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Human Leukocyte Cyclic AMP
and Cyclic GMP Levels during Chemotaxis
in Delayed Type Hypersensitivity
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Ten mckelallerge pasieris and i healthy ontrol subjects participated in « suuds of the
morphiologs Kinetics and evolution of the (AMP and <CATP concentrations of migraed

fewkocvies, using an improved skin cramber technigue. Also studied was the etlect of nickel
exposure in the chamber medium during development of an ecrematous reaction i the
mckelallergc patients. Nickel exposure Bad 4 specific estect on the morphologs. rom the
2ah hout ¢ the end of the 45 b obsersation pesiod. with a sgnificani increase 1 the
percentages ol hasaphils. conmophils an
significantly increased leukocte niigrtio
B i sis of the allergic pasents exposed 1 nickel
Canges i CANP and <GP concentrations during nickel exposure. {he control chambers
0t the allergi pients and healihe controis bad ientical leuboc e morphologs, LAR and
lewkoeste concentrations ol AMP and <GP, Howeser. no cosrelations were found
hetween LMRLCAMP and (GMP in the eczema parents thyoughaut the obseryation period.

Inmphocytes and 4 decrease of neutraphils. A
e (LMR was obsersed $rom the 27th 10 th

There were no specific permanent

Kev oo CAMP and cCMP: leukacve dhemotasis: nicke! allergy

Srepind for pubhcation 25 September 1957

Chemotaxis and chemokinesis are considered
the most important processes for the induction
of leukoeyte migration to sites of inflammation.
Chemotaxis s the directed locomotion of cells.
induced by a gradient of chemical substance.

shape (polarization) (4). During the induction
phase of chemotaxis and chemokinesis. mea-
surements of PMN cAMP have shown an in-
creased concentration. Also, sustained changes
o PMN cvclic nucleotide levels seem to modul-
ate Agents that elevate cAMP, such

: is the non-directed
Both chemokinesis and chemotaxis are pre-
ceded by the binding of chemoattractants 10
specific receptors on  polvmorphonuclears
(PMN} and monacytes (25). The molecular
events that occur within a few minutes of this
binding are not fully known, but some compo-
nents are well described. Changes in membrane
potential are followed by other ionic events (4).
increase of cyclic AMP (14. 19, 203, alteration
in phospholipid methylation (10, 11) and activ-
ation of arachidonate metabolism (11, 25)
These events are followed by reorganization of
evtoskeletal elements, including a change in

as Beadrenergic agonist. phosphodiesterase in-
hibitors and histamine (7. 21), depress chemo-
taxis. whereas agents that elevate cGMP en-
hance chemotaxis (9. 23. 24). The mechanism
by which intracellular cyclic nucleotide changes
effect leukocyte locomotion is unknown, al-
though they are suggested to affect micro-
tubule assembly either directly or through an
effect on stored Ca?* (1. 16). To elucidate the
proposed importance of cvclic nucleotides in
the regulation of chemotaxis, release of en-
2ymes (26. 27. 32) and phagocytosis (8, 12, 18).
we have measured the in vivo cell migration
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and the cvclic nucleotide concentrations of
mobilized leukocvtes. We found it of special
interest 0 investigate nickel-allergic patients
during the development of an eczematous re-
action. as a model of a cell-mediated immune
veaction.  Allergen-aciivated hmphocvies re-
lease a number of soluble lvmphokines i it
(29). The morphology and migration of ex-
udated leukocvies in nickel allergy (15} may be
explained by Wmphokine activities. A recent
study by Bendizen et al indicates that
changes in cvelic nucleotides modulate the effect
of Imphokincs. It is unknown whether the cell-
mediaied immune reaction produces perma-
nent changes in the cvlic nucleotide levels of
the activared leukocvies. Bv use of the skin
chamber technique with nickel exposure we
have attempted 0 answer this question

METHODS

Subjects

The swds comprised 16 volunteers of both
sexes. divided into 1o groups.

Group I consisted of 10 patients (Nos. 1-10; (8
females. 2 males): mean age 37 vears (age range
20-65). all had an allergic contact dermatitis
nickel. clinically verified by the history and
patch tests. Patch testing was performed accord-
ing 10 the recommendations of the Internatio-
nal Contact Dermatitis Research Group with
5.0% nickel sulphate in petrolatum, In all cases
the nickel patch tests were strongly positive
(ervihema, oedema and vesicles). At the time of
the investigation the eczema was inactive or only
mildly active. The forearm was uninvolved in
cach patient. and the eczema never exceeded
3% of the skin surface

Group 11 consisted of six healthy controls (Nos
11-163 (5 females and | male); mean age 26
vears (age range 23-32), with no eczema or
hiscory of allergic contact dermatitis. Patch tests
for nickel sulphate, potassium dichromate and
cobalt chloride were negative in these patients
Neither group was undergoing medical treat-
ment at the time of the investigation and no

svstemic glucocorticoids had been given for at
least 6 months. and no other antiinflammatory
drugs tincluding wopical ghicocorticoids) for at
least 3 davs. Patient No. 9 had psoriasis and
patient No. 14 suffered from seborrhoeic derm-
atitis and multiple sclerosis. None of the patients
had anv signs or history of atopic disease. All
patients showed normal blood leukocvie and
differential counts

Informed consent. in accordance with the
principles of the Helsinki Declaration was ob-
tained from all subjects

Skin chamber techmique

A dermabrasion was performed on the inner
surtace of both forearms of the patients with
nicke! hypersensitivits and on the right fore-
arm of the controls. as previously described
(151, Briefly. an abrasion of the epidermis was
performed with a surgical scalpel leasing a uni-
formly glossy area with the capillary network of
the corium visible but no bleeding. The de-
nuded area vaned in size between 15 and H
cmt A sterile chamber of epoxy mate
sealed over the skin window with glue (Duco-
cement Dupont de Nemours SA. Belgium) and
hypoallergic tape

1n order 10 evaluate the surgical removal of
epidermis, biopsies were taken from different
areas of the skin windows. The hisiology of the
dermabrasion revealed almost total removai of
the epidermis leaving the basal membrane and
one or more lavers of stratum spinosum intact

1) was

Chamber media and collection procedure

The chamber medium was autologous serum
obtained 24 h prior 1o the investigation under
strictly sterile conditions and left at 4°C 1o allow
complete degradation of cvclic nucleotides in
serum. The right chambers of the eczema pa-
tients and controls were filled with 6.5 ml auto-
logous serum containing 10 my EDTA im-
mediately after the chambers were applied and
at each collection time. EDTA was added to the
media 10 prevent degradation of cvelic nudleo-
tides from the exudate of the skin window. The
chamber medium used in the left chamber of
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the nickel-allergic patients was 0.5 ml auto-
logous serum with 10 mv EDTA and 10 my
nickel sulphate. Chamber medium was collect-
ed every 3rd hour during the davtime and
evenings from all patients. Supplementary cob-
lections were performed during the night
periods. Collecied cells were counted in a modi-
fied Neubaur haemocstometer. Smears stained
by the May-Grinwald-Giemsa technique were
done on aliquots of the collected celis, and the
frequency of the different leukocvtes was cal-
culated in a count of 300 cells. The numbers of
mobilized cells migrated per hour per cm* of
denuded areas were computed

CAMP and (CMP determinations

Immediaely after the collected cells had been
separated by centrifugation. the enzymatic ac-
tivir of the cells was terminated by boiling for 3
161, Radiommunoassay for de-
proteinization of the cells with ethanol
quantitation of AP and (GMP. as previously
described (16, 20

set was used

of and

Statisties

The morphology of the migrated leukoc tes was

evaluated by Wilcoxon's rank sum test. The

Cellubar morphology i he exudine ot 12,
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variation in time of the leukocyte migration rate
(LMR) and the concentration of cAMP and
cGMP were evaluated by two-way analvses of
variance of the logarithmic observations. The
differences between LMR. cAMP and ¢GMP
measurements in the right and left arm of the
eczema patients were appraised by paired
Student ¢ tests (ogarithmic scale (using a pool-
ed variance for al patients)

RESULTS

Climical vespomse and movphology of the chamber cells

The clinical and morphological response o
nickel exposure has been previously published
{151 The numbers of eosinophils and basophils
were sparse, and as we were aware that differ-
ential counting of only 100 cells might be insuf-
ficiem
counted in this studs 10 enable proper statistical
analvses. The data obtained are presented in
Table 1. A significant increase in the percent-
ages of eosinophils and basophils in the nickel-
exposed chambers was observed from the 24th
hour 10 the end of the observation period.
followed by an increase of Ivmphocvies and a
decrease of neutrophils

for a detatled analysis, 500 cells were

21and 32 b atier start of skin window

PAN (G

2 howrs,

Tvephocites (51

Monocutes 17y Basophils (%1 Eosinophils (51

Healthy voluneers OXLORAGT bRl e w0 -0
Nickelallergics without nickel R o 02 a0
Nickel-allergics with nickel GKOWLOOE LR e 0.3 201 i

24 hours

Healthy soluneers GLLOE-ONGI AROASA el (R 0w
Nickelallergics without nickel 975 (87 69861 1704114 06014 0L o
Nickel-alergies with nickel GLIGGEE AR BBO206 SR Ao
42 hours

Healthy volunteers TN LN 022 02004 0 e
Nickelallergics without nickel 967 @28-996) 16 @260 Low-28 21 0w
Nickel-allergics with nichel BOD(ARTRS T 026t 81041 6) BUGERE I e

Median salue and obsersed range by the counting of 500 cells it
P < 0,05 (Wilcoxon's rank sum tests

each collection. Differenies between groups ate indicted by
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Fig 5 Average profiles of the mean values (logarichmic
scaler for eyelic CMP concentrations during the obsersation
period for controls (52, nickel-allergic patients nox
exposed 0 nickel (G——C1. and nickeballergic patients
exposed to nickel (i

Leukocyte migration rate (LMR)

The kinetics of leukoeyte mobilisation are ¢lu-
cidated by the measurement of LMR. Al pa-
tients showed a low, but increasing LMR
during the first 6 h, during the rest of the

observation period the LMR fluctuated around
a higher level. The profiles depict an almost
identical patern for all groups during the 6th
to the 39th hour. An analysis of the congru-
ency of the average profiles of LMR (Fig. 1)
between each group in this period revealed no
significant differences (P > 0.05).

Subsequendy. the LMR levels in each eczema
patient with and withow nickel exposure were
tested by paired Students Uiest during the bth
to 15th hour and 27th 10 3%th hour. In the
latter period six patients (Nos. 1, 2. 8. 4. T
had an increased LMR (P < (.03) in the nickel-
exposed chamber. Three patients (Nos. 6. 9
101 showed no change in LMR and one patient
(No. ) had a statistically higher LMR (P <
0.05) in the chamber without nicke exposure.

The addition of 10 my EDTA to the auto-
logous serum revealed no difference in LAR
(data not shown).

CAMP and CGMP concentrations in the
migrated leukacytes

At the 3 h and 6 h collections the concentra-
tions of the two nucleotides were high. but
during the remainder of the
period onlv small oscillations were observed
cAMP concentrations were about 260 tmol 10"
leukocvtes and cGMP concentrations about 17
fmol 105 leukocyies. and both nucleatides ex-
hibited characteristic diurnal fluctuations from
the 6th to the 39th hour. ¢cAMP and cGMP
profiles of both groups showed almost identical
oscillation patterns between the 6th and the
39th hour.

An analysis of congruency of the average
profiles for cAMP (Fig. 2) and cGMP (Fig. 3)
revealed no significant differences between the
groups (P > 0.1

To examine whether nickel exposure
changed the cAMP and cGMP levels i the
chambers of the allergic patients. the (AMP
concentrations in the chambers with and with-
out nickel exposure were compared. The results
showed no difference in any patients, except for
patient No. 4. who had a statistically lower
cAMP concentration (P < (.05) in the nickel-
exposed chamber throughout the entire ob-

observation
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servation period. The corresponding results for
CGMP revealed that four patients (Nos. 2. 3. 6,
7 had a low ¢GMP level in the exposed cham-
ber from the fith 1o the I5th hour and four
4.5) from the 27th 10 the

patients (Nos. 1.2,
39th hour

Relation petween LMR, AMP and «GMP
i migrated lekocvies

‘The results n Figs. 1.2 and 3 indicate a reverse
relation between MR and the two evelic nu-
deotides. However,
between MR, CAMP and cGMP in an analysis
of the difference between the chamber values
for the eczema patients throught the observa
tion period

na correlations were found

DISCUSSION

The morphological pieture of the skin window
exudate during nickel exposure is quatitatively
consistent with the morphological picture ob-
wained by skin biopsics from allergic contact
dermanitis patients (3.5 that
nudear cells dominaie in skin biopsies while
PAMN dominates in
pancy mav be ascribed o the characier of the
allergen-exposed skin windon. being a combina-
ton of a specific and non-specific inflammation
In agreement with other studies 13, 13, 31 of
allergic contact dermaticis using different tech-
niques, the early appearance of hasophil leuko-
cvies, appros. 24 b after the initial application
of an allergen, seems 10 be a characieristic
finding in allergic hypersensitivity reactions.

hexcept mono-

the exudate. This discre-

Leukocyte migration is the result of humoral
and cellular factors and depicts the mobilisation
1o an inflammatory lesion via the blood (30)
The LMRs of the eczema patients with nickel
exposure exhibited a different mobilisation pat-
tern from the 27th 1o the 39th h atter derma-
brasion. The difference in LMR between the
two chambers had 0 be 35% or more to be
statistically significant (on 5% levell, Six pa-
tients had an increased LMR during this
period. three remained unchanged and one
had a reduced LMR compared with their own
control chamber. The different mobilisation

At
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pattern could not be related 10 the clinical
response (15} or 10 the morphology of the
exudate. thus humoral and cellular faciors are
the most likely explanation for this divergence
The alteration of cyclic nucleatide levels in the
migrated leukocytes of eczema patients with
and without nickel exposure did not corre-
spond 1o the observed differences i LMR

To our knowledge CAMP and ¢GMP in ac-
tivated leukocstes during a hvpersensitve re-
action have not been previoush studied. The
initial high levels of both nucleotides at the first
collections after dermabrasion may be ascribed
1o the release of inflammators factors atter the
unspecific trauma. The concentrations of pro-
staglandins in the skin window exudate are
high during the f
tdlata not showni. and may have influenced the
high nudeotide concentrations.

During the remainder nf the observation pe-
viod the concentrations of both nudeotides
stabilized at lower levels, with a characteristic
diurnal thythm identical 10 that of the controls
The exposure of nickel revealed no permanent
specific changes in nucleotide levels. Our tech-
nique does not rule out the possibilin that
short-term twithin seconds and minutes) nu-
deotide changes had occurred. as observed
during chemotaxis (14, 191, cnzvme release (8
27y and phagocyiosis (%)

The difference in CAMP or <GMP concentra-
tions between chambers of the allergic patients
had to be at least 30 and 37 respectively. to

st hours of dermabrasion

be statistically significant (on 5% levelh. Some of
the allergic patients showed significant differ
nuceotide concentrations be-
These observations were not

ences in evlic
tween chambers.
related 1o any other parameter observed in the
studhy

A studs of the variation in time of the average
profiles of LMR. ¢cAMP and ¢GMP in healthy
volunteers and nickel-exposed and non-exposed
nickel-allergic patients revealed a tendeney for
LMR 1o increase when ¢cAMP and ¢GMP de-
crease. and vice versa., The observed possible
relaton between LMR. ¢AMP and cGMP may
be true. but it could also be that the determin-
ation of all three variables was based on cell
counts, and therefore are not statisticaliv inde-



200 A. LERCHE ET AL

pendent observations. Furcher investigations of
this problem must await the introduction of
other indicators of evclic nucleotide concentra-
tion than cell counts. Preliminany daa indicate
that the release of some granulocvie proteins
from the migraced cells could be used for this
purpose.
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