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Defective apoptosis comprises the main reason for tumor aggressiveness and chemotherapy tolerance in solid
neoplasias. Among the BCL-2 family members, whose mRNA or protein expression varies considerably in different human
malignancies, BCL2L12 is the one for which we have recently shown its propitious prognostic value in gastric cancer. The
purpose of the current work was to investigate the expression behavior of BCL2L12, BAX and BCL-2 in human stomach
adenocarcinoma cells following their exposure to antitumor substances. The 3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl
tetrazolium bromide and trypan blue methods assessed the impact of doxorubicin, oxaliplatin and methotrexate on AGS
cells" viability and growth. Following isolation from cells, total RNA was reverse-transcribed to cDNA. Quantification of
target genes’ expression was performed with real-time PCR using SYBR Green detection system. The relative changes in
their mRNA levels between drug-exposed and untreated cells were calculated with the comparative Ct method (2-94%).
All three drugs, as a result of their administration to AGS cancer cells for particular time intervals, provoked substantial
fluctuations in the transcriptional levels of the apoptosis-related genes studied. While BAX was principally upregulated,
striking similar were the notable changes regarding BCL-2 and BCL2L12 expression in our cellular system. Our findings
indicate the growth suppressive effects of doxorubicin, oxaliplatin and methotrexate treatment on stomach carcinoma
cells and the implication of BCL2L12, BAX and BCL-2 expression profiles in the molecular signaling pathways triggered by

chemotherapy.

Introduction

Gastric cancer, a malignancy of the digestive system, represents
the fourth most common human neoplasia and it currently holds
the second place in cancer-related deaths, worldwide.! Despite
sophisticated surgical techniques and novel, efficacious che-
motherapy schemes,*? gastric cancer continues to be a prevail-
ing source of mortality, with the survival rates of the afflicted
patients to be among the lowest in comparison with other types
of cancer.® The dismal prognosis of stomach cancer is mostly
attributed to its “silent” nature, an immediate result of which
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is the establishment of a clear diagnosis at advanced and often
untreatable disease stages.’ In such cases of unresectable and
metastatic carcinomas, the outcome of cancer patients remains
extremely poor and even total gastrectomy, the only curative
approach providing the utmost survival advantage may prove to
be inadequate.®®

Even though gastric cancer has, for a very long time, been con-
sidered as a chemo-sensitive tumor, at present there has not been
a definitive standard of treatment in the advanced and adjuvant
settings, since management patterns vary worldwide and the sur-
vival gain from current multimodality regimens appears to have
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reached a plateau.”’® Clinically useful chemotherapeutic com-
pounds exert their broad spectrum antitumoral activity either
directly by provoking DNA lesions and impeding processes vital
for tumor cells’ growth or replication, such as blocking DNA,
RNA, or protein synthesis or indirectly as a response to the stress
caused by their interference with an intracellular metabolic path-
way.'"2 The dual role of anticancer therapies lies in the potential
of drugs to eradicate cancer cells and to overcome their tolerance
by restoring any defects in the apoptotic signaling pathways.'*!?
Therefore, the common denominator of all existing and novel
treatment paradigms is apoptosis.

One of the most thoroughly described and well-recognized
hallmarks of cancer is the evasion of apoptosis, a form of physi-
ological and highly coordinated cell death with unique biochemi-
cal and morphological features that contributes to normal tissue
homeostasis by eliminating malfunctioning cells.'"*"> According
to several reports, the deregulation of apoptotic mechanisms
is directly associated with the development and progression of
human malignancies from which gastric tumorigenesis is by
no means an exception.'®"” Crucial mediators of the apoptotic
response are the members of the BCL2 family of apoptosis-
related genes, whose categorization as either pro-survival or
pro-apoptotic, depends on their regulatory function, molecular
structure and sub-cellular localization.'®

BCL2, a classical example of an anti-apoptotic gene that was
first discovered as a proto-oncogene in non-Hodgkin B-cell lym-
phoma,” maps on the chromosomal locus 18q21.3. It encodes
a transmembrane protein, mainly detected in the mitochondrial
outer membrane, which inhibits apoptosis by hindering the mito-
chondrial disruption and the subsequent release of cytochrome c,
an apoptogenic molecule indispensable for the activation of the
caspase cascade through the formation of the apoptosome.?**
On the other hand, BAX belongs to the BCL2 family subgroup
of pro-apoptotic genes and is located at the genomic region
19q13.3-q13.4.% The activity of BAX cytosolic protein relies on
its ability to oligomerize with other pro-apoptotic members of
the family and integrate into the mitochondrial membrane upon
apoptotic stimuli, facilitating in this way cytochrome c entrance
to the cytoplasm. Therefore, BAX acts as a tumor suppressor,
since its inactivation in numerous types of cancer is related to
tumor progression by escaping apoptotic death.**¢ Alterations in
the mRNA and protein expression patterns of BCL2 and BAX,
usually reflecting different prognostic profiles for cancer patients,
have been documented in human malignancies.”%

A relative new addition to the BCL2 gene family is BCL2L12
that has been cloned from members of our group and resides
at the chromosome 19q13.3-13.4.° BCL2LI12 protein dis-
plays both nuclear and cytosolic localization® and is highly
expressed in a wide range of human tissues.>® As far as its role
in the apoptotic pathway is concerned, there are contradictory
reports regarding its anti- or pro-apoptotic activity.’'** In glio-
blastoma for example, it was observed that BCL2L12 not only
blocks the post-mitochondrial apoptosis signaling by inhibiting
the activation of two effector caspases, namely caspase-3 and
-7,2 but also it can interact with p53 in the nucleus and suppress
p53-dependent transcription.” BCL2L12 has also been revealed
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to exert a pro-apoptotic function by sensitizing mouse embryonic
fibroblasts to apoptotic stimuli induced by UV irradiation* or
by promoting apoptosis in cisplatin-treated MDA-MB-231 breast
carcinoma cells.® Furthermore, BCL2L12 was found to be differ-
entially expressed at the mRNA level in a series of human malig-
nancies with potential prognostic implications.***

In the present research work, the expression behavior of the
apoptosis-associated genes BCL2L12, BAX, and BCL-2 was
investigated and analyzed in the in vitro model system of stom-
ach adenocarcinoma,® the AGS cells, after being subjected to the
influence of the anti-neoplastic substances doxorubicin, oxalipla-
tin, or methotrexate. Our ultimate intent was the possible utiliza-
tion of these functionally perplexing or distinct apoptotic gene
members of the BCL-2 family as molecular indicators of predic-
tion to chemotherapy in gastric cancer.

Results

Antitumor effect of doxorubicin, oxaliplatin, or methotrexate
on the viability of human gastric adenocarcinoma cells. With
the purpose of examining the response of the AGS stomach can-
cer cells to the cell death signals induced by anti-neoplastic agents
with different mechanisms of action, these cells were exposed to
a series of eight increasing concentrations of doxorubicin, oxali-
platin or methotrexate for up to 3 days during their exponential
growth. In particular, the exposure time of the AGS cells to either
doxorubicin (0-0.2 pM)or oxaliplatin (0-6.5 wM) lasted for 24,
36, 48, and 72 h, while in the case of methotrexate (0-100 wM),
its relatively high cytotoxicity, allowed for incubation periods
of 24, 36, and 48 h. By exploiting the use of the colorimetric
MTT assay, the mean absorbance values measured, which were
indicative of cells’ chemosensitivity to the employed anticancer
substances, were directly proportional to the calculated viabil-
ity rates of the treated-AGS population vs. the untreated control
(Fig. 1).

The principle of the semi-automated quantitative MTT test
lies in the ability solely of the living cells to convert the tetrazo-
lium salt to a blue formazan product, through their active mito-
chondrial dehydrogenases.® Based on that fact, as the number of
living cells increases, the amount of formazan derivative per cell
is also elevated proportionally. Consequently, the diminution in
cells” viability could be attributed to the antitumor effects of the
individually administered chemotherapeutic drugs on the AGS
cell culture for specifically chosen time intervals. As depicted in
Figure 1, the concentration and time dependence of the cyto-
static action of doxorubicin (Fig. 1A) or oxaliplatin (Fig. 1B) was
more apparent than that in the case of methotrexate treatment
(Fig. 1C). According to the calculated percentages of viable cells,
the value of the cytotoxic index, which is capable of bringing
about at least 50% inhibition of AGS cells’ survival (IC,)), was
0.025, 0.5, and 10 wM for doxorubicin, oxaliplatin and metho-
trexate, respectively (Fig. 1).

Growth inhibitory effects of diverse anti-neoplastic com-
pounds on AGS cells. The anti-proliferative effects of the selected
concentrations of doxorubicin, oxaliplatin, and methotrexate, on
the AGS cancer cells, were determined with the construction of
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growth curves (Fig. 2). It is clearly illustrated that compared
with the untreated (control) cells there is a drug- and also time-
dependent growth suppression of the treated-AGS population.
Consistent with this, the pattern of uninterrupted and continu-
ous division of the control cells is severely disturbed once a sub-
population of them was exposed to either of the pre-mentioned
chemotherapeutic agents. Precisely, exposure to doxorubicin
(Fig. 2A) resulted to a 5.04-fold drop in the multiplication rate
of the treated cells in comparison to the untreated ones after
about 72 h of treatment. Similar and more persistent was the
growth inhibition of the oxaliplatin-treated AGS cells (Fig.
2B), in which their propagation in culture was about 5.13 times
lower than that of the control cells at 72 h. A steeper decrease
in AGS proliferative capacity was observed particularly follow-
ing methotrexate treatment (Fig. 2C), since it appears that cell
death is more probable on the treated cells from 36 h of incuba-
tion and afterwards. With the use of trypan blue dye method,
the percentage of non-viable cells was found to be less than 15%
(<15%) at about 72 h of AGS cells’ treatment with doxorubicin
or oxaliplatin. These findings are suggestive of the limited toxic-
ity of the dugs examined, possibly corresponding to low extent
necrotic phenomena.

The expression levels of BCL2L12, BAX, and BCL-2 genes
are transcriptionally modulated by chemotherapy treatment in
stomach cancer cells. The mRNA levels of the apoptosis-related
genes BCL2L12, BAX and BCL-2 were quantified through the
ultra-sensitive and of great precision qPCR by using the SYBR
Green I chemical detection system. Following the completion
of the amplification process, the values of the threshold cycles
(Co) for the endogenous control (GAPDH) and the target
(BCL2L12, BAX, and BCL-2) genes were recorded. After that,
the expression levels of each target gene were normalized to those
of the reference gene, thus giving rise to dCt values for every
drug-exposed or untreated AGS cells” sample of all time periods
studied. Representative examples of the amplification curves for
BCL2L12, BAX, and BCL-2, as well as GAPDH PCR products
are indicated in Figure 3, where the dCt values are also labeled
(Fig. 3A-C). Verification of the formation of gene-specific PCR
products and the complete absence of any primer-dimmers came
from dissociation curve analyses, at the end of which a single peak
is denoted per respective PCR products of interest (Fig. 3D).

Taking into account that the relative quantification (RQ)
units are deduced by applying the 2-4“* numeral relation, the
number of fold change in the BCL2L12, BAX, and BCL-2
mRNA levels was calculated after comparison of the RQ units
of the drug-exposed AGS cells (for every separate time point) to
those of the untreated cells.”! A thorough look at the expression
profiles of the BCL-2 family members disclosed intriguing and
contemporaneously remarkable alterations in the mRNA levels
of BCL2L12, BAX, and BCL-2 after chemotherapy administra-
tion to gastric adenocarcinoma cells, in vitro (Fig. 4 and Table 1)
compared with the control cells.

Exposure of AGS cells to doxorubicin (0.025 pM) did not
result in notable changes in BCL2L12 transcript levels during the
first 36 h of treatment. However, its levels descended by 1.76-
fold at 48 h and maintained their falling pattern, though at a
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Figure 1. Determination of stomach cancer cells’ viability (%) by con-
ducting MTT tests up to 3 d following no treatment or in the presence
of increasing concentrations of doxorubicin (A) or oxaliplatin (B) for
24, 36,48, and 72 h or methotrexate (C) for 24, 36, and 48 h. Formazan
release from untreated (control) cells is represented as viability set to
100%. The IC, values for the drug-exposed AGS cells are shown in bold
characters. Every point corresponds to the mean value of experiments
performed in triplicates and repeated 3 times.

lower rate, until the end of the treatment (72 h). Entirely dif-
ferent was the behavior of the BAX gene following doxorubicin
addition onto the AGS cells. In particular, the maximum peak (a
2.043-fold increase) of the upregulated BAX levels was observed
at 24 h and thereafter the increase followed a downward and
time-dependent trend. The modifications in the case of BCL-2
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Figure 2. Antitumor effects of doxorubicin (A), oxaliplatin (B), or
methotrexate (C) on the proliferative capability of AGS cells. Results are
expressed as total cell concentration of the drug-treated or untreated
populations against incubation time periods. Each point represents the
mean value of triplicates from 3 independent experiments.

started from a substantial drop in its levels at 36 h after treat-
ment (by 2.439 times), then a minor decline was noticed, which
was replaced by a slight (1.4-fold) increase in the next time point
(72 h) (Fig. 4A and Table 1).
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Cells” incubation with 0.5 WM of oxaliplatin had as a con-
sequence remarkable modulations in BCL2LI2 profiles, which
included an about 2-fold decrement in the gene’s levels at 36 h,
followed by a lesser-degree drop (1.67 times) at 48 h of treatment.
Interestingly, on the third day after the initial addition of oxali-
platin in cells’ growth media, a 1.45-fold increase in BCL2L12
expression was remarked. As regards BAX mRNA levels, the
gradual increase in its levels from 24 h of treatment and onwards
reached its peak (1.66-fold) on 48 h. Afterwards, in the final time
interval examined (72 h), this gene’s levels were presented similar
to those of the untreated (control) cells. The pattern of changes
in BCL-2 expression of the oxaliplatin-treated gastric cancer cells
in comparison to that of the control cells did not appear to be an
unexpected finding. Specifically, the 2.55-fold notable reduction
in BCL-2 levels from the first 24 h of incubation became even
more enhanced (5.1-times decrease) in the next 12 h after treat-
ment and eventually such a reduction was kept until the end of
treatment, albeit ac much lower extent (Fig. 4B and Table 1).

The outcome of cells’ exposure to methotrexate (10 wM)
resulted in striking fluctuations for all three genes of the BCL-2
family. Twenty-four hours soon after treatment, the initial impor-
tant diminution in BCL2LI2 transcript levels was greater in the
following 12 h (2.6-fold decline), whereas by the end of treatment
(48 h) it did not exceed the value of 1.57-fold decrease. Similar
results, regarding BAX expression, indicated a slight (at 24 h)
and then a more apparent (at 36 h) change in its levels, although
these were strongly augmented 2 d after treatment (2.66 times
increase). In the first 24 h of methotrexate treatment, the BCL-2
gene was slightly upregulated, while the most dramatic negative
modification of its mRNA levels was depicted at 36 h (100-fold
decline) of cells’ incubation with this chemotherapeutic drug.
By the end of the treatment procedure (48 h), the decrement in
BCL-2 expression had become less severe (2.1-fold) in the drug-
exposed cell population (Fig. 4C and Table 1).

Discussion

The relative sensitivity of stomach carcinoma to chemotherapy
has intensely spurred the research interest to the integration of
anti-neoplastic drugs as essential components of comprehensive
treatment for this malignancy.> In spite of the efficacy of diverse
chemical compounds (such as doxorubicin, oxaliplatin, and
methotrexate) in treating gastric cancer,***4 treatment responses
to conventional chemotherapeutics exhibit high variability even
within the same pathological stage and patients’ prognosis with
advanced disease remains feeble.’ These findings reveal that
the choice of any chemotherapy regimen is essentially depen-
dent upon each patient’s profile.”” Consequently, any difficulties
related to currently available therapies could be surmounted via
the necessary exploration of gastric cancer-specific molecular
indicators. Their future incorporation in clinical practice will be
expected to assist in better forecasting response to chemotherapy
and general monitoring of disease outcome.

In view of the fact that most anti-neoplastic drugs exert their
anti-tumor action through the induction of apoptotic cell death
programs, refractoriness of stomach carcinoma that may be
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Figure 3. Representative examples of quantitative PCR reaction plots of the target genes BCL2L12 (A), BAX (B), and BCL-2 (C) for chemotherapy sub-
jected AGS cells, accompanied by the dissociation curves of the corresponding PCR products (D). The reference gene (GAPDH) was amplified in parallel
to the gene of interest, each time.

attributed to its non-susceptibility to such mechanisms remains
a hindrance toward its complete eradication. It has been quite
understandable that any alterations in the apoptotic machinery
probably influence drug sensitivity, thus compromising their
competence to treat cancer. Therefore, reduced apoptosis or its
tolerance, which favors cell proliferation and survival, plays a piv-
otal role in the initiation and progression of carcinogenesis.'*
This is owed to the disturbed balance between cell division and
death, a property characteristic of cancer cells whose expansion
is enhanced once these become insensitive to the received death
stimuli.’® On the basis of our results, the differential chemosen-
sitivity of AGS gastric adenocarcinoma cells to the employed
anti-neoplastic substances doxorubicin, oxaliplatin and metho-
trexate is mirrored by the dose- and time-dependent decrease in
their viability (Fig. 1). These findings lie in conformity with the
considerably extenuated rates of cell proliferation as evidenced
in Figure 2. Consequently, the growth suppressive effects of the
antitumor compounds combined with their limited (<15% at
about 72 h of incubation) cytotoxicity, most likely entail the trig-
gering of apoptosis signaling pathways on the treated population
of the AGS cells.

www.landesbioscience.com

There is no dispute, nowadays, that the BCL-2 family mem-
bers of pro-survival and pro-apoptotic factors possess a promi-
nent position as common targets for deregulation in several
types of human cancer. The intricate interplay among the vari-
ous members, through upregulation of the anti-apoptotic and
mutations or defects in the pro-apoptotic genes, is thought to
contribute essentially to tumor development, maintenance and
resistance to therapy, by reducing the capability of cancer cells to
enter apoptosis.'*#

It is of exceptional significance to note that the expression
of the innumerable members of the BCL-2 family of apoptosis-
associated genes is quite variable in different human cancers in
which a general pattern of overexpression or downregulation of
these genes cannot be stated explicitly. The founder of this fam-
ily, the BCL-2 pro-survival gene, functions so as to block or
delay apoptotic cell death.?® Despite the so far meagerly deter-
mined mechanism responsible for BCL-2 upregulation in solid
tumors, its prognostic value is debatable, since there is some evi-
dence indicating that the elevated expression of BCL-2 mRNA
or protein may be correlated with better overall survival,?”

147,48

poor prognosis**® or may have no effect.*” The death repressor
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Figure 4. Analysis of the transcriptional activity of BCL2L12, BAX, and
BCL-2 genes in the AGS cells after being exposed to doxorubicin (A) or
oxaliplatin (B) or methotrexate (C) for the indicated time intervals. Any
modifications in the expression levels of BCL2L12, BAX, and BCL-2 tran-
scripts in the treated cells compared with the untreated (control) cells
are presented as fold change and have a columnar form.

function of BCL-2 is counteracted by another BCL-2-related
protein, BAX, which possesses a tumor suppressor activity by
stimulating apoptosis.?® Notwithstanding the variable expres-
sion of BAX in gastric carcinomas,? its status may be sugges-
tive of its role being played in the development and evolution of
this type of malignant tumors, since BAX-negativity has been
related to shorter survival periods of patients surgically treated
for their disease.’® As regards the relatively novel member of
the BCL-2 family, the BCL2L12 gene,™ its peculiar attributes
as either a pro-survival®?>°" or pro-apoptotic®3363%52 factor
have been a pole of attraction for constant research endeav-
ors. In fact, a series of data has demonstrated the usefulness of
BCL2L12 expression in human solid tumors, including stomach
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adenocarcinomas, as a molecular indicator of favorable3¢-38:52

or
adverse® prognosis.

By exploiting the power of real-time PCR, we proceeded
toward the examination and extensive analysis of BCL2L12,
BAX and BCL-2 mRNA profiles following exposure of AGS
cancer cells to broadly applied anticancer agents (Fig. 4 and
Table 1). Collectively, noticeable alterations were caused by the
action of doxorubicin and methotrexate in the expression levels
of BCL2L12. These were found to be similar to both drugs and
to follow an overall declining pattern, but the differences among
them were more intense in the case of methotrexate until 36 h
of treatment than in that of doxorubicin. The results of cells’
exposure to oxaliplatin concerned important downregulation of
BCL2L12 from 36 h until 48 h, which was replaced by the inter-
esting finding of a slight increase in its levels at the end of the treat-
ment procedure (Fig. 4 and Table 1). In an earlier study from our
lab, the usage of cisplatin, a second generation platinum analog,
led to exactly the opposite fluctuations in BCL2L12 transcript
levels at two time points (24 and 48 h).”> Moreover, the response
of MCF-7%*>* and MDA-MB-231% to cisplatin generated com-
parable results with ours with respect to the expression of this
gene. The time-dependent (up to 24 h) enhanced transcriptional
activity of BCL2L12 upon incubation of MDA-MB-231 with cis-
platin in conjunction with the overexpression of the correspond-
ing protein promoted apoptosis induced by this particular drug.?
On the contrary, in another mammary carcinoma cell line,
BT-20, this gene’s levels did not present any detectable modula-
tions under the influence of either doxorubicin or platinum com-
pounds. When the same drugs were used in ovarian cancer cells,
BCL2L12 expressional behavior was mostly reduced.” With the
exception of the negatively variable BAX levels for up to 36 h of
methotrexate administration onto AGS cells, it is deduced that
for doxorubicin and oxaliplatin treatments this gene’s profiles
were substantially augmented. Subtle differences were observed
between the findings of our study with oxaliplatin and those of
another with cisplatin.®® Increased cell death probably justifies
the decrement in growth of different gastric cancer cell lines after
the induction of BAX overexpression.”® BAX profiles were unaf-
fected, as a result of OVCAR-3 and BT-20 cancer cells’ response
to carboplatin, cisplatin or doxorubicin addition, or they became
under-expressed in doxorubicin-treated MCF-7 breast carcinoma
cells.>*> Such discrepancies could be explained on the context
of concrete features of the cellular systems examined as well as
by the discrete pathways that are induced as a consequence of
the cytotoxic action of every different chemotherapeutic agent
utilized. An overview of the BCL-2 alterations that is in general
line with recent literature,”> included drastic (in methotrexate
treatment) or great (for doxorubicin or oxaliplatin-treated AGS
cells) reductions in its mRNA levels. However, some minor
upregulations in BCL-2 transcriptional activity at particular time
intervals of either doxorubicin or methotrexate exposure are not
an unusual phenomenon, since even BCL-2 itself could ensure
that cell death is executed in certain situations.””*® The striking
similarities in the expression levels of BCL2L12 and BCL-2 genes
in our cellular system and under the precise conditions pursued,
might attribute to BCL2L12 a potential anti-apoptotic role®%
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Table 1. Relative Quantification (RQ) units, 95% Confidence Intervals (95% Cl) and fold change for each gene per different drug

BCL2L12 BAX BCL2

Drug RQ units (95% CI) Fold change RQ (95% Cl) Fold change RQ (95% Cl) Fold change
Doxorubicin

24h 0.953 (0.603-1.505) —-1.049 2.043 (1.308-3.193) +2.043 1.240 (0.425-3.615) +1.240

36h 0.793 (0.550-1.143) -1.261 1.802 (1.233-2.635) +1.802 0.410 (0.221-0.760) —2.439

48 h 0.569 (0.403-0.804) -1.757 1.740 (1.182-2.561) +1.740 0.820 (0.442-1.520) -1.220

72h 0.742 (0.489-1.127) -1.348 1.399 (0.701-2.789) +1.399 1.401 (0.743-2.644) +1.401

Oxaliplatin

24h 1.185 (0.695-2.021) +1.185 1.094 (0.632-1.895) +1.094 0.392 (0.192-0.799) —-2.551

36 h 0.518 (0.367-0.732) =193 1.259 (0.872-1.817) +1.259 0.196 (0.096-0.399) —-5.102

48 h 0.599 (0.410-0.876) -1.669 1.663 (1.108-2.497) +1.663 0.999 (0.507-1.967) -1.001

72h 1.454 (0.765-2.762) +1.454 1.177 (0.822-1.685) +1.177 0.641 (0.344-1.194) -1.560
Methotrexate

24h 0.560 (0.398-0.786) -1.786 0.720 (0.503-1.031) -1.389 1.372 (0.765-2.459) +1.372

36h 0.383 (0.274-0.536) —2.611 0.573 (0.399-0.822) -1.745 0.010 (0.004-0.024) -100.0

48 h 0.639 (0.452-0.902) -1.565 2.655 (1.824-3.866) +2.655 0.474 (0.242-0.927) -2.110

The symbols (+) and (-) stand for an increase and a decrease in gene expression levels, respectively.

without excluding, though, the possibility of apoptosis promo-
tion as it can be valid for BCL-2.5% Although the present find-
ings seem opposing to earlier data where the elevated expression
of BCL2LI2 in stomach cancer tumors of early TMN stages was
associated with favorable patients’ prognosis, thereby suggesting
for it a possible pro-apoptotic function, it is not a paradox for
a gene to exhibit variable expression patterns between a cancer
tissue and its corresponding cell type. This bimodal activity of
BCL2L12, with its upregulation in well-differentiated mammary
tumors® and its under-expression in MCF-7 cancer cells after
being exposed to doxorubicin or cisplatin treatment,’® has also
been indicated in the case of breast cancer. The heterogeneity of
gastric tumors, the different endogenous need of stomach carci-
noma cells for this particular gene, as well as the distinguished
pathways of cellular demise that are signalized by each drug
utilized might be explanations for the distinctively modified
BCL2L12 levels in this type of cancer. Nonetheless, it is impor-
tant to note that the differences in the mRNA expression of the
studied genes do not necessarily reflect changes in their protein
levels and therefore we cannot reliably describe their function in
the apoptotic machinery.

As far as we know, this is the first study pointing out that
doxorubicin, oxaliplatin or methotrexate drugs exert their antitu-
mor effects on human gastric carcinoma cells by inhibiting their
growth and the treated cells respond to the received cytotoxic
signals by discretely modifying the transcriptional behavior of
BCL2L12, BAX, and BCL-2 apoptosis-related genes. Our results
support the concept of the possible exploitation of the differential
profiles of these genes as emerging predictors of chemotherapy
response in gastric cancer. In order to obtain a clear view of how
the genes BCL2L12, BAX, and BCL-2 are involved in the apop-
totic mechanisms that are activated subsequent to anti-cancer
agent exposure of gastric cancer cells, it would be necessary to
study their respective products with well-established indicators of
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apoptosis. Delineation of the biological role and the delicate and
complex interactions of several BCL-2 family members in stom-
ach carcinogenesis are grounds for optimism for more accurate
and tailored therapeutic interventions.

Materials and Methods

Gastric cancer cells’ culture and treatment conditions. The
propagation of the stomach carcinoma, AGS, cells was ensured
in complete RPMI 1640 (PAA, R15-802) inside a 37 °C humidi-
fied incubator with balanced air and 5% (v/v) CO,. The cul-
ture medium was enriched with the constituents L-glutamine
(0.3 g/L), NaHCO, (0.85 g/L), fetal bovine serum (10% v/v),
as well as the antibiotics streptomycin (0.1 g/L) and penicillin
(100 KU/L). Grown in the form of an adherent monolayer for
up to 3 d, in which complete confluence was not reached, the
AGS cells either remained intact to proliferate continuously or
were treated with increasing concentrations of chemotherapeutic
agents for different time periods during their exponential phase.
All dose-response cell suspensions, obtained by trypsinization
with 0.05% (v/v) trypsin in 0.53 mM EDTA (Cambrex Bio
Science, 091689149), were gathered in order to be further ana-
lyzed for the expression of the genes of interest.

Cell viability as measured with the MTT assay. The colo-
rimetric 3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) (Sigma Chemical Co., M2128-1G) assay* was
employed so as to assess AGS cells’ chemosensitivity by deter-
mining their viability after anticancer drug administration. One
hundred microliters of cancer cells” suspension in complete cul-
ture medium (corresponding to the optimal seeding density of
0.5 x 10° cells/mL) was placed, in triplicates, in 96-well microti-
ter plates. The plates were returned to the incubator, in order for
cell adherence to take place for 6 h at 37 °C. Several increasing
concentrations of the anticancer substances doxorubicin (Ebewe
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Pharma), oxaliplatin (Sanofi-Aventis) and methotrexate (Lederle
Pharmaceuticals) were added in the AGS cells, whose incubation
lasted for 24, 36, 48 h and up to 72 h, respectively. After each
time of exposure to either of these agents, 10 wL of the MTT
stock solution in PBS (Ix) (at a final concentration of 5 mg/mL)
was added per well, in the presence of which the cells were further
incubated at 37 °C for an additional 4 h. Afterwards, the cul-
ture supernatant was discarded and the formazan crystals, pro-
duced by the mitochondrial dehydrogenases of the living cells,
were solubilized with 100 pL of 12.5% (w/v) sodium dodecyl
sulfate (SDS) (Sigma Chemical Co., L4390-1KG) containing
45% (v/v) formamide (Merck KGaA, 344206-1L) in the dark at
37 °C overnight.

An ELISA multiwell reader was used to measure all absor-
bances at 545 nm with a reference wavelength of 690 nm. The
controls of the experiments included wells containing media and
cells (constituting the untreated cell population) and wells set
up only with media (to check for nonspecific dye reduction).
Repetition of the experiments took place three times, indepen-
dently. Cell viability (percent) that was expressed as the ratio of
the mean absorbance of drug-treated cells vs. that of the control
(untreated) ones was calculated as follows:

Cell viability (%) = [mean Abs (drug-treated cells)/mean Abs
(control-untreated cells)] x 100, where Abs: absorbance values.

All subsequent cell work was based on the IC, | value for each
drug tested, which is equivalent to at least 50% reduction in the
absorbance of the control cells at the end of every time point of
the treatment procedure.

Multiplication capability of the AGS cells and trypan blue
staining. In the absence or presence of the chosen, with the
MTT method, IC, -specific doses of the antitumoral compounds
examined, the number of dividing gastric cancer cells mirrored
their capability for proliferation. More specifically, a quantity
(0.5 x 10° cells/mL) of log-phase growing cells was plated inside
75 mm? tissue culture flasks (total volume of 20 mL in each), in
triplicates. Soon after the 6 h incubation period for cell attach-
ment to be completed, each drug, to which the cells were unin-
terruptedly exposed, was supplied for the pre-mentioned time
intervals. Fifty microliters of the trypsinized and re-suspended in
culture medium cell samples was diluted ten times in PBS (Ix).
From the diluted cell suspension, 18 pwL was removed and thor-
oughly mixed with 2 wL of 0.4% (w/v) trypan blue dye (Sigma
Chemical Co., T8154-100 ML). When the mixture was allowed
to stand for 5 min at room temperature, the reaction was devel-
oped and the non-viable cells, which absorb this stain, were
visualized under an inverted optical microscope as distinctively
colored blue.

With the aid of a hemocytometer, the total cell number and
the number of trypan blue positively-stained cells were counted.
The percentage of non-viable cells, in every sample, was calcu-
lated by applying the following arithmetic formula:

Trypan blue stained cells (%) = [total number of non-viable
cells per mL/total number of cells per mL] x 100.

In the case of the proliferative potential of the treated or
untreated AGS cells, the results were expressed as a function of
total cell concentration plotted against different time periods.
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Total RNA isolation and cDNA synthesis. Total RNA was
extracted from both untreated and drug-treated AGS cells by dis-
solving the different time-point cell populations in TRI-Reagent
(Ambion, AM9738) according to the manufacturer’s protocol.
The isolated RNA pellet was subsequently solubilized in RNA
storage solution (Ambion, AM7001) and stored at -80 °C. The
determination of total RNA concentration was accomplished
spectrophotometrically at 260 nm, while its purity was assessed
by calculating the absorbance ratio at 260 and 280 nm.

Following the quantitative and qualitative control of the
extracted RNA, the production of first-strand cDNA from 2 pg
of total RNA was performed via reverse transcription using oligo-
dT primers. The final volume of the reaction was 20 nL and
the enzymes used for this procedure were the M-MuLV Reverse
Transcriptase (Finnzymes, F-572S/L) and the Human Placental
RNase Inhibitor (HT Biotechnology Ltd., RI01a).

BCL-2-specific polymerase chain reaction (PCR). A pre-
amplification PCR-based step was performed for BCL-2 in a
thermal cycler (Labnet International Inc.). The BCL-2 specific
primers used in the regular PCR reaction were one forward
5“TTTGAGTTCG GTGGGGTCAT-3' and one reverse primer
5"TGACTTCACT TGTGGCCCAG-3/, giving rise to an ampli-
con of 275 bp. The reaction mixture contained 1 pL of cDNA,
1.5 mM MgCl,, 200 uM dNTPs, 1 M of each primer, 1.25 U of
Taq DNA polymerase and 1x PCR buffer, pH 8.8 (HyTest Ltd.,
7T1). The final volume of the mixture was adjusted to 50 wL by
adding nuclease-free water. The thermal cycling profile applied to
this reaction consisted of a 2 min preliminary denaturation step at
95 °C, followed by 20 cycles of denaturation at 95 °C for 30 sec,
primer annealing at 60 °C for 30 sec and elongation by Taq poly-
merase at 72 °C for 1 min. The BCL-2 PCR product derived from
this procedure was then subjected to a 10-fold dilution and used
as a template in the subsequent real-time PCR experiments.

Quantitative real-time PCR (qPCR). The quantitative
mRNA expression analysis of BCL2LI12, BAX, and BCL-2
apoptosis-related genes was made feasible by applying the real-
time PCR methodology of excellent sensitivity and accuracy,
developed with the use of SYBR green I fluorescent dye chem-
istry. A pair of gene-specific primers was designed and synthe-
sized for every gene under study, as well as for GAPDH, taking
into account their published mRNA reference sequences on
the NCBI database (GenBank accession nos. NM_000633.2,
NM_138761.3, NM_138639.1 and NM_002046.4 for BCL-
2, BAX, BCL2L12, and GAPDH, respectively). GAPDH, the
gene that codes for glyceraldehyde-3-phosphate dehydroge-
nase, played the central role as the reference gene in all qPCR
experiments. The oligonucleotide sequences of the used prim-
ers for BCL-2 (forward 5“TCGCCCTGTG GATGACTGA-3'
and reverse 5-CAGAGACAGC CAGGAGAAAT CA-3'),
BAX (forward 5-TGGCAGCTGA CATGTTTTCT GAC-
3" and reverse 5-TCACCCAACC ACCCTGGTCT T-3"),
BCL2L12 (forward 5-CCCTCGGCCT TGCTCTCT-3' and
reverse 5-TCCGCAGTAT GGCTTCCTTC-3") and GAPDH
(forward 5-CCTCCCGCTT CGCTCTCT-3" and reverse
5-CCGTTGACTC CGACCTTCAC-3"), gave rise to PCR
products of 134, 195, 182, and 116 bp, respectively.
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The qPCR reaction for each sample was performed on an ABI
Prism 7500 Thermal Cycler (Applied Biosystems) in triplicates,
so as to address any data reproducibility issues. The 10 wL reac-
tion mixture consisted of 0.5 WL of cDNA (for BAX, BCL2L12,
and GAPDH) or 10-fold diluted BCL-2 PCR product, 50 nM of
gene-specific primers and 5 pL Power SYBR green I PCR Master
Mix (Applied Biosystems, 4367659), containing AmpliTag gold
DNA polymerase. The thermal conditions included an initial
denaturation and activation of hotstart DNA polymerase step
at 95 °C for 10 min, after which the reaction mixture was sub-
jected to 40 cycles of denaturation at 95 °C for 15 sec and primer
annealing and extension at 60 °C for 1 min. After the success-
ful completion of the amplification process, a dissociation curve
analysis was conducted in order to distinguish the amplified
sequences of interest from any non-specific ones or primer dim-
mers, by comparing the melting temperatures (T ) of the formed
PCR amplicons.

The relative changes in the transcriptional levels of the
apoptosis-related genes BCL2L12, BAX and BCL-2 between the
untreated AGS cells and the same cells treated with the examined
anti-neoplastic agents were measured using the comparative Ct
method (2744“).4! This relative quantification method requires
the use of a reference gene for the normalization of the results,
which, in our case, was GAPDH and a calibrator sample, the gene
expression levels of which are designated as reference points for
the following comparisons between different samples. Another

prerequisite of this method is that the qPCR amplification effi-
ciencies of target and reference genes must be approximately
equal. This condition was verified by conducting a validation
experiment as described by Korbakis et al.*® The interpretation
of our data was achieved using the arbitrary RQ unit (relative
quantification unit), which is calculated by the arithmetic equa-
tion 2744 and represents the normalized-to-GAPDH amounts of
BCL2L12, BAX, or BCL-2 mRNA levels of a given time-point
anti-cancer drug-exposed AGS cell sample, relatively to the nor-
malized gene expression of the untreated AGS cells, which served
as the calibrator of the study. In the case of control (untreated)
cells, the average expression from all time points was used, since
similar expression levels for all target genes were observed in this
cell population. The relevant equations that were utilized for this
purpose were the following: RQ units = 2°4“; and ddCt = [(C,
sic— Co oappr) sample - (C . - C ) calibrator], where BEG
(BCL-2 Family Genes) denotes BCL2L12, BAX or BCL-2.
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