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ABSTRACT

Background: The Hypothalamo-Pituitary-Adtenal (HPA) axis is an important regulator
for the body's stress response. As a primary stress responsive system, HPA-axis secretes
various neutotransmitters, hormones, and cytokines, which regulates the immune system.
Natural killer (NK) cell which is plays an important role in the innate immune response,
is specially decreased their numbers and loose cytolytic activity in response to stress.
However, the effect of HPA-axis secreted proteins on NK cell activity has not been
defined. Herein, we studied the effect of adrenal secreted adiponectin on NK cell
cytotoxicity. Adlponecun which is well-known metabolic control protein, plays important
roles in various diseases, including hypertension, cardiovascular diseases, inflaimmatory
disorders, and cancer. Methods: Signal sequence trap was used to find stress novel
secretory protein from HPA-axis. Selected adiponectin was treated mouse mature
primary NK cells and then examined the effect of adiponectin to NK cell cytotoxicity
and cytokine expression level. Results: We found that adiponectin which is secreted
from adrenal gland, suppress IL-2 induced NK cell cytotoxicity. And also investigated
cytolytic cytokines are supptessed by adiponectin. Conclusion: These data suggest that
adiponectin inhibites NK cell cytotoxicity via suppression of cytotoxicity related target
gene. (Immune Network 2006;6(1):6-12)
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EE749] LPSE- #4138t ¥ Hypothalamic-Pituitary-Adrenal
gland (HPA) 7H7he] 2| 0. 0e] ] 2] 5 v
g 9% librayE Azte}Sich. 27k librayis o] o
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Sholl F= o3RS zAslgrl Adiponecting 19961
Maeda Sl ¢lal]l =2 AW zAo|4 TNF-qg, IL-6,
VEGF 53} 720 dolo.5 Rulxjo] $2] %e| 404
£ xA3le adipokine® A8 d#Fom  Acp30,
GBP28, 18] 3 AdipoQ S0 2% ol 9leh(7,8). 2o
ul =1 adiponectine +§ 22} ol 4] free fatty acidS- A3}
A|7] 1L hepatic insulin E-4]-8& Z7}A)7 2t ok}, lipid
o] 2AE AAAT) = T ST A AL 244
23 7l5& shar 9l o, Al vlsle] wjykel 75
I o] AAs] Fhaslo] 917] witel] wlgk G X S A
EA 2 FoA o] tF5 3 gt Adiponectin® 4 TA
ot olzgl Ztoll=  anti-inflammatory, anti-arthero-
sclerotic, anti-angiogenicy} 7-2 wod zA J)zo] By
Holl whz} IL-6, TNF- ¢ 53} vl o] WA A% F8
g &g 3} adipokine & & o AZ| 3L QILhO-11). E&
adiponecting IL-69] v}l g 7+ 4£A17) 1 IL-109] vFal&-
Z7IA R o 24 W AEe] pro-inflammatory cytokine
23X & 2 A= anti-inflammatory 7]k} E-A]ol] myelo-
monocytic progenitors®} 2413} macrophage?) )4 &
< ZA&AZ . Baso] 9lrh(12-16).
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Signal sequence trap& %3} -G-A A} W, Rato] E-7)o|
2.5 mg/kg?] LPSS} 2o 2 PBSE FUL A 4477k
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% rat© 2 5E] hypothalamus, adrenal gland, pituitary 2%
2 7+7v Balslgdoh FastTrack® Kit (Invitrogen, Carlsbad,
CA, USA)S A-$3to] 7+ 24 o ZRE] Poly (A) -enriched
RNAS ZZ&2 % 7+7Fe] mRNAY SuperScript Choice
System (GIBCO BRL, Rockville, MD, USA)-& o]&-35}o]
signal sequence trap libray & A28} ). 250 ngo| F2F
9 Az vl & A 8-slo] first strand cDNA, L2] 3L second
strand ¢cDNAE- $FAJ3k & BsrXI adapters (Invitrogen,
Carlsbad, CA, USA)E H-&slo] b =z7]ol] wl-& Rgl
B3-S st A7)0 whel 2¥¥ cDNAYE pMX-
SSTHlE{of] AFQ) et & FZsle] BOSC293 A& 483}
o] retrovirusel] =4 At} Signal sequence trap library7}
5915 retrovirusy= 10 ng/ml2] IL-37} 3¢5 RPMI uljA]
o Aut A5 Ba/F3A| el HA E]iste] 12719
96-well plateo]] FLa}A] Uo] Wi wjoksle] IL-37}
9y 2ANME Aot T cons AHEESch A
wE Ba/F3 clone®.ZHE] genomic DNAE F&38 ¥
SSTA| A cbs (A ubsk: ggg got ggac cea tee tet a, S HFEE:
cge gea get gta aac ggt ag)S- o] £3lo] F whA|(98°C 2%,
68°C 2%) ¢k WHS-& 303] wHE3ho 24 4] H cDNA
A& ZFH A7k /dofZ] cDNA w2 BLAST Z &8
188 Bslo] A7) AdE A

Northen blot ¥4}, Rat© 2 HE] hypothalamus, adrenal
gland, pituitary 2%]-& £2]gk & RNAzolB (TEL-TEST
Inc)E o] &slo] 7} 22| 0 ZHE] M| RNAE 53130
th 348 RNA F 20 ugs op7b2= AlellA] A7) &
3k = 1} 2 uf(Gene Screen Plus, NEN Life Science
Products, Boston, MA)ol| &2FA) 71t} Adiponectin 74 A}
Aol ['P] dCTPE Agete] WAS EAE & F o
ut3} & 65°C ExpressHyb -£-2H(Clonetech, Palo Alto, CA)
oAl 4] 18 b 5]t HE-SA|A WAs EA] % adiponectin 41
AE EBoldow H#EAZ 3 washing buffer (2XSSC,
0.2%SDS)E- A-g-sto] 33] o4} AlHslo] nl Ho|=gl
AgS AA FoAck o] whE Xray filmol] A A
2 29614 adiponccting] Fol4 A& SHleek
Primary mature A}<i Ab3l| ) B-g]. C57BI6 AF 25
Bl et A 28 Eelslr] $slo] zhel A
X cell isolation kit (Miltenyi Biotec, Bergisch-Gladbach,
Germany)Z A-&3shich. AF ] wlg-g Felslo] Ad
T AEE A7) & BSA-PBS2FEH(0.5% BSA, 0.2 mM
EDTA in PBS)ol| AXLE & Fo] zodAsiAEL biotin-
antibody cocktail (CD4, CD5, CD8a, CD19, Ly-6G and
Ter-119)¥} 1047F 4°Col| 4] vE-3-AJ7ick. 5742 Q) Al 3
7] ¢)o] monoclonal anti-biotin antibody7} K22l microbeads
5 Yol F1 1587 4°CollA HES-A171 & BSA- PBSSHE
oH-S- A}-g-stod S ¥l AlX#}g] e} Microbeads7} -2 Al
= magnetic cell sorter (MACS) column (CS ", Miltenyi
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Biotec) S E3}HAIA columng F3ato] vho Ahed At
AEuke Felsisich EelE A s A £ goat anti-
mouse AFAAAE 1.1-FITCE FA13F 3 flow cytometry
& Agsle] o £25 FAI

AL AL A ZA. A7 AAdefALe] &
A& A7) Slsto] Heldt primary 2hed Abef Al Eoll
100 U/ml9] IL2E g 3.2 30 ug/mle adiponectin}
37l 244174 59k H2lgt & PBSE 7 Wl o] £
sk FHAEEE YACIAES e 1AL &
gk FA)5}0] 96 well U-bottom platesol] 1 10° cells/well. 2.
2 Yo|& Z Fu|g Aol NEES5:1,25:1,1: 1
2 Yol 4417} 53k 37°C, 5% CO, s F7 ol A wljokat3l
b, Aol A A ol o3 YAC-1 AE7} sl A
Az e Ve Aes r-FAVE F43k, o
& A6l tgste] FHZ vehligieh Cr'e) B4
ZH(%)=[(ARH BEFAIH dEd)/EN B2
Aped ) W] < 100.

RT-PCR. RNAz0IB (TEL-TEST. Inc)& Ab-&3to] A& A
A RNAY¥-2|gF & 1 = 5ugs M-MLV reverse trans-
criptase (Promega, Madison, WI)& o] 8-s}of 37°Col|A] 1
A7k Bk u-EAA cDNAZ AlFsliet. Al#E cDNA
E FY o2 3lo] P3ke FHAEF 95°C 14, 55°C 1L,
7°C 129 2702 FFEL WSS Fohol TFHake
o 77ke) A B e g o] AFlgct. Fas
Ligand (sense, atgcacacagcatcatc; antisense, cgggggaggtage
tgetg), Trail (sense, caagagcagegtgtegtg; antisense, cegtgagt
taactccacgtt), IFN- 7 (sense, cagctctgeategttttggg; antisense,
tcgaaacagcaictgactee), Granzyme B (sense, gaggtgeggtggctic;
antisense, gactttggtgcaggeteg), Perforin (sense, cgactggaagg
tcggge; antisense, cctegttttgiccgtgagec).

| }

HPA axisol| 4] LPSol] o3l f55 & §44 ¢4, ~E
P9t 7o 9B 2L brain®] Hypothalamusol] 4]
pituitary, adrenal gland® o]o] A& HPA axisol] 2H-&3}¢]
chebet chil o] Yul S ZRst0] Sl Beo wel Al
2 zA%c wik W] JELEE IL-1, TNF-¢, IL-6 &
# 7+&- pro-inflammatory cytokine Aol E7FQIES HH]
}o] HPA axis T 2 BEn)E 24 ¢}7] uw]Fol] HPA axis
o W] AT A A4Ee S Be| A4 FAY
AR A 28 e ok i Aoleh 53] HPA
wisol A 05l BR8] Al melAl Eol A gl
o] anti-inflammatory 7]5-& <738} & $-2|= HPA axis
oA oukg <17l LPS| 2|8l we] 24} Bl
ALY BHE 2ok AZE Tu] DuAS B
3|34} signal sequence trap-3 AH-&3}93t}. -4 Ratol] 2.5
mg/kg®] LPSE 4 h 59t H7kell Foist & hypothal-
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Table 1. List of genes containing signal sequence from Hypo-
thalamus

NM_012946 Rattus norvegicus Extracellular matrix protein 2

(Ecm?2)

J00705 Rat apolipoprotein E

NM_011777 Rattus notvegicus Apolipoprotein D stroke
related

X16957 Rat mRNA for the cysteine proteinase inhibitor
cystatin C.

]04488 Rat prostaglandin D synthetase

NM_007467 Mus musculus amyloid beta (A4) precursor

NM_012811 Rattus norvegicus O-acetyltransferase Milk fat
glolbule membrane protein (Mfge8)

Rat Dickoff-3

Rat thy-1 gene for cell-surface glycoprotein
Rattus norvegicus Secteted acidic cystein-tich

glycoprotein (osteonectin) (Sparc)

AF245040
X02002
NM_012656

BF467571 Hypothetical protein
AT098147 Mus musculus dystroglycan 1 (DAGT) gene
143592 similiar to rattus notvegicus protocadherin-3

(pcdh3) mRNA
Homo sapiens immunoglobulin superfamily,
member 1 (IGSF1)

NM_001555

AJ240083 Rattus norvegicus mRNA for PICK1
L12155 Mus musculus 1gK (R15) chain mRNA
NM_014287 Homo sapiens pM5 protein (PM5)

U73184 Rattus notrvegicus N-syndecan mRNA
M74223 Rat VGF mRNA

NM_012495 Rattus norvegicus Aldolase A

AJ278999 Mus musculus mRNA for testican-2 protein

amus, adrenal gland, pituitary 58] ¢cDNA SST library A
2519 31, Phoenix cellsS ©]-&8}o] retroviral library & A|
Arstginh. odo] A retroviral libraryt= IL-30f] &]&4Q
BuF3A|Eo] HRAA 13 Qo] E Aokt F2E 4
Mg 3 1 ZESYE AR DNAE FEeidlE
FEs QI en ZEA F A7 A 248
B Asteltl. BLAST 2213 473} hypothalamus 2
HE] 2070(Table 1), pituitary Z5-€] 237} (Table II) “L2] 3L
adrenal gland 2 58] 2079 A2 ohE FEE A& T A
QtHTable T). 7Hzte] oA FEEL rate] H7el
LPSE 2298t A) 4417 3ol whadsl i ol AA| xhid
Fo 2 sSTHH EA4 Nz vlaste] Wd e 3t
S ula FE glon 9 FUA F Al wd
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o] Ao g o AR 77ke] A 7)gell ek
1= HPA-axisol] 93l A= W A&l T
Ao oA,
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Table IL List of genes containing signal sequence from pituitary
gland

NM_013151 Rattus norvegicus Plasminogen activator
V01237 Rat growth hormone

X06564 Rat mRNA for 140-kID NCAM polypeptide
AJ278348 Homo sapiens mRNA for pregnancy-associated

plasma protein-T}

Mus musculus pro-opiomelanocortin-alpha
(Pomcl)

Mus musculus sphingomyclin
phosphodiesterase 1

Mus musculus cadherin 5 (Cdh5)

NM_008895

NM_011421

MN_009868

X13618 Rat mRNA for secretogranin 11
XM_001453 Homo sapiens Kelch motif containing protein
BC013575 Homo sapiens, Similar to plasminogen

activator, urokinase
NM_006816 Homo sapiens endoplasmic reticulum
glycoprotein (GP36B)
Rattus norvegicus Chromogranin B
R.norvegicus mRNA for prolyl 4-hydroxylase
alpha subunit
Homo sapiens granulin (GRN)
Rat immunoglobulin heavy chain binding
protein (BiP)
NM_021655 Rattus norvegicus chromogranin A precutsor
D84336 Rattus norvegicus preadipocyte factor 1 mRNA
NM_021663 Rattus norvegicus NEFA precursor (Nucb2)
AY008283 Homo sapiens porimin mRNA
AY029066 Homo sapiens Humanin (HN1) mRNA
XM_045137 Homo sapiens prosaposin
BC010859 Protein disulfide isomecrase
XM_032282 Serine protease inhibitor, Kunitz type, 2

NM_0126526
X78949

XM_045993
M14050

Sleh mhebd 2l 12 adiponectine] LPSO] 3]
M3k W Qg 2les] Sletel LPSE A7be s
rat®] 57} el] 2] 3 3 hypothalamus, adrenal gland, pitu-
itaryoll 4] 2] 7bol] Wk adiponectin®] uF&] 0kAF-S Absd 1
et 71 7 3} adiponectin® HPA-axis F=ol| 4] adrenalol] A]
B SolHeg wdsla 98-S vhA] g ole 4
Now LPSE Fojdh 2] 247 FHE) 1 whe
a8t0] 61 7ol = WA 8] 7H43-S 8
(Fig. 1).

Adiponectine] AL ANE Ao ux od3k
Adiponectin®| anti-inflammatory 7]%0] 2.3 ol wha} <
2] adiponectin®] innate immune systemol] 7} %)= kS
ol H 7] 9s}o] Z]—Oﬂ 3| A Zoll adiponecting- X 2] s}g]
o AR AL 1200 oJe] $4315)0] chokal spo)
E7HE ¥ ?-LO—E“1 AL FA4E S, oluf
adiponectino] IL-20]] 23t AL Aol v]x]& oJske ot
obi7] $loko] IL-29} Bl Meldt 3 el e Ee] 2
AEE skl Mouse spleen® ZRE] 2|3 mature
X]—Oj/‘gé}]xﬂ.:_ﬂ] IL-2vh= =2 0.3 ug/ml®] adiponecting-
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Table HI. List of genes containing signal sequence from adrenal
gland

u37222 Mus musculus 30kDa adipocyte complement
related protein, Adiponectin

J00705 Rat apolipoprotein E

NM_012526 Rattus norvegicus Chromogranin B

MN_012649 Rarttus norvegicus Ryudocan/syndecan 4

AF027865 Mus musculus Major Histocompatibility
complex gene

AF068786 Rattus norvegicus JE/MCP-1 mRNA

NM_017125 Rattus norvegicus Cd63 antdgen

AB001251 Rattus norvegicus mRNA for scavenger receptor
class B type 1

U73525 Rattus norvegicus thioredoxin mRNA

X73230 M.musculus mRNA for arylsulfatase A

L10336 Rattus rattus guanine nucleotide-releasing

protein (mss4)

Rattus norvegicus Insulin-like growth factor
binding protein 2 (Igfbp2)

Homo sapiens tensin mRNA

Rattus norvegicus 21-hydroxylase mRNA
Homo sapiens toll-like receptor 3 (TLR3)
Mus musculus ets variant gene 6 (TEL
oncogene)

Rattus norvegicus alpha-tubulin (Tubal),

NM_013121

AF225896
U56853
XM_003473
NM_007961

NM_022298

AF132045 Rattus norvegicus foocen-m2 mRNA
Transmembrane
AF188530 Homo sapiens ubiquitous tetratricopeptide

containing protein RoXaN mRNA

XM_007684 Homo sapiens lymphoid blast crisis oncogene

(LBC)
Hypo Pit Adrenal
(Hour)y 026 0260 26
28S =
18S Adiponectin

B-actin

Figure 1. Effect of LPS on the adiponectin genc expression in
adrenal gland. 2.5 mg/kg LPS were injected into rats peritoneal
cavity with PBS control. After 2 h and 6 h, hypothalamus,
pituitary and adrenal gland tissue were surgically isolated from
cach of rats and then 20 ug of total RNA was prepared.
Northern blot analysis was performed usmg a cDNA fragment
of rat adiponcctin probe labeled with | P] dCTP. TLower panel
is shown beta-actin control.

2427 &<t o] Aeldk & FA A|EQ) YAC-1of) st
AE A& A6k 1 A3} IL-20]] o) Z71E #pod
A A E 2 o] adiponectind} A Helgt A% 4=
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Figure 2. Effects of adiponectin on IL-2 activated NK cell
cytotoxicity. Freshly isolated mouse primary NK cells were treated
with 100 U/ml of IL-2 for 24 h in the presence or absence of
30 pg/ml adiponectin, and then cells were washed two times with
PBS. The prepared NK cells were placed in a 96-well round
bottom plate wells in triplicate with ~'Cr-labeled YAC-1 lymphoma
cells (1 X 10" cells/well) at different E : T ratio from 1 © 1 to 5 @ 1.
After 4 h, cytolytic activity against YAC-1 target cells was mea-
sured using 7 countng. All values are represented as the X S.E.M
of triplicates. *p<(0.01, compated to the IL-2 treated sample.

< 1 5 A9ichFig. 2).

Adiponectinol] 93] ZAx] = A2 AE 2} cytokine
AR AL A A 2 QPAl ol sk A e 7]
of] rod=]o] 9l Wuk ohuf} W whg-o] 7o) 24
35 o] inflammationdl| £ S Q.8)A] 24 31 Qi) olf]
gt zpedabel A2 BA = AA granzyme/perforinZg
22 28 4 AT AALF IEN-y/Fas ligand,
TRAIL A 2% %3t 4 Alxe AEZAY §5 7|5 e
2o upebA] S2le AdAsiAl £ B4 Fa
3k 919] & 7}1A] 7 Zof] v Xj{= adiponectin®] F kg &
ol¥ 7] ¢¥te] Mouse spleeno Z X E| HF-2lgt mature A}
oA AR A o] IL-2%+E 22 0.3 ug/ml®] adiponecting:-
slA A e)gk £ AAH| RNAE F£Z3]5 RT- PCREAH
& o] &3fo] 77k k& #leqlel 1 AT IL-2 A
glofl o8l A MNEE] Al Ael| & 38k [EN- 7, Fas
ligand ~12] 3 Traile] ®&l o] adiponectinel] &3l &#]3]
RS B 5 Ueh W ol AL AE
©.7)& granzyme/perforin®] B T3k 0.3 ug/mle] adipo-
nectinoll 2|8 Z4e-S AT = Sc}(Fig. 3).

=t
=

2Bt W AEe] B FAAA 38 B
Hol g A5l 73 2o QL) Mol E %2147]
E %z e 9l7] Wl HelEe) FAE 4w

Kl

o

Con IL-2 IL-2/Adi Adi

FasL
Trail
IFN-y

Granzym B

Perforin

B-actin

Figure 3. Effect of adiponectin on cytotosicity related gene
expression in IL-2-activated NI cells. Purified mouse NK cells
were stimulated with adiponectin in the presence or absence of
100 U/ml of IL-2 for 18 h. Total RNAs (5 i) were subjected
to RT-PCR for cytolytic cytokine IFN-y, granzyme B and
petforin and apoptisis inducing gene Fas lignad, trail. The B-
actin was used as a control. Electrophotesis was performed on
1 % agarose gel. Lane 1, no treatment; lane 2, 100 U/ml of 1L-2
treatment; and lane 3, 100 U/ml of IL-2 treatment with 30 zzg/ml
adiponectin; lane 2, 30 zg/ml adiponectin treatment.

o 2o Az Fescin oA Ak webd ¥
AN A& 22Tl vk U ukg 713Ql H A
sEazo] we} Wk AR By 2EEE B4
39131, A E 2o el A F adrenal glandol} 4] )
%= adiponcetino] wo] A|Ee] v]X e Srobrsk
o,
Kol u}2m HPA-axisZHE] FulEo] WA E
A Aol w4 el bl do] g1 akg ol Felshis
ol m e foli ASUE FE A LPSE Y
& ¥ HPAaxis2E] $uls dulde gaelgin
LPSol 2|8l §E51% chopdt e g Belets] Slel
o] rat9] E-7}toll LPSE F9)s}laL 44) 7 3 HPA-axis 72}
o 2 ozyY Pulslt thedt Ful wldg sl
s} th(Table I~1II). -1 5 adrenal gland Z5-E] o] & 2
2 i 5]E adiponecting &21d = 9lglow, 1 Wy
o] LPSel] 9]l A|ztel] wtet AA3] zhadhE A -
919l th(Fig. 1). Aiponectin® A2 oA Ao £
v 5= 2o ghlA g FFIQ 20k AWt F2
Hofsla glor, vlukele] A9 ARl nlste] 1 1k
Aol 3] givlo] 97l el gk ki X 2 Al
B A e 1 a4l Wusjglch vigkale] A
o= A4} zF o] Holdel we} IL-1, IL-6, TNF- o &3
€ pro-inflammatory #ho] £7}218] 21]7} Z7}¥lo] 9}
7] ool uwrAdAQl inflammation AEl7} EA Hch



Adiponectin® ©]2)3}t inflammation #}o)¥7}ele] vkl g
2 A|A]7] & anti-inflammatory 7] 5-& s}i Ql=d] vluke]
73 o]k adiponectin®] W3lo] A FhAz|of 9o
A% A inflammarion & T4 41345131 chok g
%7} autoimmune A8 ¢ violrt obo] wkAizl Aolr} ¢
A dold 4= 9tz FZ=vh Adiponectin®  anti-
inflammatory 7] - %1} o}lu] 2}, 2] Zells= myelomonocyte$}
macrophageS} 22 AR WA Lol A Felo] 1 %
43h $4S AAAIE we] AAARAE T A%
o] witslo] Yk webA Sl SEd LS B oY
Aol MgekA 2H8ehvd, o walst Alolol % F a3
AgE she QA E| adiponectine] v X o ¢
= Yot givh. AAARIAIEE IL-2, IL-12,
IL-15 5ol olsfl &4 stx]o] e} MEE AAS R 2}
AN ) &4 3}l adiponectine] WX = FgE =
A4 at7] Sfsto] AF] E5e] Felst Al A Al o] IL-2
9} 3+ adiponectins- | 2]}k L Ax} IL-20]] 9)3ll
Z7h5 Al ksl Al E 2] A o] adiponecting- 3] X €]
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