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The atopy-predictive value of cord blood (CB) cyclic adenosine
monophosphate-phosphodiesterase (cAMP-PDE) in mononuclear
leukocytes (MN) was studied prospectively in 57 neonates. Reliable
determination of cAMP-PDE was achieved in only 20 CB samples. The
levels tended to be higher in infants developing signs of atopy up to 18 months
of age. The combination of CB cAMP-PDE and family history (FH) of
allergy showed a higher predictive value (/* = 0,040) than each of them
separately (/'= 0.370 and P= 0,102, respectively). The cAMP-PDE levels in
CB also correlated to EH of allergy/atopy in accordance with earlier
studies (? = 0,027). In conclusion, determination of cAMP-PDE in neonates
may have some predictive value, but it is not suitable for general
screening.
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The presence of elevated umbilical cord blood (CB)
IgE levels and a family history (FH) of atopic/allergic
diseases is associated with later allergic manifesta-
tions (1,2). The predictive value of several other
tests in early infancy has also been assessed, includ-
ing eosinophil and platelet counts in peripheral
blood; skin histamine reactivity; basophil histamine
releasability; and IgG, IgE, and IgD antibodies in
amniotic fluid and CB. However, none ofthe applied
methods are satisfactory for clinical use, mainly be-
cause of poor sensitivity.

Elevated cyclic adenosine monophosphate-
phosphodiesterase (cAMP-PDE) activity in CB
mononuclear leukocytes (MN) has been observed in
infants of atopic parents (4). We therefore decided
to study, prospectively from birth, the predictive
value of determination of cAMP-PDE activity in CB
MNs with regard to manifestations of atopic disease
up to 18 months of age.

Material and methods

The study group comprised 57 neonates (in Motala,
Sweden) with known family history of allergy. CB

samples were collected in heparinized (10 U/ml) test
tubes after thorough cleaning of the cord with a dry
compress. MNs were isolated, within 24 h, on
Hypaque-Ficoll (Pharmacia, Uppsala, Sweden) gra-
dients, according to Heskel et al. (4) with certain
modifications. Thus, before separation, CB was di-
luted 1:3 with Hanks' balanced salt solution (Flow
Svenska, Solna, Sweden). Contaminating erythro-
cytes in the monocyte layer were lysed by hypotonic
shock, with 6 ml water and 2 ml phosphate buffer for
20 s. The cells were then washed twice and resus-
pended in Gey's buffer. Cell samples were stained
with Wright's stain, counted in a Burker chamber,
stored at -70 °C, and then transported in frozen
condition to Portland, OR, USA, for analysis.

The cAMP-PDE levels were measured in cell
samples after freeze-thawing three times by a modi-
fication of the procedure of Thompson et al. (10).
The cAMP-PDE assay incubation mixture (0.4 ml)
contained 0.02 mM cAMP, 20 000 cpm ^H-labeled
cAMP, and a 0.02-ml sample of 3.75 mM |3 -mercap-
toethanol and 50 mM MgCls in 40 mM TRIS-HCl
buffer (pH 8.0). After incubation (30°C for 10 min),
the reaction was terminated by snap-freezing in
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ethanol/dry ice, and the mixture was boiled for 1 min.
Purified 5'-nucleotidase (0.45 U) was then added,
and the samples were incubated at 30°C for 10 min
and transferred to Pasteur pipette columns con-
taining AGI-X2 resin. Eluates were collected in
scintillation fluid, and ^H-labeled adenosine was
quantitated in a Packard Tri-Carb scintillation spec-
trometer. Enzyme activity was expressed as pico-
moles of cAMP hydrolyzed per min/mg protein (4).

The MN samples were analyzed for cAMP-PDE
content by two ofthe authors (SC, JH) without their
knowing the atopic state of the children or of their
family members.

Despite substantial effort, acceptable cell separa-
tion was achieved in only 20 CB samples, allowing
cAMP-PDE analyses of MNs without disturbing
contamination of erythrocytes, neutrophils, eosino-
phils, and immature forms (9).

Serum IgE was determined with a modified ver-
sion of Phadebas IgE PRIST® (Pharmacia, Upp-
sala, Sweden), permitting determination of low con-
centrations (3). Eor detection of any maternal
contamination of the cord serum, radioallergosor-
bent tests (Phadebas RAST®, Pharmacia, Uppsala,
Sweden) were performed on cord sera when the IgE
levels exceeded or were equal to 0.5 kU/1 with aller-
gens against which the mother was skin-prick-test
(SPT) positive, i.e., birch, timothy, cat, and dog. All
these tests on cord blood were negative.

At 3, 6, 12, and 18 months of age, the parents
completed questionnaires on allergic symptoms and
signs in their babies. They were also offered a con-
sultation and treatment if needed. A physical exami-
nation and SPT with a panel of nine allergens were
done at 18 months. The SPTs were done in du-
plicates as described elsewhere (8) with birch
pollen, Dermatophagoides farinae., D. pteronyssinus
(Phazet®, Pharmacia, Uppsala, Sweden), cow's
milk, hen's egg, wheat, and rye (Dome/HoUister-
Stier/Bayer, 1:20 w/v). If the family had a pet ani-
mal, the corresponding Phazet allergen was added to
the panel. A mean diameter equal to, or greater than,
that of Phazet Histamine on the same occasion,
and/or equal to, or greater than, 3 mm was regarded
as positive. A venous blood sample was obtained
after topical administration of anesthetic ointment
(EMLA®, Astra, Sodertalje, Sweden). The parents
also completed a questionnaire on symptoms of al-
lergic disease in the immediate family. A history of
allergy among sibhngs was confirmed by case records.
The information was also verbally confirmed during
the visit to the doctor. In addition, venous blood
samples were obtained from both parents. The atopic
state ofthe parents was assessed by SPT with 11
common allergens (see below).

The atopic state of each child was determined
from clinical findings and the questionnaire infor-

mation. Kjellman & Johansson's clinical classifica-
tion was used with minor modifications to suit 18-
month-old children (7). The children were classified
as either having or not having atopic disease.

Eor classification of EH, the previously described
family allergy score (EAS) was used (6). Obvious
atopic disease in the mother, father, or a sibling was
scored 2 points, and 1 point was scored for probable
disease. Only the highest point of a sibling was added
to the parents' EAS. Thus, the maximum EAS was
6 points.

All the mothers and 15 fathers were tested with a
panel of 11 Phazet allergens: birch, timothy, ryegrass,
mugwort, horse, dog, cat, Cladosporium, Alternaria,
D. farinae, and D. pteronyssinus, together with hista-
mine and a negative control.

The cAMP-PDE levels in the atopic and non-
atopic groups at birth and at 18 months of age were
compared by the Mann-Whitney U rank sum test
and simple regression analysis. The chi-square test
with continuity correction was used in four-field table
situations, and the Mantel-Haenszel chi-square test
was used when data consisted of several four-field
tables (5).

The study was approved by the Human Research
Ethics Committee at the University Hospital, Linko-
ping, Sweden. Informed consent was given by the
parents before entering the study.

Results and Discussion

The median and mean MN cAMP-PDE levels (pico-
moles of cAMP hydrolyzed per min/mg protein)
were 99.80 and 106.39 in the nonatopic {n = 14) and
121.50 and 127.43, respectively, in the atopic chil-
dren (« = 6; 7^=0.409) (Eig. 1, panel A). The CB
cAMP-PDE levels in the three most prominently
atopic children were 95, 99, and 145 pmol/min per
mg protein, as compared with 25, 29, 135, and 203
in the four most convincingly nonatopic children.
Thus, the cAMP-PDE levels at birth did not predict
later atopic disease.

The CB MN cAMP-PDE content was higher in
infants with EH of allergy {P = 0.027; n = 20) (Eig. 1,
panel B). This agrees with previous findings (4).

Neither CB IgE (r= 0.330; 7̂ = 0.624; n=\l) nor
IgE at 18 months (r = 0.181; P = 0.536; n=U)
showed any significant correlation with CB MN
cAMP-PDE. As shown in previous studies (7), the
IgE levels in CB and at 18 months correlated closely
(r = 0.796; 7^-0.003).

With the Mantel-Haenszel chi-square test, EAS
and CB cAMP-PDE were studied in combination as
predictors of later atopy. With cutoff levels for EAS
at 3 score points and for CB MN cAMP-PDE at
90 pmol of c AMP hydrolyzed per min/mg protein, a
significant difference appeared in this test between
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Fig. I. Cord blood tnononuclear leukocyte content of cAMP-phosphodiesterase (CB PDE) in pmol cAMP hydrolyzed per min/mg
protein in 20 samples in relation to (A) development of atopic manifestations in children up to 18 months of age, and (B) parental atopic
manifestations. Median values are indicated by squares and means by triangles.

nonatopic and atopic children (P = 0.040). Neither
FAS nor CB cAMP-PDE separately predicted atopy
at significant levels {P = 0.370 and P = 0.102, respec-
tively).

Although the study population was small, it seems
appropriate to conclude that determination of
cAMP-PDE does not appear to be highly predictive
of later allergic disease. As the method is relatively
complicated and demands a highly separated cell
population, it does not seem to be a satisfactory
screening test.

Acknowledgments
The technical assistance of the midwives Kerstin Hagersten,
Lisbeth Hjalle, Barbro Johansson, Eivor Folkesson, and Lena
Lindell is gratefully acknowledged. Financial support by the
Swedish Medical Research Council (grant no, 7510), the Medi-
cal Research Eund of the County of Ostergotland, King Gustaf
V 80 Year-Anniversary Fund, the Eirst of May Elower Annual
Campaign for Children's Health, the Consul Th, Berg Founda-
tion, the Swedish National Association for the Prevention of
Asthma and Allergy, the Sven J erring Foundation, and the Odd
Fellows Eoundation is gratefully acknowledged.

References
1, BJORKSTEN B, KJELLMAN N-IM, Immunological abnor-

malities in atopic infants, AUergologie 1989: 12 (Suppl,):
176-9,

2, CRONER S, KJELLMAN N-IM, Development of atopic dis-
ease in relation to family history and cord blood IgE levels.
Eleven-year follow-up in 1654 children, Pediatr Allergy Ini-
munoi 1990: 1: 14-20,

3, HATTEVIG G , KJELLMAN B, JOHANSSON SGO, BJORK-
STEN B, Clinical symptoms and IgE response to common
food proteins in atopic and healthy children, Clin Allergy
1984: 14: 551-9,

4, HESKEL NS, CHAN SC, THIEL ML, STEVENS SR,
CASPERSON LS, HANIFIN JM, Elevated umbilical cord
blood leukocyte cyclic adenosine monophosphate-phospho-
diesterase activity in children with atopic parents, J ,Am Acad
Dermatol 1984: 11: 422-6,

5, KiRKWOOD BR, Essentials of medical statistics, London:
Blaekwell Scientific, 1988: 101-2,

6, KJELLMAN N-IM, Serum IgE and the predictive value of IgE
determination. In: Busmco L, ed. International Allergy
Workshop: Advances in Pediatric Allergy; Rome, 23 October
1982, Amsterdam: Exeerpta Medica, 1983: 69-82,

7, KJELLMAN N-IM, JOHANSSON SGO. IgE and atopic allergy
in newborns and infants with a family history of atopic dis-
ease, Acta Paediatr Scand 1976: 65: 601-7,

8, 0STERBALLE O, WEEKE B, A new lancet for skin prick
testing. Allergy 1979: 34: 209-12,

9, PRIGENT A F , FONLUPT P. DUBOIS M , etal. Cyclic nucle-
otide phosphodiesterases and methyltransferases in purified
lymphocytes, monocytes and polymorphonuclear leukocytes
from healthy donors and asthmatic patients, Eur J Clin Invest
1990: 20: 323-9,

10, THOMPSON WJ, TERASAKI WI, EPSTEIN PM, STRADA SJ.
Assay of cyclic nucleotide phosphodiesterase and resolution
of multiple molecular forms of the enzyme, Adv Cyclic
Nucleotide Res 1979: 10: 69-92,

679




