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We studied the effect of leukemia-inhibiting factor on bilayer lipid membranes. Leukemia-
inhibiting factor in a concentration of 10 ng/ml nonspecifically increased membrane perme-
ability for ions. Leukemia-inhibiting factor acts as a surface-active substance on bilayer lipid

membranes.
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Leukemia-inhibiting factor (LIF) is the major compo-
nent of media for culturing of mammalian stem cells
(SC) [2,3,10]. The mechanisms underlying the effect
of this cytokine on SC include the interaction with
specific receptors and transmembrane protein gp130,
which results in activation of tyrosine kinases and
transduction factor STAT3 [6,9,11,13]. LIF initiates
proliferation of SC and provides their pluripotent state
without morphological signs of differentiation [4,5,
10]. In the absence or low activity of LIF, SC develop
into embryoid bodies or undergo spontanecous diffe-
rentiation. Therefore, the content of this cytokine in
the medium should be maintained at a relatively high
level (10 ng/ml) during culturing. Changes in cell
membranes after long-term exposure to LIF and rela-
tionship between the state of these structures and
pluripotency of SC remain unclear.

Here we studied the effect of LIF on cell mem-
branes. Experiments were performed with the bilayer
lipid membrane (BLM).
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MATERIALS AND METHODS

BLM were prepared from azolectin (Sigma) dissolved
in n-decane (20 mg/ml). Membranes were formed on
70-100 p pores in Teflon membranes separated with
solutions of 1 M KCI with 40 mM Tris-HEPES buffer
(pH 7.2) [8]. The formation of BLM and measure-
ments were performed at room temperature. The re-
sults were analyzed using BLM software developed by
A. Ya. Zil’bershtein. Patch-clamp recordings were
performed at a membrane potential of 100 mV.

LIF (PeproTech Inc.) was used in a concentration
of 10 ng/ml. Fibroblast-conditioned medium (FCM) was
obtained after 48-h culturing of primary embryonic
fibroblasts (isolated from mouse embryos gestational
age 12 days) in DMEM containing 10% fetal bovine
serum (ICN) at 37°C and 5% CO,. The culture medi-
um was separated from fibroblasts by centrifugation
and sterilized by passing through Millipore filters
(pore size 0.22 p).

RESULTS

Appreciable changes in BLM conductance were ob-
served 20-30 min after addition of LIF to the electro-
lyte from one or both sides of the membrane. When
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LIF was added from one side, only insignificant chan-
ges in BLM conductance (20-140 pA, Fig. 1, a) were
recorded. During prolonged exposure of BLM to LIF
spontaneous variations in conductance (100-600 pA)
attaining 1400 pA were observed (Fig. 1, b, ¢).

In the presence of LIF on both sides of BLM,
conductance was one order of magnitude higher than
after addition of this agent only on one side the mem-
brane (Fig. 2). It should be emphasized that the in-
crease in conductance was similar at the same concen-
tration of LIF. The stationary state was not observed
up to complete destruction of membranes. This “be-
havior” of BLM in the presence of LIF did not allow
evaluation of the concentration dependency.

These data show that ion conductance was not
selective. The results obtained after addition of 10 mM
CacCl, suggested that Ca?" ions are involved in the
interaction of LIF with BLM (Fig. 2, d). The increase
in positive charge of the membrane in the presence of
Ca?" was accompanied by a decrease in conductance
under the influence of LIF. Short current clamps dis-
appeared, which indicates that Ca*" ions produced a
stabilizing effect.

Our results show that LIF possesses surface-active
properties and can bind to the lipid matrix and mo-
dulate membrane conductance via the formation of
nonspecific channels. Previous studies revealed the
presence of LIF in FCM [1]. Therefore, we evaluated
the effect of LIF on BLM permeability (Fig. 3). FCM
changed BLM permeability (similarly to LIF). It should
be emphasized that FCM was active in relatively high
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dilutions (1:40 and more). After increasing FCM con-
centration in the electrolyte solution the lipid bilayer
was not formed on a Teflon membrane, which attested
to high surface activity of FCM. It is important that
FCM contains not only LIF, but also other substances
capable of forming ion channels (Fig. 3, ¢). The re-
cording obtained after removal of FCM from the solu-
tion demonstrates high hydrophobicity of active
agents.

In high dilutions (1:20 and more) FCM compen-
sates LIF deficiency in the medium for culturing of
mouse SC. However, in high concentrations FCM im-
pairs adhesion and suppresses (or even blocks) prolife-
rative activity [1]. These data are consistent with the
results of electrophysiological assay (Fig. 3) and confirm
the presence of surface-active factors (e.g., LIF) in FCM.

Structurally, LIF is a glycoprotein consisting of 6
amphiphilic a-helixes that contain mainly hydropho-
bic and positively charged amino acids [7,12]. LIF
binds to the lipid matrix and increases ionic perme-
ability of cell membranes via the formation of non-
specific channels of various diameters. Substances
with relatively high molecular weight can pass through
these channels.

Electrophysiological assay of BLM shows that
LIF affects SC not only via the corresponding com-
plex of receptors and transmembrane protein gp130.
LIF acts as a surface-active substance and interacts
with the lipid matrix. LIF possesses hydrophobic pro-
perties and binds to cell membranes, which indicates
that the concentration of this cytokine in the medium
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Fig. 1. Fragments of recording of current through the bilayer lipid membrane 20 (a), 45 (b), and 60 min (c) after the addition of 10 ng/ml
LIF in the solution of 1 M KCI and 40 mM Tris-HEPES (pH 7.2) on one side of the membrane.
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Fig. 2. Fragments of 40-min recording of current through the bilayer lipid membrane 10 (a), 20 (b), and 40 min (c) after the addition of 10
ng/ml LIF on the outer and inner side of the membrane; changes in current on the membrane produced by 10 mM CaCl, (d). The surrounding
solution contained 1 M KCI and 40 mM Tris-HEPES (pH 7.2).
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Fig. 3. Changes in conductance of the bilayer lipid membrane immediately (a) or 20 min after the addition (b) and after removal of 27 pyl/
ml conditioned medium from the surrounding solution (c).

for SC should be maintained at a constant level through- ~ REFERENCES
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This work was supported by the Russian Founda-
tion for Basic Research (grants Nos. 00-04-48135, 01-
04-06086, and 00-04-55017).

1. E. A. Petrova, V. V. Serysheva, L. M. Mezhevikina, et al.,
Tsitologiya, 43, No. 9, 883-884 (2001).

2. 1. P. Savchenkova, N. A. Zinov’eva, 1. Bullai, and G. Brem,
Usp. Sovr. Biol., 116, No. 1, 78-91 (1996).



(9%}

V. Serysheva, M. P. Borisova, et al.

M. K. Carpenter, X. Cui, J. Jackson, et al., Exp. Neurology,
158, 265-278 (1999).

F. Conquet, N. Peyrieras, L. Tiret, and P. Brulet, Proc. Natl.
Acad. Sci. USA, 89, 8195-8199 (1992).

C. Dani, I. Chambers, S. Johston, et al., Devel. Biol., 203, 149-
162 (1998).

T. Hiragun, E. Morita, S. Mihara, et al., FEBS Lett., 487, No.
2, 219-223 (2000).

J.-F. Morean, D. D. Donaldson, F. Bennett, et al., Nature, 336,
690-692 (1988).

P. Mueller, D. O. Rudin, H. T. Tien, and W. C. Wescott, J.

537

Physical Chem., 67, 534-535 (1963).

9. T. Nakamura, T. Arai, M. Takagi, et al., Biochem. Biophys.
Res. Commun., 248, 22-27 (1998).

10. J. Nichols, E. P. Evans, and G. Smith, Development, 110,
1341-1348 (1990).

11. R. Raz, C. K. Lee, L. A. Cannizzaro, et al., Proc. Natl. Acad.
Sci. USA, 96, 2846-2851 (1999).

12. R. C. Robinson, L. M. Grey, D. Stauton, et al., Cell, 77, 1101-
1109 (1994).

13. K. Takeda, K. Noguchi, W. Shi, et al., Proc. Natl. Acad. Sci.
US4, 94, 3801-3804 (1997).




