
Senior scientist: Ágnes Kittel PhD, Ed Beamer PhD
Research fellows: Rómeó D. Andó, Mária Baranyi
Ph.D. students: Katinka Bekő DVM, Gergely Horváth, Flóra Gölöncsér, Bence 
Koványi, Lilla Otrokocsi
Undergraduate research assistant: Szabina Kulcsár
Technician: Ilona Kéry
Secretary: Tünde Oroszi

The chemical structure of adenosine 
5’-triphosphate

Simplified structure of P2X7 receptor 
upon single (upper panel) and pro-
longed (lower panel) agonist activation 

B e á t a  S p e r l á
g

h

Laboratory of 
Molecular 

Pharmacology

Department of Pharmacology

Head of Laboratory: 
Beáta Sperlágh MD, PhD

Mission statement

Adenosine triphosphate (ATP) is one of the most versatile molecules 
in the living world. Besides its roles as an energy currency of cellular 

metabolism and as a building block of the genome, it is also an important 
extracellular signaling substance, acting on diverse families of P2X and P2Y 
receptors. The major research goal of the laboratory is to understand the 
role of ATP and other purines in the information processing of the normal 
and pathological nervous system, in order to identify target sites for thera-
peutic intervention in neuro-psychiatric diseases. In the past decades, the 
group has made substantial advances in the description of the release, ex-
tracellular metabolism and the presynaptic actions of purines, and in the 
identification of the receptors responsible. The group applies multidisci-
plinary approaches to study purinergic mechanisms, which include a wide 
variety of anatomical, molecular biological, neurochemical and pharmaco-
logical techniques and in vivo animal models of pain, neurodegenerative 
and psychiatric disorders. Their current research is aimed at the develop-
ment of new purinergic drugs by identifying and validating new targets 
within this signalling system.
In addition to purinergic signalling, the lab has also substantially contrib-
uted to the research of the presynaptic modulation by other non-classical 
signalling systems, such as the cannabinergic system. They have described 
actions of exo- and endocannabinoids on the release of different neuro-
transmitters in the brain and identified the receptors and non-receptor 
mechanisms responsible. Their ongoing research includes the identifica-
tion of presynaptic receptors influencing the neurotransmitter efflux from 
optogenetically-identified neuronal pathways.
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A third focus of the research is to study interactions between mitochon-
drial dysfunction, oxidative stress and dysregulated neurotransmitter re-
lease in the pathway leading to neurodegeneration, which characterizes 
many CNS diseases, including Parkinson’s disease and ischemia-related 
neurodegeneration. Their current activity with external partners aims to 
develop new anti-Parkinsonian drugs with multiple sites of action.

Purinergic signalling in the nervous system

The purine nucleotide ATP and its extracellular breakdown product 
adenosine are important neurotransmitters, neuromodulators and gli-
otransmitters in the nervous system. They are released from neurons 
and glial cells upon neuronal activity and pathological signals, and act 
on ionotropic P2X (P2X1-7), metabotropic P2Y (P2Y1,2,4,6,11,12,13,14) and 
adenosine (A1, A2A, A2B, A3) receptors. Through these actions, purines par-
ticipate not only in physiological information processing but also in the 
pathogenesis of neuro-psychiatric disorders and pain. The Sperlagh lab 
provided a major contribution to the knowledge on purinergic signal-
ling, publishing more than 50 original papers in the past two decades in 
this field. Their achievements include the first demonstration of the pr-
esynaptic facilitation by P2 receptor activation, elucidation of the source 
and mechanisms of ATP release, identification, mapping and characteri-
zation of P2X and P2Y receptors involved in the regulation of transmit-
ter release, and nucleotide catabolizing ectoenzymes (ectoATPase, ade-
nylate kinase). Their technical repertoire also includes high resolution 
purine detection methods, e.g. a microelectrode biosensor technique 
and a variety of in vivo behavioral studies.
A particular focus of their interest is the ionotropic P2X7 receptor, which 
is a unique subtype of P2X receptors expressed on neuronal and non-
neuronal cells. The group discovered that the activation of this receptor 
leads to increased glutamate and GABA release in the brain. Moreover, 
they showed that both the expression and functional responsiveness 
of P2X7 receptors in the brain are increased upon pathological stimuli. 
Based on these results they proposed the P2X7 receptor as a new target 
in various CNS diseases such as migraine, mood disorders and schizo-
phrenia. The group works on the validation of this hypothesis, and on 
the identification of the mechanism of action of P2X7 receptor antago-
nists using various in vivo animal models and in vitro studies.
Another focus of the research is the metabotropic P2Y12 receptor. 
Uniquely from P2X and P2Y receptor families, the P2Y12 receptor is the 
molecular target of widely used antithrombotic drugs, such as clopi-
dogrel or prasugrel. Accordingly, P2Y12 receptors are highly expressed 
on platelets and their activation by ADP results in rapid throm-
bocyte aggregation. However, P2Y12 receptors are also ex-
pressed in the central nervous system, i.e. on microglia, 
which raises the possibility of their utilization as a po-
tential target in different pain modalities and neu-
roinflammatory diseases. The current results of 
the group indicate that P2Y12 receptor inhibition 
leads to analgesic effects in inflammatory and 
neuropathic pain.

Upregulation of P2X7 receptor mRNA 
and protein expression in the substantia 
nigra (upper panel) and striatum (lower 
panel), respectively

Purinergic signalling in the nervous system. The purinome con-
sists of the enzymes and transporters responsible for the release, 
extracellular breakdown and uptake of nucleotides (ATP, ADP, 
AMP) and nucleosides (adenosine, inosine, hypoxanthine) as well 
as ionotropic (P2X) and metabotropic (P2Y, A1, A2A, A3) receptors, 
respectively

Parallel detection of the efflux ATP, 
adenosine, glutamate (GLU) by the 
microeletrode biosensor technique 
with simultaneous recording of field 
excitatory postsynaptic potentials from 
acute rat hippocampal slices
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Receptor mediated modulation of neurotransmitter release

Although chemical signaling has a key role in all neural functions, meas-
urements of transmitter concentrations and modulators directly in the 
extracellular space are rather rare. The main reason for this is that in the 
case of the traditional paradigm of synaptic transmission, transmitter re-
lease is proportional to the postsynaptic events and therefore could be 
efficiently monitored by electrophysiological recordings of postsynaptic 
events. However, several lines of recent evidence indicate that classical 
concepts of chemical neurotransmission represent oversimplified views. 
Even the fast-acting transmitters can act in a non-classical fashion, such 
as glutamate and GABA, which can “spill over” from synapses, or have 
quasi-paracrine actions maintaining tonic levels, or activating receptors 
by diffusion over large areas, leading to important functional conse-
quences. These observations are even more valid for slow transmitters 
and non-conventional mediators, such as 5-HT and peptides. More than 
ever before, there is a need to perform direct measurements to answer 

Common disease mechanism by 
P2X7R mediated pathways in CNS 
disorders of different etiology 
from Sperlágh and Illes TIPS 2014.
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Upregulation of NR2B receptor protein in 
P2X7 receptor deficient mice (P2rx7-/-)



important questions on the timing, dynamics, quantity and spatial lo-
calization of the release of different transmitters. The overall aim of the 
current studies is to understand how the different (i.e. fast and slow) 
activity patterns of median raphe (MR) neurons are translated to differ-
ent patterns of neurotransmitter release in one of its target areas, the 
hippocampus. Using optogenetic techniques, they examine how pho-
tostimulation affects glutamate and 5-HT release from the terminals of 
ChR2/eGFP/virus-labelled MR neurons in acute hippocampal slices. They 
assume that selective stimulation of ChR2-containing raphe-hippocam-
pal fibres with different paradigms will result in qualitative and quan-
titative changes in the efflux of transmitters. Identifying the principles 
of these changes will help to understand the role of different transmit-
ters, in particular glutamate and 5-HT, in the subcortical modulation of 
network activity and behaviour. In addition they explore modulatory 
mechanisms by M1, α2, NMDA, AMPA GABAA, GABAB and P2 receptors 
converging on the terminals of ChR2/eGFP/virus-labelled median raphe 
neurons.

Novel, multitarget drugs for neurodegenerative diseases

Neurodegenerative diseases (Parkinson disease, Alzheimer’s disease, 
stroke, etc.) are characterized by the progressing loss of neurons and 
typically occur in the elderly population. Therefore, their incidence is 
continuously rising and they represent a considerable economic and 
social burden. Nevertheless, the treatment of neurodegenerative dis-
eases is not yet resolved. The most likely reason for this failure is that 
the process leading to neurodegeneration is remarkably complex and 
involves numerous self-amplifying and complementary mechanisms at 
subcellular, cellular and systems levels. Therefore, compounds acting 
at single targets are unlikely to result in clinically beneficial action. Re-
cently, a new concept of drug development has been elaborated in the 
lab, utilizing drugs with multiple modes of action. The group revealed 

In vivo imaging reveals decreased 
myeloperoxidase activity in the hind-
paw of P2Y12 receptor deficient 
mice (p2ry12 -/-) after CFA treatment, 
when compared to wild-type mice 
(p2ry12+/+)

Photostimulation of the terminals of ChR2/
eGFP /virus-labelled MR neurons elicits activity-
dependent neurotransmitter efflux in rat hip-
pocampal slices
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that mitochondrial dysfunction and oxidative stress have a supra-ad-
ditive impact on the pathological, cytoplasmic accumulation of mono-
amines and their subsequent release in animal models of ischemia and 
Parkinson’s disease. Moreover, they showed that this oxidative stress in-
duced pathological monoamine release provides an additional source 
of highly reactive free radicals during their breakdown. Therefore, those 
drugs that simultaneously target mitochondrial dysfunction, oxidative 
stress and pathological dopamine release may have disease-modifying 
potential in addition to symptomatic improvement. Utilizing national 
(Department of Medicinal Chemistry, Semmelweis University, Budapest) 
and international (ICES, A*STAR, Singapore) collaboration with medici-
nal chemists, the lab works on the translation of this concept into anti-
Parkinsonian drug design.
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