
Abstract. Background: Transforming growth factor β1
(TGFβ1) has been proposed as a candidate for the
transmission of radiation-induced bystander signals. Aim: To
assess the influence that the presence of latent TGFβ in the
medium may have on the modulation of TGFβ1 release and
on its receptor (TGFβR2) expression after irradiation of
glioblastoma cells or after treatment with medium collected
from γ-irradiated cells. Materials and Methods: T98G cells
cultured with a complete medium or a serum-free medium
were irradiated with 0.25 and 1 Gy and the concentration of
total TGFβ1 was measured. Results and Conclusions:
Irradiation of cells growing with a complete medium (i.e. a
medium containing latent TGFβ1, LTGFβ1) caused a
consistent dose-dependent decrease of the TGFβ1 available
in the medium. When LTGFβ1 was not available in the
medium (i.e. a medium without serum supplement), the levels
of TGFβ1 increased significantly. Changes in the pattern of
expression of TGFβR2 were evident only when a serum-free
medium was used. 

Transforming growth factor β1 (TGFβ1) is a member of a
large family of growth factors extracellularly abundant as
inactive (latent) form (LTGFβ1) (1), formed by the mature
TGFβ1 non-covalently bound to the amino terminal
precursor, termed latency-associated peptide. Latency is a
very important mechanism in cell signalling, since it allows
the control of growth factor activity, preventing the cytokine
from eliciting a response until its conversion to the active
form (2). Once activated, TGFβ proteins initiate signalling
by complexing with the two membrane receptors, type I and
type II (TGFβR1, TGFβR2), and initiating a downstream

signal via phosphorylation of intracellular transcription
factors (3). TGFβ1 exerts a large variety of biological
functions in most cells, including cell growth and host
immune responses. Several studies have indicated TGFβ1 as
one of the soluble factors possibly associated with the
bystander effects observed in some cells (4, 5). Most of the
studies aiming to evaluate the role of TGFβ1 in the
transmission of the effects after exposure to ionising
radiation have been focused on the measurement of the total
TGFβ (active plus latent) without any distinction between
the two forms (active and latent). However, latency remains
a critical step in the regulation of TGFβ activity and should
not be ignored, since it has been demonstrated that the
concentration of LTGFβ does not always correlate with
increased levels of the active form (6). The present study
investigated the influence of the presence of LTGFβ1 in the
culture medium of irradiated and bystander T98G cells on
the modulation of TGFβ1 release and on the expression of
its membrane receptor. 

Materials and Methods

Cell cultures. Human glioblastoma T98G cells obtained from the
European Collection of Cell Cultures (Porton Down, Salisbury, UK)
were cultured in an RPMI medium (Sigma-Aldrich, St Louis, MO,
USA) supplemented with 10% foetal bovine serum, 100 units/ml
penicillin/streptomycin, 2 mM L-glutamine and 0.01% sodium
pyruvate at 37˚C in an atmosphere of 5% CO2. Stock cultures were
maintained in exponential growth as monolayers in 75-cm2 Corning
plastic tissue-culture flasks. 

Irradiation. Exponentially growing cells were exposed to 0.25 and
1 Gy γ-rays at room temperature using a Cobalt-60 source
(Policlinico San Matteo, Pavia, Italy) with a dose rate of 0.83
Gy/min. Control T98G cells were sham irradiated. In order to avoid
sparing due to build-up, a 5 mm-thick plastic sheet was placed
below the flask surface. 

Medium collection. Cells were harvested from the flasks by
trypsinisation and 125,000 cells were seeded in 25 cm2 Corning
culture flasks 18 hours before irradiation. The seeding medium was
replaced with 6.5 ml freshly made complete or serum-free medium
1 hour before radiation exposure. After irradiation, supernatants
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were collected and filtered through 0.20 μm-pore polyetrafluoro-
ethylene (PTFE) filters. Samples were kept at 4˚C until ELISA
measurements were performed (within 20 hours from collection).
When necessary, samples containing foetal bovine serum were
diluted 1:20 in order to obtain concentrations within the range of
sensitivity of the test.

ELISA. TGFβ1 concentrations in T98G cell culture supernatants
were determined with solid-phase sandwich ELISA using a highly
sensitive commercial ELISA system (Quantikine TGFβ1
Immunoassay; R&D Systems Inc., Minneapolis, MN, USA)
according to the manufacturer’s guidelines. The protein levels were
calibrated on a microplate reader at 450 nm and the concentrations
were determined using dedicated software (DV990win6, GDV,
Italy). All standards, controls and samples were run in duplicate. 

Statistical analysis. Comparisons between irradiated and control
groups were made using the Student’s t-test. A p-value ≤0.05 was
considered significant.

Immunocytochemistry. Confluent cells were harvested from flasks
by trypsinisation and 10,000 cells were seeded in 35-mm petri
dishes 18 hours before irradiation. One hour before irradiation, the
seeding medium was replaced with 700 μl of freshly made complete
or, when indicated, serum-free medium. Directly irradiated cells or
cells conditioned with irradiated conditioned medium, were kept in
an incubator at 37˚C for 20 hours. Subsequently, cells were fixed
for 10 minutes with cold 70% ethanol. As primary antibody, a
mouse monoclonal anti-human TGFβR2 (R&D Systems) was used,
whereas the detection was performed with the EnVision+ System-
HRP (AEC) kit (Dako, Glostrup, Denmark).

Results and Discussion

Recently, in the field of radiobiology, considerable efforts
have been directed towards the study of the bystander effects,
namely the effects observable in cells that have not been
directly hit by radiation but have been affected by signals
from irradiated cells. One of the major challenges in this
context is the understanding of the mechanisms underlying
the transmission of these effects (7, 8). It has been
hypothesised that both gap junctional communication and/or
soluble factors, such as reactive oxygen species (ROS) and
TGFβ, contribute to the bystander responses observed in
neighbouring non-irradiated cells (4). It has not been
investigated to date whether the changes observed in TGFβ
concentrations in irradiated cells are attributable to the
activation of the already present LTGFβ1 or to an enhanced
production of TGFβ1 from irradiated cells. Since TGFβ1 and
its receptors are ubiquitously expressed in normal and
tumour tissues, there are several levels of regulation of its
activity to achieve and guarantee its biological relevance.
Thus, the latent form of TGFβ1 is unable to bind to
ubiquitous cell-surface receptors and allows the maintenance
of a large extracellular reservoir of the cytokine that can be
rapidly available by activation (9). As a consequence,
changes in concentrations of the latent form may have few

biological consequences, whereas changes in the presence of
the active form are likely to influence cell phenotypes and
cell-to-cell interactions (10).

Since some studies reported active TGFβ1
immunoreactivity as early as 30 minutes after radiation
exposure (11), firstly it was speculated that the LTGFβ1
present in the medium may be rapidly activated by the
hydroxyl radicals generated by the radiation. In order to test
this hypothesis, T98G cells were irradiated with 0.25 and 1
Gy γ-rays and their supernatants were collected 2, 4, 6, 10
and 14 minutes after exposure and analysed for total TGFβ1
by ELISA. These time intervals were chosen so as to cover
several biological half-lives of the active cytokine,
considering that the active form has a biological half-life of
2 minutes compared to the 90 minutes of the latent one,
according to the immunoassay kit guidelines. Within 14
minutes after irradiation, no significant change was observed
in the concentration of the total TGFβ1 present in the
medium. This suggests that the TGFβ1 activation trough’s
direct interaction with hydroxyl radicals plays a small role
in the overall process of signal initiation after exposure to
ionising radiation.

Next, the presence of total TGFβ1 in the medium of T98G
cells was investigated within 20 hours after exposure to 0.25
and 1 Gy radiation, in comparison with sham irradiation.
Also in this group of experiments, the medium was
supplemented with serum containing LTGFβ1
(approximately 15-20 ng/ml, as preliminarily measured). For
these ELISA measurements, there was no discrimination
between the active and the latent form, since the chemical
activation of LTGFβ1 was performed as indicated by the
ELISA kit instructions. Since a decrease in the total TGFβ1
was observed as early as 3 hours after irradiation, it was
hypothesised that T98G cells consume the total TGFβ1 by
activating the latent form already present in the medium
rather than by producing new molecules.

Given these results, the modulation of TGFβ1
concentrations in serum-free conditions were finally
monitored. Within the first 8 hours after irradiation, there
was no evident (from the assay) TGF β1 release, whereas at
20 hours, significant changes were observable in the
medium of irradiated cells (0.25 and 1 Gy) compared to the
control medium (0 Gy) (Figure 1). The fact that differences
were observed only 20 hours after irradiation agrees with
the results of the study by Gow et al., where it was
suggested that TGFβ1 is a downstream factor essential for
inducing bystander effects in T98G cells rather than being
one of the first transmissible factors produced by irradiated
cells (12).

When studying TGFβ signalling, the complexity of
LTGFβ1 modulation is only one aspect of the problem.
Indeed, the modulation of the receptor expression is just as
complex as the soluble molecule. The immunocytochemical
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results on irradiated and bystander (cultured with a medium
collected from irradiated parental cells) cells indicated small
and dose-dependent changes for TGFβR in both conditions
in the absence of serum in the medium (Figure 2). In the
case of direct irradiation, a dose-dependent increase of the
receptor expression was observed, whereas in conditioned
medium experiments, no dose dependency pattern was
evident, although immunostaining showed an evident
increase after two doses compared to the control. It was
hypothesised that, in the experimental conditions of the
present study, the lack of serum (namely, the lack of
LTGFβ1) stimulates the TGFβR expression on cell
membrane, thus making cells strongly signal competent,
under low concentrations of TGFβ1.

Conclusion

In conclusion, this preliminary study suggested that under
conditions of high quantities of LTGFβ1, the irradiation of
the cells demonstrated a gradual consumption of the cytokine
from the reservoir rather than de novo synthesis. On the
contrary, when TGFβ1 was not present in the medium,
irradiated samples showed a dose-dependent increase in
TGFβ1 production 20 hours after irradiation. Regarding
receptor expression, the lack of external TGFβ1 in the
medium (namely, serum-free medium) rendered T98G cells
more susceptible to the small increases of TGFβ1 in the
medium occurring 20 hours after irradiation.
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Figure 2. Examples of immunocytochemical patterns of TGFβR1
expression in T98G cells, 20 hours after exposure to irradiation or to
conditioned medium transfer. In both conditions, the medium was serum
free in order to eliminate any external source of TGFβ1.

Figure 1. TGFβ1 concentrations in culture medium without serum
supplement collected from T98G cells 20 hours after irradiation. Results
of 3 independent experiments are shown: boxes correspond to the mean
value and bars to the standard error of the mean. *Statistically
significant difference compared to sham irradiation, p≤0.05.
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