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Abstract Hypericin is the presumed active moiety within
Saint John’s wort. Extracts of Saint John’s wort are
widely used as an effective treatment for depression.
Available as “over-the-counter” drugs, they are fre-
quently part of the self-medication of patients under-
going radiation therapy for malignant diseases. In
addition to antidepressive properties, hypericin has been
shown to be able to induce apoptosis and radiosensitize
tumor cells, and to have antiinflammatory and photo-
toxic skin effects. However, the underlying mechanisms
are not clear. In this study, we investigated possible
inhibitory effects of hypericin on proteasome function
and related pathways. Extracts from U373 human gli-
oma cells were incubated with different concentrations
of hypericin. Three proteasome activities were moni-
tored using a fluorogenic peptide assay. Activity of the
transcription factor NF-kB and protein levels of p65,
p50, IxBa and caspase-3 were investigated by EMSA
and Western blotting, respectively. Hypericin caused a
dose-dependent and photoactivation-independent inhi-
bition of proteasome function. Hypericin treatment
(6.25-50 uM) inhibited NF-xB, caused accumulation of
phosphorylated IxBa, decreased pS0 protein levels and
induced cleavage of p65 protein in U373 cells. These
effects were observed in MCF-7 cells only at higher
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concentrations of hypericin (12.5-50 puM). Additionally,
inhibition of NF-xB activity in U373 cells by hypericin
was prevented by caspase inhibition. Although hypericin
clearly inhibits proteasome function, its effect NF-xB
DNA-binding activity was not exclusively proteasome-
dependent. The underlying mechanism might also in-
volve caspase activation, a consequence of proteasome
inhibition.
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Abbreviations AMC: 7-Amino-4-methylcoumarin -
DMEM: Dulbecco’s modified Eagle’s medium - DMSO:
Dimethyl sulfoxide - DTT: Dithiothreitol - EDTA:
Ethylenediaminetetraacetic acid - HEPES:
N-(2-Hydroxyethyl)piperazine N-2-ethanesulfonic

acid - PMSF: Phenylmethane-sulfonyl fluoride -

SDS: Sodium dodecyl sulfate - z-VAD-fmk:
Benzyloxycarbonyl-Val-Ala-Asp-(OMe)-
fluoromethylketone

Introduction

Extracts of the herb St. John’s wort (Hypericum perfo-
ratum) have been used therapeutically in the treatment
of mild to moderate depression [1] and are often part of
the self-medication of patients. Because of their antide-
pressive action, these extracts are frequently used by
patients suffering from chronic life-threatening disorders
such as cancer, even without the knowledge of the
physician [2], and thus may interfere with chemotherapy
or radiation therapy. As a folk remedy, these extracts
were used in the treatment of skin injuries and burns due
to their antiinflammatory properties. Recent studies
have indicated that these extracts are capable of inhib-
iting the synthesis of the cytokine interleukin-6 (IL-6)
induced by substance P (SP) [3], which confirms the
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findings of earlier studies concerning the antiinflamma-
tory properties of St. John’s wort [4].

Herbal extracts of H. perforatum contain several
active compounds including hypericin, hyperforin and
flavonoids [5], which all contribute to different extents to
the spectrum of effects of St. John’s wort. However, as
with all herbal extracts, the composition of different
extracts may vary. Hypericin, the presumed active
moiety within St. John’s wort, exhibits potent pharma-
cological effects that include light-dependent antiretro-
viral activity against HIV infection [6], induction of
apoptosis [7], inhibition of protein kinase C [8] and
inhibition of the activation of the transcription factor
nuclear factor kappa B (NF-xB) [9]. The phenanthro-
perylenequinone structure of hypericin allows it to be a
natural tool for photodynamic therapy (PDT), a pro-
cedure that involves administration of a photosensitizing
substance to the target cells, followed by selective irra-
diation that leads to the generation of reactive oxygen
species (ROS) ultimately causing oxidative damage to
the target cells [10]. In HeLa cells, PDT with hypericin
causes caspase-independent activation of the c-Jun N-
terminal kinase 1 (JNK1) and p38 mitogen-activated
protein kinase (p38 MAPK), whose activation prevents
apoptosis [11].

Although hypericin has been shown to localize in
membranes of the endoplasmic reticulum and Golgi
apparatus [12], it has also been shown to release mito-
chondrial cytochrome ¢ into the cytosol leading to the
activation of caspase-3 and apoptotic cell death [13].
This mechanism of apoptosis has been shown to be re-
tarded, but not prevented, by overexpression of Bcl-2
protein [14]. Also, low-dose PDT with hypericin delays
the onset of apoptosis by causing G,/M phase arrest
during which Bcl-2 becomes transiently phosphorylated
probably through cyclin-dependent protein kinase 1
(CDK1) [15].

The NF-xB signaling pathway has been shown to be
a key target for intervention in treating inflammatory
conditions [16]. In most cell types, NF-xB is seques-
tered in the cytoplasm through its association with
members of a family of inhibitory proteins known as
Ik-Bs. Potent activators of NF-xB, which include
phorbol esters, proinflammatory cytokines, tumor
necrosis factor, IL-1, bacterial endotoxin, viral double-
stranded RNA and ionizing radiation, rapidly cause
phosphorylation, polyubiquitination and proteolytic
degradation of Ix-B leading to the translocation of NF-
kB into the nucleus where it regulates gene transcrip-
tion. Several natural products and extracts have been
identified that modulate the action of NF-xB [17].
Hypericin has been shown to inhibit NF-xB in HeLa
and TCI10 cells following stimulation with PMA and
TNF-a, respectively, through a nonoxidative pathway
[9].

The proteolytic degradation of Ix-B is an ATP-
dependent process that requires the 26S proteasome
complex [18]. The proteasome is characterized by

specific activities against short synthetic peptides; these
include a ‘““chymotrypsin-like” activity with preference
for tyrosine or phenylalanine, a “trypsin-like” activity
with preference for arginine or lysine, and a “post-
glutamyl” hydrolyzing activity with a preference for
glutamate or other acidic residues. The degradation of
Ix-B can be prevented by proteasome inhibitors [19].
The proteasome inhibitor, PS-341, has been shown in
vitro to inhibit the chymotryptic activity, increase the
intracellular levels of specific proteins including the
CDK-1 inhibitor, p21, and cause a G,/M-arrest, sub-
sequently leading to apoptosis [20]. Apoptosis through
proteasome inhibitors lactacystin and acetyl-leucinyl-
leucinyl-norleucinal (AcLLNal) can be inhibited by the
broad range caspase inhibitor, z-VAD-fmk, indicating
the involvement of caspase-3 [21], which induces
cleavage of Bcl-2 protein [22]. Some of the HIV-I
protease inhibitors used clinically such as ritonavir and
saquinavir have also been shown to induce apoptosis
through the inhibition of proteasome function and
blocking the activation of NF-xB [23, 24]. Inhibition of
proteasome function has also shown to sensitize cells to
radiation [25].

In the current study, we investigated the possible ef-
fects of hypericin on proteasome function. The func-
tional coincidence of proapoptotic, radiosensitization
and NF-xB inhibitory activities between hypericin and
HIV-1 protease inhibitors led us to speculate about the
possible inhibitory effect of hypericin on proteasome
activity.

Materials and methods
Cell culture

U373 human glioma and MCF-7 human mammary
carcinoma cells were obtained from the German
Microorganism and Tissue Culture Collection (DSMZ,
Braunschweig). Cells were grown in 75-cm~ flasks
(Greiner) at 37°C in a humidified atmosphere containing
5% CO,in DMEM (Sigma) supplemented with 10%
heat-inactivated fetal calf serum (Sigma) and 1% peni-
cillin/streptomycin (Gibco BRL).

Drug treatment

Hypericin (Roth) was dissolved at 10 mg/ml in DMSO,
and stored as small aliquots (10-30 ul) at —20°C. The
pancaspase inhibitor z-VAD-fmk (Biomol) was dis-
solved in DMSO (25 mM) and stored as small aliquots
(10 ul) at —20°C. Control cells received DMSO only.
For gel-shift assays and Western blotting, cells were
plated into six-well plates at a density of 3x10° cells/well
and allowed to become adherent overnight. The fol-
lowing day cells were treated with hypericin or DMSO
for 60 min.



Irradiation

Irradiation was carried out at room temperature using a
137Cs laboratory irradiator (IBL 637, CIS Bio Interna-
tional) at a dose rate of 0.78 Gy/min. Corresponding
controls were sham-irradiated.

Proteasome function assays

26S proteasome function was measured as described
previously [20]. Briefly, confluent cell layers were washed
with phosphate-buffered saline (PBS), then with buffer I
(50 mM Tris, pH 7.4,2 mM DTT, 5 mM MgCl,, 2 mM
ATP), and pelleted by centrifugation. Glass beads and
homogenization buffer (50 mM Tris, pH 7.4, 1 mM
DTT, 5 mM MgCl,, 2 mM ATP and 250 mM sucrose)
were added, which was followed by vortexing for 1 min.
Beads and cell debris were removed by centrifugation at
1000 g for 5 min and 10,000 g for 20 min. Protein con-
centrations were determined by the BCA protocol
(Pierce). Protein (100 pg) from each sample was diluted
with buffer I to a final volume of 1000 pl and the flu-
orogenic proteasome substrates SucLLVY-7-amido-4-
methylcoumarin (“‘chymotrypsin-like”’; Sigma), Z-ARR-
AMC (“trypsin-like’’; Calbiochem) and Z-LLE-AMC
(““peptidyl-glutamyl-like’; Calbiochem) were added in a
final concentration of 80 uM in 1% DMSO. To access
20S function, buffer I was replaced by buffer containing
SDS (20 mM HEPES, pH 7.8, 0.5 mM EDTA, 0.03%
SDS) [26]. Reaction mixtures were incubated at 37°C for
30 min. Free 7-amido-4-methylcoumarin (AMC) was
assessed using a fluorescence plate reader (Gemini,
Molecular Devices) at 380 nm (excitation) and 460 nm
(emission). AMC (2 pM) was incubated with hypericin
in buffer I or 20S buffer without cell extracts, and
measurements of proteasome function were corrected
for direct effects of hypericin on AMC fluorescence.

Immunoblotting

Cells were lysed in RIPA buffer (50 mM Tris-HCI,
pH 7.2, 150 mM NaCl, 1% Nonidet P-40, SDS, 10 mM
PMSF, aprotinin and sodium vanadate). Protein con-
centrations were determined using the BCA protocol
(Pierce) with bovine serum albumin (BSA, Sigma) as
standard. Protein (50 pg) was electrophoresed in a SDS
gel (0.1% SDS/12% polyacrylamide) and blotted to
polyvinylidene fluoride membranes at 4°C. After
blocking with Blotto buffer (Tris-buffered saline, 0.1%
Tween 20, 5% skimmed milk) for 1 h at room temper-
ature, the membranes were incubated with an antibody
against human IxBa (rabbit polyclonal antibody,
1:2000; BD Biosciences), NF-«kB p50 (rabbit polyclonal
antibody, 1:1000; Santa Cruz Biotechnology) and NF-
kB p65 (rabbit polyclonal antibody, 1:1000; Santa Cruz
Biotechnology) and caspase-3 (polyclonal rabbit anti-
human, 1:2000; BD Pharmingen) for 1 h at room tem-
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perature. A secondary HRP-conjugated antibody (goat
anti-rabbit, 1:20,000; DAKO, and goat anti-mouse,
1:20,000; Serotec) and the ECLplus system (Amersham)
were used for visualization. Uniformity of loading was
confirmed by stripping and reprobing the membrane
using an antibody against o-tubulin (mouse monoclonal
antibody, 1:5000; Oncogene).

Electrophoretic mobility shift assays

For preparation of total cytosolic extracts, normal and
treated cells were dislodged mechanically, washed with
ice-cold PBS, and lysed in TOTEX-buffer (20 mAM HE-
PES, pH 7.9, 0.35 mM NaCl, 20% glycerol, 1% Noni-
det P-40, 0.5 mM EDTA, 0.1 mM ethyleneglycol-bis(f-
aminoethyl)-N,N,N’,N’-tetraacetic acid, 0.5 mM DTT,
PMSF and aprotinin) for 30 min on ice. Lysate was
centrifuged at 12,000 g for 5 min at 4°C. Protein con-
centrations were determined using the BCA protocol
(Pierce) with BSA as standard. Protein (15 pug) from the
resulting supernatant was incubated for 25 min at room
temperature with 2 ul BSA (10 pg/pl), 2 pl dIdC (1 pg/
ul), 4 pl Ficoll buffer (20% Ficoll 400, 100 mM HEPES,
300 mM KCl, 10 mM DTT, 0.1 mM PMSF), 2 ul buffer
D+ (20 mM HEPES, 20% glycerol, 100 mM KCI,
0.5 mM EDTA, 0.25% NP-40, 2 mM DTT and 0.1 mM
PMSF) and 1 pl of the [y**P]-ATP-labeled oligonucleo-
tide (Promega, NF-«kB: AGTTGA GGG GAC TTT
CCC AGQ). For a negative control, unlabeled oligo-
nucleotide was added in a 50-fold excess. Gel analysis
was carried out in native 4% acrylamide/0.5% Tris-bo-
rate EDTA gels. Dried gels were placed on a phosphor
screen for 24 h and analyzed on a phosphor imager
(BAS-1500, Fujifilm).

Results
Hypericin is an inhibitor of the proteasome

Hypericin has a strong autofluorescence. To exclude a
possible effect of hypericin on the AMC fluorescence
signal, AMC was dissolved in buffer I at a final con-
centration of 2 uM. Hypericin at concentrations from 0
to 50 uM caused a dose-dependent decrease in the AMC
fluorescence signal to 97.5+0.2% at 3.125 pM,
93.7+3.3% at 6.25uM, 88.8+3% at 12.5uM,
80.8£0.4% at 25 uM and 72.6+£1.1% at 50 pM. In
order to take this effect into account serial dilutions of
hypericin in AMC-containing reaction buffer were in-
cluded in each experiment, and measurements of pro-
teasome activity were always corrected for this direct
effect.

When protein extracts from U373 cells were incu-
bated with different concentrations of hypericin, chy-
motryptic (Fig. 1a), tryptic and peptidyl-glutamyl 26S
proteasome activity were decreased in a concentration-
dependent manner (Table 1; ICs, values 8.2, 84 and
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Fig. 1 Proteasome function assay using lysates from U373 cells.
Hypericin caused a dose-dependent inhibition of chymotryptic 26S
(a) and 20S (b) proteasome function. ¢ Photoactivation of hypericin
caused rapid induction of the apoptotic death program in U373
cells (top control cells, x40; centre photoactivated hypericin,
50 uM, x40; bottom photoactivated hypericin, 50 pM, x100).
Exposure of U373 cells to photoactivated hypericin led to
membrane blebbing and chromatin condensation. d Morphological
signs of apoptosis coincided with cleavage of procaspase-3 in
Western blots using total cellular lysates from U373 cells

4.8 uM for chymotryptic, tryptic and peptidyl-glutamyl
activities, respectively) compared to untreated controls.
Comparable results for chymotryptic 26S proteasome
activity were obtained using lysates from MCF-7 (ICsq
3.8 uM) and ECV304 (ICs 2.1 uM) cells.

Hypericin caused a concentration-dependent decrease

DMSO (40x)

Hypericin S50uM (40x)

Hypericin 50uM (100x)

20S proteasome activity (in the absence of ATP and the
presence of SDS) with ICsy values of 90.6, 2.2 and
0.9 uM, respectively, compared to untreated controls
(Table 1).

If hypericin was photoactivated it caused a rapid
induction of apoptotic cell death (Fig. 1c), which coin-
cided with cleavage of procaspase-3 (Fig. 1d). However,
photoactivation of hypericin did not alter its effects on
proteasome function (data not shown).

Hypericin inhibits NF-xB activation

When U373 cells were preincubated with different
concentrations of hypericin (0-50 uM) for 1 h, a dose-

in chymotryptic (Fig. 1b), tryptic and peptidyl-glutamyl dependent inhibition of  constitutive  NF-xB
Table 1 Effect of hypericin on 26S and 20S proteasome function in extracts from U373 cells
Hypericin (uM) Proteasome activity (%)
268 208
Chymotryptic Tryptic Pedidyl-glutamyl Chymotryptic Tryptic Pedidyl-glutamyl
0 100 100 100 100 100 100
3.125 66.9+2.7 100.2+3.7 56.4+1.7 744+2.8 43.1+2 18.9+0.7
6.25 54.1+£2.7 99.24+2.8 48.8+1.4 67.6+1.6 38.8+2.1 159+04
12.5 46.5+£2.5 91.2+2.38 41.0+1 66.7+1 33.8+0.8 13.5+04
25 40.6+3 88.5+2.5 353+14 63.7+1.5 33.3+2.0 12.7+£0.3
50 36.7+1.8 639+1 32.8+1.6 57.5+1.5 31.8+0.5 11.4+0.3
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Fig. 2 a Electrophoretic mobility shift assay (EMSA) using total
cellular extracts from U373 glioma cells. Non-photoactivated
hypericin caused a dose-dependent inhibition of NF-kB DNA-
binding activity, which was almost complete at concentrations
>12 uM. Preincubation with the pan-caspase inhibitor z-VAD-fmk
(50 pM) was not able to prevent this effect of hypericin at 50 uM.
b Western blots using total cellular extracts from EMSAs.
Hypericin caused a dose-dependent decrease in IxkBa, pl05 and
p50, and led to the accumulation of phosphorylated IxBa.
Additionally, a cleavage product of p65 (dp65) was present.
Cleavage of p65 was prevented by preincubation with z-VAD-
fmk (50 pM)

DNA-binding activity was observed with almost com-
plete inhibition at concentrations as low as 12.5 uM
(Fig. 2a). Inhibition of NF-xB was accompanied by an
overall loss of IkBa and accumulation of phosphory-
lated forms of IxBo, which supports our observation of
inhibitory effects of hypericin on proteasome function.
Additionally, dose-dependent decreases in pl105 and p50
protein levels were also observed, indicating an addi-
tional proteasome-independent mechanism of hypericin-
induced inhibition of NF-xB. p65 protein levels re-
mained unchanged during the course of treatment but
hypericin treatment led to the occurrence of a p65
cleavage product (Fig. 2b). As hypericin activated cas-
pase-3 in U373 cells, we repeated this experiment using
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Fig. 3 a EMSA using total cellular extracts from MCF-7 breast
cancer cells, functionally deficient in caspase-3. DNA-binding
activity of NF-xB was inhibited in a dose-dependent manner but
was nearly complete only at high concentrations (>25 uM) of
hypericin. b Western blots using total cellular extracts from
EMSAs. Hypericin caused a dose-dependent decrease in IxBa,
pl05 and p50, and led to the accumulation of phosphorylated
IxBa. However, a cleavage product of p65 was not detectable even
at a hypericin concentration of 50 pM. Preincubation with z-VAD-
fmk (50 uM) did not have any effect

MCF-7 breast cancer cells, which are known to be
functionally deficient in caspase-3 [27]. Again, hypericin
treatment caused a dose-dependent accumulation of
phosphorylated forms of IxBa, decreases in pl05 and
p50 (Fig. 3b) protein levels, and inhibition of constitu-
tive NF-kxB DNA-binding activity (Fig. 3a). However,
this effect was less pronounced and occurred only at high
concentrations of hypericin. Additionally, hypericin did
not lead to cleavage of p65 (Fig. 3b).

To further confirm the involvement of caspases, we
preincubated U373 cells with the pan-caspase inhibitor
z-VAD-fmk. At a hypericin concentration of 10 uM,
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Fig. 4 EMSA using total cellular extracts from U373 glioma cells.
Non-photoactivated hypericin at a concentration of 10 pM caused
a partial inhibition of NF-xB DNA-binding activity. Preincubation
with the pan-caspase inhibitor z-VAD-fmk (100 pM) was able to
reverse this effect

hypericin-induced inhibition of NF-kB activation was
partially prevented by z-VAD-fmk (Fig. 4).

Discussion

The antitumor activity of hypericin, the active moiety
within Saint John’s wort, has recently been attributed to
activation of the caspase cascade, although the mecha-
nisms by which hypericin activates the apoptotic death
program are incompletely understood [28]. Caspase-
activation alone is not sufficient to explain the remaining
broad spectrum of antiinflammatory [29], antibacterial
[4] and antidepressive [1] effects of this drug, and do not
explain how hypericin acts to lower serum levels of HIV-
I protease inhibitors [30] by induction of P-glycoprotein
(P-gp), the gene product of the multidrug-resistance gene
1 (mdr-1) [31]. Additionally, St. John’s wort has been
shown to interfere with chemotherapy in cancer patients
[32, 33]. This is of special interest as the majority of
cancer patients use vitamins or herbal extracts as a
complementary medication for cancer treatment [34].
Herbal extracts of St. John’s wort contain a variety of

substances including flavonoids such as quercitin, rutin
and astilbin, phoroglucinols such as hyperforin and
adhyperforin, and naphthodiathrones such as hypericin
and pesudohypericin, which might all contribute to the
broad spectrum of effects of these herbal extracts [5]. In
this study, our investigation was focused on an alter-
native molecular mechanisms of action of hypericin.

A major transcription factor responsible for proin-
flammatory gene regulation and inhibition of apoptosis
is NF-kB and there is strong evidence that target genes
of NF-xB play a major role in depression [35]. Treat-
ment of cells with hypericin is known to decrease
DNA-binding activity of NF-kB by a non-antioxidative
pathway, but at present this pathway is not fully
understood [9]. Since NF-xB is under the tight control
of the ubiquitin/26S proteasome system, we investi-
gated the possible interaction of hypericin with this
system. Our results demonstrate a direct effect of hy-
pericin on chymotryptic, tryptic and peptidyl-glutamyl
cleavage activity of the 20S and 26S proteasome, sug-
gesting an interaction of this drug with the 20S core
unit of this protease. However, because ICs, values for
chymotryptic 26S activity were much lower than for
20S activity, hypericin might also interact with one or
more subunits of the 19S regulatory unit of the pro-
teasome. This was further supported by the observation
that tryptic 26S activity was almost unaffected while
20S tryptic activity was inhibited with an ICsy of
2.2 uM.

As expected, DNA-binding activity of NF-xB was
strongly inhibited by hypericin treatment in U373 cells.
These effects easily explain the antiinflammatory, im-
mune-suppressive and proapoptotic effects of hypericin
since inhibition of the proteasome alters MHC class 1
presentation [36] and inhibits DNA-binding activity of
NF-kB, which terminates the proinflammatory gene
program and induces apoptosis [37, 38]. We have pre-
viously demonstrated radiosensitizing effects of protea-
some inhibitors [24, 25]. Radiosensitization of glioma
cells by hypericin treatment has been reported by Zhang
and coworkers [39]. Although the underlying mechanism
of radiosensitization by proteasome inhibition still re-
mains elusive, proteasome inhibition may also serve as
an explanation for the radiosensitizing effects of hy-
pericin.

In U373 cells hypericin treatment decreased p105 and
p50 protein levels and induced the occurrence of a p65
cleavage product. Our analysis of the published p105/
IxBa protein sequence (Swissprot, P19838) revealed a
potential caspase-6 cleavage site at position 693-VEHD-
N-697 that cuts off parts of the ankyrin-like repeat 5 (aa
684-714), the ankyrin-like repeat 6 (719-751) and the
ankyrin-like repeat 7 (aa 772-804). This part of the
protein has been shown to control cytoplasmatic reten-
tion of p105 [40] and contains the PEST sequence with
its putative serine phosphorylation sites that lead to
polyubiquitination and subsequent posttranslational
processing to p50 by the proteasome [41]. Cleavage of
p65 by caspase-3 has been reported previously [42].



The inhibitory effect of hypericin on proteasome
function in extracts from U373 cells was less pronounced
than in extracts from MCF-7 cells. However, hypericin
inhibited NF-kB at lower concentrations in U373 cells
compared to MCF-7 cells, which also indicates
involvement of caspase-dependent degradation of p65
and p50 subunits in addition to proteasome inhibition as
a mechanism to terminate NF-kB signal transduction.

Hypericin treatment may thus inhibit NF-xB by two
different mechanisms. First, it stabilizes phosphorylated
IxBo by proteasome inhibition. Second, this downre-
gulates NF-xkB with the consequence that loss of its
antiapoptotic function causes sensitization of cells to
proapoptotic stimuli, e.g., TNF-related apoptosis
inducing ligand, via downregulation of NF-xB-depen-
dent cellular FLICE-inhibitory protein and X-linked
inhibitor of apoptosis expression. This in turn activates
caspase-dependent apoptosis, which leads to degrada-
tion of p65 by caspase-3 and cleavage of the p50 pre-
cursor protein pl05 by caspase-6 resulting in a decrease
in p50 protein levels. The possible involvement of cas-
pase-3 is supported by the observation that in MCF-7
cells, deficient in caspase-3, much higher concentrations
of hypericin were necessary to inhibit NF-xB and no
cleavage product of p65 was detectable. Additionally,
the pancaspase inhibitor z-VAD-fmk was—at least in
part—able to prevent the effect of hypericin treatment
on NF-kxB DNA-binding activity.

Taken together our observation of inhibition of
proteasome function gives a new insight into how hy-
pericin acts to terminate inflammatory conditions,
interferes with HIV protease inhibitor treatment and
activates the apoptotic death program in cancer cells.
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