5-0Ox0-6,8,11,14-eicosatetraenoic acid
induces the infiltration of granulocytes
into human skin
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Background: 5-Ox0-6,8,11,14-eicosatetraenoic acid (5-oxo- These results suggest that 5-oxo-ETE may be an important
ETE) is an arachidonic acid metabolite with potent in vitro mediator of inflammation. (J Allergy Clin Immunol
chemoattractant effects on eosinophils and neutrophils. It has 2003;112:768-74.)

also been shown to induce pulmonary eosinophilia in Brown
Norway rats, but it is not known whether it is active in human
beings in vivo.
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Objective: To determine whether 5-0x0-ETE can induce cellu- Inflammation is characterized by the infiltration of

lar infiltration in patients with atopic asthma and nonatopic leukocytes into the involved tissue. Eosinophils are very
control subjects after intradermal administration. prominent in the lungs in asthma, whereas high levels of
Methods: 5-Oxo-ETE was administered intradermally to 11 neutrophils occur in chronic obstructive pulmonary dis-

pat_ient_s with atopic asthma and 10 nonatopic control subjects.  ag5e. Mobilization of these cells is dependent on their

Skin biopsy specimens were taken 6 or 24 hours laterand — —ejaage into the circulation from the bone marrow under

examined by immunocytochemistry for cells expressing specif- . . . L
the influence of cytokines and their accumulation in tis-

ic markers for eosinophils (major basic protein), neutrophils . | I | d ch
(elastase), macrophages (CD68), lymphocytes (CD3), and mast SU€S in response to locally released chemoattractants.

cells (tryptase). There are two main classes of chemoattractants: peptide
Results: 5-Oxo-ETE (1.5 and 5ug) elicited the infiltration of chemokines and lipid mediators. Among the chemokines,
both eosinophils and neutrophils into the skin in both control IL-81 is a potent chemotacticfactor for neutrophils,

and atopic asthmatic subjects. Increased numbers of whereas eotaxin is selective for eosinophils and
eosinophils were observed at 6 and 24 hours after injection, basophilsz. RANTES:is alsoa potentchemoattractanbut
whereas significantly elevated neutrophil numbers were pre- it hasa broaderselecivity.3 In the caseof lipid mediators,

sent only after 24 hours. Eosinophils were >3 times higher in platelet-activating factor (PAF) and the 5-lipoxygenase
patients with atopic asthma compared with control subjects product leukotriene B(LTB,) are potent neutrophil
after injection of the highest dose of 5-oxo-ETE. Macrophage chemoattractantss WhereaSAanother 5-lipoxygenase
numbers were also elevated, but only at the highest dose of 5- ! . . .

product, 5-0x0-6,8,11,14-eicosatetraenoic acid (5-oxo-

0x0-ETE. No effects were observed on the numbers of either et .
lymphocytes or mast cells. ETE) has similarféectshut is less poterftin contrast5-

Conclusions: 5-Oxo-ETE elicits the infiltration of eosinophils oxo-ETE is the most active lipid mediator in inducing a
and neutrophils into the skin of human beings in vivo after chemotactigesponsén humaneosinophilg’ foll owed by
intradermal administration. Asthmatic subjects are more PAF and prostaglandin Dwhich acts by the DPrecep-

responsive to this substance than nonallergic control subjects.  tor/CRTH2.8.9
5-Ox0-ETE is a metabolite of arachidonic acid that is
formed by the oxidation of the 5-lipoxygenase product
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TABLE I. Profiles of asthmatic and nonasthmatic control subjects

n Male /female Age (y) Total serum IgE (IlU/mL) Periph eos (cells/pL) Skin test
Nonasthmatic 10 8/2 34+6.1 54 + 30 85+ 30 All —ve
Asthmatic 11 8/3 37+7.2 168 + 72 270+ 78 All +ve

The skin test was a prick test for 12 common allergens.
Periph eosPeripheral eosinophils.

Intradermal injections and skin biopsy
specimens

Each subject received intradermal injections of vehicle (100
and vehicle (10QL) containing 2 doses of 5-oxo-ETE at 3 sepa-
rate sites in the forearm. Injection sites were marked with a surgi-
cal pen, and punch biopsies (4-mm diameter) were performed
either 6 or 24 hours later under local anesthesia with 1% lidocaine
without epinephrine. Biopsy specimens were immediately snap-
frozen in isopentane and cooled in liquid nitrogen. The specimens
were then cut with a cryostat in |[Bn sections, fixed in
acetone/methanol, and stored at —20°C until further processed for

Abbreviations used
APAAP: Alkaline phosphatase-antialkaline phosphat
cys-LT: Cysteinyl-LT
LT: Leukotriene
MBP: Major basic protein
PAF: Platelet-activating factor
5-Oxo-ETE: 5-Ox0-6,8,11,14-eicosatetraenoic acid
5S-HETE: 5S-hydroxy-6,8,11,14-eicosatetraenoic acid

highly selective for 5-ox0-ETE, as its precursor, 5S-

immunocytochemistry.

HETE, and several of its metabolites have 100 to 100(

timeslower potercy.16

In addition to its in vitro effects on granulocytes, intra-
tracheal administration of 5-oxo-ETE to Brown Norway
rats elicits pulmonary eosinophilia2® However, the

Study design

Asthmatic (n = 8) or control (n = 7) subjects were injected intra-
dermally in the forearm with vehicle and 2 doses of 5-0x0-ETE
(either 0.3 and 1.5ig or 1.5 and 5.9 per site). After 24 hours,

effects of 5-oxo-ETE on the infiltration of other inflam- punch biopsy samples were taken as described above. Alternatively,
matory cells were not investigated in this study. There isas'thmatl.c or control subjects (n = 3 for each group) were }njected
as yet no information on the in vivo effects of 5-oxo-ETE With vehicle and 2 doses (0.3 and i) of 5-0xo-ETE, and biop-

on inflammatory cell infiltration in human beings. To SY SPecimens were obtained after 6 hours.

addresg this questioq, we investigated the effects of intrsAntibodies

dermal injection of this substance on the accumulation o

. . . Sections were immunostained with the following antibodies:
leukocytes in the skin of human subjects.

anti-human CD3 (T-cells; Becton Dickinson, Mississauga,
Ontario, Canada); anti-human CD68 (macrophages; Becton Dick-

METHODS inson); anti-human neutrophil elastase (neutrophils; Dako,
. Glostrup, Denmark); anti-human major basic protein (MBP)
Subjects (eosinophils; a generous gift from Dr Redwan Mogbel, Universi-

Eleven subjects with mild atopic asthma, recruited from the ty of Alberta); anti-human tryptase (mast cells; Chemicon Interna-
Montreal Chest Hospital, and 10 healthy control subjects weretional Inc, Temecula, Calif).
entered into the study. Subject characteristics are summarized i .
Table|. Ethical appioval was obtainedfrom the Montreal Chest Immunocytochemistry
Institute Research Ethics Board. Written informed consent was To identify the inflammatory cells in the biopsy specimens,
obtained from all subjects. Asthmatic subjects fulfilled the ATS cri- immunostaining was performed with the use of the alkaline phos-
teria for asthme?! They had documentedairway reversibility to phatase-antialkaline phosphatase (APAAP) technique as previously
inhaled B,-agonists, increased airway responsiveness to methadescribed? Briefly, sectionsvereincubatedovernightat 4°C with
choline (PG, <8 mg/mL), and were all atopic, based on skin prick the primary monoclonal antibody, followed by treatment with rab-
test reactions to 12 common allergens. Asthma symptoms were corbit anti-mouse immunoglobulin as a secondary antibody and then
trolled only by on-demand use of inhaled selecfiyeagonists. APAAP. The reaction was visualized with fast red. For negative
None of the subjects had taken oral or inhaled corticosteroids ocontrol preparations, the primary antibody was replaced by either
leukotriene antagonists during the preceding 12 weeks. Asthmatinonspecific immunoglobulin or Tris-buffered saline solution.
patients were nonsmokers without any other serious lung diseast . . .
Control subjects were nonsmokers, nonatopic, based on negati\/o'uant'f'ca'tlon and Data Analysis
skin prick test reactions as described above, and had not taken ar  Slides were coded and counted blindly by ust2§0 magnifi-
corticosteroids during the year preceding the study cation with an eyepiece graticule. All of the immunoreactive cells

. were counted in a minimum of 3 fields for each section, and the

Preparation of 5-oxo-ETE results were expressed as averages of the numbers of positive cells

5-Oxo-ETEwassynthesized¢hemically? andpurified beforeuse per mn? in the entire area of each of the fields. All results are
by high-performance liquid chromatography. Aliquots containing the expressed as mean + SEM. The statistical significance of differ-
required amounts were evaporated to dryness, and the 5-oxo-ETences was determined through the use of analysis of variance fol-
was dissolved in ethanol () and sterile saline (198.) under ster-  lowed by the Student-Newman-Keuls test. A valu® &f .05 was
ile conditions. The vehicle was prepared in an identical fashion.  considered statistically significant.



770 Muro et al J ALLERGY CLIN IMMUNOL
OCTOBER 2003

- "o

T—— o (ven) A - tM;_;@d(ﬁq};B

FIG 1. Representative immunocytochemical staining for eosinophil (Eo) and neutrophil (Ne) markers in skin
biopsy sections from an asthmatic subject. Sections from sites treated with vehicle (Veh; A, C) or 5-oxo-ETE
(50, 5 pg) (B, D) were stained with an antibody to either MBP (A, B) or neutrophil elastase (C, D).

RESULTS (TableIl). Although the numbers of macrophages and
The effects of 5-0xo-ETE on leukocyte infiltration into mast cells tended to be higher in asthmatic subjects, these
the skin of atopic asthmatics and nonatopic control subdifferences were not significant.
jects defined asshown in Tablel, wasinvestigatedinjec- . . e e .
tion of 5-oxo-ETE did not result in any observable change®~OX©-ETE induces eosinophil infiltration
to the surface of the skin in any of the subjects in the stuginto the skin
There was no detectable wheal-and-flare response ¢ Intradermal injection of 5-ox0-ETE (fg) into an
induration at the injection site. Neither was there any paitasthmatic subject resulted in the infiltration of
or itching during the 24-hour period after injection of eithereosinophils into the skin, as revealdVIBP stainingof
5-0x0-ETE or saline. Both wounds healed normally ancsectionf biopsyspecimensbtained24 hourdater(Fig
equally well after the punch biopsy, and there was no longl, B). Although we did not measure either the percent-
lasting effect of either 5-oxo-ETE or saline. ages of cells that showed extracellular staining or the
. ] . areas of extracellular MBP immunoreactivity, this was
Inflammatory cells in skin fr(_)m ve_hlcle- clearly present around some of the positively staining
treated control and asthmatic subjects cells, indicative of degranulation. In contrast, very few
The numbers of eosinophils, neutrophils, lympho-eosinophils were present after injectminvehiclealone
cytes, macrophages, and mast cells in skin biopsy specinto the same subjedtig 1, A). This responseas high
mens from vehicle-treated nonasthmatic and asthmatily reproducible among individuals and was greater in
subjects were determined on the basis of immunostairasthmatic subjects than in control subjects. Twenty-four
ing, asshown in Table Il. The numbersof eosinophils, hours after vehicle treatment, the density of eosinophils
neutrophils, and lymphocytes were similar in control andwas 0.5 + .03 and 0.3 + 0.3 cells/rhim control and asth-
asthmatic subjects 24 hours after injection of vehiclematic subjects, respectively. Injection of 5-ox0-ETE (5
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FIG 2. Effects of 5-oxo-ETE on eosinophil numbers in skin of asth- F 2
matic and control subjects. Vehicle (Veh) or 5-oxo-ETE (50; 5 pg) 4 %-
were injected intradermally into either control (®) or asthmatic 'S_ 2
(O) subjects, and the numbers of MBP positive cells (ie, g 5 ‘EL 5 l
eosinophils) in sections from biopsy specimens taken 24 hours g > /5 ———————————
later were determined by immunocytochemistry. Mean values are -7
indicated by dashed lines. **P < .01; ***P < .001. 0 °
0 1 2 3 4 5 0 1 2 3 4 5
5-ox0-ETE (ug) 5-ox0-ETE (ug)

FIG 3. Dose-response curves for effects of 5-oxo-ETE on the num-
bers of inflammatory cells in biopsy sections obtained 24 hours

ug) resulted in an increase to 3.8 + 0.5 cellsfmrcon- later from control nonatopic subjects (@) and subjects with atopic
trol subjectsP < .01) and to 13 + 0.7 cells/n®in asth- ~ @sthma (O). Doses of 5-oxo-ETE used were 0.3 ug (n = 3 for con-
fi biectyP < 001)(Fiq 2 - trol subjects and n = 4 for asthmatic subjects); 0 (ie, vehicle) and
matic subjecty( : )(Fig 2). . L . 1.5 ug (n =7 for control subjects and n = 8 for asthmatic subjects);
The effect of 5-0x0-ETE on eosinophil infiltration and 5 pg (n = 4). Significant differences are indicated as follows:
after24 hourswasdose-dependelfFig 3, A). Eosinophil ~ *P < .05; **P < .01; ***P < .001 when compared with vehicle-
numbers tended to rise after injection of the lowest doséniected sites; TP < .001 when compared with nonatopic control
(0.3g), but this was not significant, perhaps because oStPiects injected with 5-0x0-ETE (5 Lg).
the limited numbers of subjects tested at this dose. At .

dose of 1.5ug 5-o0xo-ETE, the numbers of eosinophils 8 __ 8 _
were substantially higher than observed after injection o Eosinophils ., |edtrophis
*kk!

(-]

vehicle alone for both control and asthmatic subje@ts ( &

< .01 andP < .001, respectively). No further increase was g 8 I\ASWI
observed in control subjects treated with a higher dose ( *x
pg) of 5-oxo-ETE, whereas the numbers of eosinophils

in asthmatic subjects increased dramatically to approxi

m
mately 3.5 times the value for control subjects treate(

with this dose of 5-ox0-ETE(< .001). 21 L

!\*i*
SoETE
A

MBP’ cells/mm
H

Elastase® cells/mm?
Y 'S

Effects of 5-oxo-ETE on neutrophil infiltration 0 r o -
5-Ox0-ETE also induced the infiltration of neutrophils 0 6 12 18 24 0 6 12 18 24
into the skin 24 hoursafter intradermalinjection (Fig 1, Time (h) Time (h)

D) comparedwith injection of vehiclealone(Fig 1, C).
Neutrophil numbers reached near-maximal levels at th¢FIG 4. Time courses for effects of 5-oxo-ETE on the numbers of
~ _ : eosinophils and neutrophils in skin biopsy specimens. 5-Oxo-ETE
lowestdoseof 5-oxo ETEandtheanate_augc_(Flg 3, B).' (50ETE; 1.5 ug; ®, A) or vehicle (Veh; O, A) were injected intra-
The numbers of these cells W_ere _Slgmflcant_ly hIg_llu:"rdermally in asthmatic (@, O) or control (A, A) subjects; numbers
compared with vehicle-treated sites in asthmatic subjectof MBP-positive and neutrophil elastase-positive cells were deter-
at all three doses tested, whereas in control subjects, nemined by immunocytochemistry in sections obtained either 6
trophils were significantly higheiP(< .005) only at the ~ hours (n = 3) or 24 hours {control subjects, n = 7; asthmatic sub-
highest dose. However. there were no significant differ-'ecrs’ n = 8) later. Significant differences are indicated as follows:
. ) . ! *P < .05; **P < .01; ***P < .005 when compared with vehicle-
ences In neUtrOphll numbers between control and aStI"injected sites at the same time point; TP < .005 when compared

matic subjects at any of the doses tested. with vehicle-treated control subjects at 24 hours.
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TABLE Il. Numbers of inflammatory cells in sections from punch biopsy specimens 24 hours after injection of vehicle

Cell type Eosinophils Neutrophils Lymphocytes Macrophages Mast cells

Marker MBP Elastase CD3 CDé68 Tryptase
Nonasthmatic 1.0+05 1.6+05 1.6+0.3 1.3+0.6 33+14
Asthmatic 09+04 1.5+0.6 2004 3.3x0.7 79%25

Cell numbers (shown as cells/m SEM; n = 7 for control subjects and n = 8 for asthmatic subjects) were determined by immunocytochemistry as described
in Methods section.

Effects of 5-oxo-ETE on other inflammatory cells (Fig 1, A). It alsoinduceseosinophildegranulation
cells in vitro, particularlyin the presencef GM-CSF13
5-Oxo-ETEalsohad a weak stimulatory effect on the
5-Ox0-ETE also elicited increased numbers of dermanumbers of macrophages in the skin, but this effect was
macrophages in both asthmatic and control subjects, bisignificant only at the highest concentration tested. It has
only atthe highestdose(Fig 3, C). Overall, the numbers been reported to have a modest chemoattractant effect on
of macrophages were higher in skin from asthmatic subhuman monocytes in vitro and to enhance their response
jects. 5-Oxo0-ETE did not induce any significant infiltra- to MCP-1. However, it is clearly a more limited activator
tion of lymphocytes into the skin at any of the doses testof monocytes in vitro, as it fails to induce calcinmobi-
ed, nor were there significant differences between contrclization?> and CD11b expression(unpublishedresults)
andasthmaticsubjectg(Fig 3, D). The numbers of mast in contrast to its stimulatory effects on these responses in
cells were also similar in biopsy specimémsn vehicle neutrophils and eosinophils.
and5-oxo-ETE—treatedites (data not shown). We did not find any evidence for an effect of 5-oxo-
. ETE on the numbers of lymphocytes or mast cells in the
Time course for effects of 5-oxo-ETE on skin. However, we did not investigate its effects on
granulocyte infiltration basophils in the present study. We recently found that 5-

The effects of 5-oxo-ETE (145g) on leukocyte infiltra-  oxo-ETE can elicit certain responses in these cells in
tion were also investigated in a limited number of subjectwvitro, but it is not as potent as fMLP and does not induce
(n = 3) at an earlier time point (6 hours). The numbers ohistamine release (unpublished results). 5-Oxo-HIitE
eosinophils were higher after injection of 5-oxo-ETE thannot causea wheal-and-flare response, as reportedrafte
after vehicle in both asthmatic aodntrolsubjectsat both injection of PAF,26 LTD,,27 and eotaxir?® Neither was
6 and24 hours(Fig 4, A). However, there were no signifi- thereany induration, asobsevedfor LTB .27
cant differences between the two time points. Neutrophi The effects of 5-0xo-ETE on eosinophil infiltration con-
numbers were higher after injection of 5-ox0-ETE at bothtrasts with those of other lipid mediators. L&early
time points in asthmatic subjects but not in control subjectelicitsarobustinflux of neutrophilsnto theskin of human
and appeared to be elevated at 6 hours compared with subjectsbut it has little effect on eosinophil infiltratici,
hours after injection of vehicle alorié € 0.005)(Fig 4, B). although in some other spegigxluding the guinea g#

andtherat3! it is a potent eosinophil chemoattractant
DISCUSSION PAF is achemoattractarfor humaneosinophilsn vitro32
but is considerablylessacive than5-oxo-ETE?4 How-

The currentstudy shows that 5-oxo-ETEinducesthe  ever, PAF was reported to induce little or no influx of these
infiltration of both eosinophils and neutrophils into cells following intracutaneous injection in nonatopic sub-
human skin. This is the first demonstration that 5-oxo-jects, in contrast to atopic subjects,vitnom an intene
ETE is active in vivo in human beings and suggests that infiltration of eosinophilsvasobseved33 Cysi T, recep-
may also be active at other sites, such as the lungs. Thtor antagonists have been shown to reduce airway
would be consistent with our earlier finding that intratra eosinophils in asthmatic subjects, suggesting that,lorD
chealadministrationof 5-oxo-ETEinduces pulmongr  other cysteinyl-LTs are involved in the recruitmefit o
eosinophilian Brown Norway rats?° Theeffect of 5-oxo-  thesecells34 Inhalationof LTE, has been reported to
ETE on the infiltration of neutrophils into the skin of induce eosinophil infiltration into the lungs of asthmati
human subjects is in agreement with in vitro experimentssubjects®® However, conflicting result have been obtained
demonstrating that it is a potemtivator of thesecells,  after inhalation of LTy by human subject$,37and LTD,
inducing chemotaxis and a variety of other respofidés. did not elicit recruitment of eosinophils in Brown Norway
Elevated eosinophil numbers in response to 5-oxo-ETFlrats after intratracheal administrati$hMoreover, LTD
were observed in both control and asthmatic subjects avas not noted to induce eosinophil infiltration after intra-
the earliest time point tested, whereas in the case of neicutaneous injectidiiand has only very weak activity in an
trophils, this was true only for asthmatic subjects. 5-Oxo-in vitro chemotaxis assdyit would seem likely that the
ETE appeared to induce some eosinophil degranulatioreffect of cys-LTs on eosinophil infiltration is indirect, per-
as indicated by diffuse staining around some of the MBP haps mediated by stimulation of the production of
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cytokinessuchas IL-5.38 The responseo intradermal
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and cys-LTs in pulmonary eosinophilia induced by

injection of 5-0x0-ETE thus differs from those to LB Sephaéx bead$f andallergen?” in animalmodels sug-

and PAF, the two other lipid mediators most often associ-gesting that 5-oxo-ETE may play a role in these respons-
ated with leukocyte migration and infiltration. This in con- es. Furthermore, we have shown that synergistic interac-
sistent with previous findings indicating that 5-oxo-ETE tions occur between5-oxo-ETEandboth PAF” andCC
acts independently of these substances, through its ownchemokine€?® Since 5-LO products PAF, and
uniquerecepte.6:17.20 chemokines are all released after allergen challenge,

Among the chemokinesRANTES 3 eotaxinZ8 and interactions among these different mediators may be
eotaxin-28 have all been sbwn to elicit eosinophil ifil- important in eliciting eosinophil infiltration in allergic
tration into the skin. RANTES was selective for diseases. Thus, it would appear that both CC chemokines
eosinophilover neutrophilsbut, unlike 5-oxo-ETE also  and lipid mediators, in particular 5-oxo-ETE, are impor-
induced the influx of mononuclear cells, primarily lym- tant for eosinophil recruitment to inflammatory sites.
phocytes3 Like 5-oxo-ETE RANTES did notinducea
wheal-and-flaregesponsg? in contrasto eotaxin which
induceda transitoryresponsé8 As wasthe casefor 5- ~ REFERENCES
ox0-ETE. eotaxin stimulated the infiltration of both 1. Matsushima K, Morishita K, Yoshimura T, Lavu S, Kobayashi Y, Lew W

. hz| d hilsbi | h 28 Th et al. Molecular cloning of a human monocyte-derived neutrophil chemo-
eosinophilsan _neutrop llsbut nOt _ymp_ aytes € tactic factor (MDNCF) and the induction of MDNCF mRNA by inter-
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