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Background: Mature human mast cells express several types
of adhesion molecules on their surface. Interactions between
extracellular matrix (ECM) and adhesion molecules may be
important for the migration and localization of mast cells and
their precursors in tissues. Little is known about the regulation
of adhesion molecules on mast cells during their differentia-
tion.

Objectives: To clarify the evolution of adhesion phenotype and
function, we examined the expression of adhesion molecules
during cultured human mast cell (CHMC) differentiation and
tested adhesion of mature CHMC:s to various ECM proteins.
Methods: CHMCs were obtained by culturing human cord
blood—derived CD34+ cells in the presence of stem cell factor
and IL-6. Indirect immunofluorescence and flow cytometry
was used to study cell surface expression of adhesion molecules
and other markers. Mature CHMCs were tested for adhesion
molecule function with immobilized matrix proteins.

Results: At 1 week of culture, cells expressed CD11a, CD18,
CD29, CD49d, and CD49e. At 14 weeks of culture, more
mature CHMCs expressed CD11b, CD11¢, CD29, CD49b,
CD49c, CD49d, CD49e, CD51, CD61, and CD54 and weakly
expressed CD18 and CD11a. CD11¢, CD51, and CD61
appeared de novo by 4 weeks of culture, whereas CD49b and
CD49c appeared by 8 weeks. CD29 decreased at 4 weeks but
returned to the identical levels of 1-week-old cells by 8 weeks.
Compared with levels at week 1, the levels of CD11a, CD18,
CD49d, and CD49e at 4 weeks and beyond decreased during
culture. Expression of CD49a, CD49f, and od integrin was
never detectable during CHMC differentiation. Fourteen-
week-old CHMC s significantly adhered to the leucine-aspartic
acid-valine—containing connecting segment 1 fragment of
fibronectin, the 120-kd argine-glycine-aspartic acid—contain-
ing fragment of fibronectin, vitronectin, and laminin through
specific integrins.

Conclusion: Expression of integrins and CD54 is differentially
regulated during CHMC differentiation, and mature CHMCs
can adhere to many ECM proteins. These changes may facili-
tate emigration from the bone marrow into the circulation and
ultimately contribute to the tissue homing and localization pat-
tern seen with mature mast cells.
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Mast cells are known to originate from distinct bone
marrow hematopoietic progenitors that leave the bone
marrow and circulate before entering tissues and differ-
entiating into mature mast cells.!2 Specific human mast
cell (HMC) progenitors have been identified in peripher-
al blood as CD34* mononuclear cells that differ from
monocytes by their surface expression of kit (CD117),
the receptor of stem cell factor (SCF).34 SCF is a potent
and specific mast cell growth factor that is constitutively
expressed on fibroblast membranes.>-¢ Indeed, CD34+
cells obtained from cord blood, bone marrow, or fetal
liver cells, which contain hematopoietic progenitor cells,
proliferate into mature human cultured mast cells in the
presence of SCF in vitro.”-10 However, how mast cell
progenitors localize within tissues is not well known.

Adhesion molecules on mast cells are certain to be
important in the migration of mast cell progenitors from
bone marrow into tissue. Human tissue mast cells,
obtained from lung, skin, or uterus, express integrins
such as very late activation antigen (VLA) 3, VLA-4,
VLA-5, and p150,95.11-13 In contrast, human stem cells
express VLA-4, VLA-5, intercellular adhesion molecule
(ICAM) 1, and leukocyte functional antigen (LFA) 1.14-16
Because mast cell development, tissue localization, and
maturation are associated with changes in adhesion mol-
ecules, studies of adhesion molecules expressed during
their differentiation are relevant to mast cell biology.
Several investigators reported that ovB3 integrins were
expressed on cultured HMCs (CHMCs) derived from
fetal liver cells or CD34+ cells but not on HMC progeni-
tor cells, suggesting that certain B3 integrins are gained
during the differentiation of mast cells in vitro.!7-18 How-
ever, the regulation of adhesion molecules on HMCs has
not been well investigated.

When CD34+ cells obtained from human cord blood are
cultured with SCF and IL-6, most of the cells become mast
cells.10.19.20 These cells contain tryptase and chymase!0
and have functional FceRI, which, when cross-linked, are
capable of inducing histamine release, indicating that
CHMC:s have characteristics typical of mature mast cells.
In this study, we used this culture system to examine the
change of expression and function of adhesion molecules
on CHMC during their differentiation in vitro. Our data
demonstrate profound changes in integrin expression at
different time points during CHMC differentiation.
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TABLE I. mAbs used in the study and their sources
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Antigen Clone name

Source

B1 Integrins

CD29 (B1 integrin) 4B4
CD49a (ol integrin) TS2/7
CD49b (012 integrin) Gi9
CD49c (0.3 integrin) PIB5S
CD49d (04 integrin) HP2/1
CD49e (05 integrin) SAMI1
CD49f (06 integrin) GoH3
B2 Integrins
CD18 (B2 integrin) 7TE4
CDll1a 25.3.1
CDI11b 44
CDll1c BU15
ad Integrin 169A
Others
CD51 (o integrin) AMF7
CD61 (B3 integrin) Sz.21
ICAM-1 84H10
FceRI 22E7

Coulter-Immunotech, Hialeah, Fla

T cell Diagnostics, Inc, Cambridge, Mass
Coulter-Immunotech

GIBCO-BRL, Gaithersburg, Md
Coulter-Immunotech
Coulter-Immunotech
Coulter-Immunotech

Coulter-Immunotech

Coulter-Immunotech

R&D Systems, Minneapolis, Minn
Coulter-Immunotech

Dr Pat Hoffman, ICOS Corp, Bothell, Wash

Coulter-Immunotech
Coulter-Immunotech
Coulter-Immunotech
Dr Richard Chizzonite, Hoffmann-La Roche Inc, Nutley, NJ

Abbreviations used
CHMC: Cultured human mast cell
CS-1: Connecting segment 1
Fn120k: Fibronectin 120-kd fragment
HMC: Human mast cell
ICAM: Intercellular adhesion molecule
IMDM: Iscove’s modified Dulbecco’s medium
LFA: Leukocyte functional antigen
SCF: Stem cell factor
VLA: Very late activation antigen

METHODS
HMC culture

CHMCs were generated as previously reported.!0:20 In brief,
heparin-treated umbilical cord blood was diluted and layered over
Ficoll-Paque (Amersham Pharmacia Biotech, Uppsala, Sweden) at
room temperature. Cord blood mononuclear cells were purified by
density gradient centrifugation methods followed by immunomag-
netic positive selection with mAb against CD34 (Militenyi Biotec
Inc, Auburn, Calif). The purified CD34+ cells were cultured in
Iscove’s modified Dulbecco’s medium (IMDM; GIBCO BRL,
Gaithersburg, Md) supplemented with 10 pg/mL insulin, 5.5 pug/mL
transferrin, 6.7 ng/mL selenium, 5 X 10-5 mol/L 2-mercaptoethanol
and 5% FBS (GIBCO BRL), 100 ng/mL SCF (generously provided
by Dr Martha E. Vincent, Amgen, Thousand Oaks, Calif), and 50
ng/mL IL-6 (Biosource, Camarillo, Calif) for up to 15 weeks. The
purity of mast cells was determined by staining with May-Griinwald
and Giemsa reagents. The purity of mast cells was 99% or greater
by 14 to 15 weeks of culture.

Flow cytometric analysis of cell surface
integrins and other molecules

The surface phenotype of CHMC was examined by indirect
immunofluorescence and flow cytometry as previously described.!2
Cultured cells at 1,4 to 5, 8 to 9, and 14 to 15 weeks were collect-
ed and incubated for 30 minutes on ice in PBS (containing 0.2%
BSA and 4 mg/mL human IgG; Sigma Chemical Co, St Louis, Mo)

with saturating concentrations of mAb or an equivalent concentra-
tion of irrelevant IgG control mAb (Table I). Cells were then
washed and incubated with a 1:100 dilution of R-phycoerythrin-
conjugated F(ab“), goat antimouse IgG (Biosource) for another 30
minutes on ice. After fixation in 1% paraformaldehyde in PBS,
5000 cells were evaluated with an EPICS Profile II flow cytometer
(Coulter Corp, Hialeah, FL). Net mean fluorescence intensity was
determined after values for IgG1 controls were subtracted (average,
2.1+0.3).

Mast cell adhesion assays

Adhesion assays were modified from methods in a previous
report.!! In brief, 96-well plates (Nunc, Maxi-sorb Immuno-
plates; PGC Scientific Corp, Gaithersburg, MD) were coated
overnight at 4°C with 100-pL aliquots of optimal concentrations
of proteins, including 1.85 mg/mL connecting segment 1 (CS-1)
of fibronectin (generously provided by Dr Roy Lobb, Biogen Inc,
Cambridge, Mass), 5 mg/mL fibronectin 120-kd fragment
(Fn120k, GIBCO-BRL), 5 mg/mL vitronectin (GIBCO-BRL), or
5 mg/mL laminin (Sigma) diluted in PBS containing 1 mmol/L
CaCl, and MgCl,. The wells were then blocked with IMDM con-
taining 1% BSA (IMDM-BSA) for 1 hour at room temperature to
reduce adherence to plastic. Control adherence was measured in
wells coated with PBS alone and blocked with IMDM-BSA.
CHMC s that were 14 to 15 weeks old (1 x 104 in 100 pL) were
added to the wells in duplicate and incubated for up to 1 hour at
37°C. In the blocking experiments, CHMCs were preincubated
with saturating concentrations of blocking mAbs (Table I) before
being added to the wells. At the end of the adhesion assay, non-
adherent cells were removed by being rinsed twice with 100 uL.
of IMDM-BSA, and adherent cells were lysed with 1.6% per-
chloric acid. The liquid from each well was collected and trans-
ferred into tubes containing 0.9 mL of saline solution. Each tube
was centrifuged, and the supernatants were stored until histamine
analysis. CHMCs did not release histamine during the adhesion
assay (data not shown). The histamine content of adherent cell
lysates was determined with an automated histamine analyzer,2!
and the percentage of adherence was calculated by comparison of
the histamine content of adherent cell lysates with that of sepa-
rate 100-pL aliquots of cell suspension.
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FIG 1. Light scatter characteristics (A) and FceRI o-chain expression
(B) of cultured cells. A, Data are shown from a single batch of
CHMCs representative of 3 experiments. B, Data are averaged
from 3 to 5 separate experiments (mean + SEM). MFI, Mean fluo-
rescence intensity.

Effect of adherence to matrix proteins on
FceRl-mediated histamine release and IL-8
production by CHMC

CHMCs (0.5 x 105 to 1 x 105/mL) were sensitized with 5 mg/mL
human myeloma IgE (generously provided by Dr Teruko Ishiza-
ka?2) at 37°C for 2 days in mast cell culture medium. After the incu-
bation, cells were washed twice with IMDM-BSA to remove
cytokine and free IgE. CHMCs were then added to the matrix pro-
tein—coated wells for 1 hour at 37°C. Polyclonal goat antihuman
IgE (1 mg/mL)23.24 or control medium was then added, and cells
were incubated for another hour at 37°C. All reactions, performed
in duplicate, were stopped by centrifugation at 4°C, and the super-
natants were collected and stored at —20°C until histamine analysis.
In each experiment, perchloric acid at a final concentration of 1.6%
was added to duplicate tubes to determine total histamine content.
Histamine was assayed as above by an automated analyzer, and the
percentage of histamine released was calculated from the ratio of
each sample against total histamine after spontaneous release (typi-
cally < 5%) was subtracted.

For IL-8 release, IgE-sensitized CHMCs were washed twice and
resuspended at 2 x 10 to 5 x 105 cells/mL in IMDM-0.2% BSA
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containing 100 ng/mL SCF. CHMCs were incubated on the matrix
protein—coated wells for 1 hour and challenged with or without 1
mg/mL goat antihuman IgE at 37°C for another 6 hours. After incu-
bation, the supernatants were collected and stored at —20°C. IL-8
protein levels were measured by ELISA as previously reported.2’
The detection limit for IL-8 was 30 pg/mL.

Statistical analyses

All results are shown as mean + SEM. Statistical analyses were
performed with a paired Student ¢ test. The level of significance was
set at P < .05.

RESULTS

Cytofluorographic characteristics and
expression of FceRl during the differentiation
of CHMC

At week 1, cultured cells were homogeneous with
respect to light scatter. At weeks 4 to 5, cells separated
into 2 populations based on forward and side scatter (Fig
1, A). The lower population at weeks 4 to 5 was identical
to the population at week 1. The higher scatter population
was similar to that seen in later parts of the culture peri-
od, suggesting that these cells were converting to mast
cell precursors. However, the lower population may still
contain mast cell progenitors.!7 At weeks 8 to 9, cells
again became a single population, although by weeks 14
to 15, light scatter continued to increase. These observa-
tions were consistent with those of a previous report.l7

In the following experiments, we focused on the pop-
ulation that was gated as shown in Fig 1, A. We first
examined expression of FceRI on cultured cells in the
absence of IgE to confirm that we indeed had CHMCs
or their precursors. Expression of FceRI was low and
increased at 4 to 5 weeks. During the last month, FceRI
expression became most prominent. Even though FceRI
was weakly expressed on CHMCs, these cells were
capable of releasing histamine and producing cytokines
after cross-linking of FceRI.26 Gating on the lower scat-
ter population at weeks 4 to 5 revealed barely detectable
levels of FceRI, similar to those seen at week 1 (data
not shown).

Change in adhesion molecule phenotype
during differentiation of CHMCs

To clarify the ontogeny of CHMC adhesion molecule
phenotype, we examined the levels of adhesion molecules
on CHMC:s at several times during their differentiation.
CD11a and CD18 were brightly expressed on cells at
week one and dramatically decreased at 4-5 weeks (Fig 2) .
By 14-15 weeks, CD11a and CD18 were still weakly
expressed. At week 1, CD11b was weakly expressed, and
levels did not change during the culture. CD11c expres-
sion was not detectable at week 1 but became weakly
expressed during weeks 4 to 9. Levels of ad remained
undetectable throughout the culture (data not shown).
Thus most of the B2 integrins disappeared during differ-
entiation in vitro. Unlike mature mast cells, which only
express low levels of p150,95, if any at all, the cultured
cells expressed low levels of CD11a and CD11b integrins.
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FIG 2. Expression of B2 integrins during mast cell differentiation. A, Expression of CD18 and CD11a. B,
Expression of CD11b and CD11c. Data are mean + SEM of 3 to 5 separate experiments. MFI, Mean fluores-

cence intensity.

After 1 week in culture, cells brightly expressed
CD29 (B1 integrin), CD49d (04 integrin), and CD49e
(o5 integrin) (Fig 3). CD29 expression decreased at 4
to 5 weeks but by 8 to 9 weeks returned to the identi-
cal levels of the first week, where it remained at weeks
14 to 15 (Fig 3, A). Expression of CD49d and CD49e
markedly decreased in the first 4 to 5 weeks of culture
and remained at these levels for the next 10 weeks (Fig
3, B), resembling levels on mature tissue mast cells. At
week 1, cells did not express CD49b or CD49c. Both
CD49b and CD49c began to appear at 4 to 5 weeks and
increased during the next 4 weeks, where levels
reached a plateau (Fig 3, C). Expression of CD49c
resembled that of mature mast cells, whereas the low
levels of CD49b differed from levels of mature mast
cells, which do not express this integrin. Levels of
CD49a, a collagen receptor, and CD49f, a laminin
receptor, remained undetectable throughout the culture
(data not shown). These data suggest that the decrease
in CD29 expression was related to decreases in VLA-4
and VLA-5 and that the increase of CD29 between 4
and 8 weeks was related to the de novo expression of
VLA-2 and VLA-3.

CD51/CD61, the vitronectin receptor, was not
expressed at week 1 but continuously increased during
culture (Fig 4). CD54, or ICAM-1, was expressed at
week 1 and increased 2- to 3-fold until 8 to 9 weeks,
where it reached a plateau. In summary, as shown in Fig
5, cultured cells at week 1 expressed CD29, CD49d,
CD49e, CD11a, CD18, and CD54. Fourteen-week-old
CHMCs still expressed CD29, CD49d, CD49e, CDl1 1a,
CD18, and CD54, although in most cases levels were
quite different (eg, CD49d, CD49e, CD11a, and CD18
decreased; CD54 increased; and CD29 remained
unchanged). The 14-week-old CHMCs, unlike the 1-
week-old cells, also expressed CDI11b, CDllc,
CD51/CD61, CD49b, and CD49c. Although the 14-
week-old CHMCs’ phenotype resembled that of tissue
mast cells, expression of CD11a, CD11b, and CD49b on
tissue mast cells has not been observed.!1-13
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FIG 3. Expression of B1 integrins during mast cell differentiation.
Expression of CD29 (A), CD49d and CD49e (B), and CD49c and
CD49b (C) was examined. Data are mean + SEM of 3 to 5 sepa-
rate experiments.

Adhesion of CHMCs to extracellular matrix
proteins and its effect on histamine and IL-8
release

To verify that the integrins expressed on mature
CHMC s were functional, adhesion of 14-week-old cells
to extracellular matrix proteins was examined. As shown
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FIG 4. Expression of B3 integrins and ICAM-1 during mast cell dif-
ferentiation. Expression of CD51, CD61, and CD54 (ICAM-1) was
examined as indicated. Data are mean + SEM of 3 to 5 (CD51 and
CD54) or 1 to 4 (CD61) separate experiments.

CD29 CD4%e CD11e
lgG1 ?‘
CDasb CD18 cD51
=
O
c
(]
e |
o CD43c CD11a coet
D
—
LL
CD4ad CD1b CD54
i —LML——

0 1 2 3 0 1 2 4

Log fluorescence intensity

FIG 5. Representative flow cytometric histograms for various
adhesion molecules on 1-week-old (gray line) and 14-week-old
(black filled) cultured cells. In the upper left panel is labeling with
the IgG control mAb, shown for comparison.

in Fig 6, A, significant cell adhesion was observed to
each of the matrix proteins. Laminin was the best ligand,
whereas vitronectin adhesion was lowest. In addition,
CHMC adhesion to all matrix proteins was significantly
enhanced by SCF (100 ng/mL, 1 hour), except for
laminin. Increased adhesion to BSA was also seen,
although this was not statistically significant and was of
lesser magnitude than that seen with CS-1, Fn120k, and
vitronectin. As shown in Fig 6, B, adhesion to each
matrix protein was integrin dependent because specific
mAD significantly inhibited adhesion. CHMC adhesion
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to CS-1 required 04 (although effects of the o4 mAb did
not reach statistical significance), adhesion to Fn120k
required a5, adhesion to laminin required o3, and adhe-
sion to vitronectin required both av and o3.

We also tested whether adhesion to matrix proteins
enhanced FceRI-mediated histamine release and IL-8
production by CHMC:s. In contrast to previous reports
using rat basophilic leukemia cells27:28 and HMC-1
cells,?9 histamine release and IL-8 production by
CHMCs were not enhanced by adhesion to any of the
extracellular matrix proteins tested (data not shown).

DISCUSSION

The surface phenotype of tissue-derived HMCs and the
CD34+ stem cell has been explored.!1:12.14-1630 Previous
studies using mast cells derived from skin, lung, or uter-
ine tissues detected surface expression of VLA-3, VLA-4,
VLA-5, avp3, p150/95, and ICAM-1.11,12.30 This pheno-
type differs markedly from that of the CD34+ stem cell,
which expresses high levels of LFA-1, modest levels of
VLA-4, VLA-5, and ICAM-1, and little or no B3 inte-
grins. It was clear, therefore, that a number of phenotypic
changes occurred during differentiation from stem cells
into mature tissue mast cells. The purpose of this study
was to determine whether the newly developed methods
for generating CHMCs would lead to the generation of
mature mast cells with an adhesive phenotype similar to
that of mast cells enzymatically isolated from human tis-
sues. A potential advantage of the CHMC system is that it
permits an analysis of the kinetics of this adhesive pheno-
type evolution. In addition, it is likely that some of the
phenotypic changes that occur during the generation of
mast cell precursors in the bone marrow may facilitate
their emigration from the bone marrow into the circula-
tion and from the circulation into local tissue sites, where
it is presumed that they complete their differentiation.

In this study, the adhesive phenotype of 1-week-old
cultured cells displayed a phenotype similar to that previ-
ously reported for CD34+ stem cells.!4-16 Expression of
CDl11a on stem cells almost completely disappeared dur-
ing culture with SCF and IL-6, with most loss occurring
during the first month of culture. During that same peri-
od, levels of CD49d and CD49e decreased dramatically,
reaching a plateau at levels similar to those seen on tissue
mast cells (Fig 3 and References 11, 12, and 30-33). The
marked decrease in these integrins was accompanied by a
parallel decrease in their associated 32 and 1 subunits,
respectively. This 1-month time point is analogous to the
point at which several mast cell-specific characteristics
have already appeared, such as FceRI, tryptase, chymase,
and metachromatic staining (Fig 1 and References 10 and
17). 1t is interesting, however, that levels of B1 integrin
rebound during the second month of culture, correspond-
ing to the de novo appearance of CD49b and CD49c (Fig
3). Although ICAM-1 was constitutively present on stem
cells, levels rose throughout the 3 months of culture, as
did levels of owv[33 integrins, the latter appearing de novo.
These changes were remarkably unimodal in most cases,
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FIG 6. Adhesion of CHMCs to extracellular matrix proteins. A, Fourteen-week-old CHMCs were incubated on
the extracellular matrix protein—coated wells in the presence (black bar) or absence (white bar) of 100 ng/mL
SCF for 1 hour, and the percentage of adhesion was determined. B, Fourteen-week-old CHMCs were prein-
cubated with the indicated mAb for 30 minutes before the adhesion assay. Data are mean + SEM of 3 sep-
arate experiments. *P < .05. LM, Laminin; VN, vitronectin.

with the exception of CD11b (Fig 5), suggesting that the
gated population was quite consistent in its adhesion mol-
ecule phenotype. By the end of the 14-week culture peri-
od, these CHMCs resembled human tissue—derived mast
cells in both their pattern and overall level of adhesion
molecule expression, with the exception that CD11a,
CD11b, and CD49b have never been detected on human
tissue mast cells, although CD11b has been detected by
others on CHMCs and murine mast cells.34-35 Finally, it
was demonstrated with mature CHMCs that the integrins
present on these cells mediate adhesive function for a
variety of matrix proteins, with o3 integrin—mediated
adhesion to laminin being the most impressive in these
assays.

In both mast cell culture systems using cells derived
from fetal liver and cord blood, mast cell precursors were
reported to express VLA-4, whereas mature cells derived
from these precursors expressed VLA-4 along with
VLA-5, avp3, and ICAM-1.17.18 However, in the culture
system using fetal liver cells, precursors also expressed

VLA-3, whereas the mature cells did not express VLA-3.
Our results, that expression of ovB3 integrin was not
detected in progenitors and was highly detectable on
mature mast cells, were consistent with results of previ-
ous reports.!7:18

It is extremely likely that genes for each of the adhe-
sion molecules studied here must be differentially regu-
lated at distinct time points during mast cell differentia-
tion in vitro. For example, signals for activation of
CD49b, CD49c, and avP3 genes appeared to be turned on
at the same time as for FceRI and tryptase, whereas genes
for CD11a and CD18 expression are downregulated (Fig
1 and References 10 and 17). Transcriptional regulation
of integrin gene expression has been reported with other
cells. For example, 02, 03, o4, o, and B3 integrins are
regulated by promoter sites in the 5” flanking region.36-43
In mice, the 5° flanking region of the av integrin gene
contains Spl, Ets, and GATA binding sites,*142 and the
o4 integrin gene promoter has Ets binding sites.44 Ets
binding sites have also been identified in the promoters of
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CD11b, CD11c, and CD18.45 PU.1 is a member of the Ets
family and regulates SCF/IL-3/IL-6-induced CD34+ cell
differentiation in mice,*¢ suggesting that PU.1 might be
activated in signaling by SCF, IL-3, and IL-6 receptors.
Although Ets family members have been shown to regu-
late cytokine production in mice,*748 whether these fac-
tors regulate integrin expression in HMCs is currently
unknown. In addition, effects of membrane-bound SCF
on mast cell function are greater than effects of soluble
SCE# and engagement of the SCF receptor (CD117) can
alter integrin function0; therefore both SCF and integrins
can work in concert to modulate mast cell adhesion and
localization. Future studies are needed to examine the
molecular mechanisms by which integrin gene expression
and integrin function are regulated during mast cell dif-
ferentiation in vitro.

In addition to examining the function of adhesion mol-
ecules on mature CHMC, we determined whether adhe-
sion of these cells to various matrix proteins altered their
mediator release responses. It has previously been shown
that histamine release from adherent rat basophilic
leukemia cells to fibronectin is enhanced 2- to 3-fold.2’
It has also been reported that murine bone marrow—
derived mast cells can undergo heterotypic aggregation
with activated T cells through ICAM-1 and LFA-1 and
that this also induces histamine release.5! In the present
studies, adhesion to various substrates had no effect on
FceRI-dependent histamine release or IL-8 production.
Although it is possible that other stimuli, such as
cytokines, are necessary to facilitate integrin-mediated
signaling and alteration of mast cell mediator release,
there is as yet no evidence to suggest that such outside-in
signaling events occur with human CHMCs. This may
therefore also represent differences among cell types and
species. Nevertheless, it is clear that mast cells evolve an
integrin phenotype, and the timing of this evolution may
play an important role during cell migration from the
bone marrow through the circulation into tissue sites.

Recent studies have demonstrated a unique committed
mast cell precursor lineage that is distinct from all other
cell types.37:52 What remains unknown, however, is at
exactly what stage this committed precursor leaves the
bone marrow to enter the circulation. Because it is cur-
rently believed that these precursors emigrate into tissues
where they undergo terminal differentiation into mast
cells, the evolution of the adhesion phenotype of these
precursors may be extremely relevant to this process.
Unfortunately, it is currently impossible to match the
CHMC kinetics of integrin expression in vitro to traffick-
ing of mast cell precursors into tissues in vivo. Given the
fact that by 4 to 5 weeks of culture, the CHMC phenotype
begins to display mast cell-specific features, it is tempt-
ing to speculate that this may represent the earliest stage
for such committed precursors to leave the bone marrow
and enter the circulation. It is also possible that the imma-
ture circulating mast cell progenitor may be a CD34+ cell.
The notion that these cells, as well as mast cell-commit-
ted progenitors but not more mature mast cells, express
B2 integrins, raises the possibility that these adhesion
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molecules facilitate homing of immature progenitors to
tissues by binding to endothelial cell ligands. Finally, the
prominent and de novo expression and function of vit-
ronectin and laminin receptors, and persistent but reduced
expression of fibronectin receptors, strongly suggest that
these matrix proteins play an important role in determin-
ing where mature mast cells will ultimately reside within
tissues. This is consistent with their prominent localiza-
tion in perivascular tissue sites rich in these proteins.
However, until methods become available to identify and
isolate mast cell precursors in human peripheral blood,
the exact timing and relevance of the CHMC phenotype
to that of the circulating mast cell precursor phenotype in
vivo remains to be determined.
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