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Abstract

Background—Specificity protein 1 (Sp1) is involved in the transcription of several genes 

implicated in tumor maintenance. We investigated the effects of Mithramycin A (MTA), an 

inhibitor of SP1 DNA binding, on radiation response.

Methods—Clonogenic survival after irradiation was assessed in tumor cell lines (A549, UM-

UC3) and one human fibroblast line (BJ) after Sp1 knockdown or MTA treatment. DNA damage 

repair was evaluated using γH2AX foci formation, and mitotic catastrophe was assessed using 

nuclear morphology. Gene expression was evaluated using PCR arrays. In vivo tumor growth 

delay was used to evaluate the effects of MTA on radiosensitivity.

Results—Targeting of Sp1 with siRNA or MTA sensitized A549 and UMUC-3 to irradiation, 

with no effect on BJ radioresponse. MTA did not alter γH2AX foci formation after irradiation in 

tumor cells, but did enhance mitotic catastrophe. Treatment with MTA suppressed transcription of 

genes involved in cell death. MTA administration to mice bearing A549 and UM-UC3 xenografts 

enhanced radiation-induced tumor growth delay.

Conclusions—These studies support Sp1 as a target for radiation sensitization and confirm 

MTA as a radiation sensitizer in human tumor models.
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Introduction

Specificity protein 1 (Sp1) is a transcription factor required for the expression of numerous 

genes important in proliferation, apoptosis, angiogenesis, DNA damage response, invasion, 

and metastasis [1]. In addition to a reported role in DNA damage repair [2–6], Sp1 

transcriptionally regulates several genes involved in radiation response [6]. Mithramycin A 

(MTA) is an antibiotic with anti-neoplastic activity in diverse cancer histologies [7–9] that is 

attributed to its capacity to inhibit RNA synthesis [10]. MTA preferentially binds to GC-rich 

regions of DNA, thus preventing binding of transcription factors, such as Sp1 [11] and Egr1 

[12, 13], that play critical roles in cell survival, cell growth, cell differentiation, and tumor 

progression [14].

To evaluate pharmacologic targeting of Sp1 as a strategy for enhancing tumor cell radiation 

response, we first confirmed that silencing of Sp1 sensitized cancer cell lines to irradiation; 

the response of a human fibroblast line was not affected. Pharmacologic inhibition of Sp1 

activity with MTA increased apoptosis and mitotic catastrophe and sensitized tumor cells to 

irradiation in vitro and in vivo. The expression of several proteins transcriptionally regulated 

by Sp1 and implicated in cell death pathways were reduced after MTA exposure, suggesting 

MTA reduced the threshold for cell death in a multi-target fashion.

Material and Methods

Detailed methods are included in supplementary materials.

Cell culture and treatment

The A549 (human lung carcinoma), UM-UC-3 (human transitional cell carcinoma), and BJ 

(human foreskin fibroblast) cell lines were obtained from American Type Culture 

Collections (ATCC, Manassas, VA) and used within 15 passages. Cells were cultured at 

37°C in a humidified atmosphere with 5% CO2, and maintained in RPMI 1640 medium with 

2 mM L-glutamine and HEPES (ATCC) supplemented with 10% fetal bovine serum 

(Gemini Bio-products, West Sacramento, CA).

MTA, from Tocris Bioscience (Bristol, UK), was prepared in DMSO (vehicle, Sigma-

Aldrich, St. Louis, MO) and used at final concentrations of 25–50 nM). Radiation was 

delivered using an XRAD 320 (Precision X-Ray Inc., N. Branford, CT) at a dose rate of 2.21 

Gy/min (additional details provided in the supplemental methods).

Short interfering RNA treatment

The smart interfering RNA (ON-TARGETplus siRNA) SMARTpool containing four pooled 

siRNA targeting Sp1 (GE Dharmacon, Lafayette, CO) and a non-specific control pooled 

siRNA were transfected using DharmaFECT 1 (GE Dharmacon).

Clonogenic survival assay

Exponentially growing cells were plated. After attachment (5 h after plating), cells were 

treated with vehicle or MTA for 1 h prior to irradiation. Media was replaced 24h after 

irradiation. Cells were stained with crystal violet after 7–14 days, and the number of 
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colonies (≥ 50 cells) was determined. Dose enhancement factors (DEF) were calculated by 

taking the ratio of the radiation dose resulting in 10% survival (control: drug-treated). 

Toxicity was calculated as the ratio of the plating efficiency of cells treated with MTA versus 

vehicle alone. In separate studies, cells transfected with Sp1 specific or control siRNA were 

plated and irradiated (24 h post-transfection) and clonogenic survival was determined as 

described above.

Gene expression analysis

The expression of 84 cell death-associated genes was determined using RT2 Profiler PCR 

arrays (Human Apoptosis, Qiagen, Valencia, CA) as per manufacturer’s instructions using 

RNA isolated from A549 cells treated for 24 h with MTA (50nM) or vehicle. RNA was 

purified with the RNEasy system and reverse-transcribed using the RT2 First Strand Kit 

(Qiagen). Gene expression was derived by the 2−ΔΔC
T method using the Qiagen data 

analysis center (Qiagen), and normalized by the expression of β-2-microglobulin, 

glyceraldehyde-3-phosphate dehydrogenase, and the large ribosomal protein P0. Gene 

expression differences were considered significant when fold regulation was ≥ 1.5 and ≤ 

−1.5 and p≤0.05 by paired T-test.

Cell cycle and ploidy analysis

DNA content and mitotic fraction were determined from duplicate experiments using a 

FACSCaliber cytometer (BD Biosciences, San Jose, CA) and FlowJo software (Tree Star, 

Inc., Ashland, OR). Briefly, mitotic fractions of single cell suspensions were detected with 

anti-phospho-serine-10 histone H3 antibody (Millipore, Billerica, MA) and CruzFluor™ 488 

labeled anti-rabbit IgG (Santa Cruz Biotechnology, Dallas, TX). DNA content was 

determined with propidium iodide (PI, Sigma-Aldrich). For ploidy analysis, cellular DNA 

was stained with FxCycle Violet (Life Technologies). DNA content was determined using a 

FACSCanto II cytometer and FlowJo software.

Apoptosis

Apoptosis was detected using an annexin V-FITC (fluorescein isothiocyanate) apoptosis kit 

(Sigma-Aldrich) per the manufacturer’s protocol. Cells were immediately transferred to ice 

and apoptosis was analyzed using a FACSCanto II cytometer (BD Biosciences) and FlowJo 

software.

γH2AX immunofluorescence

Briefly, fixed cells were incubated in anti-γH2AX antibody (Millipore) followed by a 

fluorescein isothiocyanate (FITC) conjugated secondary antibody (Jackson 

ImmunoResearch, West Grove, PA). Nuclei were stained with 4′, 6-diamidino-2-

phenylindole (DAPI) (Sigma-Aldrich). Slides were imaged using a Leica DM LB2 

fluorescent microscope and digital images were captured with QCapture (QImaging, BC, 

Canada). The number of γH2AX foci per cell was manually scored in 150 cells per 

condition.
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Mitotic catastrophe

After methanol fixation (−20°C for 15 min) and permeabilization (0.5% Triton X-100), cells 

were incubated with anti-α-tubulin antibody (Sigma-Aldrich) followed by a FITC-

conjugated secondary antibody (Invitrogen, Carlsbad, CA). Nuclei were counterstained with 

DAPI. The presence of fragmented nuclei and/or the presence of two or more distinct 

nuclear lobes in a single cell were scored in 150 cells per condition.

Immunoblotting

Cells and tumor xenografts were lysed in radioimmunoprecipitation assay buffer (Thermo 

Scientific, Grand Island, NY) supplemented with protease and phosphatase inhibitors 

(Roche, Basel, CH). Protein concentrations were measured by bicinchoninic acid assay 

(Thermo Scientific). Equal amounts of proteins were separated by SDS-PAGE (Thermo 

Scientific) and transferred to polyvinylidene difluoride membranes (Bio-Rad, Hercules, 

CA). Immunoblotting was performed with primary antibodies against XIAP, survivin, Fas, 

Caspase-2, IGF1R, Bcl-w (Cell Signaling, Danvers, MA), and Actin (EMD-Millipore, 

Billerica, MA).

Tumor xenograft model

Animal procedures were institutionally approved and in accordance with the guidelines of 

the Institute of Laboratory Animal Resources, National Research Council. A549 or UM-

UC-3 cells were injected subcutaneously into the hind leg of athymic nude mice (NCI 

Frederick, Frederick, MD). Tumor volumes were measured three times weekly.

Radiation was delivered with a Therapix DXT300 x-ray irradiator (Pantak, Inc., East Haven, 

CT) using 2.0 mm Al filtration (300 kV peak) at a dose rate of 1.9 Gy/min (additional details 

included in the supplemental methods). Mice received a single intraperitoneal injection of 

MTA or vehicle 1 h prior to irradiation (IR). For multi-fraction radiation, mice received 

MTA or vehicle 1 h prior to the first and third fraction of IR.

Tumor growth to 1000 mm3 was scored for individual animals. The mean growth delay was 

calculated as the mean number of days for treated tumors to grow to 1000 mm3 minus mean 

number of days for the vehicle group to reach the same size. The DEF was calculated as the 

ratio of the normalized tumor growth delay in mice treated with MTA + IR versus that 

obtained with IR alone.

Statistical Analysis

All in vitro experiments were conducted in triplicate unless otherwise noted. Comparisons 

between conditions were performed with ANOVA with Tukey’s correction for multiple 

comparisons. A p-value less than 0.05 was considered statistically significant.

Results

Targeting Sp1 enhances tumor cell radiosensitivity

To confirm the role of Sp1 in radiation response, clonogenic assays were performed in the 

A549, UMUC-3, and BJ cell lines after Sp1 knockdown. Sp1 knockdown reduced 
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clonogenic capacity after irradiation in the A549 and UMUC-3 tumor cells lines (Figure 

1A), but had no impact on BJ radioresponse. SP1 knockdown was confirmed by 

immunoblotting (Figure 1B, Supplemental table 1).

MTA was used to determine the effect of pharmacological inhibition of Sp1 in combination 

with radiation. MTA increased A549 and UM-UC-3 radiation sensitivity with DEF values 

1.77 and 1.56, respectively (Figure 2, Supplemental table 1). The BJ fibroblast cell line was 

not sensitized to irradiation by MTA, as expected based on siRNA studies (DEF 1.0).

Effects of Mithramycin A on DNA repair and cell cycle

The A549 cell line was used to investigate the processes by which MTA enhances radiation 

response. Prior studies have documented the role of Sp1 in the repair of DSBs [5]. To 

determine if MTA altered DSB repair, a lethal event after ionizing radiation exposure, 

γH2AX foci induction and resolution was evaluated. No difference in γH2AX foci 

induction or resolution was observed between irradiated A549 cells treated with MTA or 

vehicle (Figure 3A), suggesting that MTA mediated radiosensitization does not involve 

inhibition of DSB repair. Because Sp1 is known to regulate the transcription of a number of 

cell cycle proteins [1], cell cycle analysis was performed to determine if MTA treatment 

altered cell cycle distribution at the time of irradiation. One hour MTA pre-treatment 

resulted in minimal change in the G2/M population (Figure 3B).

Another potential source of radiosensitization is abrogation of the G2 checkpoint [15]. Flow 

cytometric analysis of phosphorylated histone H3 in the 4N cell population after irradiation 

was used to quantify G2 checkpoint activation [16]. Irradiation resulted in a rapid reduction 

in the mitotic index, reaching a maximum decrease at 3 h, indicating activation of the early 

G2 checkpoint (Figure 3C). There was no evidence that MTA treatment altered G2 

checkpoint activation or recovery when compared to vehicle.

Mithramycin enhances mitotic catastrophe and apoptosis

To assess the rate of mitotic catastrophe, a common mechanism of cell death after radiation 

[17], the number of cells with abnormal nuclei was scored. There was a significant increase 

in mitotic catastrophe 72 h after cells were treated with MTA + IR compared to either 

treatment alone, suggesting MTA mediated radiosensitization involves enhanced mitotic 

catastrophe (Figure 3D). The observed increase in cells with >4N DNA content after MTA + 

IR relative to MTA or IR treatment alone is also consistent with induction of mitotic 

catastrophe (Figure 3E).

The importance of apoptosis in the radiation response of solid tumors is controversial [18, 

19]. Apoptosis was measured in A549 cells exposed to MTA and/or 4 Gy of radiation. As 

shown in Figure 3F, MTA treatment and radiation both increase the number of apoptotic 

cells individually; however, the combination treatment was not significantly different than 

either treatment alone, indicating that MTA mediated radiation sensitization is likely not 

apoptosis dependent.
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MTA reduces the expression of cell death pathway targets

To explore the effects of MTA on cell death pathways, differential expression of 84 cell 

death-associated genes was assayed after 24 h of MTA exposure. A total of 45 genes were 

differentially expressed between vehicle and MTA treated A549 cells, with 40 of those 

down-regulated (Table 1). Unsupervised hierarchical clustering (Figure 4A) was used to 

organize evaluated genes based on common patterns of expression between sample groups.

To validate these findings, we concentrated on 6 genes that have been implicated in 

sensitivity to both apoptosis and mitotic catastrophe. Treatment of A549 cells with MTA for 

24 h reduced IGF1R, XIAP, Caspase-2, survivin, and Bcl-w protein levels, a finding that 

persisted with combined MTA and radiation exposure (Figure 4B). Simultaneously, the 

expression of Fas, a molecule involved in positive regulation of cell death, increased with 

MTA treatment, radiation, and the combination. Similar studies in the BJ fibroblast line 

revealed no obvious changes in Fas expression and reduced caspase-2 expression in the 

MTA and radiation treatment groups. Survivin expression in BJ fibroblasts also exhibited a 

different pattern than that observed in A549 cells, with less impressive reduction in 

expression after MTA treatment, and reduced expression after irradiation.

Mithramycin enhances radiation response in vivo

To translate our in vitro findings to an in vivo model, tumor growth delay of A549 

xenografts was assessed. Mice bearing A549 xenografts were randomized into 4 groups on 

the first day of treatment: vehicle; MTA; vehicle + IR; and MTA + IR. In a second 

experiment, treatment groups included vehicle, fractionated IR, MTA x 2, and MTA x 2 + 

fractionated IR. The growth rates for the A549 tumors exposed to each treatment are shown 

in Figure 5A and C, respectively. For the single fraction study, MTA and IR delayed 

xenograft growth by 0.6 and 5.6 days, respectively. In mice that received the MTA + IR 

combination, xenograft growth was delayed by 9.2 days. Thus, the growth delay of the 

combined treatment was more than the sum of the growth delays of individual treatments 

(DEF of 1.6 for MTA).

A similar response was observed with fractionated exposures in the A549 xenograft model 

(Figure 5C). MTA and IR delayed tumor growth by 5 and 4.8 days respectively. With the 

MTA + IR combination, tumor growth was delayed by 9.6 days.

The UMUC-3 xenograft model was tested to confirm findings in a second histology (Figure 

5D). MTA and IR treatments delayed UMUC3 xenograft growth by 0.9 and 9 days 

respectively, and for MTA + IR growth was delayed by 14 days (DEF 1.5).

Immunoblotting of protein isolated from A549 xenograft tumors collected at 72 h after 

treatment confirmed a reduction in XIAP and survivin expression with MTA treatment 

(Figure 5B). The in vivo expression of XIAP was unchanged by IR, whereas radiation 

increased survivin expression. With the combination of MTA and IR, both survivin and 

XIAP were reduced to or below levels observed with MTA treatment alone.

Scroggins et al. Page 6

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion

MTA and its derivatives have shown therapeutic efficacy in a variety of pre-clinical models 

of cancer [7, 9, 20–22]. In this study, MTA significantly increased the sensitivity of cancer 

cell lines to radiation both in vitro and in vivo. In contrast, the radiosensitivity of a normal 

fibroblast cell line was not impacted by MTA treatment. Treatment of tumor cells with MTA 

reduced the expression of several genes that are implicated in resistance to apoptosis and 

mitotic catastrophe, a finding consistent with the observed increase in apoptosis after MTA 

treatment and the increase in mitotic catastrophe after MTA + IR relative to IR or MTA 

alone. These data support the use of MTA to selectively enhance the sensitivity of tumors to 

irradiation, and suggest that this efficacy may be multi-target in nature.

Sp1 has been implicated in the transcriptional control of several genes involved in DNA 

DSB repair, including ATM [23], CHEK2 [24], and DNA-PK/Ku/70/80 [25]. Sp1 also plays 

a transcription-independent role in DNA DSB repair [5, 6]. Indeed, silencing of Sp1 in some 

studies results in impaired DNA damage repair and sensitization to IR [5]. In contrast, we 

observed no difference in the rate of DNA DSB repair after IR with MTA treatment. This is 

consistent with the proposed mechanism of MTA, in which MTA impairs Sp1 binding to 

specific promotor DNA sequences, but does not directly alter Sp1 phosphorylation or non-

transcriptional functions. Employing longer pre-IR incubation periods with MTA may lead 

to greater sensitization to IR through transcription-dependent mechanisms.

Mitotic catastrophe is a major mechanism of cell death in solid tumors following exposure to 

IR [17]. XIAP and survivin are two members of the inhibitor of apoptosis (IAP) protein 

family that suppress caspase activation [26], are transcriptionally regulated by Sp1 [20, 27], 

and have been reported to regulate mitotic catastrophe in different contexts [20, 28]. A 

decrease in the expression of XIAP and survivin was observed with MTA treatment and 

persisted in the setting of combined treatment with MTA and IR. Thus, MTA treatment may 

reduce the high basal levels of the protective XIAP and survivin, thus decreasing resistance 

to cell death after radiation exposure [29–31].

The observed increase in polyploid cells with MTA treatment in addition to irradiation, 

suggests that mitotic slippage may also contribute to mitotic catastrophe with the 

combination of MTA and IR. Indeed, Sp1 knockdown results in centrosome amplification, 

chromosome misalignment, multipolar mitotic spindle formation, micronuclei formation and 

an increase in aneuploidy and polyploidy [32], consistent with our findings.

Although the effects of MTA that lead to polyploidy and mitotic catastrophe are likely multi-

factorial given the broad range of proteins transcriptionally regulated by Sp1, a decrease in 

survivin expression at the transcript and protein level in A549 cells was observed. Survivin 

is a key component of the chromosomal passenger complex, which regulates key mitotic 

events [33] and plays an integral role in chromosome segregation and ordered mitosis [34, 

35]. Thus, reduction in survivin expression with MTA treatment may encourage mitotic 

slippage and aberrant mitosis.

The capacity to selectively enhance tumor compared to normal tissues is a critical 

consideration. Studies conducted with the BJ human dermal fibroblast cell confirmed that 
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MTA and Sp1 silencing provide tumor selective sensitization to irradiation. Consistent with 

these findings, prior studies have demonstrated a protective capacity of MTA in normal 

tissues exposed to irradiation and oxidative stress [12]. The tumor selectivity of MTA 

radiation enhancement may reflect the relative importance of the genes transcriptionally 

repressed by MTA [1, 13]. We observed similar patterns of expression of cell death related 

proteins in A549 and BJ cells with MTA treatment, with a few notable exceptions. The 

expression of survivin after MTA and/or IR was notably different between fibroblasts and 

A549. Based on the importance of survivin in mitotic catastrophe, chromosome segregation, 

and apoptosis, this is a particularly interesting finding.

Mithramycin is currently in clinical trials as a single agent for the treatment of malignancy 

(NCT01624090, NCT02859415). Few modern data on mithramycin related toxicity is 

available, although older studies have suggested nausea, thrombocytopenia, and tumor 

necrosis are possible toxicities of treatment [36]. A number of analogues of mithramycin 

have been developed to reduce toxicity and enhance potency in regards to EWS-FLI1 and 

SP1 inhibition [37–39]. These data support the study of mithramycin analogues as radiation 

modifiers.

Conclusions

In summary, we demonstrate that Sp1 targeting with MTA selectively enhances radiation 

response in vitro and in vivo. This effect corresponds to an increase in tumor cell mitotic 

catastrophe after irradiation in the presence of MTA and occurs in the setting of reduced 

expression of multiple cell death-associated proteins.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary

In this manuscript, the ability of MTA to selectively enhance tumor response to radiation 

is established. Treatment with MTA prior to irradiation increases mitotic catastrophe and 

reduces the expression of several genes related to cell death.
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Figure 1. SP1 knockdown enhances sensitivity of tumor cells to radiation
The A549, UMUC-3, and BJ (fibroblast) cell lines were treated with control or SP1 siRNA. 

(A–C) Colony forming efficiency of transfected cells was determined. (column, mean; bars 

standard error). (D) SP1 knockdown was confirmed by immunoblotting (bottom panel). C: 

control siRNA, S: SP1 siRNA.
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Figure 2. MTA enhances sensitivity of tumor cells to radiation
A549 (A) and UM-UC3 (B) cells and BJ fibroblasts (C) were treated with MTA 1 h prior to 

and 24 h after irradiation. Colony forming efficiency was determined. (Points, mean; bars 

standard error). DEF: dose enhancement factor.
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Figure 3. MTA enhances mitotic catastrophe and polyploidy
A549 cells were treated with MTA or vehicle 1 h prior to irradiation (4Gy). MTA was 

removed after 24 h (panels A, C, D, E, F). (A) γH2AX was detected by 

immunocytochemistry and scored. (B) A549 cells treated with MTA or vehicle for 1 h and 

DNA was labeled with PI to determine the percentage of cells in the G2-M phase of the cell 

cycle (4N DNA content). (C) Mitotic index was assessed using PI and anti-phospho H3 

antibodies. (D) After immunocytochemistry for tubulin with DAPI counterstain, the 

percentage of cells with nuclear fragmentation or bi-lobed nuclei was determined for each 

treatment condition. (E) DNA content was assessed by flow cytometry using FxCycle Violet. 

(F) At indicated time points cells were collected and extracellular phosphatidylserine (a 

marker for apoptosis) was detected by FITC conjugated annexin V binding. Cell membrane 

integrity was monitored by PI staining. For (A) columns, mean; bars ± standard error. *, 

significantly different than vehicle; ‡, significantly different than MTA. For (D), (E), and (F) 

columns, mean; bars ± standard deviation. *, significantly different than vehicle; ‡, 

significantly different than MTA; †, significantly different than vehicle + 4Gy.
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Figure 4. Gene expression profiling with MTA
(A) A549 cells were treated with vehicle or MTA 24 h. Gene expression was determined by 

quantitative PCR. Differentially expressed genes are clustered based on common patterns 

between sample groups. Genes implicated in mitotic catastrophe are marked with a “*”. (B) 

A549 and BJ cells were treated with MTA for 1 h followed by IR. After 24 h media was 

replaced. Lysates were collected at 48 and 72 h after IR. Arrows: mRNA expression change 

with MTA treatment (up vs. down relative to vehicle).
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Figure 5. MTA enhances tumor xenograft response to radiation
Mice bearing A549 (A–B) or UMUC3 (C) xenografts were randomized to treatment with 

vehicle, MTA, IR, or MTA + IR. MTA (1 mg/kg) was given by IP injection 1 hour prior to 

IR. Points, mean; bars, SE. Grey arrows: MTA treatment, Black arrows: IR treatment. (D) 

A549 tumors were collected from mice 72 h after treatment as in (A) and protein extracts 

were subjected to immunoblotting.
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Table 1

Effects of MTA on Gene Expression

Symbol Fold Regulation (MTA vs. vehicle) p-value

BIRC6 −39.3377 0.0001

DAPK1 −31.5852 0.0481

TRAF2 −24.6101 0.0030

TNFRSF1A −19.533 0.0002

IGF1R −15.5392 0.0002

BCL2L1 −9.8117 0.0002

BRAF −9.7665 0.0044

BCL2L2 −7.7696 0.0003

XIAP −7.7517 0.0003

TRAF3 −7.7517 0.0047

CASP9 −7.7338 0.0003

CASP2 −6.181 0.0056

ABL1 −6.1667 0.0003

BFAR −6.1667 0.0057

TNFRSF9 −4.8945 0.0004

BID −3.9028 0.0012

AKT1 −3.8491 0.0011

NFKB1 −3.0977 0.0155

BAG1 −3.0905 0.0013

NOD1 −3.0905 0.0362

AIFM1 −3.0834 0.0013

CFLAR −3.0834 0.0174

TP53BP2 −3.0692 0.0149

TNFRSF21 −3.055 0.0015

HRK −2.4586 0.0334

BAD −2.4529 0.0011

BCL2 −2.4473 0.0013

DIABLO −2.4473 0.0014

CASP8 −2.4473 0.0015

BAX −2.4416 0.0013

LTBR −2.4416 0.0210

BNIP3L −2.436 0.0224

TNFRSF25 −1.9695 0.0295

BCL2A1 −1.9514 0.0296

DFFA −1.9424 0.0249

BIRC3 −1.9424 0.0257

TRADD −1.9379 0.0324
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Symbol Fold Regulation (MTA vs. vehicle) p-value

BAG3 −1.9379 0.0348

BIRC2 −1.5417 0.0456

BIRC5 −1.5417 0.0499

BCL2L11 1.6232 0.0105

CD70 2.5946 0.0148

BCL10 2.5946 0.0154

FAS 4.1186 0.0087

CASP1 8.4688 0.0151
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