factor-1. Secondly, adipose tissues and their associated lymph
nodes are interacting each other in terms of cnergy efficiency. Lymph nodes promote
lipolysis in adipose tissues, and polyunsaturated fatty acids in adipocytes become energy
sources for dendridc cells. Lastly, adipose tissues produce and sectete proinflammatory
molecules such as leptin, adiponectin, TNF- @, 1L-6, and acute phase proteins, which
induce the inflammatdon and potentally gencrate metabolic discases. Conclusion:
According to these, we can link adipose tissues to inflimmation, but we need to affirm
the actual levels and roles of adipose tissue-detived proinflammatory molecules in human
body. (Immune Network 2006;6(4):169-178)
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Figure 1. Obesity induces change of adipokine secretion in adi-
pose tissue. Adipose tissue components, especially adipocytes and
macrophages undergo changes in adipokine secretion along with
obesity.
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Asto] F19] Hrkol| FAE Az} HAoz FAH Aut
AT Zoll HAAES} 71 F 2 50] 9188 Folsly)
ok 3t obd el FU g Ao} 2 A T4 29 3T3-L1
< F7el F4 & qx 29l 59ich@). o] edFellA] 1}
Bt AL EA o] AT ol 3 Sy
AQA, o AWAFHMEI TAES 2= blall)
E2 A3 ZAA ol gt Felzk Asp A 7=
AEE ARATFAES} A ZE A3 Rolel A
E& A3th9). o= A5 ATl ERA o2 ut
A== F4/80 ol tigk GAE o] &3 AYS &
st rh@). ol AATFA L HAMEZ A8ty
M A dAAEE T4 5 ZAES HojFEe o
T Azet & 4 9t

Al WiAlg Az o] AEste] Y AT 2
Holl B3 AFoleh Az W A ML 7] Yo R
HATFA LT} AN ERZ A3 A207] ol 9] g
FE AL} Az A o] A Fsto] Az oA o
AAEE E5HE ZAA ol 3 FFA-e] et 919
Aol gk =g o17] $eto] WA Akzz Ul glalA)
E9 2ogle g 2R3, A%d A Aol
S3H A EAQ F4/80 ol o3t 3A1ES ALslo] B
A A3 vk Ao Atz ) AMNEE Z25 1
FHE AN 84T g AL 808 4 94
B3 Az ] A E e =279 QAME S b
& Aolel At BAAE B slel Az A9)sta
AAA T, Al i, A7k A ukz Aol A Ak E
o A7t ARTE AAEY &R Zoksle Ao
Z A=k Al A E] Z7h7 Qe oj == o)
7N &4l TNF- ¢, IL-6, iNOSe| QAT Z=7la)= Ao
2 9 Y0). 2ol AYPF Aol B4 ¥ gL
DA & A 2P & oo o2 WE T TS u
oz 9] FFE 0|4 A3}, AwrzA o7 AEY
HAAZE el Aol Yud Zo] ol o] At T4 4
FAS AL WHT@3). o) Az oA Hu)E
+© 4 MCP-1o] T EE AutzA oz §ols)
i, Az eg fold tAMIE 9] Az
A AA == colony-stimulating factor-1 (CSE-1)ol] 2] 3}
As AAAEZ B3EE Aoltl3). AE8H oz A
HrzAol Yol A dFuk-gell F03 Ag o= )4
AL FFEZRE G Aoln Aukzz o 2 iE] o
SHAZA ] Fulol] Fo3 AL grkw B 4 gl
AzA 3 Aoy Re 43ag. Atz g wo)
Al LA AdA ol thelo] A=A} 17le] Ei
AL e W7 Ao sfRea] Aol 7)ukgt o
T7h A ePE] 3 glek. o]t o FE 19973 BE] Pond &
oll olaff F13P=] 31 YPEwN(5-11), T FAel] 9= Fo] A
W Ao 2 B¥sa 9l &4 (lymph nodes)s} €
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oAl A HE = Ao E7191o] AHFAE Fr o] Ao] B}
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olth(29). AAIZ wed 2ol gAY AZAgHE o
2] oz A kA Lol A = TNF receptor Io] ¥F& 5] 2] ¢k
ARk, W AFo] = HZA A2 A Eoll A=
TNF receptor 12] & o] Z713k& Hck5). A E &
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@ (prostaglandins) ¥} 73 E 2] oll (leukotrienes) 2] # 3L
7} =+ ole}7) = AHarachidonic acid)s XA Aol %
Ak(docosahexaenoic acidyo] H] ;%] =28 n] &2 ZASH-S
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Figure 2. Secretion of inflam-
matory molecules and generation
of metabolic diseases in obese
state. As a result of obesity, adi-
pokine secretion levels are
_changed. Consequently, inflam-
mation, insulin resistance, and
endothelial dysfunction are in-
duced by more than normal ran-
ges of adipokine level.

Figure 3. Effects of leptin on
innate and adaptive immunity.
In innate immunity, leptin stimu-
lates the activities of macro-
phages, neutrophils, and natural
killer cells. In adaptive immunity,
leptin mediates proliferation of
naive T cells in thymus and secre-
tion of cytokines form T helper
1 cells.
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amus-pituitary-adrenal axis)g £l Lol dr}. A Zo
A EH] ¥ & IL-1, IL-6, TNF, IFN- y ¢] #-8-0] HPA &
Esto] dojub=d WEl 94 o] H& F3ll Aol &Ik
o 72A9 g 7ddich3l). HPA 0.8 tisle T
Zol|A 9] oga) 3 dxAA L AR F23 V5
& gedeled TAE ¥4 9 Tul AXR29 £33}, 28

o]
&, GRPA, A pAES] 715 9 dEd Bhldl=E



The Interaction of Adipose Tissue with Immune System and Related Inflammatory Molecules 173

Flelo] Agkg X Aoz Huxa 9lrk(12,32-34).

el A A E, T5A E(neutrophils) 3 2}l 4]
A Z(natural killer cells)2] 7|53} Had3l] XA} oo
714 ghek(Fig. 3). el A A ZE SATAA A A
R L IECEEEE R R
£ 9=34 Aol EFlel, FHZ Ee 9l By (leukotriene By),
cyclooxygenase-2 (COX-2), AF$}HA A (nitric oxide)E A4+
shod o] yhgoll & A8Fg wHh(35-37). TFTAL
A #elol] o3l ZAlstE]o] F3H4 (chemotaxis)o] ¥
oA FA A AABHAl Hck38). FR S TFT A
Eoll ofF A4S Aol AP Yol ke,
Aol A = wh | Foll A vl = TNFE &3k 74
vl 2 Qlofutea SRl ATh(9). ARE Al
AT A ) A sholl Thofehvl @), AR Aol
ANAES A4 +F §20] B V1A A4S 2
L gekel). e A4 ZEE] g HXlskeu,
ol& W A E9| AL 1 FTAE 243t W P44
o] Aol Fa3t 753 k3.

Hel o] A4 wdol] gk 282 THES] 24 9 A
%3} Belsh) Be Qi) ol FolHckFig ). AL F
Aol A A& whr] €] YA] TA| Z(naive T cel)] F
Alg rEsiH, A1 TAZe ozl 133 Aol &t
o] IL-29} intracellular adhesion molecule-1 (ICAM-1), very
late antigen 2 (VLA2) 742 §2HE-A}(adhesion molecule)
S walo] Zohuivh. SR RAe] WY 272 A9 o
F 29zel wWel AZ 0% 5 Baol fEx0I).

elelo] o] 1A A7 o A $Hautoimmune diseases)
o] HhAol| 2 AdvkE wHvhe Zo| #Wl AHE<
objob A% o|&3F A4l e ol grelAch. WL AR

Aol DS FURS o, WARA Ao EAele]
7} 2ok ol A S WU TAIES AHA S-S S
A Thid Aol Belo] 51k F3A7A 934 4
gho] W gahis 210 2 Lekgkehad). 1 vhol] ARl o <)
& 7, o, AbEelgi, 934 A Hnflan-

matory bowel disease)2] BHA% &holx] ol th(43-46).
o)k 72o] WeElS ENWRF obie} W 2R
EA AR W, 304 "o, el A As 5
o} WHollA] B A% 83 sl Aer Heldh
olr] E vl g] (Adiponectin). o}t]ZllE]-L z]HlA| Fof A
wro| HiE 5= ohul A 22 2] B A|(Clg)e] ™ Acrp30, AdipoQ,
ApM1, GBP28 59| o] F 22 Hg|7]% 3} o] A2 7]
e} wiee] A3 sl=d), vk, QdEd A4, v
w 718 4e), el5 CRP $417) & o, o}l E
Rle] S4 ol Athdn), MU obt) Eele] 44
7V F5 Wi ALA AL o] FolEx vort A
AAe A e Ea} ke B3] dEdEs), o
¥ TNF- ¢ ol &3l 2% VCAM-1 59 §-4-229] 1

g AAlste] ol AZHbEE FolaL, 3t HY L
AL Z4E o ArE9), HAAEA AWE 2
A Z(foam cel) 2 Wsh= A& AT 24 7hgsivta
ok 2 rh(50). wagt ot E el o A A 2] TNF- ¢
ARG AAlBtH ZA2-G (phagocytosis) & AA GO
godz 28w 7H=d|(51), o] 7 o] adenosine monopho-
sphase activated kinase (AMPK)oll 2]&l} 71 7h54d o]
A7 = 3 Jek52). ol |2 7 AgAEE 9A
AA olge Rzt o Fol e R dhvh O HRE
MR 2 AHE F e, B HAEE 14B kinase in-
hibitorol] ©]3F NF- ¢B Al &2 o 4| 2 TNF- ¢2] %7}
dadhe] ofelEUEe A7k 2L Bl HAA
olgdl WA S SAAZIHS3). 7 WA ZE AMPKE
AZ3}4o] acetyl coenzyme A carboxylase 2H-8-3- whol 7+
olAe] & MAS AT FHel|A e A4t A3t

g Z7AE B8 AAA dER IRAE AR
Chs4). o]5} 7ol obt] T ujel e geiz A} ol4el 1l
WA Z7hst BT 8-S sk A e,
2] A] 2~ €l (Resistin), o} Al (adipsin), B] 23} € (visfatin).
&) A 2 € (resistin) > Az A oA Eo]F oz B =
vezozd wa3 2o A6d AL YA
F5se AL Yehee. 5ol 924l Q49
Qe WAHe F23 242 AASHE Endo
thelin-1 (ET-1)9] mRNA w87} 2ulE ZAA|A WA
2] 4310l Zlofthel, ek WSAE BAE ol Aol
7HA- A 0] S A el TNF receptor-associate factor-3 (TRAF-3)
2 ge £Row PHAE 98 HIE BOHIS).
ol el zgA o] 9= ghAbe] W AE 75 At

¢

A

-

W E R e A A Zel|A] gho] A= L QLAL(SS),
2 ol g4 A3 AN B A3 HolEa ¢
e =eho] =L Jlrk(12).
o} ] Al (adipsin) AFEHe] complement factor D*9} 7+ o
A FAZAE A ARAES} DAL o o)
AL Zel|A] gho] W Heh(56,57). B]EE A] AX] ol A=
obeAle) BF X7} o), ARAALE 27t
Aut #dto] gl FXE Yehlle Zo g Hus vt
(58). el o} Al A WA Ee £3} AEE 1EhH
= A EAE Agdch
H] 23}l (visfatin)2 WA A zZollA] o] AAE
3 A

3 2

A
3 Fu)Reks9). elEEl FEAl golA RS &
3 A7E AL 3 Adedd v Ve de
(59). B]&5} el ol =52l (endotoxin)ol] &l A==
ZTFA| Eol| A ARSI SFFAE] AEE AT
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(©0). %, v]2stele AYzAT 2SS Qs
2e7b "otz e 4 9t

A5 Ao] £}l (Inflammatory cytokines).

Tumor necrosis factor- @ (TNF- @): &l 2|84 Z ol 4]
HEE s BhlEE ofe] 1A 59 Ao] Bl o)
THEL Qe ALHA AT o] 2 EAo)
TNF- go|th(14). A9 73-$- TNF- ¢ mRNA7} FZ A
A2l A s s Aoz AR uh3). uhe b
AL AAE] AlEutol] £ dele dAsgm &
Hlg e REL AAEE F2 el /g 2
Floll4] WA= G h61). Az oA Foz B
© Aol A o WA A FPARE, FaH o
2 ALY QlEdl AgE o7 A7 Aoz uhy
A vl 9lek(62).

HIRE A, 2922 of| 4] TNF- 9] Wl o] 73] 27}
e AL WHToZ Q3] TNF- o7t 57 2gHA 9
Aol dgFe vl sheAde] A= Ark(14). A=
TNF-o= &d F8A9] A|gl7|(serine group)E Q14
BAFIAG Qe FEA9 2 RS E3 Qe
AZALE B Ao vehyrkes).

TNF- o= $£3F S 3k50] wha) ol Aol =4 B
o] glc}. NF-«B 24, VCAM-1, ICAM-1, selectin, MCP-1
o 7k, die™ WP AE 2 d PR E9
4 F71E B B WS 270K 64).
WA Zoll 2] 9] A3t 4 YAG Folx, i 3k
ol 45 Y3t =3 PKBY AktE &l A3t A 71 o
22 I Z] AHE S7HA e €42 7R
ZTH65).

3k TNF- o= IL-6, GEZZHI(66), A4 A=}

Of

(nerve growth factor)(67)2] A4S 24 S Auk=z
2| 2] Aol E71Ql Hul AAld F&2H9 d3te gt

A Yo},
Interleukin-6 (IL-6): IL-6 4 A] v]uty} 3hA| 2)ukz2] o))
A EE gl gl Sokshe 58 Aojedlgleoz
BAE Bo3 giok1s). oA AAEE FA7] 54
A CRPY| W1l g zAsl o] Atz o4 Lu]g)
IL-62}+= o] #rel 5l eh68). T3t IL-6 &7} o
Aol A AR oz Q] IL-69) F34Q Atto] A7
H9.2.0(69), o]E A EANA AAfet g oA 7
W 2ol U AEE Adsle B2AZ JAZTD12).
IL-6= AL ADEHNE FEelo] & A Az
AL AFe AL, vgta Bste] Jeh)s
Wl s 2AUTHT0). FUHS 27 dAlol] Hojsin
(15), €T TEAIRS-1)9] BA S F4AA g
A e FEITHR3). IL-6= P PAo] EPHoz
EAskE A 247 Ao,
718k Aol E71Q1: o] 2ol = gk ATE Ewlo] IL-15,

A
T
A

IL-8, IL-10, IL-17D & W& Z39] Ao] E7}elo] Aulz
ZollA FAH T deiA gk A A A Eel A 9]
IL-8 42 &2 IL-1 89 TNF- o] oJ3l] 25}
(16). LefA] IL-8% H|RF A] TNF- ¢of] 9J3] AR5 & ®=
e Aol 271R1Q) 169} 3 WF S} Fopalch
(72). F9F A5 2+ IL-109 EF FX) 3k njut
Al F7h A7), A AMAE 8 AED B4
HHE = Ao FRIEYTHT3). IL-17DE o) Al Fel]
A12] IL-6 5] IL-89] 4L EA1sb= A o2 vhe 3l =)
(74), AAZEA A HulE= Aol g AF A7) ¢
of ofe E7he) 0 = 24 Woluk. IL-189] ¥F 54
& ulgks @A FoRIR0s) Aol Ta Anzrs)
W Az A4 ARAE 9 7198 B olA
FAAZ BT Y A Z FesAT, AAE]
Al ZHlEE ool ] WA Yvka ¢¥A YrHT6).
T4 7] EZA(Acute-phase molecules).
C-reactive protein (CRP): 7ol 4] F2 A %= FA7]
S EARZ ¥ei3W CRPY} vt 9w}l fadsio]
F7he 4% FAZ SR, 4% Bl I
L A58k A WA e 4] ¢] CRP W& o] in vitro ol 4] &
A= A =ul, AsHe] AWz F ol 4] mRNA o] 215
AT, AR PR kL 4L Aoz ekt
(12). s}Ak, 2228 CRP 2] 7|#o 7 FAs}xn
I o]f-& vk A FbslE IL-6 w916, o] Ro] 7t
olA A== CRP ¥ 8% CRP 555 24317 &
olttk. F, Hluk A AWA|FolA EH] 5= [L-63 F3F
A o2 Az o] dZ CRP #Hdl| £8
g Qg ZHIIeH6’).

CRP: of2) £79) whudle] walg 27 $2 7
AR o 24 A7) whA-g of7]1 A 7]t} CRP| €]

ot
rlo

nly ol
LS P

W3] VCAM-1, ICAM-1, selectin, MCP-1 & o]

Fo] 3 5ol WA Fh(77). 18]a CRP

3MA 4 A & & (nitric oxide synthase)?] #31S A4

A AL QS ZEATE, ol e TFHeEE

HAALE GASHA Hrek78). et A 2wl A1
o

& -A|(angiotensin type [ receptor)®] A|E T uleg
S7HAIA A 2 ElAl A28 (angiotensin I)el] 2] & 4]
s e TR G HEE A o)ET 2
A, 3 AMzel] gekg v Hc}H(79,80).
=2 2l (Haptoglobin): A% 3l Azke] z)ukzA] o)
A GEFZH AR B s Bav) 9oh21,81).
T12]3L TNF- o7} ARA Eol| A 9] tEZ 20 uky 22
ol Fa3 g9lo] Hctx A THBY). et FEFR
Hlo] wreo] sl Follo|L} A3-adrenocepter agonistol]
of3l A= o] RS GEFEW AP =AAE
A8 &g A A g}81).

Serum amyloid A (SAA): SAAE Zhol|A] F 2 udm=
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47 AR 2k A Az A wele] =
A F7Fk22). 289 Aeld wf) EA3sks] o] 2)A o
Apoll QAgFg Fol Bhol IAHZo Fofste Aog
A} 7+ ¥t} (24). High-density lipoprotein (HDL) =&l =8| &
o] of A gkl A (apolipoprotein) Ale]] £of o] Z-& of
H|EA 73 A E(atheromatous foam cell) & ] As}H, o]
2 Q& Sl s h82). 3k SAAE A4
3 #A = =, INF- ¢, IL-69} 22 d5 38 Ao
Bkl sl 2 wglo] FIbEo] T cellofl A 9] Aol &
7H e A1 71h(83).
Plasminogen activator inhibitor-1 (PAI-1): & 323 4]
A (haemostasis)ol] 2.3} o3 &g sl= £ ¢l PAI-1(83)
< FE 40T NI A Eol| A AJAbs] =, vlak, 3
o) TNF- ¢, TGF- 8, ANG I, $-2] A Hhalel 2wyl =S
), z2]3 3oleeld Z(hyperinsulinemia), ¥}
(hyperglycemina) &2} thAA Ak Aeflol| A 2| Hlz3]
Aol Z713eh84). ol i BAEY QAHe Z7
A7, it &4, z2elgdd A 018 18
31 Aell(hypercoagulable state), E 7 3} 59 Au-S o}
71171 ek(15).
716k AA W 71 /E5L Ale] = HE A7d 29
ato] o o4 AA A ek=dl, F-5 A=Ak A)F 9
Z718t A sle] Al 2717} Zokg) o) Aol Pofet=
2Qlo] Atzz]e] £3} A w5y AAbst= HPAPA
A7Z912}, & vascular endothelial growth factor (VEGF)©)
th(18). VEGFE= &gl oE& o2 AubA| oA ut
A= 3 FulEw85) ol ¥k, tlAA A, gk
%, 8% AF T& oA e s stoll A w4
AFE7} Boy WFo] FAA Hrh(15). dHAAA Az
VECGF= E3 A< %, 7HdE] £ AlE F(postca-
theterization) &} MG 20| 7h53lA & Fo] LdellA
5 &5 ek86). ulwkoll ojgk A 414 VEGFS W
&, gl ninka} A" Ate] FAlo Y= w), g
VEGF %] 57} o} 7)5-& ¥4 tfgt od#7} a9
DA o] A7l A Bl AL AHEE FRER
F(neurotrophin) .2 A= A7 A7} 21z}l nerve
growth factor (NGF)7} AX| - 4l Abghe] Akz2] ol 4] A}
FAE I FulEe Zlo] #a A rh(19). |A NGF= A
o] E7}Ql- o Aluk, fAAFe] Wk} Hu)7} TNF- ¢
off 3l HAFoZ Q3 AZNSEAR A=A 5
ARekiL(19), AF o W Wk FHEE Fo g oA
A3 91 th(87,88).

[e)

N I
10, ofy

-

"
AFHA A zA 7 AAA Al A5kl dhelo]

AATAEL WA AL §44, A2 3} w7
o) AT A, T AR BulEE d2

HEAT B E A Aske] A 7EA] FollA Ak
Hekel

A A A A e oA RS kel W
e gl holA e FALE 2 don A+
A Zoll A AAERS A% Fbegde] Aed 7
o} o] Yol tiAAIEE Agks AP TAI £ ol
et AT ZAE Buto] ol W A E A} A}
ZZol|A FH|= & MCP-1of] o3 Apz2og {915
™ CSF-10f] o] 3l A AL E Agehe A& 47 =t
ol Aoz AMPAFA L} tHAALSY A EE A
Wz 3 A Ee] G320l B AIA =t

F A E AzA 3 W 7jR Aol o] A Ao
gt At HAAEL] AGA Ee It AT o
2 AA ] AN ol g ZE-EE Pond Toll
3 ol oA AitEe ENE Gelsgich "4
w A Fol] o3l ZA1% A A E ] QA EH A& 1
A3} AR Aol Rl A f R4 AL oA
o] Ak Tu| 23 AT AT Uk o] F F3l W
o 7|o] A A=A o2 R Hagt oA E o
< #HAY A AAE FEIL vk AS FE
& T 9k

Al WA Z AkzA oA AF F7keh Bdslo] Fh
HE e A 7Y 95 3 2% 28 sl oF
NEe A%, ALY 2k, TWES 5o AR At
sl At B o} A% Ha A E] dE i, ol E
yelo g g5+ ol 2], W Ao 71
TNE- ¢} IL-6, Z47] 712l CRP, StEFEHI, SAA,
PAI-1, A Aoz}l VEGF, NGF o] AWkA|FL Aukz
Zoj| A BEulgg o g glolon, 53] ofz3l QG
EAEo| A2y ot I Age) whAel dRsA %
ofslar glg& HolFdeh

shAE, AF7HA 9 R Az 3t W 7))l of
& AT ANES EHE AW zAR dFe A4
ol L AatEo] o} A& whAlel] B3tk Zlo] A4
otk LA F71AQ dF-Eol Wol 245+ 24414
b, B3] Az oA BulEE 4= Al - ik
o 742 Azkd gt esth o F st € &
o] &A= e, o}t el TNF- ¢, IL-6, CRP, 3} &
Z-2 4], SAA, PAL-1, VEGF, NGF 59| Alo]E7}9lEo]
Ak AvkzA ol A JulE ZgIA el gk Aol
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