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Strategy to overcome the refractoriness of hematological malignancies through
inhibition of intracellular signaling and immune enhancement
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Acute myeloid leukemia (AML) relapse is related to escape from antitumor
immunity. Binding of TIGIT on natural killer (NK) and T cells to CD155/CD112 in tumors is supposed
to be inhibitory for antitumor immunity. CD155 and CD112 expression was specifically downregulated
by FLT3 inhibition in FLT3-mutated cell lines. Direct cytotoxicity and antibody-dependent cellular
cytotoxicity (ADCC) against these cells by NK cells were enhanced.

In addition, the HDAC inhibitor suppressed the growth of drug-resistant multiple myeloma (MM) cell
lines and enhanced ADCC of therapeutic antibodies by upregulating natural killer group 2D (NKG2D)
ligands in MM cells. CRBN-deficient cells showed lenalidomide-induced upregulation of phosphorylated
glycogen synthase kinase-3 (p-GSK-3) and c-Myc phosphorylation. HDAC and Akt inhibitors
downregulated c-Myc by blocking GSK-3 phosphorylation and were supposed to overcome resistance to
lenalidomide.

AML TIGIT CD155/CD112 MM HDAC inhibitor Akt inhibitor



PD-1
(escape) (acute myeloid leukemia: AML)
AML
escape
(histone deacetylase: HDAC)
HDAC
antibody dependent
cellular cytotoxicity (ADCC)
HDAC
AML
(¢D) HDAC AKT
HDAC AKT
HDAC NKG2D
HDAC AKT
in
vivo preclinical study HDAC+AKT
IMiDs(immunomodulatory drugs )
(Hirano M, Imai Y et al. 81 2019,
)
HDAC  AKT dual inhibitor CUDC-907
CubC-907
phase I, Il study
CuDC-907
CubDC-907
(2) FLT3
AML
AML 3
FLT3

graft versus host disease (GVHD)

FLT3-internal tandem duplication (ITD)/tyrosine
kinase domain (TKD) /

IDH1, IDH2
(&) HDAC AKT
2020 (
) CD38/CD138
HESS-5 HDAC AKT CuDC-907
2021, 2022 NOG T NK
xenograft mouse model
HDAC/AKT CuDC-907 CD38
SLAMF7 in vivo imaging system (IVIS)
HDAC/AKT

in vivo mRNA



(2) FLT3

ANL
2020 TIGIT CD155/CD112
NK T CD155/CD112
FLT3 CD155/CD112
NK ADCC 33 ( ) ADCC
FLT3 ( TIGIT
096 ) (  CD155 112 )
NK ADCC FLT3-1TD
(MV4-11, MOLM-13, MOLM-14) FLT3 (THP-1)

1) Masuda T, Maeda S, Shimada S, Sakuramoto N, Morita K, Koyama A, Suzuki K,
Mitsuda Y, Matsuo H, Kubota H, Kato I, Tanaka K, Takita J, Hirata M, Kataoka TR,
Nakahata T, Adachi S, Hirai H, Mizuta Shuichi, Naka K, Imai Y, Kimura S, Sugiyama
Hiroshi, Kamikubo Y. RUNX1 transactivates BCR-ABL1 expression in Philadelphia
chromosome positive acute lymphoblastic leukemia. Cancer Science 113, 529-539,
2022. PMID: 34902205 DOI: 10.1111/cas.15239. FLT3

AML

2) Kaito Y, Hirano M, Futami M, Nojima M, Tamura H, Tojo A, Imai Y*. CD155 and
CD112 as possible therapeutic targets of FLT3 inhibitors for acute myeloid leukemia.
Oncology Letters 23(2), 51. 2022. doi: 10.3892/01.2021.13169. * corresponding
author FLT3

AML FLT3 CD155, CD112

3) limura Y, Andoh S, Kawamata T, Sato A, Yokoyama K, Imai Y, Tojo A, Nojima M,
Sugiura M, Kuroda S. Thiamine Deficiency and Neurological Symptoms in Patients
with Hematological Cancer Receiving Chemotherapy: A Retrospective Analysis.
Journal of Neurosciences in Rural Practice 12, 726-732, 2021. DOl 10.1055/s-0041-
1735825. FLT3
AML
4) limura Y, Kurokawa T, Andoh S, Kanemoto Y, Kawamata T, Yazawa K, Sato A, Yokoyama
K, Imai Y, Tsurita G, Ahiko Y, Aikou S, Shida D, Nojima M, Tojo A, Sugiura M,
Kuroda S. Association between thiamine decrease and neuropsychiatric symptoms in
gastrointestinal and hematological cancer patients receiving chemotherapy.
Biomedicine & Pharmacotherapy 2021. Sep;141:111929. PMID: 34328118. FLT3
AML

5) Yasui H, Kobayashi M, Sato K, Kondoh K, Ishida T, Kaito Y, Tamura H, Handa H,
Tsukune Y, Sasaki M, Komatsu N, Tanaka N, Tanaka J, Kizaki M, Kawamata T, Makiyama
J, Yokoyama K, Imoto S, Tojo A, Imai Y*. Circulating cell-free DNA in the peripheral
blood plasma of patients is an informative biomarker for multiple myeloma relapse.
International Journal of Clinical Oncology 26, 2142-2150, 2021. DOI 10.1007/s10147-
021-01991-z. * corresponding author
HDAC AKT
6) Kaito Y, Konuma T, Monna-Oiwa M, Kato S, Isobe M, Okabe M, Imai Y, Takahashi S,
Tojo A. Prognostic impacts of peripheral blood erythroblasts after single-unit
cord blood transplantation. International Journal of Laboratory Hematology 43(6),
1437-1442, 2021. FLT3

AML
7) Hosen N, Yoshihara S, Takamatsu H, Ri M, Nagata Y, Kosugi H, Shimomura Y,
Hanamura 1, Fuji S, Minauchi K, Kuroda J, Suzuki R, Nishimura N, Uoshima N, Nakamae
H, Kawano Y, Mizuno I, Gomyo H, Suzuki K, Ozaki S, Nakamura S, Imai Y, Kizaki M,
Negoro E, Handa H, lida S. Expression of activated integrin 37 in multiple myeloma
patients. International Journal of Hematology 114, 3-7, 2021. doi: 10.1007/s12185-
021-03162-2. HDAC AKT

8) Kubota H, Masuda T, Noura M, Furuichi K, Matsuo H, Hirata M, Kataoka TR,
Hiramatsu H, Yasumi T, Nakahata T, Imai Y, Takita J, Adachi S, Sugiyama H, Kamikubo



Y. RUNX inhibitor suppresses graft-versus-host disease through targeting RUNX-
NFATC2 axis. eJHaem 2(3), 449-458, 2021. https://doi.org/10.1002/jha2.230. FLT3
AML

9) Hirano M, Imai Y*, Kaito Y, Murayama T, Sato K, Ishida T, Yamamoto J, Ito T,

Futami M, Ri M, Yasui H, Denda T, Tanaka Y, Ota Y, Nojima M, Kamikubo Y, Gotoh N,

lida S, Handa H, Tojo A. Small-molecule HDAC and Akt inhibitors suppress tumor

growth and enhance immunotherapy in multiple myeloma. Journal of Experimental &

Clinical Cancer Research 40: Article number: 110, 2021. *: corresponding author
HDAC AKT

10) Tanaka N, Imai Y*, Yoshinaga K, Shiseki M, Tanaka J. Fractionated Ifosfamide,
Carboplatin, and Etoposide with Rituximab as a Safe and Effective Treatment for
Relapsed/Refractory Diffuse Large B-Cell Lymphoma with Severe Comorbidities.
Annals of Hematology 99, 2577-2586, 2020. *: corresponding author FLT3

AML

11) Cho J, Horikawa Y, Enya M, Takeda J, Imai Y, Imai Y, Handa H, Imai T. L-
Arginine prevents cereblon-mediated ubiquitination of glucokinase and stimulates
glucose-6-phosphate production in pancreatic B-cells. Communications Biology 3,
Article number: 497, 2020. HDAC
AKT IMiDs
12) Hirano M, Kimura K, Ishigaki T, Nojima M, Daimon M, Morita H, Takenaka K, Xu
B, Sawada N, Hirokawa M, Komuro I, Morisaki T, Yotsuyanagi H, Kawamata T, Yokoyama
K, Konuma T, Kato S, Yasui H, Nagamura-Inoue T, Uchimaru K, Takahashi S, Imai Y,
Tojo A. High prevalence of left ventricular non-compaction and its impact on
chemotherapy-related cardiac dysfunction in patients with hematological diseases.
Circulation Journal 84, 1957-1964, 2020. FLT3

AML

13) Kobayashi M, Ando S, Kawamata T, Makiyama J, Yokoyama K, Imai Y, Tojo A.
Clinical Features and Outcomes of Adult Langerhans Cell Histiocytosis: A Single-
Center Experience. Int J Hematol 112, 185-192, 2020. doi: 10.1007/s12185-020-
02892-z. FLT3
AML
14) Cho J, Hiramoto M, Masaike Y, Sakamoto S, Imai Y, Imai Y, Handa H, Imai T.
UGGT1 retains proinsulin in the endoplasmic reticulum in an arginine dependent
manner. Biochemical and Biophysical Research Communications 527, 668-675,
https://doi.org/10.1016/j -bbrc.2020.04.158, 2020.
HDAC AKT IMiDs

15) Futami M, Suzuki K, Kato S, Tahara Y, Ohmae S, Imai Y, Mimura T, Watanabe Y,
Tojo A, Nojima M. The novel multi-cytokine inhibitor T0-207 specifically inhibits
pro-inflammatory cytokine secretion in monocytes without affecting the Killing
ability of CAR T cells. PLOS ONE 15, e0231896, 2020.

HDAC AKT

16) Ishibashi M, Ueda K, Imai Y, Inokuchi K, Morita R, Tamura H. Notchl-JAGl

signaling induces aggressive myeloma cell behaviors. International Journal of
Myeloma 10, 1-7, 2020. HDAC AKT

17) Ishibashi M, Takahashi R, Tsubota A, Sasaki M, Handa H, Imai Y, Tanaka N,
Tsukune Y, Tanosaki S, Ito S, Asayama T, Sunakawa M, Kaito Y, Kuribayashi-Hamada
Y, Kondo-Onodera A, Moriya K, Komatsu N, Tanaka J, Odajima T, Sugimori H, Inokuchi
K, and Tamura H. SLAMF3-mediated signaling via ERK pathway activation promotes
aggressive myeloma behaviors in multiple myeloma. Molecular Cancer Research 18,
632-643, 2020. doi: 10.1158/1541-7786.MCR-19-0391.

HDAC AKT



5 5 0 2

Hirano Mitsuhito Imai Yoichi Kaito Yuta Murayama Takahiko Sato Kota Ishida Tadao Yamamoto 40

Junichi Ito Takumi Futami Muneyoshi Ri Masaki Yasui Hiroshi Denda Tamami Tanaka

Yukihisa Ota Yasunori Nojima Masanori Kamikubo Yasuhiko Gotoh Noriko lida Shinsuke Handa

Hiroshi Tojo Arinobu

Small-molecule HDAC and Akt inhibitors suppress tumor growth and enhance immunotherapy in 2021

multiple myeloma

Journal of Experimental &amp; Clinical Cancer Research 110 110
DOl

10.1186/s13046-021-01909-7

Yasui Hiroshi Kobayashi Masayuki Sato Kota Kondoh Kanya Ishida Tadao Kaito Yuta Tamura 26

Hideto Handa Hiroshi Tsukune Yutaka Sasaki Makoto Komatsu Norio Tanaka Norina Tanaka

Junji Kizaki Masahiro Kawamata Toyotaka Makiyama Junya Yokoyama Kazuaki Imoto Seiya Tojo

Arinobu Imai Yoichi

Circulating cell-free DNA in the peripheral blood plasma of patients is an informative 2021

biomarker for multiple myeloma relapse

International Journal of Clinical Oncology 2142 2150
DOl

10.1007/s10147-021-01991-z

Kaito Yuta Hirano Mitsuhito Futami Muneyoshi Nojima Masanori Tamura Hideto Tojo Arinobu 23

Imai Yoichi

CD155 and CD112 as possible therapeutic targets of FLT3 inhibitors for acute myeloid leukemia 2021

Oncology Letters 51 51
DOl

10.3892/01.2021.13169

Tanaka Norina Imai Yoichi Yoshinaga Kentaro Shiseki Masayuki Tanaka Junji 99

Fractionated ifosfamide, carboplatin, and etoposide with rituximab as a safe and effective 2020

treatment for relapsed/refractory diffuse large B cell lymphoma with severe comorbidities

Annals of Hematology 2577 2586

DOl
10.1007/s00277-020-04267-0




12

Imai Yoichi

Latest Development in Multiple Myeloma 2020

Cancers 2544 2544
DOI

10.3390/cancers12092544

NK

83

2021

NK

80

2021

BCMA

myeloma and their promising and exciting clinical results in relapse/refractory patients. Recent advances in targeted

therapy for B-cell malignancies.
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