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Abstract

Objective: Adenosine may play a role in the pathophysiology of
schizophrenia, since it modulates the release of several neurotransmitters
such as glutamate, dopamine, serotonin and acetylcholine, decreases
neuronal activity by pos-synaptic hyperpolarization and inhibits
dopaminergic activity. Adenosine deaminase participates in purine
metabolism by converting adenosine into inosine. The most frequent
functional polymorphism of adenosine deaminase (22G—A) (ADA1*2)
exhibits 20-30% lower enzymatic activity in individuals with the G/A
genotype than individuals with the G/G genotype. The aim of this
study was to evaluate the ADA polymorphism 22G—A (ADA1*2) in
schizophrenic patients and healthy controls. Method: The genotypes of
the ADA 22G—A were identified with allele-specific PCR strategy in 152
schizophrenic patients and 111 healthy individuals. Results: A significant
decrease in the frequency of the G/A genotype was seen in schizophrenic
patients (7/152 — 4.6%) relative to controls (13/111 - 11.7%, p = 0.032,
OR = 2.6). Conclusion: These results suggest that the G/A genotype
associated with low adenosine deaminase activity and, supposingly, with
higher adenosine levels is less frequent among schizophrenic patients.

Descriptors: Polymorphism, restriction fragment length; Adenosine;
Adenosine deaminase; Schizophrenia; Gene frequency

Resumo

Objetivo: A adenosina pode ter um papel importante na fisiopatologia da
esquizofrenia, uma vez que modula a liberagio de vdrios neurotransmissores,
tais como glutamatro, dopamina, serotonina e acetilcolina, diminui a
atividade neuronal por hiperpolarizacio pds-sindptica e inibe a atividade
dopaminérgica. A adenosina desaminase participa do metabolismo
das purinas pela conversio de adenosina em inosina. O mais frequente
polimorfismo funcional da adenosina desaminase (22G—A) (ADA1*2)
exibe uma diminuicio de 20-30% da atividade funcional em individuos
com gendtipo G/A quando comparados com individuos com o gendtipo G/G.
O objetivo deste estudo foi avaliar o polimorfismo 22G—A (ADA1*2) em
pacientes esquizofrénicos e em controles sauddveis. Método: Os gendtipos
da ADA 22G—A foram identificados através de wma estratégia de PCR
alelo-especifica em 152 pacientes esquizofrénicos e 111 controles sauddveis.
Resultados: Foi observada uma diminuicio significativa na frequéncia do
gendtipo GIA em pacientes esquizofrénicos (7 — 4,69%) em relacio ao grupo
controle (13— 11,7%, p = 0,032, OR = 2,6). Conclusdo: Estes resultados
sugerem que o gendtipo G/A associado com baixa atividade de adenosina
desaminase, e potencialmente com niveis aumentados de adenosina, é menos

[frequente entre pacientes esquizofrénicos.

Descritores: Polimorfismo de fragmento de restri¢io; Adenosina; Adenosina
deaminase; Esquizofrenia; Frequéncia do gene

Introduction

Adenosinergic activity may play a role in schizophrenia,
especially because adenosine modulates most neurotransmitter
systems.! The neuromodulator adenosine acts on Al, A2a, A2b
and A3 receptors. Activation of adenosine A1R inhibits the

release of several neurotransmitters, such as glutamate, dopamine,
serotonin and acetylcholine, and decreases neuronal activity
by post-synaptic hyperpolarization.” Adenosine is considered

an endogenous anticonvulsant and neuroprotective agent.
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Accordingly, pre-clinical studies show that administration of
A1R agonists exerts anticonvulsant, neuroprotective, anxiolytic,
sedative? and antipsychotic-like actions.?

A2aR and D2R are co-localized in GABAergic striatopallidal
neurons and form functional heteromeric complexes, with
opposing actions via coupling with G proteins.> Activation of
A2aR decreases the affinity for D2 receptor antagonists® and
A2aR knockout mice present increased aggressiveness, anxiety and
hypoalgesia* and reduced behavioral effects with amphetamine and
cocaine administration.” For these reasons, it has been suggested
that low adenosine activity is involved in schizophrenia.!

Adenosine deaminase (ADA) participates in purine metabolism
by converting either adenosine or 2’-deoxyadenosine into inosine
or 2’-deoxyinosine, respectively. Further metabolization of these
deaminated nucleosides leads to hypoxantine, which can be either
transformed into uric acid by xanthine oxidase or salvaged into
mononucleotides by hypoxanthine-guanine phosphoribosyl-
transferase. Beside its classical intracellular localization, ADA is
an ectoenzyme (Ecto-ADA) on the surface of many cell types,
including neurons,® where it behaves as a cell adhesion molecule
with an important role in the regulation of neuronal growth and
plasticity processes. The most frequent functional polymorphism
of ADA is caused by a G-to-A transition at nucleotide 22 (coding
DNA 22G—A). This transition leads to the substitution of
asparagine for aspartic acid at codon 8 (protein Asp8Asn) of
the ADA protein.” Individuals with the G/A genotype exhibit
20-30% lower enzymatic activity in erythrocytes and leucocytes
than individuals with the G/G genotype.® This genotype has
been associated to autism,’ mild mental retardation' and
higher duration and intensity of deep sleep in healthy subjects,"
reinforcing the functional consequences of this polymorphism
on adenosine-mediated neuromodulation. The following
genotype frequencies are expected to occur in a healthy Caucasian
population: G/G 88-92%; G/A 8-12%; A/A < 1%.'>"

To our knowledge, ADA genotypes have not yet been
investigated in schizophrenia. In this paper, we evaluated the ADA
polymorphism 22G—A (ADA1*2) in schizophrenic patients and
healthy controls.

Subjects and method

The study protocol and all experimental procedures were
approved by the national ethic committee in research on human
subjects (CONEP: 7589). All subjects received a full explanation
of the procedures and written informed consents were obtained.
We determined diagnoses by using best-estimate procedures
based on the Structured Clinical Interview for DSM-IV Axis I
Disorders (SCID-I). Controls who denied having experienced
psychotic symptoms and been subjected to psychiatric treatment
were selected from a pool of non-psychiatric patients and staff
in a general hospital. All subjects were from the Rio Grande do
Sul state. Subjects were asked to define their ethnicity as either
Caucasian, African-american or mixed. In order to be included
in the sample, this self-definition had to agree with that made by
the investigator.

Genomic DNA was extracted from 300pL blood samples
using the “Perfect gDNA Blood Mini” (Ependorf) or “Wizard®
Genomic Purification Kit” (Promega). The genotypes of the ADA
22G—A were analyzed in 100ng of DNA with allele-specific
PCR. HotStarTaqg DNA polymerase (Qiagen) and allele-specific
primers were used. ADA primers were as follows: forward-G,
5 —CCC AGA CGC CCG CCT TCG-3’; forward-A, 5" —
CCC AGA CGC CCG CCT TCA- 3’; reverse, 5> -GAA CTC
GCC TGC AGG AGC C- 3’ (annealing temperature, 62°C;
1.5nMMgCL; 1 x Q-solution) (adapted of Rétey et al., 2005).
The amplification product of 152 pb was visualized with Gel Red
in U.V. illumination.

A comparison between cases and controls in terms of genotype
frequency was performed, and the statistical significance of the
associations was tested using the chi-square test. Odds ratio with
95% confidence intervals were also calculated to estimate the
strength of the association between adenosine deaminase genotype
and schizophrenia and its statistical significance. The Hardy-
Weinberg equilibrium was calculated at the website htep://www.
oege.org/software/hwe-mr-calc.sheml.

Results

The sample consisted of 152 schizophrenic patients (108 males,
mean age of 36.7 + 10.8 years old; 80.6% Caucasian, 8.6%
African-American, 11% mixed) and 111 healthy individuals (71
males, mean age and standard deviation equal to of 44.4 + 15.5
years old, 79.6% Caucasian, 6.1% African-American, 14.3%
mixed) defined as the control group. No significant difference
was found in terms of the distribution of ethnic groups or gender
(p > 0.10).

Table 1 shows the distribution of ADA genotypes in
schizophrenic patients and healthy individuals. In the group of
schizophrenic patients, there was a lower frequency of the G/A
genotype compared to that of the control group (p = 0.032, odds
ratio 0.364; IC 95% 0.140 — 0.945). The A/A genotype was not
found.

The Hardy-Weinberg equilibrium calculations for the ADA1*2
allelic variations showed equilibrium in both controls ()* = 0.43)

and patients (* = 0.08, p = 0.77).

Discussion
The frequency of alleles and G/A genotype in the control group

was similar to the values reported by other researchers.!! Our

Table 1 - ADA G22A (ADA1*2) genotype distributions in healthy
controls and individuals with schizophrenia

Genotype Healthy controls Schizophrenic patients
GG 98 (88.3%) 145 (95.4%)
GA 13 (11.7%) 7 (4.6%)*
AA 0 0
Total 11 152

*p = 0.032. Odds Ratio: 0.364 (95% confidence interval: 0.140 —
0.945)
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ADA1*2 allelic variant in schizophrenia

results showed that the G/A genotype with low activity was less
frequent in schizophrenic patients (GG 95.4% and GA 4.6%)
than in the general population (GG 88.3% and GA 11.7%).
Interestingly, serum adenosine deaminase activity is increased in
medicated schizophrenic patients,'* but it remains to be established
if this increase in related to the phenotype or to medication.

Several indirect findings are suggestive of adenosine dysfunction
or more specifically, of a reduction of its role in schizophrenia.'
The adenosine Al and A2A receptor antagonists theophylline
and caffeine decrease P50 sensory gating in normal volunteers,
mimicking the findings in schizophrenic patients,” and
caffeine exacerbates symptoms of schizophrenia.> Moreover, the
psychostimulant effects of caffeine are blocked by D2 receptor
antagonists.” In animal models of schizophrenia, Al and A2aR
agonists prevent behavioral, as well as neurophysiological (EEG and
prepulse inhibition) alterations induced by NMDA antagonists.'®
Moreover, the xanthine oxidase inhibitor allopurinol, which may
increase adenosine levels,!” was effective as add-on treatment of
schizophrenia.'® Taken together, these findings are in line with
reduced adenosinergic activity in schizophrenia and also with
our results, according to which the low activitcy ADA genotype
in schizophrenic patients is less frequent since this genotype is
supposingly associated with higher adenosine levels.

Stubbs and et al.”? reported decreased ADA serum activity in
children with autism compared to normal controls, individuals
with cerebral palsy and subjects with intellectual impairment
(F-test 0.02 when compared with other group). A higher
frequency of the A (*2) allele was observed in a study with 118
Italian autistic children compared with 126 healthy controls
(by genoptype Asp/Asn p < 0.0001; by allele Asn frequency
p < 0.00001).” However, Zoruglu et al. measured activities of

erythrocyte free radical scavenging enzymes, including ADA in
children with autism and sex- and age-matched controls and
found no differences in ADA activity (p = 0.52).%° In contrast to
the previous genetic studies, a recent study found no significant
increase in the frequency of the A (ADA*2) allele in cases from
North America.?! Thus, the role of ADA in autism remains
controversial. The low-activity G/A genotype has been associated
with mild mental retardation showing genotype frequency with
p < 0.05 and odds ratio 2.16."° These are relevant findings
considering that cognitive problems and autistic symptoms are
part of the schizophrenia syndrome.

Previous studies indicate that adenosine plays a direct role in
human sleep homeostasis,? with the G/A genotype associated with
better sleep. Individuals with the G/A genotype (n = 13) reported
fewer awakenings at night than individuals with the G/G genotype
(n = 106)." Moreover, individuals with G/A genotype showed
almost twice the amount of deep, stage-4 sleep and roughly 30min
more slow-wave sleep within the 8-h sleep period when compared
with the G/G genotype.'! This suggests that the ADA 22G—A
polymorphism modulates not only the duration of slow-wave
sleep but also the intensity of sleep.!! Unmedicated schizophrenic
patients had longer sleep onset latency, slept less and had lower
sleep efficiency.” Overall, these results are in accordance with the
proposed reduced adenosine activity in schizophrenia.

In conclusion, for the first time, our data suggests that the G/A
genotype associated with low ADA activity and, supposingly,
with higher adenosine levels is less frequent among schizophrenic
patients. However, this finding needs to be replicated in larger
samples. This finding is in line with the hypothesis of lower
adenosinergic activity in schizophrenia, but replication using
independent and larger samples is needed.

Disclosures
Writing group Employment Research Other research grant or  Speaker’s = Ownership Consultant/ Other®
member grant' medical continuous honoraria interest Advisory
education’ board
Gustavo Pimentel PUCRS - - - - - -
Dutra
Gustavo L. Ottoni UFRGS - - - - - -
Diogo R. Lara PUCRS CNPq - - - - -
FINEP
Mauricio Reis PUCRS - - - - - -
Bogo
* Modest
** Significant

*** Significant: Amounts given to the author's institution or to a colleague for research in which the author has participation, not directly to the

author.

Note: PUCRS = Pontificia Universidade Catdlica do Rio Grande do Sul; UFRGS = Universidade Federal do Rio Grande do Sul; CNPq =
Conselho Nacional de Pesquisa e Desenvolvimento, FINEP = Financiadora de Estudos e Projetos.

For more information, see Instructions for Authors.

References
1. Lara DR, Dall'Igna OP, Ghisolfi ES, Brunstein MG. Involvement of adenosine
in the neurobiology of schizophrenia and its therapeutic implications.

Prog Neuropsychopharmacol Biol Psychiatry. 2006;30(4):617-29.

2. Dunwiddie TV, Mansino SA. The role and regulation of adenosine in central
nervous system. Annu Rev Neurosci. 2001;24:31-55.

3. Ferré S. Adenosine-dopamine interactions in ventral striatum. Implications
for the treatment of schizophrenia. Psychopharmacology (Berl).
1997;133(2):107-20.

Revista Brasileira de Psiquiatria ¢ vol 32 ¢ n°® 3 *set2010 * 277



Dutra GP et al.

4. Ledent C, Vaugeois JM, Schiffmann SN, Pedrazzini T, El Yacoubi M,
Vanderhaeghen JJ, Costentin J, Heath JK, Vassart G, Parmentier
M.Aggressiveness, hypoalgesia and high blood pressure in mice lacking
the adenosine A2a receptor. Nature. 1997;388(6643):674-8.

5. Chen JE Beilstein M, Xu YH, Turner TJ, Moratalla R, Standaert DG, Aloyo V],
Fink JS, Schwarzschild MA. Selective attenuation of psychostimulant-
induced behavioral responses in mice lacking A(2A) adenosine receptors.
Neuroscience. 2000;97(1):195-204.

6. Franco R, Casadé V, Ciruela E Saura C, Mallol J, Canela EI, Lluis C. Cell
surface adenosine deaminase: much more than an ectoenzyme. Prog
Neurobiol. 1997;52(4):283-94.

7. Hirschhorn R, Yang DR, Israni A. An Asp8Asn substitution results in the
adenosine deaminase (ADA) genetic polymorphism (ADA2 Allozyme):
occurrence on different chromosomal backgrounds and apparent
intragenic crossover. Ann Hum Genet. 1994;58(Pt 1):1-9.

8. Battistuzzi G, Iudicone B, Santolamazza B, Petrucci R. Activity of adenosine
deaminase allelic forms in intact erythrocytes and lymphocytes. Ann
Hum Genet. 1981;45(Pt 1):15-9.

9. Bottini N, De Luca D, Saccucci P, Fiumara A, Elia M, Porfirio MC, Lucarelli
P, Curatolo P. Autism: evidence of association with adenosine deaminase
genetic polymorphism. Neurogenetics. 2001;3(2):111-3.

10. Saccucci P, Arpino C, Rizzo R, Gagliano A, Volzone A, Lalli C, Galasso C,
Curatolo P. Association of Adenosine deaminase polymorphism with
mild mental retardation. J Child Neurol. 2006;21(9):753-6.

11. Rétey JV, Adam M, Honegger E, Khatami R, Luhmann UE Jung HH, Berger
W, Landolt HP. A functional genetic variation of adenosine deaminase
affects the duration and intensity of deep sleep in humans. Proc Natl
Acad Sci USA. 2005;102(43):15676-81.

12. Spencer N, Hopkinson DA, Harris H. Adenosine deaminase polymorphism
in man. Ann Hum Genet. 1968;32:9-14.

13. Persico AM, Militerni R, Bravaccio C, Schneider C, Melmed R, Trillo S,
Montecchi E Palermo MT, Pascucci T, Puglisi-Allegra S, Reichelt KL,
Conciatori M, Baldi A, Keller F. Adenosine deaminase alleles and autistic
disorder: case-control and family-based association studies. Am J Med
Genet. 2000;96(6):784-90.

14. Brunstein MG, Silveira EM Jr, Chaves LS, Machado H, Schenkel O, Belmonte-
de-Abreu P, Souza DO, Lara DR. Increased serum adenosine deaminase
activity in schizophrenic receiving antipsychotic treatment. Newrosci Lett.
2007;414(1):61-4.

15. Ghisolfi ES, Prokopiuk AS, Becker J, Ehlers JA, Belmont-de-Abreu B, Souza
DO, Lara DR. The adenosine antagonist theophylline impairs p50
auditory sensory gating in normal subjects. Neuropsychopharmacology.
2002;27(4):629-37.

16. Rimondini R, Ferre S, Ogren SO, Fuxe K. Adenosine A2A agonists: a
potential new type of atypical antipsychotic. Neuropsychopharmachology.
1997;17(2):82-91.

17. Schmidt A, Bshmer AE, Antunes C, Schallenberger C, Porcitincula LO,
Elisabetsky E, Lara DR, Souza DO. Anti-nociceptive properties of the
xanthine oxidase inhibitor allopurinol in mice: role of Al adenosine
receptors. Br ] Pharmacol. 2009;156(1):163-72.

18. Brunstein MG, Ghisolfi ES, Ramos FL, Lara DR. A clinical trial of adjuvant
allopurinol therapy for moderately refractory schizophrenia. J Clin
Psychiatry. 2005;66(2):213-9.

19. Stubbs G, Litt M, Lis E, Jackson R, Voth W, Lindberg A, Litt R. Adenosine
deaminase activity decreased in autism. J Am Acad Child Psychiatry.
1982;21(1):71-4.

20. Zoroglu SS, Armutcu E Ozen S, Gurel A, Silvasli E, Yetkin O, Meram
I. Increased oxidative stress and altered activities of erythrocyte free
radical scavenging enzymes in autism. Eur Arch Psychiatry Clin Neurosci.
2004;254(3):143-7.

21. Hettinger JA, Liu X, Holden JJ. The G22A polymorphism of the ADA gene
and susceptibility to autism spectrum disorders. J Autism Dev Disord.
2007;38(1):14-9.

22. Basheer R, Strecker RE, Thakkar MM, McCarley RW. Adenosine and sleep-
wake regulation. Prog Neurobiol. 2004;73(6):379-96.

23. Nishino S, Mignot E, Benson KL, Zarcone VP Jr. Cerebrospinal fluid
prostaglandins and corticotropin releasing factor in schizophrenics
and controls: relationship to sleep architecture. Psychiatry Res.

1998;78(3):141-50.

278 « Revista Brasileira de Psiquiatria ¢ vol 32 ¢ n° 3 « set2010



