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Abstract
The epigenetic and anti-cancer activities of the nucleoside analog DNA methyltransferase
(DNMT) inhibitors decitabine (5-aza-2’-deoxycytidine, DAC), azacitidine, and guadecitabine are
thought to require cellular uptake, metabolism to 5-aza-2’-deoxycytidine triphosphate, and
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incorporation into DNA. This genomic incorporation can then lead to trapping and degradation of
DNMT enzymes, and ultimately, passive loss of DNA methylation. To facilitate measurement of
critical exposure-response relationships of nucleoside analog DNMT inhibitors, a sensitive and
reliable method was developed to simultaneously quantitate 5-aza-2’-deoxycytidine genomic
incorporation and genomic 5-methylcytosine content using LC-MS/MS. Genomic DNA was
extracted and digested into single nucleosides. Chromatographic separation was achieved with a
Thermo Hyperpcarb porous graphite column (100 mm x 2.1 mm, 5um) and isocratic elution with a
10 mM ammonium acetate:acetonitrile with 0.1% formic acid (70:30, v/v) mobile phase over a 5
minute total analytical run time. An AB Sciex 5500 triple quadrupole mass spectrometer operated
in positive electrospray ionization mode was used for the detection of 5-aza-2’-deoxycytidine, 2’-
deoxycytidine, and 5-methyl-2’-deoxycytidine. The assay range was 2 — 400 ng/mL for 5-aza-2’-
deoxycytidine, 50 — 10,000 ng/mL for 2’-deoxycytidine, and was 5 — 1,000 ng/mL for 5-methyl-2’-
deoxycytidine. The assay proved to be accurate (93.0-102.2%) and precise (CV < 6.3%) across all
analytes. All analytes exhibited long-term frozen digest matrix stability at —70°C for at least 117
days. The method was applied for the measurement of genomic 5-aza-2’-deoxycytidine and 5-
methyl-2’-deoxycytidine content following exposure of /7 vitro cell culture and /7 vivo animal
models to decitabine.
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1. Introduction

Epigenetic silencing of genes that encode tumor suppressors, cell cycle regulators, proteins
involved in cell-cell interaction and suppression of invasion, and other cancer inhibitory
genes, occurs in both hematologic and epithelial malignancies [1]. Such epigenetic silencing
can occur by multiple mechanisms influencing chromatin structure including: promoter
methylation and histone modifications [2, 3]. The ability to induce gene re-expression by
targeting these mechanisms is possible through pharmacological agents that reverse DNA
hypermethylation mediated gene silencing by inhibiting DNA methyltransferases (DNMTS)
and agents that inhibit “readers”, “writers” and “erasers” of histone modifications [4].
Azacitidine (5-aza-cytidine; 5AC) and decitabine (5-aza-2’-deoxycytidine; DAC) are two
nucleoside analog DNMT inhibitors that are FDA approved for use in myelodysplastic
syndromes (MDS) [5]. Guadecitabine (GDAC) is an emerging decitabine prodrug (cleaved
by phosphodiesterase to produce decitabine [6]) that is currently in phase Il clinical trials
for treatment of acute myeloid leukemia. Each of these drugs is also being widely tested in
multiple hematological and solid organ cancer types, either as monotherapies, or in
combination with other epigenetic, targeted, or immunotherapeutic drugs.

With each of these three major nucleoside analog drugs, the mechanism of action for their
anti-cancer activity is thought to be via DNMT inhibition, but they can also have other
poorly understood cytotoxic effects, particularly at high doses [5, 7, 8]. Their DNMT
inhibitory activity requires cellular uptake by nucleoside transporters, convergent
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metabolism of all three drugs by multiple nucleic acid metabolizing enzymes to DAC
triphosphate, and incorporation of into genomic DNA in lieu of 2’-deoxycytidine
triphosphate [7, 9, 10]. In the case of azacitidine, approximately 10-20% of the 5AC
diphosphate intermediate is converted to DAC diphosphate via ribonucleotide reductase, and
the rest is available for further processing and incorporation into RNA [11]. Once
incorporated into genomic DNA, DAC can covalently trap DNMT enzymes and trigger their
proteosomal degradation [5, 7, 8, 12, 13]. Without DNMTs present to maintain DNA
methylation across DNA replication and cell division, passive demethylation of the genome
ensues and can reverse DNA hypermethylation and epigenetic gene silencing of cancer
protective genes [8, 14, 15]. Given that all of the major nucleoside analog DNMT inhibitors
have a presumed mechanism of action for their epigenetic and anti-cancer effects that
converges on incorporation of DAC into the genome and DNA demethylation, quantitative
measurements of these convergent effects could facilitate a deeper understanding of
exposure-response parameters of these drugs. Such an understanding could ultimately allow
a greater understanding of their bioavailability, intracellular dynamics, mechanisms of
sensitivity and resistance, and informed optimization of dose and schedule of administration
for use with different cancer types.

To date, direct measurement of DAC genomic incorporation has likely been impeded by: i)
chemical instability and rapid hydrolysis of the parent compounds [16-19] requiring
development of efficient pre-analytical processing methods; and ii) the similar molecular
weight of DAC and the natural DNA nucleoside 2’-deoxycytidine (2dC) (228.2 vs. 227.2)
necessitating robust chromatographic resolution of DAC in the midst of vast excess of 2dC
[7, 20]. The closest quantitative method not utilizing radiolabeled drug has been for
measurement of 5AC triphosphate [21] and DAC triphosphate [22—-24], which were detected
in cell lines, peripheral blood mononuclear cell (PBMC) or bone marrow. Incorporation

of 3H-DAC ex vivo in leukemic cell lines and patient samples has been assessed as a
potential phenotypic probe for the efficacy of therapy [25]. Here, we have overcome these
challenges and have developed a robust and reliable method for the quantitative
measurement of the incorporation of DAC into DNA combined with a global DNA
methylation assessment by quantifying genomic 5-methyl-2’-deoxycytidine (5mC) content,
both of which are normalized to 2dC content. The method has been utilized in preclinical
experiments to probe the exposure-response properties of DAC.

2. Experimental

2.1. Chemical and reagents

All analytes purchased had a purity greater than 98%. 5-methyl-2’-deoxycytidine (5mC), 5-
azacytidine-15N, (5AC-15N,), 2’-deoxycytidine-13C15N, (2dC-13C15Ns,), and 5-methyl-2’-
deoxycytidine-d3 (5mC-d3) were purchased from Toronto Research Chemical (Toronto,
ON). DAC and 2’-deoxycytidine (2dC) were purchased from Sigma Aldrich (St. Louis,
MO). HPLC grade methanol, acetonitrile, and formic acid (98% v/v, in water) were
purchased from EMD Chemical Inc. (Gibbstown, NJ). Deionized water was obtained from
Millipore Milli-Q-UF filtration system (Milford, MA). Ammonium acetate was purchased
from JT Baker (Phillipburg, NJ). All other chemicals were of molecular biological grade or
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higher and were obtained from Sigma Aldrich (St. Louis, MO) or Roche Life Science
(Indianapolis, IN). DU145, PC3, HOP62 and PC9 cell lines were obtained from American
Type Culture Collection (Manassas, VA).

2.2. Chromatography

The LC system was a Waters Acquity with a binary pump and an autosampler (Milford,
MA). The autosampler was maintained at 5°C. The analyte separation was achieved using a
Thermo Hyperpcarb porous graphite column (PGC), (100 mm x 2.1 mm, 5um, Pittsburgh,
PA) at room temperature. The mobile phase consisted of 10 mM ammonium
acetate:acetonitrile with 0.1% formic acid (70:30, v/v) delivered using isocratic elution at a
flow rate of 0.3 mL/min for a total runtime of 5 minutes. After each injection, the
autosampler needle was washed with 1.6 mL of acetonitrile:water with 0.5% formic acid
(60:40, viv).

2.3. Mass spectrometry

The mass spectrometric detection was carried out using an AB Sciex 5500 triple quadrupole
mass spectrometer operating in positive electrospray ionization utilizing multiple reaction
monitoring (MRM) mode. The settings for the mass spectrometer were as follows: curtain
gas 30 psi, collision gas 7 psi, ion spray voltage 1500 volts, probe temperature 450°C, ion
source gas 1 50 psi, ion source gas 2 60 psi, exit potential 13, and collision cell exit potential
10. The declustering potential was 50, 150, 85, 85, 66, and 56 for DAC, 2dC, 5mC,
5AC-15N,, 2dC-13C15N, and 5mC-d3 respectively. The collision energy was 16, 19, 18, 19,
18, and 16 for DAC, 2dC, 5mC, 5AC-15Ny, 2dC-13C15N, and 5mC-d3 respectively. The
MRM m/z transitions were for the following: 228.9 — 113.0 for DAC, 228.0 — 112.0 for
2dC, 242.0 — 126.0 for 5mC, 249.0 — 117.0 for 5AC-1°N, 230.8 — 115.0 for
2dC-13C15N;, and 245.8 — 129.0 for 5mC-d3. The LC and the mass spectrometer was
controlled by the Analyst software (version 1.6).

2.4. Preparation of calibration standards and quality control (QC) samples

Stock solutions for each analyte were prepared independently. The stock solutions for DAC,
2dC, and 5mC were prepared at a concentration of 1 mg/mL in water. The stock solutions
for the internal standards, 5AC-15Ny4, 2dC-13C15N,, and 5mC-d3 were prepared at
concentrations of 0.5 mg/mL in methanol, 1 mg/mL in DMSO, and 1 mg/mL in water,
respectively. All stock solutions were stored at —20°C. All working solutions, standards and
quality control (QCs) were prepared fresh daily. Working solutions were made in water and
spiked into blank digest matrix with no enzymes to make the calibration curve and QC
samples. The blank digest matrix contains the following: 0.028 mM deferoxamine mesylate
(DFAM), 32.27 mM ammonium acetate, 10.20 mM trizma base, 1.53 mM EDTA and 0.26
mM zinc chloride. The blank matrix was prepared in ~40mL batches and stored at 4°C. The
calibration curve consisted of 8 calibrators at the following concentrations: 2, 5, 10, 50, 100,
150, 200 and 400 ng/mL for DAC; 50, 125, 250, 1,250, 2,500, 3,750, 5,000 and 10,000
ng/mL for 2dC; and 5, 12.5, 25, 125, 250, 375, 500 and 1,000 ng/mL for 5mC. The quality
control samples were made at 4 different concentration levels for validation: a lower limit of
quantitation (LLOQ), low, medium and high QC levels. The QCs were made at the
following concentration levels: 2, 3, 80 and 320 ng/mL for DAC; 50, 75, 2,000 and 8,000
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ng/mL for 2dC; and 5, 7.5, 200 and 800 ng/mL for 5mC. Blank and zero calibrators were
also part of the standard curve and made from blank digest matrix.

2.5. DNA digest and sample preparation

Genomic DNA in 50 pL of HPLC grade water was digested into individual nucleotides by
adding 4 Units of Nuclease P1 (Sigma Aldrich, St. Louis, MO) and 100 pL of digest buffer
(digest buffer contains: 0.04 mM DFAM, 3.25 mM ammonium acetate pH 5.0 and 0.5 mM
zinc chloride) and incubated at 65°C for 10 minutes. Following incubation, the nucleotides
were dephosphoralyated by adding 20 L of 100 mM trizma base, pH 8.5 and 4 Units of
alkaline phosphatase (Roche Life Science, Indianapolis, IN) and incubated at 37°C for 1
hour. To stop the digest, 20 pL of 300 mM ammonium acetate, pH 5.0 and 6 pL of a solution
containing 0.25 mM DFAM and 50 mM EDTA was added to the sample. To each labelled
glass test tube, 100 uL of sample was added and mixed with 20 uL of internal standard (100
ng/mL of 5AC-1°N, and 2dC-13C1°N, and 1,000 ng/mL of 5mC-d3 in water). For blank
samples, 20 pL of water was added in lieu of internal standard. Samples were vortex-mixed
and transferred to an autosampler vial and 10 pL was injected onto the LC/MS system.

2.6. Method Validation

The validation of this method includes precision and accuracy, sensitivity and specificity,
stock and digested sample stability, matrix effects and precision of the DNA digest. The
FDA guidelines were followed for all acceptance criteria [26].

2.6.1. Selectivity and specificity—The sensitivity of the assay was determined by the
signal to noise ratio of the LLOQ QC from the three precision and accuracy runs. The
specificity was performed using blank digest matrix or untreated cell lines assessing for the
presence of endogenous or exogenous interfering peaks. The interfering peak area needed to
be less than 20% of the peak area of the analytes at the LLOQ in blank digest matrix.

2.6.2. Matrix Effects—Matrix effects were assessed to determine suppression/
enhancement for DAC from the digest matrix and from the DNA input prior to digestion. To
determine the matrix effects from the digest matrix, the low, medium and high QCs were
evaluated in neat solution and in the digest matrix. The second matrix effect experiment was
to assess the effects on DNA input on DAC. Genomic DNA that was not treated with DAC
was analyzed using the following DNA input: 0 ug, 1 ug, 2.5 ug, 5 pug and 10 pg. All
samples were spiked with DAC at 3 QC concentration levels (low, medium and high). Each
sample for both experiments was prepared and processed in triplicate.

2.6.3. Precision and Accuracy—The precision and accuracy validation runs were
performed on three consecutive days. This included a calibration curve processed in
duplicate, and QC samples at four different concentrations (LLOQ, low, medium and high
QC) in quintuplicate; a single blank and zero-level standard (blank with internal standard).
Calibration curves for DAC, 2dC and 5mC were computed using the ratio of the peak area of
analyte to the internal standard (5AC-1°N,4 2dC-13C15N, and 5mC-d3) by using a least-
squares quadratic regression analysis with 1/x2 weight for all analytes. The parameters of
each calibration curve were used to back-calculate concentrations and to obtain values for
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the QC samples and unknown samples by interpolation. Estimates of the inter-day precision,
intra-day precision and accuracy were obtained.

2.6.4. Precision of the DNA Digest Procedure—To assess the precision of the digest
procedures, three different lab technicians, digested genomic DNA from four different cell
lines (DU145, PC3, HOP62 and PC9) using 5 pg of DNA input in triplicate. These four
different cell lines were seeded in T75 flasks overnight at 25% confluence; and then treated
with a single-dose of 250 nM DAC for 48 hours. Following cell harvest, genomic DNA
samples were prepared using Blood and Cell Culture DNA Mini Kit (Qiagen, Germantown,
MD). Samples were then analyzed to determine the concentration of DAC, 2dC and 5mC in
each sample. Inter- and intra-individual variability was assessed.

2.6.5. Stability—The long-term stock stability was evaluated at —20°C and determined by
injecting the test stock solution and compared to freshly prepared stock solution. Each stock
was injected five times. Long term stability was evaluated at approximately 1 and 2 months.
Short-term bench top stability of the stock solution was evaluated at room temperature over
6 hours. Each time point was analyzed in triplicate and the area counts were compared to
time zero. Long term stability was determined by comparing fresh prepared low and high
QCs in digest matrix and QCs made in digest matrix that was stored at —70°C. Each sample
was prepared in triplicate. Long term stability was evaluated monthly for 3 months. The
processed sample stability was determined by injecting freshly prepared low and high QCs
and storing at 5°C (autosampler temperature) for ~5 day and reinjecting the sample. The
concentration of the fresh samples was compared to the reinjected samples using the original
fresh injected standard curve.

2.7. Assay application

The method was applied to both /n vitro cell culture work and an /n vivo mouse model after
DAC treatment.

2.7.1. Cell culture and genomic DNA preparation—All cell lines were maintained in
a humidified incubator at 5% CO» and 37°C. DAC was freshly dissolved in DMSO at a
concentration of 10mM and stored in —20°C for up to 1 month. Human prostate cancer
DU145 cells were seeded in T75 flasks overnight at 25% confluence, and then treated with a
single dose of DAC at various concentrations. Cells were allowed to grow for 48 hours prior
to cell harvest and genomic DNA extraction using Blood and Cell Culture DNA Mini Kit
(Qiagen, Germantown, MD) according to the manufacturer’s recommended protocols,
except that DNA was eluted in pure molecular biology grade water.

2.7.2. In vivo DAC treatment—Eight to ten week old athymic nude mice (Harlan,
Indianapolis, IN) were randomly assigned to four treatment groups of 3 mice each to receive
vehicle control or one of three dose levels of DAC (1, 2, 5 mg/kg) DAC was dissolved in
normal saline and administered by intraperitoneal injection. Doses were administered for
two 1-week cycles consisting of every day administration for 5 days followed by two days of
rest. Upon completion of two cycles of treatment, mice were euthanized with CO,
inhalation; colon tissue and whole bone marrow were collected and stored in liquid nitrogen
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for genomic DNA preparation as described previously [27]. Briefly, mouse tissue samples
(up to 100 mg wet weight) were sliced into small pieces and grinded with liquid nitrogen
followed by overnight incubation at 50°C in 1000 pL DNA extraction buffer (10 mM NacCl,
20 mM Tris-HCI, pH 8.0, 1 mM EDTA) supplemented with 20 pL of 10 mg/mL proteinase
K (Life Technologies, Carlsbad, CA) and 50 uL 10% SDS. Digested samples were treated
with RNase A (Life Technologies, Carlsbad, CA) at 100 pg/mL for 1 hour at 37°C. After
triple extractions with 1 volume of phenol:chloroform:isoamyl alcohol (25:24:1), DNA was
precipitated with 0.7 volume of prechilled isopropanol. Pelleted DNA samples were washed
with 70% ethanol, air-dried and dissolved in pure molecular biology grade water.

3.0. Results and Discussion

3.1. Development of the LC/ESI MS/MS conditions for the simultaneous quantitation of
DAC, 2dC, and 5mC

The LC/MS/MS method was developed and validated to determine DAC, 2dC and 5mC in
digested genomic DNA. The biggest challenge that was overcome was the detection of DAC
and 2dC. The two analytes are one dalton different in molecular weight for both the parent
and the daughter ions creating crosstalk between the two mass spectrometer MRM channels.
Since there was inadequate mass spectrometric resolution, chromatographic resolution was
essential to adequately quantify DAC and 2dC. Many different column chemistries were
assessed such as: multiple manufacture of C18’s, Agilent Zorbax phenyl-hexyl, Phenomenix
Luna CN, Waters BEH HILIC, Waters’ HSS PFP, and Waters” HSS T3. These columns
could not retain the analytes, completely separate and resolve DAC and 2dC, or provide
sufficient sensitivity for detection of DAC. The Thermo Hypercarb porous graphite column
was the only analytical column that was able to routinely and robustly provide the
chromatographic resolution necessary to separate DAC and 2dC.

The goal for sample preparation was to maximize the amount of DAC recovered from
genomic DNA, due to the expected low levels in the sample. In order to remove any of the
salts that are not mass spectrometer friendly, solid-phase extraction (SPE) was tried first.
Water’s Oasis HLB was unable to retain all of the analytes. From previous experience, it was
known that Water’s Oasis mixed cation exchange utilized for azacitidine in plasma resulted
in very poor recovery [28]. Since clean-up methods resulted in inconsistent DNA yields, the
samples were injected with no clean-up. The mass spectrometer was continually monitored
for any salt build up to ensure the LLOQ was detectable. The mass spectrometer was
routinely cleaned after approximately 500 injections.

3.2. Chromatographic separation and detection

The assay was validated with a Thermo Hypercarb porous graphite column with a 5 minute
run time. The column was able to retain all 3 analytes and have baseline separation between
DAC and 2dC. DAC, 2dC, and 5mC eluted at approximately 1.2, 1.6, and 2.5 minutes,
respectively. The column eluent was diverted to waste for the first 0.4 minutes of each
injection.
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3.3. Method Validation

3.3.1. Sensitivity and Selectivity—The LLOQ was determined to be 2 ng/mL for DAC,
50 ng/mL for 2dC, and 5 ng/mL for 5mC in 3 precision and accuracy runs (Table 1). No
major interferences were seen at the same retention time as our analytes (Figures 1 and 2).
The average signal to noise ratio of the LLOQ was 79, 1151, and 857 for DAC, 2dC, and
5mC, respectively (Figure 3).

3.3.2. Matrix Effects—An experiment was set up to evaluate matrix effects from the DNA
digest buffer in 3 QC concentration levels for DAC. The matrix effect for DAC was found to
have 70% — 81% ion suppression from the blank matrix (Table 2). The next experiment was
set up to evaluate the effects of DNA input on DAC. Using different amounts of DNA input,
DAC was spiked into the samples with different amounts of DNA input at 3 QC levels (low,
medium and high). Samples were analyzed and compared to neat solutions at the same
concentration levels. The different amounts of DNA input show there is not a significant
difference with DNA input and that the ion suppression is from the matrix (Table 2).

3.3.3. Precision and Accuracy—The calibration curve for DAC, 2dC and 5mC was
constructed from the peak area ratio of the analyte to the peak area of its internal standard
(5AC-15N,, 2dC-13C1N, and 5mC-d3) by using the least-squares quadratic regression
analysis with 1/x2 weight. Validation experiments revealed excellent goodness of fit, with
the r2 > 0.99 with a calibration range of 2 to 500 ng/mL for DAC, 50 to 10,000 ng/mL for
2dC and 5 to 1,000 ng/mL for 5mC. The accuracy, intra-day precision and inter-day
precision at the LLOQ was: 93.0%, 2.7% and 6.3% respectively for DAC (at LLOQ of 2ng/
mL); 98.5%, 1.2% and 2.0% respectively for 2dC (at LLOQ of 50 ng/mL); and 98.1%, 1.8%
and 1.8% respectively for 5mC (at LLOQ of 5 ng/mL). The accuracy, intra-day precision
and the inter-day precision for the QCs ranged from 95.4% to 99.1%, 1.1% to 1.4%, and
2.7% to 3.5% respectively for DAC; 98.2% to 102.2%, 0.5% to 2.4% and 1.6% to 6.1%
respectively for 2dC; and 98.0% to 102.2%, 0.6% to 3.2% and 1.6% to 2.1% respectively for
5mC (Table 1).

3.3.4. Precision of the DNA Digest Process—To determine the reproducibility of the
DNA digest, three lab technicians digested four different cell lines independently in
triplicate. The inter- and intra-individual precision was determined for all 3 analytes. After
initial determinations, it was found that 2 samples for the DAC analyte only were considered
outliers by Grubbs outlier test. After removing the outliers all %CV were well within 15%
(Table 3).

3.3.5. Stability—The master stock stability was tested at 27 and 77 days. It was
determined that DAC, 2dC and 5mC are stable to 77 days in 100% water at —20°C. Bench
top stability for the stock solution was tested up to 6 hours. All 3 analytes were found to be
stable at room temperature for up to 6 hours in water. Stability was determined in the DNA
digest matrix at the low and high QC level stored at =70°C at 35, 76 and 117 days. It was
determined that DAC, 2dC and 5mC were stable up to 117 days (Table 4).
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3.4. Application of the method

When DU145 human prostate cancer cells were treated with increasing doses of DAC, the
amount of DAC per thousand 2dC showed a strong linear correlation with the initial
treatment dose (Figure 4).

We next assessed the degree of DAC incorporation in tissue samples from mice treated with
DAC. Mice were treated with a dose response of DAC in normal saline at 1, 2, or 5 mg/kg
by intraperitoneal injection for a total of 10 administrations. Our results for DAC and 5mC
content per thousand 2-DC show a dose responsive increase in incorporation in colon and
bone marrow cells with different efficiencies (Figure 5). Interestingly, 5mC content was
inversely correlated with DAC incorporation in colon cells, but not in bone marrow cells,
suggesting that 5mC measurement alone is a poor surrogate for understanding DAC
incorporation due to complex cell and tissue dynamics.

4. Conclusion

An analytical assay method was developed and validated to quantify DAC, 2dC and 5mC
levels in digested DNA. The analytical assay and the DNA digest was shown to be robust
and reproducible. The method has been applied to show DAC incorporation into genomic
DNA in cell lines and in tissue samples collected from mice treated with DAC. Future
experiments will be aimed at interrogating nucleoside analog DNMT inhibitor mechanisms
of action and exposure-response relationships when using these drugs alone or in
combination modalities for both current and emerging indications. These measurements may
also allow a better understanding of mechanisms of resistance and sensitivity to these agents.
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Highlights

«  First quantitative method for incorporation of 5-aza-2’-deoxycytidine in
genomic DNA by UHPLC MS/MS.

»  Method also simultaneously assesses global demethylation by measuring
genomic content of 5-methyl-2’-deoxycytidine and 2’-deoxycytidine.

e This method can be utilized to probe exposure-response relationships of
nucleoside analog DNA methyltransferase inhibitors.
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Representative chromatograms of blank matrix monitoring DAC, 2dC, 5mC, 5AC-1°N,

(1.S.), 2dC-13C15N, (1.S.), and 5mC-d3 (1.S.).
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Figure 2.

Representative chromatograms of blank matrix spiked with internal standard monitoring
DAC, 2dC, 5mC, 5AC-13N, (1.S.), 2dC-13C1®N, (1.S.), and 5mC-d3 (I.S.).
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Figure 3.

Representative chromatograms of the lowest calibration standard spiked with 2 ng/mL DAC,
5 ng/mL 5mC and 50 ng/mL 2dC monitoring DAC, 2dC, 5mC, 5AC-1°N, (1.S.),
2dC-13C15N, (1.S.), and 5mC-d3 (1.S.).
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DAC Content

y =0.0347x -0.5233
R*=09829

200

a0 600 800 1000 1200
[DAC] (nM)

Incorporation of DAC into genomic DNA follows a linear correlation with dose of DAC
exposure. DU145 human prostate cancer cells were treated with increasing doses of DAC for
48 hours. The amount of DAC per thousand 2dC in the genomic DNA showed a strong
linear correlation with the initial treatment dose. Shown are the mean + standard error of the
mean (SEM) of three replicate measurements.
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Figure 5.
DAC and 5mC content in genomic DNA of colon and bone marrow cells from mice treated

with a dose response of DAC. Mice were treated with a dose response of DAC in normal
saline at various doses for two 1-week cycles consisting of every day administration for 5
days followed by two days of rest. Results for DAC and 5mC content per thousand 2dC are
reported. The * indicates that there is no detectable DAC. Shown are the mean values from 3
mice in each drug treated group and the mean value of four replicate measurements for
Control. Error bars represent standard deviations.
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Table 1

Validation Characteristics for DAC, 2dC, and 5mC
Analyte Lower Limit of Quantitation Low QC Medium QC High QC
DAC 2 ng/mL 3 ng/mL 80 ng/mL 320 ng/mL
Average + St. Dev 19+0.1 29+0.1 79.6+2.1 3154+11.2
Intra-Day Accuracy (%) 90.6 - 95.6 943-96.5 98.0-100.8 97.2-99.6
Intra-Day Precision (%) 47-81 08-4.7 23-29 24-46
Inter-Day Accuracy (%) 93.0 95.4 99.4 98.6
Inter-Day Precision (%) 6.3 33 2.7 35
2dC 50 ng/mL 75 ng/mL 2000 ng/mL 8000 ng/mL
Average + St. Dev 49.2+1.0 73.6+11 20445+88.7 7853.2+4824
Intra-Day Accuracy (%) 97.4-99.8 97.8-98.7 100.3-103.4 96.1 -100.6
Intra-Day Precision (%) 12-26 13-19 38-49 3.7-83
Inter-Day Accuracy (%) 98.5 98.2 102.2 98.2
Inter-Day Precision (%) 2.0 1.6 43 6.1
5mC 5 ng/mL 7.5 ng/mL 200 ng/mL 800 ng/mL
Average + St. Dev 49+0.1 74+01 204.4+3.9 801.7+13.1
Intra-Day Accuracy (%) 96.2-99.8 96.2-99.9 101.8-102.9 98.8-101.9
Intra-Day Precision (%) 07-12 07-21 1.0-3.0 06-12
Inter-Day Accuracy (%) 98.1 98.0 102.2 100.2
Inter-Day Precision (%) 18 2.1 1.9 1.6
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