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Novel Anti-Angiogenic Compounds for Application in Tumor Therapy —
COP9 Signalosome-Associated Kinases as Possible Targets
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Abstract: Preclinical studies revealed that curcumin, the yellow curry pigment, emodin, a compound derived from grapes,
and taurolidine, derived from a biogenic amino acid, and some of their structural homologs possess anti-angiogenic and
cancer chemopreventive properties. Whereas curcumin and emodin can act via inhibition of COP9 signalosome-associated

kinases, taurolidine blocks protein biosynthesis.

Key Words: Angiogenesis, tumor, COP9 signalosome, curcumin, emodin, taurolidine.

INTRODUCTION

For a tumor to develop a highly malignant and deadly
phenotype, it must first recruit and sustain its own blood
supply, a process called tumor angiogenesis [1-3]. A tumor
that is unable in recruiting its own vascular maintenance is
called a non-angiogenic tumor and is microscopic in size
remaining limited to less than 1 mm diameter, because of its
dependency on oxygen and nutrients supply [3]. Angiogene-
sis allows tumor growth and facilitates local invasion and
metastasis. Therefore, inhibition of tumor angiogenesis is a
major strategy in current tumor therapy.

Angiogenesis is a dynamic process induced by genetic
changes or by local alterations such as hypoxia, glucose dep-
rivation and oxidative or mechanical stress [4, 5]. Physio-
logical angiogenesis is tightly regulated by endothelial growth
factors and occurs in a sequence of complex and interrelated
steps. Pro-angiogenic proteins include the vascular endothe-
lial growth factor (VEGF), which binds to VEGF receptors
on endothelial cells. VEGF, also known as VEGF A, has a
number of isoforms, e.g. VEGF-121 and VEGF-165. VEGF
also is classified by related factors such as VEGF B, C and
D. VEGF, the basic fibroblast growth factor (bFGF) and the
platelet-derived growth factor (PDGF), two additional pro-
angiogenic proteins, function as mitogens and chemoattrac-
tants to recruit endothelial cells. They activate tissue endo-
thelial cells (ECs), circulating ECs and endothelial progeni-
tor cells, which enter the circulation and generate new blood
vessels [6]. Activated ECs destroy the extracellular matrix by
secreting matrix metalloproteases, which allows them to mi-
grate and to invade the surrounding tissue. The migration of
cells is also supported by the extracellular plasminogen acti-
vator inhibitor 1 (PAI-1) as well as by specific integrins ex-
pressed in the cell membrane of ECs [7, 8].
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Non-angiogenic tumors stay microscopic in size and
might remain asymptomatic and non-detectable for the life
of a person. Why and when a non-angiogenic tumor switches
to the angiogenic phenotype is not well understood at the
moment. This so called angiogenic switch is thought to be
the result of a disrupted balance between pro- and anti-
angiogenic regulators [3, 9]. It is widely accepted that ge-
netic instability promotes the angiogenic switch. This can be
explained by compromised checkpoint genes in tumor cells
causing their higher mutation rates. For example, experi-
ments with transgene mouse models show that overexpres-
sion of the oncogene RAS led to elevated VEGF A levels
and the switch into an angiogenic tumor [10].

Hypoxia is a common feature of solid tumors and a nega-
tive prognosis factor for the survival of cancer patients. Es-
sential for the induction of angiogenesis under hypoxic con-
ditions is the heterodimeric hypoxia-inducible factor (HIF)
complex consisting of o and B subunit proteins and belong-
ing to helix-loop-helix transcriptional activators [11, 12].
Under normoxic conditions the subunit HIF-1a is continually
expressed but quickly degraded by the ubiquitin (Ub) protea-
some system (UPS) [13]. It is targeted to ubiquitination
by hydroxylation via oxygen-iron-2-oxoglutarate-dependent
oxygenase in the cytoplasma of mammalian cells [14]. Hy-
droxylation of two proline residues on HIF-1a is necessary
for binding to a cullin-RING Ub ligase (CRL) that modifies
HIF-1a with Ub chains prior to fast degradation by the 26S
proteasome. The specific CRL complex contains cullin 2
(Cul-2) as a scaffold and the von Hippel-Lindau protein
(pVHL) as the substrate binding component. The high insta-
bility of HIF-1a is reversed during hypoxia. Under this con-
dition the protein is no longer hydroxylated and ubiquiti-
nated. Stable HIF-1a forms the heterodimeric transcription
factor, enters the nucleus and induces the production of
VEGF and PDGF [15].

Besides HIF-1a another important pro-angiogenic tran-
scription factor is c-Jun. It was first identified as a viral on-
coprotein and is frequently overexpressed in human cancers
[16]. It forms heterodimers called activating protein 1 (AP-
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1). There is a direct correlation between c-Jun levels, tumor
growth and angiogenesis [17]. Reduction of c-Jun blocks
solid tumor growth and VEGF-induced neovascularization in
rodents [18]. C-Jun is activated/stabilized by the jun kinase
family [19]. In addition, growth factors, UV irradiation, hy-
poxia as well as transforming oncoproteins stimulate c-Jun
and activate AP-1-dependent transcription [20]. Moreover,
the transcription factor is phosphorylated by COP9 sig-
nalosome (CSN)-associated kinases [21], a process that sta-
bilizes c-Jun towards degradation by the UPS [22].

1. THE COP9 SIGNALOSOME AND ITS POSSIBLE
ROLE IN ANGIOGENESIS

The CSN is a conserved protein complex in eukaryotic
cells, which consists of eight subunits (CSN1 to CSNS) [23].
It has been first identified in plants as a negative regulator of
constitutive photomorphogenesis (COP) [24, 25]. In human
cells it is associated with kinase activity [21]. The CSN has a
similar architecture as compared to its paralog complex, the
26S proteasome lid [21, 26]. Moreover, it seems that the
CSN can act as an alternative lid as it has been shown re-
cently [27, 28]. However, the exact mechanism of the CSN-
lid exchange and its regulation is unknown.

Significant progress has been made towards understand-
ing the CSN structure and function by analyzing different
organisms. Thus, the complex participates in processes such
as DNA repair [29, 30], cell cycle regulation [30], signal
transduction [31], MAPK signaling [32], and is involved in
myriads of developmental events encompassing embryo-
genesis, cytokine response, light response in plants, yeast
morphogenesis and pheromone response [33]. Currently,
many of these pleiotropic effects can be explained by its
regulatory impact on the UPS via deneddylation of cullins.
An intrinsic metalloprotease activity of the CSN, mapped to
the MPN"/JAMM domain of CSN subunit 5 (CSNS5) [34],
removes the Ub-like protein NEDD8 from cullins and per-
haps from other targets. Cullins 1 to 7 are scaffolding pro-
teins of CRLs consisting of a RING domain Ub ligase and
substrate binding proteins determining the specificity of the
Ub system [35]. In mammalian cells hundreds of CRL com-
plexes exist that ubiquitinate transcription factors, cell cycle
regulators and other important proteins of cells. Cycles of
cullin neddylation and CSN-mediated deneddylation regulate
the activity of CRLs. Moreover, the CSN is associated with a
cystein protease that removes Ub from target proteins. It is
an Ub specific protease called USP15, which cleaves polyUb
chains and is responsible for the protection of the CRLs from
auto-ubiquitination [36, 37].

In addition, the CSN is associated with kinases such as
CK2, PKD [38] and inositol 1,3,4-trisphosphate 5/6 kinase
[39] (see Fig. (1)). The kinases modify substrates of the UPS
and determine their stability [40]. For example, the tumor
suppressor }])(53 [41] and the inhibitor of cyclin-dependent
kinases p27° " [42] are phosphorylated by the CSN-asso-
ciated CK2, which targets the proteins to degradation by the
26S proteasome. In contrast, phosphorylation of c-Jun stabi-
lizes the transcription factor towards the UPS (Fig. (1)) [38,
43]. Therefore, kinase inhibitors such as curcumin or emodin
elevate the amount of the tumor suppressor p53, which
causes apoptosis in tumor cells [44]. On the other hand, as
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Fig. (1). The CSN-associated kinases decide whether c-Jun is ubiq-
uitinated by a CRL or stabilized to stimulate angiogenesis. The
CSN-associated kinases phosphorylate c-Jun and activate the CSN-
directed c-Jun signaling pathway, which results in an increased pro-
duction of VEGF by tumor cells [22], an important prerequisite for
tumor-angiogensis. If CSN-associated kinases are blocked by che-
mopreventive agents such as curcumin or emodin, c-Jun binds to an
F-box protein, presumably Fbw7, of a CRL, which ubiquitinates the
transcription factor prior to degradation by the 26S proteasome.

shown in Fig. (1), by inhibiting phosphorylation these com-
pounds target c-Jun to rapid degradation by the UPS [38,
44], which most likely retards tumor angiogenesis.

Thus, the CSN regulates the UPS by deneddylation of
cullins as well as by CSN-mediated phosphorylation of UPS
substrates influencing the specific degradation of pro-
angiogenic factors.

1.1. Anti-Angiogenic Drugs Acting as Inhibitors of CSN-
Associated Kinases

Inhibitors of CSN-associated kinases most likely have at
least two effects that are very beneficial for tumor therapy.
First, they reduce CSN-mediated phosphorylation of p53
[41] and of p27 [42] causing stabilization of the two cell
cycle regulators and inducing apoptosis in tumor cells. Sec-
ond, diminished CSN-mediated phosphorylation of c-Jun
targets the pro-angiogenic transcription factor to degradation
by the UPS [38, 43]. Recently inhibitors of the proteasome
that completely block degradation by the UPS have been
tested in international phase III clinical trials and it appears
that proteasome inhibition is efficient in a few cases. How-
ever, it certainly cannot be considered for long-term treat-
ment, because of the housekeeping function of the protea-
some and the resulting negative side effects (for review see
[45]). Therefore, differential influence on the specificity of
the UPS by inhibitors of CSN-mediated phosphorylation
might be more useful for long-term application as compared
to proteasome inhibitors.
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1.1.1. Chemistry, Mechanism and Biological Effects of
Curcumin and Curcumin-Like Compounds

Curcumin has been identified as a very potent inhibitor of
CSN-associated kinases and of CSN-directed c-Jun signaling
[22, 38, 39, 46]. Curcumin [1,7-bis(4-hydroxy-3-metho-
xyphenyl)-1,6-heptadiene-3,5-dione; diferuloylmethane], the
yellow pigment in curry, the active component of tumeric, is
derived from the rhizomes of Curcuma longa Linn. 1t is a
crystalline compound that has been traditionally used in
medicine and cooking in India [47]. Curcumin has anti-
oxidative, anti-inflammatory and anti-septic properties and is
an in vivo inhibitor of angiogenesis [48]. It is a chemopre-
ventive agent that blocks initiation steps of carcinogenesis as
well as malignant proliferation during tumor growth (for
review see [49-53]).

Curcumin is a kinase inhibitor and most of its pleiotropic
effects can be explained by this feature. Presumably it fits
into the ATP-binding pocket just as it has been shown for
emodin [44]. It is not kinase-specific but has higher affinities
for PKD as compared to CK2. For example, it also inhibits
phosphorylation of IxBa, which stabilizes the inhibitor of
NF-kB towards degradation by the UPS (for review see [51,
54, 55]). The activated NF-«B signaling pathway plays a
major role in tumorigenesis, since NF-kB induces a number
of pro-angiogenic factors including cyclooxygenase 2 (COX-
2) and matrix metalloproteases [56]. The expression of these
proteins is significantly reduced by the natural polyphenole
curcumin [51, 57]. In addition, it has been suggested that
curcumin has a direct effect on Ub isopeptidases [58].

We have found efficient inhibition of the CSN-associated
kinases, CK2 and PKD, by curcumin [38] and suggest that
most of our curcumin effects can be due to this kinase inhibi-
tion. Treatment of HeLa cells leads to an increase of p53 as
well as to an UPS-dependent disappearance of c-Jun (for
review see [40]). In addition, curcumin blocks invasiveness
and tubulogenesis of human umbilical vein endothelial cells
(HUVEQC) as visualized by us in a Matrigel assay [59] and as
demonstrated elsewhere [52]. Curcumin-induced increase of
p53 causes apoptosis in B8 mouse fibroblasts and HeLa [44]
as well as in other tumor cells [60]. Degradation of c-Jun in
the presence of curcumin results in reduced VEGF produc-
tion by tumor cells [22], a major reason for its anti-
angiogenic properties. In summary, most of the curcumin
effects are due to kinase inhibition and make this compound
to a potent anti-angiogenic as well as anti-tumor drug.

Recently by in silico screenings we have identified sev-
eral curcumin-like substances with similar two- and three-
dimensional structures (see Fig. (2)) as well as biological
effects [44]. Resveratrol and piceatannol are also natural
phenols and inhibit the CSN-associated kinases [38, 44].
Piceatannol possesses highest affinities towards the kinases
as compared with other inhibitors. All curcumin-like com-
pounds stabilize p53 and induce apoptosis in tumor cells.
However, none of these compounds seems to be as effective
as curcumin [44]. Just like curcumin, resveratrol (3,4’,5-
trihydroxy stilbene), a natural product derived from grapes,
inhibits COX-2 expression [61] and is a cancer chemopre-
ventive agent [62]. It also blocks tube formation of HUVEC
[63]. Piceatannol (3,3°,4,5’-tetrahydroxy stilbene), which is
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derived from resveratrol and also occurs in grapes, inhibits
the VEGF production in smooth muscle cells [64] and pre-
vents tubulogenesis of HUVEC [65]. Thus, these curcumin-
like substances including BTB00363 (2-Pyridinecarboxylic
acid, [(3,5-dichloro-2-hydroxyphenyl)methylene]hydrazide)
are potential anti-angiogenic agents and should be tested for
clinical application in future tumor therapy.

1.1.2. Chemistry, Mechanism and Biological Effects of
Emodin and Emodin-Like Compounds

Emodin (1,3,8-trihydroxy-6-methylanthraquinone) shown
in Fig. (2) is a naturally occurring anthraquinone present in
the roots and barks of numerous plants and an active ingredi-
ent of Chinese herbs (for review see [66, 67]). The mecha-
nism of emodin action is very similar to that of curcumin and
curcumin-like compounds. It is also known as a inhibitor of
NF-kB, which stabilizes IkBo towards degradation by the
UPS [68]. Most likely emodin blocks the kinases of the IKK
complex responsible for IkBa phosphorylation, which targets
the NF-xB inhibitor to ubiquitination and subsequent degra-
dation. As a consequence pro-angiogenic regulators such as
COX-2 and matrix metalloproteases are not induced. Moreo-
ver, emodin reduced bFGF-induced proliferation and migra-
tion of HUVEC and VEGF A-induced tubulogenesis of der-
mal microvascular endothelial cells [69].

Emodin has been shown to specifically cause protein
kinase CK2 inhibition during retinal neovascularization in a
mouse model, which regulates angiogenesis (for review see
[66]). This is confirmed by the fact that it fits into the ATP-
binding pocket of CK2 as revealed by the crystal structure of
the kinase and emodin [70] and by competition with ATP-
binding to CK2 [71]. Our data demonstrate that emodin is a
kinase inhibitor with higher affinity for CK2 as compared to
PKD. Interestingly, the IC50 value is 5-times higher with
isolated CSN as with recombinant CK2 [38]. Emodin stabi-
lizes pS3 in fibroblasts towards degradation by the UPS and
induces p53-dependent apoptosis [44, 72]. Its effects on
CSN-associated kinases and on c-Jun encourage us to sug-
gest that it also might reduce VEGF production in tumor
cells just like curcumin [22] and acts as a suppressor of tu-
mor angiogenesis. Additional agents of the emodin-like
group (see Fig. (2)), BTB14431 (9,10-dihydroxy-1,4-dihydro-
anthracene-1,4-dione), JFD02836 (3-methoxy-10-methyl-9,
10-dihydro-9-acridinone), SEW04213 (6-fluoro-3,4-dihydro-
2H-pyrano[2,3-b]quinolin-5-amine) and JFD03665 (10-
(hydroxymethylene)phenanthren-9(10H)-one), again, were
obtained by in silico screening using emodin as the lead
structure. They all are kinase inhibitors with higher prefer-
ence for CK2 than for PKD [44]. Based on our data we as-
sume that their biological effects are very similar as com-
pared to emodin and that these synthesized compounds ob-
tained from common data banks are potential anti-angiogenic
drugs for possible use in tumor therapy.

1.2. Clinical Application of Curcumin- and Emodin-Like
Substances

Preclinical studies have revealed the chemopreventive
potentials of curcumin and emodin as well as of related
compounds in several animal tumor bioassay systems (see
above). Because curcumin has no dose-limiting toxicity,
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Fig. (2). Structures of curcumin and curcumin-like as well as emodin and emodin-like compounds that inhibit CSN-associated kinases (for

details see text).

even when it is administered up to 8 g/day in human clinical
trials, it can be used to prevent angiogenesis and to treat can-
cer [73]. Few years ago curcumin has been tested in a phase I
clinical trial in patients with high-risk or premalignant le-
sions [74]. Curcumin was taken orally for 3 months. This
prospective phase-1 study evaluated curcumin in patients
with one of the following five high-risk conditions: 1) re-
cently resected urinary bladder cancer; 2) arsenic Bowen's
disease of the skin; 3) uterine cervical intraepithelial neo-
plasm; 4) oral leucoplakia; and 5) intestinal metaplasia of the
stomach. The authors concluded that curcumin has an effect
in the chemoprevention of cancer [74]. Moreover, there exist
trials of curcumin in colorectal cancer patients. After a con-
sumption of 3.5 g curcumin daily for 4 months a reduction in
inducible PGE2 levels, most likely as a result of a lower
COX-2 expression, has been detected in peripheral blood
samples [75, 76]. In addition, a reduction in the level of de-

oxyguanosine adduct, a marker of oxidative DNA damage,
has been detected upon curcumin treatment of malignant
colorectal tissue [77]. Unfortunately so far information on
clinical properties of curcumin is rare and, to our knowledge,
resveratrol, piceatannol and BTB00363 have not been stud-
ied in the clinic. In the future suitable trials have to be de-
signed. Since curcumin has a poor systemic availability, fu-
ture studies should focus on the prevention of cancer of the
colon, skin or oral cavity (for review see [78]).

In many pre-clinical studies it has been demonstrated that
emodin, the most abundant anthraquinone of rhubarb, inhib-
its cell proliferation, induces apoptosis and prevents angio-
genesis as well as metastasis (see above and for review [79]).
These capabilities are based on kinase inhibition including
CSN-associated kinases [38]. Their impact on c-Jun and p53
levels in tumor cells connected with inhibition of angiogene-
sis and induction of apoptosis make emodin as well as
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emodin-like compounds to potential anti-angiogenic and
anti-tumor drugs. Interestingly, emodin also can act as a sen-
sitizer in chemotherapy-based combination regimes [80, 81].
Unfortunately, to date no clinical studies exist, which might
help to evaluate the clinical properties of these chemopre-
ventive agents.

2. TAUROLIDINE, AN INHIBITOR OF PROTEIN
BIOSYNTHESIS

Taurolidine (TRD, bis-(1,1-dioxoperhydro-1,2,4-thiadia-
zinyl-4)methane) is a synthetic product derived from the
biogenic amino acid taurine and, as far as our analysis re-
vealed, does not act as a kinase inhibitor. It has no direct
impact on the CSN-associated kinases or the proteasome
[82]. Nevertheless, it possess a broad bactericidal and fungi-
cidal efficacy spectrum as well as anti-tumor effects (for
review see [83, 84]), which encouraged us to study its
mechanism of action.

2.1. Chemistry, Mechanism and Biological Effects of
Taurolidine

TRD consists of two aromatic rings (MW 284), which
are linked with a CH,-group (see Fig. (3)) [85, 86]. Hydro-
lysation divides the molecule into taurultam and methylol-
taurultam, two active metabolites. It is further biotrans-
formed to methyloltaurinamide, taurinamide, taurine, and
carbon dioxide. After intraperitoneal application the half-live
of TRD and taurultam are approximately 2 h and 8 h, respec-
tively, which are significantly shorter after intravenous injec-
tion [87, 88].
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Originally TRD was described as an antibacterial agent
and used in the treatment of peritonitis or in patients with
systemic inflammatory response syndrome [89]. It has been
hypothesized that the suppression of tumor growth may be
explained by intracellular effects causing apoptosis pre-
sumably mediated by a mitochondrial cytochrome c-depen-
dent mechanism [90]. Most recently, the agent has been
found to exert a direct and selective effect on glial and neu-
ronal brain tumor cells via Fas-ligand-mediated cell death
[91]. TRD decreases TNFa and IL-1B production of perito-
neal macrophages, which might explain the additional anti-
neoplastic effect on local cell growth [92]. TNFa stimulates
tumor angiogenesis presumably by activating the production
of the major pro-angiogenic factor VEGF in tumor cells.
Additionally, TNFa is known to downregulate apoptosis by
activating NF-xB, an important pro-angiogenic transcription
factor (see above).

Our studies revealed that the pleiotropic effects of TRD
can be explained neither by blocking the UPS nor by affect-
ing CSN-associated kinases. We showed that TRD acts as an
inhibitor of an early phase in protein biosynthesis [82]. The
translation, but not transcription, of all tested proteins such
as c-Jun, p53 and IkBa was reduced in the presence of 16
mM TRD (0.5%). Different phases of translation, such as
formation of the initiation complex, of the functional 80S
ribosome and of polysomes, were separated bzy density gra-
dient centrifugation and visualized using **P-mRNA. In
these experiments we demonstrated that TRD as well as tau-
rultam affect translation at a very early stage. It seemed that
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Fig. (3). Hydrolysis of TRD and its products. In the presence of H,O TRD (half-life ~ 2 h) hydrolyzes to taurultam (half-life ~ 8 h) and to
methyloltaurultam. After two more steps taurultam decays to the biogenic amino acid taurine.
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Fig. (4). Inhibition of tubulogenesis of HUVEC by TRD and TRD-like compounds. HUVEC were grown on Matrigel as described recently
[59]. Wells were pre-coated with growth-factor-improved Matrigel matrix and incubated (Inc) for 2 h or 9 h as recommended by the manu-
facturer (Becton Dickinson Labware). The effects of TRD on tubulogenesis were estimated in the presence of 10 pM and 1 mM of the com-
pound. TRD-like substances were used at a concentration of 1 mM. The effects were quantified by counting the number of branch points and

a branch point score (SC) is given.

no pre-initiation complex was created anymore. Since pro-
tein biosynthesis was blocked not only in mammalian cells
but also in bacteria, inhibition of translation might explain
most of the effects of TRD including the induction of apop-
tosis [82].

2.2. Taurolidine Inhibits Tubulogenesis

Inhibition of protein synthesis by TRD and taurultam
most likely disturbs the balance of pro- and anti-angiogenic
factors and affects tubulogenesis and angiogenesis. There-
fore, to study the effect of TRD on tubulogenesis we used
the modified Boyden chamber, which is based on a Matrigel
matrix consisting of laminin, collagen type IV, entactin and
protoheparan sulfate [59]. In this matrix HUVEC proliferate
and form cell-junctions, which results in the formation of
lumen-like tubes. We tested different concentrations of TRD
in this system and quantified the data by counting branching
points. With 10 uM of TRD there was only little influence
on tubulogenesis whereas 1.0 mM blocked the process al-
most completely (see Fig. (4)). The effect of TRD might be
due to diminished translation, which presumably reduced the
production of VEGF by HUVEC. Previous studies have al-
ready shown that TRD decreases VEGF production of tumor
cells [93].

2.3. Identification of Taurolidine-Like Substances

As described previously for curcumin and emodin [44] in
silico screening was performed to identify TRD-like sub-
stances. On the basis of the TRD two- and three-dimensional
structures a number of similar compounds was found that
exhibit biological effects comparable with TRD. The in
silico screening revealed the substances 4H-367S, 5X-0835
as well as 5W-0902, which were analyzed in cell experi-
ments (Fullbeck ef al., publication in preparation). The re-
sults demonstrate that intracellular levels of c-Jun decreased,
which presumably reduced VEGF production (our unpub-
lished data). Tubulogenesis was inhibited by 4H-367S as
well as 5X-0835 in the Matrigel chamber assay (see Fig.
).

2.4. Clinical Application of Taurolidine

Anti-septic and anti-tumor features of TRD make the
substance very attractive for clinical use. TRD has been ap-
plied against infection after elective colorectal surgery [94]
and is still successfully used as a disinfectant [95].

There exist numerous studies on the correlation between
suppression of tumor growth as well as metastatic spreading
and IL-1pB response after TRD treatment. Previous studies
confirmed a significant association between the IL-1 poly-
morphisms and increased risk for tumor development in pa-
tients with intestinal type or diffuse gastric carcinoma [96].
Comparable conclusions have been drawn for the relation-
ship between IL-1p polymorphisms and Helicobacter Pylori
infection associated with gastric adenocarcinoma [97, 98].
Moreover, a genetic polymorphism in a pancreatic cancer,
which was homozygous for allele 2 of the IL-1p gene had
shorter survival rates [99]. A prospective randomized multi-
center trial investigated the effects on cytokine release (IL-
1B) induced by intraperitoneal 0.25% povidone-iodine versus
0.5% TRD application in 120 patients (our unpublished data,
conventional resections of colon cancer, n=57, gastric can-
cer, n=52 and pancreatic malignancies, n=11). Additionally,
the serum- and intraperitoneal levels of IL-6, IL-10 and
TNFa as well as the incidence of local recurrences or metas-
tases were analyzed. Randomized patients were intraperito-
neally treated with TRD (0.5%) or Ringer’s solution and
0.25% povidone-iodine (control) at the beginning of the op-
eration and after tumor resection. No clinically relevant side
effects were observed during administration and after reab-
sorption of the agent. A reduction of intraperitoneal IL-13
production (p<0.001) in the TRD group was noticed. The
overall disease-free time and the survival rate of the two
groups were not different. The immunological status of the
patients was evaluated by the monocyte HLA-DR status.
Significantly higher values were detected on the first and
second postoperative day in the TRD-group versus povi-
done-iodine. This result could be interpreted as an increased
immune response to TRD stimulation after surgery. Similar
immuno-stimulatory effects of TRD have been reported by
other authors [100].

Recently, a new study was started in our clinic. The in-
fluences of an intravenous therapy (2% TRD, 300 mg/kg
body weight per day) on gastric- and pancreatic cancer recur-
rence or advanced diseases (n=50) were examined. The
monthly repeated seven-days treatment sessions were per-
formed using a central vein port catheter. No clinically rele-
vant side effects were seen in 41 patients. In addition, quality
of life, response rate and mortality rate were evaluated using
a standardized protocol. One patient was lately submitted to
his 39" chemotherapy session with clear response and good
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quality of life [101]. It seems that the drug is effective on
several tumor cells. Two patients with malignant glioblas-
toma were intravenously treated (2% TRD, 1000 ml =20 g
per day). Although both patients died four months later from
acute thromboembolism and pneumonia, a transient im-
provement in quality of life and a partial tumor remission
were observed [100]. A clear response on the TRD treatment
was seen in the CT scan. These results highlight the potential
anti-tumor effects of TRD through a cytokine modulating
effect. The interpretation of the findings in terms of the anti-
tumor effects of TRD are currently being investigated in a
German multi-center clinical prospective randomized con-
trolled trial (n=2000).

3. PERSPECTIVES

The studies reviewed here are a demonstration of the
potencies of curcumin, emodin and taurolidine as well as of
their structural homologs to act as inhibitors of angiogenesis
and of tumor growth in pre-clinical experiments. All these
compounds are potentially attractive alternatives to currently
used chemopreventive drugs. The available anti-angiogenic
and anti-tumor evidence of most of these compounds sup-
ports their advancement into phase III clinical trials. In the
near future we will need more well designed clinical studies
to better assess their clinical properties and aimed applica-
tion.

ABBREVIATIONS

VEGF = Vascular endothelial growth factor

Ub = Ubiquitin

UPS = Ubiquitin proteasome system

CRL = Cullin-RING ligase

CSN = COP9 signalosome

CK2 = Protein kinase CK2

PKD = Protein kinase D

IxBa = Inhibitor of nuclear transcription factor kB
alpha

COX-2 = Cyclooxygenase-2

HUVEC = Human umbilical vein endothelial cells

TRD = Taurolidine
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