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Research Focus and Objectives: 
We have been studying intracellular signaling pathways, especially phosphorylation, in order to understand 
pathogenesis of various diseases. We have found that changes in activity and intracellular dynamics of protein 
kinase CK2 are associated with the prognosis of cancer recurrence, and are investigating underlying molecular 
mechanisms of CK2 using molecular biology, proteomics, and bioinformatics, as well as developing highly 
sensitive CK2 detection methods. Our goals are to discover target molecules that inhibit cancer recurrence due to 
malignant transformation, so as to clarify the scientific basis for translational research at the biomolecular level. We 
will also strive to nurture individuals who understand basic research and global trends, who will dedicate their lives 
to advancing original science, while adhering to the highest ethical principles. 
 
Research Outline: 
CK2 (Casein kinase 2/II), is a proliferation-related, serine/threonine kinase found in all eukaryotic cells and is 
essential for survival. Our group discovered that CK2 migrates from the cytoplasm to the nucleus when the cell 
cycle of normal fibroblasts synchronously progresses to the proliferative phase. We also found a growth stimulus-
dependent increase in CK2 activity in both the cytoplasm and the nucleus. Furthermore, we ascretained that CK2 
activity is regulated by in vivo interaction with APC protein, a tumor suppressor gene product. We learned that eIF5 
(a eukaryotic translation initiation factor) is a CK2 target molecule during the proliferative phase, and also found 
that eIF5 contributes to normal cell cycle progression after it is phosphorylated by CK2. In addition, by analyzing 
human breast cancer surgical specimens, we discovered that an increase in CK2 expression in cancer cell nuclei 
and an accumulation of CK2 molecules in the nucleolus are associated with a poor prognosis (recurrence) of breast 
cancer. Statistical analysis of CK2 staining results revealed that CK2 nucleolar accumulation is the only 
independent variable that determines the length of recurrence-free survival (recurrence after several years). 
Therefore, we filed a patent application in 2019 and a PCT application in 2020 for CK2 as a novel marker for 
cancer prognosis, and we are now in the process of transferring the application to other countries. We are currently 
analyzing the relationship between CK2 nuclear accumulation and cancer recurrence in solid tumors other than 
breast cancer. 

 
Nucleolar Localization of Protein Kinase CK2a as a Prognostic Factor for Breast Cancer

Detection of nuclear protein kinase CK2α by IHC 
analysis of invasive ductal carcinomas of breast

Nucleolar CK2α staining is associated with poor outcomes of 
Invasive ductal carcinomas of the breast

Factor Wald HR 95%-CI P-value
CK2a Nucleolus (+) 5.711 5.264 1.348-20.553 0.017
Tumorsize,>2.0cm 0.636 1.837 0.414-8.152 0.424
p StageIII 0.205 1.356 0.363-5.069 0.651
Nodal lymph, positive 3.616 8.191 0.938-71.56 0.057

Coxproportional hazardsregression/ Multivariate

Nucleolar CK2α status as a precise, new, independent 
prognostic factor for recurrence-free survival
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Conclusion and Perspectives:

üWe demonstrate that CK2a positive IHC staining in nucleoli of invasive ductal 
carcinomas (IDC) of the breast was strongly associated with tumor recurrence and poor 
patient outcomes.

üThe results from a statistical platform showed that IHC evaluation of nucleolar CK2α-
positive staining may be a new and independent prognostic factor.

üThe application of this analysis may contribute to the early decision of treatment 
strategy and to companion diagnostics.

ü Specifically, a more detailed evaluation of CK2a function in nucleolar events
in malignant cells may lead to the development of novel, more accurately targeted anti-
cancer therapeutics.

Experimental Protocol and Results

ü We employed CK2a-IHC staining by examining FFPE specimens from invasive ductal 
carcinomas of the breast (n=112) to evaluate the protein levels and subcellular localization.

ü Five categories of CK2a expression: I, CK2 (-) in the nucleus; II, CK2 (+) in the nucleus; III:
CK2 (++) in the nucleus; IV, in the nucleus (+, ++) and nucleolus (+); V, nucleolus (+).

CK2a
staining N

Subtotal
n(%)

Evaluation

Nuclei (+) Nucleoli (+)

I 7 7(6.25)

II 15
64(57.14)

105(93.75)III 49

IV 24
41(36.60) 41(36.60)

V 17

Invasive
region

Non-
invasive



Furthermore, using ChIP-Seq analysis and other 
molecular biological methods to investigate CK2 
function, we have revealed that CK2 is involved 
in epigenetic regulation of transcription in a cell 
cycle-dependent manner. Therefore, we are 
currently conducting molecular biological studies 
using various invasive cancer cell lines and 
clinical samples to determine how CK2 activates 
specific gene expression and translational 
processes, and consequently contributes to 
pathological conditions such as cancer 
progression (recurrence). We have also started to 
utilize multiplex-staining and tissue transparency 
techniques as well as integrative studies 
involving bioinformatics, proteomics, ChIP-Seq, 
single cell RNA, and spatial transcriptomics 
(spatial RNA expression analysis). 

 
1. Development of biomarkers for cancer prognosis: 
Prevention of cancer progression, such as tissue invasion and metastasis, which might be observed months after 
cancer resection, is important to maintain physiological functions for human well-being. We are conducting 
research to develop new biomarkers that are expected to be more sensitive and precise than current clinical staging 
and prognostic indicators, as well as to reveal intracellular functions of these markers. 
(Homma, M.K., et al. Cancer Science 2021, Homma, M.K., et al. Lancet Oncology (Abstract) 2022) 

 

2. Comprehensive analysis of phosphorylation signaling associated with proliferative diseases: 
Follicular liver cancer (FL-HCC), a rare juvenile disease, is thought to be associated with a mutated gene, 
DNAJB1-PKAC, which consists of DNAJB1 fused to the catalytic site of protein kinase A (PKA) enzyme. We are 
analyzing oncogenic signals using a phospho-proteomics approach employing gene-expressing cell lines to identify 
cancer-driver gene-specific pathways. 
 (Kevin, M., et al. Pediatrics 2016)  

 
3. Cell signaling driven by protein kinases for progression of the cell cycle: 
We have found that APC protein, the causative gene product of familial adenomatous polyposis (FAP), interacts 
with CK2 and that APC is an upstream regulator of CK2 catalytic activity. Furthermore, we revealed that CK2 
phosphorylates eukaryotic translational initiation factor eIF5 during cell cycle progression as a downstream 
signaling molecule, and clarified the mechanism by which CK2 is involved in cell cycle progression. We recently 
published a study showing that phosphorylated CK2 translocates from the cytosol to the nucleus where CK2 is 
recruited to the active gene promoter locus. 
(Homma, M.K., et al. PNAS 2002; Homma, M.K., PNAS 2005; Homma, M.K. Life Science Alliance 2023) 

 
Message to students: 
We expect graduate and undergraduate students who are interested in our projects, to become active researchers. 
We seek to encourage their scientific curiosity through interactions with colleagues and distinguished scientists 
overseas, and to conduct research ethically. 
 

Active

Inactive



Our research is based on the connection 
between basic molecular science and 
pathological medicine, and we filed 
applications for patents in 2019 
(methodology development, a PCT 
application in 2020) and 2022 (monoclonal 
antibodies, PCT application in 2023). We 
hope that all of you who pursue a career in 
medicine will develop the skill to read and 
write original papers in English, to have a 
broad and thorough understanding of life 
sciences, and to mature to contribute to the 
advancement of biomedical science. 
Scientific research can only be understood 
when you are engaged in it. We will strive to 

support you so that you will be able to work 
with full confidence. 

 
Recruitment Requirements for the Graduate School of Medicine (Doctoral Program): 
Focusing on proliferation associated protein kinase CK2, we have observed intracellular migration of CK2 to the 
nucleus during progression of the normal cell cycle in vivo. However, when we analyzed breast cancer specimens, 
we discovered extremely clear nucleolar accumulation of the kinase, CK2, that is associated with recurrence (poor 
prognosis) of invasive breast cancer. Statistical analysis of CK2-staining using surgical specimens revealed that it is 
the only independent variable that determines clinical outcome. Therefore, we filed a patent application in 2019 and 
a PCT application in 2020 for this novel marker for cancer prognosis. In addition, we are analyzing molecular and 
biochemical properties of nuclear accumulation of CK2 in human solid tumors. 
 
We are currently conducting research to discover mechanisms of cancer progression. As we have shown by 
molecular biological methods that CK2 is involved in epigenetic transcriptional regulation, integrative 
bioinformatics tools such as RNA-seq, ChIP-seq, phospho-proteomic and single-cell RNA analysis are also being 
employed in order to learn how CK2 is involved in expression and translation of specific genes. 

  

Monoclonal	anti-CK2a antibody	established	in	2021
Can	be	used	for	ELISA,	Western,	IP,	ChIP,	IHC,		labeling
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