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Effect of Intravenous Immuoglobulin on Interleukin-6 Production
in Human Skeletal Muscle Cell Line (HM4)

In Soo Joo, M.D., Eok Shik Joo, M.D., Seoung Hoi Kim*, Yong Beom Lee, Ph.D.*

Departments of Neurology and Brain Disease Research Center*, Ajou University College of Medicine, Suwon, Korea

Background: Intravenous immunoglobulin (IVIg) has been widely used in the management of patients with various
autoimmune neurological diseases, however, its action mechanisms have not fully been elucidated yet. This study focused

on the effects of IVIg on the production of interleukin-6 (IL-6), one of major proinflammatory cytokine, using a human
skeletal muscle cell line (HM4). Methods: After HM4 cells were cultured in Dulbecco's modified eagle's medium
(DMEM) containing 5% fetal bovine serum for 24 h, the culture medium was changed with serum-free media. TNF-a
(tumor necrosis factor-q, 100 ng/mL) and IVIg (5 mg/mL) were treated alone or in combination and cultured for various
time. RT-PCR and ELISA kit were employed for mRNA expression and secretion of IL-6, respectively. Results:
Treatment with TNF-a or/and IVIg significantly induced IL-6 mRNA expression (p<0.001). Although IL-6 production
was markedly increased by TNF-a (p<0.001), IVIg treatment alone or in combination with TNF-a had no effect on the
production of IL-6 except at 6 h after the treatment. Conclusions: IVIg seems not to have a significant effect on IL-6
production as an action mechanism of its immunomodulatory capabilities, at least in the HM4 cell line.
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Al(complement)2] 24, Alo]E7}el Al 24 %3+
A (superantigen)®] 53}, 3<AA4 A (antiidiotypic
antibody)°ll €|t 2p7|8HA] 3}, A== Ede] gA}
FHE =AY T 59 753 A9 214 =
o] LA Jrkt o] Foll M= Al BT}l tiFk
[Vige] ol #air s Bol delA A &rh A+
Wy Aglow g (lipopolysaccharide) 2 A=<
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AT Arp RuHAEY ) VIgE Folg 34}
Ao A IL-1 84 4dEZIL-1ra)°] 5715171
st IL-6, IL-8, IL-10, TNF-a % TGF-B2] A
o IVIg7} A8S F= Ao A gp#M
IL-6% F2 fAAZY T-Y31, AFRAZ S
A BHEE ATEEA Al BRI E B-ultol A
HoFREde MAS FEsta, T-Yubre Z247
AE=R T-AER BE3pA7)e g3 i wal o}
Yzb gdell st 54 wkSoll Todst= FH Al EF}
T g sty FulE|agddd #xte] fg
(synovial fluid)oll= thake] IL-67F &8k, o]213k g+
Zpe] EH U IL-6 2> dHe] EAdmef Ayt AA7}
ATkl FZoR e Zo) i 2 A A A3l A]
T IL-67F EWe] yRle] oj= A% #AE il rh
=9 Aol 2 FAo= [L-62 Edtel= ekt A
O|EFRRIES] & U ASAEY WIAE, S 25
A Al A g ] 7 Ea ek sk olje) 2
SAET XY A 2S5 AE A E IL-6 mRNA
o] wgdolu} £H)7}F A AT FEHA| LA EuE =
theFel AtolEFIRIS ] Bl o= AE JFS
Fa gle Ao oA 9up?

RS2 o]glst ALS AR A5 AHe &5
A TVIg7} IL-62] T olu} ol ofH Jaks = 7191
Zholl i3l Q1ZFEZA T AIEF<Q HM4 AlEE o]-8-35lo]
ZAbE] Bk

ox HT lo flf 1

Oodt T8
1. M=

Aol AFS-E HM4 MXEF+= 7152 SKMI14 A2
FY9} BAF Ao AzbFAT LA E(myoblast)
o|t}. A3 Hf kol A}-8-¥ Dulbecco’s modified eagle’s
medium (DMEM), fetal bovine serum®} horse serum-<
Jeil Biotechservice Inc. (Daegu, Republic of Korea),
trypsin, poly-D-lysine, penicillin % streptomycin<
Sigma (Saint Louis, MO, USA)o| A <1831t} cDNA
= s u) ARRE A F Trizol¥} M-MLV reverse
transcriptase, yeast tRNAT Invitrogen (Life Tech-
nologies, Rockville, MD), ribonuclease < #|A+=
Promega (Madison, WI, USA), isopropanol, chloroform
< Sigma°lA 738ttt A4 ¥ IL-6% hIL-6 ELISA
DuoSet (R&D systems, Minneapolis, MN, USA),
ELISA-strip, 2x8 well flat bottom¥™} high binding
removastrip-& 96 well plate (Greiner, Maybachstrasse
2, FH, Germany)& ©o]&3lo] A3ttt TNF-a&
R&D systemsAtell A F+943k5aL, VIg (LV.-Globulin
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S)+= =4 AHYongin, Gyeonggido, Republic of Korea)
oA AlFsl] FATH

2. M= HHQf

HM4 A5 A|33= DMEM &8¢ 5% fetal bovine
serum™ 5% horse serum, 12]3 1% penicillin %
streptomycine] H7HE wigAS ARt 37C, 5%
CO; viF71o A wlj ka3l Tt

3. IL-6 mRNA 28 =X

6 well plateell HM4 A2 10° cell/well®] o= 8}
oot vieket ) vigds A wgH(DMEM, 1
mg/well) ©. & B3 reverse transcriptase—polymerase
chain reaction (RT-PCR) W2 mRNA W3d&
A3tk 1 WS 7hde] Agetd v 2ok
HM4 Ao AF=212F TNF-a (100 ng/mL)$} IVIg
(5 mg/mL)E W= M2 52 FA Astal 44]31o]
Aet v, wigdS AASL wellrith A HiE
(acidic phenol), &= %X S(chloroform), T-olgA|et
2 (guanidine isothiocyanate)©] &H-% trizol A]2F
1 mLE H7Fstc) 2ol A 15%S |8 o, dv)74
S 2 plate HFellA M7 o HoRl=AE gt
|o] Aol glojd w74A] 1 mL mlo]A=R wfo]F o
2 gt} o] S 15 mL vpo]a R FEO 271
T EEEYE 250 uLE Hrtete] & EE50] & the,
Ao A 15587 W8k 13,000 rpmoll A 3083 L4
E3t] f7]8m52 mRNAZF i S-S 22
AZi), olu FhEel = wE 9 DNAVE W &
2o A R FolstHA AFAs A FEA &7
SERIF 200 uLE Fo] ] EE0] = v, 13,
pmO.E 57 ThA] 4]t e] afo] 1SSk HlE
= AojErh £ ASHs A FEo &7
£%9] isopropanol, 10 pl. &% tRNA (10 mg/mL
A7betar 2 e 5 -20TolA 1417 B¢k WA
RNAZ #A@A)ZIt) 47T, 12,000 rpmel| A 3087t £
gJsle] RNA AAES 72 tS, % dlehe 2 3
S Aof Uar 104 &<t AxAIZIYE RT ¢45-8-4(250
mM Tris-HCI (pH 8.3), 375 mM KCl, 15 mM MgCly),
40 U/mL DNase”} $Hr¥ 89S 25 ul. #7Fske] RNA
HAES 52 5 37 CAlA 203 WA 30 <t vHS-A
7 A= DNAE A7AZH Z22]al 5CoAA 102, &
SollA 383 WA51e DNaseE H84d38A7]11, 30~
50 uL diethyl pyrocarbonate (DEPC) water (Upstate
Biothechnology, Lake Placid, NY, USA)%® RNA”7} %
A F AEE IS stk & 419 RNAS A&s
31 0.1 M DTT, M-MLV RTase (200 U/uL), 5% buffer,
2.5 mM dNTP, RNasin (40 U/uL)o] 3Ht-2 &8 25 ul
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& 7FeF v, 37°ColA 2413 S<F ¥HAIA cDNAE
it o]E Al vFEo(Z cDNAC] PCR €+%-84(10
x buffer, 25 mM dNTP, primer, Taq. polymerase,
template)& ¥ PCRS A 33},

hIL-69] PCR primer sequence:x 5-GTG TGA
AAG CAG CAA AGA GGC-3' (sense primer)2}
5-CTG GAG GTA CTC TAG GTA TAC-3
(antisense primer)©]™, PCR product®] =7]+= 159 bp$i
t}. PCR 278 ATA 28, 55CollA 18, 8] 72
TollA 1822 3HALe]EH(IL-6)3 254 ] ZHGADPH) S
T3k 1.5% agarose gel running’dollA] DNAS
2]kl 05 pl/mL ethidium bromide® G4S 3}
PCR =& gRRlIst3it.

4. |L-6 A444ofl CHEt ELISA &4

9% well plateo] HM4 AE107/wel)S &7 <t
Hj e F F8A vk o R wpta TNF-a (100
ng/mL)¢} IVIg (5 mg/mL)S ZF2} Z12]at Al A4
gk Th3, 37T, 5% CO, vl7100A] 6, 12, 24, 48, 72413k
Zot vjokalitt hIL-6 immunoassay kitE ©]-&3d}od]
A3 b A ZAISE Z7 vl me) Aol whE
IL-69 %S =43k

Z} o 7o) IL-6 mRNA 233} Alo]E7}el AL
One-way ANOVA (Turkey-Kramer multiple com—
parisons test, GraphPad Instat, version 3.05)& o] &
sto] A5 dlolHE At oAE HU)8)
Fom, p<0.0501H FATHSR Fofgk Zolrt 9l
Aoz FAsiSirt

g 41

obf-gl zk=o] = el HM-4 Al XA v = &
o] AWk IL-62] mRNA #do] ##Htt TNF-a
(100 ng/mL) %2 IVIg (5 mg/mL)E T35}l 4A3F
%o IL-6 mRNA ®de dAAsA F7hEloen
(p<0.001), 53] TNF-a°l & 2= &7t F=e4
t} TNF-a$} IVIgE SAlo] T3l 49 dEow &
o13k A-¢-1r} 9u] QA IL-6 mRNA 2Hélo] &7}5 o]
(p<0.001) M2 s a7t e ez Aa=dt
(Fig. 1.

IL-6 A9 #do)A IL-6 mRNA &3} thi th2
FE HoFAh VIgel 23 IL-69] S7hH= #2=
2] oo} thZt 3} H|S:3t IL-62] Aol WaE AL A}
= Alzte] AW 445 djz2aty) [VIg Aol Al IL-6
o] AJgo] F7FeIAAINE on gl Aol= ol ULt gt

z9r P<0.00

Zer '

<71

° P<0.0

2er

T65 P<0.001

o

g4r

23 r

=

u .

o 1 L

w

Control TNF-o Vig TNF-a + IVig

GAPDH

Figure 1. IL-6 mRNA expression 4 h after TNF-a (100 ng/mL)
or/and IVIg (5 mg/mL) administration to HM4 cells. TNF-a and
IVIg, alone or in combination, induce a significant expression
of IL-6 mRNA in HM4 cells (»<0.001).

P<0.001

hiL=6 (pg/ml)
Lo ]
o
&

L

THF-a

Control Mg

THF-a+Mg

Figure 2. IL-6 production of HM4 cells according to time (6 h,
12 h, 24 h, 48 h, and 72 h) after treatment of TNF-a (100 ng/
mL) and/or IVIg (5 mg/mL). TNF-a significantly increases the
production of IL-6 by time, but IVIg does not. Co-treatment of
TNF-a and IVIg can not reduce IL-6 production except at 6 h.
All values are meantSEM. Asterisk indicates p<0.05.

H, TNF-a A=wo] ¢, dixatolv IVIg A=
18] AAsHA IL-69 2712 Bgow EAld T 714
& AP Aeddx Avs v A t(p<0.001). 1
#Hu TNF-a9} IVIgE SAlo] Fog 492 TNF-a
E w502 A3t 495 vud] 2, Fo 6AI7H
£ Al9letar IL-69] Aol on] e wish= daEA]
gFokth oheh o] 6A1ZHA TNF-adll 2k IL-6 A7
S717F Wigell 9J8l] o= A& A== Aoz va4
Hp<0.05) (Fig. 2).
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T (Guillain-Barre syndrome)
W Z(multifocal motor neuro—
pathy), " A5 e 24 thE41 7 ¥ 3(chronic inflam-
matory demyelinating polyneuropathy)$eqt o}zl =
TS, ohE A 9 (polymyositis), T 7 81
T2 55 Hthe stiff-man syndrome) 5 t}el 23l
o Aol IVIg7h A5 aL itk o5 Ap7hd el dgk
S Amsh= 71 T sk IVIgell 9§k Alo] BRI
2l zH-olth? [VIgE Foldh 5 Hate 95y
(dermatomyositis) 2H2e] &% AHolA MHC-I=}
ICAM-19] @&o] @A #2stdi” Ling 5
2 HXA A Ao A IVIgE 3 LA d o 4
Interferon-y (IFN-y)¢} IL-62] W3}E B 15}
AT T 5 240l A AxEe] Ffo] 54
Aol gl A A Lo A A= E FH Ale|EANS F
U7F TNF-aolth. TNF-a= IL-65 ¥338l= v
AL EFRRIS] WS st o =y dEHhgo o]
tr? B Ao A% TNF-aZ Folsta A A

g

K

4

7] witoll &l = [L-69] Wali= geleh
o} IVIg9 7% mRNA 23y} &) on gle=
7 TR A Ut oA Aest ol E & T
A5E mRNA 2 el vhad o] Aad ol #1)7F
TAl dAeHA] & He aEsohd Jhss dolet
skt A5 7kA] IL-60l st IVIge] & theFsh
o7 o)A 9} Ballow %5, Schiller¢t Elinder, 1]
I Gupta 57 IVIg Fo] Fol] IL-69] o] Zoj=i=
Ao7 BWuatYA|W Ling 578 uhfjo] Ax= H s}
Aok Wk ol VIg 7o $ IL-69] 7F =& 7HAa
He ARE g2 AR AR R D A=
Tl Ax oAl UERTE o] ARE-E AL
oy} =2 Eee] TRl &o] AR tE7] wi
o2 AZtEL gL F23 A2 A oz A
(in vivo) 9= A& H(n vitro) A-9F &) Al
A= o] 7HA] Al EFRRIo|y Alo] EFQIS] A4
o P = F Y= T EEY 4L B3 508 ol9t
Hol| &= AXETS] A AR Q3] Tkt RS

Bl 4 Stk

N
W,k Z 2 fo 3@ oh fo po o o ol

HAEES o
AFEP IL-69 NEA 75 F bt 953 wud
AL R Bcell& A=ste] YgEzade] A4S 531

shar, IL-29F IL-2 58-AE &3 T-cell?] &3}, t]2]
Aol Eas fFEdth 534 dSA < (diopathic
inflammatory myopathy)¥} 22 A3 AE]e] 5004
[L-69] "Walo] Z7bea® Aol TNF-a9 &
AT A= F9 IL-69 Aol TkEE e 1
3] 2w 2% 9 IL-67} o]= A% HeEo] g
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&% AP oleld PelH HVA AlEe) TNF-a
o} VIg® 5410 %ol sel TNF-ael o IL-69] %7}
7hIAE A% FFRA T o] 64742 A5 o
vl Q1 IL-69] At BEEIA] @ieh o) 2 Vigs)
FAT Gk Aol AT IL-69] AE &
 AR7t obdl T AR A% 54 ek 5
Fo] 6AI7E F TNF-a%t A5 ol 1)
FolshAe @A BAGOR on] 9l IL-69)
b Esin ol thiptel AT Vg 7o
FIL-69) 712 Aol SAROIA AT olel AS
Z

2L
=
q,

IL-65 X&sl= A8 7HA] Aol EFIRIe vl IVIg
o] 24 7|l #FAa|M= oA AHEksiAl LR v
glek. tht 51 714 TPs s 710e Az 2 4 gl
ARZ VIgel Egd vdst Edo] 9st &
Vg thge] TGF-BE *Edtslal = Ao deA]
Aok TGF-BE 2 A ZL Thl A
sto] A7} Welwkgg AT g @k

Hl

lo,

. Mo
e

o

i _s;?,

Apol 71 AAS ZHA AL 9l Aow gl ek’
iAo 2 v o] 3-8 wh] 9J8) IVIgell H7hs]
U= sucroseH maltose®t 22 QFGA| 71 HA A L2
248 oAely) % gk Bk ofuel H Waoh
= Ak wfH| oA wjekabd IL-82] Aol Frske
T ANE BEgE 8w, B A AE VIge)
ZFEE(PH)7F 425 (A% A Addl JAhH AS 7+
ghobA o] zlo] Alo|EFQIS] Aol Faks w1 7}
d5 iAo gl
IVIgel 9]t IL-69] #43t A7} A#=H] =
A IVIge] A8 &3 YERdE Hl IL-67}F o+
AeS A @ A opHt) FHtele IL-67F FEF
ApolEFfel o BFrlojof gl F4o] 9l%o] ¥ 1
F129] IL.-6%= IL-1 receptor antagonist (IL-1ra)¢] 2+
A o=y tiA A7 Aol E7RIQI
IL-1¢] 7158 GAlste] 23818 FAF2-E-S UeRd”]
= kP Ho] 3 Aol oJshd, A3 w2 IL-6
7F IL-1ra®vt obuj e} IL-109] AAS 318ke] 9A] &
AF &S weltka ek’ At} L6 254
(A E, satellite cel) o] F21S FEdh=s Aoz
A4 3" 1L-6 receptor (IL-6R)S} 7o) 2183}
FAAE gpl309] LAE FEFOEM AFTE]
e zstE AR Hel IL-67F 252 A &
AR EHE Ho|e o= ey
Aol Axtol| olshH IL-6° 3k [VIge] &3=
T ESAEAA T FdS Ve R A8eHA
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