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Immune and metabolic systems are important factors in maintaining homeostasis. Immune response
and metabolic regulation are highly associated, so, when the normal metabolism is disturbed, the
immune response changed followed the metabolic diseases occur. Likewise, obesity is highly related
to immune response. Obesity, which is caused by an imbalance in energy metabolism, is associated
with metabolic diseases, such as insulin resistance, type 2 diabetes, fatty liver diseases, atherosclerosis
and hypertension. As known, obesity is characterized in chronic low-grade inflammation. In obesity,
the microenvironment of immune cells became inflammatory by the unique activation phenotypes
of immune cells such as macrophage, natural killer cell, T cell. Also, the immune cells interact each
other in cellular or cytokine mechanisms, which intensify the obesity-induced inflammatory response.
This phenomenon suggests the possibility of regulating the activation of immune cells as a pharmaco-
logical therapeutic strategy for obesity in addition to the common pharmacological treatment of obesity
which is aimed at inhibiting enzymes such as pancreatic lipase and a-amylase or inhibiting differ-
entiation of preadipocytes. In this review, we summarize the activation phenotypes of macrophage,
natural killer cell and T cell, and their aspects in obesity. We also summarize the pharmacological
substances that alleviates obesity by regulating the activation of immune cells.
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Ao WAz} Ay stEdo] FE5AEst= U
EYaz, AU F4A8E AAsts Fo% AAolth
[51, 66]. B2 o] Ao = MAAYGH] THHAO R
TEY F Jo25]. ARG 539 YAAE F1%
of o A& FEl= dFdE e HIdow qY
of diaste Wol7|Ale HARAHOoEAN SHH o2 Y
< Woisly, £ AHS FA3 2 - F83 9T
< FYT12, 14, 21, 54]. FHEYG L 552 AM L
Al AAAE F12ke Audel 2HE AR gas)
H Y SolHQl Al vgo R, A o it
Ay 935 AAdeta, Fd v wuitt o 2% F
AL 7tsle EAS 7FA T A4, 21].
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A 327} E2A3kH, A4A QA tAbe] Aol A7]A o
AL AZo] WA Hrh40, 65]. AW AE 2H 5=
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T} TS 2dsi A 22, 31 A9A T AW ot
g 713l A 9] 2‘}%% 3 thAbell
Akl A AE Hf& Vo L
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AGA 2= Y Mz 74 24F FA sk <
% ¢ (hematopoiesis) = AFETH20]. 282 =50 EA)
3= 8 2 A E(hematopoietic stem cell)oll A Al Z+E T,
2ERAZE A7) AY 9L T 2228 HAsiH,
thed 13 588 o oy AFe] AIAEZE FAT
t26]. 28 ZAXE &5 Z3A E(common myeloid
progenitor)2} HEZ A Z A 3E(common lymphoid pro-
genitor)2] F 71X FE|E B3y} dojdt} S4A =4
Hae= AdAZ, AT, HITAZ, S5 ZAZE 23}
7F doju, &4 BA XA ST, ST, ST
gl FE Z3l7F dojuba, @l Fo A A EE E3}
7} dojdti20, 75]. @EZFA =AM EE AAaE A
o} THIX, BAXE 2317} dojua, BAZE FAALE
E‘—i}ﬂ\:}[lz 61].

M E= Aol E TR (cytokine) S AJ4HSIH, Aol E
7]’01'0— A 24 JAAEA e Aed wgol a5
= st g9 @A-g AAHe). Aol EFFIS
HoZ= A Ho|aL 4ZF 0 F A4S, paracrine
autocrine 7] o2 A3, o] AL FEofA

TE&A &} AFFTHe, 41]. A1 BT WA 29
285wt ME AR 23 75 &8s
= HF3 (interleukins, IL), "ol & 2~ HY Al &
o] vtolel2 BAE v Fulolg 2~ AE-S she
#| & (interferons, IFN), HA M Eo] o] 53 3 414,
Zd AFA FHd 4FS F= AT (chemokines),
AL dF T &3 2 AxAE F =, 54 ¥
Al 2ol #Ast= FU I AR A (tumor necrosis  factors,
2 BEFET36, 41, 42, 59].
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o 2] Al 2 (macrophage)= NS +83= &7 (mono-

cyte)7h E3kE o] FAH, AW EE 23} BV &
Asted Al et 7 WA e AEehs Az
TH22, 48]. T A= ol of 3 ol &4e] 27]
Aol thell 22 F9 84S 283] WSt d9ES
3, FAE Ffshe AME 283 Ao 7] T
ZIlshs W Alzet 3EEE T3 Fde AART
(38, 47]. HHAAMZ] EF3p= Foi F3ka} Abel A
A A E SAske] FAAE Uehle AoE, 24 Ml
A E M2 AR FES 5 ok, tAA =
= A ol Az ofs) GA FFS Lok, BF3=

shte] Fej2 uAHA = FeTH43]

Ml HAAE, & v H2 07 343} H (classically ac-
tivated) THA A 2= TAZ U A4S Al 2o A &=
QIE|#H & Zrvul(interferon-gamma, IFN-y)$} 13549
olutol] EAsk= LPSoll ofa] ZA S TH3S, 47]. M1
A EE= AE THo webma Fxz ZAsHA] Bl
2% (major histocompatibility complex class 1I, MHC class
)3} CD8O (cluster of differentiation 80), CD86< & 3},
TNF-a, IL-6, IL-1B, IL-12 52| AHFA Ao ERIS &
vt} A5 W& £%18kaL, MCP-1 (monocyte chemo-
attracted protein-1) 59 AR} 5 EH|sle] WM E
o] mde A1l 37, 38]. T3} iINOS (inducible ni-
tric oxide synthase)& #&@3}e] o}l27|d-& A EEHF 4
}AAZ Fasty, AAdHE A4S A (nitric oxide, NO)=
Aol k1] AHAS ZdEstE WY WkS 2H QAR

ZH8-3H27]. S, M1 IAAEE d5A4 Al ETRRIS
HH 2 NO A S T3l Al B -?J AA 7173de 7HA]
ATH56].

M2 A E, & tiA H2 = &4 319 (alternatively
activated) A Al L= ThoAl Z, BITHAIZ, T T oA A
AHE IL4, IL-13, 32 I EE] 3| E(glucocorticoid), HE
34 (immune complex)©ll ¥H-8-3Fo] A 3L TH38, 47].
M2 A M Z= Al E EH 2 E CD206 (c-type man-
nose receptor 1)< W& 3}, arginase 1S Y33} o2 7]
J-& ornithine™} ureas 34 THTH56]. M2 DA M 2= &
54 Al E71QD IL-103} TGF-B (transforming growth
factor-beta) & L3I WY 7|5 2HFH =3 5 v
5o ¢zl ¢ 7‘?’&% z2| E:IL 7sE ‘5}‘11 =i 7]/9_

15te] A Aﬂiﬁ} A z8) & g2l sk xﬂﬂo}f 7
< SHoH2, 69]. Fig. 1AC= XM 2] 43 53
o thate] At

Kb M5 M| =

A} A A3 M 3 (natural killer cell)= 32 A|3Zol gt Af
A 2 glol mEA WRiths oA A el o
st A2 2 deA loed]. A vk A
A= el CD39) B FAEkE F5A 0l e
U, AFEe] A A = o) CDS63 CD16S Hd
shal, mhg-220] ZAdSi Al = 9ol CD273 CDI1bE
Taste, ol ek M EAke] Tl wek g skel A
Go= xﬂ —‘%i}ﬂ 1:}[4]

< Xﬂl‘fﬂ’é}i ZoF xﬂg == 724
e WA 2o} *Jiz}

A 3}e62, 68, 81]. X
te et ditste
o] o3| %*45}7} Z@_HE}
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A
Pro-inflammatory cytokines
(TNF-q, IL-6, IL-12, IL-1B)
IFN-y L-Citrulline + NO
LPS
iNOS
L-Arginine
IL-4 Arg1 <
IL-13 L-ornithine + Urea
Anti-inflammatory cytokine
(IL-10, TGF-B)
Th1 MHC I
// \\ o TCR cD4
( \ IL-18
/ 6
A 4 TGF-B
Th17
< IL-4
4 \ /
)
3 CD4+ T cell
\
= TGF-g
Th2 IL-2
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Fig. 1. Activation mechanisms and phenotypes of macrophage (A), natural killer cell (B), T cell (C). IFN-y, Interferon-gamma;
LPS, Lipopolysaccharide; CD, Cluster of differentiation; MHC, Major histocompatibility complex; TNF, Tumor necrosis
factor; IL, Interleukin; iNOS, Inducible nitric oxide synthase; NO, Nitric oxide; Argl, Arginase-1; TGF, Transforming
growth factor; TRAIL, TNF-related apoptosis-inducing ligand; TCR, T cell receptor; TNFR, Tumor necrosis factor-alpha
receptor; IFNR, Interferon-gamma receptor; APC, Antigen-presenting cell

A FEARE HEHOE vp-9-2o) A 7F LH 3= Ly49
family 2} QIZFlAIM T Wdste 2 Mx HYS2Ed
A 4=8-A (killer cell immunoglobulin-like receptor, KIR)
family, #F-$-2=9} {17F FZoll A W@ 3= NKG2A (natural-
killer group 2, member A) 5°| JAom, &3} FEAZ=
g ®EAH o2 NKG2DS}F A+ A EZ4] =82 (natural cyto-
toxicity receptors, NCRs, NKp46, NKp44, NKp30), DNAM-
1(DNAX accessory molecule, CD226) 5©°| JATH52].

AAasfA sz o] B3t A= Al &A1 A A
Sof o3 &go] AAHAY, &4 ATt &S AF
sl7)ol] BFEetthes HolA 7]1dgeH62]. AR As)Al 2
o JA) F&AE 4 AE MHC class 13 A gate]
43t A5 5 A3 2E ALe FAEH, &
43l FEA ol FES A=o] JElZITHE AAAS| Al E
a9z or 34 AEE AAT & Je 8L %5

Al BTH29]. &, MHC class 12 ZA 2H3IE= A ZoA
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HEEA] 2pAAs| Al 2] 44317 BAYsh= AL o,
A &2 MHC class 12 &dsls 79 AlE 2 GA =

_oZi

M= 2D 2= 43 + Ath62].

AA s A7t 235 33 (degranulation) ol 2]
gk 3 A AL 5 ThFg Aol EFRlo] EHlHE T
[52]. 2atsdol=h, 24 Aol 3 ™ (perforin)? L=
Y(granzyme) 722 AL EA EAE WESIe JHL=E,
HExHUe THEA VTS A, FHAXE TWHA
Aol S &olatAl shH, TAAY-S Al ZEHobA|
(serine proteases)Z, E2Z A|EZ U 2] 7}23}A(caspase)
EAE9] 45 S gAsleto Ax A4S =3
[52]. A Al £ Eulshs 7 &2 )] Abo] BT}
Q12 IFN-yol i, IFN-y= Fufol& 2, g+ A& Ho|
H, T 3 A LS wron, T AME 84
2] =(death receptor ligand)Z 2}-83}= TRAIL (TNF-re-
lated apoptosis-inducing ligand)3} AFE 48 (death re-
cepton)?] Fas®] HH-E FE3IY T A4S F =
3tH62]. Fig. 1BolE= A 2] &35 5 F o
st Akt

THZE
A & TA Z(naive T cell)= Hl
A g e 2af gxzz o) Ro] A3 P e
1 E HE7|8oE o]FsiH, o] 3
AL FgAdH THZV} A&eA HES F Jd=F o
2o o3k g AA= MHC A4kl 2&3E 34
Helol = A o] FE(MHC-peptide A2 A 74A|
EZ e 3 AA Ml E(antigen-presenting cells, APC)oll
o3| A, THAEZ T EA3t= THE FEA(t
cell receptor, TCR)= APC®l| A Al ¥E MHC-peptideS 4]
Stoh63]. TRl W3t = THE F5-8A(co-receptor)ll
w2}, TAZE =% TH E(helper T cell, Th cell)2} M X5

A TAl Z(cytotoxic T cell, Tc cel)Z T2 4 JT}H35].
=9 TAEE CD4E WEsts TAHEZ(CDA'TH ),
MHC class 111l 23t &9l HEelo]= A A E 12 gHo35].

o

T AZE BAZS) Gal A F, WAL 243

g frEtn, sdre 55T, BUTE U FUR &
@o}u:], Aol EFFOl AL BE AubA el Wl ukgo
B FTHT8]. CD4'TH EE FH Alo] E712l 37l u}

2} Thl, Th2, Th17, &4 TA ¥ (regulatory T cell, Treg)2]
F¥PoF B335 E FEHATHI]. Thl AZE IL-129
93} F =5 o] IFN-y, IL-2, TNF-a2 333}, v 2o}
uvlo] g 2~ 22 AlE ) e AASHE BA A o
AAEZ CDSTHAE T AGHZEE FA43}3}58, 79].
Th2A| 2= L4l o3l =5 IL4, IL-5, IL-13& &3
st [58], 718 % Tl o3 2ol ¥hgste] sS4k, 54
T, AT Z2E 7 B2 BolA gt & AAE &

T3t AY, BAIE 4358 53 34 AHE =TT
[79]. Th17 A Z= IL-1p, IL-6, TGF-poll 2J3] =% o
IL-175 &8, ALH 02 5355 v ol 3%
o] & Ax o o FA F J&S FH(58]. ]
T 59 Eﬂ%ﬂi oy F& A H 5
1] A e &gt Ft HERolE S F =
22 A 9 A AATTHTI). Treg ME
IL-20] 93 fr=5 o IL-10, TGF-BE &3}
27 1 A Z A A= REEo] dojuA] ¢Al st=
10] A7 AEEHPE w ¥HEE AT
ste 5 TAIES &A4& 28 3tH79].
A TAIZE CD8S Hd 3k TH EZ(CDS TA
&), MHC class 19 9J3F 3¢ HElo]= AAE A2 g0
[35]. CD8'TAI 2] &4 3= THI X2 TCRO] &3 AF
kA, TH 9] BeFs F-A=(co-stimulatory) EAHS F3F
ANsrge] oz o7]fth35]. 7]& Ko wWEWH,
CDS' THI 2] B3l F243 I &Aaste Az £
3tE z# 3, CDS'TH Z+= ol WH-g-ate] g
oA 719 TH E(memory T cel)Z H 3=
2 o]H ¥ TH E(effector T cel)E HFHATH
3] 719 TAIZ= &4 &3 o]A | np=3}t
=5
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THXZE, B4 3o «]@ Az Al w
dosm, E3p7] THEZE= 2498 AZY T4 A=, vzt
7] AlZZ 819 MEo AAd =S Fu35]
CDS' THIZE HE 2F Aol ot 7173 Alo]| BRI
of MiNEE 717E& o] &3t 4 AZE AAZT3].
AZ 2 HAEF A 7de2E A=A JWAUS
o] &3t BfHol o AE A4 = 71H T, 4 Al
X 9] Fas &A o Z33l= Fas 8]F=(Fas ligand, FasL)
S CD8TAHIE o Fdate] A2 A4S F=dhe 7
Hol A UTHI). Aol EFII iz E+ 7132 TCR
9] A5o] A&Eo] EPEE TNF-a2t IFN-yoll 93 71
O 2 TNF-a= %3 AJZ2] TNFR (TNF receptor) 2
Hof FtauA AsHE A2RE BT AxAE F 55}
™, IFN-y= IFNR (IFN receptor)Z %% ] MHC class
I & A HZ} Fas &A1) AA 435 F 5351
MHC class 1o &3t 39 Eelol= AAE 7Fs)sta,
Fas-FasL "7 &4 AX AAE F7FA Y3, 9]. Fig.
1Col & THAIZS 435 FdF thst A stATh
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HlRko] s, A 22 of thaAZzs A4
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W AZE 454 2 A FEZE Hol Rl EA
k= M1 A A E EolEo] A Al Frel th2 A
X7} F3T-F-AF TFZ(crown-like structure) S sé"c'}? [13].
o] mj&ol, M1 thA Az 271 M2 A ZE =LA

35 1ol M1 A ME S M2 o4 A2 wagol
2 % Aejol 7]el @eks,

, Z A Ml HlAMEZ=Z
HITE 7] A ZZ YA TNF-a,
IL- 67‘%8 AATA Aol Bl Wdo] FrtslH, ol
4& of7lstH, A AlZ o]
46, 47, 57).

A zZ2 o] Wy Ao 3 A4
zZhgo] Fastm, A 249 &g 93 A4 &
o] F7tete AR &elA UTH49]. Pang S[49]2, Hl
o2 F5H vpg- malo] X 2 oA M E9
HAEZ A3 WA EZ D=7}t Z4st9gow, gk 370
A A ZzE 4 fFHl 87 A (platelet-derived
growth factor, PDGF)E &d st At 22 9] 3 44

I A A 22 AT A= AL FAEA
o} PR7EAI 2, Heidi 52319 Aol A, Al 27 1
2 vhe2 wlol A @ A A 27 wde] 73
&£E Fdsiglen, ol tAAEE AW 279 4
A A 220 B 23 HTe FHFS A4

o,

REI &SN Z

HIREO 2 QIek A= Y ot AT 2EHXE
ob7)alH, ol AW MlZe| MCP-1 BHE Zdslo] w2
Foo] AANHATE A 2P0 B
Wensveen 5 [71]2] A7 olstH, vgk 34L& vl
W WA 22 o] A Al 2ol NKpd6 2jt=e] 2 S
g At AAAs A EL] B98HE FrE3H] IFNy
£ 2FsH, o= Ml A2z £531E 33513
o} A 2, Lee S31]2 7ol «IS}E‘ H| Rk n}-g-
2 U F33 A ZZ(epididymal white adipose tissue)2]
b 222 S7ket BAEE 5k IFN-yot
TNF-a 2 A4Fstal M1t Al 2e] £5318 S35 &
, o= Ml A2 HEFAd Aol =7l o] T3
2 op|H e A 220 45 HHe Jded AdEE
FEstFon, AAds|MErt 128 HTk vpgd
IL-15 Fof g AL A Z 738 53 A4l A =2

T 4
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AL Az W g T Aol 783
o Il % Esta, o] # 3k HlThe] &3k A A el Al
Z FAL Jst A A BAYEA gokeE, ol
AW 22 o] 22| wat AW 23S FAEE 849
n Mg el zkel7F glom, 1o whek AA Al 2T Al
HoF FAS Holx= AoFE AZE 5 9}‘3]-[31 33].

Boulenouar F[10]9] ATl &J3tH, A vpg-2=9] X
W22 g gAAZE Rae-1E F2 Bd3Y, o=
NKG2D BtEZE 283l zd4bs| Al 2] NKG2D vl
N AZE AA Z1-el e AFz2E W M ZE AA
stal 8-S FASHAI N HIRE Aol A= o] H g A
AA 717 o] ZFasA =, ol XA EY F7HE
S5t HRkE 3%t

Aal

THI=

2 Az}t vl s=akA|, Higlo] WHAYEIH AW 232 U
TAIES] & F713ITH69]. 474 A 22 ol A= Th2Al

Zol 24 THIZS FE7} A8, ThaH 2o o3| &
H == [L47% IL-13, 24 TAZ] 98 #4915 += IL-109]
94‘6P°4 A 2= M2 AAM 2R E53171 fE5 o
Z &3lol tiAF S FAISk=T 71 18, 70].
, HIRE 8 o] Ak Ao A& ThaAl Z9h =4 TA
7} 2448, CD8' TH Z9}F ThiA| X E327} ¢
W, ThiAZd 9&) EH5= [FNyE M1 thaA|
9 B35 f=dte g5 AE&S FFATS50,
72]. Rocha F[55]9] A7l &J3td, vlgk up-9-2=9] 2|k
Z 2| A [FN-y2] o] F713tH o H, IFN-y7} ZgH
HITE uf-2o A FAF BNk vhexe) BlEte] 9354
212}l TNF-0, MCP-12] &&d 3} =2 U] tj2AxE 9
o] ZHastAthe S &, IFN-y 7F A 23]
Y 945 2E3ddE AL AT 5 Uk

IFN-y2} A9FAIZ U] MHC class [ %4 3= 317
(positive loop)E FAdste] AW=2 W Thl MXE w7 4
=S %E/\]a]cq B SHkE = o= "< ZHo] =
83 988 483}70]. Deng 51519 G0l &J3HH,
E1R=13 }—C‘ri/] ]HHﬂJOHH MHC class II«] 1] 0] xﬂ—

H:iéHflrEin
HUNINAQF_EL

o -]/““}T—i«] ‘\‘f:“1§]'7]' '?——_Hg 0]’55\1:]' ?l’?j, MHC class 117}

AR v vhe-2o 4 A AFH AEd Aol

MAERATT B3P S, MHC class [T H|THO 2
TH 95l 2430 988 ste ASoE AAEIA T

[15].

W22 ) CDTAIES] Z7h= A 23 U] g4 A

A Fol 713t vk thAL 7]5 HoE fF=3

%
Lo N2
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t}{70]. Nishimura 5[45]2] @7 &J3}%, CDS TH E 2
A 22 AEE tiAAEZe] A 22 Y S2 ol A3
st GAIR, AW 24 O co8'TAZE AW 23 U
oAz g B45E F3ehs 9EL 3, CD8'T
Az7b AFE B vpe- 2ol A A 22 ot Al
2R 2 AF, Al RlEd AP o] SstEAeH, Y
npg-22of] CDTHIEE o] 23S wl A dFol s}
H Atk Fig. 20l= HIRto] 28 Agz2 of ti2Ax
AAGd A, TAH EZ2] LA stet FE =l s A
23kt

PN

HAME M3 XHES S8 H|2HQ| of2|sHH X=

Hgke] kg 3tAQl X 5= T2 Ao AN EL
(pancreatlc lipase) Yt ¢b-o}d 2lobA (a-amylase)] 715
& AABAY, A AT A B3E At T
3 o] FolXth67]. H7lell Frtet, AW 22 S
o8 AN HFAH AIAEZ FHo 93 EF
402 vNt vgk #A FFo| X7 "Rbo]
o] B& A7} ol FolHTH74].

Linagliptin TA|Z 9] &35l #ofsl= ZZH| oA
<l DPP-49] 245 Ao =M iRt vpe2o) A =
2l Y M1 diA Al 229 5315 24712 M2 T2 A
E2O| T35 FEst nvh AddE A5 dsd
A S 4315 ATHE0]. F(Adzuki Bean)2] AFFE &
< BN npe- 2o A 22 oA M1 A A L2 E=

P

2 Pkl o o
oo %

_
i) m[o o

Saturated Fatty acid

Angiogenesis
Adipogenesis

Macrophage

NK cell-mediated
cytotoxicity

1 TH32]. y-Tocotrienol HIFF w}-9-220 A MCP-19]
S aANFoH, Ay Ao Zo YAME RS 7
Ao, A 22 0 2o XA HAES A H
o g of7|E e d@F5S ¢8sth LPSE f =9 Ml
A LR B3 S3}H TH77]. Resveratrol
2 Ml gAAM xR BF3LE AAAZHT M2 B

3} s M2 25389 S71HE st HivS ¢hatst
Ll
FADS

11

i‘l
)
B
il
:{o

stE f=stioen, 24 THXS 242 IA5E T7H
A v vt g fed A4S W 455 dstetdt
[60]. Empagliflozina H] ¥k v}-9-229] A} 22|37} 7k A]
M1 tiA Az A& AAFI, M2 dAA Z] B
35 fredte] HvtoE f 59 5% ded AFES
23}3F A TH75]. Chrysine BT wp-9-2~ofl A 222 Y
2 QANE AES Z2AAAL, AT M1 B2

7} AR o, M2 E5317F F7FSEA TH17]. Lipoxin
Ag= B)TE Op- 2o A M1 A 2] B=3) 749 M2
A A xe E538 718 FEdto HveE =9 ¢
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Fig. 2. The activation and interaction of macrophage, natural killer cell, T cell in obesity induced-adipose tissue.
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