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all the others NVU partners, including neurons, and contributes to 
the neuronal hyperexcitability. Presently, there is a wide variety of 
advanced in vitro and in vivo techniques enabling the analysis of the 
changes underwent by BBB/NVU in neurological diseases, including 
epilepsy, stroke, Alzheimer’s disease, Parkinson’s disease, multiple 
sclerosis, brain ischemia, chronic pain etc.6

The most important and difficult to overcome clinical feature of 
epilepsy is drug resistance in approximately 20-30% of the patients 
and recent studies have pointed out that drug transporters expressed in 
brain endothelial cells are dramatically affected and might contribute 
to the epileptic condition. To date, in endothelial cells from patients 
with refractory epilepsy was identified the upregulation of multidrug 
resistance transporters, such as MDR1 (P-glycoprotein: P-gp), cMRP/
MRP2, and MRP5, but not MRP3, and of the gene encoding cisplastin 
resistance-associated protein (hCRA-α).7 In brain endothelial cells 
derived from temporal lobe resections of refractory epilepsy patients 
were detected increased levels of cytochrome P450 (CYP) enzymes, 
in particular CYP3A4,8 that were colocalized with MDR1 with whom 
share substrates and inducers. On the other, the functional role of 
phase II enzyme UGTIA4 that is present in temporal lobe resections 
of refractory epilepsy patients and metabolizes lamotrigine should be 
further clarified.9

Epilepsy is associated with glioma, but not with glioblastoma, and 
seizures are one of the first clinical signs for the presence of a brain 
tumor or patients with brain tumors develop seizures as secondary 
symptoms. A recent study of multiple resistance transporters 
expression in the resected brain tissues of patients with glioma and 
epilepsy indicated a better patient outcome when MRP1 and MRP3 
had a lower expression and a positive association between frontal 
tumors and refractory epilepsy without any correlation between tumor 
location and multiple resistance transporters expression.10

Oppositely,  in vitro  permeability studies of antiepileptic 
drugs (AEDs; e.g. phenytoin, lamotrigine and carbamazepine) 
on immortalized human brain endothelial cells hCMEC/D3 and 
primary porcine brain endothelial cells showed that there is no P-gp 
mediated transport and concluded that P-gp is not contributing to 
the molecular mechanisms underlying the refractory epilepsy.11 In 
another study on hCMEC/D3, P-gp functionality was increased by 
100µM carbamazepine and inhibited by 300µM valproate, while the 
other AEDs, such as levetiracetam, phenobarbital, phenytoin, and 
topiramate did not had comparable effect on P-gp functionality to 
the cytostatic drugs.12 As clinical data on P-gp expression changes in 
refractory epilepsy are contradictory with respect to the in vitro P-gp 
mediatedpermeability studies, it remains to be further clarified the 
role played by P-gp in refractory epilepsy.

A very important hallmark of seizure activity is the BBB damage, 
but not the white blood cells presence in parenchyma, as demonstrated 
both on resected epileptic brain tissue and on the pilocarpine 
induced model in rats.13 Leukocyte-endothelium interactions and 
leukocyte recruitment in brain parenchyma are essential events 
in epileptogenesis and their role in the epileptogenic cascade was 
demonstrated on mice pilocarpine induced epilepsy model.1,3 

Moreover, chemokines control leukocyte migration in epilepsy.2 In the 
pilocarpine model were evidenced changes in the vascular plasticity 
network including the decrease of the total length of hippocampal 
blood vessels without alterations in hippocampal blood volume or 
flow after  status epilepticus  (SE)14 and increased angiogenesis in 
hippocampus.15 Vascular network changes have been also reported 
in the hippocampus of TLE patients. After SE was also reported 
vasogenic edema formation in piriform cortex that is mediated by 
endothelial mechanisms such as transient receptor potential canonical 
channel 3 (TRPC3) activation,16 and/or tumor necrosis factor-α/
endothelin-1 pathway.17
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Editorial
Epilepsy, in particular temporal lobe epilepsy (TLE), is a 

neurological condition characterized by hypersynchronous neuronal 
firing and hippocampal atrophy and sclerosis. Beside the neuronal 
alterations several vascular characteristics of epilepsy have been 
described in experimental and clinical epilepsy, such as vascular 
inflammation, blood brain barrier (BBB) damage, recruitment 
of inflammatory cells, leukocyte–endothelial adhesion changes, 
angiogenesis etc.1-5 Most of these symptoms involve alterations at 
the level of brain vascular endothelium and as brain endothelium is 
first active component of the neurovascular unit (NVU), any vascular 
inflammation determines the activation and altered function of 
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Although, multiple experimental and clinical studies indicated 
efflux transporters as being interesting pharmacological targets in 
epilepsy, their ubiquitous expression, that’s beside brain endothelial 
cells, includes other NVU parenchymal components, such as neurons, 
astrocytes or microglia, prevents the development of cell-specific 
drug therapies.18 On the other hand, considering leukocyte-vascular 
interactions involved in epileptogenesis were developed approaches 
for genetically targeting or blocking with antibodies the P-selectin 
glycoprotein ligand-1 (PSGL-1) in the pilocarpine-induced model,1 
and seems to be a promising beginning for developing clinical 
trials. In conclusion, brain vascular endothelium deserves a greater 
attention for developing efficient anti-epileptic drugs that are not 
good anticonvulsants but efficient drugs for diminishing vascular 
inflammation. Therefore, brain endothelium would be the best site 
targeted drug therapy in refractory epilepsy and might prevent the 
early events in epileptogenesis.

Acknowledgements
B M Radu has a PhD fellowship from the Italian Ministry of 

Research (MIUR).

Conflicts of Interest
There is no financial interest or conflict of interest to be declared.

References
1.	 Fabene PF, Navarro–Mora G, Martinello M, et al. A role for 

leukocyte–endothelial adhesion mechanisms in epilepsy. Nat Med. 
2008;14(12):1377–1383.

2.	 Fabene PF, Bramanti P, Constantin G. The emerging role for chemokines 
in epilepsy. J Neuroimmunol. 2010;224(1–2):22–27.

3.	 Fabene PF, Laudanna C, Constantin G. Leukocyte trafficking 
mechanisms in epilepsy. Mol Immunol. 2013;55(1):100–104.

4.	 Bertini G, Bramanti P, Constantin G, et al. New players in the 
neurovascular unit: insights from experimental and clinical epilepsy. 
Neurochem Int. 2013;63(7):652–659.

5.	 Radu BM, Bramanti P, Osculati F, et al. Neurovascular unit in chronic 
pain. Mediat Inflamm. 2013;2013:648268.

6.	 Radu BM, Radu M. Recent preclinical and clinical technological 
advances suitable to unravel the physiological and pathological status 
of the blood brain barrier in neurology. EC Neurology. 2015;1(1):22–28.

7.	 Dombrowski SM, Desai SY, Marroni M, et al. Overexpression of 
multiple drug resistance genes in endothelial cells from patients with 
refractory epilepsy. Epilepsia. 2001;42(12):1501–1506.

8.	 Ghosh C, Gonzalez–Martinez J, Hossain M, et al. Pattern of P450 
expression at the human blood brain barrier: roles of epileptic condition 
and laminar flow. Epilepsia. 2010;51(8):1408–1417.

9.	 Ghosh C, Hossain M, Puvenna V, et al. Expression and functional 
relevance of UGTIA4 in a cohort of human drug–resistant epileptic 
brain. Epilesia. 2013;54(9):1562–1570.

10.	 Calatozzolo C, Pollo B, Botturri A, et al. Multidrug resistance 
proteins expression in glioma patients with epilepsy. J Neurooncol. 
2012;110(1):129–135.

11.	 Dickens D, Yusof SR, Abbott NJ, et al. A multi–system approach 
assessing the interaction of anticonvulsants with P–gp. Plos One. 
2013;8(5):e64854.

12.	 Alms D, Fedrowitz M, Römerman K, et al. Marked differences in the 
effect of antiepileptic and cytostatic drugs on the functionality of P–
glycoprotein in human and rat brain capillary endothelial cell lines. 
Pharm Res. 2014;31(6):1588–1604.

13.	 Marchi N, Teng Q, Ghosh C, et al. Blood–brain barrier damage, but not 
parenchymal white blood cells, is a hallmark of seizure activity. Brain 
Res. 2010;1353:176–186.

14.	 Ndode–Ekane XE, Hayward N, Gröhn O, et al. Vascular changes 
in epilepsy: Functional consequences and association with network 
plasticity in pilocarpine–induced experimental epilepsy. Neuroscience. 
2010;166(1):312–332.

15.	 Rigau V, Morin M, Rousset MC, et al. Angiogenesis is associated with 
blood–brain barrier permeability in temporal lobe epilepsy. Brain. 
2007;130(Pt 7):1942–1956.

16.	 Ryu HJ, Kim JE, Kim YJ, et al. Endothelial transient receptor potential 
canonical channel (TRPC)–3 activation induces vasogenic edema 
formation in the rat piriform cortex following status epilepticus. Cell 
Mol Neurobiol. 2013;33(4):575–585.

17.	 Kim JE, Ryu HJ, Kang TC. Status epilepticus induces vasogenic edema 
via tumor necrosis factor–α/endothelin–1–mediated two different 
pathways. Plos One. 2013;8(9):e74458.

18.	 Aronica E, Sisodiya SM, Gorter JA. Cerebral expression of drug 
transporters in epilepsy. Adv Drug Deliv Rev. 2012;64(10):919–929.

https://doi.org/10.15406/jnsk.2015.03.00084
http://www.ncbi.nlm.nih.gov/pubmed/19029985/
http://www.ncbi.nlm.nih.gov/pubmed/19029985/
http://www.ncbi.nlm.nih.gov/pubmed/19029985/
http://www.ncbi.nlm.nih.gov/pubmed/20542576
http://www.ncbi.nlm.nih.gov/pubmed/20542576
http://www.ncbi.nlm.nih.gov/pubmed/23351392
http://www.ncbi.nlm.nih.gov/pubmed/23351392
http://www.ncbi.nlm.nih.gov/pubmed/23962437
http://www.ncbi.nlm.nih.gov/pubmed/23962437
http://www.ncbi.nlm.nih.gov/pubmed/23962437
http://www.ncbi.nlm.nih.gov/pubmed/23840097/
http://www.ncbi.nlm.nih.gov/pubmed/23840097/
http://www.ncbi.nlm.nih.gov/pubmed/11879359
http://www.ncbi.nlm.nih.gov/pubmed/11879359
http://www.ncbi.nlm.nih.gov/pubmed/11879359
http://www.ncbi.nlm.nih.gov/pubmed/20074231
http://www.ncbi.nlm.nih.gov/pubmed/20074231
http://www.ncbi.nlm.nih.gov/pubmed/20074231
http://www.ncbi.nlm.nih.gov/pubmed/23865846
http://www.ncbi.nlm.nih.gov/pubmed/23865846
http://www.ncbi.nlm.nih.gov/pubmed/23865846
http://www.ncbi.nlm.nih.gov/pubmed/22832898
http://www.ncbi.nlm.nih.gov/pubmed/22832898
http://www.ncbi.nlm.nih.gov/pubmed/22832898
http://www.ncbi.nlm.nih.gov/pubmed/23741405
http://www.ncbi.nlm.nih.gov/pubmed/23741405
http://www.ncbi.nlm.nih.gov/pubmed/23741405
http://www.ncbi.nlm.nih.gov/pubmed/24477677
http://www.ncbi.nlm.nih.gov/pubmed/24477677
http://www.ncbi.nlm.nih.gov/pubmed/24477677
http://www.ncbi.nlm.nih.gov/pubmed/24477677
http://www.ncbi.nlm.nih.gov/pubmed/20599815
http://www.ncbi.nlm.nih.gov/pubmed/20599815
http://www.ncbi.nlm.nih.gov/pubmed/20599815
http://www.ncbi.nlm.nih.gov/pubmed/20004712
http://www.ncbi.nlm.nih.gov/pubmed/20004712
http://www.ncbi.nlm.nih.gov/pubmed/20004712
http://www.ncbi.nlm.nih.gov/pubmed/20004712
http://www.ncbi.nlm.nih.gov/pubmed/17533168
http://www.ncbi.nlm.nih.gov/pubmed/17533168
http://www.ncbi.nlm.nih.gov/pubmed/17533168
http://www.ncbi.nlm.nih.gov/pubmed/23529532
http://www.ncbi.nlm.nih.gov/pubmed/23529532
http://www.ncbi.nlm.nih.gov/pubmed/23529532
http://www.ncbi.nlm.nih.gov/pubmed/23529532
http://www.ncbi.nlm.nih.gov/pubmed/24040253
http://www.ncbi.nlm.nih.gov/pubmed/24040253
http://www.ncbi.nlm.nih.gov/pubmed/24040253
http://www.ncbi.nlm.nih.gov/pubmed/22138133
http://www.ncbi.nlm.nih.gov/pubmed/22138133

	Title
	Abbreviations
	Editorial
	Acknowledgements
	Conflicts of Interest 
	References

