
Leukemia Inhibitory Factor (LIF) 

LIF - Product Review

Leukemia Inhibitory Factor (LIF) is a multifunctional cytokine, which is mainly used in the maintenance of the 
undifferentiated state of mouse embryonic stem cells (mESC). This summary tells the story of LIF and its use.

Figure 1: LIF signal transduction in mouse ES cells. Following the binding of LIF to the heterodimeric LIFR/gp130 
complex, the Jak/STAT3 and PI3K/Akt signalling pathways are activated which regulate expression of Sox2 and 
Nanog via Klf4 and Tbx3, respectively.
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The History of 
Leukemia Therapy
In the bone marrow or peripheral blood, the rare 
hematopoietic stem/progenitor cells become mature 
white blood cells after proliferation and differentiation 
and then continuously replenish the dead blood cells. If 
the proliferation and differentiation process is 
dysregulated, the hematopoietic stem/progenitor cells 
remain in various immature stages and their number 
continue to increase, which leads to the development of 
leukemia. Thus, leukemia disorders are caused by the 
abnormal control of the proliferation and differentiation 
of the hematopoietic cells. Scientists have been looking 
for cytokines or drugs which can promote the 
differentiation of leukemia cells while inhibit their 
proliferation in order to cure leukemia [1].

In the 1980s, a variety of cytokines, which regulate the 
proliferation and differentiation of hematopoietic cells, 
such as G-CSF (granulocyte colony stimulating factor), 
M-CSF (macrophage colony stimulating factor), GM-CSF 
(granulocyte macrophage colony stimulating factor), 
Multi-CSF (now known as IL-3) and IFN-γ, were 
discovered. The common feature of these cytokines is 
that they do not only promote the differentiation of 
hematopoietic cells but also stimulate their proliferation. 
The use of these cytokines for leukemia therapy poses a 
problem in that although they will lead to differentiation 
of the leukemia cells the number of the leukemia cells 
will simultaneously increase significantly, which may 
worsen rather than cure the leukemia. Therefore, 
scientists were still looking for a cytokine, which only 
induces the differentiation of leukemia cells without 
promoting their proliferation in order to find a cure to 
leukemia.

From D-Factor to LIF
In 1969, during the establishment of a cell line (named 
M1, i.e., the well-known M1 myeloid leukemia cell line, 
which is commonly used in the evaluation of the 
biological activity of recombinant mouse LIF) from a 
spontaneous myeloid leukemia of SL strain mice, it was 
found that the cell line could be differentiated into 
macrophages or neutrophil granulocytes when cultured 
with a conditioned medium from normal cells [2]. The 
unknown active components in the conditioned medium 
from normal cells were named “Differentiation 
stimulating factors”, and referred to as D-factors.

In 1981 [3] and 1984 [4], MGI-2 (Macrophage and 
Granulocyte Inducer type-2) and D-factor were identified 

from the culture media of mouse Krebs sarcoma cells 
and mouse L929 fibroblast cells, respectively, both of 
which can induce the differentiation of M1 myeloid 
leukemic cells but not stimulate the proliferation of 
normal hematopoietic cells.

Subsequently, in 1987 Donald Metcalf’s lab in Walter and 
Eliza Hall Institute (WEHI), Royal Melbourne Hospital in 
Australia identified the protein which could induce the 
differentiation of M1 myeloid leukemia cells from the 
culture medium of mouse Krebs sarcoma cells. This 
protein was named leukemia inhibitory factor, i.e., LIF 
because it can inhibit the proliferation of M1 myeloid 
leukemia cells. Meanwhile, it was found that this protein 
could not stimulate the proliferation of normal myeloid 
precursor cells. Based on the fact that all of these 
factors are able to induce the differentiation of M1 
myeloid leukemia cells into macrophages, Daonald 
Metcalf et al. assumed that LIF and the previously found 
MGI-2 and D-factor are actually the same factor. Since 
then, LIF became the formal name for this factor, while 
both MIG-2 and D-factor are aliases of LIF. Later on, the 
genes of mouse LIF and human LIF were cloned by the 
lab of Donald Metcalf in 1987 and 1988, respectively [5,6].

The discovery of LIF appeared to bring hope for an 
effective treatment for leukemia. However, in-depth 
studies found that LIF has a wide array of activities. 
Even for leukemia cell lines, LIF can be either the inducer 
or inhibitor of their differentiation. Thus, similar to other 
pleiotropic factors such as TNF-α, the path of LIF to 
clinical applications is not simple. Over the years, LIF has 
attracted considerable attention from hematologist, 
neurobiologists, muscle cell biologists, bone biologist, 
endocrinologists etc., all involved in the study of LIF. 

LIF is thus characterized as a pleiotropic cytokine with 
effects on various cell types and organs [7], yet its 
mechanism of action is not fully elucidated.



Smith found that DIA was capable of supporting 
continued growth of DA-1a MoMuLV-induced leukemia 
cells when investigating the possible actions of DIA in 
non-ES cell systems [13]. Coincidentally, the Genetics 
Institute has isolated a complementary DNA clone 
(pC10-6R) encoding a factor named human interleukin 
for DA cells (HILDA). More important, after sequence 
analysis, it was found that the HILDA gene is identical to 
the human LIF gene that has been just cloned by the lab 
of Donald Metcalf (Australia) at the same year [6], which 
suggested that HILDA is LIF [14].

Given that both DIA and HILDA/LIF are able to maintain 
the growth of DA-1a, Austin Smith was wondering 
whether HLDA/LIF can also inhibit the differentiation of 
mESC as DIA. The result was exciting. The medium 
conditioned by COS cells transected with HILDA/LIF 
cDNA clone could maintain typical mESC growth 
without biological or morphological differentiation.               

In view of the similarity between DIA and HILDA/LIF, it 
could be postulated that DIA is LIF [13].

At the same period, the lab of Donald Metcalf (Australia) 
which identified mouse and human LIF was also aware 
of the similarity between DIA and LIF. They have confirmed 
that LIF whether from human or mouse source was able 
to maintain the undifferentiated state of mESC [15]. This 
study and the two studies mentioned above that were 
done by Genetics Institute were published in the same 
issue on Nature in 1988. In other words, three articles 
related to LIF were published simultaneously in the same 
issue of one of the top international journals and all of 
them were discussing the effect of LIF on the culture of 
mESC, which indicated the importance of LIF in the 
maintenance of mESC in culture.

By the end of 1998 shortly after the human LIF has been 
cloned, the attention was turned to the roles of LIF in the 
culture of mESC.
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The main application of LIF is still the in-vitro culture of mouse ES cells, which will be discussed in details later.

LIF Roles in mESC 
Culture
LIF got its name due to its capacity to inhibit the proliferation 
of M1 myeloid leukemia cells. Then, how did the scientists 
find its crucial role in the culture of mESC? The scientific 
research is full of major discoveries that were made by 
coincidence, thus it needs a keen and original thinking in 
order to identify the significance of these coincidences.

In 1981, Martin Evans and Matthew Kaufman 
(Cambridge University) and Gail Martin (The Univeristy 
of California, San Francisco (UCSF)) obtained mESC 
from mouse embryonic inner cell mass (ICM). At that 

time, it was necessary to culture mESC on feeder cells in 
order to avoid spontaneous differentiation of the mESC [8,9].

In an attempt to identify the reason for the inhibition on 
the differentiation of mESC by the feeder cells, a few 
inhibitory compounds were separated from the culture 
supernatant of feeder cells [10, 11]. However, all these 
compounds showed only weaker inhibition of mESC 
differentiation compared to the DIA (Differentiation- 
Inhibiting Activity) which was isolated from the culture 
supernatant of Buffalo rat liver cells by Austin Smith 
(University of Edinburgh Medical School) in 1986 [12]. 
Later, Austin Smith moved to the Oxford University 
where he continued his research on DIA. In 1998, in 
cooperation with the Genetics Institute (USA), Austin 
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Human LIF vs. Mouse LIF
The decision whether to use mLIF or hLIF in the culture 
of mES cells depends on the following factors:

Biological Activity
Donald Metcalf’s lab has demonstrated that hLIF 
possess equal or better capacity to induce the 
differentiation of M1 myeloid leukemia cells compared 
to mLIF [6], which suggested that hLIF can efficiently 
replace mLIF in culture of mouse cells.

More importantly, Donald Metcalf and colleagues have 
compared the ability of hLIF and mLIF to maintain the 
stem-cell phenotype of mESC and found that they were 
exactly the same and for both the optimal working 
concentration was 1000 units/ml [15].

Interestingly, hLIF is fully active on mouse cells. But on 
the other hand, mLIF is not active on human cells. What 
might be the reason for this phenomenon?

Studies have shown that hLIF can bind the mouse LIF 
receptor (mLIF-R) that is expressed on mouse cells 
with higher affinity than that between mLIF and mLIF-R, 
which may explain why hLIF is more potent in the 

induction of the differentiation of mouse M1 myeloid 
leukemia cells than mLIF.

In contrast, mLIF is unable to bind the human LIF receptor 
(hLIF-R) that is expressed on human cells. Therefore, 
mLIF is not suitable for the culture of human cells [16].

Cross-reactivity with other species
As we know, recombinant human LIF and mouse LIF are 
commonly used since LIF from other species are not 
readily available. If you are going to study the ESC or 
iPSC (induced pluripotent stem cells) derived from other 
species such as cattle, pig, dog, or sheep, either hLIF or 
mLIF should be used.

Then, which one is better for use with other species, hLIF 
or mLIF? This can be determined by the homology level 
between hLIF or mLIF and the LIF of the respective 
specie of interest.

As shown in Table 1, the amino acid sequence 
homology between hLIF and LIF from cattle, pig, dog, 
and sheep is significantly higher than that of mLIF. 
Therefore, hLIF is more often used in cultures of ESC or 
iPSC from other species than mLIF [17-20].

SPECIE                                                 HLIF (HUMAN LIF)                              MLIF (MOUSE LIF)

Table 1: The amino acid sequence similarity of hLIF, mLIF and other species

Bovine 88%

Porcine 87%

Canine 91%

Sheep 89%

76%

78%

80%

77%

SPECIE                                                 HLIF (HUMAN LIF)                               MLIF (MOUSE LIF)

Amino Acids 180

Sequence Identity 78%

Molecular Weight (non-glycosylated) 19.6kD

Degree of Glycosylation High

180

20kD

The relationship between 
glycosylation and biological activity None

Biological Activity Human and mouse cells

Working concentration for mESC culture 1000 units/ml or 10ng/ml

Only active on mouse cells

Table 2: Comparison of hLIF and mLIF



hLIF in human ES cells 
(hESC)
The acquisition of hESC was 17 years later than that of 
mESC. In 1998, James Thomoson from the University of 
Wisconsin-Madison and Shamblott et al. from John 
Hopkins University School of Medicine firstly established 
hES cell lines from human embryonic ICM (inner cell mass) 
and PGCs (Primordial germ cells), respectively [21,22], 
which initiated basic and clinical researches on hESC.

Based on the experience from mESC cultures, hLIF was 
added to the hESC cultures in order to inhibit the 
differentiation of hESC. Unfortunately, hLIF was not able 
to maintain the undifferentiated state of hESC. What 
could be the reason?

Initially, it was speculated that the receptor of hLIF is 
lacking on the surface of hESC and so hLIF failed to 
inhibit the differentiation of hESC [23]. However, Rohan 
Humphrey from the University of California, San Diego 
(UCSD) showed that the hLIF receptor is present on hES 
cells and that the binding of hLIF to its receptor can 
activate the JAK/STAT3 signaling pathway [24]. 
Theoretically, hESC should be able to remain at 
undifferentiated state if the JAK/STAT3 pathway is 
activated as is the case with mLIF or hLIF and mESC, yet 
the fact was that hES cells differentiated nonetheless. 
These results suggested that the differentiation of hES 
cells may not be related to the activation of the 
JAK/STAT3 pathway.

In fact, in addition to hESC, LIF was not active on ES 
cells from rhesus monkey and rabbit either [25,26].

Then, Which Cytokine Can Inhibit 
the Differentiation of These ES Cells?
The answer that was commonly accepted is that the cytokine that can be used for the maintenance of 
undifferentiated is FGFbasic (basic fibroblast growth factor, FGF-2). The role of FGF-basic in the maintenance of ES 
cells can was described in many publications [26, 27, 28, 29].

However, it was discovered recently, at the laboratory of Jacob Hanna at the Weizmann Institute of Science, that hLIF 
can also be used for the maintenance of human ES cells. Yet, the defined conditions that were established, require 
beside hLIF a combination of small molecules. These conditions were shown to facilitate the derivation of genetically 
unmodified human naive pluripotent stem cells from already established primed human ES cells, from somatic cells 
through induced pluripotent stem (iPS) cell reprogramming or directly from blastocysts [30].

Figure 2. The maintenance of various species ES cells by different cytokines
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Rabbit ESC hESC mESCMonkey ESC
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Appendix:
I. Medium for the maintenance of mouse ES cells (Feeder cells dependent)

II. Medium for the maintenance of human ES cells (Feeder cells dependent)

INGREDIENTS                    STOCK          FINAL CONCENTRATION       VOLUME

To a 500ml bottle add:

DMEM with high glucose

FBS (fetal bovine serum) 100%

L-Glutamine 200 mM

NEAA (Non-essential amino acids) 10 mM

410 ml

75ml

5 ml

5 ml

Sodium Pyruvate 100 mM

2β−mercaptoethanol

Recombinant LIF

14.3 M

15%

2 mM

0.1 mM

1 mM

0.1 mM

5 ml

3.5 µl

Note: mESC are sensitive to the quality of FBS. So please always use ES cell qualified FBS.
           The prepared medium can be stored up to two weeks at 4oC.

50µg/ml 10 ng/ml 0.1 ml

INGREDIENTS                    STOCK          FINAL CONCENTRATION       VOLUME

To a 500ml bottle add:

The prepared medium can be stored up to two weeks at 4oC.

DMEM-F12

KOSR (knockout serum replacement) 100%

L-Glutamine 200 mM

NEAA (Non-essential amino acids) 10 mM

390 ml

100 ml

5 ml

5 ml

2β−mercaptoethanol 14.3 M

Recombinant FGF-basic 20µg/ml

20%

2 mM

0.1 mM

0.1 mM

4 ng/ml

3.5 µl

0.1 ml



III. Medium for maintenance of human ES cells (Feeder cells free)
To ensure the best and stable results, it is better to use commercial media such as the PeproGrow-hESC medium for 
the feeder-free maintenance of hESC. The medium is supplied as a bottle of basal medium and a separate, lyophilized 
growth factor component.

IV. Small molecule for the maintenance of human ES cells 
      (together with hLIF)

The advantages of PeporGrow-hESC medium include:
–  Phenol-red free

–  Insulin-free

–  High plating efficiency

–  Affordable and competitive pricing

–  High quality recombinant growth factors from a leading manufacturer

–  Developed in collaboration with and used

–  in the Rutgers Stem Cell Training Course

FUNCTION                     MOLECULE                                     FINAL CONCENTRATION

ERK1/2 inhibitor

GSK3β inhibitor

PD0325901

JNK inhibitor

CHIR99021

p38 inhibitor

SP600125

SB203580

1 μM

3 μM

10 μM

10 μM

ROCK inhibitor

Optimizing components

Y-27632

PKC inhibitor Go6983

5 μM

5 μM



V. Selected reference for the use of hLIF in the culture of mESC
Some publications in which mESC were cultured with hLIF are listed below for your reference.

• Billon N, Jolicoeur C, et al. (2002) Normal timing of oligodendrocyte development from genetically engineered, 
lineageselectable mouse ES cells. J. Cell Sci., 115(Pt 18):3657-65.

• Chung S, Moon JI, et al. (2011) ES cell-derived renewable and functional midbrain dopaminergic progenitors. 
PNAS, 108(23):9703-8.

• Galvin KE, Travis ED, et al. (2010) Nodal Signaling Regulates the Bone Morphogenic Protein Pluripotency Pathway 
in Mouse Embryonic Stem Cells. J. Biol. Chem., 285(26):19747-56.

• Iha M, Watanabe M, et al. (2012) Effect of ectopic expression of homeoprotein EGAM1C on the cell morphology, 
growth, and differentiation in a mouse embryonic stem cell line, MG1.19 cells. Reproduction, 143(4):477-89.

• Saito K, Abe H, et al. (2010) Cloning of Complementary DNAs Encoding Structurally Related Homeoproteins from
Preimplantation Mouse Embryos: Their Involvement in the Differentiation of Embryonic Stem Cells. Biol. Reprod.,
82(4):687-97.

• Stavridis MP, Lunn JS , et al. (2007) A discrete period of FGF-induced Erk1/2 signalling is required for vertebrate
neural specification. Development, 134(16):2889-94.

• Tong M, Hernandez JL, et al. (2010) The intrinsic electrophysiological properties of neurons derived from mouse
embryonic stem cells overexpressing neurogenin-1. Am. J. Physiol. Cell. Physiol., 299(6):C1335-44.

• Wada H, Kojo S, et al. (2011) Successful differentiation to T cells, but unsuccessful B-cell generation, from 
B-cellderived induced pluripotent stem cells. Int. Immunol., 23(1):65-74.



Human LIF

Animal Free Human LIF

Human LIF

Mouse LIF

Animal Free Mouse LIF

The tables below lists only the cytokines mentioned in this article. If you want to get information about more cytokines, 
please visit www.perpotech.com or contact your local PeproTech office or distributer.

PRODUCT NAME                         CAT#                         SIZE                         CROSS-REACTIVITY

300-05

AF-300-05

5ug-1mg Primate, Mouse, Rat, Cow, 
Pig, Dog, Sheep5ug-1mg

PRODUCT NAME                         CAT#                         SIZE                         CROSS-REACTIVITY

250-02

AF-250-02

5ug-1mg

5ug-1mg

Mouse LIF

Monkey, Mouse, Rat, Hamster, 
Rabbit, Pig, Horse, Cow, Sheep, 
Dog, Frog, Chicken, Trout

PRODUCT NAME                         CAT#                         SIZE                         CROSS-REACTIVITY

Mouse FGF-basic

Animal Free Mouse FGF-Basic

450-33

AF-450-33

10ug-1mg Rabbit, Mouse, Rat, 
Human10ug-1mg

Mouse FGF-basic

PRODUCT NAME                         CAT#                         SIZE                         CROSS-REACTIVITY

Rat FGF-basic 400-29 10ug-1mg

Rat FGF-basic

PRODUCT NAME                         CAT#                         SIZE                         CROSS-REACTIVITY

Human FGF-basic

Animal Free
Human FGF-basic

100-18B

AF-100-18B

10ug-1mg

10ug-1mg

Human FGF-basic

Chicken, Cow, Dog, Frog, 
Monkey, Mouse, Pig, Rabbit, 
Rat, Mink, Donkey

PRODUCT NAME                         CAT#                         SIZE                         CROSS-REACTIVITY

Human TGF-β1 (HEK293 derived)

Animal Free Human TGF-β1
(CHO cell derived)

100-21

AF-100-21C

2ug-1mg

2ug-1mg

Human TGF-β1
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