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Keywords:

TPEN is an amino chelator of transition metals that is effective at the cellular and whole organism levels.

TPEN Although TPEN of often used as a selective zinc chelators, it has affinity for copper and iron and has been shown

Transition metals
ROS

Cancer

Cell death

to chelate both biologically. We have previously shown that TPEN selectively kills colon cancer cells based on its
ability to chelate copper, which is highly enriched in colon cancer cells. The TPEN-copper complex is redox
active thus allowing for increased ROS production in cancer cells and as such cellular toxicity. Here we generate

TPEN derivatives with the goal of increasing its selectivity for copper while minimizing zinc chelation to reduce
potential side effects. We show that one of these derivatives, TPEEN despite the fact that it exhibits reduced
affinity for transition metals, is effective at inducing cell death in breast cancer cells, and exhibits less toxicity to
normal breast cells. The toxicity effect of the both chelators coupled to the metal content of the different cell
types reveals that they exhibit their toxicity through chelating redox active metals (iron and copper). As such
TPEEN is an important novel chelators that can be exploited in anti-cancer therapies.

1. Introduction

N,N,N’,N’-tetrakis(2-pyridylmethyl)-1,2-ethanenediamine =~ (TPEN)
belongs to the family of acyclic amino chelators that exhibit a high
affinity for transition metals based on their ethylene diamine ligand
group [7]. TPEN has six amino donor groups including two aliphatic
amino nitrogens and four heterocyclic nitrogens making it a potential
hexadentate ligand. TPEN is capable of freely crossing biological
membranes and chelates copper, zinc and iron with high efficiency.
Nonetheless, most functional studies employ TPEN as a selective zinc
chelators while minimizing its de facto role of binding and chelating
other transition metals [6,8,13,14]. These reports argue that the ob-
served phenotype, which is mostly the induction of cell death by
apoptosis following TPEN treatment, is due to zinc chelation while ig-
noring potential effects that may arise following the chelation of other
transition metals. In fact, TPEN has been shown to effectively chelate
and deplete copper from HL-60 cells [15]. This is an important con-
sideration given that the stability constant in solution for the TPEN-
cu?t complex (20.5) is significantly higher than that for the TPEN-
Zn®* complex (15.5), with the stability constant for the TPEN-Fe®*
iron complex at 14.6 [1]. Therefore, at the cellular level TPEN is likely
to chelate all three transition metals with significant efficiency. There is

at least one report that argues that in the brain TPEN may show se-
lectivity for zinc over copper [2].

Supporting the above argument, Fatfat et al. argued that TPEN
treatment of colon cells causes apoptosis by chelating copper and al-
lowing it to redox cycle within the complex [9]. Normal colon epithelial
cells were able to tolerate TPEN concentrations on the order of 5 uM,
concentrations that led to significant cell death in colon cancer cells.
This selective killing was shown to be due to the fact that colon cancer
cells accumulate copper to significantly higher levels than that of
normal cells. TPEN effectively strips copper from cellular proteins and
its redox cycling within the TPEN-copper complex results in reactive
oxygen species (ROS) generation. With higher levels of copper in colon
cancer cells, their treatment with TPEN leads to higher levels of ROS
and explains the selective toxicity observed [9]. In contrast to copper,
zinc is not redox active and as such does not contribute to the gen-
eration of ROS. However, zinc chelation will have deleterious effects.
We were therefore interested in modifying TPEN to increase its se-
lectivity for copper while minimizing zinc chelation.

From the crystal structures of TPEN [4] we know that TPEN has 6
possible donor groups. In order for TPEN to sequester Zn>* or Fe** all
6 of the donor groups are used, but Cu®” is chelated by only 5 of the
possible 6 donor groups. Using this premise, we sought to make TPEN
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derivatives which could preferentially bind Cu®>* by removing one of
the four pyridine rings of TPEN and replacing it with an ethyl or methyl
group or by increasing the linker length to try and disrupt metal binding
ability.

2. Materials and methods
2.1. Materials

TPEN (Cat. P4413) and Luperox TBH70X (tert-Butyl hydroperoxide
solution, TBHP, Cat. 458139) were purchased from Sigma Aldrich. 2-
(Chloromethyl)pyridine hydrochloride (98%) and amines used were
purchased from Sigma Aldrich. All reagents were used without further
purification. WST1 was purchased from Roche Life Sciences (SKU
5015944001). CellRox Deep Red was purchased from Life Technologies
(Cat. C10422). CMH,DCMDA was purchased from Thermo Fisher (Cat.
C6827).

2.2. Cell lines and culture

Human mammary epithelial cells (HMEC) cells were purchased
from Lonza and grown using media recommended by the manufacturer
utilizing low passage number. MCF7 and MDA-MB231 cells are from
ATCC and grown with DMEM supplemented with 10% FBS and 1%
Penicillin Streptomycin.

2.3. Spectrophotometry of TPEN and TPEEN

Spectra were recorded wusing a Cary 5000 UV-Vis-NIR
Spectrophotometer with a semi-micro quartz cuvette with a final re-
action volume of 450 pL. A 1 mM stock of TPEN or TPEEN was made in
100% ethanol and stored at —20 °C. 50 uM TPEN or TPEEN dilution
was made in 20 mM Tris pH 7.5. A 1 mM stock concentration of CuCl,
was made in 20 mM Tris pH 7.5.

2.4. WST1 cell death assay

7 x 10° to 1 x 10* of HMEC, MCF7 and MDA-MB-231 cells were
plated per well of a 96-well plate. One experiment consisted of 7 re-
plicates for each TPEN concentration that were averaged. Consistently,
with all cell lines and TPEN compounds, there are some wells that fail
to react with the WST1 because the cells in the well are already dead
prior to incubation. For this reason, replicates outside of 1 standard
deviation were discarded in the averaging. Each experiment was re-
peated at least 3 times. 100 mM stocks of TPEN or TPEEN were made in
100% ethanol and stored at —20°C. 1 mM working stocks of these
compounds were made fresh by dilution into cell culture media. The
media was removed from all wells and replaced with fresh media
supplemented with the appropriate [TPEN] or [TPEEN]. Cells were
incubated for 24 h after which 10 uL of WST1 was added directly into
each well (in the dark) followed by a 1 h incubation at 37 °C. The WST1
compound is light sensitive so the 96 well plate is covered in foil during
the incubation period. The absorbance is measured directly between
420 and 480 nm with a reference wavelength at 600 nm. The blank for
this experiment is media (no cells) plus WST1. The control well is media
plus 0.1% ethanol and WST1. The following equation was used to
calculate % viability of the cells:

Abs(420 nm — 600 nm) — blank .

% Viability =
4 blank — control

100

2.5. Measuring ROS generation in cell lines.

HMEC, MCF7 and MDA-MB-231 cells were treated with 12.5uM
CellRox Deep Red or 10 uM CM-H,DCFDA florescent dyes in the pre-
sence or absence of 10 uM TPEN or 10 uM TPEEN. The increase in
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fluorescence indicates an environment that has more ROS. TPEN or
TPEEN were added at the same time as the dye for a total incubation of
45 min. The CM-H,DCFDA dye was reconstituted in 100% ethanol and
incubated with the cells ( = TPEN or = TPEEN) in PBS where the
CellRox Deep Red dye is compatible in complete media. Cells were
trypsinized after the 45min incubation time and washed with PBS.
300 pL of PBS was added to the washed cell pellets for FACS analysis.
TBHP positive control was used at a final concentration of 100 pM.

2.6. Inductively coupled mass spectroscopy

Cell pellets were analyzed by University of Nebraska-Lincoln as
previously described [16].

3. Synthesis of TPEN derivatives

The following procedure was modified from [3].

N'-ethyl-N', N%, N°-tris(pyridin-2-ylmethyl)ethane-1,2-diamine
(TPMEN): N-ethyl diamine (550 mg, 6.24 mmol) was dissolved in
CH,Cl, (10 mL). Chloromethyl pyryidine HCI salt (3.07 g, 18.71 mmol)
was added followed by water (10 mL). Solution of NaOH in water (1.8 g
in 6 mL) was added drop wise and the reaction mixture was stirred at
RT for 3 days. Water (50 mL) was added and product was extracted with
CH,Cl, (3 x 20 mL), dried over MgSO,, solvent volume reduced to ca.
10 mL under vacuum and transferred to short chromatographic column
and purified with EtOAc/MeOH gradient (0-30% MeOH). All products
were isolated as viscous orange oils.

N'-ethyl-N', N?, N?-tris(pyridin-2-ylmethyl)ethane-1,2-diamine
(TPMEN): 'H NMR (400 MHz, CDCl;, supporting figure 1) § 0.90 (t,
J =7.0Hz, 3H), 2.43 (q, J = 7.0Hz, 2H), 2.62 (s, 4H), 3.61 (s, 2H),
3.74 (s, 4H), 6.99-7.04 (m, 3H), 7.30-7.54 (m, 6H), 8.38-8.41 (m, 8H).
3¢ NMR (100 MHz, CDCls, supporting figure 2) § 11.7 (CHs), 48.1
(CH;-N), 51.6 (CH»>-N), 52.1 (CH»-N), 60.1 (CH,-Py), 60.6 (2xCH,-Py),
121.5 (C), 121.6 (2xC), 122.6 (3xCH), 136.0 (CH), 136.1 (2xCH), 148.6
(CH), 148.7 (2xCH), 159.6 (2xCH), 160.1 (CH). 2.05g (91%), orange
oil.

X
_N

\
-

N/\/N
B g
= NS

N'-methyl-N", N%, N*-tris(pyridin-2-ylmethyl)ethane-1,2-dia-
mine (TPEEN): 'H NMR (600 MHz, CDCl;, supporting figure 3) § 2.06
(s, 3H), 2.52 (t, J = 6.6 Hz, 2H), 2.63 (t, J = 6.7 Hz, 2H), 3.50 (s, 2H),
3.71 (s, 4H), 6.97 (br. s, 3H), 7.22 (d, J = 7.8 Hz, 1H), 7.37-7.48(m,
5H), 8.35 (br. s, 3H). 13C NMR (125 MHz, CDCls, supporting figure 4) &
42.5 (CH;-N), 51.8 (CH»-N), 55.2 (CH,-N), 60.4 (2xCH,-Py), 63.7 (CH,-
Py), 121.5 (3xCH), 122.5 (2xC), 122.6 (C), 135.97 (CH), 135.99
(2xCH), 148.57 (2xCH), 148.59 (CH), 158.9 (CH), 159.4 (2xCH). 1.75¢g
(86%), orange oil.

‘ X
_N
|
NN
B N
= NS

N'-methyl-N", N%, N*-tris(pyridin-2-ylmethyl)propane-1,3-dia-
mine (TPEPN): 'H NMR (600 MHz, CDCl,, supporting figure 5) §
1.73-1.76 (m, 2H), 2.17 (s, 3H), 2.41 (t, J="7.3Hz), 2.57 (t
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J = 7.2 Hz, 2H), 3.58 (s, 2H), 3.78 (s, 4H), 7.09-7.10(m, 3H), 7.29 (d,
7.8 Hz, 1H), 7.45-7.60 (m, 5H), 8.47 (m, 3H). *C NMR (125 MHz,
CDCl3, supporting figure 6) § 24.8 (CH,), 42.3 (CHj3), 52.4 (CH>-N),
55.6 (CHy-N), 60.4 (2xCH,-Py), 63.6 (CH,-Py), 121.81 (C), 121.83
(2xC), 122.8 (2xCH), 123.0(CH), 136.30 (2xCH), 136.32 (CH), 148.81
(2xCH), 148.84 (CH), 159.3 (CH), 159.8 (2xCH). 1.59 g (75%) orange

oil.
B B
N |
| S
=

3.1. Stability constant determinations

The stability constants (3) for TPMEN, TPEEN, and TPEPN with
Cu®*, Zn®*, and Fe?* were determined spectrophotometrically using
the competitive method described previously by [12]. The method es-
tablishes the stability constant a ligand-metal complex relative to that
of another complex for which the stability constant is known. Anderegg
et al. determined that the stability constant for the complex of
N,N,N’,N’-tetrakis(2-pyridinylmethyl)-1,2-ethanediamine and Cu®*
([Cu(TPEN)1**) is 3.5 x 102° or log (Br,,_rpgy) = 20.54 [1]. Using TPEN
as the competing ligand against TPMEN for Cu®*, a series of solutions
were prepared of known total TPEN concentration (Crpgy), total
TPMEN concentration (Crpyey), and total Cu?* concentration (Cg,).
Spectrophotometric analysis of these solutions at 300 nm provided data
from which f.,_rpypy Was elucidated. For a pair of solutions of dif-
ferent ligand and/or metal concentration, Solutions 1 and 2, absor-
bance values at 300 nm (Ajzpo—1) and (Asp—,) were measured using an
Agilent 8453 spectrophotometer and a 1 cm quartz cuvette. All solu-
tions contained 0.10 M KCl and were brought into the pH range 6.0-6.5
through addition of 0.1 M KOH. As shown in Egs. (1) and (2), absor-
bance values at this wavelength are assumed to functions of only the
molar absorptivities for Cu-TPEN (ec,_7pev) and Cu-TPMEN
(ecu—tpmen) and their respective equilibrium concentrations,
[Cu — TPEN] and [Cu — TPMEN].

€cu—1pen [Cu — TPEN|, + ecy—_rpuen [Cu — TPMEN], (€9)

Aszo0-1

€cu—tpEN [Cu — TPEN], + €cy_tpmen [Cu — TPMEN], 2

Egs. (3)-(5) provide typical mass-balance expressions for Solution 1,
where [Cu?*] is the concentration of free metal, [TPEN] is the con-
centration of free TPEN, and [TPMEN] is the concentration of free
TPMEN. Analogous relationships for Solution 2 are provided in Egs.
(6)-(8).

Aszp0-2

Crpen-1 = [TPEN], + [Cu — TPEN], 3
Crevsn-1 = [TPMEN], + [Cu — TPMEN], )
Ceus = [Cu?*], + [Cu — TPENY, + [Cu — TPMEN], )
Crpen—2 = [TPEN], + [Cu — TPEN], (6)
Crevn_» = [TPMEN], + [Cu — TPMENT, %)
Ceu_s = [CU?*], + [Cu — TPEN, + [Cu — TPMENT, @)

The stability constant expressions for Solutions 1 and 2 are provided in
Egs. (9) and (10), where B.,_;pypy i the stability constant for the Cu-
TPMEN complex.

[Cu— TPEN], _ [Cu— TPEN],
[Cu?*|,[TPENT], ~ [Cu?*],[TPEN],

Beu—rren =

9
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Table 1
Ligand-metal stability constants.
log (B)
Ligand Cu?* Zn%* Fe?*
TPEN" 20.5 = 0.1 15.6 = 0.1 14.6 = 0.1
TPMEN 19.0 £ 0.2 13.3 £ 0.2 119 = 0.2
TPEEN 19.1 + 0.2 129 + 0.2 11.7 = 0.3
TPEPN 19.0 =+ 0.3 11.7 = 0.2 11.0 = 0.4
@ Data from [1].
[Cu — TPMEN}; [Cu — TPMEN],
Beu—remen = T = T
[Cu?*+],[TPMEN], [Cu**],|[TPMEN], (10)

A least-squares analysis of this system of equations, performed using
SEQS 3.1 distributed by CET Research Group, provides B, _rpyen-

Once B, _rpyey had been determined, the same competition
method, in the first case between TPMEN for both Cu?* and Zn?*, and
in the second between TPMEN for both Zn?" and Fe?™, was used to
establish 8, rpyey and Bp,_rpypy- Similarly, B, _rpeey and Bey_rpeey
were determined by competition between the respective ligands and
TPEN for Cu®>*. Subsequent experiments were then performed to as-
certain stability constants for the Zn?* and Fe>" complexes.

4. Results and discussion
4.1. Stability constants of TPEN and TPEN derivatives

Our first goal was to characterize the affinity each TPEN derivative
had for Cu®?*, Zn?>* and Fe?* and compare them to TPEN. Table 1
shows the ligand-metal stability constants for the three TPEN deriva-
tives used in this study. Ultimately, our goal was to modify TPEN in a
way that we could either increase the affinity for Cu®>* or decrease the
affinity for Zn®* and Fe®*.

Interactions between TPMEN, TPEEN, and TPEPN and the metals
investigated are quite strong. Although the ligands investigated lack a
2-pyridylmethyl moiety when compared to TPEN, previous studies have
reported that the coordination number for Cu?" in [Cu(TPEN)]?" is
only five [1,11]. It is perhaps not surprising, therefore, that the chelate
stabilities of the Cu?* complexes are closer to that of TPEN when
compared to the corresponding Zn?>* and Fe?* complexes. The small
differences in stability constants between TPMEN and TPEEN are
within the experimental errors. If genuine, these dissimilarities are
likely a result of the competing effects of slightly increased basicity at
the amino nitrogen for the ethyl substituent compared to the methyl
versus the somewhat reduced steric hindrance of metal chelation for the
methyl compared to the ethyl. The additional methylene group between
the amino nitrogens in TPEPN produces a six-member chelation ring,
compared to five-member rings in the other ligands investigated. The
increased ring size leads to reduced stability for the Zn>* and Fe**
complexes, while the stability of the Cu®>* complex appears unaffected.
A similar trend was observed in the stabilities of ethylenediaminete-
traacetic acid (EDTA) metal complexes when compared to those of
trimethyleneaminetetraacetic acid (TMDTA), with stability constants
observed to generally decrease as ionic radius increases [10]. Stability
constants for complexes of the pentadentate ligand N,N,N’-tris(2-pyr-
idylmethyl)-N’-benzyl-1,2-ethanenediamine (BnTPEN) with 7n3* [17]
and Fe?" [12] have been determined previously to be 1 x 10'°® and
5 x 103, respectively. Both values are higher than those obtained for
similar complexes in this study. Interestingly, Bruno et al. observed that
benzyl-substituted ethylenediaminetriacetic acid had a larger stability
constant with Cu®>* than did various alkyl-substituted analogs by ap-
proximated four orders of magnitude [5].

Both the TPMEN and TPEEN derivatives have nearly identical sta-
bility constants for Cu®>*, Zn** and Fe?". Therefore, we selected
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Fig. 1. UV-VIS spectra of TPEN and TPEEN. (A) 50 uM TPEN (black) plus the addition of 47.6 uM CuCl, (blue) and (B) 50 uM TPEEN (black) plus the addition of
47.6 UM CuCl,, (red). (C) and (D) Titration plot of TPEN and TPEEN, respectively, showing the addition of increasing amounts of CuCl,. Absorbance for panels C and

D were measured at 300 nm. All spectra were recorded in 20 mM Tris pH 7.5.

TPEEN for further characterization studies. The TPEN derivative,
TPEPN, precipitates at higher pH and was not pursued for further stu-
dies. Fig. 1 shows spectrophotometric analysis of TPEN and TPEEN in
the presence and absence of Cu®*. Fig. 1A shows 50 uM TPEN before
(black) and after the addition of 47.6 uM CuCl, (blue). We observe an
increased absorbance with A« at 302 nm and shows approximate 1:1
stoichiometry as demonstrated by the titration plot in Fig. 1C. Similarly,
we observe an increased absorbance at 302 nm with the TPEEN deri-
vative upon the addition of 47.6 uM CuCl, (Fig. 1B, red) under the same
conditions. Again, the TPEEN derivative also demonstrates approximate
1:1 binding with the Cu®* ligand (Fig. 1D).

4.2. Characterizing TPEEN

For this study we tested the cytotoxic effects of TPEN and TPEEN on
normal breast cells, HMEC, as well as two breast cancer cell lines, MCF7
and MDA-MB-231. When compared to TPEN, the TPEEN compound was
able to kill the MCF7 and MDA-MB-231 cells with nearly equal effi-
ciency as TPEN itself (Fig. 2). However, both TPEN and TPEEN have a
slightly lower ICsq values for the normal breast cells when compared to
the two cancerous breast cell lines (Fig. 2 table inset), with the differ-
ence being for TPEEN the ICs, for the normal and cancerous cell lines
are similar. Another important difference between TPEN and TPEEN is
the level of toxicity reached at maximal concentrations of the chelators.
Whereas TPEN even at the highest concentrations used was able to kill a
maximum of around 75% of the population of cancerous breast cells
(Fig. 2A), TPEEN was significantly more effective at the levels of killing
reaching close to 90% of the population (Fig. 2B).
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4.3. Metal analysis of cell lines

Our initial hypothesis for generating these TPEN derivatives was to
see if we could have a selective Cu®>* chelator since previous work
showed that NCM460 colon cells had 5 times less Cu?>* than the can-
cerous HCT116 cells [9]; and TPEN had a lower ICsq value for HCT116
cells than for the normal NCM460 cells with values of 8.3uM and
13 uM, respectively. These data along with others from Fatfat et al.
support the hypothesis that cancerous cells have more copper than their
normal counterparts and this is the reason TPEN is more effective at
killing in cancerous cells vs. normal cells.

We then measured the transition metal content of normal breast
cells (HMEC) as well as MCF7 and MDA-MD-231 cell samples using ICP-
MS (Fig. 3). These data show that the cancerous breast cells, similar to
what is observed in colon cells, have more Cu?" than the normal breast
cells. However, in contrast to what is observed in colon cancer cells the
susceptibility of the three cell lines in the cell death assay (Fig. 2) does
not correlate with their copper content, since the normal HMEC cells
have a lower ICs, than both of the cancerous breast cell lines, yet it has
the lowest copper content (Figs. 2 and 3). Surprisingly though, the
HMEC cell line had significantly higher iron levels as compared to the
two cancerous cell lines MCF7 and MDA-MB-231 (Fig. 3). Just as for
copper, iron is redox active and would contribute to ROS-mediated
toxicity following TPEN or TPEEN treatment. The higher sensitivity of
HMEC cells to chelator treatment can thus be explained by the higher
levels of redox active metals (copper and iron combined) as compared
to MCF7 and MDA-MB-231 cells (Fig. 4). In the previously published
work of Fatfat et al., the Fe2" levels of both the HCT116 and NCM460
cells were very similar [9]. Therefore, the sum of copper and iron in the
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Fig. 3. Metal analysis of cell lines used in this study. ICP-MS results were calculated as published previously [16]. Values are reported as nmol metal per 10° cells.

Error bars represent SD of at least three replicates.

HCT116 cells is significantly higher than NCM460, explaining their
higher susceptibility to TPEN. In the cell lines tested in this manuscript,
the mean Fe?™ level in the HMEC (1.18 nmol/10° cells) is over three-
fold higher than the level in MCF7 and MDA-MB-231 cells lines (Fig. 3).
Similarly, HCT116 cells from our lab contained a mean value of
1.56 nmol Fe** /108 cells with ICs, value of 3.72 uM when treated with
TPEN for 24 h (data not shown).

4.4. Inducing cellular ROS with TPEN or TPEEN

Previous work demonstrated that reduction of TPEN-Fe** to TPEN-
Fe** and TPEN-Cu®* to TPEN-Cu'* complexes by ascorbic acid were
redox active and generate hydroxide radical and superoxide anion ra-
dical, respectively [9]. To test the ability of TPEEN to generate reactive
oxygen species, we incubated cells with 10 uM TPEN or TPEEN (45 min)
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Fig. 4. ROS generation in cell lines treated with TPEN or TPEEN using two different dyes for ROS detection. HMEC, MCF7 and MDA-MB-231 cells were treated with
CellRox Deep Red or CM-H,DCFDA florescent dyes for 45 min in the presence or absence of TPEN or TPEEN. TBHP acts as a positive control.

Table 2
ROS properties of CellRox Deep Red and CM-H,DCFDA dye.

Hydrogen Hydroxyl radical Hypochlorous acid Nitric oxide Peroxyl radical Peroxynitrite anion Singlet Superoxide anion
peroxide (H,05) (HO") (HOCD (NO) (ROO") (ONOO") oxygen (10,) (03D

CellRox Deep Red + +

CM-H,DCFDA + + + +

in the presence of either CellRox Deep Red or CM-H,DCFDA. Both of
these dyes are able to detect ROS but they detect different types.
Table 2 shows the CM-H,DCFDA dye is able to detect hydrogen per-
oxide (H30,), hydroxyl radical (HO’), peroxyl radical (ROO"), and
peroxynitrite anion (ONOO ™) where the CellRox Deep Red reagent
detects hydroxyl radicals and superoxide anion ('O, ") (ThermoFisher
scientific Reactive oxygen species, Table 18.1).

Figure 4 illustrates the FACS analysis which shows relatively low levels
of hydroxide radical and superoxide anion being produced with TPEN and
TPEEN in HMEC cells and little to none in MDA-MB-231 and MCF7 cells.
The data also indicate that TPEN is able to induce more ROS than TPEEN
under the same conditions. These results are consistent with the metal
content analyses and the conclusion that the chelators generate ROS by
chelating both copper and iron in these cells and would explain why we
see a lower ICsq for TPEN in the HMEC than for TPEEN.

5. Conclusions

We generate a novel TPEN derivative TPEEN by removing one of the
pyridine rings. TPEEN is as effective as TPEN in inducing cancer cell
death and exhibits less toxicity to normal breast cells. The toxicity effect
of the both chelators coupled to the metal content of the different cell
types reveals that they exhibit their toxicity through chelating redox
active metals (iron and copper). This is an important finding that could
be used to target cancer cells differentially using metal chelators. We
were however not able to generate a TPEN derivative that could spe-
cifically sequester Cu®>" by removing one of the pyridine rings of TPEN.
This may not be surprising given the multiple amino donor groups
within TPEEN and the flexibility of the molecular in coordinating me-
tals. The similar effectiveness of TPEEN in cell killing further argues
that the slightly lower affinity to metals achieved by removing the
pyridine ring is advantageous in a cellular context.
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