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Homeodomain-interacting protein kinase 2 (HIPK2) is a serine-threonine kinase that phosphorylates various

transcriptional and chromatin regulators, thus modulating numerous important cellular processes, such as proliferation,

apoptosis, DNA damage response, and oxidative stress. The role of HIPK2 in the pathogenesis of cancer and fibrosis is

well established, and evidence of its involvement in the physiological homeostasis of multiple organs has been recently

emerging. 
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1. Introduction

Homeodomain-interacting protein kinase 2 (HIPK2) is a member of a protein family that includes four nuclear serine-

threonine kinases (HIPK1, HIPK2, HIPK3, and HIPK4) . Originally identified as corepressors of homeodomain

transcription factors, HIPKs are able to phosphorylate and modulate the activity of various transcriptional regulators and

chromatin modifiers, thus playing an important role in embryonic development, and in a multitude of cellular processes .

HIPKs also act as transcriptional coregulators in important signal transduction pathways, such as Wnt/β-catenin, TGF-β,

MAPK, Notch, Salvador–Warts–Hippo, and androgen receptor (AR), contributing to their cross-talk . HIPK2 is the best

characterized member of the family and is actively involved in the regulation of cell proliferation, apoptosis, DNA damage

response, cytokinesis, transcription, and protein stability . HIPK2 expression and activity are tightly

regulated by post-translational modifications and miRNAs, and its functions strongly depend on the cellular context, and

on its subcellular localization, which can be nuclear and/or cytoplasmic .

Because of their important role in the regulation of cell proliferation and survival, HIPK proteins have traditionally been

linked to the pathogenesis of cancer and fibrosis, which are often associated with deregulated activity or expression of

HIPKs . In particular, HIPK2 is considered a bona fide tumor suppressor, primarily because of its involvement in DNA

damage repair, induction of apoptosis, and regulation of cell proliferation . Indeed, Hipk2  mice

are more susceptible to skin chemical carcinogenesis , and HIPK2 expression is down-regulated in breast, thyroid, and

colon carcinomas . HIPK2 is also involved in signaling pathways crucial for the induction of kidney and lung fibrosis

.

The relevant physiological role of HIPK2 emerged also from the phenotype of Hipk2-null (Hipk2-KO) mice. Hipk2 genetic

ablation affects the mouse body size, being Hipk2-KO mice significantly smaller than their wild-type littermates, as well as

the proliferation of different cell types, including fetal liver cells , mouse embryo fibroblasts (MEFs) , bone marrow

, and sensory neurons . Moreover, Hipk2-KO mice show several neuronal defects, including a reduction of midbrain

dopamine neuron survival  and apoptosis of cerebellar Purkinje cells, associated with several psychomotor behavioral

abnormalities .

Recent findings suggest that HIPK2 may be important also for the biology of cardiac and skeletal muscle cells. In

particular, the involvement of HIPK2 in heart pathophysiology is suggested by the evidence that a reduction of HIPK2 in

cardiomyocytes leads to cardiac dysfunction in mice and that cardiac HIPK2 expression is significantly reduced in human

end-stage ischemic cardiomyopathy, in comparison with non-failing myocardium . On the other hand, HIPK2

expression strongly increases after skeletal muscle contusion in neutrophils, macrophages, and myofibroblasts .

Finally, we recently reported that the double KO of HIPK2 and high-mobility group A1 (HMGA1), a chromatin non-histone

protein previously identified as HIPK2 interactor and substrate, causes perinatal death due to respiratory failure,

associated with impaired lung development and reduction in surfactant proteins, as well as reduced expression of thyroid

differentiation markers .

All these data suggest a pleiotropic involvement of HIPK2 in the physiological homeostasis of different organs and tissues

and, potentially, in the pathogenesis of multiple diseases. On this basis, to confirm the importance of HIPK2 in the above-
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mentioned organs and tissues, and try to identify other organs or tissues whose homeostasis may depend on HIPK2, we

performed a systematic morphological analysis of Hipk2-KO mice. Post-mortem examination and histological analysis

revealed that Hipk2 loss causes neuronal alterations throughout the central nervous system (CNS), a myopathic

phenotype, and cardiac fibrosis associated with increased cardiomyocyte size.

2. Current Insights

In general, the evidence that all the observed phenotypic features of the KO mice are relatively mild may be due to the

functional redundancy of the different HIPK family members. In fact, Hipk1 displays a very high homology degree to

Hipk2, and the two genes play overlapping roles in mediating cell proliferation and apoptosis in response to

morphogenetic and genotoxic signals during mouse development, as evidenced by embryonic lethality following their

double KO . The combination of Hipk2 constitutive KO with an organ-specific Hipk1-KO (in the cerebellum, in the heart,

or in muscle cells) may unleash much more severe phenotypes, revealing more information about the role and the

functional interaction of these two HIPK proteins in vivo. Similarly, it is important to take into account that HIPK2 activity is

strictly dependent on the functional interaction with its phosphorylation targets. For this reason, the ablation or mutation of

one of these targets may contribute to causing a stronger phenotype.
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