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Molecular Design of Hypoxia-Targeting
Chemotherapy agent

Hideko NAGASAWA

Abstract: The tumor microenvironment is now recognized as a major factor that influences not only the response to conventional
anti-cancer therapies, but also helps define the potential for malignant progression and metastasis. In particular, hypoxia is now
considered a fundamentally important characteristic of the tumor microenvironment. Furthermore, discovery of the hypoxia inducible
factor 1o (HIF-1a) has led to a rapidly increasing understanding of the molecular mechanisms involved in tumor hypoxia. This in
turn has led to the current extensive interest in the signal molecules related to tumor hypoxia as potential molecular targets for cancer
therapeutics. In this paper we give an overview of recent advances in hypoxia research, including cancer treatments that target tumor
hypoxia. Progress in the development of hypoxia-targeting drugs are discussed, including anti-angiogenic hypoxic cell
radiosensitizers, hypoxic cytotoxins and hypoxia targeting boron carriers. We have found that certain 2-nitroimidazole
radiosensitizers and heterocycle-N-oxide hypoxic cytotoxins we developed have antiangiogenic activity and antimetastatic activity.
We propose that these activities are based on the inhibition of signal transduction mediated by HIF-1c. The anti-tumor activities of
preventing hypoxia response are considered to be cytostatic effects, in contrast to cytotoxic DNA damaging effects. The combination
of these cytostatic effects that are related to radiosensitization with the cytotoxic effects of radiation should improve the prognosis
and QOL of patients receiving radiation and lead to an overall response to treatment.
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Fig. 1 hypoxia in solid tumors.
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Fig2 Proposed mechanisms of bioreductive activation
and reaction of 2-nitroimidazole with cellular nucleophiles
under hypoxic condition.
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7 7 Neo~ oM Table 1 Radiosensitizing effects and angiogenesis
@’\rom Q/\g o Q/}X}N/\/ inhibition of bifunctional radiosensitizers
NO, NO, NO,
misonidazole etanidazole KU-2285 Anei .
Radiosensitization I r;]g;)(.)g.ene(sc;
OH Hnoz H Radiosensitizer nhibition
o= ~
N0 OH NN~y N”—_,Niq/\for octs Celu M) (ug/CAM)
N={ OH (_b T
NO, NO, TX-1844 20 80 (100)
doranidazole nimorazole sanazole(AK2123) 50 ( 1 O)
Fig. 3 Representative hypoxic cell radiosensitizers under TX-1845 7 100 (100)
clinical trials or clinical use.
80 (10)
OR TX-1846 3 100 (100)
Q 5, " | (_\N’\H H 60 (10)
N 0,2 N x MISO 1000 0 (100
6 © TX-1831 700 20 (100)
R =Me MISO X=Br R=Me TX-1844(RS)
R = tert-Bu TX-1831 X=Br R=tert-Bu TX-1845(RS) TX-1832 650 20 (1000
R = p-tert-Bu-Ph TX-1832 X =Br R = p-tert-Bu-Ph TX-1846(RS) : : i ; ]
X=Cl R=ptertBuPh TX14897(R) a) Drug concentration required to achieve an enhancement ratio of 1.6
X=Cl R=p-tert-Bu-Ph TX-1899(S)
N R e XAl Table2  Angiogenesis inhibition and inhibition of
porcine pancreatic elastase by chiral radiosensitizers
Br -
Q/\O/H\Nj Q/\O/H\”/\/ Chiral Elastase Angiogenesis
NO, NO, e Inhibitiona Inhibition (%)
RSU 1069 RB 6145 Radiosensitizer KiCuM)® (1 g/CAM)
Fig. 4 Bifunctional hypoxic cell radiosensitizers having an TX-1987 (R) 30 64 (10)
alkylating moiety and their precursors or prodrugs. TX-1899 () 56 58 (10
TX~-1898 (R) 9 93 (8
VB IEEH & LT, 2-nitoroimidazole F5E KD KU-2285, TX-1900 (S) 14 82_ (5

doranidazole™,  5-nitroimidazole 5:3E A nimorazole' ’ &
nitrotriazole FF A T % sanazole® 'O H 5 (Fig: 3),
B? 5 H nimorazole #FR< 3FEE THRLBETHIB N
T B THD Z LITBFEICET R P, BERND,
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D EFBPBRITEHILEIND L. DNA RERICZ7oR )Y
v 74 % bifunctional BFEAIEBXOLND, ZDOLD R
bifunctional L& & LTk, {I$HIT aziridine EEA L
7=, RSU 1069 RO D71 K7 w7 Th 2 RB 6145 340
LRATEY 2oL T L Ula=y NEERTHZ L
THEBRHEESRIT TR VEBRHRBES ER I N
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DEYEEEZBRFT L2 & 2T A MISO @ 100 521 LD
KBS R RIR R R K MEER R M 0 M5RIc M x.
T, BIMERME (CAM) ERBWTHLEHRABERRS
AT ERRM UL (Table 1), ZHhHOAMATERGET

a) Inhibition on porcine pancreatic elastase. b) Substrate: succinyl-
Ala- Ala-Ala-pNA..
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BRM & LCOEREZH TS TX-1877 1315 51722 2 (Fig,
5), BRBKIEWZ 212, LEE0 BRM {Ef L OBEII AR T
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FRESER %R Uiz, — XM ISEE MRS RS A O
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2-nitroimidazole {23 L T & ORISIT, AANEIRER L UFHEMS
Darira—LEE 2oy bEEXLRD, Bxld, K
BEEHL=2 =y T D 2-nitroimidazole ORI D
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Fig. 5 Molecular design bifunctional

radiosensitizer, TX-1877.
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RN ZEICER LTV 5, HIF-1 (MEBBTHFEEIND
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(ARNT) 263 ~7Tu _BEEAT, ThE¥hoV7
== v MMZIE basic-helix-loop-helix (P HLH) K 2 1 > & PAS
R AL HBIFEET B, HIF-1 O#HIEIZIT prolyl hydroxylase
(PHD) ® ®Nz k57 v ) kB (L N EER &SI 2 R L
T35, PHD »8REE L —L LTHBRREVKERT 2R
U CHIF-1 7 FAVRICEET S L B3, 4R L0
IENTZZ LI > T BERAL RS AZET BH5
IR AR X TW A (Fig. 6), HIF-1aid@E Ok
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Fig. 6 Hypoxia mediated HIF-1a regulation by proline
hydroxylation. HIF-1a is hydroxylated by prolyl hydroxylase
(PHD) in the presence of O, and Fe**, allowing it to be recognized by
a protein-ubiquitin ligase complex containing von Hippel-Lindau
tumour suppressor protein (pVHL), and leading to polyubiquitinated
HIF-1o. degradation by the proteasome. In hypoxia, the activity of
PHD is low because of O, depletion, which leads to HIF-la
accurnulation and translocation to the nucleus. There, HIF-1a interacts
with HIF-1B to make a heterodimer complex that binds to
hypoxia-response elements (HREs) within the promoters of target
genes and recruits transcriptional co-activators such as p300/CBP for
full transcriptional activity. The activation of the downstream hypoxia
stress response genes completes the hypoxia adaptation.
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2 BFBILEIND LIEHEFIZZR>T, DNA 7R Y9
— & LTERT 2, mitomycin (3 RARDELH U &F
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Fig. 7 Bioreductive activation of TPZ to damage DNA
under hypoxic condition selectively.
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Fig. 8 Angiogenesis inhibition of hypoxic cytotocins in CAM
assay.
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Fig. 9 Effects of TX-402 and TPZ on HIF-la protein
expression in H1299/wtpS3 and H1299/mp53Trp248 cells
under normoxic and hypoxic conditions. At 24 h after
inoculation in glass petri dishes TX-402 and TPZ were added
at a dose of 40 puM, and then hypoxic conditions were
maintained with mixed gas (1 % or 0 % O,, 5% CO,, and a
balance of N,) for 5 h.
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Fig. 11 In vivo radiosensitizing effects of TX-2060 and BSH
with neutron or y-ray irradiation under aerobic or hypoxic
conditions.
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