Early commitment to the eosinophil lineage
by cultured human peripheral blood CD34™"
cells: Messenger RNA analysis
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Early hematopoietic progenitors expressing the CD34™ phenotype can be harvested from the

peripheral blood of normal individuals. We have optimized the liquid culture of human CD34™
peripheral blood progenitors (PBPs) to achieve differentiation into a population of cells consisting
almost entirely of eosinophil progenitors and maturing eosinophils. Growth of CD34™ PBPs for 28
days in the presence of the combination of IL-3, granulocyte-macrophage colony-stimulating
factor, and IL-5 resulted in an almost 250-fold increase in cell number, yielding a population that
contained 83% maturing eosinophils. The residual population consisted of basophils and mast
cells (3% by acidic toluidine blue staining, 15.2% by flow cytometric assay for binding to high-
affinity IgE receptor) and immature cells. This provides an opportunity to examine the kinetics of
the acquisition of specialized mature eosinophil characteristics during eosinophil differentiation.
Several host-defense and bioactive proteins are found almost exclusively in eosinophil granules. In
addition, stimulated eosinophils, like neutrophils, produce copious amounts of toxic oxygen
radicals. We used our culture system and the sensitive technigue of reverse-transcriptase
polymerase chain reaction to analyze the kinetics of production of messenger RNA transcripts
encoding several eosinophil proteins, including five eosinophil granule proteins and four subunit
peptides of the superoxide-generating reduced nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase in small numbers of differentiating eosinophils from peripheral blood CD34™
cells. Freshly isolated CD34" PBPs contained transcripts for the ubiquitously present housekeeping
protein phosphoglicokinase but contained no eosinophil granule protein transcripts and barely
detectable amounts of some oxidase protein transcripts. On day 3 of culture, no cells recognizable
by histochemical staining as eosinophils could be detected, but transcripts for all five eosinophil
granule proteins were present. These transcripts increased several fold during the entire culture
period. Similar kinetics were seen for all but one of the NADPH oxidase protein transcripts.
However, transcripts for the p67P"* NADPH oxidase protein were not detected until day 7, and
functional oxidase activity did not appear until day 12. From that point, oxidase activity increased
dramatically over the culture period. These studies demonstrate that commitment of CD34" PBPs
to the eosinophil lineage occurs very early, by day 3, but that further events in differentiation must
take place before the appearance of histologically staining eosinophil granules and acquisition of

functional oxidase capacity. (] Allergy Clin Immunol 1996;98:344-54.)
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The peripheral blood of normal individuals con-
tains small numbers of cells with the primitive
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CD34" progenitor phenotype.! We and others
have demonstrated that cells of the myeloid lin-
eage can be grown from human CD34™ peripheral
blood progenitors (PBPs).% 3 These PBPs are easily
accessible and may serve as a useful source for
studying the maturation process of hematopoietic
cells.

Several groups have demonstrated production of
eosinophils and other myeloid cells in liquid cul-
tures from mononuclear cells derived from human
bone marrow or cord blood.*® We have found that
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Abbreviations used
CLC: Charcot-Leyden crystal protein
ECP: Eosinophil cationic protein
EDN: Eosinophil-derived neurotoxin
EPO: Eosinophil peroxidase
GM-CSF:  Granulocyte-macrophage colony-
stimulating factor
MBP:  Major basic protein
NADPH: Reduced nicotinamide adenine dinu-
cleotide phosphate
PBPs:  Peripheral blood progenitors
PGK: Phosphoglucokinase
RT-PCR: Reverse-transcriptase polymerase
chain reaction

eosinophils can be grown from the primitive
CD34™ cells circulating in the peripheral blood of
normal individuals, and we have defined optimal
culture conditions for production of eosinophils
from these progenitors.® In this study by using the
combination of growth factors—IL-3, granulocyte-
macrophage colony-stimulating factor (GM-CSF),
and IL-5—we explore further the genetic regula-
tory events that occur during differentiation of
eosinophils from primitive precursors.
Eosinophils have been shown to play an impor-
tant role in certain inflammatory conditions and to
act as effector cells in immunity to parasitic infes-
tations. These effects of eosinophils are mediated
by granule proteins and by oxygen radicals gener-
ated by the activation of the reduced nicotinamide
adenine dinucleotide phosphate (NADPH) oxi-
dase enzyme complex.!®!! Eosinophil granules
contain a variety of unique cationic proteins in-
cluding eosinophil peroxidase (EPO), eosinophil
cationic protein (ECP), major basic protein
(MBP), eosinophil-derived neurotoxin (EDN),
and Charcot-Leyden crystal protein (CLC).
Activation of the superoxide-generating
NADPH oxidase in stimulated phagocytes involves
interaction of several cytosolic proteins with a
membrane-associated flavocytochrome.’? Two of
the cytosolic oxidase proteins, p47°"* and p67°">%,
and the two subunits of the flavocytochrome bssg,
gp91PP* and p22P"°* are found uniquely in cells of
the host defense system. Most of the work defining
this system and its development in myeloid differ-
entiation has been done with neutrophils, mono-
cytes, and myeloid leukemic cell lines.!* Not only
are these proteins found in mature eosino-
phils,!* 15 but stimulated eosinophils actually pro-
duce more superoxide per cell than neutrophils.’>
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No studies have been done to define the develop-
ment of this system during eosinophil differentia-
tion.

In this report we document the appearance of
messenger RNA transcripts for five eosinophil
granule proteins and components of NADPH ox-
idase during differentiation of eosinophils from
CD34™ PBPs. In the case of the oxidase proteins,
we correlate the appearance of transcripts with the
kinetics of the development of functional oxidase
activity in eosinophils. These studies demonstrate
that commitment of CD34™ PBPs to the eosinophil
lineage occurs very early, by day 3, but that the
appearance of histologically staining eosinophil
granules and functional oxidase activity is mani-
fested only later.

METHODS
Enrichment of human PBPs

Human PBPs were obtained from leukapheresis col-
lection of 2 to 4 X 10° light-density leukocytes from
healthy adult donors after informed consent was ob-
tained. After lysis of erythrocytes with ammonium chlo-
ride, cells were incubated with biotin—anti-CD34 mono-
clonal antibody and subjected to positive selection by
using a commercially available kit with an avidin affinity
column (Cellpro, Bothell, Wash.). These cells (2 to 4 X
10%) represented about a 1000-fold enrichment for
CD347 cells (purity of 60% to 80%) from the leuko-
pheresis collection. The enrichment and CD34™ purity
were calculated by flow cytometry, as described in detail
previously.? The CD34*-enriched cells were centrifuged
at 500 g and resuspended in 5 ml of Iscove’s modified
Dulbecco’s medium (Gibco, Grand Island, N.Y.) con-
taining 10% fetal calf serum (ICN, Costa Mesa, Calif.),
4 mmol/L glutamine (Gibco), and 10 pwm mercaptoetha-
nol (Sigma Chemical Co., St. Louis, Mo.) (enriched
medium). The partially purified progenitors were further
subjected to adherence in a plastic tissue culture fiask for
2 hours to deplete the few contaminating monocytes.

Liquid cultures of CD34* PBPs

CD34" PBPs (0.3 to 0.5 X 10%ml) at about 75%
purity were grown in 25 cm? tissue culture flasks (Becton
Dickinson, Lincoln Park, N.1.) in enriched medium with
growth factors at 37° C in a humidified incubator with
7% CO,. Eosinophil differentiation was induced by
addition of optimal concentrations (as previously deter-
mined by us) of IL-3 (25 ng/ml), GM-CSF (10 ng/ml),
and IL-5 (10 ng/ml) (R&D Systems, Minneapolis,
Minn.). Half of the culture medium was replaced weekly
with freshly prepared medium containing the same
concentrations of growth factors. The cultured CD34™
PBPs were enumerated on day 0 (day of isolation of
cells) and subsequently on days 3, 7, 14, 21, and 28 of
culture. The percent of cells of eosinophil lineage was
determined in cytospin preparations and was based on



346 Shalit et al.

counts of 300 cells stained with Luxol fast blue (Sigma
Chemical Co.). The percent of cells of the basophil and
mast cell lineage under these culture conditions was
determined by acidic toluidine blue staining (300 cells
counted) and flow cytometric assay for binding to the
high-affinity IgE receptor, as previously described.!6 17
As a control for basophil and mast cell lineage, we used
the same culture conditions for peripheral blood CD34™
cells, but with JL-3 as the only growth factor.

Analysis of eosinophil mBRNA transcripts by
reverse-transcriptase polymerase chain
reaction (RT-PCR) in the cultured PBPs

Cultured cells (1 to 2 X 10° were taken on days
indicated previously, starting from day 0, washed twice
with phosphate-buffered saline, placed directly into 2 ml
of RNAzol B (Tel Test, Friendswood, Texas), and stored
at —70° C until further processing was done to isolate
RNA. RNA isolation was performed in a single-step
method as described by Chomcezynski and Sacchi.'®
Total cellular (2 ng) RNA was reverse-transcribed in a
50 pl reaction volume with dithiothreitol 4 mmol/L
(Promega, Madison, Wis.), 12 units of RNA Guard
(Pharmacia, Madison, Wis.), 0.8 mmol/L. deoxyribo-
nucleoside triphosphate mix (Boehringer Mannheim,
Indianapolis, Ind.), 50 ng of random hexamer oligonu-
cleotides (Promega), and 54 units of avian myeloblasto-
sis virus reverse transcriptase (Life Sciences, Petersburg,
Fla.). Incubation was carried out for 40 minutes at 42° C,
and the reverse-transcriptase enzyme was inactivated by
heating the mixture to 94° C for 5 minutes. The comple-
mentary DNA was then diluted 1:1 with water, and 5 pl
of the diluted product was used for specific amplification
of the various eosinophil proteins, with 2.5 units of Taq
DNA polymerase (Boehringer Mannheim) in a PCR

Thermocycler (Perkin Elmer, Norwalk, Conn.). PCR

products were separated on 1% agarose gel, transferred
to a Hybond N* membrane (Amersham, Arlington
Heights, TIl.) with standard blotting techniques, and
probed with internal oligonucleotides specific for each of
the cDNA products. Bands were visualized by using the
enhanced chemiluminescence detection system accord-
ing to the manufacturer’s instructions (Amersham) as
previously described.’® Autoradiographs were scanned
with a 600 ZS scanner (Microtek, Torrance, Calif.) and
quantitated with image analysis software (Image, Na-
tional Institutes of Health, Bethesda, Md.). PCR reac-
tion conditions were defined such that a log linear
relationship was obtained between the specific cDNA
and the signal density of the probed PCR product in the
detection system. This log linear relationship occurred at
28 cycles for a wide range of conditions. To control for
the relative amount of the total mRNA transcribed in
each reverse-transcriptase reaction, the reverse-tran-
scriptase product used for analysis of each specific
mRNA was also analyzed by identical PCR and mea-
surement technique for the constitutively expressed
housekeeping gene phosphoglucokinase (PGK).2° The
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data are expressed as the ratio of density of the specific
c¢DNA band in arbitrary units divided by the density of
the PGK ¢DNA band for that sample. This ratio is
unique for each product of the PCR reaction.

Oligonucleotide sequences

PCR primer pairs were designed to span at least one
intron, when this information was available. Nucleotide
sequences for primers and probes, respectively, were as
follows (sense 5' primer, antisense 3’ primer, and probe
for PCR product):

» PGK:  GGTCGTTATGAGAGTCGACTTCAA,
TAGGACCCGCCTCGATTTCAACGT, and GCT-
AAGCAGATTGTGTGGAATGGTCCTGTG

+ BCP: GCACATCAGTCTGAACCCCCCTCG, TA-
GAACCTCCTTCCTGGTCTGTCT, and CCAAA-
GTATACGCTGCCCTCATAACAGAACTCTC

s MBP: TCTATCTCAGTGCCAGATATGGTG, TC-
AGTAGGAACAGATGAAAGGAAG, and ACTT-
GCCGGAGGTGCTACAGGGGCAACCTG

* EDN: GCACATCAATATGACCTCCCAGCA, TA-
GAACATGTTTGCTGGTGTCTGC, and CCCAA-
ATATGACCTGTCCTAGTAACAAAACTCGGC

* CLC: CTACTGTGACAATCAAAGGGCGAC, A-
GCCTCAGGCTTGATTCTATGGTC, and CAAG-
TGTGCTTTGGTCGTCGTGTGGTCATG

« EPO: ATGCATCTGCTCCCAGCCCTGGCA, CA-
GCTGGGCGCAGGTCCTCTCACA, and GAGG-
GCACTGACCCAGCCTCCCCT

o pd77"* AGCCAGCACTATGTGTACATGTTCC,
GACGTATGGCTCACCTGCATAGTTG, and GA-
GTACTGCAGCACGCTCATGAGCCTGCC

» p67°"* CTCCGCAGTCCGACATCCCAGCTC, T-
GAAGAGTGCCTCCACTTGGTGC, and CAAG-
TACACGGTAGTCATGAAGACTCAGCC

> gp9IP*%  TGGAATGGTGTGTGTGTGAATGC-
CCGAG, AGCTTGGACACCTTTGGGCACTTG,
and GGCAGGCATCACTGGAGTTGTCATCAC-
GCT

» p22°Pho% GCCAACGAGCAGGCGCTGGCGTCC,
GGCTGCTTGATGGTGCCTCCGATC, and GA-
CAGAAGCACATGACCGCCGTGGTGAAGC

Chemiluminescence assay for oxygen
radicals by NADPH oxidase in differentiating
eosinophils

Aliquots of 1 X 10° cultured PBPs were taken every 2
to 3 days and washed twice in Hanks® balanced salt
solution (Biowhittaker, Walkersville, Md.). Cells were
then resuspended in 0.1 ml Hanks’ balanced salt solution
and placed in duplicate in a 96-well flat-bottom plate
(Dynatek Microlite 3; Dynatech Laboratories Inc.,
Chantilly, Va.). Diogenes luminol enhancer solution (0.1
ml) (National Diagnostics, Atlanta, Ga.), containing 1
pg/ml phorbol myristate acetate (Sigma Chemical Co.)
was added to each well, and chemiluminescence of each
well was immediately measured for 0.5 seconds, every
minute for 15 minutes in a single-channel microplate
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Luminoscope luminometer (Labsystems, Raleigh, N.C.).
The maximum rate of chemiluminescence (oxidase ac-
tivity) is reported as the relative peak light emitted
(height of the curve in arbitrary units).

Purification of eosinophils from peripheral
blood

Mature eosinophils were isolated from peripheral
blood of mildly eosinophilic atopic volunteers (4% to
8% eosinophils) by using immunomagnetic negative
selection as previously described.?! The purity of the
cosinophil preparation was always greater than 95%
as determined by histochemical staining, with the
remainder of the cells being lymphocytes. The detec-
tion of mRNA transcripts for the various eosinophil
proteins and chemiluminescence of mature eosino-
phils were performed exactly as described for the
human PBPs.

RESULTS
Differentiation of CD34" cells to eosinophils

Purified CD34™ PBPs were cultured with opti-
mal concentrations of IL-3 (25 ng/ml), GM-CSF
(10 ng/ml), and IL-5 (10 ng/ml) for 28 days. The
number of cells in cultures and the time course of
appearance of cells belonging to the eosinophil
lineage (Luxol stain-positive) were monitored
from day 0 to day 28. As shown in Fig. 1, 4 the total
number of cells in cultures at day O increased 5.7-
+ 1.9-fold by day 7, 41.3- += 18.2-fold by day 14,
and 247- + 74.5-fold by day 28 of culture. In other
studies (not shown), IL-5 alone at 10 ng/ml without
the presence of other growth factors did not sup-
port any proliferation or differentiation of the
purified preparations of CD34™ cells. This suggests
that late committed eosinophil progenitors were
absent from the CD34™" cell preparations.

Histochemical staining of cytospin preparations
of the cultured progenitors revealed no cells of the
eosinophil lineage on days 0 and 3 of culture (Fig.
1, B). However, by day 7, 5.6% = 2.6% of the cells
in culture were Luxol-positive eosinophil precur-
sors. The percentage of cells of eosinophil lineage
increased to 52% = 9.7% by day 14. On day 28 of
culture, 83.3 = 4.1 of all cells in the culture
contained Luxol-positive granules. Almost 50% of
these cells had nuclear features of mature (seg-
mented) eosinophils, and the rest were myelocytic
and metamyelocytic eosinophils. No cells of the
maturing neutrophil lineage were seen (Fig. 1, B).
The percent of basophil and mast cells on day 14 of
culture (IL-3, GM-CSF, IL-5) was 3% as deter-
mined by acidic toluidine blue staining (not shown)
and 15.2% as determined by a flow cytometric
assay for binding to the high-affinity IgE receptor
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FIG. 1. Measures of proliferation (A) and differentiation
toward the eosinophil phenotype (B) of purified normal
human peripheral blood CD34" cells cultured in enriched
medium containing 1L-3 (25 ng/ml}, GM-CSF (10 ng/ml),
and IL-5 (10 ng/mi}. On indicated days, celis were
counted, and results are expressed as fold increase (mean
+ SD) in cell numbers compared with day 0 (A}. Cytospin
preparations were stained with Luxol fast blue to identify
eosinophils and eosinophil precursors. Percentages of
mature eosinophils with segmented nucleus (filled bars)
and immature eosinophils with typical myelocytic and
metamyelocytic structure (open bars) were determined
on the basis of counts of 300 cells in each cytospin
preparation (B). On days 0 and 3, no Luxol stain—positive
cells were detected. Data represent the mean = SD of five
to eight experiments.

(Fig. 2, lower right panel). However, when PBPs
were cultured in IL-3 alone, the percent of ba-
sophils and mast cells was 16% as determined by to
acidic toluidine blue staining (not shown) and
28.5% as determined by flow cytometric assay for
binding to the high-affinity IgE receptor (Fig. 2,
upper right panel).
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FIG. 2. Flow cytometric dot-biot analysis for binding to the w«-subunit of the high-affinity IgE
receptor. The two upper panels show PBP-derived cells on day 14 of culture in medium containing
IL-3 alone, and the two lower panels show PBP-derived cells on day 14 of culture in a combination
of IL-3, GM-CSF, and IL-5. The two panels on the left are controls in which cells have been stained
with an irrelevant subclass antibody, followed by the secondary antibody goat-anti-mouse Ig-FITC,
and cells in the right panels were incubated with the antibody to the a-subunit of the high-affinity IgE
receptor and then stained with the secondary goat-anti-mouse Ig—FITC antibody.

RT-PCR analysis of mRNA encoding for
eosinophil granule proteins

Using the sensitive RT-PCR technique, we mon-
itored the appearance of mRNA transcripts of
eosinophil granule proteins. Each granule protein
mRNA PCR product was normalized to the PCR
product of the mRNA of PGK, and a ratio was
established. As shown in Figs. 3 and 4, on day 0 of
culture, no mRNA transcripts of eosinophil gran-
ule proteins could be detected. Although no eosin-
ophil lineage cells could be identified by Luxol
staining on day 3 of culture (Fig. 1, B), a small
amount of specific mRNA transcripts of EPO,
ECP, MBP, EDN, and CLC could be demon-

strated. A further increase in the amount of these
mRNA transcripts was seen by day 7, with the
levels rising slightly or remaining stable from day
14 to day 28 of culture. When similar mRNA
transcripts were sought in mature human periph-
eral blood eosinophils, no mRNA transcripts of
EPO and MBP were detected. By contrast, the
transcript PCR ratio (granule protein PCR signal /
PGK PCR signal) for ECP, EDN, and CLC de-
tected in mature eosinophils (1.26 + 0.36, 1.92 *
0.73, and 3.77 * 2.0, respectively) was comparable
to the ratio in progenitors differentiated to eosin-
ophils in culture for 28 days (1.43 = 0.31, 1.22 +
0.36, and 4.41 = 0.96, respectively).
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FIG. 3. Relative levels of mRNA transcripts for the eosinophil granule proteins—CLC, EDN, EPO,
MBP, and ECP—produced by the normal human peripheral blood CD34" cells in the cultures
described in the legend to Fig. 1. Transcripts were detected by RT-PCR as described in Methods, and
results are expressed on the vertical axis of each graph as the ratio of granule protein RT-PCR
densitometry signal to the PGK RT-PCR densitometry signal. On the x axis is the day of culture on
which the analysis was performed. Data represent the mean = SD of three to five experiments.
RT-PCR analysis of mRNA encoding for isolated CD34" PBPs on day 0, there was some

eosinophil NADPH oxidase subunit proteins detectable RT-PCR product for the oxidase sub-

Unlike the eosinophil granule proteins for which  units p47°"°, gp91Pio%, and p22P"°* on day 0 (Figs.
no RT-PCR product was detectable in freshly 4 and 5). The amount of RT-PCR product for
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FIG. 4. Luminescence bands detected in each of two representative experiments of RT-PCR
analysis of mRNA transcripts in normal human peripheral blood CD34™" cells differentiating in
culture into eosinophils as described in the legend to Fig. 1. A, An experiment in which a culture
was analyzed for expression of transcripts encoding granule proteins MBP and CLC, as well as
the oxidase proteins p47°"°* and p22P"°x. The bottom panel shows analysis of transcripts for the
housekeeping protein PGK, which serves as a control for the amounts of template in the different
samples. B, A different experiment in which a culture was analyzed for expression of transcripts
encoding granule proteins ECP and EDN, as well as the oxidase proteins p67°"** and gp91°"°*.
The bottom panel again shows analysis of transcripts for the housekeeping protein PGK as a
control. Analysis for EPO was not performed as part of either of the representative experiments
shown in A or B but was similar to that seen with ECP.

these three transcripts increased two to three times
by day 3 of culture. However, only a trace of
RT-PCR product for p67P"* transcript was de-
tected on either day 0 or day 3, but it was easily
detected by day 7. From day 7 onward, the RT-
PCR product ratios for these oxidase proteins
continued to increase over the rest of the culture
period. By day 28, the RT-PCR ratios of the
NADPH oxidase subunit protein transcripts from
cultured PBPs and purified peripheral blood eo-
sinophils were similar (data for mature eosinophils
not shown).

Chemiluminescence assay for NADPH
oxidase function in differentiating
eosinophils in CD34* PBP cultures

To evaluate the NADPH oxidase activity of
progenitors grown in culture, a chemiluminescence
assay was performed every 2 to 3 days, as shown in
Fig. 6. Oxidase activity was undetectable in cul-
tured PBPs during the first 10 days of culture with
the three growth factors, IL-3, GM-CSF, and IL5.
On day 12 oxidase activity was first detected in the
population of differentiating progenitors and was
equivalent to 4.6% of the amount produced by an
equal number of mature eosinophils (539 + 169
luminescence units, » = 4). Oxidase activity in-
creased linearly, reaching a plateau on day 18, at

which point the activity of the culture population
was 20% of that produced by an equal number of
mature eosinophils.

DISCUSSION

We have shown that CD34" PBPs differentiate
and proliferate predominantly toward the eosino-
phil lineage under the influence of the hematopoi-
etic growth factors IL-3, GM-CSF, and IL-5.° In
this report we used this combination of growth
factors to induce maturation of peripheral blood
CD34™ cells into eosinophils in liquid cultures in
order to study the kinetics of expression of genes
encoding granule and NADPH oxidase proteins
found in mature eosinophils. Under our culture
conditions PBPs proliferated sixfold by day 7 of
liquid culture, with a dramatic increase in growth
seen by days 14 to 28 (41- to 247-fold). Only at the
end of the first week of culture could a few
Luxol-staining cells of eosinophil lineage be de-
tected. The percent of Luxol-positive cells in-
creased significantly by days 14 through 28 (50% to
80% of total cells in culture). Only a small fraction
of cells of the eosinophil lineage was morphologi-
cally mature by day 14, but half of them were
mature by day 21.

Recently, a few studies have demonstrated pro-
duction of eosinophils in liquid cultures by using
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FIG. 5. Relative levels of mRNA transcripts for four NADPH oxidase peptide subunits—p67P"°%,
p22°rhex, p47PheX and gp91PM°* —produced by normal human peripheral blood CD34" cells in
cultures described in the legend to Fig. 1. Transcripts were detected by RT-PCR as described in
Methods, and results are expressed on the vertical axis of each graph as the ratio of granule
protein RT-PCR densitometry signal to the PGK RT-PCR densitometry signal. On the x axis is the
day of culture on which the analysis was performed. Data represent the mean = SD of three to

five experiments.

nonselected mononuclear cells derived from either
bone marrow or cord blood.*% In apparent contra-
diction to our results, these studies demonstrated a
much higher percentage of eosinophils by day 7 of
culture and also showed cell proliferation with IL-5
alone in the medium. This is most likely due to the
presence of late progenitors and committed cells in
the mononuclear cell populations used. From our
data, it appears that the CD34" PBPs used in our
system provide a cell population that is more
uniformly primitive as a starting point for evalua-
tion of events during differentiation of eosinophils.
At the same time, our conditions for differentia-
tion yield a high percent of mature eosinophils that

are free of contaminating neutrophils by day 21.
However, our culture conditions with IL-3, GM-
CSF, and IL-5 did induce differentiation of a small
percentage (3% by acidic toluidine blue staining
and 15.2% by flow cytometric assay for binding to
the high-affinity IgE receptor) of cells toward the
basophil or mast cell lineage. Previous reports
indicate that use of IL-3 alone to differentiate
CD34" cells results in appearance of significant
numbers of cells with basophil or mast cell char-
acteristics.?? In our studies, culture of CD34* cells
in IL-3 alone generated 16% to 28.5% of the cells
with basophil or mast cell characteristics. The
addition of GM-CSF and IL-5 to IL-3 in the
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FIG. 6. Phorbol myristate acetate-stimulated oxygen

radical-induced chemiluminescence by differentiating eo-
sinophils in cultures of normal human peripheral biood
CD34* cells, described in the legend to Fig. 1. Assays
were performed as described in Methods. The vertical
axis shows oxidase activity in relative luminescence
units, and the horizontal axis indicates the day of culture
on which analysis was performed. Data represent the
mean * SD of five experiments. '

culture media reduced the percent of cells differ-
entiating toward the basophil or mast cell lineage
to 3% to 15%. The mechanism for the change in
the percentages cannot be delineated from this
observation because it is not possible to discern
whether there is actual suppression of differentia-
tion toward the basophil or mast cell lineage or
simply enhancement of growth of cells differenti-
ating toward the eosinophil lineage. Most of the
previous studies examining the differentiation of
these lineages have used unpurified bone marrow
mononuclear cells, and not purified CD34" pro-
genitors, as in our study.??

Relatively little information is available on the
expression of eosinophil granule protein tran-
scripts during differentiation of normal human
progenitors. The study in which normal progeni-
tors were used was done with cord blood-mixed
mononuclear cell populations,® whereas other
studies have been done with leukemic cell lines,
which may not reproduce the normal pattern of
differentiation.?* The specific growth of eosino-
phils from peripheral blood CD34™ cells enabled
us to focus on the appearance of mRNA tran-
scripts encoding for both the granule and NADPH
oxidase proteins in differentiating eosinophils. The
message for the five granule proteins studied
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{MBP, EPO, ECP, EDN, and CLC) could not be
demonstrated in the CD34™" progenitors by using a
sensitive RT-PCR assay. This indicates that these
cells, at the time of initiation of liquid culture,
represent an early progenitor population without
any characteristics of the eosinophil lineage. The
mRNA for all five granule proteins studied was
detected by day 3 of culture, though eosinophil-
specific histochemical staining with Luxol did not
reveal any cells with eosinophil structure at this
time. The amounts of mRNA increased by day 7 of
culture and stabilized by days 14 to 28. The kinetics
of the increase in the mRNA transcripts encoding
the five different granule proteins studied was
similar.

Using Northern blot analysis, Gruart et al.®
observed the presence of mRNA transcripts en-
coding four granule proteins—MBP, EDN, ECP,
and EPO—in the cultured cells derived from cord
blood mononuclear cells. As in our studies, they
did not observe transcripts on day 0. They detected
transcripts for these four proteins at their next
sampling point on day 7. As in our study, they did
not find any message for MBP in mature eosino-
phils from patients with high eosinophilia from
different etiologies. However, transcripts for EPO
in peripheral blood eosinophils were barely detect-
able in a quarter of the patients they examined.
Our data, obtained by using the more sensitive
RT-PCR technique on purified eosinophils from
mildly atopic individuals, indicated that no tran-
scripts for either EPO or MBP couid be detected.
It is possible that with some of the patients they
examined, immature eosinophil precursors were
included in the peripheral blood samples, account-
ing for the small amount of EPO transcript de-
tected. We found that the levels of EDN, ECP, and
CLC mRNA transcripts in mature eosinophils
were similar to the levels of these transcripts in
PBP-derived eosinophils on days 14 to 28 of cul-
ture. The importance of this dissociation between
the mRNA levels of the various granule proteins in
mature eosinophils is not clear. However, any
explanation of these differences in regulation of
transcription of granule protein mRNAs must ac-
count for the presence of amounts of transcripts
for EDN, ECP, and CLC in mature peripheral
blood eosinophils, which are equivalent to
amounts present during differentiation and pre-
sumably active granule formation.

The NADPH oxidase enzyme complex is an
essential component of the host defense system of
all phagocytic cells: We used our culture system for
differentiation of eosinophils from CD34™ PBPs as
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a model for studying the kinetics of expression of
the four oxidase-specific subunit peptides of the
NADPH oxidase. In addition, the acquisition of
oxidase function by the differentiating eosinophils
was monitored. Very small amounts of mRNA
transcripts of the oxidase proteins were detectable
at the initiation of culture. Though we cannot
eliminate the possibility that this signal derived
from a subset of CD34" cells, most likely this
derived from the small percentage of myelomono-
cytic lineage—positive cells contaminating the start-
ing culture. An increase in the message for p47°1°%,
gp91P" and p22P"°* was observed by day 3, with
further gradual increase thereafter. However, the
detection of any signal indicating p67°*>* mRNA
transcripts was delayed until day 7. We previously
studied the appearance of NADPH oxidase pro-
teins and activity during induced differentiation of
the promyelocytic leukemia cell line HL-60 toward
the neutrophil lincage. Particularly when retinoic
acid was used as the inducing agent, we found that
pd7Pho% op91PRo* and p22PP* proteins appeared
early, whereas p67P" protein production was de-
layed.’® Moreover, the appearance of functional
oxidase activity followed the kinetics of the late
appearance of the p67P"* protein, suggesting that
this was the limiting factor in this HL60 cell model.
It was not possible to determine whether this late
appearance of p67P" was a result of the specific
inducer, retinoic acid, and/or the leukemic nature
of the cell line or whether it correlated with any
situation in normal differentiation of the oxidase
system. This study supports the notion, at least in
the eosinophil model tested here, that the late
appearance of p67°"™ relative to the other factors
is a feature of normal differentiation, and may be
the limiting factor for the relatively late appear-
ance of functional oxidase activity.

Our report defines a system useful for the study
of early events in eosinophil differentiation and
should serve as a useful model for delineation of
early gene regulation in normal hematopoietic
progenitors. PBPs, unlike marrow cells, can easily
be obtained from patients, including pediatric pa-
tients, on multiple occasions. Although we used
apheresis-derived cells for these studies, we have
recently found that almost 10° CD34™ cells can be
purified from as little as 50 ml of whole blood and
that they proliferate well in our culture conditions.
By using RT-PCR as we have outlined, many of the
assays in this study can be performed on samples of
cells of that size. It will thus be possible to define
events during maturation of CD34" PBPs from
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different patient groups with inherited or acquired
abnormalities of hematopoietic cells.

REFERENCES

1. Gabbianelli M, Sargiocomo M, Pelosi E, Testa U, Isacchi
H, Peschie C. “Pure” human hematopoietic progenitors:
permissive action of basic fibroblast growth factor. Science
1990;249:1561-4.

2. Sekhsaria S, Malech HL. Recombinant human stem cell
factor enhances myeloid colony growth from human pe-
ripheral blood progenitors. Blood 1993;81:2125-30.

3. Brugger W, Mocklin W, Heimfeld S, Berenson RJ, Mer-
elsmann R, Kanz L. Ex vivo expansion of enriched periph-
eral blood CD34™ progenitor cells by stem cell factor, IL-1,
IL-6, IL-3, interferon -y and erythropoietin. Blood 1993;81:
2579-84.

4. Saito H, Hatake K, Dvorak AM, et al. Selective differenti-
ation and proliferation of hematopoietic cells induced by
recombinant human interleukins. Proc Natl Acad Sci USA
1988;85:2288-92.

5. Ten RM, Butterfield JH, Kita H, et al. Eosinophil differ-
entiation of human umbilical cord mononuclear cells and
prolonged survival of mature eosinophils by murine EL-4
thymoma cell conditioned medium. Cytokine 1991;3:350-9.

6. Gruart V, Truong MJ, Plumas J, et al. Decreased expres-
sion of eosinophil peroxidase and major basic protein
messenger RNAs during eosinophil maturation. Blood
1992;79:2592-7.

7. Clutterbuck EJ, Sanderson CJ. Regulation of eosinophil
production by cytokines: a comparison of recombinant
human IL-1, rhIL-3, rhIL-5, rhIL-6, and rhGM-CSF. Blood
1990;75:1774-9.

8. Ema H, Suda T, Nagayoshi K, Niura Y, Calvin CI, Naka-
uchi H. Target cells for granulocyte colony-stimulating
factor, IL-3, and IL-5 in differentiation pathways of neutro-
phils and eosinophils. Blood 1990,76:1956-61.

9. Shalit M, Sekhsaria S, Malech HL. Modulation of growth
and differentiation of eosinophils from human peripheral
blood CD34" cells by IL 5 and other growth factors. Cell
Immunol 1995;160:50-7.

10. Gleich GJ, Adolphson CR, Leiferman KM. The biology of
the eosinophilic leukocyte. Annu Rev Med 1993;44:85-101.

11. Weller P. The immunobiology of cosinophils. N Engl J Med
1991;324:1110-8.

12. Malech HL. Phagocyte oxidative mechanisms. Curr Opin
Hematol 1993;1:123-32.

13. Levy R, Rotrosen D, Nagauker O, Leto TL, Malech HL.
Induction of the respiratory burst in HL-60 cells. J Immu-
nol 1990;145:2595-601.

14. Yazdanbakhsh M, Tai PC, Spry CJF, Gleich GJ, Ross D.
Synergism between eosinophil cationic protein and oxygen
metabolites in killing of schistosomula of Schistosoma
mansoni. J Immunol 1987;138:3443-7.

15. Petreccia DC, Nauseef WM, Clark RA. Respiratory burst
of normal human eosinophils. J Leukoc Biol 1987;41:283-8.

16. Saavedra-Delgado AMP, Turpin S, Metcalfe DD. Typical
and atypical mast cells of the rat gastrointestinal system:
distribution and correlation with tissue histamine. Agents
Actions 1984;14:1-11.

17. Nilsson G, Forsberg K, Bodger MP. Phenotypic character-
ization of stem cell factor-dependent human foetal liver-
derived mast cells. Immunology 1993;79:325-30.

18. Chomczynski P, Sacchi N. Single-step method of RNA



354 Shalit et al.

19.

20.

21.

isolation by acid guanidinium thiocyanate-phenol-chloro-
form extraction. Anal Biochem 1987;162:156-9.

Karp CL, El-Safi SH, Wynn TA, et al. In vivo cytokine
profiles in patients with Kala-azar. J Clin Invest 1993;91:
1644-8.

Cassatella MA, Bazzoni F, Flynn RM, Dusi S, Trinchieri G,
Rossi F. Molecular basis of interferon-y and lipopolysac-
charide enhancement of phagocyte respiratory burst capa-
bility. J Biol Chem 1990;265:20241-6.

Hansel TT, De Vries IIM, Iff T, et al. An improved
immunomagnetic procedure for the isolation of highly
purified human blood eosinophils. J Immunol Methods
1991;145:105-10.

J ALLERGY CLIN IMMUNOL
AUGUST 1996

22. Kirshenbaum AS, Goff JP, Dreskin SC, Irani AM, Schwartz

23.

24,

LB, Metcalfe DD. IL-3 dependent growth of basophil like
cells and mast cells from human bone marrow. J Immunol
1989;142:2424-9.

Kirshenbaum AS, Goff JP, Kessler SW, Mican JM, Zsebo
KM, Metcalfe DD. Effect of IL3 and stem cell factor on the
appearance of human basophils and mast cells from human
CD34™ pluripotent progenitor cells. J Immunol 1992;148:
772-1.

Fabian I, Lass M, Kletter Y, Golde DW. Differentiation
and functional activity of human eosinophilic cells from an
eosinophil HL-60 subline: response to recombinant hema-
topoietic growth factors. Blood 1992;80:788-94.

Availability of Journal Back Issues

As a service to our subscribers, copies of back issues of The Journal of Allergy and Clinical
Immunology for the preceding 5 years are maintained and are available for purchase until
inventory is depleted from Mosby at a cost of $10.50 per issue. The following quantity discounts are
available: 25% off on quantities of 12 to 23, and one third off on quantities of 24 or more. Please
write to Mosby-Year Book, Inc., Subscription Services, 11830 Westline Industrial Dr., St. Louis,
MO 63146-3318, or call (800) 453-4351 or (314) 453-4351 for information on availability of
particular issues. If unavailable from the publisher, photocopies of complete issues may be
purchased from UMI, 300 N. Zeeb Rd., Ann Arbor, MI 48106 (313) 761-4700,




