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Abstract

Under certain experimental conditions, neurotrophic factors may reduce epileptogenesis. We have previously

reported that local, intrahippocampal supplementation of fibroblast growth factor-2 (FGF-2) and brain-derived neuro-

trophic factor (BDNF) increases neurogenesis, reduces neuronal loss, and reduces the occurrence of spontaneous

seizures in a model of damage-associated epilepsy. Here, we asked if these possibly anti-epileptogenic effects might

involve anti-inflammatory mechanisms. Thus, we used a Herpes-based vector to supplement FGF-2 and BDNF in rat

hippocampus after pilocarpine-induced status epilepticus that established an epileptogenic lesion. This model causes

intense neuroinflammation, especially in the phase that precedes the occurrence of spontaneous seizures. The sup-

plementation of FGF-2 and BDNF attenuated various parameters of inflammation, including astrocytosis, microcytosis

and IL-1b expression. The effect appeared to be most prominent on IL-1b, whose expression was almost completely

prevented. Further studies will be needed to elucidate the molecular mechanism(s) for these effects, and for that on

IL-1b in particular. Nonetheless, the concept that neurotrophic factors affect neuroinflammation in vivo may be

highly relevant for the understanding of the epileptogenic process.

Findings

Many acquired epilepsies have an identifiable cause,

such as head trauma, an episode of status epilepticus

(SE), stroke, or brain infection [1]. It is thought that

these insults set in motion a cascade of neurobiological

events that, in time, will lead to the occurrence of spon-

taneous seizures and to the diagnosis of epilepsy. This

phenomenon is termed “epileptogenesis”. Conventional

“antiepileptic” agents may exert symptomatic effects on

seizures but do not interfere with epileptogenic pro-

cesses [2].

In principle, understanding the molecular mechanisms

underlying the cellular alterations occurring during epi-

leptogenesis (which include cell death, axonal and den-

dritic plasticity, neurogenesis, neuroinflammation and

functional alterations in ion channel and synaptic prop-

erties) should allow development of effective agents. In

this respect, neurotrophic factors (NTFs) appear to be

strong candidates, because an extensive literature

demonstrates their involvement in many of the cellular

alterations associated with epileptogenesis [3]: not only

do their trophic effects suggest involvement in cell

death, neurogenesis and axonal sprouting, but they also

exert functional effects at the synaptic level, with dis-

tinct modulatory actions at excitatory and inhibitory

synapses [4]. In fact, we have recently reported that viral

vector-mediated supplementation of two NTFs, namely

fibroblast growth factor-2 (FGF-2) and brain-derived

neurotrophic factor (BDNF), in a lesioned hippocampus

favors “good” neurogenesis, repairs neuronal damage

and may prevent epileptogenesis [5].

Recently, central nervous system (CNS) inflammation

associated with blood-brain barrier (BBB) leakage has

been implicated in the progression to epilepsy [6-9], and
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the pro-epileptogenic role of neuroinflammation has

received great attention [10-13]. However, it is still

unknown if NTFs may modulate these phenomena.

The aim of this study was to analyze if NTFs-induced

anti-epileptogenic effects may involve anti-inflammatory

mechanisms. We used a previously generated viral vec-

tor [5] to supplement FGF-2 and BDNF in the hippo-

campus after pilocarpine-induced SE that established an

epileptogenic lesion. We decided to start investigating

IL-1b expression and glial activation in controls and

inoculated animals. An increase in inflammatory cyto-

kines, IL-1b in particular, has been reported in the CNS

and plasma in experimental models of seizures and in

clinical cases of epilepsy [14]. Astrocytic and microglial

activation elicited by pilocarpine-induced SE could

underlie epileptogenic mechanisms [15,16] and BBB

alterations [17]. A detailed description of the methods

employed in this study is provided as Additional file 1.

In the pilocarpine model, an episode of SE produces,

after a latent period of a few days, spontaneous recur-

rent seizures (SRSs), i.e. epilepsy. Pilocarpine (300 mg/

kg i.p.) rapidly induced a robust convulsive SE (latency:

18 ± 2 min), which was interrupted after 2 h by admin-

istering the anticonvulsant diazepam (10 mg/kg i.p.).

Based on behavioral observation and EEG recordings,

the severity of SE in different animals was indistinguish-

able. This procedure caused damage in limbic and

extra-limbic brain areas: in particular, hippocampal

damage and was invariably remarkable [5]. SRSs began

to occur 11 ± 1 days after SE.

Three days after SE, i.e. during latency, these lesioned

animals were randomly assigned to 3 groups: one group

was injected in one hippocampus with the vector

expressing FGF-2 and BDNF (TH-FGF2/0-BDNF),

another was injected with a control vector and the third

was not treated at all (no difference was observed

between these latter 2 groups in the parameters exam-

ined in this and in previous [5] studies and, therefore,

they have been pooled together for statistical analysis).

TH-FGF2/0-BDNF provides a short-term (about a week)

increase in FGF-2 expression accompanied and followed

by a slightly longer-lasting (at least 11 days) increase in

BDNF expression, in the absence of significant toxicity

[5]. As expected on the basis of the ability of HSV to

enter nerve terminals and to be retrogradelly trans-

ported, reaching connected areas, transgene expression

was bilateral, even if more robust at the site of injection

for the first few days [5].

Animals were killed 7, 14 or 28 days after SE (i.e. 4, 11

or 25 days after vector inoculation) to examine possible

effects on neuroinflammation. Continuous video-EEG

monitoring for the occurrence, severity and duration of

seizures was performed starting 7 days after SE. As pre-

viously reported [5], vector-injected rats exhibited

significantly less spontaneous seizures/day compared to

untreated or control vector-injected animals (Table 1).

These seizures were also significantly less severe in vec-

tor-treated rats although, on average, they had the same

duration in both groups (Table 1).

The density of GFAP-positive cells in the hippocam-

pus was significantly increased in pilocarpine-treated

animals compared with naïve controls, an indication of

reactive astrocytosis. In agreement with previous studies

[18], this phenomenon was maximal during latency

(7 days after SE) and then gradually decreased with time

(Figure 1). In pilocarpine animals treated with TH-

FGF2/0-BDNF, the density of GFAP-positive cells initi-

ally increased to about the same level as in those treated

with the control vector (Figure 1A), but then decreased

more rapidly, becoming significantly lower 14 days after

SE (i.e. 11 days after vector inoculation; Figure 1B and

1E-F). However, this did not lead to a complete normal-

ization of astrocytosis, but only to an acceleration of the

process: 28 days after SE (25 days after vector inocula-

tion) the expression of GFAP was identical in the two

groups (Figure 1C).

We then measured the density of microglial cells

using Ox42 immunohistochemistry. Similar to GFAP-

positive cells, the density of Ox42-positive cells in the

hippocampus was significantly increased in pilocarpine-

treated animals compared with naïve controls, an indica-

tion of reactive microgliosis, and this phenomenon was

maximal during latency (7 days after SE), then gradually

decreased in time (Figure 2). In pilocarpine animals

treated with TH-FGF2/0-BDNF, the density of Ox42-

positive cells was initially reduced only in the injected

hippocampus (Figure 2A), then bilaterally (Figure 2B

and 2E-F), paralleling high level transgene expression

[5]. Twenty-eight days after SE it was at baseline levels

(Figure 2C).

In agreement with previous reports [19], IL-1b expres-

sion dramatically increased in pilocarpine-treated ani-

mals compared with naïve controls, in a long-lasting

manner (Figure 3). In pilocarpine animals treated with

the vector expressing FGF-2 and BDNF, this increase in

IL-1b expression was prevented (Figure 3). The observa-

tion of a bilateral effect even at the earliest time-point,

Table 1 EEG and behavioral analysis

seizures/day seizure
score

seizure duration (s)

pilo - control vector 3.9 ± 0.6 2.4 ± 0.2 55 ± 15

pilo - FGF2-BDNF 1.2 ± 0.3** 1.5 ± 0.3* 63 ± 16

Average frequency, severity and duration of spontaneous seizures in the

chronic period (14 -28 days after pilocarpine- induced SE, vectors injected 4

days after SE). Data are the means ± s.e.m. for 6 animals per group. **P < 0.01

vs. pilo-control vector; Student’s t test for unpaired data. *P < 0.05 vs. pilo-

control vector; Mann-Whitney U test.
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Figure 1 Effects of FGF-2 and BDNF on hippocampal GFAP-positive cells (putative astrocytes). (A-C) Time course of alterations in GFAP

expression, expressed as percent of GFAP-positive pixels in naïve rats (open bars), pilocarpine rats inoculated with the control vector (pilo -

control vector, gray bars) or with the vector expressing FGF-2 and BDNF (pilo - FGF2-BDNF, solid bars) in the right, ipsilateral to inoculation

(I) and in the left, contralateral (C) hippocampus. Analysis has been performed 4 (A), 11 (B) and 25 days (C) after inoculation (DAI), i.e. 7, 14 and

28 days after pilocarpine SE. Data are presented as mean ± s.e.m. for 6 animals per group. *P < 0.05, **P < 0.01 versus naïve; ●P < 0.05,
●●P < 0.01 versus pilo-control vector. One-way ANOVA and post-hoc Newman-Keuls test. (D-F) Representative sections showing GFAP

immunohistochemistry in the CA1 region of naïve rats (D), of pilocarpine rats killed 11 days after control vector injection (E) and of pilocarpine

rats 11 days after FGF2-BDNF vector injection (F). The pattern of changes observed in CA1 was identical for the entire hippocampus. Horizontal

bar = 50 μm.

Figure 2 Effects of FGF-2 and BDNF on hippocampal Ox42-positive cells (putative microglia). (A-C) Time course of the alterations in Ox42

expression, expressed as percent of Ox42-positive pixels. See Figure 1 for details. Data are presented as mean ± s.e.m. for 6 animals per group.

*P < 0.05, **P > 0.01 versus naïve; ●P < 0.05, ●●P < 0.01 versus pilo-control vector. One-way ANOVA and post-hoc Newman-Keuls test. (D-F)

Representative sections showing Ox42 immunohistochemistry in the CA1 region of naïve rats (D), of pilocarpine rats killed 11 days after control

vector injection (E) and of pilocarpine rats 11 days after FGF2-BDNF vector injection (F). The pattern of changes observed in CA1 was identical

for the entire hippocampus. Horizontal bar = 50 μm.
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when contralateral transgene expression is still relatively

low [5], indicates that low-level FGF-2 and BDNF sup-

plementation may be sufficient to prevent IL-1b expres-

sion. Compared with pilocarpine animals, no change in

any of the investigated parameters was observed in TH-

FGF2/0-BDNF-treated animals in areas where transgene

expression did not occur, such as neocortex (data not

shown).

This study suggests that NTFs may affect neuroin-

flammation in vivo: the local, viral vector-mediated, sup-

plementation of FGF-2 and BDNF in a lesioned,

epileptogenic hippocampus attenuates various para-

meters of inflammation, including astrocytosis, microcy-

tosis and IL-1b expression. The effect appears to be

most prominent on IL-1b, whose expression is almost

completely prevented, even at earliest time-point and for

relatively low-level transgene expression.

Neuroinflammation appears to be highly implicated in

epileptogenesis. Leukocyte-endothelium interaction may

result in leukocyte extravasation and BBB permeabiliza-

tion, favoring the induction of spontaneous seizures

[10,13,20,21]. Integrin activation and BBB leakage are

thought to exert a proepileptic role by modulating the

release of cytokines and chemokines, which are known

to modulate intercellular signaling within the CNS

[22-25]. Very little is known regarding the possible mod-

ulation of these phenomena by NTFs. However, BDNF

is upregulated in rodents after inflammatory challenges

[26]. Also, BDNF and its receptor trkB are expressed in

macrophages [27] and play autocrine and paracrine

roles in the modulation of regeneration and angiogen-

esis following nerve injury [28]. Moreover, recent data

suggest that pro-BDNF (the BDNF precursor) is a sup-

pressing factor for macrophage migration and infiltra-

tion and may play a detrimental role after spinal cord

injury [29].

CNS inflammation is associated with BBB breakdown,

and BBB leakage has been implicated both in the induc-

tion of seizures and in the progression to epilepsy [6-9].

In addition, BBB opening leads by itself to epileptiform

activity, mediated by exposure of astrocytes and neuro-

nal cells to blood albumin and potassium ions, respec-

tively [6,7]. In support of the results obtained from

animal models, it has been shown that BBB disruption

by intra-arterial injection of mannitol in human patients

suffering from cerebral lymphoma induces focal motor

seizures [9]. NTFs may be involved in preserving BBB

integrity: intracerebroventricular administration of

BDNF has been reported to significantly reduce BBB

breakdown, brain edema formation, and cell/tissue

injury [30]; moreover, FGF-2 also plays an important

role in the regulation of BBB permeability in vivo [31].

BBB leakage, however, peaks about 4 days after pilo-

carpine-induced SE [32], while significant FGF-2 and

BDNF overexpression is achieved only a few days after

vector injection, i.e. about a week after SE [5,33]. Thus,

Figure 3 Effects of FGF-2 and BDNF on hippocampal IL1b-positive cells. (A-C) Time course of the alterations in IL1b expression, expressed

as percent of IL1b-positive pixels. See Figure 1 for details. Data are presented as mean ± s.e.m. for 6 animals per group. *P < 0.05, **P < 0.01

versus naïve; ●P < 0.05, ●●P > 0.01 versus pilo-control vector. One-way ANOVA and post-hoc Newman-Keuls test. (D-F) Representative sections

showing IL1b immunohistochemistry in the CA1 region of naïve rats (D), of pilocarpine rats killed 11 days after control vector injection (E) and of

pilocarpine rats 11 days after FGF2-BDNF vector injection (F). The pattern of changes observed in CA1 was identical for the entire hippocampus.

Horizontal bar = 50 μm.
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effects on BBB may only partially explain the observed

reduction in neuroinflammmatory signs. One alternative

hypothesis is that FGF-2 and BDNF primarily reduce

IL-1b expression, thereby attenuating astrocytosis and

microgliosis [34,35]. This hypothesis is in line with the

temporal sequence of the effects, wherein IL-1b effects

appear earlier than those of GFAP and Ox42. Remark-

ably, the effect on IL-1b is observed before the occur-

rence of SRSs and, thus, cannot be secondary to their

reduction.

In conclusion, the present study provides first evi-

dence that NTF overexpression might modulate the

brain inflammatory response that follows pilocarpine-

induced SE. This effect may underlie the observed

reduction in SRS frequency and, therefore, may repre-

sent an interesting therapeutic approach. Its molecular

mechanism(s) will be explored in the future. Nonethe-

less, the concept that NTFs affect neuroinflammation in

vivo may be highly relevant for the understanding of the

epileptogenic process.

Additional material

Additional file 1: Additional Material (Bovolenta et al.: Hippocampal
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Associated Neuroinflammation and Reduces Spontaneous Recurrent

Seizures)

Acknowledgements

The authors are grateful to Drs. E. Magri, D. Nardo and V. Colavito for

technical support. This work was supported by grants from the University of

Ferrara (FAR, to MS), the Italian Ministry for the University and Scientific

Research (Prin 2007 to MS; Prin 2007 to PFF; Prin 2006 to AM), the European

Community [LSH-CT-2006-037315 (EPICURE), thematic priority

LIFESCIHEALTH, to MS and PFF], and the Compagnia di San Paolo (to MS

and to PFF).

Author details
1Section of Pharmacology, Department of Clinical and Experimental

Medicine, and Neuroscience Center, University of Ferrara, Italy. 2National

Institute of Neuroscience, Italy. 3Section of Anatomy, Department of

Neurological, Neuropsychological, Morphological and Movement Sciences,

University of Verona, Verona, Italy. 4IRCSS “Bonino Pulejo”, Messina, Italy.
5Section of Microbiology, Department of Experimental and Diagnostic

Medicine, University of Ferrara, Italy. 6Section of Pathology, Department of

Experimental and Diagnostic Medicine, University of Ferrara, Italy. 7Instituto

de Neurociencias, CSIC & Universidad Miguel Hernández, San Juan de

Alicante, Spain.

Authors’ contributions

PFF and MS conceived and designed the study; RB, SZ, BP, DR, FM, GNM,

FO, EB PM and AM performed and analyzed the experiments. RB, PFF and

MS drafted the manuscript. All authors have read and approved the final

version of the manuscript.

Competing interests

The authors declare that they have no competing interests.

Received: 13 September 2010 Accepted: 18 November 2010

Published: 18 November 2010

References

1. Pitkanen A, Sutula TP: Is epilepsy a progressive disorder? Prospects for

new therapeutic approaches in temporal-lobe epilepsy. Lancet Neurol

2002, 1:173-181.

2. Temkin NR: Antiepileptogenesis and seizure prevention trials with

antiepileptic drugs: meta-analysis of controlled trials. Epilepsia 2001,

42:515-524.

3. Simonato M, Tongiorgi E, Kokaia M: Angels and demons: neurotrophic

factors and epilepsy. Trends Pharmacol Sci 2006, 27:631-638.

4. Schinder AF, Poo M: The neurotrophin hypothesis for synaptic plasticity.

Trends Neurosci 2000, 23:639-645.

5. Paradiso B, Marconi P, Zucchini S, Berto E, Binaschi A, Bozac A, Buzzi A,

Mazzuferi M, Magri E, Navarro Mora G, Rodi D, Su T, Volpi I, Zanetti L,

Marzola A, Manservigi R, Fabene PF, Simonato M: Localized delivery of

fibroblast growth factor-2 and brain-derived neurotrophic factor reduces

spontaneous seizures in an epilepsy model. Proc Natl Acad Sci USA 2009,

106:7191-7196.

6. Seiffert E, Dreier JP, Ivens S, Bechmann I, Tomkins O, Heinemann U,

Friedman A: Lasting blood-brain barrier disruption induces epileptic

focus in the rat somatosensory cortex. J Neurosci 2004, 24:7829-7836.

7. Ivens S, Kaufer D, Flores LP, Bechmann I, Zumsteg D, Tomkins O, Seiffert E,

Heinemann U, Friedman A: TGF-beta receptor-mediated albumin uptake

into astrocytes is involved in neocortical epileptogenesis. Brain 2007,

130:535-547.

8. van Vliet EA, da Costa Araújo S, Redeker S, van Schaik R, Aronica E,

Gorter JA: Blood-brain barrier leakage may lead to progression of

temporal lobe epilepsy. Brain 2007, 130:521-534.

9. Marchi N, Angelov L, Masaryk T, Fazio V, Granata T, Hernandez N, Hallene K,

Diglaw T, Franic L, Najm I, Janigro D: Seizure-promoting effect of blood-

brain barrier disruption. Epilepsia 2007, 48:732-742.

10. Fabene PF, Navarro Mora G, Martinello M, Rossi B, Merigo F, Ottoboni L,

Bach S, Angiari S, Benati D, Chakir A, Zanetti L, Schio F, Osculati A,

Marzola P, Nicolato E, Homeister JW, Xia L, Lowe JB, McEver RP, Osculati F,

Sbarbati A, Butcher EC, Constantin G: A Critical role for leukocyte-

endothelial adhesion mechanisms in epilepsy. Nature Med 2008,

14:1377-1383.

11. Vezzani A: Pilocarpine-Induced Seizures revised: what does the model

mimic? Epilepsy Curr 2009, 9:146-148.

12. Maroso M, Balosso S, Ravizza T, Liu J, Aronica E, Iyer AM, Rossetti C,

Molteni M, Casalgrandi M, Manfredi AA, Bianchi ME, Vezzani A: Toll-like

receptor 4 and high-mobility group box-1 are involved in ictogenesis

and can be targeted to reduce seizures. Nature Med 2010, 16:413-419.

13. Fabene PF, Bramanti P, Constantin G: The emerging role for chemokines

in epilepsy. J Neuroimmunol 2010, 224:22-27.

14. Vezzani A, Granata T: Brain inflammation in epilepsy: experimental and

clinical evidence. Epilepsia 2005, 46:1724-1743.

15. Garzillo CL, Mello LE: Characterization of reactive astrocytes in the

chronic phase of the pilocarpine model of epilepsy. Epilepsia 43(Suppl

5):107-109.

16. Ding S, Fellin T, Zhu Y, Lee SY, Auberson YP, Meaney DF, Coulter DA,

Carmignoto G, Haydon PG: Enhanced astrocytic Ca2+ signals contribute

to neuronal excitotoxicity after status epilepticus. J Neurosci 2007,

27:10674-10684.

17. Marcon J, Gagliardi B, Balosso S, Maroso M, Noé F, Morin M, Lerner-

Natoli M, Vezzani A, Ravizza T: Age-dependent vascular changes induced

by status epilepticus in rat forebrain: implications for epileptogenesis.

Neurobiol Dis 2009, 34:121-132.

18. Mazzuferi M, Palma E, Martinello K, Maiolino F, Roseti C, Fucile S, Fabene PF,

Schio F, Pellitteri M, Sperk G, Miledi R, Eusebi F, Simonato M: Enhancement

of GABA(A)-current run-down in the hippocampus occurs at the first

spontaneous seizure in a model of temporal lobe epilepsy. Proc Natl

Acad Sci USA 2010, 107:3180-3185.

19. Vezzani A, Moneta D, Richichi C, Aliprandi M, Burrows SJ, Ravizza T,

Perego C, De Simoni MG: Functional role of inflammatory cytokines and

antiinflammatory molecules in seizures and epileptogenesis. Epilepsia

2002, 43:30-35.

20. Marchi N, Fan Q, Ghosh C, Fazio V, Bertolini F, Betto G, Batra A, Carlton E,

Najm I, Granata T, Janigro D: Antagonism of peripheral inflammation

reduces the severity of status epilepticus. Neurobiol Dis 2009, 33:171-181.

Bovolenta et al. Journal of Neuroinflammation 2010, 7:81

http://www.jneuroinflammation.com/content/7/1/81

Page 5 of 6

http://www.biomedcentral.com/content/supplementary/1742-2094-7-81-S1.DOC
http://www.ncbi.nlm.nih.gov/pubmed/12849486?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12849486?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11440347?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11440347?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17055067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17055067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11137155?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19366663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19366663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19366663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15356194?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15356194?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17121744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17121744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17124188?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17124188?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17319915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17319915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19029985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19029985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19826509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19826509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20348922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20348922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20348922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20542576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20542576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16302852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16302852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12121303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12121303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17913901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17913901?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19320047?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19320047?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20133704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20133704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20133704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12121291?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12121291?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19010416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19010416?dopt=Abstract


21. Riazi K, Galic MA, Pittman QJ: Contributions of peripheral inflammation to

seizure susceptibility: cytokines and brain excitability. Epilepsy Res 2010,

89:34-42.

22. Pickering M, O’Connor JJ: Pro-inflammatory cytokines and their effects in

the dentate gyrus. Prog Brain Res 2007, 163:339-354.

23. Viviani B, Gardoni F, Marinovich M: Cytokines and neuronal ion channels

in health and disease. Int Rev Neurobiol 2007, 82:247-263.

24. Rostène W, Kitabgi P, Parsadaniantz SM: Chemokines: a new class of

neuromodulator? Nat Rev Neurosci 2007, 8:895-903.

25. Cardona AE, Li M, Liu L, Savarin C, Ransohoff RM: Chemokines in and out

of the central nervous system: much more than chemotaxis and

inflammation. J Leukoc Biol 2008, 84:587-594.

26. Tarsa L, Bałkowiec-Iskra E, Kratochvil FJ, Jenkins VK, McLean A, Brown AL,

Smith JA, Baumgartner JC, Balkowiec A: Tooth pulp inflammation

increases brain-derived neurotrophic factor expression in rodent

trigeminal ganglion neurons. Neuroscience 2010, 167:1205-1215.

27. Artico M, Bronzetti E, Felici LM, Alicino V, Ionta B, Bronzetti B, Magliulo G,

Grande C, Zamai L, Pasquantonio G, De Vincentiis M: Neurotrophins and

their receptors in human lingual tonsil: an immunohistochemical

analysis. Oncol Rep 2008, 20:1201-1216.

28. Kermani P, Hempstead B: Brain-derived neurotrophic factor: a newly

described mediator of angiogenesis. Trends Cardiovasc Med 2007,

17:140-143.

29. Wong I, Liao H, Bai X, Zaknic A, Zhong J, Guan Y, Li HY, Wang YJ, Zhou XF:

ProBDNF inhibits infiltration of ED1+ macrophages after spinal cord

injury. Brain Behav Immun 2010, 24:585-597.

30. Sharma HS, Johanson CE: Intracerebroventricularly administered

neurotrophins attenuate blood cerebrospinal fluid barrier breakdown

and brain pathology following whole-body hyperthermia: an

experimental study in the rat using biochemical and morphological

approaches. Ann NY Acad Sci 2007, 1122:112-129.

31. Reuss B, Dono R, Unsicker K: Functions of fibroblast growth factor (FGF)-2

and FGF-5 in astroglial differentiation and blood-brain barrier

permeability: evidence from mouse mutants. J Neurosci 2003,

23:6404-6412.

32. Ndode-Ekane XE, Hayward N, Gröhn O, Pitkänen A: Vascular changes in

epilepsy: functional consequences and association with network

plasticity in pilocarpine-induced experimental epilepsy. Neuroscience

2010, 166:312-332.

33. Marconi P, Simonato M, Zucchini S, Bregola G, Argnani R, Krisky D,

Glorioso JC, Manservigi R: Replication-defective herpes simplex virus

vectors for neurotrophic factor gene transfer in vitro and in vivo. Gene

Ther 1999, 6:904-912.

34. Lin HW, Basu A, Druckman C, Cicchese M, Krady JK, Levison SW:

Astrogliosis is delayed in type 1 interleukin-1 receptor-null mice

following a penetrating brain injury. J Neuroinflammation 2006, 3:15.

35. Basu A, Krady JK, O’Malley M, Styren SD, DeKosky ST, Levison SW: The type

1 interleukin-1 receptor is essential for the efficient activation of

microglia and the induction of multiple proinflammatory mediators in

response to brain injury. J Neurosci 2002, 22:6071-6082.

doi:10.1186/1742-2094-7-81
Cite this article as: Bovolenta et al.: Hippocampal FGF-2 and BDNF
overexpression attenuates epileptogenesis-associated
neuroinflammation and reduces spontaneous recurrent seizures. Journal
of Neuroinflammation 2010 7:81.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Bovolenta et al. Journal of Neuroinflammation 2010, 7:81

http://www.jneuroinflammation.com/content/7/1/81

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/19804959?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19804959?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17765728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17765728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17678965?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17678965?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17948033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17948033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18467654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18467654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18467654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20223282?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20223282?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20223282?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18949422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18949422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18949422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17482097?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17482097?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20083190?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20083190?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18077568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18077568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18077568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18077568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18077568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12878680?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12878680?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12878680?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20004712?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20004712?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20004712?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10505116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10505116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16808851?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16808851?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12122068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12122068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12122068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12122068?dopt=Abstract

	Abstract
	Findings
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

