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Abstract

The antibody-directed enzyme prodrug therapy (ADEPT) is a means of restricting the action of toxic drugs to the tumor site.
The enzyme/prodrug pair horseradish peroxidase (HRP)/indole-3-acetic acid (IAA) has been studied as a combination with
potential application in ADEPT strategies. In this combination, the non-toxic plant hormone IAA is activated to cytotoxic species
by the catalytic action of HRP. Objective: We studied the use of the ethyl ester of IAA as a new prodrug that could be activated
by two enzymes, HRP and esterase. Methods: The oxidation of IAA and its ethyl ester, catalyzed by HRP, was monitored by
the consumption of dioxygen and liquid chromatography. The cytotoxicity of IAA and its ethyl ester in combination with HRP
and esterase was assessed using the lineage McCoy cells through the trypan blue and neutral red assays. Results: We
found that HRP was not able to catalyze the oxidation of IAA-ethyl ester in the absence of an additional esterase. Hence, the
potential cytotoxicity of the IAA-ethyl ester could be controlled by sequential treatment with esterase, to liberate the carboxyl
group, and HRP, for oxidation and generation of cytotoxic species. We present evidence for the potential application of the
combination IAA-ethyl ester/esterase/horseradish peroxidase as a new ADEPT, GDEPT or related strategy. Conclusions: We
suggest that this technique could provide more selectivity in the generation of cytotoxic drugs at tumor sites.
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Introduction into the tumor tissues and cause the cytotoxic effect.
Additionally, the enzyme system should not have a
Anticancer drugs are characterized by a narrow human homologue, to avoid prodrug activation away
therapeutic window that results mainly from their from the tumor site.” Some recent developments in
high systemic toxicity combined with an evident lack this area include (enzyme/prodrug): B-glucosidase/
of tumor selectivity.! Hence, the strategy known as glycoside of toxoflavin;® B-galactosidade/P-galactoside
antibody-directed enzyme prodrug therapy (ADEPT) of suberoylanilide hydroxamic acid;’ carboxypeptidase/
is adopted as a means of restricting the action of diethylstilbestrol-glutamate;'°f-D-glucuronidase/
toxic drugs to the tumor site. In ADEPT, an enzyme glucuronide paclitaxel;'" B-galactosidase /carbohydrate-
is linked to an antibody that targets the tumor cells. geldanamycin conjugates.'?
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agent on the surface of the tumor cells.>® The ideal
drugs for ADEPT are small molecules that can diffuse
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In 1998, Folkes et al." proposed the pair horseradish
peroxidase (HRP)/ indole-3-acetic acid (IAA) as an
enzyme/prodrug combination for potential application
in ADEPT." This combination meets the criteria for the
ADEPT strategy, since HRP is a plant enzyme and [AA,
a plant hormone, is nontoxic for humans. In fact, there
are many mammalian endogenous peroxidases; however,
HRP is the only one able to catalyze the oxidation of TAA
in the absence of hydrogen peroxide, which is crucial for
its potential use in ADEPT. Under the enzymatic action
of HR P, TIAA is oxidized to produce cytotoxic radical and
non-radical species. Following this seminal work, many
papers have presented and discussed the mechanism of
cytotoxicity of HRP/IAA in several tumor cell lines. For
instance, 3-methylene-2-oxindole has been identified as
a cytotoxic species generated during the oxidation of
IAA, which reacts with endogenous nucleophiles such
as glutathione, cysteine, and a cysteinyl peptide."* The
successful use of antioxidants, to block the apoptosis of
human melanoma cells, induced by IAA/HREP, is clear
evidence that free radicals play an important role in the
mechanism of cytotoxicity.””The finding that catalase
prevents IAA/HR P-induced apoptosis of G361 human
melanoma cells indicates that hydrogen peroxide may
also be involved in the mechanism of action.'® IAA has
also been used in experimental photodynamic therapy
for liver cancer cell in combination with intense pulsed
light;'” the combination of radiotherapy with the plasmid
phTERTp-HRP (human telomerase reverse transcriptase
promoter), in which expression of enzyme HRP is
controlled by hTERTYp, resulted in increased apoptosis
and necrosis of tumor cells after administration of IAA
and may overcome radioresistance in laryngeal squamous
carcinomas cells;'® TAA also presents protective effect
on diethylnitrosamine-induced hepatocarcinogenesis in
mice."”

Considering the high specificity of HRP towards
indole-3-acetic acid, we hypothesized that its ethyl
ester (IAA-ethyl ester) might not be recognized by the
enzyme, so that, we could link the generation of cytotoxic
species to two enzymes. Here, we present evidence of the
potential combined use of indole-3-acetic acid ethyl ester,
esterase and horseradish peroxidase in a new strategy for
ADEPT or related techniques.

Materials and Methods

Chemicals and Cell Culture

Indole-3-acetic acid, indole-3-acetic acid ethyl
ester, melatonin, ascorbic acid, neutral red, esterase from
porcine liver (ammonium sulfate suspension, 160unit/
mL) and HRP (Type VI) were purchased from Sigma-
Aldrich Chemical Co. (St. Louis, MO, USA).Trypan blue
was purchased from Vetec (R], Brazil). McCoy mouse
fibroblast cells (ATCC CRL 1696) were obtained from
the Cell Culture Section of the Instituto Adolfo Lutz
(SP, Brazil). This continuous cell line was used to assess
the in vitro basal toxicity. A 5% trypan blue solution was
prepared in 0.9% NaCl.The neutral red stock solution was
4 mg/mL in PBS and a working solution was prepared
by diluting this stock solution to 50 pg/mL in Eagle’s
medium.

Trypan Blue Assay

McCoy cells were assessed for viability by the
trypan blue exclusion assay, in which living cells with
intact cell membranes do not take up the dye, while
nonviable cells are unable to exclude the dye and
stain dark blue. The cells (1x10°/mL) were incubated
in Dulbecco’s phosphate-buffered saline (PBS-D) in
various combinations of the test compounds, HRP (1
UM) and esterase (5 units/mL) for 1 hour, at 37°C.
These cell suspensions were then mixed (1:1) with
trypan blue solution and incubated for five minutes.
Cells were observed under a microscope and stained and
unstained cells were counted in a hemocytometer and
the percentage of dead cells calculated.?

Neutral Red Assay

The McCoy cells were maintained in Eagle’s
medium (Instituto Adolfo Lutz, SP, Brazil) with 7.5%
fetal bovine serum. After trypsinization, 0.2 mL aliquots
of medium containing approximately 10* cells/mL were
seeded into 96-well tissue-culture plates and incubated at
37 °C. After 24 h, the Eagle’s medium was removed and
the cells were covered with unmodified medium (control)
or a modified medium with various concentrations of
test compounds and enzymes (1 pM HRP and 5 units/
mL esterase). After incubating for another 24 h, the
medium was removed and the plates were prepared for
microculture neutral red assay.?! After a brief agitation,
the plates were transferred to a microplate reader (Spectra
and Rainbow (Shell) Readers —Tecan, Austria) and the
optical density of each well was measured, using a 540 nm
filter and 620 nm reference wavelength. All experiments
were performed at least four times.
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Oxygen Uptake Study

The reaction mixtures consisting of 1 mM IAA,
1 mM IAA-ethyl ester, 0.5 uM HRP, and various
concentration of esterase in 0.05 M phosphate butfer pH
5.5 were monitored with a Clark-type oxygen electrode
(Yellow Spring Instruments 5300A) coupled to an X-Y
recorder (EG & G, Princeton Applied Research). The
reactions were performed at 37°C in a final volume of 3
mL and triggered by adding the enzymes.

High Performance Liquid
Chromatographic (HPLC) Study

The reaction mixtures consisting of 1 mM IAA or
1 mM IAA-ethyl ester, 0.5 uM HRP and/or 3.0 units/
mL esterase in 0.05 M phosphate buffer (pH 5.5) were
incubated at 37°C, for 30 min. Next, an aliquot of 20
pL was injected into the HPLC system (Waters 2690
Separation Module in line with a Waters 996 UV-Vis
Detector set at 254 nm). The separation was carried out
isocratically on a Luna C18 reversed-phase column (250
x 4.6 mm, 5 um), with a mobile phase of 75:25 water/
acetonitrile flowing at 1.0 mL/min).

Results

The oxidations of IAA and its ethyl ester,
catalyzed by HR P, were monitored by the consumption
of dioxygen dissolved in the reaction medium. It is well
established that the mechanism for HRP-catalyzed
oxidation of IAA, in the absence of H,0O,, involves an
oxidative decarboxylation, leading to a skatolyl radical**%.
Here, the oxidation studies were conducted in a slightly
acid medium (pH 5.5), which is ideal for HR P-catalyzed
oxidation of IAA.?*** The radical coupling between the
skatolyl and dioxygen explains the fast oxygen uptake
when TAA was mixed with HRP (Figure 1A)." The
oxidations were also studied at the physiological pH 7.4.
Although the reaction rate for oxidation was decreased,
compared to that at pH 5.5, similar results were obtained
at pH 7.4 (Fig. 1B).

The HRP was completely inactive when IAA was
replaced by its ethyl ester. However, when an esterase
was added to the reaction mixture, leading to hydrolysis
of IAA-ethyl ester to the precursor IAA, the oxidation
took its natural course. The assumption that esterase was
catalyzing the hydrolysis of the [AA-ethyl ester to IAA
was confirmed by HPLC.The chromatograms depicted
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Figure 1- Dioxygen consumption provoked by the oxidation
of TAA or IAA-ethyl ester catalyzed by HRP. Reaction
conditions: when present, I mM [AA, 1 mM TAA-ethyl ester,
0.5 uM HRP and various concentrations of esterase in 0.05
M phosphate bufter at 37°C.The final volume was 3 mL. (A)
Reactions at pH 5.5.Trace 1: TAA-ethyl ester and HRP. Trace
2:T1AA and HR P Trace 3: TAA-ethyl ester, 0.5 units/mL esterase
and HRP Trace 4: [AA-cthyl ester, 1.5 units/mL esterase and
HRP.Trace 5:IAA-ethyl ester, 3.0 units/mL esterase and HRP.
(B) Reactions at pH 7.4. Trace 1: IAA-ethyl ester and HRP.
Trace 2:TAA and HRP.Trace 3: IAA-ethyl ester, HRP and 3.0
unit/mL esterase.

in Fig. 2 show the peak for IAA (trace A), the peak for
IAA-ethyl ester (trace B), the peak for IAA-ethyl ester
after hydrolysis (trace C) and the peaks obtained when
the reaction mixture containing IAA-ethyl ester, esterase
and HRP was injected (trace D).

The potential cytotoxicity of IAA and its ethyl
ester in combination with HRP was assessed using the
lineage McCoy cells. Using the Trypan Blue exclusion
assay, which is based on the rupture of the cell membrane
of dead cells, it was found that the combination HRP/
IAA is highly cytotoxic in this experimental model
(Figure 3). The inset in Fig. 3 also shows that neither
HRP nor IAA were cytotoxic on their own.

The mechanism of cytotoxicity of JAA/HRP
is linked to the generation of oxidant species such
as the peroxyl radical and hydrogen peroxide.'”? In
corroboration of this, Figure 4 shows that antioxidant
substances, such as melatonin and ascorbic acid, partially
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Figure 2- Chromatographic profile of IAA and IAA-ethyl ester.
Reaction conditions: 1 mM IAA or 1 mM IAA-ethyl ester, 0.5
pM HRP and 3.0 units/mL esterase in 0.05 M phosphate buffer
pH 5.5 at 37°C. The reaction mixture (20 pL) was analyzed
1 h from the start of the reaction.Trace A: Peak for IAA.Trace
B: peak for IAA-ethyl ester. Trace C: peak for IAA-ethyl ester
after hydrolysis catalyzed by esterase. Trace D: peaks obtained
after oxidation of the hydrolyzed IAA-ethyl ester by HRP.

impeded the death of cells. When the reaction mixture
was made anaerobic, by bubbling nitrogen during the
course of the reaction, the cytotoxicity of IAA/HRP was
significantly decreased (Figure 4).This is further evidence
of the generation of peroxyl radicals. As expected,
considering the lack of reactivity between HRP and the
IAA-ethyl ester, this enzyme/prodrug combination was
significantly less cytotoxic in the absence of the esterase
(Figure 5).

Similar results were obtained using the neutral
red assay, which is based on the uptake of neutral red
in the lysosomes of living cells.?! In this case, the cells
were incubated for 24 h with the various combinations
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Figure 3- Cytotoxicity of IAA/HRP to McCoy cells assessed
by trypan blue exclusion assay. Reaction conditions: McCoy
cells (1 x 10° cells/mL) and 1 uM HRP were incubated in PBS
for 1 hour at 37°C. See methods for experimental details. The
results are mean and SD of triplicates. (Inset) Controls with 2
mM TAA or TuM HRP alone, compared to the complete system.

+ Nitrogen
+ Ascorbic acid
+ Melatonin
-HRP
)
H F oy / oy
positive control : 7.”--//{';/? ///5/ 7 //
—_————

Dead Cells (%)

Figure 4 - Effect of antioxidants and absence of dioxygen on
HRP/TAA cytotoxicity. Reaction conditions: McCoy cells (1
x 10¢ cells/mL), 2 mM TAA, 1 uM HRP and, when present,
1 mM melatonin or 0.1 mM ascorbic acid were incubated in
PBS for 1 hour at 37°C. See methods for experimental details.
For anaerobic experiments, the reaction mixtures were purged
with nitrogen. The results are mean and SD of triplicates
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Figure 5 - Cytotoxicity of [AA-ethyl ester/esterase/HRP to
McCoy cells assessed by trypan blue exclusion assay. Reaction
conditions: McCoy cells (1 x 10°cells/mL), 1 pM HRP,2 mM
IAA-ethyl ester and 5 units/mL esterase were incubated in PBS
for 1 hour at 37°C. See methods for experimental details. The
results are mean and SD of triplicates.

of TAA or IAA-ethyl ester and enzymes. Once again, a
significant difference was observed between the IAA-
ethyl ester alone and in combination with HRP and
esterase. However, IAA-ethyl ester alone also exhibited
some toxicity in this experimental model (Figure. 6).
similar cytotoxic effects of IAA and [AA-ethyl ester in
the absence of added esterase could be explained by a
cellular esterase activity in the McCoy cells.
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Figure 6 -Cytotoxicity of IAA/HRP or IAA ethyl ester/
esterase/HRP to McCoy cells assessed by neutral red assay.
Reaction conditions: McCoy cells (1 x 10* cells/mL), 1 uM
HREP, 5 units/mL esterase. The results are mean and SD of
triplicates.
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Discussion

The restriction of the action of toxic drugs to
tumor sites is the major concern in cancer chemotherapy.
ADEPT and related strategies such as gene-directed
enzyme/prodrug (GDEPT) and virus-directed enzyme
prodrug (VDEPT) therapies are among the most widely
studied techniques to target tumor cells.®® TAA is a
promising candidate in this area, since it has low toxicity
before its oxidation, catalyzed by HRP."?

The specificity of HRP towards IAA, in the
absence of H,O, is really remarkable, since peroxidases
are among the most unspecific enzymes. Indeed,
HRP belongs to a class of enzymes that use hydrogen
peroxide as a co-substrate to oxidize a large number
of phenol, aromatic amine and indole derivatives.””-?
Another important peroxidase is myeloperoxidase, which
comprises up to 5 % of the protein content in neutrophils
and is responsible for the production of bactericidal
hypochlorous acid when these cells are activated.®
However, only HRP is able to catalyze the oxidation of
IAA without hydrogen peroxide.®! This high specificity
has been confirmed here, since the ethyl ester of [AA,
despite its structural similarity to IAA, was not recognized
as a substrate by HRP. A reasonable explanation for the
lack of reactivity between HRP and IAA-ethyl ester is
the impossibility of oxidative decarboxylation while the
protective ethyl group remains. This step is responsible
for the production of skatolyl hydroperoxide which is
essential for enzyme turnover and generation of cytotoxic
species.”** The necessity of oxidative decarboxylation
during IAA-mediated generation of cytotoxic species was
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the basis of our choice of [AA-ethyl ester as a potential
prodrug. We suggest that the experimental design
proposed here, in which two enzymes are necessary to
trigger the generation of cytotoxic species, could confer
an improved selectivity on a tumor site.

Certainly, one could argue that esterases are
ubiquitous in mammalian cells and, consequently, not
adequate for the ADEPT strategy. However, our proposal
is just a model and could be further improved, for instance,
by the synthesis of the B-galactoside ester of IAA. In this
case, the cytotoxicity could be triggered by two non-
mammalian enzymes, namely HRP and B-galactosidase,
conjugated to specific antibodies against the tumor cell.
Both enzymes have been used in the ADEPT strategy.®'2
The proposal of using two enzyme-antibody conjugates to
target a tumor cell seems more complicated compared to
the usual ADEPT strategy; however, this approach could
provide more selectivity since two specific antigens, in
the tumor cell, should be recognized before triggering the
cytotoxic effect by adding the nontoxic prodrug. Indeed,
as well-known, systemic toxicity combined with lack of
tumor selectivity is a major concern in cancer therapy.
The scheme depicted in Figure 7 shows our proposal
for the use of esters of IAA as two enzyme-dependent
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/L L/:[ horsehadish species
B-galactosidase ‘-N peroxidase
-H or ather
IAA- estar non-human
hydrolytic enzyme 1AA

where R=B-galactoside
or other suitable
protection group

Figure 7- Proposal for the use of ester derivatives of IAA as a
two-enzyme-dependent prodrug for ADEPT strategy.

prodrug in ADEPT or related strategies.

Another potential application of the IAA-ethyl
ester derives from the fact that it is more liposoluble
than TAA. For instance, in the GDEPT strategy, where
engineered cells could express HRP? In this case, after the
diffusion of the IAA-ethyl ester to intracellular medium,
endogenous esterases could hydrolyze it, releasing IAA
as a substrate for the expressed HRP.

Our main focus in this work was to demonstrate
anew chemical approach to producing cytotoxic species.
The choice of the McCoy fibroblast cells was purely for
our convenience, since this is the only readily available
cell line in our laboratory. Unfortunately, IAA and the
IAA-ethyl ester were toxic to McCoy cells in the absence
of HRP and esterase when used at concentrations higher
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than 1 mM. Further studies, using other tumor cells,

should be carried out with this model.

Financial Supports

This study was supported by Funda¢io de Amparo

a Pesquisa do Estado de Sio Paulo (Fapesp) and Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico
(CNPq).

References

10.

11.

12.

13.

14.

Kratz E Miiller IA, Ryppa C, Warnecke A. Prodrug Strategies in
Anticancer Chemotherapy. ChemMedChem 2007; 3:20-53.

Bagshawe KD.Antibody-directed enzyme prodrug therapy (ADEPT)
for cancer. Expert Rev Anticancer Ther 2006; 6:1421-31.

Jung M. Antibody directed enzyme prodrug therapy (ADEPT) and
related approaches for anticancer therapy. Mini Rev Med Chem
2001; 1:399-407.

Bagshawe KD. Targeting: the ADEPT story so far. Curr Drug Targets
2009; 10:152-7.

Tietze LE Schuster HJ, Krewer B, Schuberth I. Synthesis and biologi-
cal studies of different duocarmycin based glycosidic prodrugs for
their use in the antibody-directed enzyme prodrug therapy. ] Med
Chem 2009; 52:537-43.

Tietze LE Krewer B. Novel analogues of CC-1065 and the duocar-
mycins for the use in targeted tumour therapies. Anticancer Agents
Med Chem 2009; 9:304-25.

Xu G, McLeod HL. Strategies for enzyme/prodrug cancer therapy.
Clin Cancer Res 2001;7:3314-24.

Wang S, Liu D, Zhang X, Li S, Sun', Li J, et al. Study on glycosy-
lated prodrugs of toxoflavins for antibody-directed enzyme tumor
therapy. Carbohydr Res 2007; 342:1254-60.

Thomas M, Rivault E Tranoy-Opalinski I, Roche J, Gesson JP, Papot
S. Synthesis and biological evaluation of the suberoylanilide hy-
droxamic acid (SAHA) beta-glucuronide and beta-galactoside for
application in selective prodrug chemotherapy. Bioorg Med Chem
Lett 2007; 17:983-6.

Pedone E, Searle F Brocchini SJ. Diethylstilbestrol glutamate as a
potential substrate for ADEPT. ] Drug Target 2006; 14:437-43.
Alaoui AE, Saha N, Schmidt E Monneret C, Florent JC. New Taxol
(paclitaxel) prodrugs designed for ADEPT and PMT strategies in

cancer chemotherapy. Bioorg Med Chem 2006; 14:5012-9.

Cheng H, Cao X, Xian M, Fang L, Cai TB, Ji JJ, et al. Synthesis and
enzyme-specific activation of carbohydrate-geldanamycin conju-
gates with potent anticancer activity. ] Med Chem 2005;48:645-
652.

Folkes LK, Candeias LP, Wardman P. Toward targeted “oxidation
therapy” of cancer: peroxidase-catalysed cytotoxicity of indole-3-
acetic acids. Int J Radiat Oncol Biol Phys 1998; 142:917-20.

Folkes LK, Rossiter S, Wardman P. Reactivity toward thiols and cy-
totoxicity of 3-methylene-2-oxindoles, cytotoxins from indole-3-

15.

16.

17.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

acetic acids, on activation by peroxidases. Chem ResToxicol 2002;1
5:877-82.

Kim DS, Jeon SE, Park KC. Oxidation of indole-3-acetic acid by
horseradish peroxidase induces apoptosis in G361 human melanoma
cells. Cell Signal 2004; 16:81-8.

Kim DS, Jeon SE, Jeong YM, Kim SY, Kwon SB, Park KC. Hydro-
gen peroxide is a mediator of indole-3-acetic acid/horseradish
peroxidase-induced apoptosis. FEBS Lett 2006; 580:1439-46.

Park KC, Kim SY, Kim DS. Experimental photodynamic therapy
for liver cancer cell-implanted nude mice by an indole-3-acetic
acid and intense pulsed light combination. Biol Pharm Bull 2009;
32:1609-13.

. Liao Z, Huang C, Zhou E Xiong J, Bao J, Zhang H, et al. Radiation

enhances suicide gene therapy in radioresistant laryngeal squamous
cell carcinoma via activation of a tumor-specific promoter. Cancer
Lett 2009; 283:20-8.

. Mourio LR, Santana RS, Paulo LM, Pugine SM, Chaible LM, Fuku-

masu H, et al. Protective action of indole-3-acetic acid on induced
hepatocarcinoma in mice. Cell Biochem Funct 2009; 27:16-22.

Xu KL, Zhang Y, Pan XY, Lu QX. Inhibiting the expression of
CD28 costimulatory molecule on human lymphocytes by special
siRINA. Chinese Med J (Engl) 2005; 118:480-6.

Borenfreund E, Puerner JA. Toxicity determined in vitro by mor-
phological alterations and neutral red absorption. Toxicol Lett 1985;
24:119-24.

Gazarian IG, Lagrimini LM, Mellon FA, Naldrett MJ, Ashby GA,
Thorneley RN. Identification of skatolyl hydroperoxide and its
role in the peroxidase-catalysed oxidation of indol-3-yl acetic acid.
Biochem ] 1998: 333:223-32.

Nakajima R ,Yamazaki . The mechanism of indole-3-acetic acid oxida-
tion by horseradish peroxidases. ] Biol Chem 1979; 254:872-8.
Candeias LP, Folkes LK, Denis ME Patel KB, Everett SA, Stratford
MRL, et al. Free-radical intermediates and stable products in the
oxidation of indole-3-acetic-acid. ] Phys Chem 1994; 98:10131-7.
Greco O, Dachs GU, Tozer GM, Kanthou C. Mechanisms of cy-
totoxicity induced by horseradish peroxidase/indole-3-acetic acid
gene therapy. ] Cell Biochem 2002; 87:221-322.
Silva AT, Chung MC, Castro LE Guido RV, Ferreira EI. Advances in
prodrug design. Mini Rev Med Chem 2005; 5:893-914.
Veitch NC. Horseradish peroxidase: a modern view of a classic
enzyme. Phytochem 2004; 65:249-59.
Ryan O, Smyth MR, Fagiin CO. Horseradish peroxidase: the
analyst’s friend. Essays Biochem 1994; 28:129-46.
Ximenes VE Campa A, Catalani LH. The oxidation of indole
derivatives catalyzed by horseradish peroxidase is highly chemilu-
minescent. Arch Biochem Biophys 2001; 387:173-9.
Klebanoft SJ. Myeloperoxidase: friend and foe. ] Leukoc Biol 2005;
77:598-625.

Krylov SN, Dunford HB. Evidence for a free radical chain mecha-
nism in the reaction between peroxidase and indole-3-acetic acid
at neutral pH. Biophys Chem 1996 ;58:325-34.

Greco O, Folkes LK, Wardman P, Tozer GM, Dachs GU. Develop-
ment of a novel enzyme/prodrug combination for gene therapy of
cancer: horseradish peroxidase/indole-3-acetic acid. Cancer Gene
Ther 2000; 7:1414-20.

Submitted:14/12/2009
Aproved: 18/02/2010
Publish: 14/04/2010

Applied Cancer Research, Volume 30, Number 1, 2010 209



