
Inflammation has been proved to be an important

part of the pathogenesis of many chronic nervous system

diseases including brain tumors and neurodegenerative

states (Alzheimer’s disease, Parkinson’s disease, multiple

sclerosis, etc.) [1]. While active search for antiinflamma�

tory drugs is conducted, rosiglitazone, an agonist of the

nuclear receptor PPARγ, has been proposed as one of

them [2�5]. Treatment with rosiglitazone was shown to

lead to a decrease in expression of CD14, a component of

the CD14/TLR4/MD2 complex recognizing lipopoly�

saccharide (LPS) that induces an inflammatory response

in monocytes [6]. There is also evidence of effectiveness

of rosiglitazone against Alzheimer’s disease [7]. However,

a better understanding of the effects of rosiglitazone at the

molecular level is required for development of therapy

strategy using this drug.

Cellular models are typically used to elucidate

molecular mechanisms of action of potential antiinflam�

matory drugs. An antiinflammatory effect of rosiglitazone

has been shown in different cell types including immune

system cells [8], where an inflammatory response plays a

crucial role, as well as in microglia in a model of

Parkinson’s disease [9]. Rosiglitazone was shown to

downregulate cell production of tumor necrosis factor

alpha (TNFα) and interleukins 1β and 6 (IL�1β, IL�6),

affecting expression levels of corresponding genes [9, 10].

A common model of neuroinflammatory conditions in

vitro involves stimulation of nervous system cells by an
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Abstract—Investigation of molecular mechanisms of proinflammatory stimuli signaling in astrocytes is important for under�

standing their role in pathogenesis of central nervous system diseases as well as in functioning of the innate immunity sys�

tem in non�immune cells. Here we show that lipopolysaccharide (LPS) stimulation of primary rat astrocytes led to conven�

tional inflammatory response: increase in both proinflammatory (tumor necrosis factor, TNFα; prostaglandin E2, PGE2)

and antiinflammatory marker (interleukin 10, IL�10) levels. The protein level of cyclooxygenase 2 (COX�2) was also

increased. Rosiglitazone strengthened LPS�induced mRNA expression of COX�2 and IL�10 but not TNFα. Rosiglitazone

is an agonist of nuclear receptor PPARγ, but its impact on IL�10 expression was not influenced by a PPARγ antagonist,

GW9662, suggesting PPARγ�independent effect of rosiglitazone. The degradation of mRNA is one of the steps of inflam�

mation regulation and might be affected by small molecules. In experiments with actinomycin D, we found that mRNA

half�lives of IL�10, COX�2, and TNFα in naive astrocytes were 70, 44, and 19 min, respectively. LPS stimulation caused 2�

fold increase in IL�10 and COX�2 mRNA decay rates, whereas addition of rosiglitazone restored them to the initial level.

TNFα decay rate was not changed by these stimulations. This suggests that mRNA decay rate could be regulated by small

molecules. Moreover, rosiglitazone could be used as a substance stimulating the resolution of inflammation without influ�

ence on proinflammatory signals. These results open new perspectives in the search for inflammation resolution modula�

tors.
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agonist of toll�like receptor 4 (TLR4), lipopolysaccharide

(LPS) [11]. Previously, we demonstrated that stimulation

of astrocytes by LPS leads to induction of a marker of

inflammation cyclooxygenase 2 (COX�2) and that rosigli�

tazone treatment leads to an increase in COX�2 expres�

sion at the mRNA level [12, 13]. In this work, we studied

a possible mechanism of this effect.

Inflammation at the cellular level is a process devel�

oping in time that is regulated at the levels of transcription

and translation. It recently became clear that a posttran�

scriptional level of control is also actively involved in reg�

ulation of inflammation. For instance, modulation of

mRNA degradation is important for regulation of inflam�

matory genes [14]. Such studies are mainly performed for

immune system cells mediating inflammatory response

beyond the central nervous system (CNS). It should be

noted that cells of the immune system (leukocytes,

macrophages, etc.) have myeloid or lymphoid develop�

ment from mesodermal cells. The immunocompetent

cells of the CNS – microglial cells and astrocytes – have

different origins: microglia belong to the myeloid lineage

while astrocytes have common precursors with neurons

and have ectodermal origin. While the regulation at the

mRNA degradation level has been well established for

immune cells, the characterization of this process in astro�

cytes has been in the shadow until recently. Previously, we

showed that LPS stimulation changes the rate of mRNA

degradation of several genes in astrocytes [13]. Therefore,

we supposed that one of the mechanisms of rosiglitazone

action could be an impact on the mRNA degradation rate.

In this work, we studied an impact of rosiglitazone on

expression and production of the main cytokines – the

markers of inflammation. To characterize an inflammato�

ry process under LPS stimulation, we chose TNFα as a

proinflammatory marker and interleukin 10 (IL�10) as a

cytokine with antiinflammatory action. We also studied the

effect of rosiglitazone on COX�2 expression as this protein

is related to proinflammatory markers (as a key enzyme in

prostaglandin synthesis) as well as to antiinflammatory

markers (as a possible source of cyclopentenone

prostaglandins and other antiinflammatory oxylipins) [15].

We compared the effect of rosiglitazone on stabilization

and degradation of COX�2, IL�10, and TNFα mRNA dur�

ing inflammatory response in primary rat astrocytes.

We found that rosiglitazone stabilizes IL�10 and

COX�2 mRNA but not TNFα mRNA. Our data point to

a new effect of rosiglitazone – not suppressing proinflam�

matory response but stimulating activation of antiinflam�

matory processes, important factors of which are IL�10

and COX�2.

MATERIALS AND METHODS

Reagents. LPS, SB203580, GW9662, actinomycin

D, and antibodies against β�tubulin (Sigma�Aldrich,

Germany); rosiglitazone (Cayman, Germany); strepto�

mycin�penicillin, trypsin, EDTA, fetal bovine serum, and

DMEM culture medium (PanEko, Russia); antibodies

against COX�2 (D5H5), phospho�p38 (4511), p38 (9212)

(Cell Signaling Technology, USA); Western Blotting

Substrate ECL and ELISA kits for TNFα and IL�10

(Thermo Fisher Scientific, USA) were used in this study.

Cell culture and stimulations. Primary cultures of rat

astrocytes were obtained from neonatal Wistar rats

according to a protocol used previously [11, 12]. In brief,

the animals were aseptically decapitated and the brains

were isolated, washed in ice�cold Puck’s buffer (mM:

137 NaCl, 5.4 KCl, 0.2 KH2PO4, 0.17 Na2HPO4, 5 glu�

cose, 58.4 sucrose, pH 7.4), and minced against meshes of

250� and 136�μm size, and then the tissue fragments were

placed into culture flasks. The material was supplied with

DMEM (1 g/liter D�glucose, 10% fetal bovine serum,

50 units/ml streptomycin, 50 μg/ml penicillin) and incu�

bated at 37°C, 5% CO2, and 10% humidity. Five days later,

the cultures were shaken to detach microglial cells and

given fresh portions of media with the same composition.

The cells were cultured for an additional six days with

media being changed every two days. After monolayer for�

mation, the cells were treated with trypsin, then the cells

were plated into 6�well culture plates at 750,000 cells/well.

These cells were used for experiments after two days.

Western blot analysis. Analysis of changes in COX�2

expression at the protein level was carried out using clas�

sical techniques for the preparation of cell lysates, deter�

mination of protein concentrations using Bradford

reagent, separation of proteins with different molecular

weights by SDS�PAGE with denaturing Laemmli buffer,

and protein transfer to nitrocellulose membranes

(0.2 μm). The membranes were blocked in TBS buffer

with 5% fat�free milk and 0.05% Tween 20. The mem�

branes were then treated with primary antibodies against

COX�2 or phospho�p38. After treatment of the mem�

branes with secondary antibodies, proteins were visual�

ized using chemiluminescent substrate. Band intensity

was measured using a Gel Doc™ XR+ System (Bio�Rad,

USA) and Quantity One software (Bio�Rad 4.6.9) and

normalized to the intensity of the respective bands

obtained for β�tubulin.

ELISA. After the experiments, the supernatant was

collected and stored at –70°C for further analysis. The

levels of released prostaglandin E2 (PGE2), TNFα, and

IL�10 were determined using commercial enzyme�linked

immunoassay kits and a Synergy H4 plate reader (BioTek,

USA) following the manufacturer’s instructions.

Measurement of relative mRNA level. Total RNA was

isolated using PowerLyzer RNA Isolation (MO BIO,

USA) following the manufacturer’s protocol. RNA con�

centration was determined spectrophotometrically. The

first cDNA strand was prepared using reverse transcrip�

tion with a First Strand cDNA Synthesis Kit (Thermo

Scientific, USA). The reaction was performed in accor�
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dance with the manufacturer’s instructions using

oligo(dT) primers. The relative mRNA of IL�10, COX�2,

and TNFα were determined by real�time PCR using a

DTlite 4 thermocycler (DNK�Tekhnologiya, Russia) and

a qPCRmix�HS (Evrogen, Russia) kit. The oligonu�

cleotide primers and TaqMan probes were used to devel�

op fragments of genes with the following sequences (Table

1); annealing temperature of primers – 57°C. A single

cDNA prepared from 70 ng RNA in a reverse transcrip�

tion reaction was taken into one 25 μl reaction mixture.

The relative level of mRNA was calculated using the ΔCt,

2–ΔCt method [16]. Levels of β�actin were used as the con�

stitutive for normalization.

Statistics. The data are presented as mean ± stan�

dard error obtained from three independent experiments.

The data were subjected to the ANOVA test. The differ�

ence was considered statistically significant at p�value <
0.05 (* p�value < 0.05 in case of one�way analysis, # 0.05

in case of multi�factor analysis for the treatment of cells

with several compounds).

Determination of mRNA degradation rate. To deter�

mine the mRNA degradation rate, the levels of IL�10,

COX�2, and TNFα mRNA were assessed in the presence

of the transcriptional inhibitor actinomycin D in accor�

dance with the classical technique [17]. It is known that

after addition of actinomycin D only the level of the exist�

ing mRNA changes, which allows determination of the

half�life of mRNA. Cells were stimulated with LPS

(100 ng/ml) for 1 h, then de novo mRNA transcription

was inhibited by addition of actinomycin D (5 μg/ml).

Similar treatment was performed on cells without stimu�

lation of LPS (untreated cells). Others stimulation

remained unchanged. The level of mRNA in untreated

cells prior to the addition of actinomycin D was taken as

100%. In LPS�stimulated cells, mRNA level was taken as

100% after 1 h of LPS stimulation before actinomycin D

was added. The values of mRNA half�lives of the investi�

gated genes under these conditions were calculated on the

assumption that mRNA decay occurs in accordance with

first�order kinetics [18].

RESULTS

LPS induces inflammatory response in primary rat
astrocytes. First, we showed that the cell model used in

this study reflected proinflammatory state after LPS stim�

ulation (4�h treatment, 100 ng/ml, time and concentra�

tion were chosen from previous studies [19]). We estimat�

ed the relative level of COX�2 protein and the primary

product of its enzymatic activity, PGE2, as well as pro�

duction of TNFα and IL�10 after treatment with LPS

(Fig. 1). LPS was shown to cause an increase in COX�2

protein level accompanied by an increase in production of

PGE2 as well as TNFα and IL�10, indicating the proin�

flammatory conditions of the model.

Rosiglitazone strengthens LPS�induced COX�2 and
IL�10 but not TNFαα mRNA expression in astrocytes. To

estimate the effect of rosiglitazone on inflammatory

response in astrocytes, we measured relative expression

levels of IL�10, COX�2, and TNFα (Fig. 2). Cells were

incubated with rosiglitazone for 30 min (10 μM, concen�

tration and time were chosen from previous studies [19]),

then incubated with no additional stimulation or stimu�

lated with LPS (100 ng/ml) for 4 h. Untreated cells were

used as a control; the expression level of the COX2 gene

in control cells was taken as 1. LPS stimulation of astro�

cytes was found to cause 3�, 2.5�, and 2�fold increase in

COX�2, IL�10, and TNFα expression level, respectively,

in comparison to control. Rosiglitazone treatment

increased LPS�induced expression of COX�2 and IL�10

1.5 and 2.5 times, respectively, but did not affect LPS�

Target

IL�10

COX�2

TNF

β�Actin

β�Tubulin

forward

CCCAGAAATCAAGGAGCAT�
TTG

TACGTGTTGACGTCCAGATC

CAAGGAGGAGAAGTTCCCAA

AGATGACCCAGATCATGTTT�
GAG

GGTATCGATCCCACTGGAAG

Probe sequence, 5′�3′

Cy5�CTGCGACGCTGTCATCGAT�
TTC�BHQ3

FAM�TGACAGCCCACCAACTTA�
CAATGT�BHQ1

ROX�TCCCTCTCATCAGTTCCATG�
GCC�BHQ2

VIC�CCCAGCCATGTACGTAGC�
CATCC�BHQ1

Cy5�TCCAGTTGCAAATCACTGT�
CTCCATG�BHQ3

reverse

TCATTCTTCACCTGCTCCAC

TGGAGAAAGCTTCCCAACTT

TGATCTGAGTGTGAGGGT�
CTG

GGCATACAGGGACAACA�
CAG

AGGCACATATTTATTACC�
AGTTGC

Table 1. Sequences of primers and probes

Primer sequence, 5′�3′

Note: Fluorophore at the 5′�end and quencher at the 3′�prime end are indicated in the probe sequences.
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induced expression of TNFα. Rosiglitazone alone did not

change expression levels of our genes of interest.

Rosiglitazone is known to mediate most of its effects

(including enhancement of LPS�induced expression of

COX�2) as an agonist of the nuclear receptor PPARγ [19];

however, there is evidence of its PPARγ�independent

effects [20, 21]. To estimate the impact of PPARγ to the

observed effect of rosiglitazone on IL�10 and TNFα
expression, we used a selective antagonist of PPARγ,

GW9662. Cells were preincubated with GW9662 for

30 min (1 μM, concentration and time were chosen from

previous studies [19]). Then, the cells were stimulated

with LPS and rosiglitazone (Fig. 3). Inhibition of PPARγ
did not prevent strengthening effect of rosiglitazone on

LPS�induced IL�10 expression. GW9662 at the concen�

tration of 1 μM did not change the effect of rosiglitazone

on IL�10 expression. Thus, the effect of rosiglitazone

might not depend on the activation of PPARγ. Hence, the

effect may be mediated through PPARγ�independent

mechanisms, but further studies are required to support

this hypothesis.

p38 MAPK inhibition blocks LPS�stimulated induc�
tion of COX�2, IL�10, and TNFαα in astrocytes.
Rosiglitazone was previously shown to activate p38

MAPK via a PPARγ�independent pathway in ker�

atinocytes [22]. Therefore, we tested if p38 MAPK takes

part in the rosiglitazone effect on expression of inflam�

matory genes in LPS�stimulated astrocytes. To do that,

cells were preincubated with p38 MAPK inhibitor,

SB203580 (10 μM), for 30 min (time and concentration

were chosen from previous studies [13]). SB203580 inhib�

Fig. 1. COX�2 protein expressions and PGE2, TNFα, and IL�10 release after LPS treatment (100 ng/ml, 4 h) characterize the acute inflam�

matory conditions. a) Levels of COX�2 and β�tubulin proteins evaluated by Western blotting. Levels of COX�2 expression in untreated con�

trol astrocytes were taken for control. b) PGE2, TNFα, and IL�10 concentrations measured by ELISA (* p�value < 0.05 compared with

unstimulated cells).

a                                                              b

Fig. 2. Change in expression of IL�10, COX�2, and TNFα
mRNA after LPS and rosiglitazone (RG) treatment in primary

rat astrocytes. Cells were pretreated for 30 min with RG (10 μM)

and subsequently stimulated with LPS (100 ng/ml, 4 h). Levels of

mRNA were determined by real�time RT�PCR (* p�value < 0.05

compared with unstimulated cells, # p�value < 0.05).
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ited phosphorylation of p38 MAPK under these condi�

tions in astrocytes (Fig. 4a). This prevented induction of

expression of all three genes after LPS stimulation

(Fig. 4b). However, suppression of gene expression was

observed also in the cells treated with LPS and rosiglita�

zone. These data indicate that rosiglitazone strengthens

inflammatory response induced by LPS but not triggers it

through any other TLR�4�independent mechanisms.

Rosiglitazone prevents destabilization of IL�10 and
COX�2 mRNA during inflammatory response in astro�
cytes. Posttranscriptional regulation of mRNA has been

actively studied recently. Genes involved in inflammatory

response are of particular interest because their decay

rates (including those of COX�2, TNFα, and IL�10

mRNA) changes in response to different stimuli [14].

However, to date the existence of expression regulation

through alteration of mRNA decay rate has not been

shown in astrocytes for these genes. Previously, we

showed that COX�2 expression is regulated at the level of

mRNA stability in astroglial rat tumor cell line C6 after

treatment with LPS and rosiglitazone [23]. Therefore, we

studied how rosiglitazone affects stabilization of mRNA

of inflammatory response genes in astrocytes.

We determined changes in IL�10, COX�2, and

TNFα mRNA levels in the presence of transcription

inhibitor actinomycin D (according to the method

described above) after stimulations with LPS and rosigli�

tazone (Fig. 5). We calculated mRNA half�lives of the

studied genes (Table 2). As a control, we estimated the

decay rate of β�tubulin mRNA, as a gene not involved

directly in the signal pathway of toll�like receptors. LPS

was found to destabilize COX�2 and IL�10 mRNA

(Fig. 5). Pretreatment of cells with rosiglitazone prevent�

ed decrease in COX�2 and IL�10 mRNA half�lives

induced by LPS. Therefore, the increase of LPS�induced

expression of COX�2 and IL�10 caused by rosiglitazone

may be mediated by mRNA stabilization. There was no

significant change in TNFα mRNA stability after LPS

stimulation (with and without preliminary rosiglitazone

treatment) in comparison to naive cells. These data sug�

gest that rosiglitazone takes part in posttranscriptional

regulation of IL�10 and COX�2 expression in LPS�stim�

ulated astrocytes and thus can increase availability of the

mRNA of these genes for protein synthesis. This might

lead to an increase in the level of antiinflammatory agents

at the late stages of inflammatory response.

Our data suggest a new effect of rosiglitazone, not

suppressing proinflammatory response (TNFα expres�

sion) but stimulating the activation of resolution of

inflammation (by strengthening IL�10 and COX�2

expression).

DISCUSSION

The toll�like receptor (TLR) pathway is an impor�

tant signaling cascade acting within innate immunity

[24]. Although most research on this pathway on molec�

ular level is related to cells of the immune system, there is

no doubt that localization of TLR on cells of non�

immune origin indicates involvement of those cells in var�

ious manifestations of innate immunity and inflammato�

ry response. Astrocytes are of particular interest because

they are cells of ectodermal (non�immune) origin. Thus,

astrocytes were not considered as CNS located inflam�

matory response mediators for a long time. Just very

recently this issue was reevaluated. Astrocytes were

demonstrated to play an active role in inflammatory

responses that accompany neurodegenerative disorders

and various pathologies of the brain [1, 25]. Nevertheless,

understanding of the characteristics of innate immune

Fig. 3. Effect of GW9662 (GW, a PPARγ antagonist) on the effect

of rosiglitazone (RG) on LPS�induced expression of IL�10 and

TNFα mRNA in primary rat astrocytes. Cells were pretreated for

30 min with GW9662 (1 μM). Then the cells were treated with RG

(10 μM, 30 min) and subsequently stimulated with LPS

(100 ng/ml, 4 h). Levels of mRNA were determined by real�time

RT�PCR (* p�value < 0.05 compared with unstimulated cells,
# p�value < 0.05).

Conditions

Control

LPS

RG + LPS

IL�10

70

37

75

TNF

19

24

20

COX�2

44

29

75

Table 2. Half�lives (τ1/2) of IL�10, COX�2, and TNFα
mRNA

Note: Half�lives were defined as described before [18] (decay constant

was calculated from linear regression at 0, 15, 30, and 60�min

time points).

τ1/2, min
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responses in astroglial cells is very limited, and this repre�

sents a significant gap in nervous tissue biology.

In the present research, a model of inflammatory

response caused by stimulation of TLR with LPS was

used. Previously we showed that LPS activated TLR�4

mediated response in astroglial cultures [11, 12]. This

activation was accompanied with increase in COX�2 pro�

tein expression and PGE2 production. Additionally,

increased release of TNFα and IL�10 into the cell culture

medium was observed. Thus, classic characteristics of

inflammatory response were observed, and proinflamma�

tory (TNFα, PGE2) as well as antiinflammatory (IL�10)

markers were detected. Increase in COX�2 production

can be observed as a proinflammatory response compo�

nent (this is a key enzyme involved into synthesis of the

proinflammatory mediator PGE2 and other primary

prostaglandins), as well as an antiinflammatory mediator

(primary prostaglandins serve as a source for production

of cyclopentenone prostaglandins that are referred to as

signaling lipids of resolution of inflammatory responses

[26, 27]).

We demonstrated that rosiglitazone enhances LPS�

stimulated expression of COX�2 and IL�10 mRNA, but

not TNFα mRNA. Previously our group reported that

preincubation of primary rat astrocytes with rosiglitazone

(30 min, 20 μM) resulted in increase in LPS�stimulated

expression of the COX�2 gene 6�fold [11, 19]. Thus, our

current data come into agreement with previously

obtained results. There are no data on the effect of rosigli�

tazone on the IL�10 and TNFα genes in astrocytes. Our

results support a hypothesis of antiinflammatory proper�

ties of rosiglitazone. Moreover, targeted activation of just

Fig. 4. a) Effect of SB203580 (SB, p38 inhibitor of MAPK) and LPS on the induction of phosphorylation of p38. Cells were pretreated for

30 min with SB203580 (10 μM) and subsequently kept for 4 h without any additional stimulation or with LPS (100 ng/ml). The p38 and phos�

pho�p38 protein levels were evaluated by Western blotting. b) Influence of SB203580 on rosiglitazone (RG) effect on LPS�induced expres�

sion of IL�10, COX�2, and TNFα mRNA in primary rat astrocytes. Cells were pretreated for 30 min with SB203580 (10 μM). Then the cells

were treated RG (10 μM, 30 min) and subsequently stimulated with LPS (100 ng/ml, 4 h). Levels of mRNA were determined by real�time

RT�PCR (* p�value < 0.05 compared with unstimulated cells, # p�value < 0.05).

a

b
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IL�10 suggests that rosiglitazone might be a modulator of

inflammatory response resolution. Indeed, currently not

only pro� and antiinflammatory stages of inflammation,

but resolution of the inflammation phase is recognized

and this process is being actively studied as a complex of

mechanisms directed toward elimination of conse�

quences of inflammatory stimulus [28, 29]. Resolution of

inflammation is linked to action of specific oxylipins that

might be produced by COX�2 [30].

The mechanism of action of rosiglitazone is of great

interest. Previously, we [19] and other groups reported

that effects of rosiglitazone are related to its activity as a

nuclear receptor PPARγ agonist. Nevertheless, IL�10

mRNA upregulation was provided in a PPARγ�independ�

ent fashion as indicated by our experiments with the

PPARγ antagonist GW9662. PPARγ�independent effects

of rosiglitazone, including its direct action on p38 MAPK

were discussed in literature [22]. Still, we could not sup�

port or refute this interaction because within our model

application of SB203580, a p38 MAPK inhibitor, turned

out to suppress LPS�induced upregulation of genes, and

the stimulatory effect of rosiglitazone was not revealed on

that background. Probably, p38 MAPK is placed

upstream to a rosiglitazone target within the signaling

pathway, but this issue requires additional studies.

Moreover, for cells of immune origin it has been demon�

strated that rosiglitazone might downregulate production

of TNFα and other proinflammatory cytokines, influenc�

ing corresponding gene expression levels [10]. In our

case, rosiglitazone did not influence proinflammatory

cytokines but induced IL�10, which is listed among

cytokines of inflammation resolution.

Fig. 5. Effect of rosiglitazone (RG) and LPS on IL�10, COX�2, TNFα, and β�tubulin mRNA turnover. Cells were pretreated for 30 min with

RG (10 μM) and subsequently stimulated with LPS (100 ng/ml, 1 h). Then the cells were incubated with actinomycin D (5 μg/ml) for 15, 30,

60, or 180 min. The levels of mRNA were determined by real�time RT�PCR; the values are normalized to the level of mRNA in the cells prior

to addition of actinomycin D (* p�value < 0.05 compared with unstimulated cells (control)).
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Study of mRNA turnover of inflammatory response

markers and rosiglitazone involvement into this process is

a field of great interest. Indeed, posttranscriptional con�

trol of gene expression plays an active role in regulation of

inflammation. It has been demonstrated that modulation

of mRNA turnover rates is very important for genes of

inflammatory response. Of interest was an observation

that TLR�mediated LPS stimulation results in mRNA

decay downregulation for multiple participants of inflam�

matory response [14]. We observed increase in mRNA

decay rates for nuclear receptors of the PPAR family

under LPS challenge [11, 13]. Previously, we demonstrat�

ed that COX�2 mRNA half�life corresponds to 75 min in

naпve cells, while LPS challenge increases the half�life up

to 120 min, and rosiglitazone treatment abolishes the

LPS�induced effect and returns the mRNA decay rate to

its control levels [23]. In similar experiments of the pres�

ent study, we found that COX�2 mRNA decays twice

slower in astrocytes, and LPS treatment reduces the

mRNA half�life, but still rosiglitazone returns the rate to

its initial level. It is not clear if the observed effect is relat�

ed to peculiarities of astrocyte�intrinsic mechanisms of

mRNA decay control, or if it results from a specific role

that COX�2 plays within these cells. Indeed, the pattern

of COX�2 mRNA turnover alteration under LPS stimula�

tion in glioma cells did not distinguish those cells from

immune cells (in both cases downregulation of degrada�

tion after TLR activation was observed). It is noteworthy

that half�life values for mRNA of the studied genes after

LPS treatment were lower than those reported elsewhere

(more than 40 min for macrophages of variable origins

[26, 31, 32], more than 2 h for cells of lung tumor [33],

breast tumor [34], and C6 rat astroglioma [23]). At the

same time, β�tubulin mRNA turnover time remained sta�

ble, corresponding to data found in literature. Our results

indicate that a system of mRNA decay is activated in

astrocytes and regulates inflammatory gene expression.

This system might be of high importance for fine�tuning

processes within the brain, especially inflammatory

response.

Our results with rosiglitazone indicate that mRNA

degradation can be controlled with low molecular weight

ligands. Another important observation is that rosiglita�

zone might be a substance potent to stimulate processes

relevant to resolution (in this case IL�10 release), without

activating proinflammatory responses (TNFα release).

This opens the field for the search for low molecular

weight modulators of resolution.
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