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Detection of nuclear protein kinase CK2a by
immunohistochemical analysis of invasive ductal
carcinomas of breast
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プレゼンター
プレゼンテーションのノート
申請の主眼である癌予後予測手法についての概要です。　 　私はプロテインキナーゼを対象に生化学・分子生物学分野の研究を進めて参りましたが、セリン・スレオニンキナーゼの一つで、増殖関連酵素とも考えられているCK2が癌抑制遺伝子産物であるAPCタンパクと相互作用し制御されることを見出した他、　正常細胞の細胞周期進行に伴いその大部分が存在する細胞質から核内へ移行する現象を見出しておりました。このため、ヒト癌疾患での核内におけるCK2増大を予想して癌組織を対象とする組織化学的研究へ4年前に着手いたしました。 最初に浸潤性乳管癌FFPE試料を対象としてCK2抗体による組織染色の解析では、予想の通り細胞核内でのタンパク量増大が観察された他、CK2が核内局所である核小体部分へ極めて明瞭に集積する症例があることを見出しました。　これらIDC症例についてのカプランマイヤー図をこちらへお示ししますが、核小体陽性群redは染色マイナス群blueに比べて、縦軸の無再発生存期間について大きな開きがあり、またCox multivariate解析により臨床病理学的指標10種類以上とともに、無再発生存期間を規定するファクターについて検討したところ、CK2核小体陽性が唯一の独立変数であることが示されました。
 


s BERERRTHLITIOTAUFF—E CK2IZDONT

Biological Significance of Protein Kinase CK2 in Human Cancer

v BRATERBICBUVTCKAREEMARE

Increased in the ratio of nuclear to cytosolic content of CK2q,

comparing with those in normal tissue
in head and neck carcinomas, lymphomas

v CK2EHEZEIC X HRKAER

A candidate for targeted therapy, with CK2 inhibitors in ongoing clinical trials
> €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

v CK2HEFIZ X 5 B EDIRET
Potential of CK2 inhibitors to interfere:
» caspase action
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CIGB-300

CX-4945

» enhance the susceptibility of cancer cells to DNA damage
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Nucleolar CK2a staining is associated with poor outcomes
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プレゼンター
プレゼンテーションのノート
When patients were grouped into various breast cancer subtypes: recurrence-free survival was significantly worsened in the patients with positive nucleolar CK2α staining. Notably, the five-year survival rate of the nucleolar CK2α-positive patients of the triple negative and p Stage 3 groups, decreased to roughly 50%. In contrast, no patient in the triple-negative (TN) group who exhibited nucleolar CK2-negative staining, relapsed or died. Therefore, we believe that poor RFS and nucleolar CK2 staining may be associated with clinicopathological malignancy. 
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Nucleolar CK2 evaluation as a primary tool for predicting clinical outcomes
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プレゼンター
プレゼンテーションのノート
These findings were further strengthened by cluster analysis, using the Partition platform to predict the length of patient RFS. The results show that nucleolar CK2-positive staining, among multiple clinicopathological factors presented in a decision tree, categories 4–5, contributes the most to predicting the variation  in future length of survival. 
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Nucleolar CK2a status can predict future cancer recurrence in early stage patients
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プレゼンター
プレゼンテーションのノート
次に、横軸にpStageを展開してCK2染色評価を、赤枠で囲んだ核小体陽性群と陰性群とに分けてプロットし、再発について恐縮ですが、こちらは青、こちらは黒の点で示しますように、病期ステージとの関係性を見てみました。これまで乳癌については、浸潤性乳管癌118症例の他、ルミナールタイプに絞った59症例について解析しておりますが、どちらもStageを問わない分布を示すことがわかりました。つまり術時試料の核小体染色評価によって、初期ステージの方でも術後早期に見出すことができることから「再発リスク群」として可視化・層別化できる可能性があると考えられました。
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Nucleolar CK2a status can predict future cancer recurrence in early stage patients
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プレゼンター
プレゼンテーションのノート
次に、このような手法を確立する材料として独自のCK2モノクローナル抗体を複数クローン樹立しCDR解析も行った結果、5種類それぞれが異なるエピトープを認識することを明らかにしています。こちらウェスタンブロットの背景には細胞可溶化画分に由来する多数のタンパクがアプライされていますが、抗体としての感度と特異性は優れていて、ウェスタンブロットのほか組織化学的手法においても、市販品を上回ることを確認出来ております。 
そのほか、
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プレゼンター
プレゼンテーションのノート
こちらに示しますように、細胞ライゼートを用いた免疫沈降実験、核内から抽出したクロマチン断片の免疫沈降、また蛍光ラベル実験へも資する、というように多数の解析へ利用可能な、まことに汎用性あるクローンであることを既に検証しております。
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Summary of Evidence From Immunohistochemical Evaluation
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What we plan to develop: IHC staining Kit for Prognosis
IHCRR TR EMER - iR AEN DR
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CK2HIlE N BRI K HED T & F Rl
“IHC Staining Kit for CK2” (£/20—3 )Lk, BHFr7ara—IL i)

LX)

FIE. TOibERE

ETFETREBETIHRABNMA) BEEZHE

D EANZAVREFMICKYBERFOTFERTFRZERIRELET S,

2) BRETHET ICPRERBA-REGCRELGRER~NEI S,
3) BEAZE I H Y ERRIREGREMHCEFVMERET S,

4) FFPEREHAB MBI LAIREL LD,



el B BREh g

1)Goal and its plan for research and development

vV BENMBHABROEHICRESWLW PR TAEFEARLEMLTS

vV SEFRREEROEBUAZANT., B CTHRZACKR2EBENZEDHONEINE
SHEHITET A= DENZEE “IHC Staining Kit for CK2” FAFHEZHE & S,
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2)Task of this proposal to success

v g0 —)LOREL
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3)Division of roles

Role of Proposer

vV BIRAE., ANEZHEXTINAETSIE/7O0—F IV EDORE
v HCIZKSZEFEMIOba—IL DR

Role of this business partner(s)

v REFEEELCOBRE. BBRXABBZESHEORE. RABTOMI—/LOFEIL,
BEmibRFE. TiGHE. RS

V BmERDIHELMEETE
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AE CK2 #%/MARBEEMICZK 5 F& FRAIEERZIE: Nucleolar CK2a status can

predict future cancer recurrence in early stage patients
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Key word to this proposal

v ERR
v Pz, iRz, Bk
v #&%/IME, CK2

A new and precise method for supporting cancer prognosis

v AEimERLEICKY BREFAZSFEA-EBIMOBRYMERSHREANET D,

We propose that histochemical evaluation of nucleolar CK2a-positive staining
may be a new and robust prognostic indicator for patients who need further
treatment.

vV BRFAFENEILTENE, RITELEN TEBRTH OBRZEHETE S,

This proposal enables more precise evaluation for patients outcomes, including
future recurrence in 5-10 years, immediately after a removal of cancer
specimens. This is a highly inventive method for determining an appropriate
treatment, more aggressive or mild, promptly after surgery.
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1) Patent and its status
Japanese Patent Application: No.2019-234099 (25 Dec 2019) ¥rRHIET O 1

Applicant: Fukushima Medical University and Hoshi General Hospital
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Inventor: Miwako Kato Homma, Tadashi Nomizu, Yoshimi Homma, Yuko Hashimoto, Yuichiro Kiko

International Patent Application: No.PCT/IP2020/048650 (25 Dec 2020)

Applicant:  Fukushima Medical University and Hoshi General Hospital
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Inventor: Miwako Kato Homma, Tadashi Nomizu, Yoshimi Homma, Yuko Hashimoto, Yuichiro Kiko

International Patent Application: No.PH-8660-PCT-US, No.PH-8660-PCT-EP (23 Jun, 05 July 2022)
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Japanese Patent Application: No.2022-55606 (30 Mar 2022) ¥HEEO 2
Applicant:  Fukushima Medical University
Inventor: Miwako Kato Homma

International Patent Application: No.PCT/IP2023/013069 (30 Mar 2023)
Applicant:  Fukushima Medical University
Inventor: Miwako Kato Homma
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Applicant: Miwako Kato Homma, Yoshimi Homma, Yuko Hashimoto, and Hoshi General Hospital
Inventor: Miwako Kato Homma, Tadashi Nomizu, Yoshimi Homma, Yuko Hashimoto, Yuichiro Kiko
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Abstract

Overespression of the ubiguitous protein kinass, CK2m, has b=en reported in various
human cancers. Hers, we demonstrate that nuclesr and nucleslar CH 2o localization
in invazive ductal carcinomas of the breast iz o reliable predictor of poor prognoszis.
Callular localization of CK2a in meclei and nuclecli was anabyzed immunohistochems-
cally wsing surgical tissue blocks from 112 patiemt=, who had underpone surgery
without necadjuvant chemotherapy. Chnical data collection and medizn follow-up
period wers for more tham 5 vy In total, 93 5% of patients demonstrated =levated
CkKln expression in nuclei and 25.6% of them displaved elevated expreszion pre-
dommantly in nucleol Clinicopathological makrmancy was stronghy cormelated with
elevated nucl=ar and nuclealar CK2o =xpression. Recurrence-fres survival was zig-
nificantly worse (P = 00072] in patients with positive nucleokar CH2n staining. The
5-v survival rate decreased to a rouchly 50% in nudleclar CH2a-positive patisnts
of triple-nezative [P = DD6F] and p Stape 3 (F = 0073] groups. In contrast, no pa-
tients relapsed or died in the triple-negative group who exhibited a kck of nucleo-
lar CK2a staining. Evaluation of nudleclar CKZe staining showed o high s=condary
index with a hazard ratio of 6,629 (P = 001), following hrmph nod= metastasiz with a
hazard ratio of 14.30 (P = .00DE). Multivariate analysis demonstrated that nucleolar
C?zx = an independent factor for recumrence-free survival. Therefore, we propose
that histochemical evaluation of nuckeolar CK2a-positiee staining may be a new and
robuszt propnostic indicator for patierts who need further trectment. Functional
conseguances of nucleclar CE2 dysfunction may be a starting point to facilitats de-
velopmernt of novel treatments for invasiee breast carcinoma.
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CK2a as a prognostic factor in invasive ductal carcinomas of
the breast: cancer recurrence prognosis by surgical sampling

Miwako Kato Homma, Yuko Hashimaot o YoshimiHomma Tadashi Momizu

Abstract

Background Breast cancer is the most common cancer in Japanese and Asian women. Although the 5-year survival
rate of these patients is relatively high, recurrences and fatalities do occur. The objective of this work was to develop a
reliable prognostic indicator to guide therapeutic intervention without waiting for recurrence or metastasis.

Methods We have previously shown that positive immunohistochemical staining of a protein kinase, CK2a
(CSNK2A1), in nudleoli of invasive ductal cardnoma cells is strongly associated with tumour recurrence and poor
patient outcomes. For this study, we did an immunchistochemistry investigation of the location of CK2u in the nudei
and nudeoli of formalin-fixed, paraffin-embedded tissue block samples from patients with invasive ductal cardnoma
who underwent surgery in 2008-14 but no neoadjuvant chemotherapy at Hoshi General Hospital, Fukushima, Japan.
Furthermore, a new study with 59 patients with luminal type breast cancer was done. Patients were followed-up
{dinicopathological information and outcomes) for more than 5 years. To characterise CK2a-assodated proteins
systematically, nuclear and nudeolar extracts were prepared from MCF-7 cells and immunopredpitated with anti-
CK2a antibodies followed by nano-flow liquid chromatography mass spectrometry analysis. We did a Kaplan-Meier
analysis to evaluate whether nucleolar CK2 staining might be associated with poor recurrence-free survival. This
retrospective study was approved by the Institutional Review Boards of Fukushima Medical University and Hoshi
General Hospital.

Findings Samples from 112 patients were included. 105 (94%) of 112 patients with invasive ductal carcinoma had high
CK2a expression in nudei, and 41 (37%) of 112 displayed it predominantly in nucleoli. Clinical and pathological
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Cell cycle-dependent gene networks for cell proliferation
activated by nuclear CK2a complexes
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Nuclear expression of protein kinase CK2a is reportedly elevated e [ ﬁ [ — oe6 | 068|063 |o6a|ors f073 | 073 [0 | uer 037 | 0sr [oee w2
in human carcinomas, but mechanisms underlying its variable ] = | o | s o2 | o s .
localization in cells are poory understood. This study demon- - i -
. . u|—_‘h |_ “ 102 0.46 | 0.45 | 0.44 | 0.44 | 060 | 0.60 | 0.47 | 051 | 0.46 0.77 | 084 | 53
strates a functional connection between nuclear CK2 and gene [ = ‘|. e
expression in relation to cell proliferation. Growth stimulation of m’m f““ﬁl —— . . o4 | 020 ([an] AR IR 1 | 0= ST . b
quiescent human normal fibroblasts and phospho-proteomic e ""'"“""m' |. —— e L‘: 052 (937 055 077 | 046 | 062 | 061 | Haxames
analysis identified a pool of CK2a that is highly phosphory- B ——— o o) 02 | o2 | ea o2 B xarecs
lated at serine 7. Phosphorylated CK2ao translocates into the LS <oos
‘ . R - — 078 048 0.53 | 047 | 065 | 0.73 | orxa
nucleus, and this phosphorylation appears essential for nuclear
localization and catalytic activity. Protein signatures associated wr _— = ad el bl e
with nuclear CK2 complexes reveal enrichment of apparently ] e e————————————e————— o) R ] o7 ox s (R 000 838 | rare
unique transcription factors and chromatin remodelers during = : . =l = || == o6 |03 047 |0aa | 061 | o | e
progression through the G; phase of the cell cycle. Chromatin o — o I oI o oo | core
immunoprecipitation-sequencing profiling demonstrated re- e e =
cruitment of CK2arto active gene loci, more abundantly in late G, | = (i S ] e i el ] e
phase than in eardy G, notably at transcriptional start sites of - — = . 078 07 | 07 78 as1 (048 | 003 | 068 | cTcF
. = . . GOKN3 1
core histone genes, growth stimulus-associated genes, and n- Ty, o S ———————— | — — |
bosomal RNAs. Our findings reveal that nuclear CK2a complexes — = — e - i - . =
may be essential to facilitate progression of the cell cycle, by -— [ -
activating histone genes and triggering ribosomal biogenesis, i R e T
specified in association with nuclear and nucleolar transcrip- wems [ : w —— 1™
tional regulators. e [ —=
po | —{— -
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