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ABSTRACT: Epilepsy is a chronic and recurrent syndrome of cerebral dysfunction. Recently, the relationship between epilepsy and
astrocyte or adenosine has become a research hotspot. Adenosine is recognized as the modulator of central nervous system excitability
and plays a key role in depressing neuronal transmission by combining its receptor. Researching the relationship of adenosine and
astrocyte, adenosine kinase(ADK), Epigenetic modifications or GABAAR can provide a new and challenging therapy of epilepsy. In this
paper, we will summarize the recent researches of the effects of adenosine in epileptic pathogenesis and therapy. If the clear mechanism

of how adenosine inhibits epilepsy can be found in the future researches, we will have the new targets to aim at and it will have important

implications for the researches and developments of precautionary measures and medicine.
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Fig. 1 Extracellular adenosine levels are thought to be regulated by an
astrocyte-based adenosine cycle
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Fig. 2 The role of adenosine and associated DNA methylation changes in epileptogenesis

6 SRREA R BB ITT F i%

QAR BERR KT B B 00 ) — AR B2 AR IC IR A%
THMNEE YRR RLRA IR PR AT RN . SCBR b, GRSl
WA I SR XA PRI , S 4T R R ) 7R
ATR sl #8AT LIAT 2B 500 1 R A s IR A A R 0
21 ER R TR RO LA R SRR T L K ADK AT 55
P, SMBEE R IR T — ELBOA O BRI T B B
DRIt RGO S0 02 M DX A A OB T-8 18 Jg RS R 3
RGRTT B A JETT 1) o WA SRS AT 7 1 T YOS AR XTI
D E NN G BB LT i RE 20 5 P75 A O A A B
TIPSR o A0 BV MELT 4 BE20 MO T LUBER IR , ELAEAEA
BT, JHAB 15 585 W I L2, DT i S S B HR e B 1 %
7% RN ML 2H 2 3 P A e i 400 AV T T LR BT
TR AR SCHBIVE T B BlJS , ZEXT R RSN T ST IR IR &
TR AR B T | P —YIE R T R SO 26 7 T LA S i
AR AERY o FRT 2 LT DU Rh 32 20 7 Ok S BURH 14 2%
7o

DR RN A 22 . Fr 2222850 56 1E FDA DAERYE
WIS, AT LA A P A il JR) B 24 W e A M, A e Y
PIANBIESE T, N T 98 T 55 A A 22 JE A0 38 B iR 1, T AT 3L
PRI ) A o 3o i 22 JIEnT LA A 35 iR H AT

SRt 1 mg, i1 ARG REEE AR A —E R REOCR T

2)n] OB B9 R o A Ta] e TR s UG+
A0 22 R N2 ADK R PR B 3 18 0 1 AR R Gk i
ADK f) miRNA Ji5, AT USR5 o 1026 240 ffa 4o A 51
W B AT LA R O 1 A A W FEARY AR N TR S KA24
NG 25 T I SRS A IR T AL, 3 JE 5 AT DL E AR ADK
FIRIKF, HAER T 100 /N it i et 11 e s o, R A BT A
Pkl o TIFEXS BEZE BRI B A 2R 4R 1 J , 1 3k ADK, P2
B/ H B 4 YO 0

3)EEFNAYT o I TE 8 BEK KK RGN ADK £ikik
A7 5 PR AR A /0 B 1 1D DX R S A g v, T U B
ADK JKF T B el iin i k4= ¥ IR, #iil ADK Rk 2
EPNAITT R — D EE bR,

DA ERE o At PRI 80 4F HL, A HU UL I A
o B A A A — BRI PR BN TR A R T B
AT AR SE R B, Az B Rl LA /b /N U N ADK g & 3 B4
o MEURAERRHT ATR FELARERAY /N BUBRE A i TR 20N BE X
oo AR WS A R o U T A R £ T S i i Y
Ao R AT REA IR ATR HOBSIIE .

RXLEIRYT IR AR B B2 H A AL 1 I oA SR B 5 [)
s S A P R B OB o (RIS 7 A B A B A
R X LR AL, Bt AT AR AR B —Fh] LR YT = A%



REYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Voll14 NO.26 SEP.2014

- 5183 -

PRI PRI Y 4B R T it
IR 2 A P s Py 0 0 P P 8 5, R 410 i e 224

S RIS IR A AEAR R SR BR 1, 9 it

ST AT I 1 AR T W s o (HUE AR FE N b

EZXHA 7RI, WA T2 R SR (H

SERIHATA IE, IGZBA K TR 24 S AE T

5 Sl R G o WERTES S B TAEh BEAE U — L B A IR 7R

PR AV FBILR , A AT BE ST RO T I R, X

BT T T , 15T TR 25 AT A AR TR

% % 37 ik (References)

[1] Kobow K, BliU mcke I. The methylation hypothesis: do epigenetic
chromatin modifications play a role in epileptogenesis?[J]. Epilepsia,
2011, 52(s4): 15-19

[2] Qureshi I A, Mehler M F. Epigenetic mechanisms underlying human

disorders and

epileptic the process

Neurobiology of disease, 2010, 39(1): 53-60

of epileptogenesis [J].

[3] Dulla C G, Masino S A. Physiologic and metabolic regulation of
adenosine: Mechanisms[M]. Adenosine, Springer, 2013: 87-107

[4] Boison D, Chen J, Fredholm B B. Adenosine signaling and function in
glial cells[J]. Cell Death & Differentiation, 2010, 17(7): 1071-1082

[5] Ralevic V, Burnstock G. Receptors for purines and pyrimidines [J].
Pharmacological reviews, 1998, 50(3): 413-492

[6] Muzzi M, Coppi E, Pugliese A M, et al. Anticonvulsant effect of AMP
by direct activation of adenosine Al receptor [J]. Experimental
neurology, 2013, 250: 189-193

[7]1 Andoh T, Ishiwa D, Kamiya Y, et al. Al adenosine receptor-mediated
modulation of neuronal ATP-sensitive K channels in rat substantia
nigra[J]. Brain research, 2006, 1124(1): 55-61

[8] Li T, Lan J Q, Fredholm B B, et al. Adenosine dysfunction in
astrogliosis: cause for seizure generation? [J]. Neuron glia biology,
2007, 3(4):353

[9] El Yacoubi M, Ledent C, Parmentier M, et al. Adenosine A2A receptor
deficient mice are partially resistant to limbic seizures [J].
Naunyn-Schmiedeberg's archives of pharmacology, 2009, 380 (3):
223-232

[10] Sheth S, Brito R, Mukherjea D, et al. Adenosine Receptors:
Expression, Function and Regulation [J]. International Journal of
Molecular Sciences, 2014, 15(2): 2024-2052

[11] Boison D. Adenosine dysfunction and adenosine kinase in
epileptogenesis[J]. The open neuroscience journal, 2010, 4: 93

[12] Boison D. The adenosine kinase hypothesis of epileptogenesis [J].
Progress in neurobiology, 2008, 84(3): 249-262

[13] Nagele R G, Wegiel J, Venkataraman V, et al. Contribution of glial
cells to the development of amyloid plaques in Alzheimer’s disease
[J]. Neurobiology of aging, 2004, 25(5): 663-674

[14] Cagnin A, Brooks D J, Kennedy A M, et al. In-vivo measurement of
activated microglia in dementia [J]. The Lancet, 2001, 358 (9280):
461-467

[15] Pascual O, Casper K B, Kubera C, et al. Astrocytic purinergic
signaling coordinates synaptic networks[J]. Science, 2005, 310(5745):
113-116

[16] Baldwin S A, Beal P R, Yao S Y, et al. The equilibrative nucleoside

transporter family, SLC29 [J].
735-743
[17] Etherington L V, Patterson G E, Meechan L, et al. Astrocytic

Pfl0 gers Archiv, 2004, 447 (5):

adenosine kinase regulates basal synaptic adenosine levels and seizure

activity but not activity-dependent adenosine release in the
hippocampus[J]. Neuropharmacology, 2009, 56(2): 429-437

[18] Fredholm B B, Chen J, Cunha R A, et al. Adenosine and brain
function[J]. Int Rev Neurobiol, 2005, 63(1): 191-270

[19] Tani H, Dulla C G, Farzampour Z, et al. A Local Glutamate-
Glutamine Cycle Sustains Synaptic Excitatory Transmitter Release[J].
Neuron, 2014, 81(4): 888-900

[20] Manita S, Kawamura Y, Sato K, et al. Adenosine Al-receptor-
mediated tonic inhibition of glutamate release at rat hippocampal
CA3-CAl synapses is primarily due to inhibition of N-type
Ca*channels [J]. European journal of pharmacology, 2004, 499 (3):
265-274

[21] Nishizaki T. ATP-and adenosine-mediated signaling in the central
nervous system: adenosine stimulates glutamate release from

astrocytes via A2a adenosine receptors[J]. Journal of pharmacological

sciences, 2004, 94(2): 100-102

[22

—

Kanno T, Nishizaki T. A2a adenosine receptor mediates PKA-depend

ent glutamate release from synaptic-like vesicles and Ca?" efflux from

an IP3-and ryanodine-insensitive intracellular calcium store in

astrocytes [J]. Cellular Physiology and Biochemistry, 2012, 30 (6):

1398-1412

[23] Feng J, Zhou Y, Campbell S L, et al. Dnmtl and Dnmt3a maintain
DNA methylation and regulate synaptic function in adult forebrain
neurons[J]. Nature neuroscience, 2010, 13(4): 423-430

[24] Ma D K, Jang M, Guo J U, et al. Neuronal activity induced Gadd45b
promotes epigenetic DNA demethylation and adult neurogenesis[J].
Science, 2009, 323(5917): 1074-1077

[25] Kobow K, Jeske I, Hildebrandt M, et al. Increased reelin promoter
methylation is associated with granule cell dispersion in human
temporal lobe epilepsy[J]. Journal of Neuropathology & Experimental
Neurology, 2009, 68(4): 356-364

[26] Boison D, Scheurer L, Zumsteg V, et al. Neonatal hepatic steatosis by
disruption of the adenosine kinase gene [J]. Proceedings of the
National Academy of Sciences, 2002, 99(10): 6985-6990

[27] Kredich N M, Martin Jr D W. Role of S-adenosylhomocysteine in
adenosine-mediated toxicity in cultured mouse T lymphoma cells[J].
Cell, 1977, 12(4): 931-938

[28] Williams-Karnesky R L, Sandau U S, Lusardi T A, et al. Epigenetic
changes induced by adenosine augmentation therapy prevent
epileptogenesis[J]. The Journal of clinical investigation, 2013, 123(8):
3552

[29] Viitanen T, Ruusuvuori E, Kaila K, et al. The KCl, cotransporter

KCC2 promotes GABAergic

hippocampus[J]. The Journal of physiology, 2010, 588(9): 1527-1540

excitation in the mature rat
[30] Isomura Y, Sugimoto M, Fujiwara-Tsukamoto Y, et al. Synaptically
activated Cl accumulation responsible for depolarizing GABAergic
responses in mature hippocampal neurons[J]. Journal of neurophysio-

logy, 2003, 90(4): 2752-2756

(55 5188 TT)



- 5188 -

IREYES #E wwwshengwuyixuecom Progressin Modern Biomedicine Vol14 NO.26 SEP.2014

1996, 21(4): 399-401

Chen Qiang, Feng Xiao-yi. On bucculent a species group of metaphire

and reproductive organ polymorphism [J]. Acta Zootaxonomica
Sinica, 1996, 21(4): 399-401

[45] Z=F 48, o6, B4R, 5. (P B 252)2010 S — 20360304
AR RAEAT[I]. P B P 25 4 &, 2010, 35(16): 2052-2056
Li Jun-de, Huang Lu-qi, Tang Shi-huan, et al. Origin of somemedi-
cinalmaterials from animals in Chinese Pharmacopoeia 2010 Edition
1[J]. China Journal of Chinese Materia Medica, 2010, 35(16): 2052-2
056

[46] BEf24E. 2] 5 3 A[M]. Li&# & FJE, 1933: 1-15
Xue De-yu. The earthworm Il [M]. Shanghai Xinya Bookstore, 1933:
1-15

[47] &48%. %3] [M]. Ak ik Bk, 1982: 64-82
Huang Fu-zhen. The earthworm[M]. Agriculture Press, 1982: 64-82

[48] &bk, K . didd| A M [M]. A5 i RaAt, 1984: 34-57
C.A.Edwards, J.R.Lofty. Biology of earthworms [M]. Science Press,
1984: 34-57

[49] BR:z-F, T35 F, %1%, 5. Zophoscolex J& 3 3| 44 B F- 2+ & 457
(2 mH)H )], Lk s08 X 5 4Rk, 2004, 38(5): 822-828
Qiu Jiang-ping, Wang Hai-jun, Chen Yang, et al. Factorial Analysis of

Correspondence on the Genus Zophoscolex (Oligochaeta: Lumbrici-
dae)[J]. Journal of Shanghai Jiaotong University, 2004, 38(5): 822-828

[50] Blakemore, R. Further records of non-cryptic New Zealand earth-
worms[J]. ZooKeys, 2011, 160: 23-46

[51] Ueangfa Bantaowong, R.C. Piyoros Tongkerd, Chirasak Sutcharit, et
al. New earthworm species of the genus Amynthas Kinberg, 1867
from Thailand [J]. ZooKeys, 2011, 90: 35-62

[52] Christian Mulder, R.B., Leo Posthuma. Empirical maximum lifespan
of earthworms is twice that of mice[J]. AGE, 2007, 29: 229-231

[53] Samuel W. James, D.P. Thibaud Decae”™ ns, Benoit Richard, et al.
DNA Barcoding Reveals Cryptic Diversity in Lumbricus terrestris L.,
1758 (Clitellata ): Resurrection of L. herculeus (Savigny, 1826)[J].
PLoS ONE, 2010, 5(12): 1-8

[54] Seana K. Davidson, D.A.S.. Transmission of Nephridial Bacteria of
the Earthworm Eisenia Fetida [J].
Microbiology, 2006, 72(1): 769-775

[55] 8 Bk, 4 £ 5, 47T -F. sh4k F 2543 & DNA 495 w8 & Bt
R ) R A2, 2011: 114-116
Lu Guo-qing, Niu Xian-li, Ji Ke-ping. Preliminary study on DNA bar

Applied and Environmental

code of pheretima[J]. Guangdong Agricultural Sciences, 2011: 114-1
16

(#5183 TT)

[31] Benarroch E E. Adenosine and its receptors Multiple modulatory
functions and potential therapeutic targets for neurologic disease[J].
Neurology, 2008, 70(3): 231-236

[32] Gouder N, Fritschy J M, Boison D. Seizure suppression by adenosine
Al receptor activation in a mouse model of pharmacoresistant
epilepsy[J]. Epilepsia, 2003, 44(7): 877-885

[33] Fredholm B B, Chen J, Masino S A, et al. Actions of adenosine at its
receptors in the CNS: insights from knockouts and drugs [J]. Annu.
Rev. Pharmacol. Toxicol, 2005, 45: 385-412

[34] Boison D, Scheurer L, Zumsteg V, et al. Neonatal hepatic steatosis by
disruption of the adenosine kinase gene [J]. Proceedings of the
National Academy of Sciences, 2002, 99(10): 6985-6990

[35] Huber A, Padrun V, Dé glon N, et al. Grafts of adenosine-releasing
cells suppress seizures in kindling epilepsy [J]. Proceedings of the
National Academy of Sciences, 2001, 98(13): 7611-7616

[36] Anschel D J, Ortega E L, Kraus A C, et al. Focally injected adenosine
prevents seizures in the rat[J]. Experimental neurology, 2004, 190(2):
544-547

[37] Szybala C, Pritchard E M, Lusardi T A, et al. Antiepileptic effects of
silk-polymer based adenosine release in kindled rats[J]. Experimental

neurology, 2009, 219(1): 126-135

[38] Fedele D E, Koch P, Scheurer L, et al. Engineering embryonic stem
cell derived glia for adenosine delivery[J]. Neuroscience letters, 2004,
370(2): 160-165

[39] Ren G, Li T, Lan J Q, et al. Lentiviral RNAi-induced downregulation
of adenosine kinase in human mesenchymal stem cell grafts: a novel
perspective for seizure control[J]. Experimental neurology, 2007, 208
(1): 26-37

[40] Li T, Steinbeck J A, Lusardi T, et al. Suppression of kindling
epileptogenesis by adenosine releasing stem cell-derived brain
implants[J]. Brain, 2007, 130(5): 1276-1288

[41] Li T, Ren G, Lusardi T, et al. Adenosine kinase is a target for the
prediction and prevention of epileptogenesis in mice [J]. The Journal
of clinical investigation, 2008, 118(2): 571

[42] Theofilas P, Brar S, Stewart K A, et al. Adenosine kinase as a target
for therapeutic antisense strategies in epilepsy [J]. Epilepsia, 2011, 52
(3): 589-601

[43] Kossoff E H, Rho J M. Ketogenic diets: evidence for short-and
long-term efficacy[J]. Neurotherapeutics, 2009, 6(2): 406-414

[44] Masino S A, Li T, Theofilas P, et al. A ketogenic diet suppresses
seizures in mice through adenosine Al receptors [J]. The Journal of

clinical investigation, 2011, 121(7): 2679



