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ABSTRACT Malignant transformation in vitro of hamster
embryo cells and mouse C3H lOT'/2 cells by x-rays, ultraviolet
light, and chemical carcinogens was inhibited by benzamide
and by 3-aminobenzamide at concentrations that are specific
for inhibition of poly(ADP-ribose) formation. These com-
pounds slow the ligation stage of repair of x-ray and alkylation
damage but not of ultraviolet light damage. At high concentra-
tions they also inhibited de novo synthesis of DNA purines and
DNA methylation by S-adenosylmethionine. The suppression
of transformation by the benzamides is in striking contrast to
their reported effectiveness in enhancing sister chromatid ex-
change, mutagenesis, and killing in cells exposed to alkylating
agents. Our results suggest that mechanisms regulating malig-
nant transformation are different from those regulating DNA
repair, sister chromatid exchange, and mutagenesis and may
be associated with changes in gene regulation and expression
caused by alterations in poly(ADP-ribosyl)ation.

Malignant transformation of cells in vitro by radiation or
chemical carcinogens is a reproducible quantitative system
for studying the mechanisms of carcinogenesis (1-7). Al-
though fixation of transformation and mutagenesis involves
DNA metabolism and cell replication (2, 4-6), the numbers
and kinds of genes involved are not known. Poly(ADP-ri-
bose) is an important cellular regulatory molecule (8, 9) and
its synthesis can be inhibited by 3-aminobenzamide (3ABzA)
and benzamide (BzA). We therefore investigated the effects
of these inhibitors on transformation by a variety of DNA-
damaging agents with careful comparison to their effects on
DNA repair and nucleotide precursor pathways over a range
of concentrations. These agents, at concentrations below
those at which side effects were evident, inhibited malignant
transformation in vitro, in contrast to their reported en-
hancement of sister chromatid exchange (10-12) and muta-
genesis (13) in cells exposed to radiation and chemical car-
cinogens. We have therefore identified the biochemical na-
ture of a common regulatory step in radiation and chemical
carcinogenesis that is subject to experimental manipulation
and that may aid in defining mechanisms of carcinogenesis.

MATERIALS AND METHODS
Transformation. Minced midterm whole embryos from

golden hamsters (Lakeview, Wilmington, MA) were used as
a source of normal cells (1-4). Primary cultures were estab-
lished by progressive dissociation of minced fresh tissue.
For transformation experiments 103 cells were cloned onto
60-mm Petri dishes on x-irradiated (40 Gy; 1 Gy = 1 J/kg =
100 rads) syngeneic feeder cells (2) in Dulbecco's modified
Eagle's medium supplemented with 10% fetal calf serum,
penicillin (50 units/ml), and streptomycin (50 ,ug/ml;
GIBCO) (1-4).

Mouse embryo fibroblast cells C3H 10T1/2 (clone 8), orig-
inally obtained from C. Heidelberger (University of South-
ern California, Los Angeles), were treated as described (3,
7). Stock cultures were maintained at 370C, aerated with 5%
CO2 in air, in Eagle's basal medium containing 10% heat-
inactivated fetal calf serum, penicillin (50 units/ml), and
streptomycin (50 tkg/ml).
At 24 hr after plating, cells were irradiated with a Siemens

300-kVp constant-potential generator with an additional fil-
ter of 0.2 mm of Cu at room temperature with 3 or 4 Gy of x-
rays at a dose rate of 0.322 Gy/min and incubated at 37°C in
5% C02/95% air with weekly changes of medium. After a 10-
day incubation period for the hamster cells (1, 2) and 6 weeks
for the lOT1/2 cells (2, 3, 7), cultures were fixed and stained
with Giemsa stain. Assays for cell survival, cloning efficien-
cy, and transformation were carried out as described previ-
ously for the hamster cells (1-4) and for the C3H 10T1/2 cells
(2, 3, 7). For experiments with UV light, C3H 10T1/2 cells
were exposed to 10-13 J/m2 (254 nm, dose rate of 0.15-1.3
J/m2_sec).
For experiments with alkylating agents, 24-hr cloned cul-

tures of hamster embryo C3H 10T1/2 cells were treated with
3.4-34 uM N-methyl-N'-nitro-N-nitrosoguanidine (MNNG;
Aldrich) for 30 min to 4 hr or with 0.15 mM methyl methane-
sulfonate (MeSO2OMe; ICNS Pharmaceutical, Plainview,
NY) for 1 hr. After treatment, cells were washed and refed
with fresh medium. Survival and transformation were evalu-
ated for both cell systems as described.
Stock solutions ofBzA and 3ABzA (Sigma) were prepared

in ethanol or water and added to cultures to give a final con-
centration of 1 mM or more. Each agent was added promptly
after exposure of cells to x-rays or UV or immediately after
the removal of the alkylating agents. In some experiments
cytosine arabinonucleoside (20 uM) was added after expo-
sure to alkylating agents. Cells were maintained in medium
containing BzA or 3ABzA for 1 week, after which the medi-
um was replaced with fresh medium.

In hamster embryo cells a differential count was made of
normal and transformed colonies. Transformed colonies
were identified by their irregular growth pattern and their
tendency to form multilayers as compared to controls (1-4).
The relationship between this morphology and the malignant
nature of the cells has been well documented (1, 2). Both
normal and transformed colonies were scored so that both
transformation frequency and cell survival could be assessed
within the same experiment. In C3H 10T1/2 cells transforma-
tion was scored as described (7). Both type II and type III
foci were scored as transformed.

Labeling Studies. The incorporation of various precursors
into DNA in the presence of 3ABzA was determined by
growing cells continuously for 3 days in ['4C]thymidine (0.01
,Ci/ml; specific activity 56 ,uCi/mmol; 1 Ci = 37 GBq) and

Abbreviations: BzA, benzamide; 3ABzA, 3-aminobenzamide;
MNNG, N-methyl-N'-nitro-N-nitrosoguanidine; MeSO2OMe,
methyl methanesulfonate.
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Table 1. Transformation of mouse C3H 10T1/2 cells irradiated
with x-rays or UV light or exposed to alkylating agents and
grown in BzA (1 mM) or 3ABzA (1 mM) for 7 days,
starting immediately after exposure

Damaging Surviving Transformation
agent Drug cell5* frequency x 104

None None (15.0 ± 0.2%) 0
BzA 0.98 ± 0.08 0
3ABzA 0.96 ± 0.07 0

X-rays, None 0.70 ± 0.11 10.3 ± 2.1
4 Gy BzA 0.60 ± 0.11 4.91 ± 0.6

3ABzA 0.62 ± 0.12 0.584 ± 0.4

UV light, None 0.68 ± 0.13 9.97 ± 2.17
8.6 J/m2 BzA 0.72 ± 0.10 2.41 ± 1.07

3ABzA 0.75 ± 0.11 2.83 ± 1.15

MeSO2OMe, None 0.59 ± 0.14 5.90 ± 1.43
0.15 mM BzA 0.67 ± 0.11 1.94 ± 0.79

3ABzA 0.61 ± 0.18 1.09 ± 0.62

MNNG, None 0.47 ± 0.13 10.9 ± 2.0
3.4 tM BzA 0.41 ± 0.10 3.00 ± 1.06

3ABzA 0.39 ± 0.10 2.83 ± 1.06

Results are given as mean + SEM.
*Number of colonies counted/(number of cells plated x plating effi-
ciency). Plating efficiency (shown in parentheses for no damaging
agent and no drug) = (number of colonies counted/number of cells
plated) x 100.

then labeling cells for 4 hr in [3Hlthymidine (1 ,uCi/ml; 80
Ci/mmol), [3H]hypoxanthine (10 ,uCi/ml; 3 Ci/mmol),
[3H]methionine (10 ,Ci/ml; 80 Ci/mmol), or S-adenosyl-
[3H]methionine (100 ,Ci/ml; 80 Ci/mmol). In another series
of experiments, unlabeled cultures were grown for 4 hr in
[14C]glucose (0.1 -tCi/ml, 0.35 Ci/mol). DNA was isolated
as described (14) and the specific activity of the DNA was
determined by the ratio of 3H to either 14C or A260. The effect
of various concentrations of 3ABzA was expressed as the
specific activity of the labeled DNA relative to that obtained
without incubation with 3ABzA.

Synthesis of poly(ADP-ribose) in ['4C]thymidine-labeled
cells damaged by MeSO2OMe (5 mM) was measured by gen-
tle permeabilization with lysophosphatidylcholine (0.3
mg/ml in 150 mM sucrose/80 mM KCI/35 mM Tris HCl, pH
7,4, for 10 min at 4°C) followed by resuspension in [3H]nico-
tinamide adenine dinucleotide (5 ,Ci/ml, 2 mCi/mmol) in
100 mM Tris HCl, pH 8.0/10 mM MgCl2/2.5 mM dithiothrei-
tol/0.5 mM phenylmethanesulfonyl fluoride containing vari-
ous concentrations of 3ABzA for 30 min at 37°C. At the end
of the incubation, the cells were fixed in 10% perchloric acid
and the 3H/14C ratios were determined from protein-bound
radioactivity collected on glass fiber filters. The effect of
3ABzA on poly(ADP-ribose) synthesis was calculated from
changes in the 'H/'4C ratios expressed as a percentage of
the value obtained in the absence of 3ABzA. Measuring
poly(ADP-ribose) synthesis in this way favors the stable his-
tone-bound ADP-ribose residues and may underestimate the
ephemeral long polymer (8, 9).
DNA Repair. Repair replication was measured by 5-bro-

modeoxyuridine (BrdUrd; 10',uM) substitution on alkaline
isopycnic gradients as described (14).
For alkaline elution (15) approximately 4 x 105 [14C]thy-

midine-labeled cells, treated as described, were mixed with
an equal number of [3H]thymidine-labeled cells (the internal
standards) and collected on 25-mm-diameter, 2-,m pore size
polyvinylchloride filters (Millipore) and washed twice with
cold phosphate-buffered saline. The [3H]thymidine-labeled

Table 2. Transformation of Syrian hamster embryo cells exposed
to x-rays or alkylating agents and grown in BzA (1 mM) or 3ABzA
(1 mM) for 7 days, starting immediately after exposure

Surviving Transformation
Damaging agent Drug cells* frequency x 103
None None (4.80 ± 0.3%) 0

BzA 0.97 ± 0.08 0
3ABzA 0.96 ± 0.08 0

X-rays, 3 Gy None 0.66 ± 0.13 11.2 ± 0.10
BzA 0.56 ± 0.14 2.1 ± 0.16
3ABzA 0.59 ± 0.11 1.2 ± 0.09

MNNG, 3.4 /M None 0.55 ± 0.14 8.8 ± 0.17
BzA 0.50 ± 0.13 4.1 ± 0.10
3ABzA 0.49 ± 0.13 1.9 ± 0.09

Results are given as mean + SEM.
*Number of colonies counted/(number of cells plated x plating effi-
ciency). Plating efficiency (shown in parentheses for no damaging
agent and no drug) = (number of colonies counted/number of cells
plated) x 100.

cells contained a known number of single-strand breaks that
resulted from irradiation with 1.5 Gy of x-rays from a Gener-
al Electric Maxitron 300 (300 kVp; 20 mA; nofminal half val-
ue layer, 2.0 mm Cu). The cells were lysed on the filter with
5 ml of Sarkosyl/NaCl/EDTA lysis solution (pH 10.0) and
elution was carried out in the dark with a solution of 0.02 M
EDTA plus tetrapropylammonium hydroxide (Kodak, 10%
in water), pH 12.2, at a flow rate of 2 ml/hr (0.03 ml/min), as
previously described (15, 16).
The results were presented as the fraction of 14C-labeled

DNA retained on the filter versus the fraction of 3H-labeled
DNA retained on the filter for each sample to obtain an elu-
tion profile. The elution curves were calibrated by obtaining
a family of standard curves from 14C-labeled cells irradiated
with 1-10 Gy of x-rays; since strand breaks are a linear func-
tion of x-ray dose, an elution curve from cells exposed to
experimental treatments could be expressed as equivalent to
a number of Gy (16, 17).

RESULTS
Effect of BzA and 3ABzA on Transformation Frequencies.

Transformation frequencies in mouse and hamster cells ex-

Table 3. Effect of 30-min exposure to various 3ABzA
concentrations on the synthesis of poly(ADP-ribose)
and the single-strand break frequencies in
MeSO2OMe-damaged C3H 10T'/2 cells

Inhibition of Strand break frequencies
3ABzA, poly(ADP-ribose) Equivalent Fractional
mM synthesis* Gyt effect:
0 0.00 2.57 ± 0.05 0.00
0.05 0.31 ± 0.10 2.55 ± 0.09 0.01 ± 0.04
0.1 0.41 ± 0.06 2.88 ± 0.05 0.13 ± 0.02
0.5 0.57 ± 0.10 3.23 ± 0.12 0.28 ± 0.05
1.0 0.73 ± 0.11 3.48 ± 0.28 0.39 ± 0.12
2.0 0.93 ± 0.08 3.68 ± 0.14 0.47 ± 0.07
5.0 0.97 ± 0.03 4.93 ± 0.17 1.00

Results are given as mean ± SEM.
*Fraction by which [3H]NAD incorporation is suppressed, when
measured over a 30-min period in permeabilized cells.
tDetermined from a family of elution curves generated by irradiation
of C3H 10T'/2 cells with 1-9 Gy.
tCalculated to allow the degree of inhibition of poly(ADP-ribose)
synthesis compared to the effect on strand break frequencies. The
full increase in strand break frequencies of 2.36 Gy is set at 1.00
and the fractional effect is calculated as the increase in observed
strand breaks as a fraction of the maximal increase.
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posed to radiation or chemicals at various doses were in the
range of i0-4 to 10-2 foci per survivor and were higher in the
hamster cells (Tables 1 and 2). BzA (1 mM) and 3ABzA (1
mM) had no influence alope but reduced transformation fre-
quencies in both cell types for each damaging agent, with no
significant effects on cell survival, unlike the increased toxic-
ity seen in other cell types (18, 19) (Tables 1 and 2). BzA and
3ABzA had essentially the same effect on transformation fre-
quencies except for C3H lOT'/2 cells irradiated with x-rays
(Table 1), in which BzA was more effective. The concentra-
tion (1 mM) used in-these experiments was carefully chosen
to maximize the effects on poly(ADP-ribose) synthesis while
minimizing other effects. This choice will be justified subse-
quently, where emphasis will be given to 3ABzA in view of
its predominant use in poly(ADP-ribose) studies.

Effects of 3ABzA on Poly(ADP-ribose) Synthesis. With a
dose of MeSO2OMe (5 mM) that we have previously found
to maximally stimulate poly(ADP-ribose) synthesis by this
form of d4mage (17), the effect of a range of doses of 3ABzA
on poly(ADP-ribose) synthesis was determined (Table 3).
Synthesis was reduced by 50% at approximately 0.25 mM,
by 73% at 1 mM', and completely at .2 mM (Table 3). The
values found with BzA were very similar; synthesis was re-
duced by 85% at 1 mM and eliminated completely at higher
doses. These values resemble those reported in many cellu-
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lar systems and define the effectiveness of 3ABzA and BzA
in our experiments.

Effect of3ABzA on DNA Repair. When cells are exposed to
DNA-damaging agents, single-strand breaks are produced in
the DNA. The frequency of breaks represents a dynamic bal-
ance between rates of direct and enzymatic strand breakage
and rates of ligation (16-20). A representative example of
strand break measurements in C3H lOT'/2 cells is shown in
Fig. 1. At early times after exposure to x-rays and alkylating
agents, a relatively high frequency of breaks was observed
as a rapid rate of elution from filters in the alkaline elution
assay (Fig. 1). Breaks associated with excision repair of UV
damage were also observed, but at a lower frequency than
we have observed in human cells (16, 17). When cells were
incubated after exposure the break frequency declined as
damaged sites were progressively excised from the DNA
(Fig. 1).
These measurements were done at a high concentration of

3ABzA (5 mM), at which we observed a maximal increase in
strand break frequencies in x-ray-damaged and alkylated
cells, and they emphasize the absence of any effect of even
these high concentrations of3ABzA on strand breaks in UV-
damaged cells. 3ABzA at a concentration of 1 mM had no
effect on strand breakage frequencies in x-ray-damaged
cells. The strand break frequencies in MeSO2OMe-damaged
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FIG. 1. Alkaline elution profiles of C3H 1OT'/2 cells exposed to x-rays, MeSO2OMe, MNNG, or UV light and grown for various periods in
3ABzA (5 mM whenever present). Broken lines are controls of cells not irradiated or exposed to carcinogens; controls with and without 3ABzA
were the same. (Upper Left) Cells exposed to 5 Gy of x-rays and grown as follows: o, 5 min; e, 5 min with 3ABzA; A, 20 min; A, 20 min with
3ABzA; *, 20 min held on ice to prevent break rejoining. (Upper Right) Cells exposed to 1 mM MeSO2OMe for 30 min and grown as follows: @,
0 hr; A, 6 hr; *, 6 hr with 3A]3zA; *, 5.5 hr followed by 30 min with 3ABzA. (Lower Left) Cells exposed to 34 ,uM MNNG for 30 min and grown
as follows: c, 0 hr; A, 6 hr; *, 6 hr with 3ABzA; e, 5.5 hr followed by 30 min with 3ABzA; o, 6 hr with 20 AtM cytosine arabinonucleoside.
(Lower Right) Cells exposed to 13 J/m2 of UV light and grown as follows: c, 0 hr; A, 1 hr; *, 1 hr with 3ABzA.
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FIG. 2. Relative rate of incorporation of various precursors into
DNA during a 4-hr period in the presence of 3ABzA. (Upper) Pre-
cursors labeling DNA via salvage pathways: o, thymidine; A, hypo-
xanthine. (Lower) Precursors labeling DNA via de novo pathways:
A, glucose; *, methionine; or via DNA methylation: m, S-adenosyl-
methionine.

cells increased with increasing 3ABzA concentration, al-
though to a lesser extent than the inhibition of poly(ADP-
ribose) synthesis (Table 3). Poly(ADP-ribose) synthesis was

completely suppressed by 2 mM 3ABzA, whereas strand
breaks needed 5 mM for maximal increase. 3ABzA did not
prevent repair completely, however; after x-irradiation the
breaks rejoin in the presence of 3ABzA after a slight delay
(Fig. 1). 3ABzA was also less effective in preventing repair
than was cytosine arabinonucleoside, which holds a fraction
of excision repair breaks open permanently (16).

Repair replication was determined in cells exposed to 50
or 200 Gy of x-rays, 1 or 5 mM MeSO2OMe, 0.2 or 0.6 mM
MNNG, and 13 or 26 J/m2 of UV light. 3ABzA (5 mM) had
no significant effect on repair replication in cells incubated
for 6 hr after exposure to a damaging agent; values obtained
with or without 3ABzA lay within ±10% of each other (re-
sults not shown), as we have observed in many other fibro-
blast cell types (17).

Effect of 3ABzA on Synthesis of DNA from de Novo or Sal-
vage Pathways. Incorporation of thymidine and hypoxan-
thine into DNA pyrimidines and purines, respectively,
which proceeds by the salvage pathways (21), was unaffect-
ed by 3ABzA at concentrations up to 10 mM (Fig. 2). In
contrast, those precursors that label DNA by routes involv-
ing general cell metabolism (glucose and methionine) or by
direct methylation of cytosine (S-adenosylmethionine) were

inhibited up to 50% by 3ABzA (Fig. 2). This effect was evi-
dent at 2 mM 3ABzA for S-adenosylmethionine and at 5 mM
3ABzA for glucose and methionine. We have also found that
3ABzA inhibits glycolysis, measured by the production of
14CO2 from [14C]glucose, in lymphoid cells and fibroblasts
(unpublished observations).

DISCUSSION
Malignant transformation in vitro by radiation and a variety
of chemicals is a multistage process initiated by the induc-

tion of genetic (DNA) damage and the fixation of this dam-
age by DNA and cellular replication (1, 2, 4). Later stages in
transformation are associated with altered phenotypes that
are expressed after an additional period of replication (1, 2,
4). During the period of expression a variety of events can
promote the neoplastic state qualitatively and quantitatively
(2).
Our earlier work has indicated that the expression of

transformation after exposure of cells to radiation or chemi-
cal carcinogens can be inhibited by a variety of agents.
These include protease inhibitors (3), which do not modify
DNA metabolism (22), superoxide dismutase (23), specific
retinoids, and selenium (24), which also inhibits promotion
(23, 24). Transformation can also be inhibited in its initial
stages by growing cells in medium depleted of thyroid hor-
mone (25-27) before exposure to the DNA-damaging agent.
Our present work using mouse C3H 10T1/2 and Syrian

hamster embryo cells indicates that the initiation of transfor-
mation by physical agents and alkylating chemicals can be'
inhibited by BzA and 3ABzA, at a concentration that inhibit-
ed poly(ADP-ribose) synthesis but was below that at which
other side effects occurred (Table 3 and Fig. 2). This con-
trasts with observations that BzA and 3ABzA enhance muta-
genesis (13) and sister chromatid exchanges (10-12), sug-
gesting that those processes involve different regulatory
pathways. Differentiation, however, is inhibited by 3ABzA
(28), suggesting that this process involves steps in common
with transformation.
A comparison of the known effects of the benzamides with

our results on the inhibition of transformation permits a
number of insights into possible relationships between poly-
(ADP-ribose) synthesis and transformation: (i) There may be
a direct role for poly(ADP-ribosyl)ation in transformation;
(ii) this role may be separate from its role in modulating
strand break frequencies during DNA repair; (iii) the effect
of benzamides on DNA methylation and DNA precursor
pathways may have important effects on cellular regulation
at high concentrations of the inhibitors.

Poly(ADP-ribose) synthesis is transient after exposure of
cells to ionizing radiation but long lasting after exposure to
alkylating agents and UV light, corresponding to the period
during which DNA breaks are detectable (16, 18, 19). De-
spite the large difference in poly(ADP-ribosyl)ation, trans-
formation is suppressed after exposure to each kind of agent
(Tables 1 and 2), suggesting that transformation frequency is
not directly dependent on the total amount and duration of
poly(ADP-ribosyl)ation but more likely is dependent on spe-
cific proteins that are ADP-ribosylated. Fibroblasts from pa-
tients with many disorders that lead to abnormal carcinogen
sensitivities or a high propensity for cancer, such as xero-
derma pigmentosum (29), Cockayne syndrome (30), and
Fanconi anemia (31), also exhibit abnormalities in the poly-
(ADP-ribose) synthesis pathway. A causal relationship be-
tween ADP-ribosylation activity and y-glutamyl transpepti-
dase, an early marker of neoplasia, has also been reported
(32).
Poly(ADP-ribose) formation may play an indirect role in

transformation through its effect on the ligation rate of strand
breaks during repair. This acts via the turnover of poly(ADP-
ribose) chains on DNA ligase II, which regulates rates of
ligation of certain kinds of repair sites, mainly those in cells
exposed to alkylating agents (16-19, 33). However, 3ABzA
concentrations of 5 mM are needed for maximal effect (Table
3), raising the possibility that side effects of 3ABzA may be
involved. From our results, since 3ABzA has no effect on
UV-induced DNA breaks (Fig. 1) but does suppress UV-in-
duced transformation (Table 1) and has no effect on x-ray-
induced strand breaks at 1 mM although transformation is
suppressed, changes in DNA break frequency are unlikely to
be involved in transformation.

Proc. NatL Acad ScL USA 81 (1984)
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A possibility that must always be entertained with inhibi-
tors is the result of side effects on the system being in-
vestigated. 3ABzA may cause changes in gene regulation by
inhibition of DNA precursor pathways, such as the de novo
purine pathways, and DNA methylation, when used at con-
centrations above 2 mM (Fig. 2). Changes in precursor path-
ways can influence mutagenesis (34), and changes in DNA
methylation can influence gene expression and differentia-
tion (35). This does not apply to our results, however, be-
cause transformation was inhibited at 1 mM, a concentration
at which poly(ADP-ribose) synthesis was inhibited (Table 3)
but below which side effects were observed (Fig. 2). The
contrast between the effect of the benzamides in inhibiting
transformation but causing a stimulation of mutagenesis and
sister chromatid exchange suggests that transformation in-
volves specific ADP-ribosylation, whereas the other end
points are mediated through DNA damage and repair. The
results suggest a role in transformation for poly(ADP-ribo-
syl)ation during the induction of carcinogenic heritable
changes in gene regulation or amplification (36-38).

Further investigation of the metabolic events affected by
BzA and 3ABzA, particularly the critical proteins that may
become poly(ADP-ribosyl)ated (8, 9), should serve to eluci-
date the mechanisms of in vitro transformation and carcino-
genesis. If these experimental results can be reproduced in
vivo, they might lead to a method to block carcinogenesis
after exposure to chemical carcinogens. The practical impor-
tance of such a method cannot be overstated.

This work was supported by U.S. Department of Energy Contract
DE-AM03-76-SF01012 and Grant CA12536-11 from the National
Cancer Institute.
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