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Abstract

Interleukin-6 (IL-6) is a pleiotropic cytokine produced from various cell types and possess several
biological functions such as in hematopoiesis, immune responses, growth factor for plasmacytoma and
hybridoma cells. The purpose of this study was to produce a murine recombinant IL-6 (rIL-6) for use as a
growth factor for hybridoma cells. Gene encoding the mouse IL-6 was amplified from the complementary DNA
(cDNA) prepared from the spleen cells of a BALB/c mouse stimulated with lipopolysaccharide (LPS). The 7L-6
cDNA was cloned into pQE32 vector and subsequently transformed into Escherichia coli strain M15. The
selected E. coli clone carrying recombinant DNA, pQE32:/L-6, was induced to express the rIL-6 protein by
IPTG. After rIL-6 was purified by using affinity column chromatography and refolded to be a soluble form, it
was tested for promoting growth of two cell types i.e., hybridoma (C9B6) and myeloma (P3x-63-Ag8.653) cells
by using the proliferation assay. The concentration of rIL-6 at 0.125 ng/ml could conspicuously enhance growth
of both cell types compared with the cells cultured in the identical concentration of mock medium. This study
demonstrated that the growth factor which is necessary for efficient cloning and culturing hybridoma could be
produced for in-house applications, replacement of using laboratory animals. Moreover, it could be further
developed for mass production and commercialization leading to reduction of imported products which are very

expensive.

Key words: interleukin 6, recombinant protein, hybridoma cell, growth factor

1. UniN (endothelial cells) taziyaday InFoaviia T-helper

A0 UINDTRIRU 6 (interleukin-6, 1L-6) (activated T-helper cells) IL-6 Wu'lnalaTsAund

Wudelalasyiianianman ldansadnaleriia vuaaa luanalszana 2128 Aladadu (kDa)
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msneasHa llsau (post-translational ~ modifica-
tion) IL-6 15znoudlensaozii Tus Iy 185 @
=) =) o w a o J
nnmsSeueudnunsaesd Tuludadvate 9
A J 1T o o a 4 1
atlFanunadunsnesiluves IL-6 ludaiua
A I =} @ . . A
azdlF¥daNaNUMNOUNY (identity) N&IUNAN
A a o w A
voeluana Ao Uszumnsaezil Tud1dun 40-100
wazNaIula1edu C (C-terminus) NAIABEH U
o o d’ ﬂ' |~ =~
819UN 165-184 [1] wazlonlSeuiiey IL-6 V03
¥
AUNDHYNUITAINAA18ATINU (homology) N9
luszan DNA (65 %) uazluszauTlasau 42 %)
[2]
fi]”m‘ﬂu multifunctional

IL-6 cytokine

A Ay A Y
e it inateedis Taun n1snrugunis
@auﬁummaizuugﬁﬁuﬁu acute phase reactions
) < 2 A I Y =
HagNITUIUMIAS1sanIaaen Hudu 1IL-6 ¥
unumaemsaieduiinTulnayau (g v B-
cell Tag IL-6 9ztMilgni1 17 B-cell Ngnnszduaie
Staphylococcus aureus Cowan 1 (SAC) [3] 130
pokeweed mitogen (PWM) [4] Iiimseasevuiin
v
ulnayau (Ig) ¥UA IgM, IeG 1ag IgA WONIINT
TuTnayau (Ig) IgM, IgG g IgA
IL-6  daenusanildinsuaaioanvoedisy
(receptor) ¥®4 IL-6 UU T-cell uazﬁﬂiwff'ﬂﬁ[s,ﬂ
Mlndinsnsyuaziinisuusdives T-cell tiogn

Yy v 0o 9 ¥ a {
NITAUNIY PHA ‘Vlﬂﬂlﬂﬂﬂﬁlﬂaﬂuuﬂﬁﬂlmz

' Y
HAAIHTNNUB4 cytotoxic T-cell (CTL) [7] BnHia
IL-6 dedusoauaudsununy IL-3  Tums
9 9 JY o a <3 A YA [

nyzduliiaaauiutiadiafenlnumsuiiaailu

Y v
napAnAasd [8] 1A9NA UBNINT IL-6 NN
Tumsnszduirad PC12 Iinsyduwadiszam
[9-11] Gﬁaﬂﬁﬂmqmaéﬂizmwyﬁﬂ cholinergic 11

A
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szrdmanzidesluiesfifans 1d [12] Bnia
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Fanun 1L-6  Saimtnnilu growth factor U84
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mﬂﬁil%lﬂ‘m!ﬁ plasma cell Gluwg (murine
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plasmacytoma cells) [2,13] pazyasuzisaluay
(myeloma cell) [14]
A ¥
Tuduaaumsi limiting dilution ieLen
9 ¥ I s a 4
aa 1l UIaaAeIvUedINTZUIUNITNAALEAD
anwaw (hybridoma cells) tWoda313TuTuTnaria
A A e A o o T A Ay g s
weuAVBAYY AN ulued1gandeuasaan
' o 4 s a
SN feeder cells 1o 0 1A IaagnHANIRT 1Y
10110 1AA 119991 feeder cells IMIHAY growth
& A A
factor FINDNINUNAOAIT IL-6 [15] HaziioI91n
I v Ao w [ [ a a
IL-6 tiluilavendrdg lumssieduaiunsaiy
a P VA s 3 o
wulaveusaa lagmnizeg1egsluaauzisang
o I o
Tuauvazludainaaos My) MavauIng
g ¢ & o~ wa & P
MzRguraagnuangINauianstluaauzs
e luraeanaaod (in vitro) 1AsM3IAY IL-6

1 v v 7
F¥a111u growth factor asluemisideusansy
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HWAUALDA lAATY [16] wazFedusamaiRamad
ALY apoptosis 16 [17] 39 1dHn51i0 1L-6 3n1%
Tumsinziasaradleus Tan @S uausad
dnnnauite Wins aaouAuealiIdsna

NN ﬁwaumiﬁﬂyﬁﬁaﬁﬁ%qﬂizmﬁzﬁewam
TisAurilaineuduuuiounesalnu 6 voany
(recombinant IL-6, rIL-6) yiinazaoinlg ite
Wy growth factor dmsuii Il uens
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2.1 Msanauen total RNA  #azms
Fuanzviae complementary DNA (cDNA)
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Het.a3. W88 A3 Tuse)) @283 lipopolysaccha-
ride (5 pg/ml) a6 #Tug Gluﬁzﬁyﬂamaﬁﬁﬁ
5% CO, gunQi 37 °C MTuaRALYN otal RNA
NnsadignnIzAuudIRIY TRIzol® (Invitrogen,
USA) wasdUnIIEn complementary DNA (cDNA)
1A RNA 22877 reverse transcription Iﬂﬂi%"]ﬁ
NATOLU Revert Aid" H Minus First Strand cDNA
Synthesis Kit (Fermentas life sciences, USA)
2.2 Polymerase chain reaction (PCR)

i1 DNA  vesdu -6 #1833
PCR  Taold primers s uwizdailsznoudoe
forward primer: 5'-CGG ATC CCA GAA ACC
GCT ATG AAG TT-3' 1ag reverse primer: 5'-TGC
TAA GCT TAG GCA TAA CGC ACT AGG T-3'
Tunilalgasenssuas 25 i fdauwam 18ud 0.2
mM dNTP, 1.5 mM MgCl, , 0.2 uM IL-6 primers,
0.04 unit 7ag DNA polymerase (Fermentas life
sciences, USA), 1x Taq buffer 448¥ cDNA template
1 ou shdusan lUiiaselunsesniungu
gUN Qﬁ Mastercycler Gradient (Eppendorf,
Germany) TaolFanneiimnzau ao (1) primary

a

denaturation 9 UNNU 94

9

oc Wunal 5w

=t

Nowunnil

Kl u

(2) PCR cycle 1/52n0UAI8 denaturation

A

94 °C 1fluna1 1 W17 annealing Ngangil 55 °C

a U

g ~ . ~ a 2
Wuan 1 W9 uaz extension NgangH 72 °C 1

na1 45 1N Wd9Y $IUIU 30 TPV uaz

a

(3) final extension ﬁqmwﬂu 72

9

oc i{lunal 10 i
¥

nnihhllAnssidud DNA d 1 %
agarose gel electrophoresis
2.3 Mslnautiu IL-6
anauen IL-6 99NN agarose gel Tag

l¥yanadon GENECLEAN"II Kit (Biomedical,
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LLC, USA) uaihlii¥eune (ligate) 19111

cloning vector (pGEM®-T Easy Vector, Promega,

USA) élﬂﬂlﬂuml%ij T4 DNA ligase (Fermentas life

a

sciences, USA) incubate ﬁqmwmﬂ

U

oc fluan

' 9
18-24 %2119 9101111 recombinant plasmid

4

(pGEM-T:IL-6) Lﬁi’ljﬁi competent E. coli o WEWT‘H‘];
o A ~ Aa v
IM109 Aatdenaladl E. coli N inserted IL-6 A28
3% PCR wdannAadonlalaiilaual hldana
18R recombinant plasmid tazii lasaevdrdy
W d (nucleotide  sequence) VOIOU [L-6  A2875
sequencing (Macrogen, Korea)
td' Y = Y 1 .
2.4 MsnaduUeNa8u IL-6 1U1g expression
vector
111 recombinant plasmid (p\GEM-T:/L-6)
1A expression vector (pQE-32) ludadreonlasl

a

AATUNE BamHI1 1182 Hindl1l NYnil 37

CY

°cilu
1213 ¥ 19 !La%@]i’]%ﬁ@ﬂﬁﬂﬂﬂﬁ run VU1 %
4

agarose gel electrophoresis NATUANALYN IL-6
iuag pQE-32 990910 agarose  gel ualiing
& 1A Y o v 4

IBouAYU IL-6 L U1NY pQE-32 ﬂ’JEJL’t‘)uhl“lﬂJ T4
DNA ligase N4 °C (1622 #11u3) i1

(PQE-32:1L-6) 191

51

recombi-nant plasmid

competent E. coli & 1ﬂﬁuﬁ: MI15 (expression host)
LL@ZLW']%L?;IEN transformed E. coli Uuﬂ"lﬂ']ﬁlgﬂ\us?;’ﬂ
LB agar ﬁﬁdauwamm 100 pg/ml ampicillin Lt
25 ug/ml kanamycin (LB-AK) mﬂl(fudlliﬂiaﬁhlﬂ
#1 PCR iifosaiden Tnauiiiou 12-6
25 mamenihldinsataldsiy
recombinant IL-6 (rIL-6)
mitenh ¥ imsadreldsa a6 910
Tnau transformed . coli finmiden’3uds Taoid

v Y 4
TaTathi@erveauaaz Inavaalue1isiasae
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¥1ia LB-AK broth 131105 1 ml i liiundew
1 { < a
WENAMWSGITOV 250 rpm QUMY 37 °C (16-18
o A a I . 3 o
¥ 139) tewseuilu E. coli starter 9101110 E.
v Fa
coli starter U31195 100 pl tanasluemisifeuse
¥iia LB-AK broth 151103 10 ml waziirliiy
Y} A 2 a o
W3 NANEI 250 pm Qg 37 °C 1Ty
na1szum 3 $2Tu sunsziusadegluszey

log phase (OD, = 0.5) ududy IPTG 1% laay

600nm

Wudugaheoniinu 1 mM  wazih lduden

a = v 4 o
RRINCEIRY 37 °C Wuran 3 GI)”JI&N Lﬁf)ﬂi'ﬂ!’)ﬁWﬂ

u

y Jd aa g <
MsduanaznoutsaauUANITIA18AIINLT)

a

3,500 x g NQUKqN 4

U

° I =3 u’./l

C 1ilunan 20 wIn 9y

° 9 7 Y A . Y o

M1 saduanAI81AT 09 sonicator AU cell
y 3 ~

homoge-nate 1JluA8AU57 12,000 x g 71 4 °C

' A ' A g A
uazuena Il soluble uazaIWNilu insoluble
o ] A I y
nseaznou amntuaznou lliludrede PBS
v

359 ud10zagazNoUAIE buffer C (100 mM

NaH,PO,, 10 mM Tris, 8 M Urea, pH 6.3) 1Wad91n

Ea

2 ! Y o \
T Tdsfunmsen' 1309 2 491 A9 soluble 1Az

insoluble  11/31A5121 #2835 sodium dodecyl
sulphate - polyacrylamide gel electrophoresis (SDS-
PAGE) [18] ta2 Western blot analysis [19] Tagld
mouse anti-His (dilution 1 : 3,000) Lﬂuuauﬁuaﬁ
s UaTIMINAMLIYRa T1sAU rIL-6

k4

2.6 msuanls@u riL-6 1Au3gnsale3s
affinity column chromatography
4
MR8 E. coli starter YTN105 2.5 ml
4 Y
Tue11si@euse LB-AK broth 1/51103 250 ml
i lihuwdenweniinnus 250 rpm gaingil 37
< @ o s
°c 1Jura 3 ¥ 1u3 aunsenuxaaegluszes log

phase (OD__ =0.5) 91nwan IPTG 13 1danu

600nm

a

Wudugameminy 1 mM uaziih lduiguugil

&
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37 °C  @esn 3 ¥ lue ileasunariimsiy
anagnowwaduuaiiGe taziludeazneuaad
A8 PBS pH 7.4 $117U 3 A% (@ buffer B (100
mM NaH,PO,, 10 mM Tris,8 M Urea, pH 8)
US1m95 12 ml asluaznousad wanldishdui
pangireuilunar 1 ¥2luq deasunanily
fludreauisa 12,000 x ¢ figangil 4 °C i
20 Wi HVLEAEIY supernatant 111 TUHauRY Ni-
NTA resin e 3fgamigiivos uiu 1 42 Tus
AT Ni-NTA resin fa3on1 3160414 column
NA9910A1 column A28 buffer C 5 ml $1UIU 3
daud w2 dra T rlL-6 ATARATY resin 470
buffer D (100 mM NaH,PO,, 10 mM Tris, 8 M Urea,
pH 5.9 1511a5 10 ml iy TusAufisgdraan
column  pduAIiledldaslundaziaeAnaa0s
WaoAaz 1 ml MATURINI T8 column ADdD
buffer E (100 mM NaH,PO,, 10 mM Tris, 8 M Urea,
pH 4.5) 151105 10 ml waziiuTusAuArzdra9n
column viaenay 1 ml Www@AeIny W1 ldsauuaag
dauiiuon1d0n column lasrdeuaruusns
#1835 SDS-PAGE 112 Western blot analysis
2.7 Protein refolding

11 purified rIL-6 Talins refolding
Tagmsian refolding buffer (100 mM Tris-Cl, 100
mM L-arginine, 2 mM NaEDTA, 0.5 mM oxidized-
glutathione, 5 mM reduced-glutathione, 1 mM
PMSF) 1511035 25 111 vearlSunas Tdsaui
uSqn3 Tasn151en refolding  buffer  fiazien
w¥outumsnauldididudionisumn q vu

a

magnetic stirrer ﬁqm“ﬁﬂll 4

U

4 a o o
°C iiomniiniesas
a Y [ H a I
1J531m5147 incubate AoNEN1IZIAMTI WA 18-20

3 E 0 q Ya v 9 Y
#3Tua 9mdui I Idianududuniudie
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amicron tube 19I5 A5 mARIEe 5 ml 11 1{ln
ANAZNOUAILAIME 12,000 x g Tigaingdl 4 °C
Wuat 10 19 u1edIU supernatant  1Jasv
3A3181A2833 SDS-PAGE  11ag Western  blot
analysis vhaufimde lui s mnideTasns
NT09N1Y membrane ﬁﬁﬁuumg (pore  size) 0.22
micron  uazd1wrumlTuiallsauaiels
Bradford’s [20]

wonvInf IlsdusinInam £ coli 3
empty pQE32 ldgnasenguuiunienliiuns
30w rIL-6 fazaohde ot U dEu T e
AIUAN (mock) FIMSUNTNATO cell proliferation
assay

2.8 Cell proliferation assay

MINAFOUNTIRYD HL-6 Tumsiiu
msdaasunsniyRuTaveuradugsaxiia
myeloma

(P3x-63-Ag8.653) Hazi¥adgnHay

(hybridoma,  C9B6) lagmsiTeuiounisiny

a

o sy o . .
PIUIUVDIUFAAAIYNITNT proliferation assay U

4
@

o A Y P P
Tupouast (1) 1121899 myeloma UAZIFAA
QnHery T RPMI 1640 medium 13 10 % heat

inactivated fetal bovine serum (FBS) iz lu

a

CO, incubator ﬁqmwnu 37

u

°c yunszialdmad
1523701 80-90 % confluent 1asuoMIABIYAE
U RPMI 1640 7T 2% FBS uaziiulu co,
incubator fuan 24 %Tm 2) nagounIg
W5AuTAYeuLad myeloma LAIFAAGNHAY
(cell proliferation) #i1&5uMsnszduaInTsdiu
HIL-6 11ag mock HAMUTUA 9 Taeruwadi
1&ande (1) garvad lavaoa centrifuge YU1A 15
mt 1 lflumdesiinang 100 x g Wunas

117 MAIU supernatant 00N UAUAN RPMI 1640

430

medium US1103 1 ml Wuswowsaduazysy
Anududuveusadliinumdudu 2x10’
cells/ml tazuiuwad laalu microtitre plate t11
96 viqu 13uMIriquaz 100 ul (2000 cells/well)
AN TUSAY AL-6/mock viqua 100 ul 4T
anudndugameminy 0.125, 0.5, 2, 8 uay 32
ng/ml MEIED 11 3 viqu Tundazaududy
(triplicate) wazihmsnaaouattesamaia Tu
uAazafuoanIsnaaeuiins i triplicate U4
wquﬁgﬂumaﬁmmn (baseline) 'l 1&1A
1158U rIL-6/mock uawquﬁzﬂu medium control
(blank) Fsfio3iA0asad RPMI 1640 (flg30614
1897 (200 ul) MMsmzinlu 5 % CO, incubator
L‘ﬂuL’J’dW 4 Ju Lﬁaﬂi‘unauﬁuﬁ resazurin
(Molecular probes, USA) ANV 500 pg/ml la
viquaz 10 ul 1hlilmnzaiuaelu 5 % CO, incuba-
tor (funa1 5 #1114 (3) 81uRaN5 proliferate Vo4
1508 myelomarwadgnuey Tuan1aziiil mL-6
waz mock  finnuidududia 9 Tasgmanldeud
Youd  resazurin 1INAHUTUFWUY TAA1 fluores-
cence  woedRnlaoulTaeld excitation  naz
emission wavelength ﬁ 560 118 590 nm MUAIAL
4) Plot ATMIEHINAANMINIUVE TSR
azal fluorescence  1SoutReuuua Iiuns

a a J 1
mimmuimmwaa myeloma/hybridoma §E¥IN

Iy Yo
waan 1ASUNMINTzAUAIL rIL-6 1182 mock

3. HaNInaaey
3.1 Polymerase chain reaction (PCR)
1M1 PCR e mam 12-6 Tae
1% cDNA 1Tu template waz 1y specific primer ﬁ

42’ A Y o 9 v A
oonuuuIwNe ldiaudunizdmsudu IL-6
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YOINY LAZMIIATIZHFUAIU DNA A28 1 %
agarose gel electrophoresis WUN IL-6 Uuu1a 633

base pairs ﬁmﬁﬂﬂugﬂﬁ 1

[

<— JL-6, 633 bp

M
—_
—
—
e—
e

gﬂﬁ 1 PCR product VOBU IL-6 (lane M: 100 bp

DNA ladder, lane 1: 84 IZ-6)

32 mslpaudu IL-6  uazmsmdeude
recombinant DNA lslsﬁi;j expression vector
e lnaudu 12-6 191g cloning vector
(pGEM-T) uag1i1 recombinant plasmid (pGEM-
Y 4 4 IS o w
T:IL-6) WNGIaa E. coli 8¥WUg IM109 (Tud1du
Y o v A Aa . o
ud? msaaden laauiil inserted gene m"hJ
ATNADUMAVIVE WUNOU [L-6 UMAULUE Lag
deduced amino acid 1MABUNY IL-6 ﬁslﬁlaf'ﬁdJu
Funy (Mus musculus 1L-6, GenBank Accession
Number NM_031168.1) #1100 % 1agnad31An3
naoude IL-6 1A pGEM-T:IL-6  1¥ouaany
expression vector (pQE-32) 1taz11 pQE-32:/L-6 11
1 4 Y o 1 A ~
qE coli g¥ug M15 uamimsquiaenlalail
$wau 8 Taladl Tdasavaeumsiitu i2-6 #2833

PCR wuhmnInaunguiden lunaaouiiou 12-6

33 mamignildiinsadallsiu
recombinant IL-6 (rIL-6)

0151 E. coli #a 8 Taau (Tnaudt 1ga1n
mansnaandd 32 lmilenildinsads
Tsau rIL-6 uazasaaRUAUANYULYDI NTAY
A18M13711 SDS-PAGE 1182 Western blot analysis
wudmn InaudnsudaseenvesTUsiu iL-6 7l
viAtszanel 22.6 kDa naz TosAudiT inclusion
bodies adiudauﬁzﬂumzﬂauw% insoluble portion

aqanalugili 2

Mr M 1 2 3
195—

104—
.

41—

27—
e— riL-6

A

21—

gﬂﬁ 2 Western blot analysis ‘ﬁprobe #18 mouse
anti-His voelUsAu -6 fuaaseenly
Wad E. coli Waanngniniieniidavens
IPTG [lane M: standard protein markers,
lane 1: Tals@uainaiu supernatant (soluble
portion), lane 2: lUs@uvindiunznou
(insoluble portion), lane 3: Tas@uain
whole cell homogenate fiﬂumimﬁﬂ’)ﬁ1
#18a13 IPTG)

k4 a

3.4 msuandsau riL-6 1%uSansaleds

Q

affinity column chromatography
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msanaldsdu rl-6 MAwad £ coli
a QJ A,
Lmzwﬂﬁ'mqmﬁam% affinity column chromato-
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3.5 Protein refolding
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= Y
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nins refolding iielaeulfidu soluble  form
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T1/5AuUA187F SDS-PAGE  11ag Western  blot
a & : a \ \ J
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YT lysau L6 MaTen'ld nudrldysun
Fa Ed
TUsAunaduyszanm 100 pg @NUTTUAY
ug
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3.6 Cell proliferation assay
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A . ¢ 2 2 g9 Y v
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rIL-6 1{i69 0.125 ng/ml (319 5) WenlSeuiioniy

Ea v
MIABUEAA 1AL N0 HIL-6 (0 ng/ml)
Haz M IIANIIUIUIEAaNINAI1015 1F mock

v v
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a d
4. 3n50mazayyl
-6  Wuasselaladnimiinle
wannae Taammzauiialumstuasngely

a a J a
ﬂ']i!ﬁ]iiym‘ﬂi@] (growth factor) YUFAANAYFUA

432



79 21 atiuii 5 @uiiay) 2556

a 7 =
nsmInenmansuazmalulas

Mr

195+
104
59—

Ul =

41

27+

21

(A)

Qo
=2
=h.

€= Soluble rIL-6

195
104
59—

41—

274

«— Soluble rIL-6
21—

(B)

Soluble rIL-6 H&491NM371 refolding AATITHAI 12 % SDS-PAGE fiéou@18 Coomassie Brilliant
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9 1 a A Yy 9
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] [ I
weaanladie luavisanu13glussesy
v a £ A ° v
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