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A II cells require a balanced supply 
of purines for growth, proliferation 
and sllrvival. The major roles of 
purines in cellular metabolism and 
function are given in Table I. In 
Figure I, a simplified outline is 
shown of the basic pathways by 
which purines are metabolised. The 
purpose of this article is to review 
those aspects of purines that appear 
unique to lymphocytes and thus 
their functions in immune pro
cesses. Basically, the rationale for 
this focus comes from the involve
ment of purines in immunodefi
ciency diseases a nd the use 0 f 
purine analogues as immunosup
pressive agents. 

Purine catabolism and immuno
deficiency diseases 

The discovery t hat hereditary 
disturbances in purine metabolism 
interfere with lymphocyte function 
has produced a n intense interest 
over the past 10 years in the bio
chemistry of the lymphoid immune 
system. 1-3 Three lymphocyte 
enzymes have been associated with 
immunodeficiency diseases: adeno
sine deaminase, purine nucleoside 
phosphorylase and 5'-nucleotidase. 

Adenosine deaminase defiCiency 
The first case of immunodefi

ciency disease associated with an in
herited purinogenic defect in lym
phocytes was reported by Eloise 
Giblett and colleagues in 1972.4 

They described two children wi th 
severe combined immunodeficiency 

disease (SCID) whose RBC and 
other tissues lacked the enzyme 
adenosine deaminase (ADA). The 
nex t year ten more cases of SCID 
associated ADA deficiency were re
ported. The parents of affected 
children were found to have re
duced RBC ADA activity indicating 
an autosomal recessive form of the 
disease. Thus it appeared that at 
least some forms of immunodefi
ciency disease were "inborn errors 
of metabolism." 

Adenosine deaminase (adenine 
aminohydrolase) (E.C. 3.5.4.4) 
catalyses the irreversible deamina
tion of adenosine to inosine or de
oxyadenosine to deoxyinosine. 
ADA has a monomeric structure 
and a molecular weight of 38,000 
daltons when extracted from RBC. 
RBC ADA is the smallest and sim
plest form of the enzyme. Several 
different tissue-specific isozymes 
exist consisting of two catalytically 
active subunits identical to RBC 
ADA - combined with a dimeric 
conversion factor or binding pro
tein of 190,000 daltons. The pro
perties of the human red cell ADA 
enzyme h ave been described in 
detail by Daddona and Kelley. 5 

ADA occurs in most body tissues. 
Especially high levels of ADA en
zyme activity are found in thymus, 
spleen and other lymphoid tissues. 

ADA deficiency is characterised 
by both T and B lymphocyte de
fects. There is a profound lympho
penia, absence of delayed cuta

neous hypersensitivity and reduced 
responsiveness of lymphocytes to 
mitogens, allogeneic cells, and other 
antigens. 1 There is severe h ypo
gammagloblulinaemia 0 r agamma
globulinaemia with no evidence of 
specific antibody synthesis. Such 
individuals are prone to increasingly 
severe infections with eventual fatal 
outcome in the absence of success
ful therapy. Successful immuno
logical reconstitution has been 
achieved in ADA deficient SCID 
patients with histocompatible bone 
marrow transplantation. 6 Another 
therapy effective in some indivi-

Table 1 Purine functions. 

1. 	Energy metabolism (A TP) 

2. Monomeric 	 precursors of DNA and 
and RNA 

3. 	Structural components 
a) Coenzymes (FAD, NAD, NADP) 
b) Methyl donor (SAM) 

4. 	Regulatory roles 
a) Metabolic signals (cAMP/cGMP) 
b) Allosteric effects 

5. Physiological roles 
a) Smooth muscle 
b) Platelets 
c) Neurotransmission 

*From the Department of Immunology and 
Biochemistry. Anned Forces Research Institute 
of Medical Sciences (AFRIMS). Bangkok. Thai
land 
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Fig. 1 Purine pathway enzymes 
I) Phosphoribosyl pyrophosphate synthetase (EC 2 .7-6. 1), 
2) Amidophosphoribosyl transferase (EC 2.4.2 .14), 
3) (De Novo pathway enzymes), 
4) IMP dehydrogenase (EC 1.2.1.14), 
5) GMPsynthetase (EC 6.3.5 .2), 
6) Adenylosuccinate (AMPS) synthetase (EC 6.3.4.4) , 
7) Adenylosuccinate lyase (EC 4.3.2.2), 
8) GMP reductase (EC 1.6.6.8), 
9) AMP deaminase (EC 3 .5.4 .6), 

10) 5' -nucleotidase (EC 3.1.3 .5), 
II) Adenosine kinase (EC 2.7.1.20), 
12) Hypoxanthine - Guanine phospho ribosyl transferase (EC 2.4 .2.8), 
13) Adenine phosphoribosyl transferase (EC 2.4.2 .7 ), 
14) Adenosine deaminase (EC 3 .5.4.4), 
15) Purine nucleoside phosphorylase (EC 2.4.2.1), 
16) Guanine deaminase (EC 3.5.4.3), 
17) Xanthine oxidase (EC 1.2.3.2), 
18) Ribonucleotide reductase, 
19) Protein carboxymethylase (EC 2.1.1.24), 
20) S-adenosylhomocysteine hydrolase (EC 3.3.1.1), 
21) Adenylate cyclase (EC 4.6 .1.1), 
22) Guanylate cyclase (EC 4.6 .1.2) 

duals involves infusion of nonnal A number of biochemical mecha
irradiated RBC as a source of nisms have been proposed to ex
encapsulated ADA which can result plain how ADA deficiency affects 
in restoration of immune re the function of lymphocytes. No 
sponses. 7 This fonn of enzyme re single proposal has as yet been to
placement therapy is particularly in tally accepted . There are four basic 
teresting in that the RBC enzyme biochemical changes observed in 
acts to correct the biochemical ADA-SCm patients. I) elevated 
problem in ADA defective lympho plasma adenosine and deoxyadeno
cytes. This observation suggests sine;8 2) accumulation of adenosine 
an important relationship between deoxynucleotides, especially dATP, 
RBC and lymphocytes in tenns of in lymphocytes and RBC;9 3) in
systemic purine homeostasis. creased cAMP levels ~j"1 lympho-
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cytes;1O and, 4) decreased S-adeno
sylhomocyt-eine hydrolase activity 
resulting in accumulation 0 f S
adenosylhomocyteine which can in
hibit S-adenosylmethionine mediat
ed me thyla tion reactions. ll This 
latter effect may be due to the high 
level of deoxyadenosine which acts 
as a "suicide" inhibitor of S-adeno
sylhomocyteine hydrolase. '2 A 
combination of these biochemical 
changes may p r.ovide a plausible 
basis for the lymphocyte dysfunc
tion in ADA deficiency. The 
sequence of toxic events may be as 
follows. The absence of ADA acti
vity leads to accumulation of 
adenosine (AR) and deoxyadeno
sine. Deoxyadenosine (dAR) is 
acted on by nucleoside kinase (dAR 
kinase occurs specifically in lymp
hoid tissues) producing increased 
("trapped") dATP. The accumulat
ed dATP acts to allosterically in
h ibit ribonucleotide reductase 
which leads to disruption of DNA 
synthesis and thus lymphocyte 
killing. An interesting alternative 
hypothesis has been recently 
advanced by Carson and collea
gues l3 who proposed that the 
eleva ted dATP levels kill rna ture re
sting T lymphocytes by depleting 
ATP levels. This could well be a 
contributing biochemical factor 
that in combination with dATP 
mediated ribonucleotide reductase 
inhibition produces an overwhelm
ing metabolic disruption in ADA 
deficient lymphocytes. 

Purine nucleoside phosphorylase 
deficiency 

Following the discovery of the 
association of ADA deficiency with 
SCID, a second purine defect was 
discovered during active screening 
of patients for ADA deficiency . 
Again in 1975, Eloise Giblett and 
colleagues described an association 
of purine nucleoside phosphorylase 
(PNP) deficiency with a selective 
T-Iymphocyte dysfunction . 14 Like 
ADA deficiency PNP deficiency is---a 
autosomal recessive disease. 

Purine nucleoside phosphorlyase 
(purine riboside - orthophosphate 
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ribosyl transferase) (EC 2.4.2.1) 
catalyses the reversible coversion of 
guanosine and deoxyguanosine to 
guanine and of inosine and deoxy
inosine to hypoxanthine. The en
zyme occurs in most tissues with 
particularly high I evels in RBC. 
Red cell PNP is a trimer composed 
of identical 28,000 dalton subunits 
with each subunit having one sub
strate-binding site. ls The RBC 
isozyme shows a seven-banded 
pattern on starch gel electrophore
sis with the slowest moving band 
representing the primary gene pro
duct; other bands represent postge
nic modifications. 16 

Clinically, PNP deficient indivi
duals have a severe lymphopenia 
with marked loss of T-Iymphocyte 
function. There appears to be a 
total loss of T suppressor lympho
cytes. 17 B-Iymphocyte functions 
are intact with no impairment of 
specific antibody synthesis to im
munising antigens. Most children 
show a hypergammaglobulinaemia 
characterised by monoclonal IgG 
spikes.2 There is some evidence of 
autoimmune disease. lndividuals 
tend to have infections that are pre
dominantly viral in nature. Overall 
there is an age-dependent progres
sive organ failure particularly involv
ing the thymus-dependent lym
phoid system. I 

The major biochemical features 
of PNP deficiency are: I) increased 
levels of deoxyguanosine and 
deoxyinosine in urine and serum;18 

,l 	 2) marked decrease in serum uric 
acid levels with attendent hypouri
cosuria .19 and 3) a dramatic increase 
in dGTP levels in lymphocytes and 
RBC. 20 

A biochemical mechanism to ex
plain the selective T cell defect in 
PNP deficiency disease may be 
developed as follows. Absence of 
PNP activity leads to the accumula
tion of deoxyguanosine (dGR). 
The dGR is acted on by lympho
cyte dGR kinase to produce dGTP 
which is trapped intracellularly. It 
is noteworthy that thymus contains 
the higllest levels of dG R kinase in 
the body. dGTP then acts to in

hibit ribonucleotide reductase 
which leads to disruption of DNA 
synthesis. dGR and dGTP appear 
to be extremely toxic to T-suppres
sor lymphocytes but less so to T
helper lymphocytes. 17 This d if
ferential toxicity may explain the 
sparing of antibody mediated im
mune function in PNP deficiency. 

A basically unaddressed but 
fundamental concern in trying to 
mechanistically explain the immune 
defect in both PNP and ADA de
ficiency is how the observed bio
chemical changes relate to the onto
geny of T and B lymphocytes in 
these disease s ta tes. Research is 
currently underway on this issue 
and results from these studies may 
improve our understanding of the 
fundamental role of purines in im
mune cell function . 

5'Nucleotidase deficiency 

Deficiency of lymphocyte ecto
5' nucleotidase has been reported in 
certain patients with adult-onset 
hypogammaglobulinaemia , Wiskott
Aldrich syndrome and familial reti
culoendotheliosis.2 

Ecto-5' nucleotidase (5' -ribonu
cleotide phospho hydrolase) (EC 
3.1.3.5) is a surface enzyme that 
catalyzes the conversion of 5'
nuceotide monophosphates to their 
respective purine bases (5' -MNT D 
> Purine Base + Pi). At present it is 
uncertain whether there is a true 
etiological relationship between the 
enzyme deficiency and the immune 
dysfunction associated with such a 
diverse group of immunological 
disorders. I ,2,21 

Attempts to understand a pos
sible role of ecto-5' -nucleotidase in 
immu ne cell function have forced a 
close look a t the role 0 f this 
enzyme in intermediary metabo
lism. As a result of such studies evi
dence has been obtained for the 
presence of cytoplasmic 5'-nucleo
tidase. 22 Particu larly in teresting is 
the observation that B Iympho
blasts contain considerably more 
cytoplasmic 5' -nucleotidase activity 
than T Iymphoblasts. Such a meta
bolic difference between T and B 

cells could explain in part the dif
ferential behavior of these cells in 
PNP-deficiency disease. 

Another interesting observation 
has been the demonstration of a 
lymphocyte ecto-ADPase. 23 During 
platelet aggregation ADP is released 
into the extracellular space. Given 
ADP as a physiological sub
strate, lymphocytes thus have 
an ectoenzyme system for loca
lised production of adenosine (viz: 
ADP ADP-ase. AMP 5'-NTD-ase AR). 

Adenosine: role in normal lym
phocvte function. 

The biochemical consequences 
of ADA and PNP immunodefici
ency diseases suggest that pathways 
of purine nucleoside catabolism are 
essential to norma I Iymphocy te 
function . Perhaps more important
ly they suggest that the nucleosides, 
adenosine a nd guanosine, whose 
turnover is regulated by these cata
bolic pathways have critical roles in 
cellular function. In particular 
adenosine has been increasingly re
garded as having the role of an im
munoregulatory molecule. There is 
now considerable evidence that ex
tracellular adenosine has an im
portant physiological role as a re
gulator of adenosine 3', 5' -mono
phosphate (cAMP) metabolism 24 

The prospect that adenosine acts as 
an intercellular messenger capable 
of influencing second messenger 
effects mediated by intracellular 
cAMP is both novel and exciting. 
Implicit in this concept in which 
adenosine has the role of a first
messenger is the requirement that 
the adenosine molecule interact 
with a specific receptor on the 
lymphocyte surface. 

Adenosine has been shown to in
hibit a number of lymphocyte re
sponses both in vivo and in vitro. 
The in vivo effects have already 
been discussed under the enzyme 
associated immunodeficiency d is
eases. In vitro effects of adenosine 
are as follows: I) inhibition of PHA 
induced lymphocyte blastogene
sis ;2S 2) inhibi tion of Con A in
duced lymphocyte blastogenesis;26 
3) inhibition of lymphocyte-me

http:ecto-ADPase.23
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diated cytolysis27 - effects aug
mented by the presence of an ADA 
inhibitor; and 4) inhibition of poke
weed mitogen - stimulated synthe
sis of IgG by B lymphocytes.28 

A number of mechanisms have 
been proposed to explain the inhi
bition by adenosine of lymphocyte 
responses: I) uptake of adenosine 
leading to increased cAMP produc
tion;29 2) cAMP phosphodiesterase 
inhibition shuting off catabolism of 
cAMP;30 and, 3) adenosine mediat
ed activation of cAMP.3l All three 
proposals have in common the final 
effect of increased cAMP. Adeno
sine binding studies32 and work 
with competitive inhibitors of 
adenosine24 support, however, the 
concept of a specific plasma mem
brane receptor to which adenosine 
binds a t physiological concentra
tions. In teraction of the adenosine 
molecule wi th its receptor on the 
lymphocyte surface then leads to 
activa tion of adenyla te cyclase and 
consequent increased production of 
intracellular cAMP. Figure 2 
shows a generalised model for the 
adenosine receptor - adenyla te 
cyclase system. 

What this model attempts to do 
is bring together what little is 
known about adenosine receptors, 
adenylate cyclase and cAMP me
diated cellular responses a nd to 
apply this in the context of Iym-
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Fig. 2 A generalized model for the adenosine receptor - adenylate cyclase system for 
cAMP. Al and A2 are R-site adenosine receptors. 

phocyte function. Adenosine 
effects on adenylate cyclase appear 
to be mediated via two types of 
receptors tenned R-sites and P
sites.33 R-site adenosine receptors 
are located on the ou ter surface of 
the plasma membrane. R-receptors 
activate adenylate cyclase (AC), [e
quire an intact ribose moiety in the 
effector molecule and are antago
nised by theophylline. Rec;ently 
R-receptors have been divided into 
two su bclasses - A I and A2.34 A I 
adenosine receptors are inhibitory 
to AC and show high affinity with 
a Ki for adenosine and analoges of 
between 5 to 50 nM. A2 adenosine 
receptors stimulate AC and are 
characterised by low affinity with 
Ki in the range of 5-20 J..LM. The 
case for A2 receptors on lympho
cytes is well established whereas A I 
receptors have only been demon
strated on a few other cell types. 
P-si te adenosine receptors are loca t
ed on the inner surface of the cell 
membrane and always inhibit AC. 
These are low affinity receptors 
that require an intact purine ring 
and are not antagonised by theo
phylline. There is some evidence 
that the P site receptor may be re
gulated by nucleotide analogues of 
adenosine such as 5'-AMP.34 

Given a stimulatory interaction 
of adenosine with a lymphocyte 
surface A2 receptor the molecular 

INTRACELLULAR SPACE 
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sequence of events would be basi
cally as follows (Figure 2). Binding 
of adenosine to its membrane re
ceptor (A2) triggers the GTP de
pendent activation of AC by a 
membrane bound coupling pro
tein. 35 cAMP synthesised from 
ATP by AC diffuses through the 
cytoplasm and activates cAMP-de
pendent protein kinase, which in 
turn catalyses the phosphorylation 
of specific substrate proteins (S), 
usually enzymes (Figure 2). The 
phosphorylated substrates (S 'V P) 
due to their altered activity pro
d uce the characteristic effects of 
cAMP at specific intracellular loci. 
cAMP phosphodiesterase regulates 
activation by degrading the newly 
produced cAMP. Further regula
tion is accomplished by cellular 
phosphatases which dephosphory
late the substrates of cAMP-depen
dent protein kinases. This model of 
adenosine mediate cAMP produc
tion provides a conceptual frame
work for consideration of adeno
sine and cAMP roles in lymphocyte 
function. 

Basically, as already noted, in
creased cellular cAMP blocks the 
proliferative response of lympho
cytes to mitogens and inhibits an
tigen induced secretion of lympho
kines and direct lymphocytotoxi
city . It is important to emphasise, 
however, that these basically inhi
bitory effects of cAMP on lympho
cyte function are occuring in initial
ly resting peripheral blood lympho

tcytes. The absence of a physiolo
gical response may be simply due 
to a block in the cell surface trigger
ing mechanism which produces a 
specific effector cell proliferative 
response. Indeed there is evidence 
for a positive cAMP influence over 
cellular differentiative processes .
Thus consideration must be given 
to the stage of lymphocyte develop
ment and the physiological com
partment in which cAMP mediated 
responses occur. 

A fascinating observation regard
ing cAMP and lymphocyte function 
has to do with the fonnation of 
rosettes between sheep RBC (E) 

. 
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and human lymphocytes (RFC). 
The sheep cell receptor is a surface 
marker for T lymphocytes37 (T cell 
E-rosettes are referred to as E-RFC). 
The formation in vitro of E-RFC is 
inhibited by agents which raise in
tracellular cAMP levels. 38 Using 
this observation it is possible to 
separate T lymphocytes into 
theophylline - resistant (Tr) E
RFC (E rosette formation in the 
presence of theophylline) and 
theophylline-sensitive (Ts) E-RFC 
(no E rosette formation in the pre
sence of theophylline). 39 Based on 
an antigen-specific in vitro anti
sheep-RBC plaque-forming cell 
(PFC) assay Tr E-RFC are helper T 
cells and Ts E-RFC are suppressor 
T cells. 39 It has been demonstrated 
that almost all Ts E-RFC have Fc 
receptors (FcR) for IgG (RFc-y+) 
whereas essentially none of the Tr 
E-RFC have FcR for IgG (RFc'Y-) . 

Recently it was shown that treat
ment of Tr lymphocytes with 
adenosine or impromidine (an H2 
histamine agonist) produced an in
crease in the percentage of RFc-y+ 
cells showing suppressor activity 
against B cell immunoglobulin syn
thesis. 28,40 Th is was the first direct 
evidence for an immunoregulatory 
role of adenosine on lymphocyte 
function. 

In vitro adenosine clearly has a 
direct role in the modulation of 
lymphocyte function through its in
teraction wi th a specific receptor 

J. capable of mediating intracellular 
" cAMP response. The situation in 

vivo is more difficult to assess. Al
though adenosine is being con
tinually generated its turnover in 
the extracellular environment is 
very rapid. The magnitude of 
adenosine production and catabo
lism can be most appreciated by the 
consequences observed in ADA or 
PNP deficiency states where toxic 
levels of nucleotide and products 
rapidly accumulate . What probably 
occurs is a finely tuned steady-state 
which permits a constant but criti-

U cal range of adenosine concentra
tion to be in contact with cell sur
face receptors, enzyme activities 

and nuCleoside transport loci. Per
turbation in adenosine homeostasis 
would be expected to influence 
adenosine-receptor interactions in a 
manner that produces either com
pensatory or abnormal cellular re
sponses. 

Adenosine: role in abnonnal lym
phocyte function 

Recent work by Steven Polmar 
and colleagues41 provides strong 
evidence for what appears to be an 
immunoregulatory defect in syste
mic lupus erythematosus (SLE) due 
to an abnormality in adenosine re
ceptor-mediated cAMP metabo
lism . SLE is an autoimmune dis
ease characterised by impaired sup
pressor T-Iymphocyte function dur
ing active disease. In particular 
SLE T-Iymphocytes do not develop 
suppressor activity in response to 
concanavalin A.42 

When normal human Tr lympho
cytes are exposed to 10 J..LM adeno
sine (30 min, 3TC) there is an in
crease in the percentage of cells ex
pressing RFc-y+ with a proportional 
increase in OKT8 and decrease in 
OKT4 antigens.4o Tr lymphocytes 
are enriched for helper/inducer cells 
which have the OKT4 antigen. 41 

The Tr (RFC'Y-) lymphocytes act 
as helper cells in pokeweed mito
gen-induced differentiation 0 f B 
cells to cytoplasmic immunoglobu
lin-containing plasma cells. Adeno
sine treatment of Tr lymphocytes 
produces a loss of helper function 
with active suppression of B cell 
differentiation corresponding to an 
increase in RFC'Y+ and OKT8 ex
pression.40 In comparison, adeno
sine treatment of Tr lymphocytes 
from patients with SLE does not 
produce an increase in the propor
tion of OKT8+ (RFC'Y+) cells and 
there is no induction of immuno
suppressor activity .41 Incubation of 
normal Tr lymphocytes with adeno
sine produces a transient increase 
(160% of control, 5 min) in cAMP 
levels whereas SLE Tr lymphocytes 
show a fall (50%, 5 min) in cAMP 
levels. Treatment of both normal 
and SLE Tr lymphocytes with 8

bromoadenosine cyclic monopho
sphate (a cAMP analogue that tra
verses the cell membrane) produces 
an equivalent increase in the 
OKT8+ (R Fc-y+) cell fraction. Pol
mar et al,41 interpret these results 
as indicating that cAMP mediates 
the effects of adenosine on cell sur
face markers of T lymphocytes and 
suggest that the lack of an adeno
sine receptor - coupled adenyla te 
cyclase activity in SLE Tr lympho
cytes accounts partly for their lack 
of immunosuppressive activity. 

Another example of how altered 
adenosine metabolism may in
fluence lymphocyte function in a 
disease state comes from recent 
work in our laboratory. We have 
observed a marked increase in ADA 
activity in haemolysates from mala
ria infected humans (P. jalciparum) 
and monkeys (P. cynomolgiJ. 43 A 
distinct malaria parasite enzyme 
was identified using a noval biolo
gical isolation technique that in
volved growing the human parasite 
in ADA deficient host RBC. 44 

We were particularly interested 
in the implications of elevated ADA 
activity in the peripheral blood for 
overall purine homeostasis. One 
prediction would be a decrease in 
the steady-state concentration of 
adenosine in the extracellular com
partment. This could influence the 
intercellular messenger role propos
ed for adenosine and alter adeno
sine-receptor interactions with a 
consequent perturbation in lym
phocyte cAMP metabolism. 

When peripheral blood lympho
cytes were isolated from individuals 
with acute P. jalciparum malaria a 
6-fold decrease in endogenous 
cAMP level was observed for mala
ria lymphocytes compared to 
normal controls . The effect of 
adenosine on cAMP levels in malaria 
and normal lymphocytes is present
ed in Figure 3. In normallympho
cytes exposure to adenosine (I OJ..LM) 
produced an increase in cAMP level 
that appeared maximal at 20 min
utes. Malaria lymphocytes, however, 
showed a significant depression in 
the cAMP response to exogeneous 
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PERCENT CHANGES IN cAMP LEVELS AFTER ADENOSINE 

TREATMENT (P. falciJ)arum MALARIA) 
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Fig. 3 Percent change in cAMP levels foUowing adenosine treatment. Normal(e) and 
malaria (-) lymphocytes were incubated with to pM adenosine . Aliquots were 
removed at the indicated times, boiled for 3 min, and cAMP determined by radioim
munoassay. (values are mean ± SEM, n =4) 
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adenosine. Similar observations 
were made on lymphocytes from 
P. cynomolgi infected rhesus 
monkeys.4S In these studies a 
marked decrease in mitogen in
duced blastogenesis was found in 
parallel with the cAMP depression. 
Recovery of both the biochemical 
and functional defects were observ
ed during convalescence. These 
data suggest that malaria lympho
cytes acquire a reversible defect in 
cAMP production that may be 
related to an uncoupling of the 
adenosine receptor from adenyla te 
cyclase. The mechanism for the 
cAMP defect is currently under 
study. 

Summary 

Purines have multiple roles in 
cellular function. In addition to 
their fundamental role in interme
diary metabolism purines appear to 
have a special role for lymphocytes 
in immune processes. Studies of 

immu ne deficiency diseases have 
shown that enzyme defects in the 
purine nucleoside catabolic path
ways can produce accumulation of 
toxic metabolites that interfer dras
tically with both cell-mediated and 
humoral immunity. Under normal 
conditions the purine nucleoside, 
adenosine, appears to have an im
munoregulatory role functioning as 
an intercellular messenger molecule . 
Lymphocytes have surface recep
tors for adenosine that are coupled 
to plasma membrane adenylate 
cyclase. Exposure 0 f helper/in
ducer T lymphocytes to adenosine 
produces a rapid change in the ex
pression of cell surface markers 
(OKT antigens and Fc receptors for 
IgG) accompanied by the appea
rance of suppressor activity. These 
affects appear to be correlated with 
adenosine receptor mediated 
changes in cAMP. Alterations in the 
adenosine receptor/ adenylate cyc
lase system have been identified in 
systemic lupus erythematosus and 

fl· 
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malaria infection which may, with 
further work, clarify the role of 
purines in the molecular control 
of lymphocyte function in immune 
regula tio n. 
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