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Summary

Background Isolating human mast cells is a laborious procedure. Recently, cultured
human mast cells raised from umbilical cord blood cells have become available. It is
necessary to investigate whether IgE-mediated activation of these cells is mediated by
exocytosis.

Objective To verify IgE-mediated activation of these cultured human mast cells morpho-
logically.

Methods The mast cells were raised from human umbilical cord blood cells in the
presence of stem cell factor and interleukin-6. IgE-sensitized cultured human mast cells
were activated by anti-IgE, and morphological changes of the cells were examined under
phase-contrast microscopy using cinematographic techniques and scanning electron micro-
scopy. Histamine release from the cells was measured with high-performance liquid
chromatography.

Results Under the condition in which a significant histamine release was observed from
the mast cells, phase-contrast microscopy showed that the cultured human mast cells
became swollen and extruded granules. Scanning electron microscopy disclosed the
extrusion of smooth and round bodies from pores formed on the activated mast cell surface.
Conclusion IgE-mediated histamine release from cultured human mast cells is accom-
panied by exocytosis morphologically, indicating that cultured human mast cells will help
in studying the functional properties of human mast cells.
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is accepted as the degranulation mechanism in rat mast cells
[1,2]. The problem is that mast cells are heterogeneous [3,4]
Investigations of mast cell functions have been conducte@nd there may be functional differences in mast cells
using mainly rat peritoneal mast cells because they arbetween different species.

relatively easy to obtain. The morphology of mast cell Isolated human mast cells from several organ sources,
degranulation has been studied extensively, and exocytossich as lung [5] and skin [6], have been used to examine a
regulated secretion by transmission electron microscopy.
Dissociated human foreskin mast cells have been shown to
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cultured human mast cells can now be obtained fromhuman myeloma IgE (Chemicon, Temecula, CA, USA) for
umbilical cord blood cells [8—10]. Their advantages arelh at 37C. After washing the cells with a cold buffer as
that relatively large numbers of the cells are accessible, andescribed [9], the cells were preincubated for 1 min 37

that alterations which might occur during the purificationand incubated for the indicated time at “€7 with anti-
process can be avoided. Although the work from ourhuman IgE (Cappel, Durham, NC, USA). After stopping the
laboratory showed that the cultured human mast cellseaction by adding ice-cold buffer to the cell suspension,
resemble lung mast cells in their ability to release histamindnistamine in both the supernatant and the cell pellet was
[9], it is necessary to examine whether these cells are usefuheasured by high-performance liquid chromatography as
in investigating the role of mast cells in allergic human described [9]. The percentage histamine release was calcu-
diseases. Therefore, in the present study, IgE-sensitizddted by the amount of histamine in the cell supernatant
cultured human mast cells were activated by anti-lgEdivided by that both in the supernatant and in the cell pellet.
and we examined for the first time the morphological Experiments were performed in triplicate, and the
changes of the activated-cultured human mast cellslata represent the mean and standard error of the mean
under phase-contrast microscopy using cinematographisem) of four independent experiments under the same
techniques and scanning electron microscopy. Our resultsonditions. Significance was determined by employing the
indicate that IgE-mediated histamine release from the culanalysis of variancex{iova) followed by Dunnett’s multiple
tured human mast cells is accompanied by exocytosisomparison testP-values less than 0.05 were considered
morphologically, indicating that they may contribute a statistically significant.

great deal to mast cell research, and could be a useful

model of human mast cells in allergic diseases. : . . .
Phase-contrast microscopy using cinematographic

techniques

Materials and methods The IgE-sensitized mast cells were first mounted on a cover

slip coated with poly-lysine and left stand for 5-10 min in
a moisture box, and the cover slip was mounted on a
Mast cells were raised from human umbilical cord bloodperfusion chamber. The chamber was sealed with a cover
cells by the method as described [9,10]. Briefly, freshlyslip and a gasket, and was continuously perfused with a
obtained heparin-treated umbilical cord blood (aboutsolution through syringe needles inserted through the
20mL) was layered over Ficoll-paque (Pharmacia &gasket. Stimulation of the cells with anti-lgE was performed
Upjohn, Uppsala, Sweden), and centrifuged at 4§0or by perfusion. Mast cells were examined under phase con-
20min. The mononuclear cell layer was collected andrast microscopy (x 400) using an inverted microscope
suspended at 210° cells/mL in Media I, which was a (Nikon TMD: Nikon, Tokyo, Japan) equipped with a
mixture of Dulbecco’s modified Eagle medium componentcolour video camera (Sony pxc-930 3CCD: Sony, Tokyo,
plus 10ug/mL insulin, 10ug/mL transferrin, x10°M 2-  Japan), and a video recorder (Sony LVR-3000N: Sony,
mercaptoethanol, 25 mM 4-(2-hydroxyethyl)-1-piperazine-Tokyo, Japan). For each sample five micrographs were
ethanesulphonic acid, and 2.6 ng/mL NagéilBL Men-eki  taken. Additional ones were taken as warranted.
Seibutsu Kenkyujo, Gunma, Japan), supplemented by 5%
fetal bovine serum (Cytosystems, Castle Hill, Australia),
50 ng/mL human recombinant interleukin-6 and 80 ng/mL
human recombinant stem cell factor (kindly provided by The IgE-sensitized mast cells were exposed to anti-IgE in
Kirin Brewery, Tokyo, Japan) in a 3€ CO, (5%) humi- the same manner as in the case of phase-contrast micro-
dified incubator. The cells were passaged every week anscopy. The mast cells were fixed at a predetermined time by
maintained in the same media. Cell ating was performed exchanging the culture solution with 0.1 M cacodylate-
by toluidine blue staining. Mast cells were then fixed with buffered paraformaldehyde-glutaraldehyde solution, pH 7.4,
Carnoy’s fixative for 15min at room temperature and stainegperfused through the syringe needle inserted into the cham-
for mast cell tryptase and chymase using monoclonal murinber gasket. The mast cells were left standing in the fixation
antitryptase and antichymase antibodies, which were originallgolution for 2 h at room temperature. The fixed mast cells,
reported by Iranietal [11]. This study complied with the still mounted on the cover slip, were washed three times
Review Board of Gunma University School of Medicine. with 0.1 M cacodylate-buffered osmium tetroxide solution
for 2h at 4°C and washed again with 0.1 M cacodylate
. . buffer. After postfixation, the mast cells on the cover slip
Assay for histamine release from cultured human mast cells : ) .
were dehydrated in an ascending series of ethanols, pro-
The cultured human mast cells were incubated wigly/imL. cessed through isoamyl acetate, critical-point-dried by

Human mast cell culture

Scanning electron microscopy
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carbon dioxide, and coated with gold. The prepared samples
were examined under a scanning electron microscope (JSM-
T330A: JEOL, Tokyo, Japan). For each sample five micro-
graphs were taken &t3500 and five micrographs atL0 000
primary magnification.

Results

The purity of mast cells reached 90% after 10 weeks as
described [8], and in the present study we used cells more
than 120 days old. At the time of the study, 9&9.7
(mean= sem, n=6)% of the cells were trypan blue negative
and 95.8* 1.7% toluidine blue positiven(=6). When the
cells were immunocytochemically stained for tryptase,
94.8+1.7% were positively stainedn& 6). Among
tryptase-positive cells, 2064.0% contained chymase
(n=6). Six different cultures of mast cells were used in
this study.

Preliminary studies showed that histamine release from
the cells was in manners of a dose-dependent and a time-
dependent with anti-IgE [8]. At various times afterward,
aliquots of the cells were removed for histamine assay, and
phase-contrast microscopic studies. Significant histamine
release (40.5 7.3% n=4) from the IgE-sensitized cul-
tured human mast cells was observed at 5min by the
stimulation with 1Qug/mL anti-IgE.

Phase-contrast microscopy using cinematographic tech-
nigues showed that the mast cells were generally spherical
or nearly so, with microvilli on the cell surface, filled with
fine granules surrounding a prominent nucleus, and highly
refractile (Fig. 1a). After the stimulation with 1@/mL
anti-IgE for 15 s, microvilli on the cell surface became to be
shortened and the cells extruded granules (Fig. 1b). At 80s the
microvilli disappeared and the cells began to bubble (Fig. 1c),
and at 210s the cells became swaqlland extruded granules
clearly evident near the cell surface and in the surrounding
medium (Fig. 1d). In parallel a significant histamine release
was observed by the stimulation and the amounts of hista-
mine release from the cells with 1@/mL anti-IgE for 15,

80 and 210s were 6:81.6, 19.4+ 3.0 and 42.4- 6.8%,
respectively.

Scanning electron microscopy disclosed that the mast
cells sensitized passively with IgE antibody were generally
globular, and the entire visible surface of each cell was
covered with low round elevations, presumably due to the
presence of granules just beneath the cell membrane. There

Fig. 1. Phase-contrast micrographs using cinematographic tech-
niques of IgE-sensitized cultured human mast cells before anti-IgE
challenge (a), 15s (b), 80s (c) and 210s (d) afterd/@nL anti-

IgE challenge. Very similar results were obtained in five micro-
graphs at each time under the same conditions.
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were also irregularly distributed membranous ridges andind smooth round bodies, probably granules of about
microvilli on the cell surface (Fig. 2 a,b). In the mast 0.6um in diameter, were observed within the pores and
cells exposed to 10g/mL anti-IgE for 80 s, pores between on the cell surface near the pores (Fig. 2 c,d). The mast cells
0.6 and 0.&m in diameter were found on the cell surface exposed to the anti-IgE for 210 s showed much irregularly

Fig. 2. Scanning electron micrographs of IgE-sensitized cultured human mast cells before anti-IgE challenge (a, b), 80s (c, d) and 210s
(e, f) after 1Qug/mL anti-IgE challenge. a, ¢, 83500. b, d, fx 10 000. Very similar results were obtained in five micrographs at each time
under the same conditions.
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distributed membranous ridges and had larger pores, frompresumably mediated by IgE because no histamine release
which the extrusion of many bodies could be seen (Fig. 2vas observed without the preincubation with IgE (data not
ef). shown). On the basis of the published light and electron
microscopic studies on rat mast cell activation [1,2,12], it
seems likely that similar granule extrusions observed in the
present phase-contrast microscopy studies using cinemato-
The process of mast cell degranulation by exocytosis hagraphic techniques is indeed exocytosis. Scanning electron
been studied in detail in rat peritoneal mast cells [1,2].microscopic studies have confirmed this phenomenon and
Tizard and Holmes [12] studied degranulation of rat mastshown that IgE-mediated process we used in the present
cells by scanning electron microscopy, and concluded thastudy yielded human mast cells with abundant exocytotic
both exocytosis and pore formation on the cell surface werégures resembling those obtained from activated-rat mast
significant mechanisms for the degranulation. These obsecells [1,2,12-14], indicating that the cultured human mast
vations were confirmed by the studies at other laboratoriesells may contribute a great deal to mast cell research, such
[13,14]. On the other hand, isolated human mast cells fronas signal transduction and regulation of mediator release,
several organ sources, such as lung [5] and skin [6], havand these studies would require sequential biochemical and
been used to examine a regulated secretion by transmissialetailed ultrastructural analysis.

electron microscopy, and anaphylactic degranulation of In conclusion, we have found for the first time morpho-
these isolated human mast cells characteristically showeldgically that IgE-sensitized cultured human mast cell
extrusion of altered, membrane-free granules through multiare degranulated in the manner of exocytosis to release
ple pores in the plasma membrane to the exterior of the celiistamine by anti-IgE.

[5,6]. Dissociated human foreskin mast cells have been

shown to degranulate in response to receptor-mediated

stimuli [7]. These studies [5—7] show little artifact that Acknowledgements

might be related to the isolation procedure and the mast cell§;a thank Dr T. Nakahata (Department of Clinical Oncol-
seem _to be structurally and funptionally intgct, however, v, Institute of Medical Science, The University of Tokyo,
complicated processes are required to obtain human mag! kyo) and Dr H. Saito (Division of Allergy, National

ceIFLs. q ¢ sci led biai | hildren’'s Medical Research Center, Tokyo) for their
ecent advances of science led us to obtain cultureg .,nical supports.

human mas_t cells raised from umb|I|c§I cord blood cells This study is supported in part by research grants from the
[8—10]. Their advantages are that relatively large numberﬁ/linistry of Education, Science and Culture of Japan
of the cells are accessible, and that alterations which migl~t§7670930 and 08457235,

occur during the purification process can be avoided. How-

ever, cultured human mast cells are not just freshly isolated

cells and are maintained in the presence of interleukin-6 angeferences

stem cell factor. So, it is necessary to examine whether these N _
cells are useful in investigating the role of mast cells in 1 Rahlich P, Anderson P, UvisaB. Electron microscope obser-

h di In fact. th I histami tai vations on compound 48/80-induced degranulation in rat mast
uman diseases. In 1act, these cells are nistamine-contain- cells. J Cell Biol 1971: 51:465—83.

ing, IgE receptorjpositive and metachromatic cells [8-10] , Kriger PG, Bloom GD. Structural features of histamine release
and can be activated through IgE involvement [9,10]. i, rat peritoneal mast cells. Int Arch Allergy 1974; 46:740—52.
Ultrastructural analysis of the cells revealed completely 3 Katz HR, Stevens RL, Austen KF. Heterogeneity of mamma-
granulated, well-preserved mature human mast cells [8,10]. lian mast cells differentiates in vivo and in vitro. J Allergy Clin
However, there have been no reports to examine the morpho- Immunol 1985; 78:250-9.
logical changes of the activated-cultured human mast4 Bienenstock J, Befus D, Denburg J et al. Comparative aspects
cells under phase-contrast microscopy using cinematographic of mast cell heterogeneity in different species and sites. Int
techniques and scanning electron microscopy. Arch Allergy Appl Immunol 1985; 77:126-9. _
The present study was intended to clarify the morpho- 5 Dvoral_< AM, Schulman_ES, Pgters SP et al. Immunoglobulin
logical appearances of the degranulation process in the E-mediated degranulation of isolated human lung mast cells.

itured h t I h IaE itized I Lab Invest 1985; 53:45-56.
culture uman mas .<.:e S using an Ige-sensitized cellg n, oo AM, Massey W, Warner J et al. IgE-mediated anaphy-
model. The IgE-sensitized cultured human mast cells

RS ) ) . lactic degranulation of isolated human skin mast cells. Blood
released a significant amount of histamine by anti-IgE  1991: 77:569-78.

with morphologic changes in phase-contrast microscopy7 cCaulfield JP, El-Lati S, Thomas G, Church MK. Dissociated
and scanning electron microscopy. Although we did not human foreskin mast cells degranulate in response to anti-IgE
examine the effect of specific antigen, this reaction was and substance P. Lab Invest 1990; 63:502-10.

Discussion

© 1998 Blackwell Science LtdClinical and Experimental Allergy28, 1007—-1012



1012 M. Kurosawaet al.

8 Furitsu T, Saito H, Dvorak AM et al. Development of human mast12 Tizard IR, Holmes WL. Degranulation of sensitized rat peri-
cells in vitro. Proc Natl Acad Sci USA 1989; 86:10039—43. toneal mast cells in response to antigen, compound 48/80 and
9 Igarashi Y, Kurosawa M, Ishikawa O et al. Characteristics of ~ polymyxin B. Int Arch Allergy 1974; 46:867—-79.
histamine release from cultured human mast cells. Clin Expl3 Nishigaki T. Mast cell degranulation and its inhibition by an
Allergy 1996; 26:597-602. anti-allergic agent tranilast. An electron microscopic study.
10 Saito H, Ebisawa M, Tachimoto H et al. Selective growth of human  Virchows Arch B Cell Pathol 1988; 55:311-22.
mast cells induced by steel factor, IL-6, and prostaglangliindin 14 Ohashi T, Watanabe A, Nishigaki T, Azuma H. Electron
cord blood mononuclear cells. J Immunol 1996; 157:343-50. microscopic studies on the inhibition of degranulation of
11 Irani AA, Bradford TR, Kepley CL, Schechter NM, Schwartz rat mast cells by a novel anti-allergic agent, PTPC. Jpn J
LB. Detection of MG and MG types of human mast cells by Pharmacol 1994; 66:7-16.
immunohistochemistry using new monoclonal anti-tryptase
and anti-chymase antibodies. J Histochem Cytochem 1989;
37:1509-15.

© 1998 Blackwell Science LtdZlinical and Experimental Allergy28, 1007—1012



