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Role of Insulin in the Activation of NF-£B/l«B Pathway in

Macrophage Cells

Sang-Min Lee, M.D.', Yeon Sil Jang', Choon-Taek Lee, M,D.%, Young Whan Kim, MD.', Sung Koo Han,
M.D.', Young-Soo Shim, MD.", Chul-Gyu Yoo, MD.

'Department of Internal Medicine and Lung Institute of Medical Research Center, Seoul National University College of Medicine,
Seoul, ‘)Respizzztozy Center, Department of Internal Medicine, Seoul National University Bundang Hospital, Seongnam, Korea

Background: Sepsis still has a high mortality rate despite adequate supportive care, Newer therapeutic modalities
have been developed but they have generally ended in failure. Recently, insulin was reported to have an anti-
inflammatory effect by inhibiting the I #B/NF- 4B pathway, and may have therapeutic potential in sepsis, However,
the precise mechanism of the anti-inflammatory effect of insulin is unclear. This study examined the role of insulin
in activating T4B/NF- 4B in macrophage,

Methods: Raw 204.7 cells, a murine macrophage cell line, were used in this experiment, Western blotting using I B
Ab and phosphor-specific [ #B Ab was performed to evaluate the degradation and phosphorylation of 14B cells.
For the 1«4B Kinase (IKK) activity, an immune complex kinase assay was performed. The level of interleukin-6
(IL-6) was measured by ELISA to determine the level of proinflammatory cytokine,

Results: 1 £Ba degradation began 30 min after lipopolysaccharide (LPS) treatment, However, an insulin pretreatment
suppressed the I#Ba degradation caused by the LPS treatment. The phosphorylation of I14«Ba@ and IKK activity
was also inhibited by the insulin pretreatment. Finally, the insulin pretreatment showed a tendency to suppress
the induction of IL-6 by LPS,

Conclusion: Insulin might have an anti-inflammatory effect though partial inhibition of the I4B/NF«B pathway
in macrophage cell lines.
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=

25zl 3lof MER 7FsdE AAIsHI

HEF AolM ladd ARE SIS W AFES &
o= 7| thalxl= oA AFAS] Bzl vzt glck, 1
Fe] I A HW, Bt glojgts ddo] 2
AL AR ek B9t B AFGER
7¥h=s 208 dEA a8 AES ST ¢
3 A wuHm ey, =gk Qe Ferk 3 4
e ARtk 89S e FAsH 2dsk=urt 4
ol o Fasiths 97 duk= glof, sl AAle] o
SHTR= 9 2do] dF $xke] APdE Ao F4
LS ARFBAL St} 2ANE HTE Eo4 lEd
A o] Bsoll thigk A77F 31 Folm, o] F lgdo]
FAF S Btk A7 2ol 5 HuHa 9l
=

FHA NF-4B/14B B 2= 45N Afol=7iele] wed
ol 25421 95 "Il U= 3F = (converging
pathway) 2 ol =] glom™? NF-«BE HA7)%E, &
SHRE, E HuMEe] 2233}, Al2d7d Toll Hofsh=
AARIAEA T2 AARIARL v AR 34 34}
(target gene)2] promoter F-¢Joll AgFste] AAE 314
717 e,

o= A vholl A TS FHshE NF-«
B/1£kB 728} Slgdlo] fdo] Qv HY At 23=
o] YRR, o} A= Qlgelol oJate] NF- 4B/«
B =27} AA| == AR 7]
oltt,

olef] & AFoM= ¥ FelX T8 TS Fdsict
3 GEF gAY MEFE o] 831, lipopolysac-
charide (LPS)e]l &Jato] L/dste)= NF£-B/14B 27}
lEd XA ofste] S5k} A H=A], A et

Ao ofy

rir

)
2
=
o =
r (]
t
i
u)\
o
>

W o 7] Falo] JREA|o] 2HE o] AT
A A B,

il
2
o

s o

1. M=ZEF

E A7olli= mouse macrophage cell lineQl Raw 264.7
M EE AMESESITE Raw 204.7 METF= 10% -,
YA 30 mg/mL, 2EFEn}o|Al 50 mg/mLe] H7}
¥l RPMI-1640 WA 747} ]88} 37°C, 5% CO; in-
cubatorol|A] vjeF3}ict,

SlEde 78 912l Neutral Protamine Hage-
S ARRSEII, FAIZ S 2 mouse
macrophage cell line®] Raw 264.7 A|XEE Q& 10 g/
mLE 6AIZF A A)SFaL LPS 1 pg/mLE Z2; 304, 24]
3 4R Mgt ¥ s FEste] AEs 218k
o} & ARE ARPER o] Alg A ere
Raw 204.7 AIEZE 1Ed 10 pug/mLE 2, 4, 24ARE %14
2JSFAL IPS 1 pg/mLE 30 A2t 7 TS 53}
sict

3. Western £AIH

Whole lysis buffer (0.1% Nonidet P-40, 5 mM EDTA,
50 mM Tiis [pH 7.5~8.0], 250 mM NaCl, 50 mF)E o]-&
ste] FAE TS FER3Ih 30 gof AlE TS 10%
SDS-polyacrylamide gelolld] A7]3SA|F ), 4A17F S<t
400 mA2] S HAFZ SMAES nitrocellulose mem-
brane® 2 transferA|7]al, ©] membraneg blocking sol-
ution (5% skim milk in 1 X PBS/Tween 20)2.2 1A]7FE
2k block A7l & dak FAIE 11 1,00002 3713l 12
ARE ERE BESAIFATE Al F- o]&} AIE 1 12,0008
2 ket 9heAIRl & WS o] &2 ECL Wes-
tern blotting detection system< ©]-&3}ic}.

4. 1B Kinase (IKK) Assay

AE W IKKS] s that 22 o s Aldst
S} Lysis bufferE 20 mM Tris-HCl (pH 7.6), 150 mM
NadCl, 25 mM B-glycerophosphate, 2 mM EDTA, 2 mM
pyrophosphate, 1 mM sodium orthovanadate, 10% glyc-
erol, 1% Triton X-100, 1 mM DTT, 10 ug/mL leupeptin,
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1 mM PMSFe| 2402 The H, AlEE &3A1A 4°Col
A 10327F 16,000 x g2 4 Felstaitt, e whA
1: 10022 33} anti-IKKe Ab®} 50 (L protein-G
Sepharose beadsE 470] 4°CollA overnight incubation
A Zek, 230 A washingS 271 Fol| 10 £L.9] buffer
(20 mM HEPES [pH 7.6], 20 mM B-glycerophosphate,
0.1 mM sodium orthovanadate, 10 mM MgCl,, 50 mM
NaCl, and 1 mM DTl 0.5 #g GST-14Bag} 10 1Ci9)
[7-"PIATPS 4}0] 30°Collx] 3087t ¥H-AI L), ¥hgo]
it H 10% SDS-polyacrylamide gel2 A7]93%-& A3
3} nitrocellulose membraned]] Zo](transfer) A7
% autoradiography S A1333}33c},

ol AT TAHOE Raw 264.7 AEE QEd
10 ug/mLE 6A17+ 52 AARBL, 1 g/l 5% A
28 7 KK 245K Bl

2 =

1. MM ZZ0M LPS XI=0fl ofgt 1«Ba Zafiol| 2
22l0| o|xl= I

AIAEZA] 1PSel] o)) -S=9 14Ba B350 <l&d
o] oJH FFS MXEAIE Goly] St dad 2|
S AR 7ol w2 14Ba 4 HAEE 14Ba antibody
S 0]83}o] Western blot & H7}e}Sit}. 1pS A= &
[kBa7} 30% 5 ¢hA3] Raj=l o), Qlerds [
3+ o= 1pSoll o f=d 14Ba Eaj7l AES
Shlaldth(Figure 14), ThHo 2 dad AAE ARHE

it

o

Insulin - - - - + + + o+
LPS 0 05 2 4 0 05 2 4 (hn)

2 o] Mefeteis o] ws) S Elste] Bl
o] A% o1%ele] 14kBa B8] A EI= 47
YERGA 24A7H7EA] A& E] AT Figure 1B).

2. thA M ZZ0|lM LPS Zl=0d 25t | kBa 2litzlof|
elgzlo| olxls I

2 A 2014 LPS A}=ol] 2J3t 14Ba 14kslel| Qle
o] mx|= JIFE <Isk7] 91814 phosphorylated 1
Be antibodyZ 14Ba S48} oJH = Western 402
B7kstdek. LPS A= 3 3084 1«Ba 214k} Hohel
Ao slEsln, o] S/ 1hBa Atk
N AxA| o] o ZHaehe gelstitk(Figure 2). ©]
A= £3) ol&ele 1pS A=) 23t 14Ba QlAE=

Insuin - - - - + + + 4
LPS 0 5 10 30 0 5 10 30 (min)
— e G — “ |«—p-lkBa

Figure 2, Insulin suppresses lipopolysaccharide (LPS)-in-
duced | ¥Ba phosphorylation in macrophage cell line,
Raw 2647 cells were pre-treated with 10 «g/mL of in-
sulin for 6 hours and then treated with 1 zg/mL of LPS
for 0, 5, 10, 30 minutes, Phosphorylated | kBa and actin
expressions were evaluated by Western blot, Results are
representative of three distinct experiments,

B

Insulin - - - -+ + o+ +
LPS 0 2 4 24 0 2 4 24 (hr)

-_-—-——— «~— p65

<+ [kBa

e — —— — o— > w—| < AT

Figure 1, Insulin suppresses lipopolysaccharide (LPS)-induced | «Ba degradation in macrophage cell line, (A) Raw 264.7
cells were pre-treated with 10 g/mL of insulin for 6 hours and then treated with 1 «g/mL of LPS for 0, 05, 2,
4 hours, (B) Raw 2647 cells were pre-treated with 10 «g/mL of insulin for 0, 2, 4, 24 hours and then treated with
1 pg/mL of LPS for 30 minutes, | kB and actin expressions were evaluated by Westem blot, Results are representative

of three distinct experiments,
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Insulin - - - + + +
LPS 0 10 30 0 10 30 (min)

e e e ar W

Figure 3. Insulin attenuates lipopolysaccharide (LPS)-in-
duced p65 in macrophage cell line, Raw 264 7 cells were
pre-treated with 10 «g/mL of insulin for 6 hours and then
treated with 1 «g/mL of LPS for 0, 10, 30 minutes,
Phosphorylated p65 and actin expressions were eval-
uated by Western blot, Results are representative of three
distinct experiments.

Insulin - - + +
LPS 0 5 0 5 (min)

. - +— GST-IkBa

e KKo

Figure 4, Insulin inhibits lipopolysaccharide (LPS)-induced
| kB kinase (IKK) activation in macrophage cell line, Raw
264.7 cells were pre-treated with 10 .g/mL of insulin for
6 hours and then treated with 1 xg/mL of LPS for 5
minutes, IKK activity was evaluated by /n vitro immune
complex kinase assay. Results are representative of three
distinct experiments.

3. &AM ZF0|M LPS Zl=0l| 2fsh p65 Qlitatol| ¢l
20| olxle I

&¥o] NFAB/1AB AR F p65 stel= J3ks
n XA 8elslr] 8] Lps A=l 23k p6s S14ka} of
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Figure 5. Insulin attenuates lipopolysaccharide (LPS)-in-
duced interleukin-6 (IL-6) secretion dose-dependently in
macrophage cell line, Raw 2647 cells were pre-treated
with 0, 10, 20, 30, 100 zg/mL of insulin for 6 hours and
then treated with 1 xg/mL of LPS for 24 hours, Levels
of secreted IL-6 were evaluated by ELISA. Results are
representative of three distinct experiments,

A8 TS Sfstel, e AHA % ol o
g IKK &Adstol] |2z &342 H7isksict. AlE W KK
A== GST- [4BE 712 o] 83 A9 Y 7
(in vitro immune complex kinase assay)& ©]-&3}St}.
Raw 204.7 A|lZEFolX] 1PS 245 F 5 Hel| IKK /4%
b B GG, ol BAE B 14

A 2] ol ofate] ZHanghe &gk, ¢ledo] IKK level

I e vlHe 298 4+ YsicHrigure .

5. CHAIM ZF0|M LPS X}=of| 2J8t interleukin-6 (IL-6)
=] &7l eleglol o|xls d

ol o] NFB/14B 22| 9] levelFE J3-2 ]
A FASAHES LS F USSRV tEe
2 24| cytokine HH]5oE 2Hg-S sh=A] eldtaat
23S 283t Raw 264.7 MEFol| LPS 1 pg/mL
/\]7} = HH°¥°“°1]A1 -6 F%Z ELISA 7[Ho
F 16 T2V} 470 pg/mL F=
T % %“—% Q%}S’iﬁ- o= Slad ZA Aol ofste]
AR FofsiAle BAN sk Bl s
geld = Ath(Figure 5).
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FEpolA o] e BS Fiaje] L ol 5o} o
ol a1, ¢lEHo R IS ATA o7 2= Aol
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S50 2 Aletol] gk T2
o} FHZ EolA Qlad AAY &5l tigk A7 18
o, o] T Qlgde] FAF -5 Heltke= AT 4
FHEo] &5 HarHal Qiry, B Aol ofst Qe
do] AT 2go] tEA Gl B2 NF-£B/1
eBsh <iwto] Y82 THETA ek

NF- kB= 7273 22 AlGRel family)ol] &3 Thi o]
heterodimert} & homodimer FH|2 EA5=4], 7}
7t Aol p50# p659] heterodimer FEfolTt, o]
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1kB7} 28 Ha U®, fr2ld NF-«B B3Ale] deje
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AF 23S 2AE) €9, old AzE Ba ipt 2
AdstEl= 32 G5l S22 INE- @, 11-2, 116,
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Sol delA o, NF-kBe| &A4stell= LPSE E3sH
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Th= Aol BhsiA|aL glet
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