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Background: Tumor response to anticancer therapies can much be influenced by microenvi-
ronmental factors. In this study, we determined the effect of these microenvironmental factors
on DNA methylation using A549 human lung adenocarcinoma cell line.

Materials and Methods: We subjected A549 cells to various conditions mimicking tumor mi-
croenvironment including hypoxia, acidosis (sodium lactate), oxidative stress (H.O,), bystand-
er effect (supernatant from doxorubicin (Dox)-treated or irradiated cells), and immune cell in-
filtration (supernatant from THP-1 or Jurkat T cells). Genomic DNA was isolated from these
cells and analyzed for DNA methylation. Clonogenic cell survival, gene expression, and metab-
olism were analyzed in cells treated with some of these conditions.

Results and Discussion: We found that DNA methylation level was significantly decreased in
A549 cells treated with conditioned media from Dox-treated cells or Jurkat T cells, or sodium
lactate, indicating an active transcription. To determine whether the decreased DNA methyla-
tion affects radiation sensitivity, we exposed cells to these conditions followed by 6 Gy irradia-
tion and found that cell survival was significantly increased by sodium lactate while it was de-
creased by conditioned media from Dox-treated cells. We further observed that cells treated
with conditioned media from Dox-treated cells exhibited significant changes in expression of
genes including BAX and FAS (involved in apoptosis), NADPH dehydrogenase (mitochondria),
EGER (cellular survival) and RAD51 (DNA damage repair) while sodium lactate increased cel-
lular metabolism rather than changing the gene expression.

Conclusion: Our results suggest that various tumor microenvironmental factors can differen-
tially influence DNA methylation and hence radiosensitivity and gene expression in A549 can-
cer cells.

Keywords: DNA methylation, Tumor microenvironment, Radiosensitivity, Gene expression,
Metabolism

Introduction

Tumor microenvironment is composed of various populations of cells including not
only cancer cells but also endothelial cells, pericytes, fibroblasts, and immune cells in-
teracting closely with each other leading to create a unique environment such as hy-
poxia and acidosis. It is now well established that tumor microenvironment can drasti-
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cally modulate the tumor sensitivity to anticancer therapies
either directly or indirectly. For example, tumor hypoxia is
known to be a direct resistance factor for ionizing radiation
because the lack of oxygen prevents formation of cytotoxic
DNA radicals, the ultimate goal of radiotherapy to produce
cell killing effects in tumors [1]. Pericytes and fibroblasts
have been shown to indirectly exert resistance to anticancer
therapies by increasing survival signals in endothelial cells [2]
or in cancer cells [3] by secreting growth factors for these
cells such as vascular endothelial growth factor and fibro-
blast growth factor. We have previously demonstrated that
bone marrow-derived myeloid cells, those give rise to mono-
cytes and tumor-associated macrophages could also con-
tribute to the tumor recurrence after radiotherapy by ex-
pressing extracellular matrix degrading enzymes such as
matrix metalloproteinase-9 [4].

Recently, radiosensitivity of tumors has been demonstrat-
ed not only influenced by inherited gene expression but also
epigenetic modification such as DNA methylation [5]. DNA
methylation is mediated by DNA methyltransferase (DN-
MTs) transferring methyl group at the 5’ position of the cyto-
sine base in DNA, leading to hypermethylation in CpG is-
lands, which are present in 70% of all mammalian promoters
[6]. Hypermethylation has been frequently observed in lung
cancers particularly in those genes including APC, CDHI,
CDH3, CDKN2A/p14(ARF), CDKN2A/p16, MGMT (7). A re-
cent study has interestingly demonstrated that GABBR2 gene
is hypermethylated in EGFR-mutated lung adenocarcinoma
and that erlotinib treatment causes downregulation of not
only GABBRZ but also DNMTs, mediating the drug-induced
apoptosis [8]. Previously, we and others have reported that
DNMT inhibition by using chemicals including 5-azacyti-
dine, 5-aza-2’-deoxycytodine, zebularine, and psammaplin
A [9] or genetic knockdown approaches [10] could potential-
ly radiosensitize A549 lung adenocarcinoma cells via inhibi-
tion of DNA repair.

In the present study, we have investigated effects of tumor
microenvironmental factors on DNA methylation in A549
cells and its influence on radiosensitivity. We originally hy-
pothesized that these tumor micronenvironmental factors
may increase DNA methylation in cancer cells thus provid-
ing a potential rationale to combine a DNMT inhibitor with
radiotherapy. However, we found in this study that some of
microenvironmental factors including sodium lactate and
conditioned media obtained from doxorubicin-treated cells
or Jurkat T cells resulted in actually decreased DNA methyla-
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tion although these factors differentially influenced gene ex-
pression and radiosensitivity, indicating a complex epigenetic
modulation in tumors within the tumor microenvironment.

Materials and Methods

1. Cell culture and treatments

A549 human lung carcinoma cells were maintained in
Dulbecco’s Modified Eagle Medium (Welgene, Gyeongsan,
Korea) supplemented with 10% Fetal Bovine Serum (Corn-
ing, Corning, NY). Cells were exposed to a tumor microenvi-
ronmental factor, which was adopted from studies published
by other investigators with minor modifications outlined in
Table 1. Briefly, cells were treated with 300 uM H.O. (Daejung,
Siheung, Korea) for 24 hours; 10 mM sodium L-lactate (Sig-
ma-Aldrich, St. Louis, MO) for 24 hours; fresh conditioned
media harvested from A549 cells that had been pre-treated
with 10 pM doxorubicin (Sigma-Aldrich, St. Louis, MO) for
24 hours at 24 hours prior to the harvest; fresh conditioned
media harvested from 20 Gy irradiated A549 cells at 24 hours
prior; or fresh supernatant harvested from confluent THP-1
cells or Jurkat T cells at 24 hours prior. Conditioned media
was filtered using 0.22 pM filter (ADVANTEC, Dublin, CA)
prior to the exposure to fresh A549 cells.

2. Cell viability

Cell viability was examined by trypan blue staining where
single cells were collected and mixed with 0.4% trypan blue
(Gibco, ThermoFisher, Waltham, MA) at 1:1 ratio. Cells were
examined in a hemocytometer using a bright-field micro-
scope (Zeiss, Oberkochen, Germany).

3. Methylated DNA Quantification

DNA from A549 cells was isolated by using Accuprep Ge-
nomic DNA Extraction kit (Bioneer, Daejeon, Korea) and the
DNA concentration was measured using Nanodrop (Nano-
drop 2000, ThermoFisher, Waltham, MA). Total DNA meth-
ylation status was quantified by using Methylated DNA
Quantification Kit (Abcam, Cambridge, UK) according to the
manufacturer’s instructions.

4. Ionizing radiation and cell surviving fraction

Cells were treated as above with conditioned media ob-
tained from Dox-treated cells; THP-1 cells; or 10 mM sodium
lactate 24 hours prior to 6 Gy ionizing radiation, which was
done using *"Cs irradiator with the dose rate 3.41 Gy- min™
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(Gammacell 3000 Elan, Nordion, Canada). After irradiation,
cells were plated for 2 weeks to measure surviving fractions.
Colonies were stained with 0.5% crystal violet (Sigma-Aldrich,
St. Louis, MO) in 20% methanol (Daejung, Siheung, Korea).

5. RNA extraction and cDNA synthesis

Total RNA was isolated by using TRIzol reagent (Ambion
Inc., ThermoFisher, Waltham, MA) according to the manufac-
turer’s instructions. Concentrations of RNA samples were
measured by Nanodrop, and 2 pg of RNA was mixed with Su-
perasin (Invitrogen, Carlsbad, CA), DNase (Promega, Madison,
WI), and RNase free H-O for 15 minutes at room temperature,
followed by addition of 10 mM EDTA (Bioneer, Daejeon, Ko-
rea) for 8 minutes at 65°C. After then, 10 mM dNTP (Bioneer,
Daejeon, Korea) and Random Primer (150 pg-mL™") (Invit-
rogen, Carlsbad, CA) were added. Samples were then heated
for 30 seconds at 95°C, 5 minutes at 65°C, 1 minute at 4°C.
DTT (0.1 mol- L") (Sigma-Aldrich, St. Louis, MO), superasin,
and MgCl; (25 mM) (Promega, Madison, WI) were then add-
ed for 2 minutes at 37°C, followed by addition of Reverse
Transcriptase (Promega, Madison, WI). The reaction mix-
ture was incubated for 10 minutes at 25°C, 120 minutes at
37°C, 15 minutes at 75°C, and then cooled at 4°C.

6. Quantitative real time-polymerase chain reaction

(qRT-PCR)

qRT-PCR was performed with StepOne (ThermoFisher)
using SYBER Green reagents (Promega, Madison, WI). qPCR
primers for genes are as follows: $-actin Fwd (5° GGACTTC-
GAAGAGATGG 3), p-actin Rev (5 AGCACTGTGTTGGCG-
TACAG 3°), HK2 (Hexokinase2) Fwd (5 TCTATGCCATCCCT-
GAGGAC 3), HK2 Rev (5 TGGACTTGAATCCCTTGGTC 3°),
GLUT-1 (Glucose transporter-1) Fwd (5 CTTCACTGTCGT-
GTCGCTGT 3°), GLUT-1 Rev (5 CCAGGACCCACTTCAAA-
GAA 3%), LDHA (Lactate dehydrogenase A) Fwd (5 GAGGTT-
CACAAGCAGGTGGT 3%), LDHA Rev (5" CCCA-AAATGCAA-
GGAACACT 3°), MCT-1 (Monocarboxylate transporter-1) Fwd
(5" TGACCATTGTGGAATGCTGT 3°), MCT-1 Rev (5" CCTTT-
TTCTGCTCGTTTGCT 3%), MCT-4 (Monocarboxylate trans-
porter-4) Fwd (5 TGGGATGGGACTGAC-TTTTC 3°), MCT-4
Rev (5* CCATGTGCAGACAAACTGCT 3°), ND-1 (NADH de-
hydrogenase subunit-1) Fwd (5 CTACTACAACCCTTCGCT-
GAC 3°), ND-1 Rev (5- GGATTGA-GTAAACGGCTAGGC 39),
SDH (Succinate dehydrogenase) Fwd (5 GGATCTTGTTCCC-
GATTTGA 3°), SDH Rev (5 ATTTGTC-TCCGTTCCACCAG
39, CYB-« (Cytochrome b-245 alpha chain) Fwd (5" CGCTT-
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CACCCAGTGGTACTT 3°), CYB-a Rev (5° GAGAGCAGGA-
GATGCAGGAC 3, COX-2 (Cytochrome c oxidase subunit-2)
Fwd (5 CCCTTACCATCAAATCAATTGGCC 3°), COX-2 Rev
(5* ATTGTCAACGTCAA-GGAGTCGC 3°), PERK (Protein ki-
nase R-like endoplasmic reticulum kinase) Fwd (5" AGGGG-
CACTCCTTTGAACTT 3), PERK Rev (5" ATTTGCTACTG-
GTGGGCTTG 3"), ATF-6 (Activating transcription factor-6)
Fwd (5* CAGCGAATAGCCCAGTGAAT 37). ATE-6 Rev (57
TTCTGAGAGGGCAGCCTTTA 3°), GADD-34 (Protein phos-
phatase 1 regulatory subunit 15A) Fwd (5" AAA-CCAGCAGT-
TCCC-TTCCT 3%), GADD-34 Rev (5" CTCTT-CCTCGGCTTT-
CTCCT 3"), XBP-1s (X-box binding protein 1) Fwd (5" TCACC-
CCTCCAGAACATCTC 3%), XBP-1s Rev (5" AC-AGAGAAAGG-
GAGGCTGGT 3°), GRP-78 (Glucose regulated protein-78)
Fwd (5° GGTGAAAGACCCCTGACAAA 3°), GRP-78 Rev (5
GTCAGGCGATTCTGGTCATT 3), GRP-94 (Glucose regulat-
ed protein-94) Fwd (5* TGCCAAGGAAGGAGTGAAGT 3),
GRP-94 Rev (5 GTTGCCAGACCATCCGTACT 3°), BAX(BCL2
associated X, apoptosis regulator) Fwd (5" TTTGCTTCAGGG-
TTTCATCC 3°), BAX Rev (5 CAGTTGAAGTTGCCGTCAGA
3), FAS (Fas cell surface death receptor) Fwd (5 CAAGGGA-
TTGGAATTGAGGA 3°), FAS Rev (5" TGGAAGAAAAATGGG-
CTTTG 3), Cyclin D Fwd (5 AACTACCTGGACCGCTTCCT
39, Cyclin D Rev (5" CCACTTGAGCTTGTTCACCA 3%), CDK2
(Cyclin dependent kinase 2) Fwd (5 AAATTCATGGATGCCT-
CTGC 3°), CDK2 Rev (5 CAGGGA-CTCCAAAAGCTCTG 39),
EGFR (Epidermal growth factor receptor) Fwd (5 CAGCGC-
TACCTTGTCATTCA 3°), EGFR Rev (5" AGCTTTGCAGCCCA-
TTTCTA 3°) BRCA (BRCA, DNA repair associated) Fwd (5
GGTGGTACATGCACAGTTGC 3%), BRCA Rev (5 ACTCTGG-
GGCTCTGTCTTCA 3°), RAD51 (RAS associated with diabe-
tes protein 51) Fwd (5 TCACGGTTAGAGCAGTGTGG 3°),
RAD51 Rev (5 GATCACGCTATTGCACTCCA 3°), PARPI
(Poly(ADP-ribose) polymerase 1) Fwd (5 GCTCCTGAACAA-
TGCAGACA 3°), PARPI Rev (5" TCCTGATGATCTCGGCTTC-
T 37), CHK2 (Checkpoint kinase 2) Fwd (5 CTGTTGGGACT-
GCTGGGTAT 3%), CHK2 Rev (5 CGTAAAACGTGCCTTTG-
GAT 3°). PCR steps were: 2 minutes at 50°C and 10 minutes at
95°C, after then, 15 seconds at 95°C and 1 minute at 60°C for
40 cycles. The relative quantification of mRNA was analyzed
by using the comparative temperature (Ct) method, as the
manufacturer’s protocol.

7. Seahorse cellular metabolism measurements
Oxygen consumption rates (OCR) and extracellular acidi-

fication rates (ECAR) were measured by a Seahorse XFe96
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analyzer (Seahorse Biosciences, Agilent, North Billerica, MA).
Cells were plated in a 96-well plate and treated with growth
media containing 10 mM sodium lactate or conditioned me-
dia harvested from Dox-treated cells. Mitochondrial metab-
olism was evaluated with the XF Cell Mito Stress Kit (Agilent,
Santa Clara, CA) provided with 1 pM oligomycin, 1 pM cya-
nide-p-trifluoromethoxyphenylhydrazone (FCCP), and 0.5
UM rotenone/antimycin-A. Glycolysis was measured using
10 mM glucose (Gibco, ThermoFisher, Waltham, MA), 1 pM
oligomycin (Sigma-Aldrich, St. Louis, MO), and 50 mM 2-de-
oxyglucose (2-DG) (Sigma-Aldrich, St. Louis, MO).

8. Statistics

Statistical comparisons were performed by student’s ¢ test
or one-way ANOVA using Prism software version 4.00
(GraphPad Inc., La Jolla, CA). p-values < 0.05 were consid-
ered to be statistically significant.

Results

1. Effects of tumor microenvironmental factors on
DNA methylation in A549 cells

To determine an effect of tumor microenvironment on
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Fig. 1. Effects of hypoxia, oxidative stress, or acidosis on DNA methylation in A549 cells. DNA methylation (A, C, and E) and cell viabilities (B,
D, and F) were quantified in A549 cells exposed to hypoxia (A and B), H2O- (C and D), or sodium lactate (E and F). (G) Extracellular pH mea-
surement in media added with vehicle control (control) or lactate. Data are the mean+s.e.m. for n>3 per group. **indicates p<0.01, deter-

mined by Student’s t test.
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Fig. 2. Effects of immune cell infiltration or bystander effects on DNA methylation in A549 cells. DNA methylation (A, B, and D) and cell viabili-
ties (C and E) of A549 cells treated with conditioned media obtained from THP-1 or Jurkat T cells (A), Dox-treated cells (B and C), or 20 Gy ir-
radiated cells (D and E). Data indicate the mean+s.e.m. for n>3 per group. * and *** indicates p<0.05 and 0.001, respectively, as deter-

mined by Student’s t test.

To introduce ‘immune cell infiltration’ component of the
tumor microenvironment, we obtained conditioned media
from THP-1 myeloid cells or Jurkat T cells and exposed these
conditioned media to A549 cells. We observed that there was
a significant decrease in DNA methylation by the exposure of
conditioned media obtained from Jurkat T cells but not from
THP-1 cells (Figure 2A). We further introduced fresh condi-
tioned media obtained from A549 cells that had been treated
with doxorubicin (Dox) for 24 hours prior to the conditioned
media harvest and observed that this conditioned media sig-
nificantly decreased DNA methylation in A549 (Figure 2B).
Cell viability at this condition, however, exhibited an approx-
imately 20 % decrease, indicating a significant bystander cy-
totoxicity (Figure 2C). To investigate whether the bystander
effect would result in a decrease in DNA methylation, we har-
vested conditioned media from irradiated A549 cells and ex-
posed it to freshly cultured A549 cells. We observed that con-
ditioned media harvested from irradiated cells did not lead
to a significant change in DNA methylation (Figure 2D) while
it caused a significant decrease in cell viability (Figure 2E).
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2. Effects of DNA methylation on radiosensitivity of

A549 cells

Decreased DNA methylation may indicate increased tran-
scriptional activities [11], which in turn may affect the radio-
sensitivity of cells. To test this hypothesis, we exposed those
microenvironmental factors above, which resulted in de-
creased DNA methylation to A549 cancer cells (i.e., sodium
lactate, conditioned media harvested from cells treated with
Dox, or conditioned media from Jurkat T cells) and irradiat-
ed them to 6 Gy to determine whether the decrease in DNA
methylation would lead to a survival advantage. By perform-
ing clonogenic cell survival assay, we observed that 6 Gy ir-
radiation resulted in approximately 95% cell kill (Figure 3A).
We further found that sodium lactate treatment significantly
increased the cell survival (Figure 3A) while conditioned
media obtained from Dox-treated cells significantly de-
creased the survival (Figure 3A) compared to the vehicle-
treated control, all of which were irradiated with 6 Gy. Expo-
sure of conditioned media obtained from Jurkat-T cells did
not cause any significant changes in the survival compared
to the control (Figure 3A).

https://doi.org/10.14407/jrpr.2018.43.2.66
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termined by one-way ANOVA.

3. Dox-treated conditioned media increase gene
expression pathways involving apoptosis and DNA
repair while lactate modulates cellular metabolism
to affect radiosensitivity

Next we examined which gene transcripts were up- or
down-regulated affecting the radiosensitivity of A549 cells
treated with sodium lactate or conditioned media obtained
from Dox-treated cells by performing quantitative real-time
polymerase chain reaction. We found in A549 cells treated
with conditioned media obtained from Dox-treated cells that
the expression of several genes including BAX and FAS (in-
volved in apoptosis), NADPH dehydrogenase (ND-I; mito-
chondria), EGFR (cellular survival) and RAD51 (DNA dam-
age repair) were significantly increased (Figure 3B). In con-
trast, we did not find any significant changes in the gene ex-
pression in cells treated with sodium lactate (Figure 3B).

Lactate has recently been reported to use as a fuel source
in the nearby respiring cancer cells by being taken up and
converted back to pyruvate, a major energy substrate for mi-
tochondrial oxidative phosphorylation [12]. We hypothe-
sized that lactate may modulate cellular metabolism in order
to increase radiation resistance that we observed above (Fig-
ure 3A). To test our hypothesis, we measured oxygen con-
sumption rate (OCR) and extracellular acidification rate
(ECAR) to measure OXPHOS and glycolysis, respectively in
A549 cells treated with lactate. We further included a group

https://doi.org/10.14407/jrpr.2018.43.2.66

where A549 cells were treated with conditioned media ob-
tained from Dox-treated cells. We found that sodium lactate
but not conditioned media from Dox-treated cells signifi-
cantly increased basal OCR (Figure 4A) and basal respiration
(Figure 4B) in A549 cells, consistent with our hypothesis that
lactate may promote OXPHOS. There was no significant
change in the maximal respiration ability in cells treated with
either lactate- or conditioned media obtained from Dox
compared to vehicle control (Figure 4C). Upon measuring
ECAR, we also observed that sodium lactate increased both
glycolysis level and glycolytic capacity (Figure 4D-F). Condi-
tioned media obtained from Dox-treated cells also lead to an
increase in glycolysis (Figures 4D and 4E) while it has no ef-
fect on glycolytic capacity (Figure 4F). The results therefore
suggest that lactate promotes OXPHOS cellular metabolism
increasing radioresistance while conditioned media ob-
tained from Dox-treated cells increases gene expression in-
volved in apoptosis and DNA repair to increase radiosensi-
tivity of A549 cells.

Discussion

In this study, we aimed to determine whether the tumor
microenvironment alters DNA methylation thereby influ-
encing radiosensitivity of A549 human lung adenocarcino-
ma cells. We originally hypothesized that microenvironmen-
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0.01 and 0.001, respectively, determined by one-way ANOVA.

tal factors would increase DNA methylation, hence a combi-
nation with DNA methyltransferase inhibitor would sensitize
tumors to ionizing radiation. However, we found that some
(including lactate and conditioned media obtained from Jur-
kat T cells or Dox-treated cells) but not all microenviron-
mental factors that we tested decreased, not increased the
global DNA methylation status in A549 cells. Consistent with
this, Mathot and colleagues [13] have also found that cancer-
associated fibroblasts co-cultured with breast human cancer
cells did not lead to a significant DNA methylation changes.
Tumor-associated fibroblasts isolated from non-small cell
lung cancer patients on the other hand have revealed pro-
moter hypermethylation-associated SMAD3 silencing, lead-
ing to exacerbated TGF-J signaling [14]. It is likely that tumor
cells or stromal cells exposed to tumor microenvironment

72 www.jrpr.org

may turn on gene expression machinery in order to adapt
and survive in such harsh conditions and that this active
transcription may be manifested as epigenetic changes in-
cluding hypomethylation in DNA or acetylation in histone.
Supporting our hypothesis, a study has demonstrated that
bystander effects resulting from 20 Gy irradiated cranium in
rats have led to decreased DNA methylation in long inter-
spersed nucleotide element-1 (LINE-1) gene, which then gave
rise to an increased expression of microRNA-194 to down-
regulate DNA methyltrasferase-3a and methyl-binding pro-
tein 2 in the unirradiated spleen [15]. It is interesting to note
that Puthli and colleagues [16] have reported similar findings
to ours where they observed that 5 pg- mL"' Dox-induced by-
stander effect resulted in an increased radiation sensitivity in
HelLa cells. They further demonstrated that Dox-induced by-

https://doi.org/10.14407/jrpr.2018.43.2.66
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stander effect caused increased nuclear P53 and y-H2AX
protein expression in cells. These are also in good agreement
with our results where we observed increased expression of
apoptosis-involved genes including BAX and FAS (Figure 3B)
and DNA repair gene RAD51 (Figure 3B) because BAX [17]
and FAS [18] are known to be downstream targets of TP53.
Moreover, it has been demonstrated that RAD51 has been
shown to be recruited to y-H2AX foci after DNA damage [19].

Recent studies have interestingly indicated that the use of
DNMT inhibitors may lead to a significant epigenetic modi-
fication in stromal cells including immune cells. Zhang and
colleagues [20] have detected DNA methylation signature
especially in PD-1 in peripheral blood monocytes and T cells
during the progression of hepatocellular carcinoma, indicat-
ing a possible synergistic antitumor activity between DNMT
inhibitor and immune checkpoint blockades. Furthermore,
the use of 5-azacytidine has demonstrated in cytokine-treat-
ed cancer-associated fibroblasts that their proinvasive prop-
erties acquired by hypermethylation of SHP-1 leading to ac-
tivation of STAT3 signaling can be effectively inhibited by
DNMT inhibitor [21]. It is worthy to note that once cytokine-
induced epigenetic repression is established, targeting only
DNMT1 but no other isoforms of DNMT was able to inhibit
the epigenetic reprogramming of cytokine-induced cancer-
associated fibroblasts [21], suggesting that DNMT isoform
may differ in regulating the gene expression depending not
only on the type of cells but also spatiotemporal epigenetic
modification.

We also observed that not all these parameters affected ra-
diosensitivity nor gene expression changes. We found while
lactate increased, conditioned media obtained from Dox-
treated cells decreased the cell survival after 6 Gy irradiation.
Gene expression analyses through candidate approach us-
ing qRT-PCR revealed that there were a number of genes
were upregulated in cells treated with conditioned media
obtained from Dox-treated cells, including BAX and FAS (in-
volved in apoptosis), NADPH dehydrogenase (ND-1; mito-
chondria), EGFR (cellular survival) and RAD51 (DNA dam-
age repair). It is reasonable to hypothesize that cells treated
with this conditions may trigger cell survival signal partly
through DNA damage repair while those experiencing by-
stander effect through toxic metabolites in the conditioned
media may trigger apoptotic genes such as BAX and FAS.
Upregulation of ND-1 is interesting although it has been pre-
viously reported that ND-1 expression is upregulated in the
embryonic mouse fibroblasts exposed with doxorubicin as a
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protective/cellular defense mechanism [22]. Lactate treat-
ment, on the other hand, did not cause any significant
changes in the gene expression. We reasoned that lactate
may stimulate cellular metabolism via oxidative phosphory-
lation as suggested previously by Sonveaux and colleagues
[12], instead of modulating the expression of genes that we
examined. Sonveaux and colleagues [12] have demonstrated
that exogenous treatment of sodium lactate at a concentra-
tion of 10 mM to SiHa cells enforced oxidative metabolism,
as measured by electron paramagnetic resonance. Indeed,
we found that this identical treatment to A549 cells resulted
in a significant increase in the basal oxygen consumption ra-
tio, an indicator of oxidative phosphorylation, which may
have increased cellular survival following 6 Gy irradiation.

Collectively, our data demonstrate that some of tumor mi-
croenvironmental factors in A549 cells lead to a decrease in
global DNA methylation, some of which exhibited the gene
expression changes while others modulated cellular metab-
olism. These suggest that there may be a complex mecha-
nism exist between the tumor microenvironment and can-
cer cells, modulating epigenetic modification hence gene ex-
pression in a reciprocal manner.
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