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ABSTRACT
Wild-type p53-induced phosphatase 1 (WIP1) belongs to the protein phosphatase 2C (PP2C)
family and is a mammalian serine/threonine specific protein phosphatase to dephosphory-
late numerous signaling molecules. Mammalian WIP1 regulates a wide array of targeting
molecules and plays key regulatory roles in many cell processes such as DNA damage and
repair, cell proliferation, differentiation, apoptosis, and senescence. WIP1 promotes the for-
mation and development of tumors as an oncogene and a negative regulator of p53. It is
also involved in the regulation of aging, neurological diseases and immune diseases. Recent
studies demonstrated the critical roles of WIP1 in the differentiation and function of
immune cells including T cells, neutrophils and macrophages. In the present manuscript, we
briefly summarized the expression patterns, biological function and the target molecules
and signal pathways of WIP1 and mainly discussed the latest advances on the regulatory
effects of WIP1 in the immune system. WIP1 may be a potential target molecule to treat
cancers and immune diseases such as allergic asthma.
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Introduction

Tumor suppressor gene p53 is one of the most fre-
quently inactivated genes in human cancers, which is
usually caused by conserved codon mutations in
genes. In 1997, by comparing the cDNA libraries of
Burkit lymphoma cell lines expressing wild-type p53
and mutant p53 gene after gamma-ray or ultraviolet
irradiation, an open reading frame with a length of
605 amino acids was discovered for the first time.
The predicted polypeptide sequence showed hom-
ology with three regions of serine/threonine protein
phosphatase 2 C (PP2C). Through the in vitro phos-
phatase activity assays, this protein was verified to
exhibit the Mg2þ-dependent PP2C phosphatase char-
acteristics. The expression of this protein was wild-
type p53-dependent, and its coding gene was a direct
target of p53 during cell stress, so it was named
wild-type p53-induced phosphatase 1 (WIP1) [1].
Subsequent studies identified targets of WIP1-dependent
dephosphorization and proved that WIP1 had proto-
oncogene features rather than tumor suppressor. Due
to its close relationship with p53 and its high expres-
sion in many human tumors, the initial studies

focused on the controlling roles of WIP1 in tumor
transformation and the development of various
human malignant tumors [2–7]. WIP1, as a serine/
threonine phosphatase, dephosphorylates numerous
important signaling molecules on serine/threonine
residue and controls a number of critical cellular
functions, including DNA damage, cell proliferation,
senescence, apoptosis, autophagy and other cell fates,
by dephosphorylating p38 mitogen-activated protein
kinase (p38 MAPK), p53, ATM, CHK1, CHK2,
MDM2, MDM4, ULK1, JNK1/2, RSK2, ERK1 p27
(Kip1), NF-jB (RelA) and more [8–13] (Figure 1).
The known target proteins of WIP1 are summarized
in Table 1 [8,10,11,14–31]. WIP1 promotes thyroid
cancer progression by regulating p38 MAPK and p53
signaling pathways and WIP1 may be used as a poten-
tial diagnostic biomarker and therapeutic target mol-
ecule in human thyroid cancer [32]. However, since
finding the defect of T and B cell responses in WIP1
null mice were reported in 2002 [33], the regulatory
roles of WIP1 in the immune system and immune
disorders were gradually begun to be uncovered
[34,35]. Recent studies demonstrated the critical roles
of WIP1 in the differentiation and biological function
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of the innate and adaptive immune cells including T
cells, B cells, neutrophils and macrophages [36–38]. In
the present manuscript, after briefly discussing the

subtleties in molecular structure, expression patterns
and the diverse biological functions of WIP1 in both
Homo sapiens and Mus musculus, we comprehensively

Figure 1. The targets and functional consequences of WIP1 signaling. The target molecules and the related regulatory loops of
WIP1 are summarized.

Table 1. Identified WIP1 target molecules.
Target protein Phosphorylation site Functional consequence Refs

P38 T180 Reduction of activity [14]
P53 S15 Reduction of activity [18]
UNG2 T6 Inhibition [15]
CHK1 S345 Reduction of activity [18]
CHK2 S19, S33, S35, T68, T432 Reduction of activity [16,17]
ATM S1981 Reduction of activity [19]
ATR unknown Reduction of activity [18,20]
MDM2 S395 P53 destabilization [21]
MDMX S403 P53 destabilization [22]
cH2AX S139 Reduction of activity [23–25]
NFjB S536 Reduction of activity [26,27]
XPA S196 Inhibition [28]
XPC S892 Inhibition [28]
JNK1/2 T183/Y185 Reduction of activity [8]
RSK1/2 S386 Reduction of activity [10]
RBM38 S195 Inhibition of p53 mRNA translation [29]
PPARc S112 Reduction of activity [30]
ULK1 S637 Ulk1 puncta formation [11]
LSD1 S131, S137 Change function [31]
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summarized recent progression in the critical regula-
tory roles of WIP1 on the differentiation and func-
tions of different immune cell subpopulations. We
also discussed the potential therapies of targeting
WIP1 for relevant immune diseases.

The molecular structure and expression of WIP1

The WIP1 protein belongs to PP2Cd-type serine-
threonine phosphatase and differs from PP1, PP2A,
and PP2B phosphatases, because they are insensitive
to the Okada phosphatase inhibitor and require
bivalent cations (e.g., Mg2þ and Mn2þ) [39,40]. The
genes encoding WIP1 protein, protein phosphatase
magnesium-dependent 1 delta (PPM1D) gene of
Homo sapiens and Ppm1d gene of Mus musculus are a
pair of ortholog genes and contains six exons. The
PPM1D gene was located on human chromosome
17q23/q24 and spans over 66 kb of DNA, whereas
mouse chromosome 11 (near the p53) pans over 36 kb
of DNA [41,42] (Figure 2). The comparison of the
human and mouse WIP1 protein sequences revealed
that the overall identity of the amino acid sequences
was 88%. The molecular mass of human WIP1 protein
is 61kD with 605 amino acids, and the molecular

mass of mouse WIP1 protein is 66kD with 598 amino
acids [42]. Protein structure analysis revealed that
human WIP1 protein are divided into two major
domains, namely a highly conserved N-terminal phos-
phatase domain from amino acids 1–375 and a less
conserved noncatalytic domain extending from amino
acids 376–605 [21].

As shown in Figure 1, Wip1 has multiple transcrip-
tional binding regions in the promoter region and the
p53 response elements are in the promoter region at
�150 bp, upstream of the initiation site of Wip1 trans-
lation in humans [43]. After DNA damage, p53 medi-
ates the expression of the transcription factor cAMP
response element binding protein/activated transcrip-
tion factor (CREB/ATF) and promotes the translation
and expression of Wip1 [44]. In addition, we used an
R/Bioconductor package, TFBSTools [5] to analyze
TFBSs and their associated transcription factor profile
matrices by scanning sequences and alignments includ-
ing whole genomes, and querying the JASPAR data-
base. The selection criteria (score > 0.8, strand is þ,
not more than 1500 bp from TSS) are set to get the
most possible TFBSs shown in Figure 1, some of
which was proved by experiments. The prediction
results of TFBSs revealed a rather striking difference of

Figure 2. The locus, structure and alternative splicing of Wip1/Ppm1d gene in mice and humans. In DNA structure, E1-6 denotes
exons 1-6 and I1-5 denotes introns 1–5. Among the potential transcription factors (TFs) that may regulate WIP1 expression, the
published TFs are labeled with green color and the predicted TFs are in red. In pre-mRNA and major alternative splicing, E1a/3a/
6a and E1b/3b/6b are two different forms of exon 1/3/6.
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TFBSs between mouse and human Wip1 promoter,
which indicates that regulatory mechanisms of WIP1
transcriptional expression may be very different
between these two species. It is worth emphasizing
that, although the intracellular levels of p53 induces
Ppm1d translation to express Wip1 after undergoing
ionizing radiation or other forms of stress in human
cells [1], it has not been reported the p53 directly
induces Ppm1d translation in mouse cells. This may be
due to the absence of p53 binding sites in mouse
Ppm1d promoter as indicated by our own analysis.

WIP1 protein is mainly localized in the nucleus and
cytoplasm of the cell [45]. It is reported that the Wip1
mRNA is ubiquitously expressed in many mammalian
embryonic and adult tissues, and that it is expressed at
the highest levels in the testis [42]. We herein analyzed
RNA-Seq Expression Data from GTEx (53 tissues, 570
donors) and found that the highest median expression
of Wip1 gene is 12.26 RPKM in human testis in body
map (Figure 3A). However, mRNA expression in
human and mouse tissues from BioGPS, which is the
microarray data of major tissues, indicates that Wip1

gene is highly expressed only in the placenta and bone
marrow of mice and humans (Figure 3B). Therefore,
the absolute expression level of Wip1 gene in various
organs remains to be determined. Nevertheless, the
data from BioGPS indicated that the Wip1 expressions
are different between Homo sapiens and Mus musculus
as follows: Firstly, the signal value of gene expression
was significantly higher in mice than in humans
(Figure 3). Secondly, the expression level of Wip1 in
human immune cells is significantly higher than other
detected human cell lines (Figure 3A), but the Wip1
expression in mouse immune cells is not significantly
higher than those in other mouse cell lines (Figure
3B). Thirdly, Wip1 was highly expressed in the pla-
centa and blood cells in body map of human, but ret-
ina and cerebellum in nervous system also displayed
significantly high expression of Wip1 gene in body
map of mouse, besides reproductive system and
immune system. Therefore, the significantly different
Wip1 expression patterns in mice and humans should
be highly recognized. These variation of gene expres-
sions between species and organs likely due to the

Figure 3. Microarray-based mRNA expression of Wip1 gene in normal human and mouse cell lines and tissues analyzed in BioGPS.
(A) Microarray-based mRNA expression of wip1 gene in normal human (left panel) and mouse (right panel) cell lines assayed in
BioGPS. (B) Microarray-based mRNA expression of wip1 gene in human (left panel) and mouse (right panel) tissues analyzed in
BioGPS. Cells and tissues are marked with different colors according to organ types.
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gene architecture and structural properties of pro-
moters. The major known transcription factors con-
trolling the transcriptional regulation of WIP1
include p53, CREB, E2F1, c-jun, ERa and NF-jB,
under ionizing radiation or other forms of stresses [43]
(Figure 4). In addition, epigenetic and other post-tran-
scriptional modulations are also involved in WIP1
expression. Deficiency of iNOS significantly decreased
Wip1 gene expression [46]. BRCA1-IRIS enhances the

expression of HuR after DNA damage, HuR then sta-
bilizes Wip1 mRNA, which leads to the enhanced
Wip1 protein expression by post-transcriptional regula-
tion [47]. Ionizing radiation-induced microRNA-16
[48–52], microRNA-590 [53] and microRNA-29c [4]
destabilize Wip1 mRNA to decrease Wip1 expression
(Figure 4). Although some regulatory pathways on
WIP1 expression have been recognized so far, we def-
initely need to put more efforts to uncover the

Figure 4. The transcriptional and post-transcriptional regulation of WIP1 gene expression and the verified localization of wip1 pro-
tein. The currently known transcriptional and post-transcriptional regulation of WIP1 gene and protein expressions were summar-
ized. The verified localization of WIP1 protein was shown.
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intracellular regulatory networks on WIP1 expression
in human cells.

The Wip1 transcript is alternatively spliced to form
a shorter protein, which was expressed only in the tes-
tis and in leukocytes and can localize to the nucleus,
cytoplasm and plasma membrane [54]. According to
the UCSC reference gene, the currently recognized
major alternative splicing in Homo sapiens and Mus
musculus were shown in Figure 2. At present, most of
alternative splicing of Wip1 have only been detected
the spliced EST sequences, but their functions have
not been reported and need to be studied. To date, no
post-translational modification on the phosphatase
activity of WIP1 was not reported.

The regulatory effects of WIP1 in
immune system

It is originally reported that WIP1 deficient mice
exhibited phenotypes associated with immunodefi-
ciency. About 5% of the WIP1 deficient mice had

ulcerative skin lesions [33]. Mice with deficiency of
Wip1 gene also had increased inflammation in normal
tissues, imbalance of B and T cells, and low responses
of immune cells to antigens and mitosis [33].
However, the following studies showed the impaired
differentiation of T cells, B cells and neutrophils in
WIP1 deficient mice [36,37,55]. The increasing studies
recently uncovered the important regulatory roles of
WIP1 in the innate and adaptive immune systems
(Figure 5), which will be discussed below.

The roles of WIP1 on the development and
function of T cells

The thymus of WIP1 deficient mice was smaller, and
significantly impaired medullary thymic epithelial cell
maturation process compared with wild-type mice
[55,56]. Molecular mechanism studies demonstrated
that WIP1 positively regulated the development of
thymic epithelial cells mainly by p53-depedent and
p38 MAPK-CD40-dependent pathways [55]. In

Figure 5. The involvement of WIP1 in the development and function of immune cells. WIP1 is widely involved in the differenti-
ation of many immune cells including T cells, B cells, neutrophils and macrophages by diverse intracellular signal pathways.

6 L. SHI ET AL.



addition, Schito et al originally observed that the total
cell number of thymocytes was less and the thymo-
cytes developed abnormally in WIP1-knockout (WIP1
KO) mice [56]. The percentage of CD4þ or CD8þ sin-
gle positive thymocytes and CD4þCD8þ double posi-
tive thymocytes in thymocytes of wild-type and
WIP1-deficient mice showed no significant difference,
but the total cell number of these thymocyte subsets
was significantly reduced in WIP1 KO mice, likely
due to the decreased total cell number of thymocytes
in WIP1 KO mice. In contrast, the total cell number
of the CD4-CD8- double negative thymocytes was
normal in WIP1 KO mice, showing the defect in the
process from double negative thymocytes to double
positive thymocytes in WIP1 KO mice [56]. Knock-
out of p53 in WIP1-deficient mice significantly
restored the abnormal thymic phenotype. Thus, WIP1
plays an important role in the conversion of double-
negative thymocytes into double-positive thymocytes
through a p53-dependent signaling pathway [57]
(Figure 4).

The cell number of CD4þ T cells was increased
and the number of CD8þ T cells decreased in the
spleens of WIP1 KO mice [33]. The proliferative
response of WIP1-deficient T cells activated with anti-
CD3 and anti-CD28 mAbs was significantly decreased
[33]. However, our recent studies showed that WIP1
plays important roles in the differentiation of CD4þ T
cell subsets [8]. WIP1 deficiency in CD4þ T cells sig-
nificantly reduced Th9 cell differentiation and slightly
increased iTreg cell differentiation in vitro, while
didn’t affect development of other CD4þ T cell sub-
sets, including Th1, Th2 and Th17 cells [8]. Wang
et al. reported that WIP1 controls the development of
Th9 cells in vitro and in vivo by regulating the c-Jun/
c-Fos activity on Il9 promoter, which is important for
the pathogenesis of allergic airway inflammation [8].
WIP KO mice and WIP1 inhibitor-treated wild-type
mice suffered from significantly weaken pathogenesis
of allergic airway inflammation in the OVA-induced
allergic airway inflammation mouse model compared
with untreated wild-type mice [8]. These data suggest
that WIP1 might be a target gene for the treatment of
allergic diseases such as allergic asthma [8].

The regulation of WIP1 on B cell development

WIP1 critically regulates the development and matur-
ation of B cells. The cell number of B cells in the
bone marrow, peripheral blood, and spleens of WIP
KO mice were significantly reduced, and early B cell
precursors showed intracellular signal defects [38].

But another study showed that there was no signifi-
cant alteration in the cell number of CD19þ B cells,
and CD19þIgGþ B cells in the spleens of WIP1 KO
mice [33]. The inconsistence for these studies is
unclear and require to be clarified in the future.
Deletion of WIP1 continuously activated p53 in B
cells, resulting in increased apoptosis of B cells in the
precursor pool [38]. Knockout of p53 in WIP1 KO
mice could completely rescue the impaired develop-
ment of B cells caused by WIP1 deletion [38].
Therefore, WIP1 is a negative feedback regulator to
maintain the steady state level of p53 to support the
development of B cells, especially in the early develop-
ment stage of B cells. In addition, WIP1 also plays a
key role in preventing the decline in aging-associated
B cell development [38]. The effect of WIP1 on the B
cell function has not been reported yet and require to
be investigated.

The roles of WIP1 in the differentiation and
function of neutrophils

Neutrophils, also known as polymorphonuclear neu-
trophil granulocytes, are the first defense line of the
host against foreign pathogen invasion. Neutrophils
are one of the earliest recruited immune cells at the
site of infection, inflammation or injury [58]. Liu et al
reported that Wip1 expression was significantly
increased during the differentiation of myeloid pro-
genitor cells into mature neutrophils in bone marrow
[36]. WIP1-deficient mice exhibit severe polygranulo-
cytosis caused by the accelerated differentiation pro-
cess of myeloid progenitor cells into neutrophils in
bone marrow [36]. The increased expression of CXC
chemokine receptor (CXCR2) and decreased expres-
sion of CXCR4 in bone marrow neutrophils of WIP1-
deficient mice drive more neutrophils migrating into
the peripheral blood from the bone marrow [36].
Further molecular mechanism studies demonstrated
that WIP1 negatively regulated the development, mat-
uration, and homeostasis of neutrophils through the
p38 MAPK-signal transducer and activator of tran-
scription 1 (STAT1)-CCAAT/enhancer-binding pro-
tein (C/EBP) signaling pathway [36].

Moreover, WIP1 also strictly controls the bacteri-
cidal activity, migration and inflammatory ability of
neutrophils. Our study found that there was a nega-
tive correlation between Wip1 expression and inflam-
matory cytokine productions in neutrophils [37].
WIP1 expression was down-regulated in human and
mouse neutrophils after bacterial infection or stimula-
tion with proinflammatory cytokines by the

INTERNATIONAL REVIEWS OF IMMUNOLOGY 7



p38MAPK-STAT1-NF-jB-dependent signaling path-
way [37]. WIP1 KO mice had more severe neutrophil
infiltration and inflammatory reactions than wild-type
mice in a LPS-induced acute lung injury mouse model
[37]. WIP1 KO mice were more susceptible to colitis
induced by sodium dextran sulfate compared with
wild-type mice, with a lower survival rate, higher dis-
ease activity index, and more severe colorectal patho-
logical manifestations [59]. The increased expression
of IL-17 in neutrophils contributes to the increased
sensitivity of colitis in WIP1 KO mice [59]. These
studies indicated that WIP1 is an intrinsic negative
regulator of neutrophil inflammation during intestinal
ischemia/reperfusion injury [60]. Further studies iden-
tified the interaction between WIP1 and NF-jB,
which plays an important role in inflammatory
responses [61]. Wip1 gene has a conservative binding
site for NF-jB, the p65 subunit of NF-jB directly
binds to the upstream promoter of Wip1 gene, and
thereby NF-jB controls the Wip1 mRNA expression.
On the other hand, WIP1 deficiency or inhibition of
WIP1 activity significantly enhanced NF-jB activation
and NF-jB-dependent proinflammatory cytokine pro-
ductions, indicating that WIP1 negatively regulates
the expression of NF-jB and the inflammatory func-
tion of neutrophils. Therefore, WIP1 and NF-jB
would form a negative regulation loop to control
inflammation response. Up-regulating WIP1 activity
may be a potential approach to treat inflammatory
diseases such as inflammatory bowel disease and
intestinal ischemia-reperfusion injury [59,62].
However, WIP1 deficient neutrophils have accelerated
differentiation of neutrophils in bone marrow and
stronger antibacterial activity against Staphylococcus
aureus [36], supporting the inhibiting effect of WIP1
on neutrophil differentiation in bone morrow and the
antibacterial activity of neutrophils, we thus should
pay caution to the potential side effects of WIP1 acti-
vators on the differentiation and antibacterial activity
of neutrophils when exploring usage of WIP1 activa-
tors to treat diseases. The effect of WIP1 on the newly
identified neutrophil subsets like N(IL-23) [63] and
N(IL-33) [64] is unknown and should be studied in
the future.

The effects of WIP1 on macrophages

Little is known about the role of WIP1 in regulating
macrophage development and macrophage polariza-
tion. The in vitro experiments showed that Wip1
expression was up-regulated in astrocytes activated by
lipopolysaccharide [65]. Wip1 expression was

increased in cerebral cortical active astrocytes in a rat
model of neuritis induced by ventral injection of a
lipopolysaccharide [65]. The altered WIP1 expression
in astrocytes during inflammation indirectly indicate
that WIP1 might be involved in the immune response
in central nervous system, which needs to be studied.
A study showed that WIP1 deficiency reduced the for-
mation of atherosclerotic plaques in an apoE mouse
model of atherosclerosis, relying mainly on the forma-
tion of foam cells. Further mechanistic studies have
shown that the absence of WIP1 leads to ATM-
dependent activation and the subsequent initiation
and progression of macrophage autophagy, thereby
inhibiting the transformation of macrophages into
foam cells to prevent the development of atheroscler-
osis [66]. As shown in Figure 4, WIP1 negatively reg-
ulates macrophage migration and pseudopod
production via Rac1-GTPase and PI3K/AKT signaling
pathways, and WIP1-deficient macrophages have
increased migration and phagocytic activity under
stress conditions [67]. Thus, studies on the involve-
ment of WIP1 in macrophage biology are still limited
and more studies need to be performed in the future.

Application of the WIP1 inhibitors

Considering the important role of WIP1 in tumors,
scientists put more efforts to explore the possibility
whether we can use WIP1 inhibitors to treat tumors.
To date, WIP1 inhibitors have been discovered by
extensive chemical library screening methods or
matrix-based design of phosphopeptides [18,68]. In
2008, a high-throughput screening assay was devel-
oped to identify small molecule chemical inhibitors of
WIP1. One small molecule, namely CCT007093,
showed efficiently and selectivity toward cells overex-
pressing WIP1 [69]. This inhibitor was currently used
in scientific research and clinical trials. It was found
that CCT007093 enhanced liver regeneration and
increased the survival rate of mice after major hepa-
tectomy [29], promoted intestinal ischemia/reperfu-
sion injury in mice [60], enhanced neutrophil
recruitment to the infection site and improves sepsis
outcome [70]. CCT007093 has a significant dose-
dependent inhibiting effect on Th9 cell differentiation
in vitro and could significantly alleviated lung inflam-
mation in OVA-induced allergic airway inflammation
mouse model by reducing Th9 cell development [8].

In 2014, Gilmartin et al. found that GSK2830371, a
small molecule inhibitor of WIP1, bound to the cata-
lytic site of WIP1 through a flat domain, which distin-
guishes WIP1 from other PP2C family members, thus
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ensuring high binding selectivity of inhibitor to WIP1
[71]. Treatment with GSK2830371 inhibits the growth
of hematopoietic tumor cells and WIP1-expanded
breast cancer cells, and the oral administration of
GSK2830371 in mice achieved good efficacy in inhib-
iting lymphoma. Treatment with GSK2830371
improves the DNA damage repair pathway, allowing
cells to accumulate in the G1 and G2 phases of the
cell cycle via the p21 signaling pathway [72–74].
Although GSK2830371 is a selective and effective
inhibitor of WIP1 activity, it does not exhibit favor-
able pharmacokinetics. Based on the Flap subdomain,
which provides a key structural link between PP2C
phosphatase activity and substrate selectivity, Tagad
et al. suggested that the structure-activity relationships
(SAR) of the Flap subunit inhibitor is very important.
They conducted a more thorough SAR study of
GSK2830371, and developed a new analogue with
good specificity and bioavailability, which provided
important insights into the design of new compounds
for the WIP1 Flap subdomain [75]. To overcome the
resistance of trastuzumab-based therapies, Liu et al
develop pH-sensitive nanoparticles for specific co-
delivery of the WIP1 and miR-21 inhibitors into
HER2þ breast tumors [76]. This treatment signifi-
cantly decreased tumor growth in vivo [76], indicating
the great potential of the combined treatment of
WIP1 and miR-21 inhibitors for the trastuzumab-
resistant HER2þ breast cancers. Phenyl benzoxime
induces apoptosis and inhibits SNU-306 cell prolifer-
ation by silencing WIP1 expression through p38
MAPK signaling pathway activation, supporting that
phenyl benzoxime may be a chemotherapeutic agent
to treat breast cancer [77]. In addition to the inhibi-
tors mentioned above, a large number of inhibitor
screening work is still going on [78]. For example, a
novel series of 2,4-bisarylthiazoles was screened out to
phenocopy the knockdown of PPM1D, without inhib-
iting its phosphatase activity [79]. Unfortunately, these
inhibitors are not tested in immune diseases. It is
obvious that more efforts are needed to develop spe-
cific and efficient WIP1 inhibitors, which may be used
for therapies of WIP1-related diseases.

Conclusions

With emerging comprehensive studies, more and
more biological functions of Wip1 are gradually being
discovered. By affecting different signaling pathways
and wide range of targeting molecules, WIP1 not only
plays an important role in the occurrence and devel-
opment of tumors, but also is closely involved in
physiological development and immunity. In the

immune system, WIP1 regulates thymic development,
the maintenance of long-term HSCs, the differenti-
ation of T cells, Th9 cells and neutrophils, the inflam-
matory function and migration of neutrophils, and so
on. WIP1 inhibitors can efficiently inhibit tumor
growth and the pathogenesis of allergic airway inflam-
mation in mice. Although WIP1 inhibitors are effect-
ive in both cellular and animal models, there are still
no reports on the effect and clinical efficacy of WIP1
inhibitors in human tumors and other diseases, which
needs to be explored. We believe that understanding
the key roles and molecular mechanisms of WIP1 in
physiological and pathological situation would offer
novel approaches of targeting WIP1 to treat the rele-
vant diseases in the future.
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