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Leptin: A Multifunctional Role as an Imnmunomodulator in
Mycobacterial Lung Disease

JuHyun Song, Sung Jae Shin and Jong-Seok Kim"

Department of Microbiology and Institute of Immunology and Immunolegical Diseases, Yon-sei University College of
Medicine, Seoul, Korea

Leptin 1s a 16 kDa protein which consists of 167 amino acids. Leptin is considered as one of the adipokines, secreted
by white adipocytes, and is the product of the obese (ob) gene. Recently, leptin is recognized as the immuno-stimulator
which belongs to the same class of long chain helical cytokines such as interleukin (IL)-6. Leptin is related to the immune
responses evoked by Mycobacterium tuberculosis infection. Thus, studies of association between immunomolecules
including leptin and tuberculosis may contribute to provide an essential solution regulating adverse immune responses
in several mycobacterial diseases. Leptin has a multifunctional role in the secretion of acute-phase cytokines including
IL-1p and tumor-necrosis factor-alpha (TNF-o), and links to T helper 1 (Thl) immune response. Moreover, the binding
of leptin to leptin receptor (LepR) is important in that this binding involves janus kinase/signal transducer and activator
of transcription (JAK/STAT) pathway. In addition, the activation of LepR mediates extra-cellular signal-regulated kinase
(ERK) and phosphoinositide 3 kinase (PI3K) pathways. Furthermore, many studies suggest that leptin may play a cntical
role n respiratory diseases including chronic obstructive pulmonary disease (COPD) and asthma as well as tuberculosis.
These findings indicate that leptin 1s one of the important regulators for immune responses in respiratory diseases. We
herein discuss the multifunctional role of leptin in mycobactenial lung disease, especially focusing on the related pathway
to Immune responses.
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WHE 72 APAEAN Ak, ErlEs 2 2 A
Zpel] wlelshs Zlos deA ok B Enkd, 9
et =, AL, FEFAE HAskrA, AldEt
8 ZxE oA ette] f|oe] Fuldd (1, 2). A
HrAlEe] 8 Aol F2 humoral 17}l 2)3)] gk
Eel
=

Tashd oA Yol A, Bulo] F7] 24, &, Al
E W A= T ¢ Fod WEES HEAA] @2
Fejelt (3). W& 16 kDao] Bdgt 715& 71l )
g2 o= 3794 TZ+ long chain helical cyto-
kine familyQ] interleukin (IL)-2, IL-4, granulocyte colony
stimulating factor (G-CSF) 53 fASE 25 ©o|Fa 9
o ol e PEE AEEH Solgow Agshs HAE
TEALepR)7F $12™, LepRe] gpl30 F-H-2 IL-6 T8
9] gpl30x} FF o]t} (4). LepRel|= altemnatively splicing
o 915 MAEE= 6709 isoform (LepRa, LepRb, LepRc,
LepRd, LepRe, LepRf)o] EAEIH, o] isoformES 35
Al AlZ9] T 2(extra-cellular domain)3} transmembrane
Euels A 9lent, AlEY E=l?)(intra-cellular
domain)®] C-terminal sequencei= A= Th=rt} (5). o] F
o]|4] LepRa, LepRc, LepRd$} LepRfe] A|xE1] =r2le
30~4071 A9 olr|wit A7) FAE = v
(short-form)?] ¥HH, LepRb: ¢F 30071 AHE2] ofm|i4t
A71E EFste AXW EdAdsE 7Rz de FAY
(long-form X+= full-length form)2.2 F2 o]Eo] g&
ol Ao] g Agolu AE W Nz RE 24
3} sl=d Polshs Ao delAY (5). EE LepRol
+ janus kinase (JAK)7} A& 4 Q1= Boxl =wQlo]
FEAskA e, FdstAl LepRbyto] Box2 motif$} signal
transducer and activator (STAT) A3 site® 7}A 3 9lo]
LepRb7} 2 €] A% ] 25 dedel] shofghriar o
HA AthFig 1). FHZdl= BE B s LepRb
£ A)9)%t = LepR isoformE9] A5 Ag7]Ao] Hte
A e, ofA7HA] 224 isoformdl] dig 7154
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oo} A& L2 FEEA 23U (5.6).
JAK/STAT 7 2+& 4709 v)5-83| tyrosine E/dm4
(JAK)9} 54 serine 2 tyrosine”]2] Q15tslel] o8] =4
= 7/12] 85~95 kDa AAFIAKSTAT)E TA¥It) o]
Z e 27 A= JAK29 LepRb Boxl E=del 2
Sk, STAT39] 2A437F Fasid deiA v A9 A
S dgdE= JAK/STAT signaling 3 o]}, extra-cellular
signal-regulated kinase (ERK)$} phosphoinositide 3 kinase
(P3K) pathwayX= Q=] gt} (5). ol# @ FE H=
el 9l suppressors of cytokine signaling (SOCS) &
WAE, 53] S0Cs3+= MY JudD 34E negative
feedback 7] A 0.2 ZAGThaL %4 910H (7), LepRb
o] Tyr985%} Tyrl077 A71&2 SOCS3| 2% 1€ 2%
29 negative feedback ZH8-& 8l=dl Fo3 FEO=E

A ok Fig D6, 7).
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< A, 2dsted i Fa% 9TE I (6). T
LepRbe A AAE, AFNIAE, T AXE, A=
(NK cell), SHAAIE T vhedet AGAEdA w2 &
AL Bolr o] 53 AE 759 tg d7vF 22s
2= A (6,8, 9).
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A, |5 Al EZIRIS] &4, 5l 7] WYuk-g-dl
A& TNF-o, F7]0= IL-69 IL-129] ®n]E =43
I FH ok (10). E=9, cluster of differentiation (CD)25,
CD71, CD69, CD38 %> CD £319] g S ZxA 7oz
A AN Y 38t 9JE monoeyteE2] H31E 243
ok (11).
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=89 F4EH, allogenic T A|E2] proliferation 5 ©]
F7FE Y (12). Mattioli & (13)¢l] wh=d, 39€1& =254
Aze] Pt 7159 Woks FET 5 i A IA
¥ o] AEHE F7AIIAY, FAZAES Thl AlE9)
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Figure 1. Leptin and Leptin receptor (LepR) pathway. JAK?2 associates with the receptor via the box1 motif. The long 1soform leptin (L)
receptor (LepRb) contains four important tyrosine residues (Tyr974, Tyr985, Tyr1077 and Tyr1138). These phosphorylated tyrosine residues
provide docking sites for signalling proteins with SH2 domains. Most importantly, Tyr]1138 recruts the transcription factor STAT3, which 1s
subsequently phosphorylated by JAK?2, dimerizes and translocates to the nucleus. The ERK members of the MAPK family are components
of the well-defined Ras/Raf/MAPK signalling cascade and have become activated by leptin. Stimulation of the PI3K pathway by leptin
represents a key cascade to exert several different effects of the hormone at multiple sites. JAK, Janus kinase;, PI3K, Phosphatidylmositol
3-kinase; AKT/PKB, protein kinase B; eNOS, endothelial nitnc oxide synthase; STAT, Signal Transducer and Activator of Transcription;

NO, nitric oxide; MAP, Mitogen-activated protein.

FA33t A= Fejgol (14). ¥yt ofE), Ratell %

& FAatdls A fEo] 239 obob vH-2ad
nor-epinephrine & FojstA] HW Ao 57} T
7hekea el A Qld (15).

HgAgz fAeate] AAdel] ek AT-= #E ob/ob
np-2~5 o] g-ste] FAE ) o] Marel] w2, obiob
nh-9-229] ¥l =79l Y)ske] interferon-gamma (TFN-y)
9] &7t Foleoy RS FoistH wlellA IFNy
o] Fx7} dizate] FRNE GA] FEEA (16, 17).
A1) Re o] 27} vhow Thl X #4E& =2
71 R, A O R regulatory T AIEL] A4S U]S 2
25, o] #3271 oW, Thl Alxe] Weikg
A AT ATARE AT (18). T Hro] AT
A EE JURSdH R QA7 WA TE I8
7 Fm™, o]i= Thl ¥h-g 3 3 Th2 ¥kgefAldl o<t

o _I|-}J

_

Aol FAFAT (19, 20).

Tgh, LepR7}F thakgh A E| FolHom Wiz o
WS ZHsl7| = gho) da9] LepRES 2F Tl A
LA, 5579 CD1bY &4 F7het AlEAPEE U
= dEFE o AddsAEd s ddat 3 LepR
7b B deE T g oo Gl Bt
ol T AE9} A AN ME F2 LepRb7} U3
He T Al @43 A] 28] o= 74 (6). ol
2ol €3} LepRe vhakgh ?304241&9} P dgukg
9] Z} gAldlA Fold =3 7]sS M QeH, &
F Y] Frd A gE 7S 1% gk
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Figure 2. Effect of leptin on immune cell differentiation and immune responses. Leptin affects both innate and adaptive immunity.
In innate immunity, leptin modulates the activity and function of neutrophils by increasing chemotaxis and the secretion of oxygen radicals
through drrect and indirect mechanisms. In mice, leptin seems to activate neutrophils directly. In humans, the action of leptin seems to be
mediated by TNF-a secreted by monocytes. Leptin increases phagocytosis by monocytes/macrophages and enhances the secretion of pro-
inflammatory mediators of the acute-phase response and the expression of adhesion molecules. On NK cells, leptin increases cytotoxic
ability and the secretion of perform and IL-2. In adaptive immunity, leptm affects the generation, maturation and survival of thymic T cells
by reducing their rate of apoptosis. On naive T-cell responses, leptin increases proliferation and IL-2 secretion through the activation of
MAPK and PI3K pathways. On memory T cells, leptin promotes the switch towards Thl-cell immune responses by increasing IFN-y and
TNF-a secretion, the production of IgG2a by B cells and delayed-type hypersensitivity (DTH) responses. This process 1s then sustained by
an autocrine loop of leptin secretion by Thl cells. Finally, leptin has anti-apoptotic effects on mature T cells and on haematopoietic precursors.
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Leptin in Mycobacterial Disease

Table 1. Effect of leptin on mmune system

Innate immunity Adaptive immunity

TNF-a. 1 Lymphopoiesis
IL-6,IL-12 1 Thymocyte survival
Maturation DC T-cell proliferation 1

Neutrophil activation 1 Th1 response (IL-2, IFN-y) 1

Reactive oxygen species (ROS) t  Th2 response (IL-4) |
Chemokines 1

NK cell activation *

A ATl s = A W(pulmonary tuberculosis)
ko] Y FE9 TNF-af ke 4 AadAE v
Ehlm, Adlld] i 7] 23Nk 93} TNF-o7}
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A 9] s maA] F7HAFIH, vhe2el e AW

AzdA 2P E AP mRNAE T/ (25~27).
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B, HIVSE TBE d@s] 23 AlZiAbd] whoatal 9l
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™, HIV (human immunodeficiency virus)2F M. tuberculosis®]
AZeR GRS @AsA Astrlrl= AS EQaal
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2% ofnlg}

ol9 ol WHL ARE TP ke 557 7
Qo QPELSH FIEAS 2U5HE FoE AR
A2E 3 AKTable 1). 3HA =57 FAolAx €
ANA9] T2 B} AlER] S AIES} FA A E
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IL-6 Alo]E71¢19] A5t Th17 %o WY7)53 85
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g Basiirk o] @4 Aelld s AAES] ot
o o] RAe] A FH FRBAE A, ol
A E7E Aol AP O] Ful7t BE vl M. tuberculosis
= 8 NIM gl g o] Folxlvs s
A S 2]y Sadatomo & (38)< M. avium complex
242 A TNF-a9 IL-69) 527 on], 9
W A" 2= M avium complex AH7F tiZrel] H]s)
o e AFE nYorh FALeE Fold AolE 1}
EFA] 29k, M avium complex TA}2] BMISE € 2
9] {714 AoAle slvka Bastoich A4 A AA)
Hog NIM #HZ23 A7 F£3] S7ketaL e 7He
g 2dlv= 9E NIM #2330 Adeha, WejdE 3t
old] thet AT7F dks] el Fol Aok 2 FAAE=
NIM ol tigk gd dAst 19E o) 83 A8
o] BopA il 9l 7he-d|, BRI} NTMO] 234l
et 71E9] AT AdES o= NTM #Hadl gt 7
T3E AAsta Ao Aol dig FoF dAME
AFd Aolh Egk NTM #HE3AE2] TEHYU »G
ot A& ATE HeliME 9 Ees Y g-hd W
Q7)dE Fg AIAE 7Yl e ATE FhHo
oF & 7o}



Table 2. Effect of leptin on respiratory disease

JH Song, et al.

Respiratory control

COPD

Asthma

(chronic obstructive pulmonary disease)

Infection disease

It increased pulmonary
ventilation and respiratory
volume

It enhanced bioelectrical
activity of the inspiratory
muscles

Clmical, mouse-model studies
indicate the critical role of
leptin function in ventilatory
control

It inhibits PDGF-arway
smooth muscle migration and
proliferation and IL.-13-induced
eotaxin production

It related to sSTNF-R55 in
emphysema.

It positively correlated with
§TNF-R55, TNF-o.

It involved in the impaired energy
balance, cachexic status and muscle
wasting in COPD patients.

It is overexpressed in submucosa of
proximal airway of COPD patients

It 13 a predictive factor for
childhood asthma.

In vitro studies have
documented that it can
up-regulate ICAM-1, CD18.

It and receptor expression in
bronchial epithelial cells is
reduced in mild uncontrolled
and severe asthma

It can suppress ICAM-3,
L-selectin in eosinophils.

Its deficiency 1s associated
with an increased {requency
of mfection.

Klebsiella pneumonia
administration results in
increased leptin in W/T.

Its admmistration to ob/ob
mice in vivo improved
pulmonary bacterial clearance
and survival.

It plays a role in the early
Immune response to
pulmonary infection with
Mycobacterium tuberculosis
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