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Abstract

After draft reading of the human genome sequence, sys-
temic analysis of the transcriptome (the whole tran-
scripts present in a cell) is progressing especially in com-
monly available cell types. Until recently, human mast
cells were not commonly available. We have succeeded
to generate a substantial number of human mast cells
from umbilical cord blood and from adult peripheral
blood progenitors. Then, we have examined messenger
RNA selectively transcribed in these mast cells using
high-density oligonucleotide probe arrays. Many unex-
pected but important transcripts were selectively ex-
pressed in human mast cells. We discuss the results
obtained from transcriptome screening by introducing

our data regarding mast-cell-specific genes.
Copyright © 2001 S. Karger AG, Basel

Introduction

It came true at the beginning of 2001 that we are able to
see all human genome sequences just by consulting the
Internet [1, 2]. It was the year that we used to dream of in
the last century, the departure of the starship ‘Discovery’
bound for the Jupiter. We will resolve previously unan-
swered questions such as the probability of diseases by
utilizing the genome sequence. Now, we have a powerful

tool for establishing how genomic DNA sequence varies
among individuals, and what the role of such a single
nucleotide polymorphism (SNP) [3] is in the pathogenesis
of diseases and responses to drugs. Comprehension of the
genome will also accelerate the understanding of the
transcriptome [4], the whole transcripts present in a cell,
and the proteome [5] that controls the whole regulatory
elements in a cell.

Until recently, it required much time and labor to mea-
sure expression levels of genes even for 100 transcripts. By
the recent progress in technology, i.e. cDNA microarrays
[6], high-density oligonucleotide probe arrays [7] and seri-
al analysis of gene expression [8], for example, the sys-
temic analysis for transcriptomes suddenly came true.
Even in the past few years, such techniques are rapidly
spreading all over the research fields [9, 10]. However,
such a study on transcriptomes is mainly carried out with
the cell types that can be easily obtained [11, 12] since
transcriptome scanning still requires a large cell number.

Role of Human Mast Cells in Allergic
Inflammation

Mast cells are the major effector cell type in the imme-
diate-type allergic reaction [13], and are thought to evoke
the late-phase inflammation through releasing cytokines
acting on eosinophils [14, 15] and T cells [16]. Human
mast cells are somewhat different from their rodent coun-
terparts in terms of cytokine dependency [17, 18] and
drug responses [19]. Video pictures of human mast cells
activated through high-affinity IgE receptors (FceRI) also
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Fig. 1. Videotape images of human cultured mast cells activated via
FceRI. Cord-blood-derived human mast cells cultured for 14 weeks
were challenged with anti-human IgE antibody after sensitization
with human myeloma IgE under a videotape recorder. The images
were captured 1 (A), 3 (B), 5 (C), and 10 (D) min after the challenge.
The degranulation started approximately 1 min after stimulation.
However, from 2 to 8 min, the mast cell often tried to retrieve gran-
ules by stretching long processes. The whole videotape image from 1
to 10 min after the challenge was clipped with mpeg-1 format to our
URL[20].

seem to be quite different from the common image for
degranulation that we may share. Some of the released
granules are immediately captured and retrieved by long
processes stretched from the cell (fig. 1) [20]. Indeed, when
human mast cells suspended in liquid medium are chal-
lenged with anti-IgE, they release only limited amounts of
protein mediators such as tryptase, while a substantial
amount of low-molecular-weight histamine is released
[21]. Thus, it is speculated that protein mediators may be
working at very localized areas where mast cells are abun-
dant. Since human mast cells have unique characters
regarding cytokine dependency, responses to some drugs,
and the pattern of degranulation, studies for medical appli-
cation should be carried out using human counterparts.
Human mast cells can produce multiple cytokines
through transcription of these genes for inducing allergic
inflammation, i.e. tumor necrosis factor-a [22], granulo-
cyte-macrophage colony-stimulating factor [23], macro-
phage inflammatory protein-la [24], monocyte chemo-
tactic peptide-1 [25], fibroblast growth factor [26], and
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interleukin (IL)-3 [27], IL-4 [28], IL-5 [29], IL-6 [27, 28],
IL-8 [30], IL-9 [27], IL-10[31], IL-13 [32, 33], and IL-16
[16] following IgE-dependent activation. Thus, a tran-
scriptome assay for human mast cells seems to be of par-
ticular interest. However, so far, we could not easily
obtain a substantial amount of human mast cells. Many
procedures are necessary even to purify 105 cells from
human tissue, while transcriptome assays such as cDNA
microarrays require 103 cells. We have recently estab-
lished the method of generating a substantial number of
human mast cells from umbilical cord blood [21, 34] and
from adult peripheral blood [35]. Among the expression
screening arrays, high-density oligonucleotide probe ar-
rays (GeneChip®, Affymetrix, Santa Clara, Calif., USA)
require relatively small cell numbers (<107). The Gene-
Chip® is designed to measure the absolute levels of
>10,000 transcripts regardless of the cell type by using the
same set of inner standards on a 1.2 cm? glass chip. The
competition with another cell type required for cDNA
microarray assay is not required with the GeneChip® [7,
11]. Thus, we were able to compare the expression levels
of >10,000 transcripts even in different cell types such as
cultured human mast cells derived from umbilical cord
blood progenitors and from adult peripheral blood pro-
genitors, and we discussed the different expression of
high-affinity IgE [36]. In this series of studies, we selected
the 89 genes specifically expressed in mast cells compared
to peripheral blood leukocytes (table 1).

Human Mast-Cell-Specific Genes

We selected 89 transcripts present in human adult
peripheral-blood-derived cultured mast cells by using
high-density oligonucleotide probe arrays for 12,000
genes, and by screening those genes of >5% expression
levels of housekeeping genes, >5-fold increase compared
to other leukocytes, and <5-fold difference between two
different samples. As expected, mRNA for tryptase, the
most abundant protein, was ranked as the most increased
transcript among human mast cell transcriptome (ta-
ble 1). We could not determine the expression of the
membrane type of tryptase [37], since it was found in
1999 and the present version of GeneChip (Human Ge-
nome U95A probe array) was designed based on the infor-
mation for genes discovered until 1998. However, many
other mediator genes expected to be mast-cell-specific, i.e.
transcripts for L-histidine decarboxylase (18th increased
transcript) responsible for histamine production, prosta-
glandin D2 synthase (5th increased transcript) and 15-
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Table 1. Mast cell-specific transcripts (Top 1-89)

Rank  Accession Name of transcript (protein) Mast Eo MNC Neu Specificity Sub-
No. tracted
1 M33494 B-tryptase 210.0 0.9 0.8 1.2 218.2 207.1
2 M25915 clusterin 144.5 3.1 9.4 1.2 31.8 130.9
3 M16117 cathepsin G 88.3 0.7 0.7 <0.1 192.2 86.9
4 M63138 cathepsin D 109.7 92 205 12.9 7.8 67.3
5 AF150241 PGD; synthase 67.1 <0.1 <0.1 <0.1 10,488.9 67.1
6 M73720 carboxypeptidase A 64.0 0.5 0.93 <0.1 137.6 62.6
7 AF002672 breast cancer suppressor candidate 1 54.8 <0.1 0.1 <01 11,3922 54.6
8 X76534 glycoprotein (transmembrane) NMB 54.8 <0.1 0.13 <0.1 491.4 54.5
9 M68891 GATA-binding protein 2 66.1 4.8 8.5 0.9 14.0 51.9
10 U18009 membrane protein of cholinergic synaptic vesicles 52.5 2.6 6.7 1.3 15.0 41.9
11 ABO006780 galectin-3 59.7 3.9 13.6 0.7 9.9 41.6
12 L76465 15 hydroxy-prostaglandin dehydrogenase 42.5 0.6 09 <0.1 87.8 41.1
13 DI11139 tissue inhibitor of metalloproteinases 55.7 3.3 10.4 33 9.8 38.6
14 M89796 FceR 1 B chain 38.0 0.2 05 <0.1 157.5 36.3
15 178833 BRCA-1 423 2.2 3.3 2.3 16.2 34.4
16 R92331 metallothionein 1E 44.6 3.4 5.3 4.4 10.23 3L.5
17 AF022813 NAG-2, transmembrane-4 superfamily 32.0 <0.1 55 <0.1 19.60 30.7
18 D16583 L-histidine decarboxylase 32.0 22 1.5 <0.1 26.29 28.3
19 AF001294 transmembrane-4 superfamily member 7 29.3 1.0 0.3 <0.1 62.65 27.9
20 M26683 interferon y treatment inducible mRNA 329 4.6 0.5 1.0 16.1 26.8
21 X06182 c-kit proto-oncogene 26.4 <0.1 0.1 <0.1 472.4 26.2
22 D87119 GS3955/putative serine/threonine kinase 41.0 1.5 13.2 0.9 7.9 25.4
23 X56667 calretinin 28.5 1.5 0.8 1.3 24.0 249
24 M15518 tissue-type plasminogen activator 23.8 <0.1 <0.1 0.1 290.5 23.6
25 U78027 Brutons tyrosine kinase 34.4 6.2 4.0 1.3 9.0 229
26 D86358 Siglec6 22.8 <0.1 02 <0.1 403.2 22.6
27 M69136 chymase 24.7 0.4 0.6 1.3 32.8 22.4
28 H68340 RNA helicase-related protein 27.3 1.7 35 <0.1 15.7 22.1
29 AL050224 RNA polymerase I 23.7 <0.1 1.1 1.2 30.7 21.4
30 135594 dynactin subunit 21.2 0.2 0.1 <0.1 216.5 20.9
31 R93527 metallothionein 1H 339 3.8 5.6 3.6 7.8 20.9
32 M28225 MCP-1 23.0 2.1 0.3 0.6 233 20.1
33 U24576 breast tumor autoantigen (LMO4) 30.7 3.8 4.5 2.3 8.7 20.0
34 M94345 capping protein (actin filament), gelsolin-like 36.8 6.4 9.6 0.9 6.5 19.9
35 X51956 phosphopyruvate hydratase 21.5 0.2 20 <0.1 30.1 19.4
36 M93311 metallothionein 3 32.7 2.7 8.4 2.6 7.2 19.0
37 X75252 phosphatidylethanolamine binding protein 27.2 0.6 7.7 0.3 9.4 18.4
38 AF038844 MKP-1 like protein tyrosine phosphatase 17.5 <0.1 0.6 <0.1 85.4 16.9
39 U45448 P2x1 receptor 28.3 6.9 1.1 4.0 7.1 16.3
40 K01383 metallothioneinl A 19.8 <0.1 35 0.4 15.3 15.9
41 L07956 1,4-0-glucan branching enzyme 21.5 0.8 3.0 2.2 10.8 15.5
42 723090 28-kD heat shock protein 22.7 0.2 7.1 0.3 9.0 15.1
43 D13315 glyoxalase I 23.6 1.2 7.2 0.5 8.1 14.8
44 AB007937 KIAAO0468 protein 22.7 1.6 3.0 4.1 7.8 14.0
45 X16396 NAD-dependent methylene tetrahydrofolate dehydrogenase
cyclohydrolase (EC 1.5.1.15) 24.0 4.9 5.1 <0.1 7.2 14.0
46 M10943 metallothioneinlF 26.6 2.7 7.8 2.4 6.2 13.8
47 AL049957 c¢cDNA DKFZp564J0323 17.3 0.4 1.4 1.8 14.3 13.7
48 AL035494 laminin receptor 1 (67kD) 22.3 3.8 5.6 <0.1 7.1 12.9
49 ABO11123 KIAAO0551 protein 15.6 1.4 1.0 0.6 15.4 12.6
50 X60435 PACAP 15.8 1.1 0.9 1.6 134 12.3
51 AB023137 A kinase (PRKA) anchor protein 2 15.3 1.3 1.8 <0.1 14.9 12.2
52 X62078 CD24 antigen (small cell lung carcinoma cluster 4 antigen) 17.0 <0.1 39 1.1 10.1 12.0
53 AB025186 microtubule-associated protein, RP/EB family, member 3 18.2 1.0 1.5 3.8 8.7 11.9
54 AL048308 SIL, a gene frequently disrupted in T-cell acute lymphoblastic leukemia 12.1 <0.1 0.6 <0.1 50.8 11.4
55 W29087 56b8 homo sapiens cDNA 13.8 0.4 0.7 1.3 17.3 114
56 M13452 lamin A 12.0 0.7 03 <0.1 37.1 11.0
57 AJO11712 slow skeletal muscle troponin T 11.4 0.7 0.1 <0.1 40.6 10.6
58 X59798 human PRAD1 mRNA for cyclin D1 11.5 0.3 0.5 0.3 339 10.5
59 M24470 guanosine monophosphate reductase 14.1 0.8 1.1 2.6 9.4 9.6
60 Y11312 phosphoinositide 3-kinase 13.6 0.5 3.0 0.6 9.8 9.4
61 AF108145 MYLE mRNA, complete cds 14.6 0.5 4.4 0.3 8.4 9.4
>
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Table 1 (continued)

Rank  Accession Name of transcript (protein) Mast Eo MNC Neu Specificity Sub-
No. tracted
62 X02344 ribosomal protein L.24 21.8 39 4.3 4.3 5.3 9.3
63 U47634 human B-tubulin class III isotype 18.8 3.1 2.6 3.7 6.0 9.3
64 K03000 aldehyde dehydrogenase 1 13.7 0.2 44 <0.1 9.0 9.1
65 AA224832 metallothionein L 14.4 0.6 47 <0.1 8.1 9.1
66 X16665 homeo box B2 11.6 0.1 2.7 <0.1 12.5 8.8
67 U37022 human cyclin-dependent kinase 4 (CDK4) 11.2 <0.1 23  <0.1 14.1 8.8
68 D44466 mRNA for proteasome subunit p112 15.5 1.1 4.7 1.0 6.8 8.7
69 AF083105 HMG-box TF 9.8 0.4 0.6 0.3 22.5 8.5
70 AI547258 metallothionein 2A 13.5 1.7 2.4 1.1 7.7 8.3
71 M84349 CD59 10.3 1.0 1.0 1.0 10.4 7.3
72 AB002336 erythrocyte membrane protein band 4.1-like 1 9.1 0.4 0.5 1.2 13.6 7.1
73 U67369 growth factor independence-1 (Gfi-1) 8.2 0.2 1.0  <0.1 19.5 6.9
74 M24398 prathymosin 12.3 1.4 40 <0.1 6.9 6.9
75 U90907 human clone 23907 mRNA sequence 9.6 0.9 0.9 1.0 10.3 6.8
76 M73554 human bcl-1 mRNA 6.7 <0.1 <0.1 <0.1 1,653.8 6.7
77 U57093 small GTP-binding protein Rab27b mRNA 6.8 <0.1 02 <0.1 91.6 6.6
78 M82809 human annexin IV (ANX4) mRNA 10.9 0.3 35 0.6 7.5 6.5
79 X75593 RABI3, member RAS oncogene family 7.7 0.2 0.9 0.2 19.3 6.5
80 J04031 human methylenetetrahydrofolate dehydrogenase 8.0 <0.1 1.4 0.4 13.2 6.2
methenyltetrahydrofolate cyclohydrolase
formyltetrahydrofolate synthetase mRNA

81 L14269 vesicular monoamine transporter 6.2 0.2 0.1 <0.1 74.9 6.0
82 AL080181 immunoglobulin superfamily, member 4 6.0 <0.1 0.4 0.2 34.6 5.5
83 D50419 zinc finger protein 175 6.0 <0.1 0.6 <0.1 28.9 5.4
84 AL049969 c¢DNA DKFZp564A072 9.4 0.8 2.7 0.54 7.1 5.4
85 AL080061 chloride intracellular channel 4 9.1 0.8 29 <0.1 7.2 5.3
86 AB014526 KIAA0626 protein 6.3 <0.1 1.1 <0.1 18.6 5.3
87 U36601 heparan N-deacetylase/N-sulfotransferase-2 6.7 0.4 1.1  <0.1 14.1 5.3
88 U95740 chromosome 16 BAC clone CIT987SK-A-362G6 6.7 0.2 0.6 1.0 11.9 5.0
89 X12451 procathepsin L 9.6 2.4 2.1 0.3 6.2 5.0

The level of gene expression was obtained as average difference (AD) us-
ing GeneChip® software. Then, percentages of the specific AD level versus the
mean AD level of 6 probe sets for housekeeping genes (B-actin and glyceralde-
hyde-3-phosphate dehydrogenase) were calculated. The mean percent AD level
obtained from cultured mast cells (Mast), eosinophils (Eo), mononuclear cells
(MNC), and neutrophils (Neu) were shown. 1. GenBank accession number
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db = Nucleotide) of the tran-
script was shown. 2. Mast cell specificity of the transcripts was expressed as

x-fold change obtained by dividing the mast cell value (Mast) by the mean of 3
other transcript levels (Eo, MNC and Neu). The transcripts of >5-fold change
of the mean levels of other leukocytes and > 3-fold change of each of 3 leukocyte
levels were selected in the table. 3. Subtracted values were obtained by subtract-
ing the other transcript levels (Eo, MNC and Neu) from the mast cell transcript
level (Mast). Increased transcripts were ranked based on these subtracted val-
ues. The redundant transcripts were excluded if they repeatedly appeared.

hydroxy-prostaglandin dehydrogenase (12th increased
transcript) responsible for producing prostaglandin D2
[38], cathepsin G (3rd increased transcript), carboxypep-
tidase A (6th increased transcript) and chymase (27th
increased transcript) [39, 40] were expressed at high lev-
els. Two distinct molecules producing heparin that con-
trols the expression of several mast cell proteases through
posttranslational mechanisms [41] were also selected.
They were 1,4-o0-glucan branching enzyme (41st increased
transcript), and heparan N-deacetylase/N-sulfotransfer-
ase-2 (87th increased transcript). On the other hand, the o
chain of FceRIa and 5-O-lipoxygenase for producing leu-
kotriene C4 were eliminated since mononuclear cells con-
taining 2-3% basophils and eosinophils also expressed
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the transcripts at significant levels. Several unexpected
and interesting genes were also excluded because of exper-
imental variance, although it might be due to a donor’s
SNP and might be very important.

Clusterin, an anti-inflammatory multifunctional pro-
tein, also called apolipoprotein J [42, 43], ranked as the
2nd most increased transcript, and the protein was recently
found in mast cells. Clusterin present in mast cells is con-
sidered to play a role in the regression of hemangioma, the
most frequent tumor of infancy [44]. Galectin-3 (11th
increased transcript), an IgE binding glycoprotein, has
already been found in protein form in a previous study
[45].
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Table 2. Specific transcripts preferentially expressed in cord blood-derived versus adult peripheral blood-derived cultured mast cells

Accession No. Name of transcript (protein) PB CB MNC Specificity ~ Subtracted
Increased transcripts in adults peripheral blood-derived versus cord blood-derived cultured mast cells and 3 other leukocytes

M12529 FceR I B chain 29.4 6.2 0.5 4.8 22.7
D55696 chymase 22.1 6.7 0.6 33 14.8
X03084 FceR I a chain 27.6 3.1 11.3 8.9 13.3
AF052124 CMAP leukocystatin 48.0 13.1 229 3.7 12.0
Increased transcripts in cord blood-derived versus adult peripheral blood-derived cultured mast cells and 3 other leukocytes

M29877 o-L-fucosidase 7.1 31.6 5.2 4.4 19.3
M12529 apolipoprotein E <16.3 <0.1 1,952.8 16.3

D55696 cysteine protease 1.4 16.8 <0.1 12.1 15.3
X03084 C1q B-chain of complement system <0.1 9.1 <0.1 1,086.2 9.1
AF052124 clone 23810, osteopontin 1.1 9.8 <0.1 7.53 7.3

The level of gene expression was obtained as average difference
(AD) using GeneChip® software. Then, percentages of the specific
AD level versus the mean AD level of 6 probe sets for housekeeping
genes (B-actin and glyceraldehyde-3-phosphate dehydrogenase) were
calculated. The mean percent AD level obtained from peripheral
blood-derived cultured mast cells (PB) or cord blood-derived cul-
tured mast cells (CB) in comparison to each other and mononuclear
cells (MNC) were shown. 1. GenBank accession number (http://
www.ncbi.nlm.nih.gov/entrez/query.fcgi?db = Nucleotide) of the

transcripts was shown. 2. Specificity of the transcripts was expressed
as 8-fold change obtained by dividing the mast cell value (PB or CB)
by the mean of 2 other transcript levels (either one of CB or PB, plus
MNC). The transcripts of >3-fold change of the mean levels of other
cell types were selected in the table. 3. Subtracted values were
obtained by subtracting the 2 other transcript levels from the mast
cell transcript level (PB or CB). The levels of transcripts which varied
(>5-fold) in experiments were also excluded. Only 9 genes satisfied
the above criteria.

Breast cancer suppressor candidate 1 (7th increased
transcript) [46], BRCA-1 (15th increased transcript) [47],
and breast tumor autoantigen (33rd increased transcript)
[48] were supposed to regulate the development of breast
cancer, but their expression has not been determined in
human mast cells. It would be interesting to elucidate
whether mast cells enhance or inhibit the tumor growth by
utilizing these proteins.

Of particular interest is that a variety of fibrinolytic
and fibrinogenic enzymes responsible for tissue remodel-
ing are expressed at high levels in mast cells. Tissue-type
plasminogen activator (24th increased transcript), known
to be useful for acute ischemic stroke [49], has been found
in human mast cells [50]. Matrix metalloproteinases and
their inhibitors (tissue inhibitor of metalloproteinases;
13th increased transcript) have been reported to play a
role in tissue remodeling [51-53].

Six different isotypes of metallothioneins (16th, 32nd,
36th, 40th, 46th, and 70th increased transcripts), basically
anti-apoptotic proteins [54], were selected in the mast-
cell-specific genes. The expression of these proteins has
been reported to be IL-6 dependent [55], suggesting that
these proteins were just upregulated using a high concen-
tration of IL-6 in mast cell culture medium [21].

Human Mast Cell Transcriptome Project

A neuropeptide, calretinin (23rd increased transcript)
is well documented in neurological journals [56, 57].
However, so far, they have not been studied in association
with mast cells. Thus, the transcriptome assay may pro-
vide unexpected and potentially important results.

Specific Transcripts in Cord-Blood-Derived
versus Peripheral-Blood-Derived Mast Cells

We have found that a single cord-blood-derived pro-
genitor is capable of producing 15,000 mast cells, whereas
a single peripheral progenitor produces only 800 mast
cells. However, peripheral-blood-derived cultured mast
cells are far more active than cord-blood-derived mast
cells in terms of FceRI-mediated reactions. Using high-
density oligonucleotide probe arrays and serial analysis of
gene expression, we found that a and B chains of FceRI
[36] and chymase levels [35] of cord-blood-derived cul-
tured mast cells are selectively downregulated compared
to adult peripheral-blood-derived counterparts even in
the same culture environment. Therefore, IgE-mediated
reactions may be restricted during early infancy via
selective inhibition of FceRI transcription. Yet, the two
cell types were very similar, and only 6 other transcripts
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were judged to be different in the two cell types beyond
experimental variance, i.e. CMAP leukocystatin, a-L-
fucosidase, apolipoprotein E, cysteine protease, Clq B-
chain of complement system, and osteopontin (table 2).

CMAP leukocystatin, the increased transcript in pe-
ripheral-blood-derived mast cells compared to cord-
blood-derived counterparts, is reported to play a role in
immune regulation [58]. Five transcripts specifically in-
creased in cord-blood-derived mast cells. Among them,
a-L-fucosidase deficiency coincided with recurrent sino-
pulmonary infection and otitis media in addition to par-
onychia and a periapical dental abscess [59], suggesting
that the significance of this protein in innate immunity.
Since 1986, over one thousand studies have been pub-
lished on osteopontin, the transcript increased in cord-
blood-derived mast cells. These studies characterized os-
teopontin as a cell-adhesive, signaling, migratory, and sur-
vival stimulus for various mesenchymal, epithelial, and
inflammatory cells, in addition to being a potent regulator
of osseous and ectopic calcification. Therefore, osteopon-
tin acts as a regulator of inflammation and biomineraliza-
tion [60]. SNPs of the apolipoprotein E gene are known to
affect several important diseases [61]. Recently, the pro-
tein has been found to protect against the lethal effects of
bacterial lipopolysaccharides during sepsis caused by
Gram-negative bacteria [62].

References

Conclusion

Thus, the critical information evidenced by transcrip-
tome screening is often found incidentally in studies. Such
accidental findings may have a profound effect on our
understanding of cell biology as well as experimental pro-
cedures. Some investigators may publish a scientific origi-
nal paper just by computing and comparing the transcrip-
tome data published by others. Regarding mast cell biolo-
gy, we did not yet demonstrate the data of transcriptomes
expressed before and after FceRI-dependent stimulation.
However, according to our personal communication with
a few mast cell biologists, such a human mast cell tran-
scriptome study may be in progress. In the near future, we
will know systematic features of transcripts and proteins
present in activated and resting mast cells and whether or
not findings in rodent mast cells are applicable to human
mast cell biology.
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