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Fig. 5. Levels of serum iron, UIBC and NTBI in
Hep3B xenograft models. The columns represent the
mean =+ SD for four mice. *P < 0.05, compared with
control. NTBI, non-transferrin-bound iron; UIBC,
unsaturated iron binding capacity.

Fig. 6. (a) Left panel: The spectrum of LS081
(overall ‘view). Right panel: Predicted spectrum
pattern by computer simulation (upper) and
enlarged view of left panel (lower). (b) Left panel:
The spectrum of the mixture of LS081 and FeAC
(overall view). Right panel: Predicted spectrum
pattern by computer simulation (upper) and
enlarged view of left panel (lower).
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Most serum—c1rculat1ng iron binds to transferrm while NTBI
exists as a minor component of body iron.’® In our study, the
treatment with LS081 reduced serum NTBI levels whereas no
significant changes were observed in serum iron and UIBC
levels. Additionally, mass spectrometry analysis suggested that
two molecules of LS081 directly bind one molecule of free
iron. These data suggest that LS081 mainly binds NTBI and
transports it into cells through unknown transporters or recep-
tors without an effect on transferrin bound iron. This selective
effect can be explained by the hypothesis that the affinity of
transferrin for iron is stronger than LS081 affinity for free iron.
Although iron facilitation by LS081 mcreased ferritin levels in
cell culture as prevmusly described,™ we did not observe a
change in ferritin levels in the Hep3B xenografts in our pres-
ent study (data not shown). As NTBI levels are extremely low
under physiological conditions in vivo, LS081 would passively
facilitate NTBI uptake into tissues without resulting in ferritin
upregulation and iron overload.

Ponka and his colleagues pioneered the use of hydrazone
derivatives, many of which are iron chelators that inhibit iron
uptake into reticulocytes as well as various cell lines, to study
cellular iron metabolism.®®*? Qur results suggest that LSOSl
which does chelate iron, fac1htates the uptake of iron."> The
side-chain composition of LS081 differs from that of the
hydrazone derivatives that inhibit iron uptake."'> In the initial
screen of the chemical library that identified LSO81 as an iron
facilitator, other hydrazone derivatives were identified both as
facilitators and as iron uptake inhibitors. A detailed structure-
activity analysis is being undertaken to determine the side-
chain composition that dictates the effects on iron uptake. The
hemorrhagic necrosis in the xenografts suggests that the effects
of LS081 may not be limited to the cancer cells alone. How-
ever, it remains to be seen if LSO81 has a direct effect on
endothelium or if increased iron content in the xenografts leads

References

—

Wang GL, Semenza GL. Purification and characterization of hypoxia-induc-
ible factor 1. J Biol Chem 1995; 270: 1230-7.

2 Wang GL, Jiang BH, Rue EA, Semenza GL. Hypoxia-inducible factor 1 is a
. basic-helix-loop-helix-PAS heterodimer regulated by cellular O, tension.
Proc Natl Acad Sci USA 1995; 92: 5510-4.

Tanimoto K, Makino Y, Pereira T, Poellinger L. Mechanism of regulation of
the hypoxia-inducible factor-lalpha by the von Hippel-Lindau tumor sup-
pressor protein. EMBO J 2000; 19: 4298-309.

4 Ohh M, Park CW, Ivan M et al. Ubiquitination of hypoxia-inducible factor
requires direct binding to the beta-domain of the von Hippel-Lindau protein.
Nat Cell Biol 2000; 2: 423-7.

Maxwell PH, Wiesener MS, Chang GW et al. The tumour suppressor protein
VHL targets hypoxia-inducible factors for oxygen-dependent proteolysis.
Nature 1999; 399: 271-5.

Kamura T, Sato S, Iwai K et al. Activation of HIFlalpha ubiquitination by a
reconstituted von Hippel-Lindau (VHL) tumor suppressor complex. Proc
Natl Acad Sci USA 2000; 97: 10430-5.

7 Semenza GL. Targeting HIF-1 for cancer therapy. Nat Rev Cancer 2003; 3:
721-32.

Gray MJ, Zhang J, Ellis LM et al. HIF-lalpha, STAT3, CBP/p300 and
Ref-1/APE are components of a transcriptional complex that regulates Src-
dependent hypoxia-induced expression of VEGF in pancreatic and prostate
carcinomas. Oncogene 2005; 24: 3110-20.

Jiang BH, Agani F, Passaniti A, Semenza GL. V-SRC induces expression of
hypoxia-inducible factor 1 (HIF-1) and transcription of genes encoding vas-
cular endothelial growth factor and enolase 1: involvement of HIF-1 in
tumor progression. Cancer Res 1997; 57: 5328-35.

10 Chan DA, Sutphin PD, Denko NC, Giaccia AJ. Role of prolyl hydroxylation
in oncogenically stabilized hypoxia-inducible factor-lalpha. J Biol Chem
2002; 277: 40112-7.

Tanaka H, Yamamoto M, Hashimoto N et al. Hypoxia-independent over-
expression of hypoxia-inducible factor lalpha as an early change in mouse
hepatocarcinogenesis. Cancer Res 2006; 66: 11263-70.

w

W

=2

o]

O

1

—

Tanaka et al.

to the generation of reactive oxygen species and disruption of
the neovascular tissue.

In conclusion, we presented a unique property of a novel
iron facilitator, 1L.S081, which enhanced HIF-1o, degradation by
modulation of prolyl-hydroxylation activity. We also suc-
ceeded in inhibiting cell growth of HCC both under normoxic
and hypoxic conditions in cell culture and in xenograft models.
Furthermore, LS081 itself did not show cytotoxic effects on
cell growth in vitro, and no hepatic toxicity was observed in
the xenografts. Therefore, treatment with 1.S081 might be a
novel approach for HIF-1-targeting treatment in cancer.
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