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[Background and Purpose] Solid tumors are hypoxic and this feature renders them more resistant
to radiation and chemotherapy. Hypoxia inducible factor-1 o (HIF-1 @ ) is the central mediator of the
cellular response to low oxygen and functions as a transcription factor for a broad range of genes
that provide adaptive responses to oxygen deprivation. HIF-1 is over-expressed in cancer and has
become an important therapeutic target in solid tumors. Using a HIF-responsive reporter cell-based
assay, a 10,000-membered natural product-like chemical compound library was screened to identify
novel HIF-1 inhibitors. This led us to discover KC7F2, a lead compound with a central structure of
cystamine. In this study, The effects of KC7F2 on HIF-1 transcription, translation and protein
degradation processes were analyzed.

[Materials and Methods] Cancer cell lines LN229, LNZ308, U251MG, MCF7, PC3, D54MG,
U87MGD, A549 and the human fibroblast cell line HFF-1 were used. In addition, primary cultures
of human dermal microvascular endothelial cells (HDMVEC) and primary cultures of mouse
neurons were subjected to the experiments. Cells were incubated at 37°C in a humidified atmosphere
containing 5% CO2 and 21% O2 (normoxia) or 1% O2 (hypoxia) in a hypoxia workstation
(InVivo1,000, Ruskinn). The LN229-HRE-AP reporter cell line for HIF transcriptional activity was
used. Cycloheximide (CHX), an inhibitor of protein synthesis, was used to test whether KC7F2
affects the protein degradation rate of HIF-1a. MG-132 (Calbiochem, La Jolla, CA), a proteasome
inhibitor, was used to investigate whether KC7F2 affects the protein synthesis of HIF-1a.

Alkaline phosphatase (AP) assay: LN229-HRE-AP cells were plated onto 96-well plates and
incubated with or without chemicals for 24 hrs under hypoxic or normoxic condition. AP enzymatic
activity was determined by measuring OD values at 405 nm in a spectrophotometer. Sulforhodamine
B (SRB) assay: Cells were seeded onto 96-well plates and cultured under normoxia and hypoxia with
different concentrations of KC7F2 for 72 hrs or treated for various times with 20 uM KC7F2. For
proliferation analysis, cells were fixed with 50% Trichloroacetic acid and stained with 0.4% SRB.
Cell proliferation was calculated by measuring OD values at 564 nm using a spectrophotometer.
Clonogenic assay: DSAMG cancer cells or HFF-1 immortalized human fibroblast cells were seeded
onto 6-well plates. After 16 hrs, KC7F2 was added to final concentrations of 0, 5, 10 uM and the
cells treated for 72 hrs under hypoxia or normoxia. Thereafter, the cells were returned to normoxic
conditions. After 11 days, the cells were fixed and stained with crystal violet (0.9 %). Cell colonies

- were counted and percent of survival was calculated by comparing to colonies obtained in untreated
plates. Western blot analysis: Cells were washed twice with cold PBS and lysed with conditioned
radio-immunoprecipitation assay (RIPA) buffer. The harvested cells were subjected to centrifugation
and the collected proteins were electrophoresed on 7.5-12.5% Tris-HCl gels (BioRad, Richmond,
CA), then electroblotted to nitrocellulose membranes. The membranes were subjected to
immunoblot analysis using primary and corresponding secondary antibodies to detect the target
proteins. Northern blot analysis: Cells were harvested by Trizol (Invitrogen, Carlsbad, CA) and total
RNA was extracted according to the manufacturer’s instructions. Equal amounts of total RNA
samples were loaded into 1% agarose-formaldehyde gels, separated by electrophoresis, and
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transferred to nylon membranes. HIF-1o. and Enolase 1 cDNA probes were labeled with [a-32P]
dCTP (Amersham Biosciences, Piscataway, NY) using Prime-It II Random Primer Labeling Kit
(Stratagene, Ceder Creek, TX) and hybridized to the membrane. The hybridization was done with
ULTRAhyb buffer (Ambion, Austin, TX) at 42°C overnight.

[Results] The inhibitory effects of tested compounds were measured by a reduction of the AP
enzymatic activity present in hypoxic cells. Using this bioassay, we screened a 10,000-membered

natural product-like combinatorial library, and identified a novel class of compounds, which have a
cystamine group as their central structure. Further screening lead us the two most potent compounds,
KC7F2 which had an IC50 of 20. KC7F2 markedly inhibited HIF-mediated transcription in cells
derived from different tumor types, including glioma, breast and prostate cancers and exhibited
enhanced cytotoxicity under hypoxia. Treatment of a variety of cancer cell lines with KC7F2 for 72
hrs demonstrated a clear dose-response cytotoxicity with an IC50 of approximately 15-25 uM.
Remarkably, non-tumoral cells (HDMEV and neurons) showed much less susceptibility to KC7F2.
The cytotoxicity of KC7F2 was also increased under hypoxia in the SRB experiments whether in
dose-response or in long-term time course response. KC7F2 also inhibited colony formation of
D54MG cells in a dose-dependent manner and this effect was more significant under hypoxia. In
contrast, the immortalized fibroblast cell line HFF-1 was more resistant to KC7F2 treatment in
colony formation under both normoxia and hypoxia.

KC7F2 prevented the activation of HIF-target genes such as Carbonic Anhydrase IX, Matrix
Metalloproteinase 2 (MMP2), Endothelin 1 and Enolase 1. KC7F2 specifically reduced the protein
levels of HIF-1 in a dose-dependent manner under hypoxic conditions, while the levels of 8 -actin
were largely unaffected. These results suggest that KC7F2 inhibits HIF-1 o at the protein level,
making it unavailable for HIF-1 mediated transcription. Investigation of the mechanism of action of
KC7F2 using CHX and MG-132 and northern blot experiments showed that it does not affect the
HIF-1 o protein degradation machineries but its accumulation at the protein translational level
without inhibiting HIF-1 o mRNA synthesis. To explore whether the HIF-1 o¢  protein inhibition by
KC7F2 was linked to the suppression of the PI3K-Akt-mTOR pathway, LN229 cells were
pre-treated for one hour with 40 pM of KC7F2 followed by hypoxia. The levels of phosphorylated
4EBP1 were strongly suppressed by KC7F2 as early as 2 hrs and throughout the 24 hrs incubation
under hypoxia. The levels of non-phosphorylated 4EBP1 were not altered until 12 hrs, then at 24 hrs
showed a slight drop in expression. In contrast, the levels of phosphorylated Akt, total Akt,
phosphorylated mTOR, total mTOR, and total S6K were not affected or showed only modest
changes up to 12 hrs in response to KC7F2. At 24 hrs, a ~50% drop in Akt and S6K levels was
observed. As phosphorylated S6K was not detectable in LN229, its change in U§7MGD glioma cells
upon KC7F2 treatment was examined. The level of phosphorylated S6K was affected in a similar
fashion to phospho-4EBP1, while total S6K showed a gradual decrease which became more
pronounced after 12 hrs. The phosphorylation of 4EBP1 and S6K are important steps for the
initiation of protein translation; therefore, these findings provide a mechanistic explanation for the
inhibition of KC7F2 on HIF-1 & protein synthesis.

[Conclusion] These results show that KC7F2 is a potent HIF-1 pathway inhibitor and
its potential as a cancer therapy agent warrants further study.
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Identification of a novel small molecule HIF-1«
translation inhibitor

(fERmR %uﬁﬁlﬁ? HIF-1 a O#R % #H3 2 FrET F e OrE)

B M AE S OB R I T 1B R 43 [E (hypoxia) DIREEMNEIE &5, Hypoxia Inducible
Factor 1 (HIF-1) {XZ 5 L72 hypoxia DIEFMATELL EEHLTWS, o & 8 OV T
=y Mo RIEBEERFTH D, 2D 5 BLHIF-1a idhypoxia il BWTDLFEEB R LI,
FERIBETE, A, MFHAER L ICBMRT 2 BRET 2 HH UBEOERIER IS BT 550
HREIEFE S, Thwx, HIF-1ao OIMEIIESHEENGICBOWTEERERKERFO, &
BRI TITHIF-1o HHIER 2 LD KCTF2 ZRE L. F OMEI ORFE 2 Bt LT,

R U7z ARk IRk 2 & Lo B O B Mtk & IEE MR, RE&IX 21%0,
(normoxia) F7=iX 1%0, (hypoxia) T{To 7z, 42 DILEWD AT Y —=1 7iZi% alkaline

phosphatase (AP) assay Zf@fT L7z, ZiUIHRE 7’0 E®—&% — T AP B F2&F-T
52 FREALR LN229 #ifakZ AW L R—FZ—T vt A Thd, MBEEEZ
Sulforohodamine B assay ¥ 7213 clonogenic assay TFEfli L7, western blot, northern
blot 13RI FVE TITON T2, ABFFETILE J" AP assay 12 X ¥ KCTF2 238 L 7= . KCTF2
12X B AP IMHI N EER 2RSS AP BERTEMEOE T TId722 <, HRE FEMEMGICH
FKdHZ L, W KCTF2 12X YD HIF-1a FTHROBEL OBETFHORBEIIMH TS
L MHERENZ, —F., KCTF2 OFRBEIZ OWTIRIEEME X V EEMRIC, £
normoxia & ¥ hypoxia TX UV BWEEEZH LTI LW TRANTK, FIZ western blot 2
£V, HIF-la & %7 ORBITKCTF2 OWEEFEIET T2 Z L BREh, %O AP
assay fERIZ HIF-1 o FIHICEE T2 LHEREINE, . ZOMEXFZ 7 SRRE
#ID cyclohexiamide, 717 7 Y — ARREHFID MG132 % L 7= EBRICBVN T, KCTF2 238
normoxia & N hypoxia DWNT DG TH HIF-1a OFMEZIE LI LOBRTHEZ
EWRENT, B OARIEIEMRIZHIF-o @ mRNA LU TR, #3078 R Y
RUCHBEELZ DN, HIF-1a Z V237 BROERER ThH 5 PI3K-Akt-nTOR
pathway DA B Lz, TORE. KCTF2 i34 > /37 BIEREALAIC EEEE /2 4EBP1 & S6K
DY UBEEIH L TWA Z ERREN, TR XY KCTF2 D HIF-1a & > %7 SRR
ORI Xz,

AL DBLEICE W TIX, HIF-1 o BEREBR L TV A EEMRIZ, X HEEESE -
TebDn, EFMIEICLEERALNIZZ &L ~DFHHA, K4E-BP1S6 K DU LKA
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EORREEEE X T, KCTF2 @ nTORCL ~DERDORBBESH DS LR DB E Shiz,
NERFCBITAEESE TR, SREAZRI D, o HIF-1o OFRERIO#HE, M
ATt B EZIE. KCTF2 A3 HIF-1 o 750 24+ 2%, D HIF 7 7 2 U —~0D

FERIC D TR 3 o e, I 8 ILIGIEHE B> B 13, KCTR2 DA & 348, proline
hydroxylation <=2 pVHL complex ~DEEHEDHE, KCTF2 OHMIRFMEOIEEMARIC X4
HERM., ROZIUCEE L EFHE~OE Rz FEAER, KCTF2 LHREMEDER
B L OMBIZHOWVWTERN S -7, BB ICHMPHREE LY HIF-1oAEROSHRORE
B HOWTEBNR S -7, WTINOERIZH LTHBREZIZR DT ESLEFDBEET
Bini-aR,. 2ELLECHO5IAZ D LI, BWRECEZE L,

FEALFRE, FICNERE CIIBEEOERI ORI FR+4TH Y . EBRRIREOEEME
OEFEICEBEERZE % b2 HIF-1o OFAIGEFERZED TS, KRXiE., 20
HIF-1 o 23814 2 F =LA KCTF2 ZFE L. FOERAA =X AIZB>TWD, Fiz,
AFR IR & iz KCTR2 ORI 5 R R I L RIE O LT he 7
BMThY, BMEREEDISBOEMABRENC L D, KCTF2 M H- RBIaRIEREIC
HEETHZ L bHFEIND,

FEEE—FIE. INDLOREEE AL, KERRRICBIT AHESCREEMAR EH
BEEBEENEL (BS) ORMNEZZITHDICHESREREETDH LD LHE LR,
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