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LIF is a new p53 negative regulator
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Leukemia inhibitory factor (LIF), a cytokine that belongs to the
interleukin-6 family, regulates multiple important biological
functions. Recently, we found that LIF is an important negative
regulator of p53 in human colorectal cancer cells. LIF negatively
regulates p53 protein levels and functions by activation of the
Stat3 signaling pathway, which in turn induces the expression of
ID1, the helix-loop-helix (HLH) protein inhibitor of differentiation
and DNA binding. ID1 increases MDM2 expression at both mRNA
and protein levels to accelerate p53 protein degradation.
Overexpression of LIF increases chemoresistance of cultured
colorectal cancer cells and colorectal xenograft tumors in a
largely p53-dependent manner. Furthermore, LIF is overexpressed in a large percentage of human colorectal
cancer specimens and LIF overexpression is associated with a
poor prognosis in colorectal cancer patients. Our study revealed
a new role of LIF in tumorigenesis through regulation of the p53
signaling pathway. Journal of Nature and Science, 1(7):e131, 2015

the p53 signaling pathway, in tumorigenesis. We observed that
LIF is frequently overexpressed in human tumors, including
colorectal cancers.
Ectopic expression of LIF promotes
chemoresistance of cultured colorectal cancer cells and colorectal
xenograft tumors in a largely p53-dependent manner (10).
Interestingly, we found that LIF is a negative regulator of p53 (10).
In human colorectal cancer cells, p53 protein levels and function
are negatively regulated by LIF. The negative regulation of p53 by
LIF is mediated by the activation of the Stat3 signaling pathway.
Stat3 transcriptionally regulates a set of genes including ID1, the
helix-loop-helix (HLH) protein inhibitor of differentiation and
DNA binding. ID1 is reported to upregulate MDM2, a major E3
ubiquitin ligase for p53, which binds to p53 and mediates its
ubiquitination and protein degradation (11, 12). We found that LIF
can clearly increase MDM2 expression at both mRNA and protein
levels which is mediated by ID1.
The increased MDM2
expression induced by LIF can in turn accelerate p53 protein
degradation. Furthermore, we found that LIF overexpression is
associated with a poor prognosis of colorectal cancer patients (10).
Taken together, our study demonstrates that LIF is an important
and novel negative regulator of p53 through the Stat3/ID1/MDM2
pathway, which in turn promotes chemoresistance in colorectal
cancer cells and poor prognosis of colorectal cancer patients
(Figure 1).
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Leukemia inhibitory factor (LIF) is a member of the interleukin-6
cytokine superfamily. Its name was derived from its ability to
induce the differentiation of myeloid leukemia cells and in turn
prevent the growth of leukemia cells (1). LIF functions through
binding to the LIF receptor complex composed of LIF receptor
(LIF-R) and glycoprotein gp130 to activate several signaling
pathways in a cell/tissue type specific manner, including the
JAK/STAT3, MAPK, and AKT pathways (2). As a cytokine, LIF
has been shown to have multiple important functions. LIF can be
produced locally in the bone and joint microenvironment to play an
essential role for normal bone remodeling and growth through
stimulating osteoblast differentiation and bone formation (3). LIF
also plays an important role in various aspects of neuronal
development, including phenotype determination, survival, and
regulating maturation during postnatal neuronal development (4).
Ample evidence has shown that LIF regulates the self-renewal
function of embryonic stem cells and inhibits their differentiation,
thus maintaining their pluripotency (5). Furthermore, LIF plays a
crucial role in multiple steps during embryo implantation and
placentation (6, 7). LIF is upregulated during peripheral
inflammation, and has an anti-inflammatory effect. Exogenous LIF
expression can reduce inflammatory hyperalgesia (8). However,
the precise role of LIF in tumorigenesis remains largely unknown.
p53 tumor suppressor is a transcription factor and plays a central
role in tumor suppression. It regulates many important cellular
functions through transcriptional regulation of its target genes.
Recently, our group identified LIF as a novel p53 target gene,
which mediates p53’s role in embryonic implantation (9). p53
binds to the consensus p53-binding element in the LIF gene and
regulates the expressions of LIF under both non-stressed and
stressed conditions. It has long been observed that p53-/- female
mice have reduced fertility. Our study demonstrated that the
decreased fertility in p53-/- female mice is mainly due to the
impaired embryonic implantation. At the implantation stage,
highest levels of LIF expression are observed in the endometrial
tissues, including endometrial glands, where p53 protein levels and
activity are selectively increased. We found that loss of p53
decreases the levels and function of uterine LIF, and re-injection of
LIF to pregnant p53-/- female mice can rescue the impaired
maternal reproduction by improving embryonic implantation. This
finding revealed an unexpected role of p53 in reproduction through
regulation of LIF expression levels.
Considering the critical role of p53 in tumor suppression, we
then studied the possible role of LIF, an important component in
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Figure 1. A model illustrating the negative regulation of p53 by LIF
that contributes to chemoresistance in human colorectal cancer cells.
LIF binds to LIF receptor complex to activate the Stat3 signaling pathway.
Stat3 transcriptionally induces inhibitor of DNA binding 1 (ID1), which can
up-regulate MDM2, a key negative regulator of p53. The increased MDM2
levels promote p53 protein degradation, which leads to decreased p53
protein levels and reduced function in apoptosis. In turn, LIF promotes
chemoresistance in human colorectal cancer cells.
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In addition to the role of LIF as a negative regulator of p53,
recent studies including ours have shown that LIF mediates cancer
metastasis in multiple tumors. Early studies have shown that LIF is
a metastatic factor in rhabdomyosarcomas (13). A recent report
showed that LIF can mediate proinvasive activation of stromal
fibroblasts in cancer, which contributes to the proinvasive tumor
microenvironment (14). Our recent study has shown that LIF
promotes the growth and proliferation of breast tumor cells both in
vitro and in vivo. Furthermore, LIF promotes metastasis of breast
cancer cells as determined by both in vitro and in vivo assays. More
importantly, we found that LIF activates the AKT-mTOR signaling
pathway in breast cancer cells which plays an important role in
mediating the function of LIF in tumorigenesis and metastasis of
breast cancer. Clinic data have shown that LIF overexpression is
significantly correlated with a poor prognosis in breast cancer
patients (15). Consistent with our report, recently, another study
has shown that LIF activates the mTORC1/p70S6K signaling
pathway to promote tumor growth, and inhibit DNA damage
responses, which in turn increases radio-resistance in
nasopharyngeal carcinoma (16).
All these evidence indicated that LIF could be a novel biomarker
and an important therapeutic target for human cancer, especially for
those with LIF overexpression. LIF may promote tumorgenesis
and metastasis through multiple mechanisms in different type of

tumors. Among them, the finding of the feedback loop of
p53-LIF is very intriguing. While our early study revealed LIF as a
p53 target gene, our recent work demonstrated that LIF, as a
secreted protein, can function through the Stat3/ID1/MDM2
pathway to negatively regulate p53. Therefore, p53 and LIF form a
novel negative feedback loop. There are some interesting questions
that need to be explored in the future. We found that during
implantation, p53 level is increased in uterine tissue transiently and
is important for LIF production at the implantation stage. It will
be interesting to study whether the high expression of LIF at the
implantation stage participates in the down-regulation of p53 after
the implantation stage. On the other hand, LIF is found to be
overexpressed in many tumors, including colorectal cancer, breast
cancer, nasopharyngeal carcinoma and melanoma. It will be
important to investigate whether the negative regulation of p53 by
LIF can be observed in other types of tumors. This line of work
will help us understand the therapeutic potential of targeting LIF in
tumors.
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