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ABSTRACT Epithelial cells of 99% purity and 92% vi-
ability were isolated from human tracheas obtained post
mortem, and the cellular pathways for lipoxygenation of
arachidonic acid were examined in vitro. The lipoxygenase
metabolites were identified by comparison with synthetic
standards during reversed-phase and straight-phase high-pres-
sure liquid chromatography, UV spectroscopy, and gas
chromatography/mass spectrometry. Epithelial cells incu-
bated without arachidonic acid failed to generate detectable
quantities of metabolites, while cells incubated with arachi-
donic acid at 1-50 ptg/mf for 1-30 min invariably generated
predominantly 15-lipoxygenase products, including 15-hy-
droxyicosatetraenoic acid (15-HETE), four isomers of 8,15-di-
hydroxyicosatetraenoic acid (two 8,15-diHETES and two 8,15-
leukotrienes), at least one isomer of 14,15-dihydroxyicosatetra-
enoic acid, and smaller amounts of 12-HETE and 8-HETE, but
little or no detectable 5-HETE or 5,12-diHETEs. The capacity
of epithelial cells from human pulmonary airway to selectively
generate 15-lipoxygenase metabolites of arachidonic acid sug-
gests a potential role for the products as mediators of airway
epithelial function.

Epithelial cells on the surfaces of the skin, gastrointestinal
tract, and pulmonary airways are exposed first to the highest
concentrations of inflammatory stimuli in the environment.
Consequently these cells may be primarily responsible for
initiating and regulating the inflammatory response, in part by
releasing mediators capable of recruiting and activating
leukocytes. Among the most potent natural mediators of
hypersensitivity and inflammation are the lipoxygenase
metabolites of arachidonic acid, including the leukotrienes
and other mono- and dihydroxyicosatetraenoic acids (mono-
and diHETEs) (1). The possibility that surface epithelial cells
are a source of diverse HETEs in vivo is supported, in fact,
by the recent finding of the generation of 5-lipoxygenase
products by canine airway epithelial cells in vitro (2).
The goal of the present study was to prepare human airway

epithelial cells ofa purity and viability sufficient to character-
ize the major enzymatic pathways for lipoxygenation of
arachidonic acid in these cells. The present finding of the
predominance of an active 15-lipoxygenase pathway in epi-
thelial cells from human tracheas provides initial evidence
that products of this pathway are potential mediators of
human airway function.

MATERIALS AND METHODS
Isolation and Preparation of Epithelial Cells. Epithelial cells

were isolated from human tracheas obtained 8-24 hr post
mortem by using a modification of the method of enzymatic
dissociation described by Widdicombe et al. (3). Tracheas

were first rinsed with 200 ml of a balanced salt solution
consisting of 118.5 mM NaCi, 4.7 mM KCl, 1.2 mM KH2PO4,
24.9 mM NaHCO3, 11.0 mM glucose, 105 units of penicillin
per liter, 100 mg of streptomycin per liter, and 100 mg of
gentamicin per liter, that was equilibrated with 95% 02/5%
CO2 at 25TC. The washed tracheal epithelium was stripped off
the underlying lamina propria and minced coarsely, and the
fragments were suspended in a solution with the same
composition, but also containing 0.02% type I collagenase
and 5 mM dithiothreitol. The suspension was agitated at 370C
under 95% 02/5% CO2 for up to 60 min. At 30 and 60 min, the
fluid phase was decanted into centrifuge tubes, and the
dissociated cells were collected by centrifugation for 3 min at
150 x g. The cell pellets were temporarily resuspended in
25-50 ml of a mixture of 50% Dulbecco's modified Eagle's
medium (1 g ofglucose per liter) and 50% Ham's nutrient F12
medium containing the same antibiotics and then treated with
144 mM NH4Cl buffered with 17 mM Tris-HCl, pH 7.2, for 2
min at 250C to lyse erythrocytes (4). The epithelial cells were
washed and resuspended at a concentration of 4 X 106/ml in
Hanks' balanced salt solution containing 25 mM Hepes and
the same antibiotics (pH 7.4).

Aliquots of the cell suspension were used to assess yield
and viability and to characterize morphology. Cell counts and
viability were determined by using a hemocytometer and the
vital dye erythrosin B. For examination by light microscopy,
cells were sedimented onto glass slides by using a
cytocentrifuge (Shandon, Sewickly, PA) and stained with
Wright-Giemsa. For examination by electron microscopy,
cell pellets were fixed with a solution of 2.5% (wt/vol)
glutaraldehyde, 80 mM sodium cacodylate, 5 mM CaCl2, and
1% sucrose (pH 7.4). After 12-24 hr, this fixative was
replaced with 1.5% OS04 in 30 mM Veronal acetate, pH 7.4,
for 2 hr. The fixed cell pellets were rinsed in 25 mM sodium
hydrogen maleate (pH 6.0), stained en bloc with uranyl
acetate (1.5% in 25mM sodium hydrogen maleate, pH 5.2) for
90 min at 40C in the dark, dehydrated in ethanol, and
embedded in Epon 812. Thin sections with a silver interfer-
ence color were cut, mounted on copper slot grids coated
with Formvar resin (Fullam, Schenectady, NY), and then
stained with uranyl acetate (2.5% in 40% methanol) and lead
citrate before examination in a JEOL 100S electron micro-
scope.

Abbreviations: mono- and diHETEs, mono- and dihydroxyicosatet-
raenoic acids; 8,15-diHETEs, (8R,15S)- and (8S,15S)-dihydroxy-
(5Z,9E,11Z,13E)-icosatetraenoic acid; 8,15-leukotrienes, (8R,15S)-
and (8S,15S)-dihydroxy-(5Z,9E,11E,13E)-icosatetraenoic acid;
14,15-diHETES, (14R,15S)- and (14S,15S)-dihydroxy-(SZ,8Z,1OE,
12E)-icosatetraenoic acid; 15-HETE, (15S)-hydroxy-(5Z,8Z,11Z-
13E)-icosatetraenoic acid; 8-HETE, (8S)-hydroxy-(5Z,9E,11Z,14Z)-
icosatetraenoic acid; 12-HETE, (12S)-hydroxy-(5Z,8Z,1OE,14Z)-
icosatetraenoic acid; PGB2, prostaglandin B2; RP-HPLC, reversed-
phase high-pressure liquid chromatography; SP-HPLC, straight-
phase high-pressure liquid chromatography.
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Replicate aliquots of the remaining cell suspension were
incubated at 370C with arachidonic acid at 0-50 ug/ml for
1-30 min to characterize both the time course and the
substrate concentration dependence of metabolite genera-
tion. For all conditions, a volume of cell suspension was
added to an equal volume of incubation medium containing
arachidonic acid/ethanol to give a final concentration of 2 x
106 cells per ml and a level of 0.5% ethanol. Reagents were
incubated in cell-free media under identical conditions to
assess nonenzymatic generation ofcompounds by autooxida-
tion.

Identification and Quantification of Arachidonic Acid
Metabolites. Incubation mixtures were acidified to pH 3.5
with 2 M acetic acid, and arachidonic acid metabolites were
extracted with 1 vol of diethyl ether. Prostaglandin B2 (PGB2)
was added to each mixture to serve as an internal standard for
recovery of arachidonic acid products. Preliminary experi-
ments showed that recoveries of PGB2 and mono- and
diHETE standards were similar and ranged from 75% to 90%.

Extracts were dried under N2 or reduced pressure and then
reconstituted in chromatography solvent for analysis by
reversed-phase high-pressure liquid chromatography (RP-
HPLC). The analysis was carried out with a liquid
chromatograph (model 1090, Hewlett Packard) fitted with a
5-gm-particle octadecylsilane precolumn (Altex, Berkeley,
CA) and a 5-gtm-particle octadecylsilane column (4.6 mm x
25 cm, Microsorb, Rainin Instruments, Emeryville, CA) that
were developed at a flow rate of 1.0 ml/min with
methanol/water/acetic acid (70:30:0.01, vol/vol) for 0-25
min and methanol/water/acetic acid (78:22:0.01, vol/vol) for
26-50 min. DiHETEs and monoHETEs were detected by
their absorbance at 269 and 235 nm, respectively, using a
diode-array detector fitted with a flow cell (model 1040A,
Hewlett Packard). Metabolites in the effluent from RP-HPLC
were collected separately in 1- to 2-ml aliquots and extracted
with 1 vol of ethyl acetate after addition of 4 vol of 0.01%
acetic acid. Recoveries of PGB2 and mono- and diHETE
standards from RP-HPLC were similar and ranged from 85%
to 95%.

Before straight-phase high-pressure liquid chromatogra-
phy (SP-HPLC), isolated HETEs were converted to their
methyl esters by treatment with ethereal diazomethane. The
diazomethane was generated by the reaction of N-methyl-
N'-nitro-N-nitrosoguanidine with NaOH in a sealed genera-
tor (5). The SP-HPLC was carried out on a silica gel column
(3.9 mm x 30 cm, uPorasil, Waters Associates) developed at
a flow rate of 2.0 ml/min with hexane/2-propanol (100:3,
vol/vol) for diHETEs or hexane/2-propanol (100:0.5,
vol/vol) for monoHETEs (6). Recovery of HETEs ranged
from 65% to 75%.

Products collected separately from RP-HPLC and SP-
HPLC were dissolved in methanol to determine UV absorp-
tion spectra in a scanning spectrophotometer (model 2600,
Gilford). Molar extinction coefficients of 40,000 at 269 nm
and 30,000 at 235 nm were used to quantify diHETEs and
monoHETEs, respectively (7, 8).
For gas chromatography/mass spectrometry (GC/MS),

the methyl esters of HETEs were converted to their trimeth-
ylsilyl ether derivatives by treatment with NO-bis(trimeth-
ylsilyl)trifluoroacetamide and 1.0% trimethylchlorosilane at
65°C for 30 min. GC/MS was carried out with a Finnigan 4600
mass spectrometer interfaced with a gas chromatograph.
Samples were injected onto a high-resolution capillary col-
umn (15 m x 0.32 mm, SE-54, Supelco, Bellefonte, PA) with
helium as a carrier gas at 10 pounds/inch2 (69 kPa). The
column was heated to 150'C for 1 min and then up to 280TC
by 25 min. Electron-impact mass spectra were obtained,
using 70-eV ionizing voltage.

Materials. Arachidonic acid (containing <0.1% total
monoHETEs and no detectable diHETEs; Supelco, Bel-

lefonte, PA), type I collagenase (Sigma), dithiothreitol (Sig-
ma), PGB2 (Upjohn), methylating and silylating reagents
(Pierce), and organic solvents (Burdick and Jackson,
Muskegon, MI) were obtained from commercial sources.
Authentic standards included the following; four isomers of
8,15-dihydroxyicosatetraenoic acid, (SS,12S)-dihydroxy-
(6Z,8E,1OE,14Z)-icosatetraenoic acid [(5S,12S)-diHETE],
and (5S,12R)-dihydroxy-(6Z,8E,1OE,14Z)-icosatetraenoic
acid (leukotriene B4) synthesized and generously provided by
B. Fitzsimmons and J. Rokach (Merck Frosst Canada); two
isomers of 14,15-dihydroxyicosatetraenoic acid biosynthe-
sized from human platelets (9); (5S,12R)- and (SS,12S)-dihy-
droxy-(6E,8E,1OE,14Z)-icosatetraenoic acid ("all-trans" iso-
mers of leukotriene B4) biosynthesized from human neutro-
phils (10); and (15S)-hydroxy-(SZ,8Z,11Z,13E)-icosatetraen-
oic acid (15-HETE), (8S)-hydroxy-(SZ,9E,11Z,14Z)-icosatet-
raenoic acid (8-HETE), (12S)-hydroxy(SZ,8Z,1OE,14Z)-
icosatetraenoic acid (12-HETE), and (SS)-hydroxy-(6E,8Z,
11Z,14Z)-icosatetraenoic acid (5-HETE) obtained from
Seragen (Boston, MA) or synthesized as described previ-
ously (11).

RESULTS

Characterization of Isolated Epithelial Cells. Overall yield
averaged 7.4 ± 1.2 x 107 cells per trachea (mean ± SEM)
with a viability of 92 ± 2% (n = 7 tracheas). Examination of
cell smears revealed 70-99% nonciliated epithelial cells,
1-24% ciliated epithelial cells, and 0-8% goblet cells, with
fewer than 1% neutrophils and eosinophils. Ultrastructural
features of the cells were similar to those described for basal
epithelial cells, ciliated epithelial cells, and goblet cells
isolated from canine trachea (3). Basal cells predominated in
all preparations and possessed large nuclei that often had
prominent nucleoli and relatively scant cytoplasm containing
characteristic intermediate-type filaments surrounding the
nucleus; ciliated cells contained oval nuclei located in the
basal part of the cells and often a prominent apical "cap" of
cilia and basal bodies; and goblet cells had oval nuclei located
peripherally and a cytoplasm filled with mucus granules (Fig.
1).

Identification of Lipoxygenase Metabolites. No metabolites
were detected after incubation of epithelial cells alone, but
analysis of the ether extracts obtained from cells incubated
with arachidonic acid at 1-50 ,ug/ml for 1-30 min consistently
showed five prominent peaks of absorbance at 269 nm
(diHETEs) and two prominent peaks ofabsorbance at 235 nm
(monoHETEs) by RP-HPLC (Fig. 2). The retention times of
the five peaks of absorbance at 269 nm corresponded exactly
to the retention times of (8S,15S)- and (8R,1SS)-dihydroxy-
(SZ,9E,11Z,13E)-icosatetraenoicacid[(8S,15S)-and(8R,15S)-
diHETEs], (8R,15S)- and (8S,15S)-dihydroxy-(SZ,9E,11E,
13E)-icosatetraenoic acid [(8R,1SS)- and (8S,1SS)-leukotri-
enes], and (14R,15S)dihydroxy-(SZ,8Z,1OE,12E)-icosatetra-
enoic acid [(14R,1SS)-diHETE] (peaks 1-5, Fig. 2 and Table
1). The retention time of the major peak of absorbance at 235
nm corresponded exactly to the time of 15-HETE, while the
retention time of the minor peak coincided with elution of
8-HETE or 12-HETE (peaks 6 and 7, Fig. 2 and Table 1).

Small peaks absorbing at 269 nm had retention times cor-
responding to those of (14S,15S)-dihydroxy-(SZ,8Z,1OE,
12E)-icosatetraenoicacid[(14S,15S)-diHETE]andof(5S,12S)-
diHETE or leukotriene B4, but the amounts were too small
for further structural studies. No peaks were found cor-
responding to the retention time of the "all-trans" isomers of
leukotriene B4. Similarly, only a small peak absorbing at 235
nm had a retention time corresponding to that of 5-HETE
(Table 1).
Methyl esters of the compounds contained in peaks 1-5

from RP-HPLC also chromatographed as single peaks on

A634 Biochemistry: Hunter et al.



Proc. Natl. Acad. Sci. USA 82 (1985) 4635

FIG. 1. Electron photomicrographs of epithelial cells isolated from human trachea. Ciliated cells (Left; x2800), goblet cells (Center; x2800),
and basal cells (Right; x3400) were identified and exhibited characteristic ultrastructure. (Horizontal bars = 1 ,um.)

SP-HPLC. Retention times of the five peaks on SP-HPLC
corresponded again to the times of the respective synthetic
diHETEs and leukotrienes (Table 1) and were similar to
retention times published previously for the same five com-
pounds chromatographed under identical conditions (6, 12).
The methyl ester of the compound in peak 6 chromato-
graphed as one major peak, while compounds in peak 7
resolved into two major peaks on SP-HPLC. Retention times
of the peaks on SP-HPLC corresponded again to the respec-
tive synthetic monoHETEs (Table 1) and were equivalent to
times reported previously for 15-, 12-, and 8-HETE studied
under similar conditions (13).
UV absorption spectra of compounds in peaks 1-5 were

characteristic for the conjugated triene of a diHETE or

leukotriene, while spectra of compounds in peaks 6 and 7
were characteristic for the conjugated diene ofa monoHETE.
The spectrum for each compound was identical with that of
its synthetic standard and exhibited wavelengths of maximal
absorbance (Table 1) and for hypso- and bathochromic
shoulders similar to those reported previously (12).
GC/MS analysis of the trimethylsilyl ether derivatives of

the methyl esters of the compounds contained in peaks 1, 3,
and 2 were consistent with their identities as 8,15-leukotri-
enes and 8,15-diHETE, respectively (6, 12, 14). Mass spectra
showed characteristic ions (m/z) of 353 [M - 141, loss of
*CH2(CH)2(CH2)3CO2CH3], 263 [353 - 90, loss ofMe3SiOH],
243 [Me3SiO+=CH(CH2)(CH)2(CH2)3CO2CH3], and 173

0.02 PGB 1 2 1.20

E E
r_ c

cm CM,

5

c a
0o 0o

-e e2
0

c 4

I

10 20 30

L
5

30 40 50

Retention time, min

FIG. 2. Chromatogram from RP-HPLC of ether extract of4 ml of
epithelial cell suspension (2 x 106 cells per ml) incubated with
arachidonic acid (25 ;Lg/ml) for 5 min at 37°C. Absorbance was
monitored at 269 nm from 10 to 30 min to detect diHETEs (left half
of tracing) and at 235 nm from 30 to 50 min to detect monoHETEs
(right half of tracing). The peak labeled PGB corresponds to PGB2
added as an internal standard; other major peaks are numbered 1-7
and correspond to the numbers and compound identities listed in
Table 1.

[Me3SiO+=CH(CH2)4CH3]. In each case, spectra were
equivalent to those for the respective synthetic standard.
Although the profile of metabolite generation was constant

under each incubation condition, the amounts of metabolites
depended on incubation time and substrate concentration.
The quantities of diHETEs were maximal within 1 min and
were unchanged for up to 30 min, while amounts of
monoHETEs approached a plateau only after 5 min and
continued to increase slightly for up to 30 min (Fig. 3). The
generation of each metabolite showed an equivalent depen-
dence on substrate concentration (Fig. 3). A cytotoxic effect
of arachidonic acid was also time and concentration depen-
dent but was not required for product generation. Initial loss
of viability occurred only after incubation with at least 25 pg
of arachidonic acid per ml, yielding viabilities of 98 + 8%, 89
+ 2%, 88 ± 11%, and 85 ± 7% of the control values after
incubation for 1, 5, 15, and 30 min, respectively. Metabolite
quantities for standard conditions are listed in Table 1.

DISCUSSION
Lipoxygenase enzymes catalyze the conversion of arachi-
donic acid to hydroperoxyicostatetraenoic acids (HPETEs)
which, in turn, may be reduced to the corresponding
monoHETEs or further metabolized to more complex
diHETEs and leukotrienes. Each of the predominant mam-
malian lipoxygenases-i.e., the 5-, 12-, and 15-lipoxy-
genases-interacts specifically with arachidonic acid and,
therefore, initiates the generation ofa characteristic profile of
metabolites (1). Consequently, initial evidence of a 15-
lipoxygenase cascade in mammalian cells was obtained when
it was shown that arachidonic acid was converted to 15-
HETE and a series of 8,15- and 14,15-diHETEs and leukotri-
enes in human or porcine leukocytes (12, 14). Subsequent
studies demonstrated that, among the various classes of
blood leukocytes, the dominant source of 15-lipoxygenase
metabolites was the eosinophil (6). The likelihood that the
eosinophil also contained 5- and 12-lipoxygenase activities
was suggested when even the purest preparations of eosino-
phils also produced 5-HETE, 12-HETE, and 5,12-diHETEs
(6).
The present findings indicate that another type of mam-

malian cell contains a capacity for the selective generation of
15-lipoxygenase metabolites from arachidonic acid. By incu-
bating suspensions of human tracheal epithelial cells with
unesterified arachidonic acid and identifying the resultant
metabolites by their chromatographic and spectral proper-
ties, we established that the cells can rapidly generate a
complex but characteristic series of lipoxygenase products.
In comparison to human eosinophils studied under similar
conditions (6), epithelial cells generated approximately 10
times the amount of 15-HETE, 20 times the amounts of

Biochemistry: Hunter et al.
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Table 1. Lipoxygenase metabolites of arachidonic acid from human airway epithelial cells
RP-HPLC SP-HPLC UV

RP-HPLC retention retention X,,, Quantity,
peak no. time, mm time, mm nm Compound ng*

1 15.5 14.3 269 (8R,15S)-Leukotriene 13 ± 1
2 17.6 11.2 268 (8S,15S)-diHETE 12 ± 1
3 19.0 18.3 269 (8S,15S)-Leukotriene 13 ± 1
4 20.5 14.1 268 (8R,1SS)-diHETE 4 ± 1
5 25.0 12.2 272 (14R,1SS)-diHETE 9 ± 1
6 42.1 13.5 235 15-HETE 1434 ± 69
7 45.0 12.9 235 12-HETE 94 ± 1
7 45.3 22.0 235 8-HETE 45 ± 2

*Amounts expressed as net ng per 106 epithelial cells after 2 x 106 cells per ml were incubated with
arachidonic acid at'50Sug/ml for 15 min at 37TC. Comparable amounts for 5,12-diHETEs or
leukotrients and for 5-HETE were <1 and 14 ± 1 ng per 106 cells, respectively. Values are corrected
for recovery and for the ttace amounts of monoHETEs generated nonenzymatically (amount ih cell
mixture minus amount in cell-free mixture) and represent the mean ± SEM for cells isolated from three
tracheas.
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Maximal values for 15-HETE and I
ments were 1492 ± 55 and 12 ± ]
all products under standard condi

mes the amounts of 8,15- and lipoxygenase pathway in the same cell preparation obtained
[atively small amounts of 5- from dogs (2). Canine cells incubated with the same concen-
iHETEs. The findings suggest trations of arachidonic acid (up to 50 pig/ml) generate
ubstrate were made available, predominantly the 5-lipoxygenase products, leukotriene B4,
rate 15-lipoxygenase products the two "all-trans" isomers of leukotriene B4, and 5-HETE
rchanisms for regulatifig sub- (2). Compared to the human cells studied under the same
ell are still uncertain, conditions, the canine cells generate much lower levels of
)xygenase activity in human 15-HETE (2) and no detectable 8,15- or 14,15-diHETEs
rasts with the prominent 5- (unpublished observation). Although the differences in

lipoxygenase specificity between canine and human epithe-
lial cells may be due to changes that occur in tissues post
mortem, it is most likely due to genetic differences between
species.
For both human and canine epithelial cell preparations, the

isolation procedure results in a heterogeneous suspension of
cells containing basal cells, ciliated cells, and goblet cells.
The absence of ciliated cells and goblet cells in some
preparations of human cells did not affect the generation of
lipoxygenase products, suggesting that the 15-lipoxygenase
activity is contained in basal cells. Whether ciliated cells and
goblet cells also contain lipoxygenase activity is uncertain. It
is possible that 15-lipoxygenase activity changes during cell

*' ' differentiation and even that the enzyme may play a role in
15 30 cell maturation, a role suggested previously for the enzyme

bation time, min in reticulocyte maturation (15).
Lipoxygenase activity in other types of epithelial cells has

been only partially characterized. One study showed that
epidermis from patients with psoriasis exhibited 12-
lipoxygenase activity, but no diHETEs were detected, and
the cell source of the 12-HETE was uncertain (16). Similarly,
12-HETE was generated by pancreatic islet cells isolated
from rats, but no diHETEs were detected (17). Interestingly,
the epithelial cells isolated from human trachea also generate
12-HETE. Although the significance of 12-lipoxygenase ac-
tivity is uncertain, the activity has been proposed as a
mechanism for the formation of an epoxide intermediate
leading to the generation of 8,15-leukotrienes (9). Presum-

12 50 ably, the same activity may also account for the generation6122550 of 8-HETE as another derivative originating from hydrogen
donic acid, g.g/ml abstraction at carbon-10.

The functional significance of 15-lipoxygenase activity
tper) and substrate concentration contained in human tracheal epithelial cells is also uncertain.
ration of mono- and diHETEs by One possibility comes from the observation that 15-HETE (as
(o) and (8S,15S)-diHETE (@) were well as 8-HETE and 12-HETE) in concentrations as low as
tified by UV absorbance after 2 x 0
th arachidonic acid at 25 Ag/ml for .3 pig/ml stimulate mucus glycoprotein release fom cul-
uesfrom threeracheas) orato-SO tured human airways (18). Quantitative comparisons are
n = 3 values from one trachea). indirect, but the similarity of the concentrations causing

(8S,1SS)-diHETE for these experi- mucus release with those generated by isolated epithelial
I ng per 106 cells; mean values for cells suggests at least a potential role for the HETEs in
itions are listed in Table 1. regulating airway secretion.
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Another possibility comes from the proposal that airway
epithelial cells modulate the inflammatory response to in-
haled stimuli. One concept is that the 15-lipoxygenase prod-
ucts have direct inflammatory effects and is supported by the
recent finding that (8S,15S)-diHETE at concentrations as low
as 5 ng/ml directly stimulates human neutrophil chemotaxis
in vitro (19). An alternative concept is that the 15-
lipoxygenase products influence inflammation indirectly by
modulating arachidonic acid metabolism in leukocytes. For
example, 15-HETE stimulates 5-lipoxygenase activity in
murine and canine mast cells (20, 21) and inhibits it in rabbit
neutrophils (22). Whether direct or indirect effects pre-
dominate in vivo or whether either may provide a mechanism
for epithelial cell regulation ofleukocyte activity is uncertain.
Our present findings provide only the initial evidence that
human tracheal epithelial cells have the capacity for releasing
15-lipoxygenase products in vitro.

We thank Ms. Dorit Grunberger for expert technical assistance,
Dr. Jonathan Widdicombe for advice in the isolation of cells, and Dr.
Walter Pickett for help with the mass spectrometric analysis. W.E.F.
and M.J.H. were supported by National Institutes of Health Clinical
Investigator Awards HL-01387 and HL-00797. This work was also
supported in part by National Institutes of Health Grants HL-24136,
HL-31809, and AI-19784 and by grants from the Council for Tobacco
Research, the Cystic Fibrosis Research Foundation, and Cystic
Fibrosis Research, Inc.

1. Samuelsson, B. (1983) Science 220, 568-575.
2. Holtzman, M. J., Aizawa, H., Nadel, J. A. & Goetzl, E. J.

(1983) Biochem. Biophys. Res. Commun. 114, 1071-1076.
3. Widdicombe, J. H., Basbaum, C. B. & Highland, E. (1981)

Am. J. Physiol. 241, C184-C192.
4. Boyle, W. (1968) Transplantation 6, 761-764.
5. Fales, H. M., Jaouni, T. M. & Babashak, J. F. (1973) Anal.

Chem. 45, 2302-2304.

6. Turk, J., Maas, R. L., Brash, A. R., Roberts, L. J., II, &
Oates, J. A. (1982) J. Biol. Chem. 257, 7068-7076.

7. Van Os, C. P. A., Rijke-Schilder, G. P. M., Van Halbeek, H.,
Verhagen, J. & Vliegenthart, J. F. G. (1981) Biochim.
Biophys. Acta 663, 177-193.

8. Boeynaems, J. M. & Hubbard, W. C. (1980) in Prostaglan-
dins, Prostacyclin, and Thromboxane Measurement, eds.
Boeynaems, J. M. & Herman, A. G. (Nijhoff, The Hague,
Netherlands), pp. 167-181.

9. Maas, R. L. & Brash, A. R. (1983) Proc. Natl. Acad. Sci. USA
80, 2884-2888.

10. Borgeat, P. & Samuelsson, B. (1979) Proc. Natl. Acad. Sci.
USA 76, 2148-2152.

11. Goetzl, E. J., Brash, A. R., Tauber, A. I., Oates, J. A. &
Hubbard, W. C. (1980) Immunology 39, 491-501.

12. Maas, R. L., Brash, A. R. & Oates, J. A. (1981) Proc. Natl.
Acad. Sci. USA 78, 5523-5527.

13. Porter, N. A., Logan, J. & Kontoyiannidou, V. (1979) J. Org.
Chem. 44, 3177-3180.

14. Jubiz, W., Radmark, O., Lindgren, J. A., Malmsten, C. &
Samuelsson, B. (1981) Biochem. Biophys. Res. Commun. 99,
976-986.

15. Bryant, R. W., Bailey, J. M., Schewe, T. & Rapoport, S. M.
(1982) J. Biol. Chem. 257, 6050-6055.

16. Hammarstrom, S., Hamberg, M., Samuelsson, B., Duell,
E. A., Stawiski, M. & Voorhees, J. J. (1975) Proc. Natl. Acad.
Sci. USA 72, 5130-5134.

17. Metz, S., VanRollins, M., Strife, R., Fujimoto, W. &
Robertson, R. P. (1983) J. Clin. Invest. 71, 1191-1205.

18. Marom, Z., Shelhamer, J. H., Sun, F. & Kaliner, M. (1983) J.
Clin. Invest. 72, 122-127.

19. Shak, S., Perez, H. D. & Goldstein, I. M. (1983) J. Biol.
Chem. 258, 14948-14953.

20. Vanderhoek, J. Y., Tare, N. S., Bailey, J. M., Goldstein,
A. L. & Pluznik, D. H. (1982) J. Biol. Chem. 257,
12191-12195.

21. Goetzl, E. J., Phillips, M. J. & Gold, W. M. (1983) J. Exp.
Med. 158, 731-737.

22. Vanderhoek, J. Y, Bryant, R. W. & Bailey, J. M. (1980) J.
Biol. Chem. 255, 10064-10066.

Biochemistry: Hunter et al.


