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Aim. The aim of this work was to express the human LIF gene in mammalian cells and to study the secretion
of recombinant LIF into culture medium. Methods. Recombinant LIF was detected by Western blot analysis
and immunoprecipitation in culture medium of CHO-K1, L-M (TK ) (ins'), 293T cells, transfected with
recombinant plasmids containing human LIF gene. Results. The recombi- nant plasmids. containing human
gene LIF, were constructed. The cells of three (CHO-K1, L-M (TK") (ins"), 293T) mammalian lines were
transfected with these plasmids. It was shown that the transfected mammalian cells secreted recombinant
human LIF which was characterized by variable degree of glycosylation including completely glycosylated

form (approximately 68 kD). Conclusions. The conditioned medium of developed cell lines can be used as a

source of human recombinant LIF for different purposes, including purification of human recombinant LIF
and as an additional supplement for cell culturing.
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Introduction. Leukemia inhibitory factor (LIF) is
a polyfunctional cytokine of IL-6 family. It affects
different tissues and types of cells, including
hematopoietic, neural and muscle cells, hepatocytes,
adipocytes, osteoblasts and osteoclasts. LIF affects
proliferation of germ cells and maintenance of
pluripotent embryonic stem cells. It plays a key role in
the implantation of a blastocyst, participates in the
hypothalamus-pituitary-adrenal axis activation, and
development of pituitary, kidneys, energetic
homeostasis, etc. [1].

The impact of LIF on the main processes in
different cells is a reason to use this protein as a
growth factor during cultivation of stem cells of
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various origin and their directed differentiation into
cells of various types.

LIF is known as an absolutely necessary
component of a medium, required to support
pluripotency of mouse embryonic stem cells. These
cells are widely used for investigations of pluripotency
mechanisms and biology of embryonic stem cells [2,
3]. LIF supports the multiplication of human neural
stem cells, providing their long-term self-renewal (up
to 110 doublings) [4] and keeping their multipotent
properties for a year [5]. It is also added into media for
the cultivation of mesenchymal stem cells (MSC), that
improves their osteogenetic differentiation [6, 7], as
well as for MSC differentiation into cardiomyocytes
[8, 9]. The non-glycosylated, Escherichia coli
expressed, human recombinant LIF has a biological
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activity, which is manifested by its ability to induce
differentiation of murine myeloid leukemic M1 cells
[10]. It is used in investigations in vitro and in vivo,
though the desired results are not always achievable in
vivo [11]. One of the main reasons of such negative
result is the lack of glycosylation of recombinant
proteins. The glycosylation increases protein stability
and its lifetime in bloodstream, influences resistance to
proteases, antigenicity and specific activity which is
important for therapeutic proteins [12]. This fact is the
reason of searching for special ways to increase the
level of glycosylation of recombinant proteins in the
process of their expression in mammalian cells [13,
14]. For cell cultivation in vitro the purified
recombinant growth factors, cytokines, and other
biologically active molecules are added to the medium
or conditioned media are used [15, 16]. Inactivation of
growth factors requires regular replacement of the
medium. Therefore, other approaches to provide
efficient microenvironment for the cultivated cells are
elaborated too, in particular, using immobilized growth
factors [17] and transgenic cell lines as feeder cells
[18-20]. The development of transgenic cell lines of
different origin allows solving a number of tasks,
related to the study of a transgene effect on the
recipient cell. Besides, expression of recombinant
proteins in mammalian cells is a main source of
producing glycosylated proteins. Thus, in 2007 70% of
world production of therapeutic recombinant proteins
were obtained in Chinese hamster cells [21]. Because
of the significance of LIF for investigations in vivo and
in vitro, the aim of this work was to express human
recombinant LIF in the cells of transgenic mammalian
cell lines and to study its secretion into the culture
medium.

Materials and Methods. Plasmids pUC2S8,
pBluScrIl (KS'), pEGFP-CI; strains of E. coli XL1,
DH10B; cell lines CHO-K1 (Chinese hamster, ovary),
L-M(TK") (ins’) (mouse, subcutaneous connective
tissue), transfected with recombinant plasmid,
containing human insulin gene, and 293T, which is a
variant of line HEK293 (human embryonic kidney),
expressing large T-antigen SV40 and resistant to G418,
were used in the work.

The isolation of plasmid DNA, treatment with
restriction  endonucleases,  ligation,  obtaining
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competent E. coli cells, analysis of recombinant
plasmids were performed by standard methods [22].
The following primers were used to obtain cDNA

LIF: 5’>-TCTGAGGTTTCCTCCAAGG-3’ and
5’-TGCTCAGCTTCATCACAGC-3’;
5’-ATGAAGGTCTTGGCGGCAGG-3’ and

5’-ACCTCCTGCTAGAAGGCCTG-3".

cDNA of LIF gene was obtained by reverse
transcription reaction according to the manufacturer
instructions, using cDNA synthesis kit (Fermentas,
Lithuania). PCR was performed in standard buffer
conditions for Taq and Pfu polymerases using the
optimal program in accordance with specific tasks.

Mammalian cells were transfected with
recombinant plasmids using polyethyleneimine (PEI)
[23]. Cells were kept with the complexes DNA-PEI for
1 hour. Selection of CHO-K1 cells, transfected with
pCI-L, was conducted using G418 (200 mg/ml). After
transfection with pCI-IL the cells were selected with
hygromycin (200 mg/ml). L-M(TK)(ins") and 293T
cells were transfected only with pCI-IL, as they were
resistant to G418. In starting experiments an optimal
concentration of antibiotics required to kill host cells
was determined.

The expression and secretion of LIF into culture
medium were studied by Western-blot analysis and
immunoprecipitation. The cells were grown on DMEM
medium, containing 20% fetal calf serum, washed with
DMEM (serum-free) three times, and then grown in the
same medium during 1.5-2 days. Next, the culture
medium was collected, proteins were precipitated by
10% solution of TCA in the presence of 0.015%
sodium deoxycholate. After protein separation by
SDS-PAGE [24] Western-blot analysis was performed
in accordance with the online protocol of Millipore
company (USA) (millipore.com/immunodetection
/id3/westernblotting), using polyclonal anti-human
LIF antibodies (developed in goat) and anti-goat IgG
peroxidase conjugate (Sigma, USA).

Immunoprecipitation was performed according to
the protocol of Abcam  company (USA)
(abcam.com/ps/ pdf/protocols/immunoprecipitation).
1 ml of the conditioned DMEM medium, obtained after
cultivation of 2.5¢10° cells, was mixed with 3 mg of
primary antibodies and incubated for 4 hours while
stirring at 4?C, then 70 ml of protein G-sepharose were
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Fig.1 Physical maps of recombinant plasmids

added and incubated again (4?C, 4 hours). Samples
were centrifuged, supernatant was removed and protein
G-sepharose was washed three times with the
following buffer: 50 mM tris-HCI, pH 8.0, 150 mM
NaCl, 1% NP-40, 0.1% SDS. 25 wml of loading buffer
were added to protein G-sepharose and boiled (5 min).
Western-blot  analysis was  performed after
electrophoresis in SDS-PAGE..

Results and Discussion. At first the L/F coding
sequence with signal sequence [Human LI/F gene,
coding LIF with signal peptide, was cloned via
RT-PCR methodology using mRNA, extracted from
human placenta, and corresponding primers. LIF
cDNA, amplified in PCR, was cloned in pBluScril
(KS"), and its nucleotide sequence was confirmed by
sequencing. Two plasmids — pCI-L and pCI-IL (Fig.1)
— were constructed based on the expression vector for
mammalian cells pEGFP-C1 (Clontech, USA). LIF
gene was introduced to pCI-L under the control of
cytomegalovirus promoter, while a fragment of DNA,
containing IRES (internal ribosome entry site) of
encephalomyocarditis virus and hygromycin resistance
gene were introduced into pCI-1L.

The expression of LIF gene, inserted in these
plasmids, in eukaryotic cells should result in secretion
of the glycosylated protein. LIF has six sites of
glycosylation [25]. The molecular weight (m.w.) of the
protein is in the range from 32 kDa to 73 kDa
depending on the glycosylation degree. Western-blot
analysis of the media, conditioned by the cells of three
cell lines, transfected with recombinant plasmids,

nhancer /P CMV

BamHI
X\ — Signal peptide
L I Maturepeptide
Kan R) /
Neo R

hph

showed that they secreted LIF which was likely
glycosylated to a variable degree. The proteins with
m.w. about 30 kDa, 55 kDa and 68-72 kDA were
identified (Fig.2—4).

kD
72

55
43
34

25

1 2 3 4 5
Fig.2 Western-blot analysis of conditioned media (1™ passage cells): / —
CHO-K1 (control, transfection with the vector, serum- free DMEM , 24
hours); 2 — CHO-K1 (transfection with pC1-L, serum-free DMEM, 24
hours); 3 — CHO-K1 (control, transfection with the vector, serum-free
DMEM, 48 hours); 4 — CHO-K1 (transfection with pC/-L, serum-free
DMEM , 48 hours); 5 — molecular weight marker, kDa

The protein with the highest molecular weight
form likely corresponds to completely glycosylated
protein. Bovine serum albumin, presented in the serum,
interfered with the visualization of completely
glycosylated LIF. Due to this fact the LIF secretion was
studied via cultivation of washed cells in serum-free
DMEM. Under these conditions the cells lost their
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Fig.3 Western-blot analysis of
conditioned media (cells of 2™ and
43 31 passages, cultivated in serum-free
DMEM for 48 hours); / — CHO-K1
(control, transfection with the
« @ 26 vector); 2 — CHO-K1 (transfection
- with pCI-L); 3 - CHO-KI
(transfection with pCI-IL); 4 —
molecular weight marker, kDa
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rY kDa  Fig. 4 Western-blot analysis of

72 conditioned media (cell of 2™

S - - — 4™ passages, cultivated in
. v 55 serum-free DMEM for 48
hours); / — L-M(TK)(ins")

" - 5 (control, transfection with the

vector); 2 — L-M(TK )(ins")
(transfection with pCI-IL); 3 —
34 CHO-KI (control, transfection

with the vector); 4 — CHO-K1
~ (transfection with pCI-IL); 5 —
26
.
L
2

CHO-K1 (transfection with
pCI-L); 6 — molecular weight
marker, kDa

viability in 2-3 days and the level of expression of
cellular proteins including recombinant protein
decreased correspondingly. The viability of L-M (TK")
(ins") line cells, producing human insulin, was higher
in comparison with CHO-K1 and 293T. Besides, the
controls may have positive signals specified by
endogenous LIF because the degree of homology of
human LIF with murine one is 79%. According to the
analysis of experimental data from different
laboratories, the molecular mass of human LIF isolated
from various cells is diverse. For instance, the
recombinant LIF with m.w. about 45 kDa was
expressed in the Chinese hamster cells [26]. LIF with
m.w. 73 kDa was isolated from the conditioned
medium of the bladder carcinoma cell line 5637 [27].
Other authors isolated LIF with m.w. 43 kDa from the
same source [28], LIF with m.w. 38 kDa was obtained
from the conditioned medium of T-lymphocytes [29].
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For Western-blot analysis LIF, secreted into
conditioned medium and concentrated with
immunoprecipitation using protein G-sepharose, was
used. The results obtained with genetically modified
lines CHO-K1, L-M (TK)(ins") and 293T, are
presented in Fig.5. The Western-blot analysis revealed
that mobility of some forms of LIF (in particular with
m.w. about 30kDa and 55 kDa) coincided with that of
light and heavy chains of immunoglobulins, added to
the sample during immunoprecipitation. It resulted in
masking some forms of LIF by immunoglobulins. The
level of signals derived from the light and heavy chains
of immunoglobulins in the immunoprecipitation of
conditioned medium by the cells, transfected with
vector plasmids (without L/F gene), was significantly
lower. There was an additional intensive band,
corresponding to the protein with m.w. 65-68 kDa,
which was likely a completely glycosylated form of
LIF, and a less intensive band, corresponding to the
protein with m.w. about 48 kDa. The LIF expression in
cells CHO-K1 (Fig.3, 4) transfected with pC/-L using
(G418 selection was more efficient than LIF expression
in cells, transfected with pCI-IL using hygromycin
selection. The efficiency of LIF expression in L-M
(TK)(ins") cells, transfected with pCI-IL, was

awns kDa
72
1gG, Heavy .
chan - me . . - 55
43
34
1gG, Light
chain - - - 0.
- - -
7 2 3 4 5 6 7 8 9
Fig.5 Determination of LIF in conditioned media

(immunoprecipitation) (cells of 2™ — 4™ passages, cultivated in
serum-free DMEM for 48 hours, except for L-M(TK )(ins")): /7 —
control of immunoprecipitation (immunoprecipitation without
medium); 2 — 293T (control, transfection with the vector); 3 —293T
(transfection with pC1-IL); 4 — CHO-K1 (control, transfection with
the vector); 5 — CHO-K1 (transfection with pCI-IL); 6 — CHO-K1
(transfection with pCI-L); 7 — L-M (TK)(ins") (control,
transfection with the vector); § — L-M(TK")(ins") (transfection with
pCI-IL, serum-free DMEM, 15 hours); 9 — L-M(TK)(ins")
(transfection with pCl-IL, serum- free DMEM, 48 hours); 10 —
molecular weight marker, kDa
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sufficiently high like that in CHO-K1 cells, transfected
with pCI-L) ( Fig.4). It may be explained by the fact
that the inhibition of metabolism in insulin-producing
cells in serum-free media is weaker than in CHO-K1
and 293T cells.

Conclusions. The recombinant plasmids pCi-L
and pCI-IL, constructed by us, provide expression and
secretion of human recombinant LIF in the medium of
three mammalian line cells (two murine and one
human) transfected with these plasmids. The
recombinant human LIF produced with mammalian
transgenic cells is glycosylated to different degree,
likely including completely glycosylated form. The
medium conditioned by genetically modified cells may
be used as a source of LIF for growth of different cells
requiring this growth factor as well as for its isolation.
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DKcnpeccHst U CeKpeLns peKOMOMHAHTHOTO Oenka
LIF genoBeka reHeTH4ecKn MOAU(DUIMPOBAHHBIMU KJICTKAMH MJIC-

KOIMUTAIUX
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Pesrome

Llenv pabomur cocmosina 6 noayuenuu sxcnpeccuu eena LIF yvenoge-
Ka 6 ceHemuyecku MOOUPUYUPOBAHHBIX KIeMKAX MIEKONUMAIOUWUX
U U3yHeHUU cekpeyun peKoMOUHAHmMHo20 Oeaka IMumu Kiemrkamu 6
Kyrsmypanvhuyio cpeoy. Memoowt. [na Gvisgnenus pekomMOunanu-
muo2o LIF 6 KOHOUyuonuposanHotl cpede, NOJIYUEHHOU 6 pe3yibma-
me KyIbMuuUpo8aHUs KIemoK, MpancOeyuposanivix pekomou-
HanmMueIMU naazmuoamu, cooepoicawumu 2en LIF, ucnonv3osanu
Becmepn-6nom-ananuz u ummynonpeyunumayuio. Pezynomameo.
Croncmpyupogannvle peKxomMoOuHanmmuvle nia3muovl obecnedusa-
Iom excnpecculo u cexpeyuio pekomou- nanmuoeo LIF uenogexa
xknemxamu mpex aunuii (CHO-K1, L-M(TK )(ins") u 293T), mpanc-
Geyuposannvimu dmumu naazmuoamu. Cmenenv 2iuKo3UIUPO6A-
HUSL NPOOYYUPYeMO20 MAaKumu Kiemkamu pexomournanmuozo LIF
sapvupyen, npu SMom HAOI00Aemcs cekpeyusi NOIHOCMbIO 2IUKO-
sunuposarnozo LIF (¢ monexkynapHou maccoil okono 68 k/la). Boi-
600bl. Konouyuonupoganuylo cpeoy, NOIVHEHHVIO GCleOCmaue
KYAbMUGUPOBAHUS MPAHCHEYUPOBAHNBIX KIEMOK, MOJICHO UCHOb-
306amb kaxk ucmounux LIF uenogexa 0na Kynbmueuposanus Kie-
MOK, HYHCOAIOWUXCA 8 DMOM POCMOBOM ¢hakmope, U 01i e2o
gblOeNIenUs 8 YUCOM BUOe.

Kuwuesvie cnosa: pexombunanmusiti LIF, skcnpeccus, cexkpe-
yus, mpaucoexyus, KiemovHvle IuHuUU

C. KO. Pumap, T. A. Pyban, J]. M. Ipooos, B. A. Kopowom

Ekcnpecis i cekpeuist pekom6inanTHoro Oisika LIF nroanan

TEHETUYHO MOIN(IKOBAHUMU KIITHHAMH CCaBI[iB

Pesiome

Mema. Mema po6omu nonseana 6 odepyicanni excnpecii eena LIF
JIOOUHU 8 2EHEMUYHO MOOUPIKOBAHUX KIIMUHAX CCABYIB | BUGUEHHI
cexpeyii pekomMOIHaHMHO20 OINKA YUMU KATMUHAMU 8 KYIbMYPalb-
He cepedosuuge. Memoou. /s eusnauenns pekombinanmuozo LIF
8 KOHOUYIOHOBAHOMY Cepedosuwyi, 00eplIcaHomy 6 pesyibmami
KYAbIMUGYSAHHA  KIIMUH, MPAHCHEKOBAHUX PEKOMOIHAHMHUMU
naasmioamu, wo micmame 2en LIF, suxopucmosyeanu Becmeph-
bnom ananis ma imynonpeyunimayiro. Pesynomamu. Cxoncmpyiio-
8aHI peKOMOIHAHMHI NAasMiou 3abe3neuyoms eKcnpeciio i cekpe-
yiro pekombinanmruoeo LIF noounu knimunamu mpvox ainiu (CHO-
K1, L-M(TK )(ins") i 293T), mpancpexosanux yumu niazmioamu.
Cmyninb enikozunoganns pexomobinanmmuozo LIF, npodykosanozo
maKumu Kiimunamu, 6apiioc, npu ybomy cnocmepicacmocs cekpe-
yis noguicmio 2eniko3unbosanoco LIF (3 monekynsapHow macoio
onuszvko 68 k/la). Bucnosku. Konouyionosane cepedosuwye, ooep-
Jlcane HACNIOOK KYIbMUBYBANHA MPANCHEKOBAHUX KIIMUH, MOIC-
Ha europucmosysamu Ak Ogxcepeno LIF nwoounu 0as Kyremugy-
BAHHSA KIIMUH, AKUM NOMPiOeH yeil pocmosull hakmop, a maxoxic
07151 11020 BUOINEHHS 8 OYUUCHOMY CIAHI.

Kurwuosi cnosa: pexombinanmuuii LIF, excnpecis, cekpeyis,
mpancehexyis, KAIMuHHI JiHii.
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