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Detection of nuclear protein kinase CK2 a by
immunohistochemical analysis of invasive ductal
carcinomas of breast
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Nucleolar CK2 a status as a precise, new, independent prognostic factor

Cox proportional hazards regression / Multivariate

Factor Wald  HR 95%-Cl  ©-
value
CK2 Nucleolus (+) 5.711 5.264 1.348-20.553 0.017
Tumor size, >2.0cm 0.639 1.837 0.414-8.152 0.424
p Stage lll 0.205 1.356 0.363-5.069 0.651
Nodal lymph, positive 3.616 8.191 0.938-71.56 0.057

Cancer Science (2021) by Homma, et al.

Lancet Oncology (2022 Abstract) by Homma, et al.
Life Science Alliance (2024) by Homma, et al.
Oncology Report (2025) by Mutoo, et al.
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Nucleolar CK2 a staining is associated with poor outcomes of IDC patients
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Recurrence—free survival (%)

Recurrence—free survival (%)

Triple—negative group
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REICKYERNDSE

- BEORIMKIZEITACK20EBHEN . MERDBRPIVEEZTDFTELABEMEELTWNSAIEFXREIL.EE
BIL—ORIL—EZERKLT-,

F BREN—N—ELTCKR2R/MA D FRIBZRESHIE T 2N ZHMEORELERFNBREZFOITHK,S
TBREFHINEBMTED,

- FEMBBEIILICKYIRELLIN-ZEITMARIEEEL D, SHIZICTHRMT/ALERICKAE EIENERTES,

Summary

We have achieved a significant breakthrough by demonstrating that positive immune-staining of a
protein kinase, CK2a, in nucleoli of invasive breast carcinomas and lung adenocarcinoma is strongly
associated with tumor recurrence and poor patient outcomes.

The development and implementation of in vitro diagnostics for sensitive detection of CK2 nucleolar
accumulation as a marker of cancer recurrence will contribute to “prevention of recurrence” instead
of “waiting for recurrence.

Standardized staining evaluation will become possible through automation of staining equipment.
Further advancement will be achieved through the use of Al.

AEENF BERUERKZE. 7
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Original Publications
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Biological significance of protein kinase CK2 in human cancer

v RRISIEFELBIC R\ TCR2EIREIENNIRE

Increased in the ratio of nuclear to cytosolic content of CK2q,
comparing with those in normal tissue

in head and neck carcinomas, lymphomas

v CK2[EEE(C K BERKBER

A candidate for targeted therapy, with CK2 inhibitors in ongoing cllnlcal trlals
» CX-4945: small molecule ATP-competitive inhibitor targeting its active site

» CIGB-300: cyclic peptide that prevents phosphorylation of the E7 of HPV16
» Both exhibit antitumor efficacy

> In combination with cisplatin or gemcitabine, either CX-4945 or CIGB
promote synergistic induction of apoptosis.

As new CK2i: APL-5125, SGC-CK2-1. AB668

GRKKRRQRRRPPQ 3-ala CWMSPRHLGTC
v CK2PAZEEIC K B4 AR DIRET = CIGB-300
Potential of CK2 inhibitors to interfere:

> caspase action %

.y g L |CX-4945
> enhance the susceptibility of cancer cellstoDivA damage

Clin Cancer Res 22(12) 2840-7 2016



CK2u[BEER(C L DIEERERISER  Clinical Trials for cancer treatment with CK2a inhibitors

Status Study Title Conditions Interventions Locations
Active,not Treatment Duration Increment and *Carcinoma, Basal *Drug: CX-4945 *University of Colorado Anschutz Medical Campus
recruiting  Pharmacodynamic Study of CX-4945in Cell Aurora, Colorado, United States
Patients With Basal Cell Carcinoma *H. Lee Moffitt Cancer Center & Research Institute,
Inc.
BCC

Tampa, Florida, United States

*University of Texas MD Anderson Cancer Center
Houston, Texas, United States

*Inova Schar Cancer Institute Fairfax, Virginia, United

States
Recruitin *Medulloblastoma, +Drug: CX 4945 «Children's Hospital of Los Angeles
g Testing the Safety and Tolerability Childhood Los Angeles, California, United States
of CX-4945 in Patients With Recurrent +Stanford University and Lucile Packard Children's
Medulloblastoma Who May or May Not Hospital

Palo Alto, California, United States

*Children's National Medical Center
Washington, District of Columbia, United States
*(and 9 more...)

Have Surgery

Unknow  Study of CX-4945 in Patients With *Multiple Myeloma  +Drug: CX-4945 *Kettering, Ohio, United States
n Relapsed or Refractory Multiple *Oregon Health Science University Portland, Oregon,
Myeloma United States

*Springfield, Oregon, United States
*(and 3 more...)

Complet Study of CX-4945 in Combination With <Cholangiocarcinoma <Drug: CX-4945 Mayo Clinic Scottsdale, Arizona, United States
ed Gemcitabine and Cisplatin for *Drug: Cisplatin University of Colorado- Denver Aurora, Colorado,
Frontline Treatment of *Drug: Gemcitabine United States
Cholangiocarcinoma *Mayo Clinic Jacksonville, Florida, United States
*(and 13 more...)
Uknown Dose-escalation Study of Oral CX-4945 +Advanced Solid *Drug: CX-4945 oral formulation  *Mayo Clinic Arizona Scottsdale, Arizona, United
Tumors States
*Breast Cancer *Front Range Cancer Specialists Fort Collins,
olnflammatory Colorado, United States

*Front Range Cancer Specialists Loveland, Colorado,
United States

*U T M D Anderson Cancer Center Houston, Texas,
United States

Breast Cancer
*(and 2 more...)

Recruitin ~ Evaluation of a Promising New Kidney Cancer «Combination Product: CK2 and  Grenoble Alps Hospital Grenoble, France
g Combination of Protein Kinase ATM inhibitors serine/ threonin

Inhibitors on Organotypic Cultures Kinase combination

of Human Renal Tumors *Drug: Sunitinib

*Drug: Pazopanib
*Drug: Temsirolimus
https://clinicaltrials.gov/ct2/results?cond=&term=CX-4945&cntry=&state=&city=&dist=


https://clinicaltrials.gov/ct2/show/NCT03897036?term=CX-4945&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03897036?term=CX-4945&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03897036?term=CX-4945&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03897036?term=CX-4945&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03897036?term=CX-4945&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03897036?term=CX-4945&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03897036?term=CX-4945&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03897036?term=CX-4945&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03904862?term=CX-4945&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03904862?term=CX-4945&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03904862?term=CX-4945&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03904862?term=CX-4945&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03904862?term=CX-4945&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03904862?term=CX-4945&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03904862?term=CX-4945&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03904862?term=CX-4945&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT01199718?term=CX-4945&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT01199718?term=CX-4945&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT01199718?term=CX-4945&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT01199718?term=CX-4945&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT01199718?term=CX-4945&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT01199718?term=CX-4945&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT01199718?term=CX-4945&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT02128282?term=CX-4945&draw=2&rank=7
https://clinicaltrials.gov/ct2/show/NCT02128282?term=CX-4945&draw=2&rank=7
https://clinicaltrials.gov/ct2/show/NCT02128282?term=CX-4945&draw=2&rank=7
https://clinicaltrials.gov/ct2/show/NCT02128282?term=CX-4945&draw=2&rank=7
https://clinicaltrials.gov/ct2/show/NCT02128282?term=CX-4945&draw=2&rank=7
https://clinicaltrials.gov/ct2/show/NCT02128282?term=CX-4945&draw=2&rank=7
https://clinicaltrials.gov/ct2/show/NCT02128282?term=CX-4945&draw=2&rank=7
https://clinicaltrials.gov/ct2/show/NCT02128282?term=CX-4945&draw=2&rank=7
https://clinicaltrials.gov/ct2/show/NCT00891280?term=CX-4945&draw=2&rank=8
https://clinicaltrials.gov/ct2/show/NCT00891280?term=CX-4945&draw=2&rank=8
https://clinicaltrials.gov/ct2/show/NCT00891280?term=CX-4945&draw=2&rank=8
https://clinicaltrials.gov/ct2/show/NCT00891280?term=CX-4945&draw=2&rank=8
https://clinicaltrials.gov/ct2/show/NCT00891280?term=CX-4945&draw=2&rank=8
https://clinicaltrials.gov/ct2/show/NCT00891280?term=CX-4945&draw=2&rank=8
https://clinicaltrials.gov/ct2/show/NCT03571438?term=CX-4945&draw=2&rank=9
https://clinicaltrials.gov/ct2/show/NCT03571438?term=CX-4945&draw=2&rank=9
https://clinicaltrials.gov/ct2/show/NCT03571438?term=CX-4945&draw=2&rank=9
https://clinicaltrials.gov/ct2/show/NCT03571438?term=CX-4945&draw=2&rank=9
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Clinical Trials for COVID-19 with CK2a inhibitors

Status

Completed

Active, not
recruiting

Completed

Study Title

Silmitasertib (CX-
4945) in Patients
With Severe
Coronavirus Disease
2019 (COVID-19)

A Study of
Silmitasertib (CX-

4945) in Healthy
Subject

Evaluating Safety,
Pharmacokinetics
and Clinical Benefit
of Silmitasertib (CX-
4945) in Subjects
With Moderate
CoVID-19

Conditions

Coronaviru
S

COVID-19

Covid19

Interventions

Drug: Silmitasert
ib

Drug: CX-4945

Drug:
Silmitasertib
Drug: SOC

benzo—naphthyridine
P N Y

CX-4945
(Silmitasertib) "

Locations

*Banner University Medical Center
Phoenix

Phoenix, Arizona, United States
*Banner University Medical Center
Tucson

Tucson, Arizona, United States

Taipei Medical University Hospital
Taipei, Taiwan

Center for Advanced Research and
Education
Gainesville, Georgia, United States

https://clinicaltrials.gov/ct2/results?cond=&term=CX-4945&cntry=_&state=&city=&dist=

ortho—chloro—phenyl
G, 5


https://clinicaltrials.gov/ct2/show/NCT04668209?term=CX-4945&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04668209?term=CX-4945&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04668209?term=CX-4945&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04668209?term=CX-4945&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04668209?term=CX-4945&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04668209?term=CX-4945&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04668209?term=CX-4945&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04668209?term=CX-4945&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04668209?term=CX-4945&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04668209?term=CX-4945&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT05817708?term=CX-4945&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT05817708?term=CX-4945&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT05817708?term=CX-4945&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT05817708?term=CX-4945&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT05817708?term=CX-4945&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT05817708?term=CX-4945&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT05817708?term=CX-4945&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04663737?term=CX-4945&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04663737?term=CX-4945&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04663737?term=CX-4945&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04663737?term=CX-4945&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04663737?term=CX-4945&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04663737?term=CX-4945&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04663737?term=CX-4945&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04663737?term=CX-4945&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04663737?term=CX-4945&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04663737?term=CX-4945&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04663737?term=CX-4945&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT04663737?term=CX-4945&draw=2&rank=5

Alzheimer’s diseasefif X—I VT I\NA AV —H—E UTCK2iSN)LIEEEA

Development of a novel PET ligand, [11C]G0289
targeting CK2 expressed in the brain

Abstract

Positron emission tomography (PET) is a powerful imaging tool that enables early in vivo detection of
Alzheimer's disease (AD). For this purpose, various PET ligands have been developed to image -
amyloid and tau protein aggregates characteristically found in the brain of AD patients. In this study, we
initiated to develop another type of PET ligand that targets protein kinase CK2 (formerly termed as
casein kinase Il), because its expression level is known to be altered in postmortem AD brains. CK2 is a
serine/threonine protein kinase, an important component of cellular signaling pathways that control
cellular degeneration. In AD, the CK2 level in the brain is thought to be elevated by its involvement in
both phosphorylation of proteins such as tau and neuroinflammation. Decreased CK2 activity and
expression levels lead to S -amyloid accumulation. In addition, since CK2 also contributes to the
phosphorylation of tau protein, the expression level and activity of CK2 is expected to undergo significant
changes during the progression of AD pathology. Furthermore, CK2 could act as a potential target for
modulating the inflammatory response in AD. Therefore, PET imaging targeting CK2 expressed in the
brain could be a useful another imaging biomarker for AD. We synthesized and radiolabeled a CK2
inhibitor, [11C]G0289, in high yields from its precursor and [11C]methyl iodide under basic conditions. On
autoradiography, [11C]G0289 specifically bound to CK2 in both rat and human brain sections. On
baseline PET imaging, this ligand entered and rapidly washed out of the rat brain with its peak activity
rather being small (SUV < 1.0). However, on blocking, there was no detectable CK2 specific binding
signal. Thus, [11C]G0289 may be useful in vitro but not so in vivo in its current formulation. The lack of
detectable specific binding signal in the latter may be due to a relatively high component of nonspecific
binding signal in the overall rather weak PET signal, or it may also be related to the known fact that ATP
can competitively binds to subunits of CK2, reducing its availability for this ligand. In the future, it will be
necessary for PET imaging of CK2 to try out different non-ATP competitive formulations of CK2 inhibitor
that can also provide significantly higher in vivo brain penetration.
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