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Abstract—Objective. To evaluate neutrophil functions in the elderly. Methads. We
investigated the PMN migration in vivo and PMN superoxide production and adhe-
sion in responsc to a variety of compounds: PMN have been isolated both from hlood
and from a skin experimental exudate (obtained by Senn's skin window technigue)
of 25 normal elderly and of 25 normal young control subjects. Resuits. No difference
was found in PMN migration in vivo (62,9 £ 21.3 x 10° and 65.5 + 9.1 x 10°
PMN/em*i24 hours in clderly and young subjects respectively), neither were difTerent
the adhesion under basal condition and after some stimuli and the superoxide pro-
duction in basal condition and in response o STZ and PMA in twa groups. In clderly
subjects superoxide production, in response to tMLP, markedly resulted lower than
in young controls both by circulating PMNs (3.6 + 2.7 and 9.3 + 3.3 nMOLES
07 /10" PMN respectively, p < 0.0001) and by exudate PMNs (13.6 + 4.3 and
194 + 6 nMOLES Q7 /10" PMNs respectively, p < 0.005). Conclusion. Many
PMN functions in the elderly do not differ from young people, suggesting that the
overall defeise function of these cells is not affected by aging. The only parameter
that we have found to be different between the two groups is the poor supcroxide
production after fMLP stimulus of PMNs, The stimulus- and function-specificity of
this defect in PMNs from elderly subjects indicates the existence of a dysregulation
of the signal transduction pathway distal to tMLP receptor and proximal Lo NADPH
oxidasc activation,

INTRODUCTION

11

Neutrophils (PMN) are the first cells that migrate into tissues in response to
invading pathogens. The accumulation of these cells at sites of inflammation is
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accompanied by modification of their activity (ability to release granule con-
stituents and toxic oxygen derivatives. adhesion capacity etc.).

Previous investigations on human models have shown that exudate PMNs
are metabolically primed, being more responsive to various membrane stimu-
lants, than blood PMNs (1-7). The increased activation state of PMNs is rele-
vant for non specific immunological surveillance against microbial invaders and
also because of the potentially harmtul role played by these cells in pathologic
processes as adult respiratory distress syndrome, postischemic tissue disease.
immunocomplexes disease etc. (7-10).

During the last few years some reports have evaluated the PMN’s functions
in the elderly, The results are discordant, Some studics have shown that the
functional response of PMNs is unaffected by aging (11), while others have
pointed out an impairment of chemotaxis, phagocytosis and killing (12-14), a
reduction of respiratory burst (15-17) and a decrease of adhesion (153).

These studies have been always performed in vitro, utilizing PMNs isolated
from blood.

In the present study we have investigated the PMN migration in vivo and
PMN superoxide production and adhesion, in response to a variety of com-
pounds; PMNs have been isolated both from blood and from a skin experimental
exudate (obtained by Senn’s skin window technique) of normal elderly and of
normal young control subjects.

MATERIALS AND METHODS

Twenty-five volunteers (12 M. 13 F) over 65 years old (mean age 76.56 + 7.36 vears, range
68-100 years), were selected according to SENTEUR protocol (18). Twenty-five volunteers voung
sex matched subjects (mean age 27.77 + 2,59 years, range 22-34 years) were considered as controls,

During the 3 weeks before the evaluation, no subjects were taking NSAIDs, corticosteroids
or any other drugs.

All the elderly subjects were in good nutrition state.

Reagents. The chemotactic peptide N-formyl-methionyl-leucyl-phenylalanine (fMLP), zym-
osan and phorbol myristate acctate (PMNA) were purchased from Sigma Chemical Company, St
Louis, Missouri: cytochrome ¢ from Boerhringer, Mannheim, Germany: purified serum bovine
albumin and human albumin from Behring Institut, Marburg, Germany. Percoll was from Phar-
macia, Uppsala. Sterile 96-well microtiter plates with flat-bottomed wells (Linbro type) were from
Flow Laboratories. Hank's balanced salt solution (HBSS) and reagents were of the highest purity
available. Zymosan, opsonized with a pool of normal human scra (STZ). as described by Metcall
et al. (19), was stored in aliguots at —20°C.

In order to avoid contamination. a possible cause of artifactual activation or priming of the
cells, sterile apyrogenic solutions and disposable plasticware were used in all experiments, which
were carried out, whenever possible, under laminar flow hood, Reagents were preparcd using
pyrogen-free water or 0.9% NaCl solutions.

Cell Preparation. PMNs were obtained from blood and from skin window cxudates of
subjects after having obtained their informed consent. Blood PMNs were prepared from 40 ml of




Neutrophil Migration, Oxidative Metabolism, and Adhesion 675

ethylene diamine tetraacetate-anticoagulated blood by centrifugation over Percoll gradients (19).
Cells { »95% neutrophils, =95% trypan-blue negative) were finally suspended in HBSS containing
5 mM glucose and 0.2% human serum albumin (HGA) and kept at room temperature until use, A
few minutes before use, 100X concentrated solutions of CaCl, and MgSO, were added to the cell
suspensions at the final concentration of 0.5 mM and 1 mM respectively.

Exudate neutrophils ( = 90% neutrophils, =95% trvpan-blue negative) were isolated accord-
ing to the method described by Senn (20). with modifications (3). The volar surface of nondominant
forearm was disinjected with ether and an abrasion of 1 em” was obtained with a rotating sterile
abrasive cylinder operated by a milling cutter (minidrill, Saint Julien en Genevois, France).

The abrasion did not cause bleeding as only the epidermis was removed and the wet, tran-
suding surface of derma was exposed. A bell-shaped, sterile and disposable plastic skin chamber
with circular adhesive base (FAR Italia. Verona. Iraly) was put on the skin abrasion and fixed with
a fenestrated sticking plaster. The chamber has on its top a S-mm-wide hole equipped with a plug.
One ml of awtologous serum was then injected intw the chamber and twenty-four hours later the
cxudate was collected by aspiration. The exudate cells were then centrifuged at 1200 rpm, washed
twice with phosphate buffered saline (PBS) and finally suspended in HGA and kept at room tem-
perature until usc. Before use, the cell suspensions were supplemented with CaCl, and MgSO; as
described above for blood cells,

Oxidative Metabolism Assay.  Superoxide anion was measured by the superoxide dismutase-
inhibitable reduction of ferricytochrome ¢ (21) in a microplate assay systeni. Assay were performed
in order to compare cells from bloed and from exudate of the same subject and o compare cells
from young and elderly subjects in the same day and using the same microplate in matched replicate
wells. The microplate assay for OF production was performed according to previously published
methods (22}, with the following modifications. The wells were coated with fetal bovine serum,
then were supplemented with 25 pl of 0.6 mM cytochrome ¢ in HGA containing 0.5 mM CaCl,
and 1 mM MgSO, (HGACM) and with 25 pl of the stimulants diluted in HGACM al a concentration
exactly 4 times higher than that required in the assay. This was done because cach agent is diluted
4 times in the final incubation mixture (see below). The plate was then brought to 37°C, and 50 ul
of the PMN suspensions (2 % 107 cells), pre-warmed at 37°C, were added to cach well using a
multichannel pipette and the plates were incubated at 37°C for the desired time. Assays were done
in triplicate [or each experimental condition. At the time indicated . the plates were rapidly transferred
into a microplate reader (Reader 400 SLT Labs Instruments) and the reduction of cytochrome ¢ was
measured at 550 nm using 540 nm as reference wavelength, and using 0,037 optical density units
as stundard for | nmole of reduced cytochrome ¢ (22).

Adhesion Assav,  For adhesion measurements, the plates were transferred to an automatic
washer {Easy Washer 2 SLT Labs Instruments) and subjected to two washing cycles with PBS at
room temperature, Adherent cells were quantitated by measuring the membrane enzyme acid phos-
phatase and the percentage of adhesion was calculated on the basis of a standard curve obtained
with known numbers of PMNs (22},

Statistics.  The non-parametric Wilcoxon test for unpaired data (Mann-Whitney test) was
used for statistical analysis,

RESULTS

Figure 1 reports the data concerning the values of in vivo migration. The
mean of the migration was 62.9 + 21.3 x 10° PMN/cm?/24 hours in elderly
group and 65.5 + 9.1 X 10° PMN/cm?/24 hours in controls. The difference
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Fig. 1. Data concerning the values of in vivo migration. The mean of the migration was 62.9 =
21.3 x 10° PMN/cm?®/24 hours in cldetly group and 65.5 + 9.1 x 10° PMN/cm¥24 hours in
controls.

between the mean migration in the two groups was not statistically significant,
but elderly subjects showed higher variation and a more scattered distribution
of individual values,

Table | reports the data about superoxide production by circulating and
migrated PMNs, under basal condition and after challenge with various stimuli
(fMLP. STZ and PMA). Exudate cells of both elderly and young groups showed
an increased superoxide production, in response to fMLP, as compared with
blood cells. This priming effect was not observed using STZ or PMA as stim-
ulants.

Circulating PMNs from elderly subjects showed superoxide production after
treatment with fMLP markedly lower than young subjects. Also the exudate
cells from elderly subjects had lower activity with respect to exudate cells of
young subjects, but the difference between the two subject’s groups was not so
marked as for blood cells. In fact the net increase of oxidative metabolism caused
by migration into the inflammatory exudate (i.c. the priming effect) was similar
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Table 1. Superoxide Production in Young (Y) and Elderly (E) Subjects by Circulating (B) and
Migrating (SW) PMNs®

Stimulants

-
i

P
None B 0.7+ 0.8 0.3+ 04 NS
SW 1.1 +£ 1.2 0.8 + 0.9 NS
MLP B 93433 i (RS e < (.0001
0 M SW 194 £ 6 136 + 4.3 < (.005
STZ 0.1 B 8.2 + 3.2 5.4 + 6.1 NS
mg/ml SW 8.6 2.8 80 + 36 NS
PMA B 21.5 + 6.2 g S ol v NS
10 ngiml 5w 21.7 = 6.1 24.1 + 7.6 NS

“The values are expressed in nmol/ 10® neutrophils,

Table 2. Adhesion of Circulating (B) and Migrating (SW) Neutrophils in Young (Y) and Elderly
(E} Subjects”

Stimulants

et
m
-

None B 12,4+ 12.1 11.2 + 8.1 NS

SW 241 = 19.1 19.5 £ 10.7 NS
MLP B 26.3 = 11.9 23.9 4 155 NS
1077 M SW 2+£1717 314 +19.1 NS
STZ 0.1 B 26.6 + 13 29.2 + 10.3 NS
mg/ml SW 35.7 £ 146 369 £ 169 NS
PMA B 5124 1232 49.1 + 13.6 NS
10 ng/mi SW 528 +£ 122 49.6 + 17.8 NS

“The values are expressed in percentage of adherent cells.

in the two groups (from 9.3 to 19.4 and from 3.6 to 13.6 in young and clderly
subjects respectively). The other values of superoxide production in response to
STZ and PMA were not different between the two groups.

Table 2 shows the results concerning adhesion of circulating and migrating
neutrophils under basal condition and after some stimuli. Exudation caused a
slight increase of adhesion of both unstimulated and stimulated cells. There was
no difference between elderly and young subjects.

DISCUSSION

Previous studies on PMN function in elderly subjects have shown decreasc
of chemotaxis, phagocytosis and killing after some stimulants (12-14). Recently
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a reduced superoxide production after fMLP stimulus has been described; it has
been hypothesized that this defect may be due to a reduced receptor expression
on cellular surface (23-25) or to a deficiency of calcium homcostasis (17) or to
an impairment of neutrophil membrane fluidity (26). A further aspect of neu-
trophil functional deficiency in elderly subjects is the reduced superoxide pro-
duction by cells primed in vitro (27). A reduced ability of adhesion to plastic
surface treated with proteins has been demonstrated (15). All the data have been
obtained by experiment in vitro and, to our knowledge. no studies have been
carried out in vivo. Moreover, in no other study, the oxidative metabolism and
the adhesion have been evaluated simultaneously and in the same experimental
conditions.

The skin window technique allows us to evaluate the PMN migration in
vivo and to obtain cells migrated from an inflammatory focus: they are char-
acterized by the changes physiologically provoked by phlogosis processes.
Moreover our method permits to compare in a simultancous assay various func-
tional parameters of circulating and migrating PMNs from the same subject.

In vivo migration of neutrophils was quantitatively in the normal range in
our elderly subjects group, indicating that neither endogenous generation of
chemotactic compounds, nor endothelial and tissue components involved in cell
migration, nor neutrophil movement machineries are affected by aging process.

In accordance with previous investigations from our and other laboratories
(1-7) our results show that exudate PMNs are metabolically primed. being more
responsive to fMLP stimulus than blood neutrophils and show increased adher-
ence in the absence of stimulants. This work shows that the priming cvent occurs
also in clderly subjects. In fact the net difference of oxidative responses to fMLP
between exudate and blood cells is similar in the two examined groups. and this
is in agreement with the normal chemotactic migration observed in vivo in
clderly subjects.

Our results do not perfectly agree with the literature data: in fact, in our
study, PMN migration and adhesion resulted similar in young and elderly sub-
jects. PMN migration is a very complex phenomenon, based on both the integ-
rity of adhesive PMN function of cytoskeleton dynamics and the action of
chemical substances; a skin window method permits to evaluate this phenom-
enon in a global way, unlike in vitro techniques that study only the chemotaxis.
It is conceivable that in vitro evaluation of chemotaxis, that is carried out under
specific conditions, might unmask specific defects that are not relevant for in
vivo migration.

Instead, our study falls into line with previous data as regards the lower
superoxide production in elderly than in young by circulating PMNs after {MLP
stimulus; we did not observe any difference by utilizing other stimuli. Therefore
the PMN defect of elderly subjects seems to be both stimulus specific (FMLP
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versus STZ and PMA) and function-specific (superoxide production versus
migration and adhesion).

A defect of NADPH oxidase seems to be excluded, because the PMN
response after PMA, that directly operates on protein kinase C, and to STZ,
that operates through distinct receptors and transduction pathways, is similar in
the elderly and young groups.

Some authors have demonstrated a diminished expression of fMLP recep-
tors on the PMN membrane in elderly subjects (23-25), We did not measure
fMLP receptors in our study, but our data, showing that TMLP-stimulated adhe-
sion and in vitro migration are normal, suggest that if a deficiency of chemotactic
receptors is present, this is relevant only for some functions (oxidative metab-
olism) and not for others (adhesion and migration). However. this possibility
seems to be excluded because we have previously showed that oxidative metab-
olism activation and adhesion have similar dependence on fMLP doses (6, 22),

According to our data, the stimulus- and function-specificity of blood
PMN’s defect in elderly subjects appears to be due to inhibition of some mech-
anism located in the signal transduction pathway between fMLP receptor and
NADPH oxidase.

The precise mechanism responsible for these age-related differences remains
to be identificd, but an hypothesis can be advanced on the basis of our previous
findings using inhibitors of leukocyte activation. In fact, we have demonstrated
(22) that adenosine, a physiological nucleotide that is known to cause increase
of intracellular levels of cAMP (28, 29), inhibits superoxide release induced by
fMLP but has not effect on STZ induced superoxide release; moreover, phys-
iological doses of adenosine (10”7 to 107 M) inhibit f MLP-induced superoxide
release but not fMLP-induced adhesion. Finally, we have recently found (Car-
letto et al, manuscript in preparation) that pentoxifylline, a cAMP regulating
agent, inhibits superoxide production by blood cells much more effectively than
superoxide production by exudate cells suggesting that the latter are more resis-
tant to regulation. Taken together, these evidences strongly suggest that the age-
related defect of blood neutrophils described in this paper is due to impairment
of the same step that in the transduction pathway of neutrophils is affected by
¢AMP clevation, and therefore to the activation of protein kinase A and possibly
to phospholipase C inhibition (30, 31). The gating by cAMP of signal flow
through other pathways in diverse biological processes, including mitogen-acti-
vated protein kinases involved in growth and differentiation, has been recently
reevaluated (32).

In conclusion our study shows that many PMN functions in elderly subjects,
including migration, priming, adhesion, activation by opsonized particles do not
differ from young people, suggesting that the overall defence function of these
cells is not affected by aging. The only parameter that we have found to be in




680

Biasi et al.

marked variance between the two groups is the poor superoxide production after
fMLP stimulus of blood cells, a defect from which cells efficiently recover
during the migration into exudate. The specificity of this defect in neutrophils
from elderly subjects could be a mark of either an increase of cellular cAMP
or of an increase of sensitivity of cAMP-related cellular responses. Further
studies are necessary to investigate the mechanism of this effect of aging process
on cellular functions.

e |
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