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G
lioblastoma multiforme (GBM) is
the most common and aggressive
malignant primary brain tumor in

humans. GBM prognosis is poor, with a
14-month median survival time despite
interventions.1 Nanovectors, nanoparticles
capable of transporting and delivering
drugs and bioactivemolecules, are an emer-
ging class of drug-delivery platforms.2 Some
nanovectors, such as hydrophilic carbon
clusters (HCCs)3�5 and single-walled carbon
nanotubes,6 can be engineered to possess
both hydrophobic and hydrophilic domains,
combining high aqueous solubility with the
ability to adsorb hydrophobic compounds.
Therefore nanovectors are an exciting avenue
for drug delivery of such compounds without
the need for covalent drug or covalent anti-
body attachment6,7 and could be used to
target glioma.7�11

HCCs are heavily oxidized carbon nano-
particles that are 30 to 40 nm long and
approximately 1 nm wide, and although
water-soluble, they must be further func-
tionalized with poly(ethylene glycol) (PEG-
5000) to maintain their solubility in phos-
phate-buffered saline (PBS), thereby render-
ing the PEG-HCCs nanovector system. Their
synthesis and characterization have been
described previously.3,4 PEG�HCCs have
three properties that allow them to be used
as nanovectors: extremely lowbiological toxi-
city with clearance mainly through the
kidneys,3 hydrophobic domains of the PEG�
HCCs that can be noncovalently loaded with
drugs,3,5 and an ability to strongly bind to
IgG-type antibodies while the antibodies
maintain the majority of their activity.4,5

Thus, drug-loaded PEG�HCCs combined
with an IgGwill bind to a chosen cell surface
antigen and deliver a hydrophobic, lipophi-
lic drug into cells that express the selec-
ted epitope. We use the nomenclature
EpitopeAB/Drug/PEG�HCCs to describe a par-
ticular hydrophilic carbon cluster antibody

enhancement system (HADES) composed
of an antibody, a drug, and the PEG�HCCs
delivery platform. In this nomenclature,
noncovalent sequestration is indicated
with a slash, “/”, and covalent bondingwith
a dash, “�”. In each case, the drug and the
antibody are added, sequentially, to the
PEG�HCCs by simple mixing; hence a fa-
cile “mix-and-treat” toolbox is afforded.4

We have sequestered three potent hydro-
phobic chemotherapeutic agents onto
the PEG�HCCs, chosen on the basis of
theoretical synergistic effect. These include
(a) SN-38, a topoisomerase I inhibitor, which
arrests the cell cycle in the S andG2phases,12

(b) vinblastine (Vin), which causes microtu-
bule detachment from spindle poles, arrest-
ing the cell cycle in theMphase at themitotic
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ABSTRACT

Introduced here is the hydrophilic carbon clusters (HCCs) antibody drug enhancement system

(HADES), a methodology for cell-specific drug delivery. Antigen-targeted, drug-delivering

nanovectors are manufactured by combining specific antibodies with drug-loaded poly-

(ethylene glycol)�HCCs (PEG�HCCs). We show that HADES is highly modular, as both the drug

and antibody component can be varied for selective killing of a range of cultured human

primary glioblastoma multiforme. Using three different chemotherapeutics and three different

antibodies, without the need for covalent bonding to the nanovector, we demonstrate

extreme lethality toward glioma, but minimal toxicity toward human astrocytes and neurons.
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spindle checkpoint,13 and (c) docetaxel (Doc), which
binds tubulin, preventing microtubule depolymeriza-
tion and arresting the cell cycle in both the G2 and M
phases, resulting in mitotic catastrophe.14 Of note,
SN-38 is dramatically more potent than the pro-drug
form, Irinotecan, but SN-38 cannot be directly adminis-
tered to patients due to its extremely low aqueous
solubility.15 The use of the HADES system allows for
the direct delivery of this active drug, and perhaps
other pharmaceutics, whose solubility requires the use
of moieties that increase solubility but limits drug
efficacy.
To treat GBM, we selected immunoglobulin G anti-

bodies (IgGs) to cell surface epitopes that are over-
expressed in glioma cells relative to other cell types.
GFAPAB is an IgG-type antibody to the glial fibrillary
acidic protein (GFAP), a protein present in reactive
astrocytes and also highly expressed in the majority
of GBM cells.16 The interleukin-13 receptor (Il-13R) is a
cytokine receptor, binding interleukin-13, and has
been found to be upregulated in a large range of
cancers, including GBM.17 Normal, unreactive, astro-
cytes express low levels of GFAP18,19 and even lower
levels of IL-13R.20 The epidermal growth factor recep-
tor (EGFR) is the cell-surface receptor for members of
the EGF family of extracellular proteins. This receptor is
overexpressed, in either full length or truncated form,
in many cancers including GBMs.21 Surface epitope
mapping was performed on primary glioma cell
cultures, and the binding of specific IgGs to GFAP:
IL-13R:EGFR had ratios of 1.0:1.3:1.6, respectively
(Figure S1a�c).
We examined the effectiveness of the antibody-

targeted, IgG/drug/PEG�HCCs in primary human
glioma cultures and control cultures of normal
human astrocytes (NHA) and human cortical neurons
(HCN). As GBM generates blood�brain barrier defects,
this antibody-guided drug-delivery system might
ultimately be used intravenously to actively target
glioma cells.22

In Figure 1a we demonstrate the ability of the
HADES formulation GFAPAB/SN-38/PEG�HCCs, with
each component concentration at 3.9 nM, 2 μM, and
2.6 nM, respectively, to induce cell death in primary
GBM cell cultures. Due to the fact that nanomaterials
can often interfere with biological assays,23 three
different methodologies were used to measure cell
viability. Total, viable, and dead gliomal cell numbers in
confluent primary GBM cell cultures were measured
using ddTUNEL (a quantitative assay for 30OH DNA
ends),24 DeadGreen,25 andHoechst stains.24 Cells were
treated with GFAPAB/SN-38/PEG�HCCs or saline for
24 h. SN-38-induced cell death could be monitored
by all three viability methodologies, but there was
slight under-reporting of total cell numbers using both
ddTUNEL and Dead Green, with respect to Hoechst,
due to the presence of overlapping cells.26 It is clear

Figure 1. Four measures of viability all show that HADES
therapy kills GBM primary cultures. (a) The three cell viabi-
lity measures, ddTUNEL (white bars), Dead Green (gray
bars), and Hoechst staining (striped bars), all give similar
live/dead numbers (averages are the black bars) in GBM
cultures in the absence (controls, left) andpresence (HADES,
right) of GFAPAB/SN-38/PEG�HCCswith each component at
the following concentrations: 3.9 nM, 2.6 nM, and 2 μM,
respectively. Viable cell numbers fall to only 44% of the
control in HADES-treated cells, and the dead cell fraction
rises from5.5% to 31%. (b) Average levels of livingGBMcells
(left), from ddTUNEL, Dead Green, and Hoechst staining,
show that the individual HADES components, PEG�HCCs,
GFAPAB/PEG�HCCs, and SN-38/PEG�HCCs are nontoxic,
whereas HADES treatment, in the form of GFAPAB/SN-38/
PEG�HCCs, causes significant cell death. Additionally,
changes in cell protein mass, using the BCA method (right
panel), correlate with viable cell numbers determined using
viability stains in fixed cells, using the lethal uncoupling
agent CCCP to establish the minimum cellular protein
levels. (c) Comparison of SN-38 toxicity when presented to
GBM in solution or as HADES. SN-38 is insoluble in water, so
it had to be delivered in ethanol and was compared to an
ethanol control. Thus, changes in protein mass after 24 h
treatment with SN-38/PEG�HCCs (white bars) and SN-38
(black bars) were compared to saline or ethanol only con-
trols, respectively. SN-38/PEG�HCCs are not toxic up to
20 μM SN-38, whereas aqueous SN-38 has an LD50 of∼8 μM.
In allfiguresn=8wells and the error bars are equal to the SD.

A
RTIC

LE



SHARPE ET AL . VOL. 6 ’ NO. 4 ’ 3114–3120 ’ 2012

www.acsnano.org

3116

that the three methodologies are robust even in the
presence of nanomolar concentrations of PEG�HCCs.
Figure 1a further shows that in the saline control viable
cell numbers increased from the ∼30 000 inoculum to
52 000 cells mL�1 in 24 h, whereas incubation with
GFAPAB/SN-38/PEG�HCCs showed a decrease in cell
numbers to only 22 000 cells mL�1. Moreover, there
was a 3-fold increase in the number of dead cells
following treatment with HADES.
Figure 1b (left panel) shows that the individual com-

ponents of HADES treatment, PEG�HCCs (2.6 nM),
GFAPAB (3.9 nM), and SN-38 (2μM), are not toxic toward
cells when added individually. Only when the three
components, targeting antibody, chemotherapeutic,
and nanovector, are all combined is there an increase
in cell death. Addition of the three individual HADES
components to glioblastoma cells results in no statis-
tically significant difference in cell viability. Remark-
ably, we find that PEG�HCCs alone are not toxic
toward glioma, astrocytes, or neurons at concentra-
tions more than 3 orders of magnitude greater than
those used in all the experiments related to Figure 1
(Figure S2). This corresponds with previous reports
showing that PEG�HCCs are not toxic to mammalian
cell cultures or in mice.3�5

Cell counting assays are time-consuming; in order to
validate a high data throughput assay, we compared
the changes in cell numbers obtained from viability
studies with the use of the bicinchoninic acid (BCA)
assay of protein levels (Figure 1b). The maximum and
minimumcellular protein levels were established using
a saline negative control (100%) and carbonyl cyanide
chlorophenyl hydrazone (CCCP) positive control (0%).
Incubation of GBM for 24 hwith CCCP (100 μM) induces
cell death by mitochondrial uncoupling and allows the
background matrix protein levels to be determined.
Cellular protein levels following HADES treatment fell
to 46% of the saline control level, mirroring the 44%
levels of living cells determined using viability metho-
dologies.
The impact of sequestering SN-38 on the hydropho-

bic core of the PEG�HCCswas evaluated by comparing
the changes in cellular protein of GBM following 24 h
incubation with SN-38/PEG�HCCs or SN-38 alone
(Figure 1c). As mentioned previously, SN-38 is extre-
mely insoluble in water;15 for this reason, in experi-
ments using bulk phase drug we added either 5 μL of
ethanol or ethanol containing SN-38 to each 250 μL
well volume. The two controls, ethanol and saline, had
no significant change in cellular protein relative to one
another. We found that aqueous SN-38 has an LD50

of approximately 8 μM toward primary GBM, within
the 5�10 μM range reported by others using immor-
talized human glioblastoma cell cultures.27 Interest-
ingly, no toxicity is observed when SN-38 is presented
to the cells in the form of SN-38/PEG�HCCs, even
at concentrations as high as 20 μM. This indicates

that the SN-38/PEG�HCCs, without antibody target-
ing, cannot deliver the drug to the GBM cells at any
significant rate.
In Figure 2 we show that HADES treatment is toxic

toward a variety of human glial cell carcinomas and
that the system is flexible with respect to the loaded
chemotherapeutic. In Figure 2awe show the titration of
three different primary GBM cultures, and one primary

Figure 2. HADES therapy is highly versatile, having broad
antibody/drug specificity, and it is lethal toward a range
of GBM. (a) The dose�response curve of three different
GBMs (dashed lines) and one anaplastic astrocytoma
(solid line) toward anti-GFAPAB/SN-38/PEG�HCCs, mea-
sured at 24 h. (b) HADES treatment using three hydro-
phobic drugs: Vin (0), Doc (O), and SN-38 ()) were pre-
sented to GBM for 24 h within PEG�HCCs, targeted to the
tumor antigen, EGFR, by an IgG. (c) Astrocytes are insen-
sitive to HADES and the individual HADES components, as
shown by protein measurement following 24 h incuba-
tion. Control (white bar on left), incubation of NHA with
EGFRAB and EGFRAB/PEG�HCCs (next two black bars) and
then with EGFRAB in the absence (gray bars) and presence
(black bars) of PEG�HCCs( drug (5 μM) causes no change
in protein mass.
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anaplastic astrocytoma (solid line), with GFAPAB/SN-38/
PEG�HCCs. The three GBM cultures, which have a
doubling time of 28 to 34 h, have a common dose
response with a LD50 of 1.5 to 2 μM SN-38, delivered in
the form of HADES. In the slower growing anaplastic
astrocytoma, which has a doubling time of 48 to 52 h,
the LD50 is elevated to∼3.75 μMSN-38. In Figure 2bwe
show the dose response of GBM toward three different
chemotherapeutics, SN-38, Vin, and Doc, which were
loaded into PEG�HCCs and guided to the cell mem-
brane using EGFRAB. The highest concentration of
GFAPAB used on the confluent cells was 10 nM. In
control experiments, the incubation was 1 h with
GFAPAB/SN-38/PEG�HCCs, with each component con-
centration at 10 nM, 5 μM, and 6.5 nM, respectively.
Then, fixed cells were stained using a labeled goat anti-
mouse secondary antibody. Results indicated 86%
saturationof the total surfaceGFAP epitopes, indicating
that only 14% of the surface epitope is not bound
to GFAPAB/SN-38/PEG�HCCs (Figure S1d). Using this
nanovector delivery system, the LD50 for both SN-38
and Vin is ∼1.5 μM, while for Doc it is ∼3 μM.
In Figure 2c we show the effects of 5 μM drug/PEG�

HCCs ( EGFRAB treatment on normal human astrocyte
total protein levels, a treatment that caused >85% cell
death in glioma. Neither PEG�HCCs nor EGFRAB/PEG�
HCCs cause cell death. Extraordinarily, astrocytic mass was
unaffected by the three EGFRAB/drug/PEG�HCCs combi-
nations, eachofwhichwasoverwhelmingly lethal toGBMs.
Clinically, the use of combined therapy in cancer

treatment is an attempt to evade the heterogeneous
response that a cancer cell population has toward
different chemotherapeutics and the ability of cancer
cells to rapidly acquire drug resistance. As SN-38, Vin,
and Doc all have different pharmacologic targets, we
postulated that the three drugs might be able to
potentiate each other's anticancer properties. We

incubated GBM, and also control NHA and HCN, with
low levels of the three drugs inHADES form, consisting of
three individual HADES formulations and an additional
triple combination therapy where the three HADES in-
dividuals were combined (Figure 3). The low drug levels
chosen, 0.5μM,allowedenoughdamagedanddying cells
to remain at the end of a 24 h incubation to be character-
ized using specific probes of DNA damage, mitochondria
dysfunction, loss of plasma membrane potential, and the
initiation of apoptotic, proteolytic, cascades.
The upper panel of Figure 3 shows the effects of the

individual drugs and triple therapy on the viability of
glioma primary cultured GBM cells, demonstrated by
ddTUNEL (red)24 and Dead Green and Hoechst (blue).
It is evident that both Vin and Doc have devastating
impacts on GBM. Microscopic examination shows evi-
denceofmitotic catastrophe andof the presence of gear-
wheel-shaped nuclei, typical of the microtubule-disrupt-
ing actions of Vin29 and Doc.14,30 The center panel of
Figure 3 shows the loss of mitochondrial membrane
potential with all four HADES regimes. Vin has been
shown to alter the distribution of mitochondria through-
out cells and to cause mitochondrial “clumping”,31 and
this typeofmitochondrialflocculation is clearly evident in
GBM. We also observe changes in mitochondrial mor-
phology and cytosolic distribution in GBM treated with
EGFRAB/Doc/PEG�HCCs that are very similar to those
observed in prostate cancer cells treated with taxels.30

The lowest panels of Figure 3 show the levels of
blunt-endedDNA breaks24,28 and caspase-3 activity. All
three individual HADES therapies cause increases in
these lethal DNA breaks and in apoptotic, caspase-3
activity.32 EGFRAB/Doc/PEG�HCCs in particular increases
caspase-3 activation, especially in the condensed
cells, in which gear-wheel-shaped nuclei predominate.
In Figure S3a�c,we show thedeath labeling of twomore
primary GBMs and that of an anaplastic astrocytomoa,

Figure 3. Effects of Vin, Doc, and SN-38HADES individual or triple therapy onGBMmeasuredusing six different deathmarkers; all
drugs at a final concentration of 0.5 μM. The upper row shows 30OHDNAends, DeadGreen, andHoechst DNA staining, themiddle
row shows mitochondrial membrane potential, and the bottom row shows blunt-ended, lethal, DNA breaks24,28 and caspase-3
activity. All of the figures are at 20� magnification, and the side bars show the calibration scale for each fluorophore.24,28
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under conditions identical to that of Figure 3. In addition
in Figure S3d�e, we show the effects of the same
therapies on cultures of NHA and HCN. In stark contrast
to the effects of HADES onGBM, the effects on astrocytes
and neurons are far more modest. Compared to control,
for the four treatment groups, there is a doubling in the
levels ofddTUNEL-positiveDNA30OHends inNHAbut no
great increase in cell death. In Figure S3e, it is note-
worthy that we observe no changes in nuclear structure
of the treated neurons, even though neurons are very
vulnerable toward microtubule disruption drugs such as
Doc30 and Vin (Figure S3f).33

Figure 4 shows the extent of cell viability and death,
for GBM, NHA, and HCN, using Hoechst staining.
Figure 4a shows the levels of live and dead GBM cells
following individual HADES treatments and the triple
therapy. The two microtubule-targeting chemothera-
peutics are much more effective than the topoisome-
rase-I inhibitor, SN-38. Treatment with Il-13RAB/SN-38/
PEG�HCCs, GFAPAB/Vin/PEG�HCCs, or EGFRAB/Doc/
PEG�HCCs all produced a statistically significant, p< 0.01,
drop in living cell numbers and an increase in dead cell
percentages. There is a statistically significant, p < 0.01,
synergistic effect caused by triple therapy, with respect to
the individuals, on the level of cell death.
With respect to NHA and HCN, HADES treatment did

not result in statistically significant changes in cell
viability. However, in the case of HCN, only four wells
were used for each treatment. Therefore, the number is
too low to make accurate statistical assertions. We
therefore measured the changes in HCN protein levels
in controls and following HADES treatment [as we had
done with NHA (Figure 2c)], and we present these data
in Figure S4. The BCA assay shows that individual
HADES therapies do not kill neurons, to any statistically
significant degree, when using protein as a measure of
cellular mass. However, combining the three drug-
loaded PEG�HCCs, in the absence or presence of
antibodies, does cause a statistically significant, p <
0.05, drop in cell protein levels. In spite of this increase
in the killing of neurons, use of amultipronged therapy
often has utility in treatment due to its potential ability
to avoid the development of drug resistance.
In summary, we are able to target drug-loaded PEG�

HCCs to the surface epitopes of cells, using specific
antibodies. EGFR,34 IL-13R,35 and GFAP36 are not present
in human cortical neurons, but are found in high levels in
GBM.34�36 Single or triple therapy is capable of killing
gliomas with extreme lethality, while at the same time

causing little or no ill-effects toward either astrocytes or
neurons. The simplicity of the preparation where the
PEG�HCCs, drug, and antibody are simply mixed to-
gether, coupled with the lethality of these combinations
toward extremely aggressive cancers, provides encour-
agement for the continued testing of HADES.

METHODS
HCCs Functionalization, Drug Loading, and Antibody Binding. The

HCCs, PEG�HCCs, and drug/PEG�HCCs were prepared as re-
ported by Berlin et al.4 Drugs were dissolved in a minimal

amount of methanol (for Vin and Doc) or THF (for SN-38) and
added dropwise into a stirring aqueous solution of PEG�HCCs.
After overnight sonication, the organic solvent was removed by
rotary evaporating one-third of the original volume of solution,

Figure 4. HADES triple therapy is not overly toxic toward
astrocytes and neurons, but is highly toxic toward GBM. The
living and dead cell numbers resulting from HADES treat-
ment using 0.5 μM drug (Vin, Doc, and SN-38) targeted with
monoclonal antibodies to GBM surface antigens (Il-13R,
EGFR, and GFAP), (a) as IgG/drug/PEG�HCCs in cultures of
GBM, (b) astrocytes, and (c) neurons. Black bars are% control
living cells; white bars are % dead cells (GBM: n = 8 wells;
NHA: n = 8 wells; HCN: n = 4 wells; error bars SD in all cases).
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adding one-third volume of water, and carrying out the same
protocol evaporation/addition of water two more times accord-
ing to published protocols.3 Vin (LogP 4.8) was incorporated into
PEG�HCCs with a mass ratio of 5:1, Doc (LogP 2.92) was in-
corporated into PEG�HCCs with a mass ratio of 1.7:1, and SN-38
(LogP 1.87) was incorporated into PEG�HCCs with a mass ratio
of 0.33:1. Three mouse monoclonal antibodies, IgGs with affi-
nities to cancer cell surface epitopes GFAP (2A5), Il-13R (YY-23Z),
and EGFR (528), were obtained from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Prior to use, drug-loaded PEG�HCCs were
vortexed for 15 min and then were co-incubated with IgG for 15
min before being diluted and added to cell media. We used a
mass ratio of PEG�HCCs:IgG of 4.1:1 throughout. Although
heterogeneous, the average molecular mass of PEG�HCCs
is ∼920000, which gives rise to a molar PEG�HCCs:IgG ratio of
1:1.5. Assuming the binding distribution to be Poissonian,∼80%
of PEG�HCCs have one or more IgGs bound. Visualization of
mouse IgG was performed by incubating Alexa Fluor 594 goat
anti-mouse IgG (Molecular Probes), overnight. The levels of
Alexa Fluor-IgGwere calibrated using a 5 μm thick, gelatin tissue
phantom, entrapping 150 μg mL�1/1 μM goat-IgG.20

Cell Cultures. Primary human glioblastoma or astrocytoma
cells were prepared from tumors within 10min of their excision.
The tumors were broken up using a pipet and then grown in
DMEM, 20% FBS, GlutaMax-I, sodium pyruvate, and Pen/Strep,
for 2 weeks. After this time, and in all presented data, the same
media was used, except that sodium pyruvate was omitted.
NHA were obtained from Lonza (Walkersville, MD, USA) and
HCN from the American Type Culture Collection (ATCC Mana-
ssas, VA, USA) and grown subject to their recommendations.
NHA were grown in Astrocyte Basal Medium supplemented
with 3% FBS, glutamine, insulin, fhEGF, GA-1000, and ascorbic
acid. HCN were prepared using ATCC-formulated Dulbecco's
modified Eagle's medium (cat# 30-2002) and supplemented
with 10% FBS. GBM and NHA were grown to confluency in the
appropriate media on Costar 96-well growth plates (Corning,
NYC, NY, USA), and HCN were grown on 16-well Lab-Tek slide
chambers (Nalge Nunc, Rochester, NY, USA). Cells were grown
for 24 h in the presence/absence of all effectors, in a total
volume of 250 μL.

Assays. The ability of PEG�HCCs to take up hydrophobic
solutes compromises a large number of high-throughput pro-
liferation assays. We find that many common reporter chromo-
phore/fluorophores partition into PEG�HCCs and then undergo
altered absorbance/fluorescence properties.3,4 PEG�HCCs also
interfere with peptide-bond chelated copper reduction of
Folin-Ciocalteu reagent (phosphomolybdate/phosphotungstate),
making the Lowery protein assay unsuitable.

Protein Measurement. Cell proliferation studies with PEG�
HCCs included four HCN controls: 100 μM CCCP (100% cell
death), saline vehicle, PEG�HCCs, and IgG/PEG�HCCs using
monoclonal antibodies toward GFAP, IL-13R, or EGFR; three
HADES treatments where PEG�HCCs loadedwith the drugs Vin,
Doc, or SN-38 were added to HCN with or without antibodies;
and a final triple pairing with or without antibodies. After 24 h
the cells were washed with PBS and solubilized using 0.1% SDS,
and then the protein present in the well was measured using
the Thermo Scientific micro bicinchoninic acid (BCA) assay kit
(Waltham, MA, USA), and the data are displayed in Figure S4.

Cell Viability Measurements. The measurements and quantifi-
cation of DNA 30OH and blunt-ended breaks by use of the
ddTUNEL and blunt-ended ligation were performed as described
in our recent publications.24,34 The biotinylated ddUTP and
biotinylated blunt-ended oligonucleotide probe were visual-
ized using Texas Red-labeled avidin. Cells were incubated with
500 nM Mitotracker Red (cat# M22425), 1 μM Hoechst 33258
(cat# H1398), and 100 nM Dead Green (cat# I10291), with
reagents obtained from Molecular Probes (Eugene, OR, USA).
The activity of caspase-3 in fixed, 0.1% Triton permeabilized
cells was measured using the Molecular Probes R110-EnzChek
assay kit (cat# E13184), incubating cells for 1 h at 37 �C. Signals
from Dead Green/R110 and from Mitotracker were calibrated
against known concentrations of liquid FITC�gelatin and Texas
Red�gelatin and then against FITC/Texas Red gelatin tissue
phantoms 5 μm in thickness.24,28

Viability Cut-off. Cells were counted at 4�magnificationusing
a Nikon Eclipse TE2000-E fluorescent microscope equippedwith
a CoolSnap ES digital camera system (Roper Scientific) contain-
ing a CCD-1300-Y/HS 1392 � 1040 imaging array cooled by a
Peltier device. Images were recorded using Nikon NIS-Elements
software as JEP2000 files. Cells were deemed to be nonviable if
theyhadDeadGreen/Hoechst signals>5 times the level found in
control cells and >4.2 times the level of ddTUNEL-labeled DNA
30OH ends in control cells.
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