Increased mature and immature CCR3
messenger RNA+ eosinophils in bone
marrow from patients with atopic
asthma compared with atopic and
nonatopic control subjects

Kyriaki Zeibecoglou, MD,2 Sun Ying, MD,2 Takashi Yamada, MD,2 Janet North,2
John Burman, MD,b Jatinder Bungre,? Qiu Meng, MD,2 A. Barry Kay, MD,2 and
Douglas S. Robinson, MD2 London, United Kingdom

Background: Eosinophil infiltration of the bronchial mucosa is
characteristic of asthma. Eosinophils differentiate from CD34
progenitors. Animal models suggest cooperation between IL-5
and eotaxin to allow rapid mobilization of a pool of bone mar-
row eosinophils followed by recruitment to the airway mucosa.
Objective: The purpose of this study was to enumerate CD34
cell numbers in blood and bone marrow from atopic asthmatics
and control subjects and to test the hypothesis that there is an
increased bone marrow pool of CCR8eosinophils in patients
with atopic asthma, as compared with control subjects.
Methods: Bone marrow aspirates and peripheral blood were
obtained from volunteers with asthma and control volunteers.
CD34* cell numbers were evaluated by flow cytometry, and
eosinophil colony-forming activity was evaluated by methylcel-
lulose cultures. Mature eosinophils, eosinophil myelocytes,
metamyelocytes, and band forms (immature eosinophils) were
enumerated by morphologic findings and immunocytochem-
istry for eosinophil cationic protein. CCR3 and eotaxin mRNA
expression was examined by in situ hybridization, and protein
expression was examined by immunocytochemistry. CCR3
cells were further identified with Chromotrope 2R staining.
Results: CD34 cell numbers in bone marrow were increased
in atopic subjects. Numbers of eosinophil colony-forming
units in blood and bone marrow did not differ between
groups. Percentages of both mature and immature eosinophils
were increased in bone marrow from patients with atopic
asthma, but not atopic patients with no asthma or normal
control subjects. CCR3 was expressed by immature and
mature bone marrow eosinophils. Eotaxin was expressed by
bone marrow cells from all 3 groups, but there was no
increase in subjects with asthma.

Conclusion: These findings suggest that in humans there is an
increased bone marrow pool of CCR8mature and immature
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eosinophils available for rapid mobilization in subjects with
asthma but not in atopic subjects with no asthma. (J Allergy
Clin Immunol 1999;103:99-106.)
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Selective accumulation and activation of eosinophils in
the bronchial mucosa are now considered central events in
the pathogenesis of astha@he development of a sus-
tained tissue eosinophilia, as occurs in asthma, requires an
increase in the production and delivery of these cells.

In common with other leukocytes, eosinophils develop
from pluripotent progenitors in the bone marrow (BM).
These progenitors express the sialylated glycoprotein
CD34on their surface and have been shown to be capable
of generating multiple cell lineages in vitrand to recon-
stitute hematopoiesis in humahdn normal adults,
hematopoietic progenitors reside largely in the BM, and
their proliferation and differentiation are regulated by a
complex network of cytokines. Among those, IL-3 and
GM-CSF cause CD34cells to differentiate to the
eosinophil/basophil lineage, although IL-5 was initially
described as acting at a later stage, to promote terminal
differentiation of the committed eosinophil precursor;
recent data also suggest that CD&dlls can express IL-5
receptors$:6 Previous reports have documented increased
numbers of CD34cells in BM and peripheral blood (PB)
of atopic subjects, irrespective of asthmatic stafusnd
have shown increased expression of ILG5RRNA by
CD34t cells in BM after inhalation challenge of sensitized
patients with asthm@Together with data from humans
and experimental animals that show increased eosinophil
colony-forming activity in BM and blood after allergen
challenges-10 this work suggests a link between airway
inflammation and BM turnover of eosinophil progenitors.
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TABLE I. Clinical characteristics of subjects studied

AAs (n = 10) ACs (n=12) NCs (n =9)
Age (y) 24 (20-47) 23 (18-30) 24 (21-26)
Sex (M:F) 2:8 8:4 6:3
FEV; (% predicted) 97.5 (65-120) 104 (94-130) 104 (95-121)
PEFR (% predicted) 95 (70-123) 95 (81-123) 90 (82-98)
Histamine (PGy mg/mL) 3.6 (1-6) >16 >16
IgE (IU/mL) 409* (235-1039) 112 (41-223) 38 (4-73)
PB eosinophil count(10%/L) 0.3* (0.1-0.5) 0.1 (0.1-0.3) 0.1 (0.1-0.2)

All values are medians (range in parentheses).
PC,, Provocative concentration producing a 20% fall in EEV
*P < .05 compared with NCs and ACs.

medium (Gibco, Paisley, Scotland) in a ratio of 1:10. Total eosinophil
counts from blood and BM were obtained by Kimura staining.

BM slides were prepared with a Shandon 2 cytospin device
(Shandon; Southern Instruments, Runcorn, UK) and stained with
May-Grunwald Giemsa (Sigma, Poole, UK) to estimate the num-
bers of mature and immature eosinophils. Immature eosinophils in
the BM were enumerated by standard hematologic criteria. The
eosinophil myelocyte is the earliest distinct stage of eosinopoiesis
that can be distinguished on the basis of characteristic eosinophilic
cytoplasmic granule® In preparations stained with May-Grun-
wald Giemsa, we considered myelocytes cells of variable size with
a large round or oval nucleus, but without any nucleoli, and with

The purpose of this study was to confirm increasecpink granules in the cytoplasm. The transition from myelocyte to
BM numbers of CD34cells, to enumerate eosinophils in metamyelocyte is characterized by an indentation of the nucleus and

. . . the i f cytopl i les. At the st here th le-
the BM of subjects with asthma, and to determine the -, o caoe Of cylopasmic granuies. At the stage where fe nucie
. f CCR3. th . us becomes kidney shaped and elongates further, the cell comes to
expression o » the eotaxin receptor. be known as a “band” form. Eosinophil myelocytes, metamyelo-

cytes, and band forms were enumerated together as immature
METHODS eosinophils. The fully mature eosinophil is a smaller cell with
Subjects nuclear material divided into 2 or more (rarely 3) segments that are
joined by thin strands of chromatin. Numerous granules of uniform
Ten atopic asthmatic subjects (AAs), 12 atopic control subjectssize appear to pack the cytoplasm and stain pink with May-Grun-
without asthma (ACs), and 9 nonatopic control subjects (NCs) weréyald Giemsa. To confirm eosinophil lineage of both mature and
examined (Table I). Patients were recruited from the outpatienimmature cells, counts were also performed by combining morpho-
department of the Royal Brompton Hospital and from volunteers|qggic criteria with immunocytochemistry for the eosinophil-specif-
responding to advertisements. Asthma was defined on the basis ofic eosinophil cationic protein (Fig 1).
history of variable breathlessness and/or wheeze, documented 20" .
reversibility in peak expiratory flow rate (PEFR) or FE¥nd air- Colony-forming assays
way hyperresponsiveness defined by a histaming &G mg/mL At the same time as the BM aspiration, 100 mL of PB was drawn
or lessl? Atopy was defined by a positive skin prick test responseinto 2 heparin-containing syringes and mixed with McCoy’s 5A
(defined as >3 mm weal diameter compared with control at 15 min-medium in a ratio of 1:2. Colony-forming assays were performed on
utes) or a positive radioallergosorbent test response of more than Oboth blood and BM samples. Before being mixed with McCoy'’s
IU/mL (Phadebas; Pharmacia, Uppsala, Sweden) to one or more cmedium, eosinophil counts were obtained with Kimura staining, with
a panel of common aeroallergens. Six of the AAs and 3 of the ACsa hemocytometer. Samples were layered on Ficoll (Pharmacia) and
had seasonal symptoms; all were studied out of season. Three of ticentrifuged at 400g for 25 minutes. The mononuclear population was
10 AAs had mild symptoms (not requiring inhaled corticosteroids) atcollected from the interface and washed twice with McCoy’s 5A
the time of BM aspiration. None of the ACs or NCs had currentmedium. Then samples were incubated in this medium (17 mL) with
symptoms. Pregnant women and smokers were excluded. None 5% (3 mL) FCS (Sigma), 100 U/mL penicillin (Sigma), 1@fmL
the subjects were currently taking oral or inhaled corticosteroids, ancstreptomycin (Sigma), and %0nol/L 2-mercaptoethanol (Gibco) for
none had received allergen immunotherapy. The study was per2 hours in plastic flasks (Nunc A/S, Roskilde, Denmark) at 37°C and
formed with the approval of the Ethics Committee of the Royal 5% CG, to exclude the monocytes that interfere with the growth of
Brompton Hospital, and informed written consent was obtainedprogenitor cells in semisolid cultures.
from all participants. Nonadherent mononuclear cells were harvested and washed twice
L. with McCoy's 5A medium, then cultured in aliquots ok 1L.(P cells
BM aspiration per 35 x 10 mm culture dish (Nunc), in Iscove’s modified Dulbecco’s
BM aspiration was performed by a consultant hematologist aftermedium (Gibco) containing 0.9% methylcellulose (Sigma), 100
the patient had received local anesthesia. BM was aspirated undU/mL penicillin, 100pg/mL streptomycin, 5umol/L 2-mercap-
aseptic conditions from the posterior iliac crest, with a standard aspitoethanol, 20% FCS, and 1 ng/mL of IL-3 (R&D Systems, Abingdon,
ration needle, and transferred to a sterile universal container with 100UK) alone, 1 ng/mL of IL-5 (R&D Systems) alone, or the combina-
units of heparin. Heparinized BM was then mixed with McCoy's 5A tion of both. Dose-response experiments were first performed to

Abbreviations used

AA: Atopic asthmatic subject
AC: Atopic control subject

APAAP: Alkaline phosphatase antialkaline phosphatage
BM: Bone marrow

Eo-CFU: Eosinophil colony-forming units

IL-5Ra: o-Subunit of the IL-5 receptor
NC: Nonatopic control subject
PB: Peripheral blood

PEFR: Peak expiratory flow rate
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FIG 1. A, Photomicrograph of immature and mature eosinophil in BM cytocentrifuge preparations stained
chromotrope 2R (original magnification, x1000). B, Photomicrograph of immature and mature eosinophil
in BM cytocentrifuge preparations stained with EG2 mAb to EG2 (original magnification, x1000). Immature

forms are large cells with a large, round nucleus (arrows), whereas mature eosinophils (arrowheads) show
a more compact, bi-lobed nucleus.

assess the optimal concentrations of cytokines. Duplicate cell culturelations, both from PB and BM, and saw no evidence of nonspecific
were set up for each condition, and colonies (aggregates of 50 cells staining (data not shown).

more) were counted after 14 days of incubation at 37°C and 5% CO

CFUs were identified by inverted microscopy, and only compact.In situ hybridization

tight, and round clusters were considered as eosinophil colony-form
ing units (Eo-CFUs}® Eo-CFUs were picked at random, placed on
slides, and confirmed as eosinophil colonies by chromotrope 2F
staining. All counts were performed by one investigator, who was
blinded to the clinical data of the patients.

Cytospins were prepared from BM aspirates at ®.506
cells/slide coated with 0.1% poly-L-lysine (BDH, Leicester, UK),
and in situ hybridization was performed as has been previously
described? All reagents were from Sigma Chemicals, unless oth-
erwise indicated. Based on sequencing, a 307-bp sequence of
human eotaxi#? (3’ untranslated region, 894-1201 bp) and a 1056-
Cytofluorometric analysis bp sequence of human CCR8encoding region) cDNA fragments

) o were inserted into PCR Bluescript and pSP72 vectors, respectively.

Nonadherent mononuclear cell suspension (00containing  Rihoprobes were prepared from cDNA for eotaxin and CCR3 as
up to 5x 10P cells was mixed with 1QL of FITC-conjugated anti-  previously describe@ 24 Briefly, riboprobes (antisense or sense)
human CD34 mAb (HCPA-2, mouse IgG1; Becton-Dickinson, Sanwere synthesized in the presence of adenine triphosphate, guanosine
Jose, Calif). Cells were incubated on ice for 15 minutes. After incu-triphosphate, cytosine triphosphate, @38-uridine triphosphate,
bation cells were washed twice with phosphate buffer solution withand appropriate RNA polymerases (T7, SP6, or T3), respectively.
0.1% wt/vol azide and 0.5% wt/vol BSA and fixed with 0.5% Slides were defrosted for the experimental procedure. Perme-
formaldehyde-isoton solution (Coulter Corporation, Hialeah, Fla).aPilization, prehybridization, and hybridization protocols were as
FITC-conjugated mouse IgG1 isotype control mAb (Becton-Dick- descrlbgd prewou_sl%?:ﬁ Incut_)atlon in N-ethyl mal_e_lmlde,_lodo-

. e acetamide, and triethanolamine reduced nonspecific binding of the
inson) was used to assess the degree of nonspecific binding to C'35S-Iabeled bes. N . | e 8

) ) . . probes. Negative controls used hybridization with the
preparations. Stained cells werg ar?aIyZ(.ad on .a Cou!ter Epics Emsense probe and pretreatment of slides with RNAse A (Promega,
ESP flow cytometer (Coulter), with identical gain settings for eaChSouthampton, UK) before hybridization with the antisense probe.
sample. For autoradiography, slides were dipped into K-5 emulsion (llford,

The cytometer flow cell was fully aligned and calibrated with Basildon, UK) and exposed at 4°C for 2 weeks in absolute darkness
Immuno-Check fluorospheres (Coulter) before each run. A total ofin a desiccated environment. The slides were developed (D-19
at least 100,000 cells were analyzed to obtain a reliable number developing solution; Eastman Kodak Co, Rochester, NY), rinsed,
events. Data were collected by gating on CD34+ FITC staining cell@nd counterstained with Harris’ hematoxylin. Dense deposits of sil-
(Fig 2). This flow cytometry staining protocol was initially devised Vel grains on autoradiographs were present over cells expressing
to allow triple color staining with CD33 and IL-6Rantibodies cytokine mRNA. In some experiments slides were counterstained

I - with chromotrope 2R to identify whether mature and immature
(data not shown). Nonspecific staining of platelets and granulocyteeosinophils (according to the morphologic evidence) express CCR3

has been reported in whole blood samples, and it has been SU9G€HRNA. Slides were counted in duplicate blind to the patients’ clin-
ed that gating on CD34 be combined with exclusion of CD45+ic4) status with an eyepiece graticule, as previously desctbed.
cell?0 or CD14 and CD66&t However, when gating strategies that Results were expressed as the total number of positive cells per 200
were based on the identification of cells based on forward and sidtotal BM cells and percentages of CCR3 mRNA+/chromotrope 2R+
scatter and CD34 staining were compared with additional stainincells. The coefficient of variability of the duplicate counts obtained
of CD45* cells, we obtained similar percentages for CDpdpu-  from all slides was less than 5%.
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Peripheral Blood APAAP technique, with the use of the antieotaxin monoclonal anti-
body 2G625 CCR3 immunoreactivity was detected by peroxidase-
antiperoxidase staining. Slides were first treated with 0.3% hydro-
gen peroxide in PBS with 0.1% sodium azide for 20 minutes to
block endogenous peroxidase, then incubated with monoclonal
anti-CCR3, 7B113.25for 2 hours at room temperature. Staining was
detected with rabbit antimouse Ig (Dako), followed by peroxidase-
antiperoxidase staining (1:30) for 30 minutes, and was developed
with diaminobenzidine tetrahydrochloride (Sigma). Positive cells
stained brown, and this allowed counter-staining with chromotrope
2R. Negative controls, excluding the primary antibody, confirmed
the blocking of nonspecific peroxidase activity.
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Statistical analysis

10

Between patient groups, comparisons were performed with the
nonparametric Mann-Whitney test with the aid of a commercial-
ly available statistical package (Minitab for Windows, Minitab
Release 9.2; Minitab Inc, State College, Payalues less than .05
were considered significant.

RESULTS

Increased percentage of both mature and
immature eosinophils in BM from AAs com-
pared with ACs and NCs

CD34 FITC

0 a1

—_—
88C

The percentages and total numbers of eosinophils in PB

FIG 2. Flow cytometric analysis of CD34+ populations among non- were significantly elevated in AAs compared with both
adherent mononuclear cells in PB (A) and BM (B) from a subject ACs (P < .01) and NCsK < .01; Table | and Fig 3).
witc:1 as;hr:na. Cellls;/.veredisolated b\i denstit:\g/ﬁéad;n't (Eentrifugatiptrr: There was also an increased percentage of total
and a Z-hour astic a erence step a . aining was wi - - - -
FITC-labeled asti-CD34 (HPCAZ2; Bectrt))n—Dickinson) or igotype con- eosinophils in the B_M of AAS V_VhSﬂ ?Ompared with that of
trol antibody (IgG1-FITC), and the cells were gated on the basis of ACs and NCs by Kimura staining (Flg @v There was no
forward and side scatter followed by CD34 and side scatter. Clear significant difference in eosinophil percentage between ACs
positive populations were identified, as shown, and expressed as and NCs. Among all atopic SUbjE‘CtS (bOth with asthma and
percentage of 10,000 total mononuclear cells analyzed. with no asthma), there was a positive correlation between
percentage of eosinophils in the BM and PB (Fig)3,
I hemi Immature eosinophils, including myelocytes, metamy-
mmunocytochemistry elocytes, and band forms, were readily distinguished from

Immunocytochemistry was performed with alkaline phosphatasemature, bi-lobed eosinophils in May-Grunwald Giemsa,
antialkaline phosphatase (APAAP) as described previdasith o EG2-stained cytocentrifuge preparations of BM (Fig
some modifications. The monoclonal anti-CD34 (BIRMA-K3), rab- 1). Eosinophil lineage of these cells was confirmed by
bit anti-mouse Ig, APAAP, and control IgG1 were purchased from EG2 staining. The percentage of immature eosinophils in
Dako (High Wycombe, UK). Optimal concentrations of all antibod- e -
ies used were determined in pilot experiments. Briefly, the (:ytospinsB'_vI was significantly elevated in the AAS when compared
were incubated with primary antibodies (L in 50 dilution) in PBS for With both ACs and NCs by both staining methods, but
60 minutes, incubated with rabbit anti-mouse Ig, and incubated witithere was no difference in the percentage between ACs and
APAAP for 30 minutes each at room temperature. Positive cellsNCs (Fig 4). Immature eosinophils were not detected in
stained red after development with Fast Red stain. Omission or sutPB from any of the 3 patient groups (data not shown).
stitution of the primary antibody with an irrelevant antibody of the
same species was used as a negative control. The slides were counCCR3 expressed by both mature and imma-

in duplicate, without knowledge of the patients’ clinical status. ture eosinophils in BM

Results were expressed as the percentages of CD34 positive cells. T In situ hybridization was performed to detect mMRNA
coefficient of variability of the duplicate counts obtained from all . .
encoding the eotaxin receptor CCR3. The percentage of

slides was less than 5%. No immunoreactivity was observed ir . . .
cytospins stained with omission of the primary rat antibody or substi-BM cells expressing CCR3 mRNA was increased in the

tution of this antibody with an irrelevant antibody of the same speciesAA group, when compared with both ACs and NCs (Fig
To confirm eosinophil lineage of cells identified as immature and 5). Both mature and immature eosinophils expressed
mature eosinophils on BM cytospins, slides were stained with mAbmRNA for CCR3 (Fig 5). Immunocytochemistry con-
against eosinophil cationic protein (EG2). Slides were incubatecfirmed increased percentages of cells expressing CCR3 in
with EG2 antibody (Pharmacia, Bucks, UK) for 30 minutes, fol- BM from AAs (median, 16%; range, 12.5 to 23.5) when
lowed by rabbit anti-mouse antibody and then APAAP as describe(compared with AC (median, 4.7%; range, 1.5 toR&;
earlier. S_tair_]ing was develope_d with Fast Red (Sigma). _ .01 compared with AAs) and NC (median, 3.5%; range, 2
Eotaxin immunocytochemistry was also performed with the to 4;P < .005 compared with AAs) control groups. There
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TABLE Il. Numbers of Eo-CFUs in BM and PB p=0.0008
AAs (n=7) ACs (n=9) NCs (n = 8) 10— ) p=0.0007

BM Eo-CFUs
IL-3 0 (0-48) 1 (0-76) 12 (0-42)
IL-5 18 (0-48) 6 (0-44) 16.5 (0-72)
IL-3+IL-5 18 (0-104) 38 (0-194) 40 (0-76)
PB Eo-CFUs
IL-3 36 (0-60) 56 (2-234) 30 (0-114)
IL-5 40 (0-52) 16 (4-140) 27 (0-92)
IL-3+IL-5 38 (0-64) 70 (24-306) 51 (0-108)

Eosinophils (% total cells)

Values are expressed as median (range in parentheses).

25 T

o‘ol 13

AC

was no significant difference in percentage of CER3 . p=0.009
cells in BM from ACs when compared with NCs. 10—
The combination of in situ hybridization and chro-
motrope 2R staining enabled us to estimate the percent:
age of CCR3 mRNAcells in BM that were eosinophils.
Although most (more than 90%) of CCR3 mRN&ells
were eosinophils, there was a small percentage of CCR
mMRNA* cells (less than 9%) that were chromotrope 2R
negative. More than 90% of CCR8ells detected by
immunocytochemistry were chromotrope*2@nd both
mature and immature eosinophils expressed CCR3.

>
3

p=0.009
—_—

Eosinophils (%total cells)
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Eotaxin expression not increased in the BM 0
of AAs

Cells expressing eotaxin mRNA were detected inthe B
BM of all the groups studied. The median percentage o
eotaxin mRNA positive BM cells was 1.2% (range,

0.2% to 16.7%) in the AA group, and 2.2% (range, 0.2% °

to 8.6%) and 0.8% (range, 0.4% to 2.1%) in the AC anc 8 ° hd
NC control groups, respectively. There were no signifi-
cant differences in the percentages of eotaxin mRNA
positive cells detected between the 3 groups. These finc
ings were confirmed by immunocytochemistry with the
antieotaxin mAb 2G6. There were no significant differ-
ences between the 3 groups (median, 4%; range, 2 to 2
for AAs; median, 2%; range, 2 to 12 for ACs; and medi- ocoo oo
an, 1%; range, 0 to 8 for NCs). Cells expressing mRNA 0
for eotaxin were predominately mononuclear cells, but  C ! J I J ' !
we did not further phenotype these cells. 0 2 4 6 8 10

r=0.68
p=0.001

Eosinophil %
°
[ J

CD34+ progenitors in BM increased in ACs FIG 3. Percentage of eosinophils in PB (A) and BM (B) from AAs

when compared with NCs (rT = 10), Aps (n=12), and. NCs .(n = 9). Cells were stained with
Kimura stain, and total eosinophils were counted by an observer

Increased percentages of CD®togenitor cells were blinded to subject details. C, The relationship between percent-
detected by flow cytometry in the BM of both AAs and age of eosin.ophils in BM and blood for AAs _(c/osed cfrzj‘/es) and
ACs (median percentage of nonadherent mononuclezACS .(open circles). CeII? were counted. after Kimura staining. Cor-
cells, 1.5% [range, 1.1% to 3.6%] and 1.5% [range, 0.60/5elatlon was Spearman’s rank correlation.
to 3.8%], respectively), when compared with NCs (medi-
an, 1.1%; range, 0.4% to 1.6%). Similar results were alsflow cytometry, was 0.1% (range, 0.1% to 0.2%) in the
obtained if numbers of CD34ells were expressed as the AA group, 0.2% (range, 0.1% to 1.2%) in the AC group,
absolute number/t 106 nonadherent mononuclear cells. and 0.1% (range, 0.1% to 0.2%) in the NC group. There
Elevated numbers of CD34 immunoreactive cells werewere no significant differences among the groups.
also detected in the AA and AC groups when enumerate
by immunocytochemistry (data not shown). Eo-CFUs

The percentage of CD34ells in PB, enumerated by Eosinophil progenitors were identified by their ability
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FIG 4. Percentages of immature eosinophils in BM from AAs (n = 10), ACs (n = 12), and NCs (n = 9). Cytocentrifuge
preparations were stained with May-Grunwald Giemsa stain (A) or EG2 immunocytochemistry for eosinophil
cationic protein (B); myelocyte, metamyelocyte, and band forms with clear eosinophil granules were counted.
Comparison between groups was by Mann-Whitney U test.

May Grunwald Glemsa stalning EG2 (ECP) staining

to generate clonally derived colonies when cultured insignal for the release of a pool of eosinophils from the BM,
semisolid media, under the influence of IL-3 and/or IL-5. although eotaxin may elicit the signal for eosinophil local-
Numbers of Eo-CFUs identified at 14 days are shownization to the site of inflammatid®.The proposed syner-
in Table Il. Eo-CFUs were seen in all groups, but no sig-gism between remotely acting IL-5 and locally acting
nificant differences were found between the groups ineotaxin would induce a rapid recruitment of eosinophils in
both PB and BM. The Eo-CFU yield was higher thanthe allergen-stimulated tissifeln addition, it has recently
80%, with approximately 5% basophil and 10% been shown that eotaxin induces rapid release of
macrophage contamination. Only Eo-CFUs were count-eosinophils and their precursors from the BM in an animal
ed. There were positive correlations between total CFUmodel26\We show here that in asthma, but not atopy per se,
with IL-3 and percentage CD384ells in BM (r = 0.97P there is evidence for an increased pool of both immature
< .001) and between CFUs with IL-3 and IL-5 and per-and mature CCR3eosinophils in the BM of human sub-
centage CD34in BM (r = 0.82;P < .05). jects, with the potential for such mobilization. Immature
eosinophils were not detected in PB of subjects with asth-
DISCUSSION ma (not shown), thus it is likely that this BM eosinophil
To investigate the potential contribution of the BM to pool reflects local differentiation. Previous studies have
the delivery of eosinophils in response to signals from thedocumented the kinetics of eosinophil recruitment from
asthmatic airway, we examined CD3grogenitor cells  blood to tissue in allergen challenged skinpasal
and Eo-CFUs in PB and BM. We also studied the presencmucos&and airway®-30in atopic subjects, although there
of mature and immature eosinophils and the expression ds no information on mobilization of BM eosinophils after
eotaxin and its receptor CCR3 at the mRNA and proteirallergen challenge in humans. The increased percentage of
level in the BM. Our results demonstrate, for the first time,BM eosinophils in AAs, but not ACs, may reflect the rela-
a significant increment in the numbers of BM mature andtive concentrations of IL-5 circulating in these subjékts.
immature eosinophils in AA groups, when compared withseems likely that IL-5 acts in eosinophil differentiation and
AC or NC control groups. We also show that BM proliferation to provide the increased pool of available
eosinophils express CCR3, which suggests that there is eosinophils in the BM and increased circulating cell num-
pool of eosinophils in the BM of subjects with asthma thatbers. Further, dynamic studies will be required to document
is capable of responding to eotaxin. In contrast to the findchanges in the BM eosinophil pool after allergen challenge.
ing with eosinophils, the percentages of CB84 BM To investigate the potential of BM eosinophils to respond
were elevated in atopic patients independently of theiito chemotactic stimuli, we examined the expression of
asthmatic status. We did not detect any increase in Eceotaxin and CCR3 receptor. Eotaxin is a specific eosinophil
CFU in BM or PB in these asymptomatic atopic subjects.chemoattractait that regulates the selective recruitment of
Animal models of allergen challenge suggest that eotaxeosinophils through the CCR3 receptor, can act in the
in and IL-5 may act cooperatively to promote the recruit-release of BM eosinophils in animal modé&snd is con-
ment of eosinophils to the tissues. It has been proposed thstitutively expressed in a number of tisstlSCR3 expres-
during the inflammatory response, IL-5 may provide thesion is largely restricted to eosinophils and basophifere
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we demonstrate that CCR3 is expressed by the BM pool fror \ p=0.03
both mature and immature eosinophils present in asthma. V£ p=0.006
cannot comment on the relative density of expression c€ 42 _

CCR3 between immature and mature eosinophils or betwee & * P04 .
eosinophils from AA and control groups using the technique © * p=0.06 |

of immunocytochemistry. However, it seems likely that, as for('é“ 10 - °

PB eosinophil? most of these cells will be responsive to & ® o

eotaxin. Further studies are in progress to determine chem o 8

tactic responses of BM eosinophils. So far, it is not known a £ 7]

what stage of their differentiation eosinophils acquire the & ° g

CCR3 receptor and become capable of responding to th £ 6 - o °©
chemotactic factor; this area is currently the subject of a se|2 3 g 8

arate study. Acquisition of CCR3 by the cell line HL-60 dur- 3 * 5 e . ¢

ing differentiation towards an eosinophil-like cell has been 2 4 - . * & e o
reportecB4 A small percentage of BM cells expressing 4 . 3

mRNA for CCR3 were not stained with chromotrope 2R. g g ©

These may represent cells earlier in the eosinophil lineage (& 2 1 ¢ ° o

the small percentage of T cells reported to express @@RS.% L Daline
We recently reported an increased expression of eotaxin in '[I‘EJ 0 e o g 8
bronchial mucosa of AAs compared with control subjécts. £

Our current data do not show any increase in eotaxin mRN;°\°o AA AC NC

or protein expression in BM cells from AAs compared with

ACs and NCs. This finding may provide evidence for a graFiG 5. Percentages of BM cells staining with chromotrope 2R and

dient of eotaxin favoring recruitment to the airway in asthmaexpressing mRNA for CCR3 by in situ hybridization. Mature (closed

However, it is of note that eotaxin mRNA was primarily circles)anq immaturt?(open circles) eosinophils Yvel.'e d.istinguishe.d

detected in epithelial and endothelial cells in bronchial biop’' the basis of cel size and nuclear morphologic findings {see Fig
) X ’ 1). Comparison between groups was by Mann-Whitney U test.

sieg5 and that BM aspirates may contain few such cells. An

assessment of eotaxin in stromal cells or BM trephines would

give further information.

In agreement with the findings of Sehmi etahd in Recently, the allergen challenge was shown to result in
contrast to our findings with eosinophils, we showelevated numbers of IL-5R-bearing CD34 cell§,
increased CD34 numbers in BM in atopic subjectsalthough baseline numbers of CD34 cells expressing IL-
regardless of asthmatic status. The CD@dting strate- 5Ra were very low before allergen challenge (less than
gy used here differed from that of Sehmi et ahd we 1% total) in this study. We also found very low levels of
did not use CD45 counter staining, which has been recL-5Ra*/CD34" cells in the BM and PB of AAs, ACs,
ommended to exclude nonspecific staining when wholeand NCs (data not shown). It is not known what factors
blood is analyzed? However, experiments comparing drive CD34 cells to IL-5Rx expression and thus poten-
these 2 flow cytometry gating strategies on nonadherertial commitment to eosinophil lineage, although IL-3 and
mononuclear cells from both PB and BM showed thaiGM-CSF may contributé3¢ We have recently studied
they gave similar percentages of CD3:lls, without  factors regulating up-regulation of IL-BR during
nonspecific staining, and our immunocytochemical dateeosinophil development from CD84ells and show that
confirmed the differences observed between groups (dalL-5 itself switches to membrane expression of ILeGR
not shown). The agreement with the findings of Sehmi ethese cells (unpublished data). Taken together with our
al” and the correlation between colony-forming countscurrent data, we propose that the increased CDal
and CD34 percentages suggest that our data do allonumbers in atopic subjects represent a response to inflam-
valid comparison among groups. mation and that a small percentage of these cells express

The stimulus that promotes the increment in CD34 IL-5 receptors in a stochastic manner. Release of IL-5
cell numbers in atopy is unknown but may represent &rom the bronchial mucosa in response to allergen expo-
general stimulus from sites of inflammation. In contrast tosure would then drive the up-regulation of ILebR such
previous reports, we found no increases in CO®lls in  cells, allowing commitment to the eosinophil lineage and
PB from atopic donors or increases in Eo-CFUs to IL-5 inmobilizing an accumulated pool of eosinophils from the
PB or BM. It is of note that we found higher numbers ofBM to the circulation. If this process is indeed dependent
Eo-CFU to IL-5 in control subjects than were reported byon a proinflammatory stimulus to IL-5 production, this
Sehmi et dland that this may relate to methodologic con-may explain our data that show increased Clagdls and
siderations. These results may reflect the lack of currera pool of mature and immature eosinophils in BM, but no
symptoms in the subjects in our study, because Eo-CFldetectable increase in Eo-CFUs in baseline AAs without
have been shown to increase after allergen exposure, aallergen challenge. The processes regulating eosinophil
CD34/IL-5Ra* cells were only increased in BM of sub- differentiation in the BM will need further study but rep-
jects with asthma after allergen challefige. resent a clear target for therapeutic intervention in asthma.
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In conclusion, we have demonstrated that there is a16é
increased number of eosinophils in the BM in asthma
This eosinophil pool consists of immature and mature
cells and likely reflects local differentiation. Both imma-
ture and mature BM eosinophils express CCR3. The rel

ative roles of eotaxin and IL-5 in differentiation and 18

mobilization of these BM eosinophils and factors con-
tributing to CD34 cell differentiation towards the
eosinophil lineage in asthma remain to be established.
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