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A bioassay-guided phytochemical investigation on the methanol extr@weaifmeria pannosaising a HIF-1-mediated
reporter gene assay, led to the isolation of two phenanthroquinolizidine alkaleiglsryptopleurine 1) and )-
(15R)-hydroxycryptopleurine 3). The structure of the new compoui2dwas determined by spectroscopic methods.
Compoundd and2 potently inhibited the hypoxia-induced expression of a reporter gene under the control of a hypoxia
response element (HRE) with d€values of 8.7 and 48.1 nM, respectively. Furthermdregnd 2 suppressed the
accumulation of HIF-& protein in a dose-dependent manner, but not the Hifprbtein and inhibited expression of
vascular endothelial growth factor (VEGF) by hypoxia.

Hypoxia is a reduction in the normal level of tissue oxygen
tension and is observed during acute and chronic vascular disease,
pulmonary disease, and canédte occurrence of hypoxic regions
within the tumor tissue is important for triggering angiogenesis and
thus enables tumors to develop their own blood supply. The cellular
response to hypoxia is controlled by hypoxia-inducible factor-1
(HIF-1). HIF-1 consists of an oxygen-regulatedsubunit and a
constitutively expressed subunit and activates the transcription
of genes that are involved in angiogenesis, glucose metabolism,
apoptosis, invasion, and metast&si$iIF-1o is overexpressed in .
a large number of human cancers, and its overexpression correlate§igure 1. Selected COSY~), NOE (curved double arrows), and
with poor prognosis and treatment failure. Manipulation of HIF-1 HMBC (curved single arrows) correlations 2f
activity by genetic or pharmacological means has marked effects )
on tumor growth in preclinical studies. Therefore, HIF-1 could be 48.1 nM, respectively. Compoundsand2 were further evaluated
an important target of cancer chemotherapy, and efforts are for their potential to inhibit the accumulation of the hypoxia-
underway to identify selective inhibitors of HIF2%:7 activated HIF-& protein and the expression of vascular endothelial

In our search for HIF-1 inhibitors of natural origin, a methanol 9growth factor (VEGF), a HIF-1 target gene. The isolation, structure
extract of the roots oBoehmeria pannoséUrticaceae) potently determination, apd biologicfal eyaluation of these compounds are
inhibited HIF-1 activation induced by hypoxia (80% inhibition at ~the subject of this communication.

0.8ug m|_*1) in a HIF-1-mediated reporter gene asdBypannosa Compoundl was obtained as a brownish amorphous powder
is a perennial herb and is distributed in East Adidn the only and was positive to Dragendorff's reagent. The structurewés
previous phytochemical report d& pannosa the occurrence of  identified as {-)-cryptopleurine by comparing its spectroscopic data
anthraquinones, flavonoids, and terpenoids was rep¥t@idassay-  to values reported in the literatu¥e*2 Compound2 also gave an

guided phytochemical investigation on the methanol extrag.of ~ orange-red coloration with Dragendorff's reagent, and its UV
pannosausing a HIF-1-mediated reporter gene assay led to the Spectrum obtained by analytical HPLC using a PDA detector
isolation of two phenanthroquinolizidine alkaloids;)cryptopleu- exhibited the same profile as that of X-cryptopleurine {). The
rine (1) and ()-(15R)-hydroxycryptopleurined). The structure IH and!3C NMR spectra o2 were closely comparable to those of
1, suggesting tha? is a modified )-cryptopleurine {) and is
also a phenanthroquinolizidine alkaloid structure type. Inthe
NMR spectrum of2, a set of singlet signals at, 7.60 (1H, s,
H-1) and 8.05 (1H, s, H-4), an AMX proton spin systemdat
8.04 (1H, d,J = 2.4 Hz, H-5), 7.29 (1H, ddJ = 2.4 and 8.8 Hz,
H-7), and 7.83 (1H, dJ = 8.8 Hz, H-8), and three methoxyl signals
at oy 4.03 (3H, s, OCHE6), 4.04 (3H, s, OCkt2), and 4.08 (3H,
s, OCH-3) were apparent. However, additional methine signals at
0n 5.27 (1H, dJ = 1.2 Hz, H-15) and¢ 64.6 (C-15) were observed
in the 'H and3C NMR spectra o, respectively. On the basis of
these observations and by comparison of its spectroscopic data with
those of 1, compound2 was suggested to be a hydroxylated
cryptopleurine. This was consistent with the molecular formula
(CoaH27/NO4; HRESIMS, m/z 394.2012 [M+ H]*) obtained. The
- positions of the substituents were confirmed as occurring at C-2,
Fax:T igg_ﬂg_ggg?j‘gggdgﬁzﬁh%ﬁ‘;%gk%%%rfg?ﬁj'4:62'42'860'4360' C-3, and C-6 (three methoxyls) and C-15 (hydroxylated methine)
T Korea Research Institute of Bioscience and Biotechnology. using 2D NMR experiments (Figure 1). The relative configuration
* Jeju-do Agricultural Research and Extension Services. of the hydroxy group at C-15 was determined tataasto H-14a,

of the new compound was determined by spectroscopic methods.
Compounds1 and 2 potently inhibited the hypoxia-induced
expression of the HRE-reporter gene withsd@alues of 8.7 and
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Figure 2. Dose-response curves df and2 on hypoxia-induced

HIF-1 activation in AGS cells in comparison with 17-desmethoxy- B)

17-N,N-dimethylaminoethylaminogeldanamycin (17-DMAG) as a — i
positive control. Data shown are means from one representative =
experiment performed in triplicate, and the bars represent standard GAFDH
deviation. Similar results were obtained from separate experiments. Hypoxia - + + + +

1@mM) - 0 10 30 100

) ) Figure 3. Effect of 1 and2 on the accumulation of HIFel and
on the basis of the smaiH NMR coupling constant (1.2 Hz). The HIF-15 proteins (A) and effect ol on VEGF expression (B) in

absolute configuration of H-14a was deduced td&dfeom the CD AGS cells under hypoxic condition. For A, AGS cells were exposed
spectrum, exhibiting a negative Cotton effect at 273'Aherefore, to various concentrations dfand2 for 1 h and then incubated for
the structure of the new compouBdvas elucidated as-()-(15R)- 12 h under hypoxic condition (1%£94% N, and 5% CQ at 37
hydroxycryptopleurine. °C). The relative levels of HIFd and HIF-}3 proteins were

Compoundsl and2 were evaluated for their potential to inhibit ~détermined by Western blot using monoclonal anti-HiFahd anti-
HIF-1 activation induced by hypoxia using a HIF-1-mediated HIF-18 antibodies. For B, AGS cells were exposed to various

: : ; concentrations ofl for 1 h and then incubated for 16 h under
reporter gene assay in AGS human gastric cancer cells (Figure 2). . > :
Compoundsl and 2 inhibited hypoxic activation of HIF-1 with hypoxic condition. Total RNAs were isolated and VEGF RNA was

ICs values of 8.7 nM forl and 48.1 nM for2, as assessed by a detected by an RT-PCR analysis as described in the Experimental

HRE-reporter assay. Complete inhibition was observed at 100 nM Section.
for 1 and 300 nM for2. Cell viability, when measured by the MTT
assay, showed that both compounds had no significant cytotoxicity
to AGS cells at their effective concentrations for the inhibition of
HIF-1 activation (data not shown). To confirm that these compounds
inhibit the hypoxic activation pf HIF-1 in AGS cells,. we evaluated o4 on a Shimadzu UV-1601 UVisible and a JASCO J-7200
the effect oflL and2 on hypOXIa—!nduced aCCUmU"’%‘“O” of Hife:1 CD spectrophotometer, respectively. The NMR spectra were recorded
protein by Western blot analysis. As shown in Figure 3A, bbth 55 5 varian UNITY 400 FT-NMR spectrometer in GDD. ESIMS

and 2 blocked the accumulation of HIFedprotein induced by  and HRESIMS were obtained on a Platform quadrupole and a Mariner
hypoxia in a dose-dependent manner without affecting the expres-mass spectrometer, respectively. HPLC was carried out on a Waters
sion of HIF-15 protein. Expression of several HIF-1 target genes, semipreparative system (Waters Delta Prep 3000).

such as vascular endothelial growth factor (VEGF), is induced by  Plant Material. The roots ofBoehmeria pannoshlakai & Satake
hypoxia in most cell types. VEGF stimulates new blood vessel were collected in Jeju, Korea, in September 2004, identified by Dr.
formation from existing vasculature, increasing tumor oxygenation Joong Ku Lee, a plant taxonomist, Korea Research Institute of
and, ultimately, tumor growth and metastasis. This makes hypoxic Bioscience and Biotechnology, and air-dried. A voucher specimen (No.

tumors highlv bro-anaiogenic tumors with a highly agaressive 041002) has been deposited in the Korea Research Institute of
gnly p glog ghly agg Bioscience and Biotechnology.

phenotype.»© Therefore, the effect ofl on hypoxia-induced Extraction and Isolation. The dried and powdered root (2.0 kg)
induction of VEGF in AGS cells was tested by RT-PCR analysis. was extracted three times with hot MeOH. The combined extracts were
The hypoxia-induced expression of VEGF was suppressel by evaporated under reduced pressure to give the MeOH extract (90 g),
dose-dependently (Figure 3B). which was suspended in water and then partitioned with GkGjive

; ~ . -~a CHCE-soluble extract (28 g). The CH&$oluble extract exhibited
Since HIF-1 has been known'to be the center of most adaptation ) ..\ “iyiition of HIF-1 activation by hypoxia (80% inhibition at
responses qf cancer cells to hypoxia, 'cops.lderable eﬁort; areolsﬂg mL-%). The CHCh-soluble extract was chromatographed on a

underway to identify small molecule HIF-1 inhibitors from chemical  gjjica gel column eluted with gradients of hexar€&OAc (20:1—
libraries and natural product$’> Among the HIF-1 inhibitors 1:1) to afford four fractions (FO2F04). Of these, FO4 showed the most
discovered from such efforts, the most potent inhibitors are mostly significant HIF-1 inhibitory activity (99% inhibition at 0.8g mL™1%).
natural products such as lignoid manassarttias,diterpenoid Thus, FO4 (12.0 g) was further purified on silica gel with CH€I
laurenditerpendl terpenoid tetrahydroquinoline alkaloifiand an MeOH (10:1), producing five subfractions (FO509). FO5 (99%

isoquinoline alkaloid berberiné Manassantin B is among the most i2r15h(i)bitig(r)1 r?]tn?i-%ﬂgM’g'é;)L:"’eg (%“(;ig;dT‘::S’j";%ggiLe%t[lg/ﬁf ;?Tﬁf]g
s e . . . X .a., 2! . 0 y ,
potent inhibitors of HIF-1 activation (I§ 3 nM) reported so far. leading to the isolation of-{)-cryptopleurine 1, 19 mg, 0.00095% of

Compour]dl exhibiteq a comparable potency to ma.nagsg.ntin B. dry weight) and £)-(15R)-hydroxycryptopleurine, 3.8 mg, 0.00019%
The detailed mechanism of compourtiand 2 on the inhibition of dry weight).

of hypoxia-induced HIF-1 activation is still unclear. Further studies  (—)-Cryptopleurine (1): brownish, amorphous powder; mp 198
are needed to elucidate hdlvand 2 inhibit HIF-1 activation. 201°C [Iit.12 196-197°C]J; [a]p?? —63.8 € 0.05, MeOH) [lit}? [o]p?®

Experimental Section

General Experimental ProceduresMelting points were determined
on a Kofler micro-hotstage without correction. Optical rotations were
measured on a JASCO P-1020 polarimeter. UV and CD spectra were



Notes

—96.7 € 0.40, CHC})]; UV (MeOH) Amax (log €) 261 (1.44) nm; CD
(MeOH) Zmax (A€) 230 (+12.6), 273 ¢11.7) nm; ESIMSm/z 378.6
[M + H]*, 755.8 [2M+ H]*.

(—)-(15R)-Hydroxycryptopleurine (2): yellow powder; mp 20+
203 °C; [a]p?? —56.4 € 0.05, MeOH); UV (MeOH)Amax (l0g €) 262
(1.34) nm; CD (MeOHYmax (A€) 229 (+20.4), 273 £14.0) nm;*H
NMR (CDsOD, 400 MHz)6 1.77 (1H, m, H-12), 1.86 (1H, m, H-13),
2.08 (1H, m, H-13), 2.09 (1H, m, H-12), 2.17 (1H, m, H-14), 2.25
(1H, m, H-14), 3.34 (1H, m, H-11), 3.55 (1H, di,= 11.6, 1.2 Hz,
H-14a), 3.85 (1H, m, H-11), 4.03 (3H, s, OMe-6), 4.04 (3H, s, OMe-
2), 4.08 (3H, s, OMe-3), 4.61 (1H, d,= 16.4 Hz, H-9), 5.01 (1H, d,
J=16.4 Hz, H-9), 5.27 (1H, d]) = 1.2 Hz, H-15), 7.29 (1H, dd] =
8.8, 2.4 Hz, H-7), 7.60 (1H, s, H-1), 7.83 (1H, 3= 8.8 Hz, H-8),
8.04 (1H, d,J = 2.4 Hz, H-5), 8.05 (1H, s, H-4}C NMR (CD;OD,

100 MHz)6 23.1 (t, C-12), 24.8 (t, C-13), 27.1 (t, C-14), 55.1 (t, C-9),
56.2 (g, OMe-6), 56.6 (g, OMe-2), 56.8 (g, OMe-3), 57.0 (t, C-11),
64.3 (d, C-14a), 64.6 (d, C-15), 105.6 (d, C-4), 105.9 (d, C-5), 106.1
(d, C-1), 117.6 (d, C-7), 121.3 (s, C-8b), 122.8 (s, C-8a), 125.6 (d,
C-8),126.2 (s, C-4a), 126.3 (s, C-15b), 127.2 (s, C-15a), 133.2 (s, C-4b),
151.2 (s, C-3), 151.7 (s, C-2), 160.7 (s, C-6); ESIM& 394.5 [M +

H]*, 787.8 [2M + H]*; HRESIMS nvz 394.2012 [M+ H]* (calcd
394.2018 for G4H2gNOy).

Cell Culture. Human gastric cancer AGS cells (American Type
Culture Collection, Manassas, VA) were maintained in RPMI 1640
(Invitrogen, Grand Island, NY) supplemented with 10% (v/v) fetal
bovine serum (Hyclone, Logan, UT), penicillin, and streptomycin in a
humidified 5% CQ atmosphere at 37C. Hypoxic culture was kept in
a gas-controlled chamber (Thermo Electron Corp., Marietta, OH)
maintained at 1% & 94% N, and 5% CQ at 37°C.

Reporter Assay. The ability of compoundsl and 2 to inhibit
hypoxia-inducible factor-1 was determined by a reporter assay.
Exponentially grown AGS cells (& 1(° cells) at 75-90% confluence
were transiently cotransfected with the vectors for pGL3-HRE-Luc
plasmid!” which contains six copies of HREs derived from the human
VEGF gene and pRL-CMV (Promega, Madison, WI) using Lipo-
fectamine plus reagent according to the manufacturer’s instructions
(Invitrogen). The transfected cells were plated at a density »f*
cells per well into 96-well plates. After a 48 h incubation, the cells
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as a secondary antibody (1:2500 dilution in 5% nonfat milk in TTBS,
2 h incubation), and the antigemantibody complexes were visualized

by enhanced chemiluminescence according to the instructions of the
manufacturer (Amersham Bioscience, Piscataway, NJ). Protein loading
was controlled by probing the membranes for TOPO 1 protein with an
anti-TOPO | antibody (1:500 dilution in 5% nonfat milk in TTBS; Santa
Cruz Biotechnology).

RT-PCR Analysis. After AGS cells (1.5x 1 cells per crigrowth
area) were pretreated with various concentratiorisfof 1 h, the cells
were further incubated for 16 h under hypoxic conditions. Total RNA
from cells was obtained using an RNA mini kit (Qiagen, Valencia,
CA). Total RNA (2 ug) was used to perform reverse transcription-
PCR (RT-PCR) using an RT-PCR kit (Invitrogen, Carlsbad, CA)
according to the manufacturer’s protocol. The PCR primers for VEGF
were 3-GCTCTACCTCCACCATGCCAA-3(sense) and'sSTGGAA-
GATGTCCACCAGGGTC-3 (antisense), while the PCR primers for
GAPDH were 5>ACCACAGTCCATGCCATCAC-3 (sense) and's
TCCACCACCCTGTTGCTGTA-3 (antisense). The PCR conditions
for both primer sets were as follows: denaturation at@4or 5 min
followed by 25 amplification cycles, each consisting of ‘@l for 30
s, 58°C for 30 s, and 72C for 1 min, and a final extension step at 72
°C for 7 min. PCR products were separated on 2% agarose gels and
visualized by staining with ethidium bromide. The oligonucleotide
sequences of the reaction products were confirmed by sequencing.

Statistical Analysis.Each experiment was performed at least three
times, and representative data are shown. Data in the graph are given
as mean values standard error of the mean. Means were checked for
statistical differences by using the Studeitifsst with error probabilities
of p < 0.05.
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