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HEMATOPOIESIS

Chemotaxis and transendothelial migration of CDBématopoietic progenitor
cells induced by the inflammatory mediator leukotriene D4 are mediated by the

7-transmembrane receptor CysLT1

Frank Bautz, Claudio Denzlinger, Lothar Kanz, and Robert Mohle

Recent studies suggest that bone marrow
(BM)—derived chemotactic mediators such
as chemokines play key roles in hemato-
poietic stem cell trafficking. Lipid media-
tors, particularly leukotrienes, are in-
volved in leukocyte chemotaxis during
inflammation but have also been detected
in the normal BM. Therefore, the effects
of leukotrienes on hematopoietic progeni-
tor cells were analyzed. Cysteinyl leukotri-
enes, particularly leukotriene D4 (LTD4),
induced strong intracellular calcium
fluxes and actin polymerization in mobi-
lized and BM CD34 * progenitors. Chemo
taxis and in vitro transendothelial migra-

tion of CD34 * and more primitive CD34 */

CD38~ cells were 2-fold increased by

LTD4 at an optimum concentration of 25

to 50 nM. Accordingly, CD34 * cells ex -

pressed the 7-transmembrane LTD4 re-
ceptor CysLT1 by reverse transcriptase—
polymerase chain reaction and Western
blot. Effects of LTD4 were suppressed by
the CysLT1 receptor antagonist MK-571
and reduced by pertussis toxin. In con-
trast, LTB4 induced strong responses only
in mature granulocytes. LTD4-induced cal-
cium fluxes were also observed in granu-
locytes but were not reduced by MK-571,
suggesting that these effects were medi-
ated by other receptors (eg, CysLT2)
rather than by CysLT1. In addition, expres-
sion of 5-lipoxygenase, the key enzyme of
leukotriene biosynthesis, was detected in

both hematopoietic progenitor cells and
mature leukocytes. The study concludes
that the functionally active LTD4 receptor
CysLT1 is preferentially expressed in im-
mature hematopoietic progenitor cells.
LTD4 released in the BM might regulate
progenitor cell trafficking and could also
act as an autocrine mediator of hemato-
poiesis. This would be a first physiologic
effect of cysteinyl leukotrienes apart from
the many known pathophysiologic ac-
tions related to allergy and inflammation.
(Blood. 2001;97:3433-3440)
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Introduction

Mechanisms involved in hematopoietic stem cell trafficking havguently converted to LTD4 and LTE4. Specific functions of
been largely unknown for a long time. During the past few yearkgukotrienes are mediated by receptors with distinct specificity, eg,
the role of particular secreted (eg, cytokines) and cell-bourtde LTB4 receptor and the cysteinyl leukotriene receptor CysLT1,
proteins (eg, adhesion molecules) in progenitor mobilization amehich have recently been identifiédi**The finding that cysteinyl
homing has been recogniz&dMore recently, it has been shownleukotrienes are produced in human BM supports their potential
that cytokines with chemotactic effects (chemokines) may playrale in the hematopoietic microenvironméft.eukotrienes LTB4
central role in progenitor cell trafficking, particularly in stem celland LTC4 have been shown to stimulate growth of colony-forming
homing to the bone marrow (BM)%7 Interestingly, extravasation unit—-granulocyte macrophage colonies in methylcellulds¢ow-
of mature leukocytes during inflammation and homing of immaturmever, the effect of leukotrienes on distinct progenitor cell popula-
progenitor and stem cells to the BM may at least partially depemions (eg, immature progenitor cells) has not been studied.
on similar mechanismsinflamed tissues and the hematopoietic Cysteinyl leukotrienes have a number of pathophysiologic
microenvironment share similarities, such as expression of parti@ctivities, such as induction of proliferation and contraction of
lar adhesion molecules (E-selectin, vascular cell adhesion moséerooth muscle cells, promotion of eosinophil migration, and
cule-1) on microvascular endotheliuif. increases in vascular permeabifityt® They are established as
However, inflammatory chemotaxis of leukocytes is not onlplaying a major role in inflammation, allergy, and asthi#&,2°but
controlled by adhesion molecules and chemokines but also by physiologic role has been described. Given the short half-life
nonpeptide mediators, particularly by lipid mediators such ad range in vivé? LTD4 could act as a paracrine or autocrine
leukotrienes® One might therefore speculate that these mediatonsediator in the BM independent from its role in inflammation
also play a role in progenitor cell trafficking. During inflammationand allergy.
phospholipases release arachidonic acid from the cell membranesMany effects of LTD4, the most potent of the cysteinyl
of activated leukocytes, which is metabolized to leukotrienes viaukotrienes, are mediated through the recently cloned 7-trans-
the 5-lipoxygenase pathwad$* The initial product, leukotriene membrane receptor CysLT4?! This receptor shows structural
(LT)A4, is either hydrolized to LTB4 or conjugated with gluta-similarities (7 transmembrane domains) to several chemokine
thione, providing the cysteinyl leukotriene LTC4, which is subseeceptors, including CXCR4, which is expressed on various cell
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types, including CD34 hematopoietic progenitor celig222The Germany), and CD38-FITC (Coulter-lmmunotech, Hamburg, Germany).
glycosylated receptor CysL?‘ﬂ_ is coupled to pertussis toxin Isotype-identical antibodies served as controls (immunoglobulin G1 and
(PTX)-sensitive and -insensitive G proteins, indicating that diffefmunoglobulin G2, FITC/PE-conjugated; Becton Dickinson). Cells were
ent signal transduction pathways may mediate various actidftie2n@lyzed using a FACSCalibur flow cytometer (Becton Dickinson). To
LTD4 activation results in a transient mobilization of intracellulaf2/c!!at¢ the percentage of positive cells, a proportion of 1% or fewer
calcium in the target cel?” The LTD4-mediated effects can alse-positive events was accepted in the negative control sample.
be inhibited by several specific CysLT1 receptor antagonists, such i ) ) )
as montelukast, zafirlukast, pranlukast, and MK-571, which aﬁeeverse transcriptase—polymerase chain reaction analysis
successfully used in treatment of allergic asti#&. The fune  Oligonucleotide primers for human CysLT1 were syntheziséeSAC-
tional role of additional cysteinyl leukotriene receptors (eg, CysLT2A\GCCATGAGCTTTTTCC-3 (sense), SATGCAGCCAGAGACAAG-
which are not blocked by these antagonists, remains to &g T-3 (antisense), resulting in a polymerase chain reaction (PCR) product
characterized of 514 base pairs (bp). F@ractin, the sense primef-FCATGTTTGAGAC-

In the present study, we investigated the effect of leukotrien&d | ©AA-3' and the antisense primekETCTTTGCGGATGTCCACG-3
on circulating CD34 progenitors, mature granulocytes, and Ieukewn?;eNf)egx(srtiggzl' F50 gé?’ggfi;?&iégg%ﬁi&f%,msesileer:jgzrsRNA
mic cell lines. In these cells, expression of the L_TD4 recept knse and ’ZGTGCA:GGGGTCTGTTTTGTT—S as an antisense primer
CysLT1 and postreceptor effects were measured, ie, intracellulgh; pp). Total RNA was isolated (Rneasy Mini Kit, Qiagen, Hilden,
calcium mobilization, actin polymerization, and chemotaxis. Igermany) and transcribed to complementary DNA (murine leukemia virus
addition, we determined expression of 5-lipoxygenase, the keyerse transcriptase, PerkinElmer, Langen, Germany). Complementary
enzyme of leukotriene biosynthesis, to evaluate whether progeniiiMA PCR was performed as described previolslthe PCR profile
cells could also contribute to leukotriene production in the hemateensisted of 1-minute initial denaturation at 94°C, followed by 30 to 36
poietic microenvironment. cycles of 40-second denaturation at 94°C, 1-minute annealing (58°C for
CysLT1 and 55°C fop-actin) or 30-second annealing (58°C for 5-lipoxy-
genase), 2-minute polymerization at 72°C and, finally, 10-minute extension

. at 72°C. As a control, each reaction was additionally performed without
Materials and methods addition of reverse transcriptase.

Leukotrienes, CysLT1 antagonist )
Western blot analysis

Leukotrienes were obtained from Paesel & Lorei (Hanau, Germany), with ) ) o
purity more than 90% by high-performance liquid chromatography. ARrotein ex_tracts were produced by d|_ss_0IV|ng the ceI_IuIar prot.el_ns in Triton
controls, equal volumes of the carrier solution (methanol, final concentr$=100 lysis buffer with protease inhibitors (leupeptin, aprotinin [Boehr-
tion < 0.5%) without leukotrienes were used. In some experiments, tHger Mannheim, Mannheim, Germany]), 1 mM phenylmethylsulfonylfiuo-

CysLT1 receptor antagonist MK-571 (L-660711.®1, kindly provided by ride (Sigma, St Louis, MO), and 1.8 mg/mL iodoacetamide (Sigma) for 45
Dr R. N. Young) was added to block receptor function. minutes on ice. After centrifugation, the supernatants were separated by

10% sodium dodecyl sulfate—polyacrylamide gel electrophoresis and
transferred to a polyvinylidene fluoride membrane (Hybond-P, Amersham
Pharmacia Biotech, Freiburg, Germany). After blocking of the membranes
The CD34 progenitor cell line KG1a, the promyelocytic cell line HL-60, with PBS-T (PBS plus 0.1% Tween 20) plus 5% dry milk powder at 4°C,
the monocytic cell line THP-1, and the neuroblastoma cell line SK-N4LOthe blots were incubated with a goat—anti-CysLT1 polyclonal antibody
were cultivated in RPMI 1640 medium (Seromed-Biochrom, Berlin, Germang) :3000, kindly provided by Dr J. F. Evaifs for 1 hour at room
supplemented with 10% fetal calf serum. Primary BM stromal cells were isolatggmperature. Following 5 wash steps with PBS-T, the membranes were

Cell lines and BM stromal cells

from BM aspirates and cultivated as described previotisly. incubated with a polyclonal, horseradish peroxidase—conjugated rabbit-
antigoat antibody (1:4000; Dako, Hamburg, Germany) for 1 hour. After
Isolation of CD34 * hematopoietic progenitors washing, bound antibodies were detected using the enhanced chemilumines-

. . ence plus Western blotting detection system (Amersham).
After informed consent, peripheral blood (PB) mononuclear cells (MNCs?) P 9 4 ( )

were obtained from patients with nonhematologic malignancies or normal ) ) o

stem cell donors during PB progenitor cell mobilization with granculocyt€asurement of intracellular calcium mobilization

colony-stimulating factor. BM aspirates from healthy donors served asi@acellular free Ca* was measured using the fluorescent calcium
source for BM MNCs. MNCs were separated by Ficoll density gradiefgicator Fluo-3 (Molecular Probes, Leiden, Netherlands), which was
ce_ntrlfugatlon. The CD34 cells were |st_)|ated using immunomagneticiyaded into the cells as described previod8it Cells (10/mL) were
microbeads (MACS System, Miltenyi Biotec, Bergisch Gladbach, Ge[pcypated in Hanks balanced salt solution (Sigma) containingud
many). Samples with a purity of at least 98% (flow cytometry) were usge|y;o-3 for 30 minutes at 37°C. After a 1:5 dilution in Hanks balanced salt

for this study. solution/1% fetal calf serum and a further incubation for 40 minutes at
] 37°C, the cells were washed 3 times, resuspended in HEPES-buffered
Isolation of normal MNCs and granulocytes saline (137 mM NaCl, 5 mM KCI, 1mM N&iPO,, 5 mM glucose, 1 mM

Isolation of PB MNCs and PB polymorphonuclear cells (PMNCs) WagaCb, 0.5 mM MgCh, 1 g/L bovine serum albumin, 10 mM HEPES, pH

performed using dextran sedimentation and Ficoll density centrifugation &&)- @nd incubated for at least 10 minutes at 37°C. After stimulation with
described previousff For the isolation of the granulocytes, the cell pellefeukotrienes (LTB4, LTC4, LTDA4, or LTE4) or SDF-1 (recombinant human

was resuspended in 0.98% WE for lysis of residual erythrocytés38and SDF-18, R&D Sys_tems, Wiesbaden, G_ermany)| the ﬂ_uorescence (FITC
washed in phosphate-buffered saline (PBS). In accordance with previou(EBWmneD was continuously analyzed using a FACSCalibur flow cytometer

published dat&®the purity of the PMNCs was more than 98%. ecton Dickinson) in 5-second acquisition intervals. As a control, fluores-
' cence changes were measured after application of equal volumes of carrier

solution. In some experiments, blocking of the LTD4 receptor CysLT1 was
performed by adding MK-571, a specific CysLT1 receptor antagéhéta

A total of 1P cells were incubated for 30 minutes at 4°C with thefinal concentration of 2uM, 2 minutes prior to leukotriene application. To
fluorescein isothiocyanate (FITC)- or phycoerythrin (PE)-conjugated monanalyze the effects of PTX on the CysLT1 signal transduction pathway, the
clonal antibodies: CD34, CD38-PE, CD45 (Becton Dickinson, Heidelbergells were preincubated withjdg/mL PTX for 1.5 hours.

Flow cytometry
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Measurement of polymerized F-actin A Q
> & e QXL
Cells were suspended in X-VIVO20 medium (Biowhittaker, Walkersville, Qs 4_’ G\ RS Q"’ @5
MD), and LTD4 was added (final concentratiop1). By adding 1 volume Mol wt & ) RO
of FITC-phalloidine (Sigma) working solution (18% formaldehyde, 50 wp) | | | [ |
mg/mL lysophosphatidylcholine, 0pM FITC conjugated phalloidine) to 4 gg& < CysLT1

volumes of cell suspension, polymerized F-actin was fluorescence labele:
and the cells were fixed and analyzed by flow cytometry (FACSCalibur, m= -« ;
Becton Dickinson) as described previou&ly3 400 B-actin

Chemotaxis assay B - o “-'-‘m <4 CysLT1

L
Chemotaxis of CD34 progenitors was analyzed in a modified Boyden
chamber system using 3QL Chemotx 96-well microplates (Receptor @ @ Q}\
Technologies, Adderbury, United Kingdom) withyn membrane pores. » D A
The membrane was coated with fibronectin (£6/mL, 1 hour) and c &Qs CJO"’ (555 CQH’ c;&v'
positioned over the wells, which had been loaded with X-VIVO20 Mol wt
serum-free medium (Biowhittaker) containing chemoattractants or solven (kd} I 1 I I I

(control). For each well, 5L serum-free medium containing >3 10* 46— o ”“'b— * -“ ; < CysLTI

’\)0

CD34" cells was pipetted onto the membrane. After a 14-hour incubation a
37°C and 5% C@ the medium, including nonmigrated cells, was removed
and the membrane was incubated with ethylenediaminetetraacetic ac ;
solution (0.2%, 30 minutes, 4°C). After centrifugation (4pGhe number 30—

of migrated cells was evaluated by colorimetric lactate dehydrogenageure 1. CysLT1 expression in CD34 * hematopoietic progenitors, mature
activity (Cytotox96, Promega, Mannheim, Germany). Ieykocytes,‘and celllines. (A) CysLT1 mRNA was expressed l|n CD34* hematqpm—
etic progenitor cells, mature PMNCs and MNCs, as well as in leukemic cell lines
including the CD34* progenitor cell line KG1a, as assessed by RT-PCR. The cell line
Transendothelial migration THP-1 served as a positive control and the neuroblastoma cell line SK-N-LO as a

. X . L negative control. Expression of B-actin mRNA was analyzed as a control for RNA
Migration across BM endothelial cells was quantltatlvely analyzed SFnounts in the RT reaction. (B) Western blot analysis of CysLT1 protein expression

described previoustyusing BMEC-1 cells grown to confluency onpdn  confirmed the RT-PCR results using a polyclonal CysLT1 antibody.2® The strongest
microporous Transwell inserts (Corning-Costar, Bodenheim, GermangysLT1 expression was observed in the CD34" cell line KGla. In CD34* cells,
placed in 6-well tissue culture plates. LTD4 (50 nM) or SDF-1 (recombpysLTl expression was at least as strong as in mature leukocytes. (C) Circulating
nant human SDF{, R&D Systems; 500 ng/mL) was added as aQD34+ prqg_enitors from 3 different, additional individuals showed CysLT1 expres-
chemoattractant to the lower chamber and 30° CD34" cells to the upper sion ata similarfevel.

chamber of the transmigration system. Transmigrated cells were recovered

and enumerated after 14 hours.

]

T

of CysLT1 (38.5 kd):2 The strongest expression of CysLT1 protein
was observed in the CD34cell line KGla. In mobilized,
circulating CD34 cells, the signal was at least as strong as in
For statistical analysis of calcium mobilization, actin polymerizationgnature leukocytes (PMNCs, MNCs). Because expression of CysLT1
_chemotaxis, and trgnsendothelial migration assays, data from at Ieaﬁih?circulating CD34 cells may show interindividual differences,
independent experiments were expressed as meaSEM. For the ,qqitional samples from 3 different donors were investigated as

assessment of statistical significance, the Wilcoxon matched pairs Sig%?ldown in Figure 1C. All CD34 cell samples analyzed were
k test lied. . L ’ . L
rankiestwas applie brightly positive for CysLT1 expression at a similar level.

Statistical analysis

Results Leukotriene-mediated mobilization of intracellular free calcium
in progenitor cells
Expression of the LTD4 receptor CysLT1 in human CD34  +

progenitor cells LTD4 (1 wM) induced a significant, transient increase of intracellu-

lar free calcium in PB CD34 cells (Figure 2\), which was
Expression of CysLT1 mRNA in CD34cells, mature leukocytes, measured semiquantitatively as relative Fluo-3 mean fluorescence.
and in cell lines was analyzed by reverse transcriptase—polymer&mcentrations as low as 1 nM resulted in significant calcium
chain reaction (RT-PCR) (Figure 1A). Corresponding to indirechobilization (dose-response curve, Figure 2B). The cells showed
evidence from previously published ddtathe CD34-monocytic weaker effects in response to LTC4 and LTE4 given in an
cell line THP-1 expressed CysLT1 mRNA and was therefore useduimolar concentration (uM). Calcium mobilization was not
as a positive control. In contrast, no expression of the specifibserved after application of LTB4 (Figure 2C). Interestingly, the
CysLT1 mRNA was observed in the neuroblastoma cell lineffect of LTD4 was more pronounced in PB than in BM-derived
SK-N-LO, serving as a negative control. By RT-PCR, PB CD34CD34" progenitors. Calcium fluxes were completely blocked by
hematopoietic progenitor cells, PMNCs, and MNCs expressed tthe specific CysLT1 receptor antagonist MK-5210nly partial
CysLT1 mRNA, as well as the CD34progenitor cell line KG1la inhibition was observed after preincubation of the cells with PTX
and the CD34-myeloid cell line HL-60. Analysis pfactin mMRNA (1 wg/mL) for 1.5 hours. Similarly, LTD4-induced calcium fluxes
expression served as an internal control. In accordance with tlvere observed in the control cell line THP-1 but even stronger in
RT-PCR data, Western blot analysis revealed a single band betwdenCD34 cell line KG1a. In contrast, LTB4 induced intracellular
the 30- and 46-kd weight markers in all samples, except tlwalcium fluxes in PMNCs as described previoddlywhereas the
negative control cell line SK-N-LO (Figure 1B), which waseffect of LTD4 was less pronounced and not suppressed by
consistent with previously published results using the same polyK-571. In SK-N-LO cells, none of the tested leukotrienes caused
clonal antibod$® and corresponds to the calculated molecular maas intracellular calcium mobilization.
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Figure 3. LTD4-induced actin polymerization in CD34  * progenitors and KG1la
C cells. Polymerization of cellular actin was assessed by flow cytometry using
FITC-conjugated phalloidin. In both CD34" and KG1a cells, an increase (40%) of
polymerized F-actin was observed after addition of 1 wM LTD4; the level of F-actin
returned back to the baseline level within 2 minutes. Control, ®; LTD4, <.

PB CD34+ LTD4

PB CD34+ LTD4 / MK-571
PB CD34+ LTD4 / PTX
PB CD34+ LTC4

PB CD34+ LTE4

PB CD34+ LTB4 Effect of LTD4 on primitive and more differentiated

hematopoietic progenitor cells
BM C34+ LTD4

Expression of the surface molecule CD38 is associated with

THP-1 LTD4
KGla LTD4 lineage commitment of hematopoietic progenitors, whereas ab-
SK-N-LO LTD4 sence or low expression of this antigen on CD3dells is
PMN LTD4 characteristic for more primitive progenitor ceifs'® Therefore,
PMN LTD4 MK-571 we analyzed whether the effects of LTD4 on CD3dells are

PMN LTB4

related to the level of CD38 expression. Particularly, the response
1 2 3 4 5 of more primitive CD34/CD38°%~ cells to this cysteinyl leukotri
ene was assessed by counterstaining of isolated, Fluo-3—loaded

Fluo-3 fluorescence (rel)

Figure 2. Leukotriene-induced mobilization of intracellular free calcium in
CD34* hematopoietic progenitors, mature leukocytes, and cell lines. (A)
Mobilization of intracellular calcium in isolated PB CD34" cells was analyzed by flow
cytometry using the green fluorescent calcium indicator Fluo-3. After addition of LTD4
(1 nM), time-dependent, relative (compared to baseline level = 1) changes of the
mean fluorescence were recorded. Control, ®@; LTD4, A. (B) LTD4-induced intracellu-
lar calcium mobilization (expressed as relative Fluo-3 fluorescence 5 seconds after
addition of LTD4) in primary PB CD34" progenitors was dose dependent, with an
optimum concentration of 1 pM. (C) The LTD4-induced calcium release in PB CD34*
cells (expressed as relative Fluo-3 fluorescence 5 seconds after addition of LTD4)
was completely blocked by the CysLT1 receptor antagonist MK-571 and partially
reduced by PTX. Other cysteinyl leukotrienes (LTC4, LTE4 at 1 pM) were less
effective. The noncysteinyl leukotriene LTB4 (1 M) did not induce calcium fluxes in
CD34" cells. The response of BM-derived CD34" progenitors was similar to THP-1 N $ §\ $ $ SIS
cells, whereas the strongest calcium fluxes were observed in the KG1acell line. LTD4 & NI \@ A
induced calcium mobilization also in mature PMNCs, which, however, was not LTD4 concentration
suppressed by MK-571 and was less efficient than the noncysteinyl leukotriene LTB4.

>

Migration (rel)

vy )

LTD4-induced actin polymerization, chemotaxis, and 127 PB BM
transendothelial migration of CD34  + hematopoietic
progenitor cells

Actin polymerization in response to LTD4 as an initial step in cell
locomotion was analyzed (Figure 3). In both mobilized PB CD34
progenitors and KG1a cells, application ofuM LTD4 immedi-
ately resulted in an approximately 40% increase of polymerized
F-actin, which depolymerized to the baseline level within 2 0-
minutes. Using a modified Boyden chamber chemotaxis assay, the

chemotactic activity of LTD4 on CD34 progenitor cells was

analyzed. Figure 4A shows the mean relative migration of PB

CD34" progenitor cells in response to different LTD4 concentrarigure 4. Chemotaxis and in vitro transendothelial migration of hematopoietic
tions. The greatest migration rate was observed in response top@genitor cells in response to LTD4.  (A) The chemotactic effect of LTD4 on
nM LTD4. However, the optlmum concentrations were different IﬁD3.44 hematopoietic progenitor cells §tld|ﬁerent concentrations was analyzed in a
o N _ modified Boyden chamber assay. Addition of LTD4 to the lower chamber of the
individual CD34" samples, ranging from 10 to 75 nM. As ShOwn ifhemotaxis assay stimulated migration of CD34* cells at an average optimum
Figure 4B, LTD4 at a concentration of 50 nM added to the lowepncentration of 25 nM/L. (B) Using an in vitro assay of transendothelial migration
chamber of the in vitro assay of transendothelial migratiozﬁ:ross BM endothelium,® the percentage of migrating CD34" progenitor cells (14
. . . . _hqurs) was approximately 2-fold increased by LTD4 at 50 nM. Both mobilized PB and
increased the number of transmigrating PB- and BM-deriveq qerived progenitors responded to the cysteinyl leukotriene. *P < .05, LTD4

CD34" cells approximately 2-fold. vs control.

Transmigration (%)
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progenitors with CD38-PE and analysis of the LTD4-mediated :.§

intracellular calcium mobilization and CD38 expression by flow O oW s&

cytometry. The transient shift of the Fluo-3 fluorescence, caused b redod o ;g»"o s O @
. . . P b, s :~ 5 A

the intracellular calcium flux, was observed in both the CDa8d Mol we <5 Y FTFEY

the CD3®w- cells (Figure B). Corresponding results were U I A I O O e I O |

obtained by fluorescence-activated cell sorter analysis of CD34
cells that migrated in response to LTD4 (chemotaxis assay .

— <- S.Lipoxygenase

compared with spontaneously migrated cells (Figure 5B). The

percentage of more immature CD3€D38°%~ cells was similar  6o0- EESSREIREIEEEERE T - B-Actin

in both populations (6.35% and 6.15%) as well as in the CD34 400-

population initially used for the assay (5.25%). Similar results Wekgyure 6. RT-PCR analysis of 5-lipoxygenase mRNA expression in primary

obtained in the transmigration assay. The percentage of @D34ematopoietic cells and cell lines. By RT-PCR, 5-lipoxygenase mRNA was

CcD39w~ cells among the PB CD34progenitors migrating in expressed in PB and BM CD34 " progenitors, PB PMNCs, MNCs, and at a low level in
o o the cell lines THP-1 and HL60. No specific PCR signal could be observed in the

response tO. LTD4 (7-1 A 1.7 /0) tended. to be even greaternegative control cell line SK-N-LO, in BM stromal cells, and in KG1a cells. Similar

compared with the spontaneously migrating cells (5:4%.0%)

or initially isolated CD34 cells (6.4%= 2.9%).

RNA amounts were used in the reactions, as demonstrated by RT-PCR for B-actin
expression.

Comparison of the effects of LTD4 and SDF-1 on hematopoietic

progenitor cells regarding transendothelial migration. SDF-1 (500 ng/mL) aug-

mented in vitro transendothelial migration of mobilized CD34
We compared the effects of LTD4 on calcium mobilization andells 3.8-fold+ 0.7-fold more efficiently than LTD4 (50 nM).
transendothelial migration with the chemokine SDF-1 in parallel
experiments. Calcium fluxes (relative Fluo-3 fluorescence 5 S8 beR analysis of 5-lipoxygenase expression in
onds after addition of the ligand) in response to LTD4.{) were hematopoietic progenitor cells
3.0-fold = 1.0-fold stronger than fluxes induced by saturating
doses of SDF-1 (500 ng/mL), but the opposite result was observeécause 5-lipoxygenase is the key enzyme of leukotriene biosyn-
thesis!®!! RT-PCR analysis was performed to investigate the
expression of 5-lipoxygenase mRNA in hematopoietic progenitor

A
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cells, cell lines, mature leukocytes, and primary human BM
fibroblast-like stromal cells (Figure 6). As expected, mature
PMNCs and MNCs were positive for the specific mRNA.
Expression of 5-lipoxygenase mRNA was also observed in PB
CD34" and BM CD34 progenitor cells, whereas primary BM
fibroblast-like stromal cells as well as the neuroblastoma cell line
SK-N-LO were negative for the specific PCR product. Analysis of
CD34" and CD34 leukemic cell lines revealed only weak or
negative PCR signals. As a control for equal RNA amounts in the
RT-reaction-actin mRNA expression was analyzed.

Discussion

In this study, we demonstrate that CD3dematopoietic progenitor
cells express the transmembrane receptor CysLT1, which mediates
the effects of the lipid mediator LTD4. LTD4 induced calcium
fluxes and actin polymerization in CD34progenitors and in

creased progenitor cell chemotaxis and in vitro transendothelial
migration. Both PB- and BM-derived progenitors responded to
LTDA4. The specifity of these effects was demonstrated by abroga-
. tion of the calcium fluxes in the presence of the specific CysLT1
e receptor antagonist MK-572.Until now, only CXCR4 has been
described as a functionally active 7-transmembrane receptor ex-
pressed in CD34 progenitors. However, CXCR4 is present on
circulating progenitors at a relatively low level compared with
mature leukocytes, and it is not detectable in most CD34
progenitor cell lines such as KGfaln contrast, CysLT1 is
expressed in CD34cells at least as strong as in PMNCs or MNCs
and in high levels in the CD34progenitor cell line KGla. KG1la
therefore represents a suitable positive control for the study of
CysLT1 expression and may be a useful cell line for analysis of
LTD4-mediated signal transduction pathways in hematopoietic
progenitors, similar to the successful use of CXCR4-expressing
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Figure 5. Effects of LTD4 on immature CD34 +/CD38'°% -~ hematopoietic progeni -
tor cells. (A) Isolated PB CD34" progenitor cells were loaded with the calcium
indicator Fluo-3 and stained with a CD38-PE antibody. Ten seconds after addition of
LTD4, a shift of the green Fluo-3 fluorescence was observed due to intracellular
calcium mobilization (right panel), which occurred in both CD38* and more primitive
CD38"9%~ progenitor cells. (B) Analysis of isolated PB CD34+ cells by flow cytometry
before and after chemotaxis showed a similar percentage of more immature
CD34+/CD38"%~ cells (bold rectangular gate) in the starting population (i, before
migration, 5.25%), in spontaneously migrating cells (iii, 6.15%), and in migrated cells
attracted by LTD4 (iv, 6.35%). In this particular experiment, a more than 2-fold
increase of the migration rate in response to LTD4 (50 nM) was observed. The
isotype-specific control is shown in panel i.
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progenitor cell lines in the investigation of SDF-1-mediated signatlhesion of leukocytes to vascular endothelium at sites of inflam-
transductiort? mation plays an important role in progenitor cell homing, as shown
Chemotactic effects of LTD4 have previously been observéd vivo using the fetal sheep model of in utero transplantatiom.
only in mature eosinophils and in neutrophils at high concentrgre absence of inflammation, both E-selectin and vascular cell
tions (10 uM).1718 Our finding that MK-571 did not reduce the adhesion molecule-1 (ligand of VLA-4) are present preferentially
effects of LTD4 on calcium fluxes in mature granulocytes suggesi® microvascular endothelium of the BM. Thus, our results
that other LTD4 receptors, such as the recently identified CysLt&monstrating interaction of leukotrienes with their receptors on
recepto® mediate these effects, despite the fact that CysLTHematopoietic progenitor cells indicate also that chemotaxis of
protein expression was also detected in granulocytes. Howevgiogenitors might be controlled by mechanisms that have previ-
circulating CD34 cells respond to LTD4 with increased chemoously been shown to regulate extravasation of mature leukocytes
taxis and transendothelial migration at an optimum concentratigiyring inflammation. It is unclear whether LTD4 and CysLT1 are
as low as 25 to 50 nM. Interestingly, in mature granulocytesayolved in stem cell homing, but the fact that transplantation of
noncysteinyl leukotrienes such as LTB4, which were inactive ifatal liver cells from CXCR4/~ mice into lethally irradiated
CD34" progenitors, were more efficient than LTD4. These resultgcipients still results in engraftment to the BM3indicates that
demonstrate that during myeloid differentiation, a functionallyhe homing process does not solely depend on CXCR4 as a
active CysLT1 receptor is preferentially expressed in immatug;emotactic receptor, although the chemokine SDF-1 and its
progenitors. The particular role of LTD4 for early myeloid developreceptor CXCR4 seem to play a major réfes*
ment is supported by the fact that the key enzyme of leukotriene gy pset analysis of the LTD4-induced effects on CD34lls
biosynthesis, 5-lipoxygenase, has been detected in the hematogpis performed to determine whether more primitive progenitors
etic microenvironment?** and production of cysteinyl leukotri 44 respond to LTD4, because most CD3dells represent
enes has been found in human BM. _ committed progenitors rather than immature, pluripotent cells with
CysLT1 belongs to the same group of G protein—coupled oy jation capacity, and CysLT1 mRNA expression has also
7-transmembrane domain receptées the SDF-1 receptor CXCR4. ooy gescribed in mature PB leukocyt& By costaining with a

This receptor type is characteristic for a variety of ChemOkinlgE-Iabeled CD38 antibody during the analysis of the calcium
receptors that share similar G protein—coupled signal transducti

L - 0 |r(?l%bilization, we could show that more primitive CD34
pathways resulting in a chemotactic re§p0ﬁ§éu Furthermore, ~pagow- progenitor cell$48 were also activated by LTDA.
LTI.D4 was abl_e tq '”d““r‘ a _reorganlzatlon O.f the cytoskt_aleto_n chording to these results, flow cytometry of the migrated cells
actin polymerization, which is an early step in cellular migratio

. . nFoIIowing chemotaxis or in vitro transendothelial migration re-
The narrow bell-shaped LTD4 concentration optimum of th\%aled that the chemotactic effect of LTD4 is not restricted to

chemotactic effect (Figure 4) is in contrast with the S'ng'dalommitted progenitors, which implies a role of LTD4 in the

dose-response relation of the calcium mobilization (Figure 2j. .. . L - . . .
. . . afficking of more primitive hematopoietic progenitors, including
Maximal intracellular calcium fluxes were observed at LTD I .
rue stem cells. However, CD3ACD38°"~ progenitor cells were

concentrations more than one log step higher than required Tor . e ;
. . . . not selectively attracted by LTD4, indicating a potential role for
optimum chemotactic responses of the progenitors. Interestin

the intensity of the calcium-mobilizing effect of LTD4 on CD34 grﬁllgratlon and spatial distribution of more committed progenitors.
cells at an optimum concentration (M) was even stronger than

Until now, cysteinyl leukotrienes have only been reported to
that induced by optimal amounts of SDF-1, which has previousg)_ay a role in the pathophysiology of inflammatory and allergic
been described to induce intracellular calcium relédseontrast, '

sorders, particularly in bronchial asthiA?d?20A physiologic
transendothelial migration was more efficiently stimulated bSP'e of these lipid mediators has not been established yet. The

SDF-1, which, however, could also be due to the short half-life ar%)tential importance of cysteinyl leukotrienes as regulators of
degradation of LTD4 in the transmigration assay. hematopoiesis is supported by the finding that mMRNA expression of

The LTD4 concentration required for optimal migration in thdn€ CYSLT1 receptor is greater in leukocytes and hematopoietic

chemotaxis assay varied interindividually, which could indicatg’dans such as spleen than in lung tisSugery short half-lives,

differences in the CysLT1 expression similar to expression of tiR@rticularly of LTD4;%make them ideal candidates for short-range
chemokine receptor CXCR4or might be due to partial down- control of hematopoietic cell functions. _
regulation or receptor internalization dependent on the amount of RT-PCR analysis demonstrated that the key enzyme of leukotri-
cysteinyl leukotrienes actually present in the PB and bound to tRB€ biosynthesis, 5-lipoxygenase, is expressed not only in mature
receptor, which has similarly been described for other 7-transmel@ukocytes but also in PB and particularly in BM CD3gells. This
brane receptor®: raises the possibility that CD34cells not only respond to LTD4
Expression of a functionally active LTD4 receptor on CD34 but also produce this mediator in an autocrine or paracrine way.
cells suggests a role of this inflammatory lipid mediator iffignal transduction via CysLT1 involves both PTX-sensitive and
hematopoiesis, particularly when considering the finding thafisensitive G protein&, which is in accordance with our finding
already low concentrations of LTD4 are sufficient to induce #iat PTX only partially inhibits LTD4-induced calcium fluxes.
chemotactic response of progenitor cells. The concept that simildistinct signal transduction pathways could result in LTD4 effects
mechanisms control inflammatory leukocyte extravasation af#h CD34' cells other than chemotaxis, ie, effects on cell prolifera
progenitor cell trafficking is supported by the fact that other factotion and differentiatiort? which might be controlled in an autocrine
participating in inflammation are also involved in progenitor celvay. This idea is supported by the finding that inhibition of
homing to the BML34 For example, the adhesion moleculdeukotriene biosynthesis after irradiation suppresses hematopoietic
E-selectin responsible for leukocyte rolling during inflammation igecovery?®> However, further studies are required to identify the
known to contribute to chemokine-induced transendothelial migraeurce and regulation of leukotrienes produced in the 1BM/.
tion of CD34" cells in vitro, which is prevented by an E-selectirrecent study suggests that hematopoietic progenitor cells are
antibody? Furthermore, the integrin VLA-4 provoking the firminvolved in the early steps of leukotriene biosynthesis such as the
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release of arachidonate, but further metabolism to leukotrienegfigrefore be mediated by a BM-specific combination of non-

probably mediated by other cell types. specific factors, such as SDF-1, adhesion molecules, and other
It is still an open question how the specificity of the homingparacrine factors, including cysteinyl leukotrienes, rather than by a

process is realized, because a specific homing factor for stem csltgyle factor alone.

has yet not been found. Adhesion molecules known to participate in

the homing process are not exclusively expressed on BM endothe-

lium or CD34" cells. Also SDF-1 and its receptor CXCR4 are moré\cknowledgments

broadly expressed and are also involved in embryogenesis, heart

development, neuronal cell migration, and vascular develoj¥e thank Christine Zimmermann for excellent techical assistance;

ment>457.58 Similarly, the expression of LTD4 and its receptor iDr J. F. Evans, Department of Human Genetics, Merck Research

not restricted to the hematopoietic microenvironméniowever, Laboratories, West Point, PA, for generously providing the CysLT1

the short in vivo range supports the idea that LTD4 is an idepblyclonal antibody; and Dr R. N. Young, Merck Frosst Centre for

candidate mediator for the regulation of the spatial distribution dtherapeutic Research, Quebec, Canada, for kindly providing

cells in the BM. The homing of CD34 progenitor cells could MK-571.
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