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Abstract: Primary cell culture provides an experimental platform in which morphology, physiology, and cell-cell com-
munication pathways can be studied under a well-controlled environment. Primary cell cultures of peripheral and 
central glia offer unique possibilities to clarify responses and pathways to different stimuli. Peripheral glia, satellite 
glial cells (SGCs), which surround neuronal cell bodies within sensory ganglia, have recently been known as key 
players in inflammation and neuronal sensitization. The objectives of this study were 1) to establish a cell-based 
platform of cultured trigeminal SGCs to study glial marker expression and functions under control conditions; 2) to 
validate the cell-based platform by prostaglandin E2 (PGE2) release response following administration of Cisplatin; 
and 3) to investigate inhibition of PGE2 release by glial modulators, Ibudilast and SKF86002. Primary cell cultures of 
SGCs from rat trigeminal ganglia were established following enzymatically and mechanically dissociation of the gan-
glia. Cultures were characterized in vitro for up to 21 days post isolation for morphological and immunocytochemical 
characteristics. PGE2 release, determined by ELISA, was used as a pro-inflammatory marker to characterize SGCs 
response to chemotherapeutic agent, Cisplatin, known to contribute in chemotherapy-induced peripheral neuropa-
thy. Our results indicate that 1) isolated SGCs maintained their characteristics in vitro for up to 21 days; 2) Cisplatin 
enhanced PGE2 release from the SGCs, which was attenuated by Ibudilast and SKF86002. These findings confirm the 
utility and validity of the cultured trigeminal SGCs platform for glial activation and modulation; and suggest further 
investigation on Ibudilast and SKF86002 in prevention of chemotherapy-induced pain.

Keywords: Satellite glial cells, primary culture, trigeminal ganglia, Cisplatin, Ibudilast, SKF86002

Introduction 

Satellite glial cells (SGCs) are specialized cells 
enveloping neurons in the sensory ganglia 
where they communicate with neurons. It is 
believed that SGCs are able to modulate neuro-
nal microenvironment and sensory transmis-
sion within the sensory ganglia [1-5]. These 
cells are capable of expressing different recep-
tors; respond to pro-inflammatory substances, 
and release gliotransmitters that may play a 
role in the pathogenesis of several disorders [1, 
4-8]. Accumulating evidence suggests a critical 
role of SGCs in chemotherapy-induced pain 
(CIP) and other chronic pain conditions [4, 6, 7, 
9, 10]. Cisplatin is a chemotherapeutic agent 
that has been known to induce peripheral sen-
sory disturbances including pain among other 

side effects [11, 12]. Cisplatin and other che-
motherapeutic agents are believed to accumu-
late in dorsal root ganglia (DRG) and trigeminal 
ganglia (TG) when administered for different 
types of cancers including orofacial cancers. 
The accompanying pain and sensory distur-
bances are dependent on the cumulative dose 
of the given agent [11, 13]. To date, a number of 
pathological mechanisms are associated with 
the pathogenesis of chemotherapy-induced 
peripheral neuropathy (CIPN) including neuro-
toxicity, apoptosis [14], mitochondrial dysfunc-
tion, and abruption of axonal transport [12, 13]. 
However, novel evidence suggests a potential 
role of glial cells in association with CIPN [10].

One avenue to gain a better insight into the role 
of SGCs in the sensory ganglia under control 
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and pathological conditions is to establish pri-
mary cultures of these cells to test their charac-
teristics and responsiveness. Primary cultures 
of central glial cells such as astrocytes and 
microglia have been essential in clarifying 
responses and intracellular pathways following 
a range of different stimuli [15-17]. Primary cul-
tures of isolated SGCs have been less studied 
[4, 6], while those may also provide an experi-
mental platform in which morphology, physiol-
ogy, and cell-cell communications or cellular 
pathways can be investigated. Hence, in the 
current study, a cell-based platform of trigemi-
nal SGCs was established to investigate glial 
marker expression and substance release 
functions from these cells at different culture 
times and in response to Cisplatin. Subse- 
quently, Ibudilast and SKF86002 (SKF) were 
selected as pharmacological tools to examine 
the modulatory effect of these agents on 
Cisplatin-activated glial cells. Ibudilast is a non-
selective phosphodiesterase inhibitor, conven-
tionally used in the treatment of bronchial asth-
ma [18]. Ibudilast has been linked with 
suppression of glial cells activity, both in vivo 
and in vitro [18, 19]. The exact mechanism 
through which Ibudilast suppresses glial activi-
ty remains unclear, however, a decreased cyto-
kine expression has been suggested to play a 
role [18, 19]. SKF is an inhibitor of P38 mitogen 
activated protein kinase (p38 MAPK) pathway. 
Phosphorylation of P38 MAPK is associated 
with neuronal activation and sensitization [20, 
21]. SKF might also act on glial cells and block 
the release of pro-inflammatory substances 
from SGCs in the sensory ganglia. 

In short, the present study purposes were to 
establish and characterize a working SGCs-
based platform, to validate its responses to 
Cisplatin-evoked PGE2 release and whether 
this response can be modulated by agents with 
glial modulatory effect. Results from this study 
would shed light on SGC role in CIP and poten-
tial application of glial modulatory agents to 
prevent it. 

Materials and methods 

Animals

All experiments were performed using adult 
male Wistar rats (2-4 months old) provided by 
the Animal Research Facility, Pathological insti-
tute, Aalborg University Hospital (North). 

Animals were housed in groups of 3 rats per 
cage, in a temperature-controlled room, on a 
12 h light/dark cycle with access to food and 
water ad libitum. Animals were deeply anesthe-
tized with a mixture of hypnorm (Vm21757/4000, 
Vetapharma, UK), midazolam (Hameln pharma-
ceuticals, UK), and isotonic saline (25%, 25%, 
50% v/v. 0.3 ml/100 g) and then euthanized by 
cervical dislocation. Three animals were used 
for immunohistochemistry. These animals were 
deeply anesthetized and euthanatized by trans-
cardial perfusion with isotonic saline followed 
by 10% formalin buffer solution (BAF-0010-
03A CellPath, UK). Subsequent to the cervical 
dislocation or the transcardial perfusion, both 
ganglia were surgically removed from the skull.

All procedures were conducted according to the 
ethical guidelines delineated by the Danish 
Animal Experiments Inspectorate in accor-
dance with the guidelines set by the 
International Association for the Study of Pain 
(IASP) for use of laboratory animals in medical 
research. 

Characterization of SGCs: immunohistochem-
istry

The isolated TG, were placed in 10% formalin 
buffer solution overnight at 4°C. The tissue was 
washed in phosphate buffered saline (PBS; 
14190-094 Gibco life technologies, Invitrogen, 
CA, USA) and then incubated in 20% sucrose in 
PBS for 48 h at 4°C. The tissue was treated 
with a 40% sucrose solution overnight (4°C) 
before it was embedded in Tissue-Tek (4583, 
Sakura Finetek, NL) in a cryo-mold (4565 
Sakura Finetek, NL) and then frozen separately. 
Each ganglion was serially sectioned in 10 µm 
slices on a cryostat (MICROM, Thermo Fisher 
Scientific, DE). The slices were mounted on poly 
lysine coated glass slides (1510.1260 Houni- 
sen Laboratorieudstyr, DK). Slides were incu-
bated in 5% bovine serum albumin (BSA; 
EQBAH62 Europa Bioproducts, UK) and 0.2% 
Triton X100 (Sigma-Aldrich, MO, USA) for 1 h at 
room temperature (RT) before they were 
washed in PBS. Primary antibodies against glu-
tamine synthetase (GS: G2781 Sigma-Aldrich, 
MO, USA) and glial fibrillary acidic protein (GFAP: 
G3893 Sigma-Aldrich, MO, USA) were added in 
dilutions of 1:4000 and 1:400, respectively, in 
1% BSA solution at 4°C overnight. Slides were 
washed in PBS prior to incubation with second-
ary antibody Alexa fluor 555 (donkey anti-rab-
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bit) conjugate (ab150074, Abcam, Cambridge, 
UK) and Alexa fluor 488 (donkey anti-mouse) 
conjugate (ab150105, Abcam, Cambridge, UK) 
diluted 1:500, respectively in 1% BSA, for 1 h at 
RT. The fluorescent nuclear dye Hoechst was 
added for 10 min at RT, in a 1:2000 dilution in 
1% BSA, before the slides were washed in PBS 
and then in Milli-Q water. Slides were mounted 
(Fluorescent mounting medium; S3023 Dako, 
DK) and images were obtained using a Nikon 
microscope (Az100, Nikon, Tokey, Japan) 
equipped with a fluorescent illuminator 
(L200/D, Prior Scientific, Rockland, MA, USA) 
and a digital camera (DS-Vi1 Nikon, Tokey, JP) 
connected to a personal computer. Image J 
(public domain software) was used for further 
analysis and noise-to-signal ratio adjustments.

Characterization of SGCs: immunocytochem-
istry 

The isolated ganglia were sectioned and incu-
bated in 5 mg/ml collagenase (Collagenase; 
C9891 Sigma-Aldrich, MO, USA) in Ham’s F12 
growth medium (21765-029 Gibco life technol-
ogies, Invitrogen, CA, USA) supplemented with 
1% penicillin/streptomycin for 15 min at 37°C 
in a humidified 5% CO2 incubator (Pen/Strep; 
15140 Gibco life technologies, Invitrogen, CA, 
USA). The collagenase solution was centrifuged 
(5 min, 1300RPM) and the pellet was resus-
pended in 1 ml 0.125% trypsin (15090-046 
Gibco life technologies, Invitrogen, CA, USA) 
and incubated for 5-10 min before the suspen-
sion was centrifuged once more (5 min, 
1300RPM). The sectioned and enzymatically 
digested ganglia were then mechanically disso-
ciated to a homogenous solution by repeated 
pipetting against the bottom of the tube. The 
solution was transferred to uncoated culture 
flasks and cultures were maintained in a humid-
ified 5% CO2 incubator (37°C) for up to 21 days 
while changing the medium twice the first day, 
at 3 h and 24 h, and then continuously every 
second day. 

Prior to Immunofluorescence staining, the cul-
tures were washed in PBS and fixed in a 10% 
formalin buffer solution for 20 min. After wash-
ing, the morphology of each culture was 
assessed using phase contrast microscopy. 
PBS was replaced with 0.2% Triton X-100 (X100 
Sigma-Aldrich, MO, USA) in 1% BSA for 15 min. 
The cells were washed twice in PBS before they 
were incubated in 5% BSA at RT for 1 h. Primary 

antibodies against GS (G2781 Sigma-Aldrich, 
MO, USA) and GFAP (G3893 Sigma-Aldrich, MO, 
USA) were diluted 1:4000 and 1:400, respec-
tively, in 1% BSA solution and placed overnight 
at 4°C. The following day, cells were washed in 
PBS before incubated with the secondary anti-
body Alexa fluor 555 (donkey anti-rabbit) conju-
gate (ab150074, Abcam, Cambridge, UK) and 
Alexa fluor 488 (donkey anti-mouse) conjugate 
(ab150105, Abcam, Cambridge, UK) diluted 
1:500, respectively in 1% BSA, for 1.5 h at RT. 
The cells were then incubated with the nuclear 
dye Hoechst in dilution 1:5000 in 1% BSA for 
20 min. Finally; cells were washed in PBS and 
then in Milli-Q water before they were mounted 
with glass cover slips (Fluorescent mounting 
medium; S3023 Dako, DK). Images were 
obtained using a Nikon microscope (Az100, 
Nikon, Tokey, Japan) equipped with a fluores-
cent illuminator (L200/D, Prior Scientific, 
Rockland, MA, USA) and a digital camera (DS-
Vi1 Nikon, Tokey, JP) connected to a computer. 
Image J (public domain software) was used for 
further analysis and noise-to-signal ratio 
adjustments.

Cultured SGCs stimulation and inhibition

Cisplatin was provided as a 1 mg/mL stock 
solution (3.32 mM). The stock solution was 
diluted in Ham’s F12 growth medium to a work-
ing dilution of 66 µM. Ibudilast (I0157 Sigma-
Aldrich, MO, USA) was dissolved in Ham’s F12 
growth medium and made into 10 mM aliquots. 
Before administration, the aliquots were dilut-
ed to a final concentration of 100 µM. 

SKF (S0193 Sigma-Aldrich, MO, USA), was dis-
solved in DMSO and made into 10 mM aliquots. 
Prior to the experimental administrations, ali-
quots were diluted to final concentrations of 1, 
10, or 100 µM. Aliquots were stored at -20°C. 
All working dilutions were prepared using Ham’s 
F12 growth medium. No cross reactivity was 
observed. 

Immunoassay for the determination of prosta-
glandin E2 release

For each experiment, cells were plated in 
24-well culture plates (growth area 1.9 cm2) at 
a density of ≈105,263 pr. cm2. After two days 
incubation in a 37°C, humidified, 5% CO2 incu-
bator, the cell confluence reached to 80-90%. 
The cells were washed and either control- or 
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treatment medium was applied to appropriated 
wells and incubated at 37°C for 8 h. For the 
characterization of Cisplatin-activated SGCs, 
the cells were plated at various culture times of 
7, 14, and 21 days, and treated with different 
Cisplatin concentrations (0, 16.5, 33, 66 µM). 
Prior to the termination of each experiment, 

samples of condition medium were collected 
and stored at -20°C for later analysis. Each 
sample was analyzed with a competitive, highly 
sensitive enzyme-linked immunosorbent assay 
(ELISA) for the determination of prostaglandin 
E2 in biological fluids (ADI-930-001 Enzo life 
sciences, NY, USA). 

Figure 1. Trigeminal ganglion slices stained with Hoechst (A) Satellite glial cells (SGCs) nuclei are small and brightly 
stained whereas the nuclei of neurons are larger and faintly stained. (B) Glial fibrillary acidic protein (GFAP), low 
expression of GFAP in the SGCs cytoplasm. (C) Glutamine synthetase (GS), clear staining of SGCs cytoplasm. (D) 
Overlay of the different channels, with zoom insert of a neuron enveloped by SGCs. (A-D) Scale bar: 50 µm; Magni-
fication: 200x. 
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Statistical analysis 

Statistical comparisons were conducted using 
GraphPad Prism v5.0 statistical software 
(GraphPad software, CA, USA). For multiple 
comparisons of different Cisplatin concentra-
tions a repeated measure analysis of variance 
(ANOVA) was used followed by a Dunnett’s 

post-hoc. For multiple comparisons of different 
time points or treatments, one-way ANOVA was 
used followed by a Bonferroni post-hoc test. 
The difference between two samples was 
assessed using a two-tailed paired t-test. Data 
are shown as mean ± standard error of the 
mean (SEM). P≤0.05 was considered statisti-
cally significant. 

Figure 2. Phase contrast microscopy of isolated satellite glial cells (SGCs) at different culture times. (A) Cells 2 days, 
(B) 7 days, (C) 14 days, and (D) 21 days after isolation. Magnification: 100x. 
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Results 

Characterization of the SGCs in TG tissue

In order to evaluate the presence of the SGC in 
the isolated TG, immunohistochemistry was 
carried out. Using fluorescent microscopy, the 
TG sections showed larger neuronal cell bod-
ies, with a central nucleus identified by Hoechst 
staining (Figure 1). Enveloping the larger nerve 

cell bodies, the smaller SGCs were easily identi-
fied through the positive immunostaining 
against GS and to a lesser extent by GFAP, 
which were faintly stained (Figure 1). 

Characterization of the isolated SGCs in cul-
ture

Phase microscopy was used to observe the 
morphology of isolated SGCs after 2, 7, 14, and 
21 days in culture (Figure 2). These observa-
tions allowed interpretation of the morphologi-
cal development as a consequence of time in 
culture (up to 21 days). Exploiting SGCs ability 
to adhere to uncoated culture flasks, SGCs 
were isolated from neurons and other compo-
nent of TG section. After 2 days in culture, cells 
were scattered over the bottom of the flasks, as 
individual cells or in small groups, with thin or 
larger-flat-fan-like patterns. Depending on the 
homogeneity of the cell suspension and the iso-
lation step after 3 h and 24 h in culture, single 
neurons were sometimes observed at this step. 
After 7 days in culture, a clear proliferation of 
cells was seen, where cells gathered in clusters 
across the bottom of the flasks. Several of 
these cells had lost their larger-flat-fan-like pro-
cesses in favor of the long thinner processes. 

Figure 3. Immunofluorescent expression of the markers glial fibrillary acidic protein (GFAP) and glutamine synthe-
tase (GS) by isolated satellite glial cells (SGCs). Columns 1-4 represent 2, 7, 14, and 21 days in culture, respectively. 
The upper row staining against GFAP shows low expression of GFAP in the cytoplasm of SGCs. In the lower row stain-
ing against GS, shows fine staining of cytoplasm of SGCs. No clear difference was observed in the immunoexpres-
sion of either marker as a consequence of time in culture. Scale bar: 100 µm; Magnification: 100x. 

Figure 4. Increased prostaglandin E2 (PGE2) concen-
trations in the medium in response to the applied 
Cisplatin concentrations. **p<0.01 compared with 
control.
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At 14 days in culture most of the cells had 
gained the spindle shaped appearance and 
covered the bottom of the culture flasks. After 
21 days in culture, the cells were multilayered 
and had in some areas begun to form clusters 
and some of the cells had processes that were 
aligned and orientated in the same direction 
(Figure 2). 

Immunofluorescence staining was used to 
examine the phenotypical expression of the 
markers GS and GFAP in the isolated cultures 
over time. Expression of the markers was exam-
ined after 2, 7, 14, and 21 days in culture. 
Majority of the isolated cells were immunoposi-
tive for GS and had the morphology of cultured 
SGCs (Figure 3). Most cells were also immu-
nopositive for GFAP. No clear tendency was 
observed for increase or decrease in the immu-
noreactivity for either GS or GFAP in response 

tures were incubated for 8 h with 0, 16.5, 33, or 
66 µM Cisplatin. A concentration-dependent 
elevation in PGE2 release was observed with a 
significant difference between 66 µM Cisplatin 
and the control. In order to assess if culture age 
had any pro-inflammatory effect on PGE2 
release, the release was determined in the con-
ditioned medium obtained from 7, 14, and 21 
day-old-cells incubated with either the control 
or 66 µM Cisplatin media. No significant differ-
ence was observed between the three time 
points for either control or 66 µM Cisplatin 
(Figure 5). The 2nd day-time-point was not 
included due to a low cell yield at this time 
point. 

Inhibition of Cisplatin-evoked PGE2 release by 
Ibudilast and SKF

In order to validate isolated SGCs as a platform 
for studying pharmacological agents, Ibudilast 
and SKF were examined for their modulatory 
effects on SGCs activated by Cisplatin. SGCs 
with a culture age of 21 days were incubated 
with 66 µM Cisplatin or control and 100 µM 
Ibudilast (the concentration of Ibudilast was 
based on previous results from our laboratory). 
Cisplatin (66 µM) induced a significant release 
of PGE2 compared with control. Although, 
Ibudilast (100 µM) seemed to reduce the PGE2 
concentration compared with Cisplatin (66 
µM), no significant difference was fond between 
Cisplatin- and Ibudilast-treated samples (Figure 
6). Three different concentrations of SKF were 
tested for its modulatory effects on Cisplatin-
induced PGE2 release (1, 10, or 100 µM). All 3 
concentrations of SKF were able to significantly 

Figure 5. Comparison of prostaglandin E2 (PGE2) concentrations across differ-
ent culture times. No significant differences were observed for either control 
or Cisplatin-treated cultures between the different time points (7, 14, and 21 
days). 

Figure 6. Modulation of Cisplatin-evoked prostaglan-
din E2 (PGE2) release by 100 µM Ibudilast. *p<0.05 
compared with control. 

to the culture time (Figure 
3).

Functional characteristics 
of SGCs

In order to look at the func-
tional characteristics of the 
SGCs, PGE2 release was 
used as a pro-inflammatory 
marker to characterize 
SGCs response to Cisplatin. 
To determine the appropri-
ate concentration of Cis- 
platin, a concentration-res- 
ponse experiment was pre-
formed initially (Figure 4). 
Cells from 21-day-old cul-
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block PGE2 release from SGCs activated by 
Cisplatin (66 µM) (Figure 7).

Discussion 

In the current study we characterized and vali-
dated a cell-based platform from the isolated 
trigeminal SGCs. We found that SGCs could be 
maintained in primary cultures for up to 21 
days without evident changes in the immunore-
activity of the glial markers GS and GFAP. In 
addition, we characterized the cell-based plat-
form under basal conditions and after stimula-
tion with Cisplatin. This chemotherapeutic 
agent is believed to activate ion channels 
(including potassium, sodium, and calcium 
channels) on dorsal root ganglia neurons and 
stimulate glial cells to release pro-inflammatory 
substances, e.g. PGE2. It has been suggested 
that pro-inflammatory substances might play a 
role in peripheral sensory disturbances and 
neuropathic pain [4, 19, 22]. Our results sup-
port that the cell-based platform has a poten-
tial for investigation of substance release and 
studying of pharmacological responses under 
the controlled environment for up to 21 days. 

Characterization of the trigeminal SGCs 

The descriptions of SGCs provided in this study 
and the immunoreactivity against the glial cell 
markers GFAP and GS are in accordance with 
previous descriptions of SGCs [1, 4, 7, 23, 24]. 
In vivo GFAP has a natural low expression in 
naive animals but is up regulated in response 
to various stimuli. This up regulation has gener-
ally been associated with “glial cell activation” 

[5, 25]. Although, expressed in a variety of 
other cell types, GFAP is generally expressed by 
non-myelinating glial cells in the nervous sys-
tem and thus considered a reliable glial marker 
[5, 26]. In addition, GS, is selectively expressed 
by SGCs in sensory ganglia, making it a useful 
marker for study and identification of SGCs [5]. 

In the present study, primary cultured SGCs 
maintained their basic morphology with a small 
cell body with 2-3 processes giving them a spin-
dle like appearance. The most abundant 
change in the culture was the increased density 
of cells in response to prolonged culture time. 
We found that the isolated cells were GFAP and 
GS positive with no evident changes in expres-
sion for either marker up to 21 days in culture. 
Belzer et al. have investigated the phenotypical 
changes in SGCs in mice trigeminal cultures up 
to 14 days. They report a change in morphology 
and declined GS expression in response to a 
culture time above 2 days with no recovery at 
14 days in culture [27]. The discrepancy could 
be due to different animal species as well as 
difference in cell cultures. Belzer et al used tri-
geminal cultures e.g. mixed neuron and SGC 
cultures, and the reported morphological 
changes are to a large extent in relation to neu-
rons and thus their results are not directly com-
parable with our findings. Other groups have 
reported a stable expression of GS in isolated 
SGCs at 7 or 14 days in culture using methods 
similar to the one used in this study [4, 7]. Thus, 
we propose that isolated SGCs maintain vital- 
and keep several important characteristics in 
vitro up to 21 days. Hence, isolated SGCs offer 
a platform to investigate substance release in 
responses to various stimuli and inhibitors.

Cisplatin-evoked PGE2 release

Cisplatin is still among the widely used antican-
cer agents [28]. However, sensory neuropathy 
caused by Cisplatin and the initial complaints 
of pain and paresthesias predominantly in the 
distal extremities are among common reasons 
for early discontinuation of Cisplatin [19, 22]. 
Often sensory disturbances are dependent on 
the cumulative dose and thus delayed in onset, 
and may appear weeks after initiation of 
Cisplatin [22]. The underlying mechanisms of 
Cisplatin-induced sensory neuropathy are not 
fully elucidated. However, cellular responses 
ranging from apoptosis to pathways controlling 
cellular growth, differentiation, and stress have 

Figure 7. Modulation of Cisplatin-evoked prosta-
glandin E2 (PGE2) release by different concentra-
tions of SKF. ***p<0.001 compared with control; 
###p<0.001 compared with Cisplatin.
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been suggested [22]. Inflammation and the 
release of different pro-inflammatory mole-
cules from both neuronal and non-neuronal 
cells such as SGCs have also been suggested 
to play a role in the induction and maintenance 
of CIP [13, 19, 22]. For instance, PGE2 might be 
involved in CIP or CIPN through activation of 
prostaglandin E receptors on neurons and acti-
vation of second messenger molecules such as 
protein kinase A and C, which are downstream 
products of the kinases associated with phos-
phorylation of transient receptor potential 
vanilloid -1 channels (TRPV1) involved in sensi-
tization of peripheral neurons [29, 30]. In the 
percent study, we examined the functionality of 
the cultured SGCs under basal conditions and 
after incubation with Cisplatin. We found that 
incubating SGC cultures with Cisplatin led to a 
significant release of PGE2 in the cultured medi-
um. This observation suggests that release of 
pro-inflammatory mediator PGE2 within the sen-
sory ganglia may interfere with neuronal activi-
ty and signal transmission at the ganglion level 
and take part in CIP.

It is hypothesized that SGCs are activated dur-
ing CIP, and that such activation might promote 
or maintain neuronal activation. Further- 
more, PGE2 might act on the prostaglandin E 
receptors expressed on the ganglion neurons 
to modulate neuronal activity via second mes-
senger molecules associated with the sensiti-
zation of peripheral neurons [29-31]. 

Pharmacological modulation of Cisplatin-
evoked PGE2 release

The modulatory effects of Ibudilast and SKF 
were also investigated in the present study in 
order to validate the established platform for 
the investigation of pharmacological agents on 
SGCs functional characteristics. 

Ibudilast has a limited target profile aside from 
its effect as a phosphodiesterase inhibitor and 
has shown promising results as a modulator for 
glial cell activity [18, 19, 32]. Ibudilast inhibito-
ry effect on glial activation has been suggested 
through inhibition of the release of pro-inflam-
matory molecules like PGE2 and cytokines [18, 
19, 32]. This is in line with our findings that 
there was a tendency towards lower PGE2 
release from cultured SGCs activated by 
Cisplatin after incubation with Ibudilast. Hence, 
Ibudilast might have therapeutic utility target-

ing glial cells as a novel treatment strategy for 
pain. Ibudilast has previously been tested in rat 
models of neuropathic pain following peripheral 
nerve injury and CIPN [18, 32-34]. In these 
models, administration of Ibudilast resulted in 
sustained to transient relief of allodynic-symp-
toms [18, 32-34]. No direct interactions have 
been identified between Ibudilast and neurons/
glial cells that may account for the entire anti-
allodynic effect of Ibudilast. Thus, it remains 
unclear if the phosphodiesterase inhibition 
directly contributes to the decrease in allodynia 
observed in the different animal models [18, 
32]. In animal models of CIPN induced by pacli-
taxel and vincristine, mechanical allodynia was 
slightly reduced after administration of phos-
phodiesterase inhibitors, Propentofylline and 
Ibudilast [32, 35]. Thus, the analgesic effect of 
Ibudilast might stem from both the inhibitory 
effect on phosphodiesterase as well as the 
attenuation of glial activation through the inhi-
bition of pro-inflammatory molecules such as 
cytokines [18]. 

SKF is a pharmacological agent that inhibits 
p38 MAPK, a key regulator of inflammatory 
response. This agent was used in the present 
study to serve as an anti-inflammatory cyto-
kine-suppressive agent and was found to sig-
nificantly decrease the PGE2 concentrations in 
the Cisplatin-treated medium. These results 
indicate that PGE2 release by isolated SGCs 
depends on the phosphorylation of p38 MAPK 
and that Cisplatin promotes this phosphoryla-
tion. The involvement or activation of p38 
MAPK in glial cells and CIP is still largely 
unknown and additional studies are needed to 
clarify the role of p38 MAPK. However, results 
from Losa et al., Mizukoshi et al. and our labo-
ratory suggest that p38 MAPK is most likely 
involved in glial cell activation and CIP [21, 36]. 
Based on these results inhibition of p38 MAPK 
might serve as a beneficial strategy for man-
agement of chemotherapy-induced, inflamma-
tory, and neuropathic pain.

Methodological considerations 

We characterized isolated SGCs after 2, 7, 14 
and 21 days in culture. However, cultures 
younger than 7 days did not yield enough cells 
for functional characterization under normal 
conditions and following exposure to Cisplatin. 
Therefore, it was not possible to examine the 
response of SGCs upon exposure to Cisplatin 
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after 2 days in culture. Thus, using the current 
method we cannot discharge the possibility 
that SGCs might be more or less sensitive/
active during the first days in culture. However, 
the immunoreactivity against GFAP and GS at 2 
days in culture does not seem different from 
the immunoreactivity at 7, 14 and 21 days in 
culture. The stable GFAP expression might still 
suggest that the PGE2 secretion after 2 days in 
culture would mimic the concentrations at 7, 14 
and 21 days. GFAP is a commonly used marker 
for glial cell activation, and an increased GFAP 
expression has been observed in a number 
pain models [10, 23, 37]. In contrast, Liu et al.  
demonstrated increased GFAP expression in 
SGCs in the absence of mechanical allodynia 
following sham operation in an animal model of 
spinal nerve ligation [38]. These findings indi-
cate that GFAP expression is not a specific 
marker for SGC activation in relation to pain. 

A key phenotypical characteristic of SGCs in the 
intact ganglion is their close relation with neu-
ron [27]. Very little is known about the complex 
relation between SGCs and neurons in the 
intact ganglion and thus it is difficult to specu-
late how and to what extent SGCs are affected 
by the isolation or to what extend this model 
might mimic the response by SGCs in vivo. 
Whole organ culture can address some of these 
questions as the relationship between SGCs 
and neurons is preserved. This method is cur-
rently under investigation in our lab. 

Conclusion 

The present study showed that 1) primary cul-
tures of trigeminal SGCs maintain the glial cell 
morphology and immunoreactivity against 
GFAP and GS in vitro; 2) cultured SGCs were 
stimulated by Cisplatin and release PGE2, which 
confirmed the sustained functionality of these 
cells in vitro; and 3) PGE2 release was attenu-
ated by Ibudilast and SKF. Together these find-
ings support that the established SGC platform 
is valid and functions for investigating sub-
stance release and pharmacological modula-
tion. Inhibitory effects of Ibudilast and SKF on 
Cisplatin-evoked PGE2 release from SGCs sug-
gest a potential role of these agents for preven-
tion of CIP. 
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