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Abstract
Purpose: Chromatin modifying compounds that inhibit the activity of histone deacetylases have
shown potency as radiosensitizers but the action of these drugs at a molecular level is not clear. Here
we investigated the effect of SAHA on DNA breaks, their repair and induction of rearrangements.

Methods and Materials: The effect of SAHA on both clonogenic survival and repair (SLDr) was
assessed using SCC-25, MCF7 and TK6 cell lines. In order to study unique DNA double strand
breaks, anti-CD95 antibody was employed that introduces a DNA double strand break at a known
location within 11q23. The effect of SAHA on DNA cleavage and rearrangements were analyzed by
ligation-mediated PCR and inverse PCR respectively.

Results: SAHA acts as radiosensitizer at 1 μM with dose enhancement factors at 10% survival of:
SCC-25 - 1.24±0.05, MCF7 - 1.16±0.09 and TK6 - 1.17±0.05 and reduced the capacity of SCC-25
cells to repair radiation induced lesions. Additionally, SAHA treatment diffused site-specific
fragmentation over at least 1 kbp in TK6 cells. Chromosomal rearrangements produced in TK6 cells
exposed to SAHA showed a reduction in microhomology at the breakpoint between 11q23 and
partner chromosomes.

Conclusion: SAHA shows efficacy as a radiosensitizer at clinically obtainable levels. In its
presence, targeted DNA strand breaks occur over an expanded region indicating increased chromatin
access. The rejoining of such breaks is degraded by SAHA when measured as either rearrangements
at the molecular level and rejoining that contributes to cell survival.
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Introduction
The addition of chemotherapy to radiation treatment is a mainstay of current clinical practice
with DNA damage being a major target of both (1). More recently, chromatin modifying
compounds that inhibit the activity of histone deacetylases (HDACs) have been used in
conjunction with irradiation (2). Several in vitro studies have supported the fact that targeting
HDACs with HDAC inhibitors (HDACIs) can increase radiosensitivity (3-6). This observation
has been attributed to the more open chromatin structure in the presence of HDACIs (7).
Additionally, biochemical studies have attributed the radiosensitization effects of HDACIs to
the interplay between HDACs and DNA damage response pathway proteins. ATM, the gene
mutated in ataxia telangiectasia and linked to increased radiation sensitivity has been found to
interact with HDAC1 (8). This gene has also been shown to be involved in histone acetylation-
mediated gene regulation with the use of HDACIs (9). These various studies suggest that
radiation sensitivity and radiation dependent DNA signaling can both be modified with
HDACIs.

Several HDACIs have been developed and their action studied both in vivo and in vitro. These
HDACIs can induce growth arrest, differentiation, and apoptosis in various cancer cell lines
(10-12). Recently, suberoylanilide hydroxyamic acid (SAHA; vorinostat; Zolinza®), a broad
inhibitor of class I and II of HDACs (13), has been approved by the FDA for treatment of
cutaneous T-cell lymphoma (CTCL) (14). Subsequent single agent clinical studies of SAHA
have shown that although it has limited activity against solid and hematological malignancies,
the drug was well tolerated, thus had potential for clinical benefits as a part of combination
therapy (15-17). In a preclinical study, pre-treatment with SAHA followed by irradiation
showed enhanced toxicity in prostate and glioma cancer cell lines (3). Another study using
leukemia cell lines showed that SAHA can enhance the effect of cytosine arabinoside and
etoposide; two widely used anti-cancer drugs (18). Based on the success of in vitro studies,
several clinical trials are being conducted at present to study the efficacy of SAHA in
combination with radiation and chemotherapeutic drugs in malignancies of the breast, lung,
brain and blood (19).

In order to understand the molecular mechanisms by which SAHA modulates the affect of
DNA damaging agents, experiments were designed targeting the 11q23 region. This region
has been shown to undergo active fragmentation upon exposure to various genotoxic agents,
making it a suitable model to study the effect of SAHA on DNA damage and repair at the
molecular level (20-22). In addition, we evaluated the radiosensitization potential of SAHA in
cell lines representing three different systems, SCC-25 (head and neck carcinoma), MCF7
(breast cancer) and TK6 (lymphoblastoid).

Materials and Methods
Cell Lines

Cell lines used in this study were obtained from the American Type Culture Collection (ATCC,
Manassas, VA). The TK6 cells were maintained in RPMI-1640 (ATCC) supplemented with
10% FBS. The MCF7 cells were maintained in AMEM (Gibco, Carlsbad, CA) containing 10%
FBS, 0.01 mg/ml of bovine insulin, 1% penicillin-streptomycin, and 1% L-glutamine. The
SCC-25 were maintained in a 1:1 mixture of DMEM (Cellgro, Manassas, VA) and Ham's F12
medium (Gibco) supplemented with 10% FBS, 1% penicillin-streptomycin, and 400 ng/ml
hydrocortisone.
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Clonogenic Cell Survival Assay
Exponentially growing MCF7 and SCC-25 cells were treated with either 0.5 μM or 1.0 μM of
SAHA dissolved in DMSO for 24 h. The control group was treated with DMSO only. Cells
were washed 3x with PBS and supplied with fresh medium prior to irradiation (IR). After IR,
cells were harvested by trypsinization, counted, and seeded within a range of 100 to 16,000
cells per dish. After 14 d, cell colonies were fixed and stained with 1% crystal violet. Colonies
of ≥ 50 cells were counted to determine the surviving fraction. Radiation survival curves were
constructed by normalizing to the number of colonies surviving SAHA alone. The survival of
TK6 cells after treatment was determined by a limiting dilution assay. Depending on the drug
and IR dosages, cell concentrations ranged from 0.25 to128 cells/well. Cells were treated with
DMSO or various concentrations of SAHA for 24 h. After drug treatment, cells were irradiated
at 0, 2, 4, and 6 Gy. Following IR, plates were analyzed as described before (23).

Extraction of Cellular Histones
Cells were harvested after SAHA treatment, washed 2x with ice-cold 1X PBS and centrifuged
at 13,000 rpm for 5 min at 4°C. Cells were suspended in Triton Extraction Buffer [TEB: PBS
containing 0.5% Triton X-100 (v/v), 2 mM PMSF, 0.02% (v/v) NaN3] at a cell density of
106 cells/100 μl, lysed on ice for 10 min, centrifuged at 2000 rpm for 10 min and the pellet
washed with TEB. Subsequently the pellet was suspended in 0.2 N HCl at a cell density of
106 cells/25 μl, and acid extraction was carried out overnight at 4°C, the suspension centrifuged
for 10 min at 2000 rpm and the supernatant collected.

Detection of acetylated Histone H4 and caspase-3 proteins
Ten μg of protein from cells treated with SAHA was run on a polyacrylamide gel and
transferred to a PVDF membrane. After transfer, the membrane was blocked for 1 h in 3%
nonfat milk diluted in PBS and incubated overnight at 4°C with the primary antibody (anti-
acetylated H4, Millipore, Billerica, MA) at 1:2000 dilution. After washing, the membrane was
incubated for 1 h with the secondary antibody (Goat anti-rabbit-HRP, Pierce, Rockford, IL) at
1:5000 dilution and developed using SuperSignal West Dura (Thermo Scientific, Waltham,
MA). For caspase-3 analysis total cellular proteins were extracted as described before (23).
Cleavage of caspase-3 was detected by using anti-caspase-3 antibody (Cell Signaling
Technology, Danvers, MA) that probes for both full length caspase-3 (35 kDa) and the large
fragment of caspase-3 resulting from cleavage (17 kDa). The primary antibody was used at a
dilution of 1:250. The secondary antibody (Goat anti-rabbit-HRP, Jackson ImmunoResearch,
West Grove, PA) was used at a dilution of 1:5000.

Sub-Lethal Damage Repair Clonogenic Assay
SCC-25 cells were treated with either DMSO or 0.5 μM SAHA using cells at 75% confluence.
After 24 h the cells were washed 3x in PBS and irradiated in fresh media. A time course was
performed to measure the effect of recovery time between the first and second IR treatment.
An initial dose of 2 Gy was administered to the cells. Recovery times from 0 to 120 min were
used, followed by a second dose of 2 Gy. Subsequently, cells were washed 1x in PBS and
trypsinized to yield a single cell suspension. Cells were counted and seeded within a range of
150 to 800 cells per dish and analyzed by clonogenic assay as above.

Ligation-mediated PCR
Ligation-mediated PCR (LM-PCR) was used to analyze the location and intensity of DNA
fragmentation at 11q23. TK6 cells were incubated with SAHA for 24 h followed by treatment
with anti-CD95 antibody (0.5 μg/ml; eBioscience, Inc., San Diego, CA) to induce DNA
fragmentation. After 4 h of treatment, genomic DNA was collected and ligated with the linker.
The details on making the linker, ligation to genomic DNA and subsequent PCR have been
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described before (21,24). The PCR products from the LM-PCR reaction were transferred from
to a nylon membrane. The hybridization was done with a biotinylated probe generated using
NEBlot Phototope kit (New England Biolabs, Ipswich, MA) specific to the 11q23 region
(20). The probe was detected using the Phototope – Star detection Kit (New England Biolabs).

Inverse PCR
TK6 cells were treated with DMSO or with 0.5 μM/2.0 μM of SAHA for 24 h, followed by
treatment with anti-CD95 antibody for 4 h (0.5 μg/ml; eBioscience). The IPCR was conducted
as described (24). The templates made from 11q23 ligated to partner chromosomes were
amplified using a semi-nested PCR procedure. Each template was treated with PvuII restriction
enzyme to limit amplification of normal, un-rearranged material. Aberrant bands were
extracted, sequenced and analyzed by reference to the BLAST database at NCBI. To reduce
the possibility of artifacts being mistaken for rearrangements, all rearrangements had templates
with confirmed re-ligation at the appropriate Sau3A1 cleavage site. In addition, both final
primer sites had to be present within the sequence analyzed. These precautions substantially
reduce the possibilities of errors in interpretation (25).

Results
SAHA enhances radiosentivity

We were interested to determine if SAHA could act as a radiosensitizer at clinically obtainable
levels of 0.5 μM and 1.0 μM using the clonogenic survival assay. SAHA pre-treatment
decreased the survival fraction following irradiation for all three cell lines (Fig. 1). The dose
enhancement factor (DEF) was calculated at 10% survival, Drads/Drads+drug, using the 1.0 μM
SAHA survival curve. The DEF's were as follows: SCC-25 - 1.24±0.05, MCF7 - 1.16±0.09
and TK6 - 1.17±0.05. For the TK6 cell line only, clonogenic survivals were also conducted
using a 2.0 μM SAHA pre-treatment, followed by irradiation. It was observed that the DEF at
10% survival increased to 1.34±0.17. Including the data from Fig. 1, a clear dose response was
obtained with SAHA treatment in TK6 cell line, with DEF's of 1.09 + .05, 1.17+.05 and 1.34
+.17 at 0.5, 1 and 2 μM respectively. For these experiments, average control and 0.5 μM SAHA
treatment plating efficiencies were similar and varied between 17 and 30% for MCF7 and
SCC-25 and 2-3% for TK6 cells. A slight reduction in plating efficiency was noted for all cell
systems when 1.0 μM SAHA was used.

SAHA affects the repair capacity of SCC-25
It was observed that the repair capacity of SAHA treated cells is similar to that of the control
until the interval between the two irradiation doses exceeded 60 min. With a time interval of
more than 60 min, the repair capacity of SAHA treated samples was significantly compromised
(Fig. 2). These data indicate that SAHA can affect the repair capacity of SCC-25 at low
concentrations and this could contribute to the ability of SAHA to act as a radiosensitizing
agent.

SAHA treatment enhances histone acetylation
A gradual increase in the level of acetylation was observed with increase in SAHA
concentration (Fig. 3A). For the MCF7 and TK6 cell lines, increased levels of acetylation of
H4 histones were observed at low concentrations (0.5 μM and 1.0 μM) of SAHA. Equal loading
of protein samples was confirmed by Coomassie blue staining of the protein gels (data not
shown). From the Western blot data it can be concluded that pharmacologically relevant levels
of SAHA can lead to acetylation of histones and hence a more ‘open’ chromatin structure.
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SAHA modification of survival is independent of caspase3 activation
To assess the impact of apoptosis as a possible contributor to the radiosensitizing action of
SAHA, levels of activated caspase 3 were measured. SCC-25 cells were irradiated with 4 Gy
with or without pre-treatment with SAHA (0 μM to 2 μM). TK6 cells treated with anti-CD95
antibody were used as a positive control. For the positive control, both full length caspase-3
(35 kD) and the large fragment of caspase-3 (17 kD) resulting from cleavage activation were
observed. For SCC-25 cells treated with SAHA and/or irradiation, no cleavage of caspase-3
was observed (Fig. 3B). This indicated that SAHA treatments up to 2 μM do not induce
apoptosis in SCC-25 cells.

SAHA enhances 11q23 fragmentation
We hypothesized that the radiosensitizing activity of SAHA may be due to increased access
of nucleases and/or free radicals to chromatin, secondary to SAHA modulation of histone
acetylation, leaving chromatin in an open configuration. The interplay between SAHA
treatment and endogenous nuclease cleavage was studied by examining breaks induced by anti-
CD95 antibody within the11q23 region, using LM-PCR as the readout. It was observed that
SAHA-only treatment did not alter the fragmentation pattern, but when used in combination
with anti-CD95 antibody, there was a significant increase in the amount of breaks and their
distribution within the target region (Fig. 4A). These data are consistent with greater
accessibility of chromatin to endogenous nucleases subsequent to SAHA-induced chromatin
relaxation.

SAHA affects NHEJ dependent chromosome rearrangements
Radiation toxicity is linked to the creation of lethal lesions such as dicentric chromosomes;
here we studied the role of SAHA in promoting such processes. After anti-CD95 antibody
treatment potential chromosome rearrangements were captured at the 11q23 region using
IPCR. Here, potential rearrangements are excised, circularized by T4 ligation and the entire
construct PCR amplified using divergent primers to the known region (20). At the highest
concentration of SAHA, the intensity of novel amplicons observed by gel electrophoresis is
increased (Fig. 4B). For each treatment group, similar numbers of total PCR amplification
products were captured by IPCR (Table 1). However, when compared to the total number of
amplicons verified by sequencing, the percentage of rearrangements increased with SAHA
concentration (Table 1). Those amplicons that were not verified as rearrangements contained
11q23 sequence only, with no partner DNA. The majority (14/18) of rearrangements showed
microhomology at the site coe on indicating that the non-homologous end joining (NHEJ)
repair pathway was likely involved (Table 2) (26). A reduction in base pair length of
microhomology was observed at the highest SAHA concentration used. The average
microhomology for the cells not treated with SAHA was 4.5±1.3, for 0.5 μM – 4.6±2.1, for
2.0 μM – 3.1±0.8. The rearrangements detected, recorded at the breakpoint junction here, may
be extrapolated to illustrate a complete aberration, shown for one example in Fig. 5.

Discussion
Although SAHA is being used in the clinic, its mechanism of action at a molecular level is still
a matter for conjecture. Here we studied the effect of SAHA on both DNA damage induction
and its subsequent conversion to unique DNA lesions, as well as its capacity to affect DNA
repair relevant to cell survival.

In our study, we first looked at the acetylation capacity of SAHA in three cell lines. It was
observed that SAHA can increase the acetylation of H4 histones at concentrations of 1 μM in
all cell lines studied. This is clinically relevant as at the FDA approved dosage of SAHA of
400 mg once a day orally, the concentration of SAHA observed in patients is 1.2±0.53 μM
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(14). Thus pharmacologically relevant levels of SAHA were used to conduct subsequent in
vitro studies. Following execution of clonogenic survival experiments in the presence or
absence of SAHA, modest levels of radiosensitization were observed. Typically higher DEFs
have been reported for SAHA but these studies have either used a much higher (2.5 μM)
concentration of SAHA (5) or longer (3 days) incubation with SAHA (3). To address the
mechanism of radiosensitization we looked at the ability to induce apoptosis, a known outcome
of SAHA exposure in lymphocytes (27). To test this hypothesis, we probed for activated
caspase 3 in SCC-25 by Western blot. A range of SAHA concentrations with or without
irradiation did not induce any apoptosis in this epithelial derived cell line. Similar results were
observed by Zhang et al when squamous carcinoma cell lines were treated with Trichostatin
A, a HDACI that is structurally similar to SAHA, using flurometric assays for activated caspase
3 and 9; but this study did find increase in cellular necrosis (6). Hrzenjak et al have shown that
SAHA induces caspase independent death of endometrial stromal sarcoma cells (28). This
implies that SAHA can induce cell death by non-apoptotic pathways. Treatment with 0.5 μM
SAHA did not have any effect on the cell cycle distribution of SCC-25 cells (data not shown),
a finding also observed by others (28).

In order to understand the mechanism(s) driving radiosensitization by SAHA, SLDr
experiments were conducted with the SCC-25 cell line. With this assay the ability of cells to
successfully repair sublethal lesions are measured. The kinetics of increased survival measured
by this technique has been linked to the kinetics of DNA double strand break (DNA-DSB)
rejoining - the key feature in killing cells with ionizing radiation (29). When the time interval
between the two radiation doses was more than 60 min, the SAHA treated cells showed an
unusual collapse in effective repair, returning to levels at or below those observed without
allowing time for DNA repair. In order to understand this observation, and its possible links
to DNA breaks and their conversion to lethal lesions, we used molecular techniques to probe
both the induction of a specific DNA break and its conversion into a unique rearrangement

To pursue this part of the study we made use of a known common fragmentation site at 11q23
that is frequently cleaved after exposure to genotoxic agents (20-22). This approach allowed
us to analyze discrete molecular events rather than global effect of SAHA on DNA breaks
introduced at random. It was observed, using LM-PCR to screen for the sites of specific DNA
fragmentation, that both the distribution and intensity of breaks generated by anti-CD95
antibody treatment were significantly increased by pre-treatment with SAHA. We interpreted
this result to indicate that a more ‘open’ configuration of chromatin promoted by SAHA
increases DNA vulnerability to endogenous nucleases or free radical attack. To pursue the
effects on DNA repair at the single cell level, a screen was carried out to measure the type of
DNA rearrangements linked to radiation cell death.

The creation of chromosome rearrangements has historically been linked to the “mitotic
catastrophe” route of cell death for irradiated cells (30). Such cells are characterized by the
presence of chromosomal rearrangements, such as dicentrics, that physically limit partition at
mitosis (31,32). These observations have been included in the Theory of Dual Radiation action
where individual DNA breaks recombine to form lethal lesions (33-36). The modern iteration
of this theory is found in the analysis of cell survival curves and radiation response data using
the linear quadratic equation – in particular the alpha and beta coefficients extracted from it
(36). In order to model this process of aberration formation we studied the effect of SAHA on
chromosomal aberrations at the same11q23 region. The advantage of studying aberrations at
this fixed location is that it allows a study of the effect at the base pair level in a single cell,
providing a better description of the process of aberration formation. Here we used IPCR
following anti-CD95 antibody treatment to create a specific DNA break at 11q23 and found
that SAHA treatment led to an increase in the efficiency of aberration detection. That is, more
of the analyzed amplicons were verified by sequencing as actual chromosomal rearrangements,
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the remainder being derived from unaltered chromosome 11 DNA. Interestingly, increased
amounts of SAHA also decreased the degree of microhomology at the chromosome
breakpoints, microhomology is a signature feature of the error prone NHEJ repair pathway
(Table 1) (26). The decrease in the number of microhomology base pairs with pre-treatment
with SAHA may indicate that the open configuration facilitates the process of rearrangement
formation, or at least modifies it from that observed in cells not exposed to SAHA. This would
be at the stage where NHEJ repair enzymes, including Ku70/80, are loaded at the DNA break
site (26). As an illustration of the impact of such rearrangements analyzed at the base pair level,
a single dicentric rearrangement can be extrapolated from these molecular data and is presented
schematically in Fig. 5. These data therefore indicate that SAHA has a role both at the level of
DNA damage induction and at its subsequent repair or rearrangement. A decrease in the repair
capacity by SAHA treatment has been suggested by the work of other groups where SAHA
was able to alter the protein levels of genes involved in both homologous recombination and
NHEJ repair (3,5).

Our data indicates that SAHA can act as a radiosensitizer at pharmacologically relevant
concentrations. Recent clinical trials of SAHA have indicated that it is well tolerated in humans
(15-17). Although research has shown that SAHA may not be a good candidate as single drug
treatment, it is a very promising candidate for combination therapy. Thus in the presence of
agents such as irradiation and etoposide that introduce DNA-DSBs, SAHA may impact both
DNA damage accumulation and repair, potentially leading to the creation of lethal lesions.
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Fig. 1.
Clonogenic survival assay demonstrating the radiosensitizer capacity of SAHA. MCF7,
SCC-25 and TK6 cell lines were treated with 0.0 μM (●), 0.5 μM (■) and 1.0 μM (▲) of SAHA
for 24 h and then exposed to graded doses of ionizing radiation. Each point on the survival
curve represents the surviving fraction ± SE from three separate experiments. Error bars are
shown unless smaller than the symbol size.
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Fig. 2.
Sub-lethal damage repair assay showing the compromised repair capacity of SCC-25 cells due
to treatment with SAHA. SCC-25 cells were pre-treated with either 0.0 μM (●) or 0.5 μM (■)
for 24 h and then two doses of 2 Gy each were delivered either simultaneously or at increasing
times apart. SCC-25 cells showed decreased repair capacity when the interval between two
radiation doses was more than 60 min. Each point on the survival curve represents the surviving
fraction ± SE from three separate experiments.
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Fig. 3.
A. Western blots showing that SAHA increases acetylation of H4 histones. SCC-25, MCF7
and TK6 cell lines were treated with 0.0 μM to 4.0 μM SAHA for 24 h and probed for acetylated
H4 histones. B. Western blot showing SAHA does not induce apoptosis in SCC-25 cell line.
SCC-25 cells were treated with 0.0 μM to 2.0 μM SAHA and then irradiated with 4 Gy. SAHA
did not induce apoptosis either by itself or in combination with irradiation. T – TK6 cells treated
with anti-CD95 antibody used as positive control.
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Fig. 4.
Effect of SAHA on intensity of DNA breaks and potential aberrations. A. Southern blot
showing the effect of SAHA on the intensity of breaks generated at 11q23 region by anti-CD95
antibody. SAHA did not increase the number of breaks but when used in combination with
anti-CD95 antibody there was a significant increase in the amount and distribution of breaks.
M – Molecular weight marker. B. IPCR results of TK6 cells treated with anti-CD95 antibody
with or without pre-treatment with SAHA. The possible aberrations have been shown and each
band was individually cloned and sequence analyzed. M – Molecular weight marker.
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Fig. 5.
Diagrammatic representation of process involved in formation of DNA rearrangements. A)
DNA-DSB in each of two chromosomes can lead to formation of dicentric chromosomes after
a single round of cell division. B) DNA-DSB in Chromosome 11 and 1 and the subsequent
DNA rearrangement captured by IPCR. C) Sequence of Chromosome 11 and 1 at the site of
DNA rearrangement is shown as analyzed in these experiments and the microhomology
between the two chromosomes is boxed.
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Table 1

Summary of MLL aberrations

SAHA
Treatment

Total
aberrations

DNA
rearrangements

Translocation
(%)

Microhomology
(bp)

0.0 μM 14 4 28.57 4.5 ± 1.3

0.5 μM 12 5 41.67 4.6 ±2.1

2.0 μM 15 9 60.00 3.1 ± 0.8

All the three groups were treated with anti-CD95 antibody following pre-treatment with 0.0 μM (DMSO only), 0.5 μM and 2.0 μM SAHA respectively.
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Table 2

Details of Translocations detected following SAHA treatment

SAHA
Treatment Site Chr. MLL microhomology partner

0.0 μM 6766 6 ATCTTCCCATGTTCAACTCCTCTT

0.0 μM 6807 20 TGAGCCAAGGTCACACC

0.0 μM 6807 2 CTGTTGTGAGCCAGGGCATT

0.0 μM 6894 5 TGTTGTGAGCTCTCATATG

0.5 μM 6805 4 TGTGAGTACAAACCAAG

0.5 μM 6852 1 GCCCTCTGGAGGATGGTGGT

0.5 μM 6816 4 TGTGAGTACAAACCAAGGAAAGTGG

0.5 μM 6807 14 TGTTGTGAGCCTACGTTC

0.5 μM 6804 5 TTGTGAATCTGGAA

2.0 μM 6719 5 ATGGTTTTGCAATGG

2.0 μM 6805 1 TTGTGAGATTCTAGC

2.0 μM 6806 1 TCTGTTGTGAGCCACCAG

2.0 μM 6806 18 TCTGTTGTGAGCCACTGCAC

2.0 μM 6807 13 TGAGCCAAAACAGGA

2.0 μM 6789 2 TGTGTATTGAGCCATG

2.0 μM 6759 20 ACTTCTATCTATTTTATGTC

2.0 μM 6809 3 GTGAGCCCTGTCTCCACT

2.0 μM 6807 10 CTGTTGTGAGCAGTCGATG

The site of break in the MLL-BCR for various rearrangements is listed. The microhomology between the MLL and partner chromosome is boldface.
The sequence of the partner sequence is underlined.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2011 February 1.


