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Identification of tryptase- and chymase-related gene clusters in

human mast cells using microarrays

Rodent mast cell (MC) were classified into two types, i.e.
connective tissue MCs preferentially located in tissues
such as skin and mucosal MCs dominantly found in
mucosa such as intestine (1–4). Although they are distinct
in staining characteristics (1, 2), T cell dependency (3),
functions (4) and cytokine requirement for development
(5, 6), both cell types are considered to be closely related
(7) and even interchangeable by some authors (8).
For human MCs, two subtypes have been recognized

by the distribution of granular neutral proteases. TC-type
MCs (MCTC) contain tryptase together with chymase,
cathepsin-G and carboxypeptidase, while T-type MCs
(MCT) contain tryptase only. These two MC types differ
in tissue distribution (9). However, Toru et al. observed
that interleukin (IL)-4 promoted cell maturation with the
expression of both tryptase and a high amount of
chymase from tryptase single-positive MCs and raised a
possibility that MCT give rise to MCTC accompanied by
maturation (10). In addition, we have previously reported
that all human MCs in culture are capable of producing
chymase, and the production is regulated in part by a
cytokine-independent programme in their progenitors as
well as by cytokine-dependent mechanisms (11). We used

oligonucleotide microarray (genechip; Affymetrix, Santa
Clara, CA, USA) to examine maturation-related MC-
specific genes in this study. We report that chymase gene
expression doubled every 4–6 weeks in culture, whereas
tryptase and other major MC-specific gene expression
reached a plateau at 8 weeks in culture.

Materials and methods

Cytokines and antibodies

Ficoll–Paque cell separation solution was purchased from Amer-
sham Pharmacia Biotech (Hilleroed, Denmark). AC133 cell isola-
tion kit and LS+ cell separation columns were purchased from
Miltenyi Biotech (Slangerup, Denmark). Fetal calf serum (FCS) and
penicillin/streptomycin were purchased from Gibco BRL (Grand
Island, NY, USA). Human recombinant stem cell factor (rh-SCF),
human rh-IL-6 and human rh-IL-3 were purchased from R&D
systems (Abingdon, UK). Serum-free medium StemSpan was pur-
chased from Stem Cell technologies (Vancouver, Canada). IgG1

antibodies against chymase and tryptase were purchased from
Chemicon (Aarhus, Denmark). IgG1 phycoerythrin (PE)-
conjugated monoclonal antibody (mAb) against CD117 and its
isotype control was purchased from Serotec (Hamar, Norway).

Tryptase and chymase are the two major granular proteases present in human
mast cell (MC)s. We used oligonucleotide microarray to measure the levels of
approximately 22 000 transcripts in cord blood-derived MCs at 4 weeks,
8 weeks, 12 weeks and 18 weeks in culture. Tryptase (TPSB2) was expressed at
the highest level among all transcripts and its expression level reached a plateau
at 8 weeks. On the other hand, the expression level of chymase (CMAI) doubled
every 4–6 weeks. A similar tendency was found at the protein levels with FACS
analysis. After filtering the transcripts with MC-specificity, hierarchical cluster-
ing analysis identified 494 and 81 transcripts in the same clusters with tryptase
and chymase, respectively. MC-specific genes, KIT and HDC were found in the
tryptase cluster. In the chymase cluster, a critical suppressor for cell senescence,
BMI1 and the several related genes were found, suggesting that chymase
expression may be closely related to cell senescence/quiescence events.
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Anti-FceRIa mAb, CRA-1 was purchased from Kyokuto Phar-
maceutical (Tokyo, Japan).

Purification of cord blood CD133+ cells

Human cultured MCs were obtained from cord blood according to
the method described previously (12, 13). Briefly, heparinized,
sterile cord blood was obtained within 30 min after delivery. The
mothers gave informed consent based on guidance from the re-
gional ethics committee. The blood was diluted three times with
phosphate-buffered saline (PBS) and overlaid on a Ficoll–Paque
gradient and centrifuged at room temperature for 30 min (400 g).
The mononuclear cell layer was collected and washed in PBS at 4�C,
for 7 min (450 g).
CD133+ cells were separated using AC133 cell isolation kit, and a

magnetic LS+ separation column according to the manufacturer’s
instructions. Briefly the mononuclear cells were resuspended in
300 ll MACS buffer [PBS containing bovine serum albumin (BSA),
ethylenediaminetetraacetic acid (EDTA), pH 7.2] at 108 total cells.
The cells were pretreated with FcR-blocking reagent at 100 ll/108

cells, reacted with AC133 MicroBeads, and incubated for 30 min at
4�C. After incubation the cells are washed in MACS buffer, the
pellet was resuspended in 500 ll MACS buffer and applied to the
separation column. The column was washed four times with 3 ml
MACS buffer in the magnetic field. The column was removed from
the magnet and the cells eluted with 5 ml of MACS buffer. Cells
were counted in alcian blue.

Generation of MCs

Purified CD133+ cells were cultured for the first 2 weeks in Stem-
Span serum-free medium supplemented with 100 ng/ml human rh-
SCF, 50 ng/ml rh-IL-6, 1 ng/ml human rh-IL-3 (IL-3 was added
only for the first 2 weeks) and 100 lg/ml penicillin/streptomycin.
After the week 8, the medium was supplemented with 10% FCS.
The cells were passed on to new medium every week.

Flow cytometric analyses

Intracytoplasmic staining for tryptase and chymase using FACS
was performed as reported previously (11). Briefly, 6–10 · 104 cells
were fixed with 4% paraformaldehyde, washed and incubated with
PBS-saponin containing 0.1% BSA for 1 h at 37�C. These cells were
then incubated with 50 mg/ml of human immunoglobulin G (IgG;
ICN Biomedicals, Aurora, OH, USA). For tryptase staining, cells
were incubated with 3 lg/ml of mouse antihuman tryptase
(Chemicon) for 1 h at 4�C, washed, and then incubated with fluo-
rescein isothiocyanate (FITC)-conjugated goat antimouse IgG
(Becton-Dickinson, San Jose, CA, USA) for 30 min at 4�C. For
chymase staining, cells were stained with 3 lg/ml of mouse anti-
human chymase (Chemicon) by the same way as was done for
tryptase staining. After staining, all cells were washed and resus-
pended in PBS containing 0.1% BSA. Control cells were stained
with an irrelevant mouse IgG1 (Becton-Dickinson). Cell analysis
was performed using a FACScan and cellquest software.

GENECHIP expression analysis

genechip expression analysis was done by the methods previously
reported (14, 15). Total cellular RNA was isolated from MCs with
RNeasy Mini Kits (Qiagen, Valencia, CA, USA), according to the
manufacturer’s specifications. The purity of RNA was assessed on
the basis of the A260/A280 ratio, and the integrity of RNA was

verified by agarose gel electrophoresis. The yield of RNA per 106

MCs was 2.4 (2.0–2.8) lg (n ¼ 6). Human genome-wide gene
expression was examined by using the Human Genome U133A
probe array (genechip; Affymetrix), which contains the oligonu-
cleotide probe set for approximately 22 000 full-length genes and
expressed sequence tags (ESTs), according to the manufacturer’s
protocol (Expression Analysis Technical Manual) and the previous
reports (16). Total RNA (3–10 lg) was extracted from approxi-
mately 107 cells. Double-stranded cDNA was synthesized and the
cDNA was subjected to in vitro transcription in the presence of
biotinylated nucleoside triphosphates. The biotinylated cRNA was
hybridized with a probe array for 16 h at 45�C, and the hybridized
biotinylated cRNA was stained with streptavidin-PE and then
scanned with a Hewlett-Packard Gene Array Scanner (Hewlett-
Packard, Palo Alto, CA, USA). The fluorescence intensity of each
probe was quantified using a computer program, genechip analysis
suite 5.0 (Affymetrix). The expression level of a single mRNA was
determined as the average fluorescence intensity among the inten-
sities obtained by 11-paired (perfect-matched and single nucleotide-
mismatched) probes consisting of 25-mer oligonucleotides. If the
intensities of mismatched probes were very high, gene expression
was judged to be absent even if a high average fluorescence was
obtained with the genechip analysis suite 5.0 program. The level
of gene expression was determined as the average difference (AD)
using the genechip software.

GENECHIP data analysis

The AD levels were normalized to compare the data obtained in
different laboratories with the median value of approximately
22 000 transcripts in each genechip. The normalized data were
further filtered using the information about MC specificity as pre-
viously reported (17) and published online (http://www.nch.go.jp/
imal/GeneChip/JACI.htm). For duplicate MC sample at 8 and
12 weeks, the average values were used to identify MC specificity
(see the raw data in our web site at http://www.nch.go.jp/imal/
GeneChip/Dahl.htm). Data were considered MC-specific when (i)
either one of expression levels of a certain transcript in the four MC
samples was increased at least twofold (activation programme)
compared with the maximal value expressed by eosinophils, neu-
trophils, monocytes, CD4 cells, CD8 T cells, B cells, platelets and
fibroblasts (http://www.nch.go.jp/imal/GeneChip/JACI.htm), and
(ii) increased gene expression included at least one presence call
(Affymetrix algorithm). Then, these data about 1600 MC-specific
transcripts were analysed for hierarchical clustering using Eisen’s
gene cluster and tree view (http://rana.lbl.gov/EisenSoft-
ware.htm) to identify gene clusters. These data were logarithmically
transformed, centred and the normalized with the mean of the four
data in a transcript.

Results and discussion

Microarray analysis of MCs on 4, 8, 12 and 18 weeks in culture

We used genechip U133A in this study to examine
approximately 22 000 kinds of transcripts expressed by
MCs on 4, 8, 12 and 18 weeks in culture, and obtained
the expression level data normalized with the median
values. We have previously used the same genechip

version to examine genome-wide gene expression of seven
different types of leucocytes, cord blood-derived cultured
MCs and lung MCs (17). Using the online repository data
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(http://www.nch.go.jp/imal/GeneChip/JACI.htm), we
calculated the maximum value of the normalized (with
the median value) AD levels expressed by eosinophils,
neutrophils, CD4+ cells, CD8+ cells, CD14+ cells,
CD19+ cells, platelets and fibroblasts. The data obtained
in the present study were compared with the maximum
values. We then identified 16 000 MC-specific transcripts
as shown in the Supplementary Table 1 (http://
www.nch.go.jp/imal/GeneChip/Dahl.htm) based on the
criteria written in the Materials and methods.
As shown in Supplementary Table 1, the data obtained

from MCs cultured for 4 weeks selectively expressed
genes unlikely to be MC-specific, such as eosinophil
peroxidase (EPO) and neutrophil elastase 2 (ELA2).
Although these genes were selected as MC-specific in the
present criteria in comparison with other cell types
including mature eosinophils and neutrophils, these
granulocytes are known to decrease mRNA transcription
of some granular proteins when they are fully mature (18,
19). Therefore, it is speculated that some immature
granulocytes may be contaminated in the MC population
at 4 weeks in culture.
Among the well known MC-specific molecules, only a-

chain of the high affinity receptor for IgE (FceRIa) was
not selected in the present study, because cord blood-
derived MCs express lower levels of FceRIa compared
with adult type MCs, and other cell types such as
eosinophils express its mRNA at substantial levels as has
been reported (14, 17). The expression levels of other
major MC-specific molecules were mostly found to
reached plateaus at 8 weeks such as several transcript
variants of b-tryptase (TPSB2) and KIT (kit receptor for
SCF). The expression levels of some TPSB2 transcripts

were highest among all transcripts present in MCs after
8 weeks (Supplementary Table 1). On the contrary, the
expression of CMA1 (chymase) doubled (from 2.4 at
4 weeks to 28 at 18 weeks, the normalized values) every
4–6 weeks until 18 weeks as shown in Supplementary
Table 1.

Protein expression of tryptase and chymase

To confirm the delayed expression of chymase compared
with tryptase, we performed flow cytometric analysis
using the intracytoplasmic staining of these granular
proteins. As illustrated in Fig. 1 as we expected, chymase
levels were very low until 6 weeks, and gradually increased
thereafter. On the contrary, MCs expressed tryptase at
considerable levels even at 6 weeks in culture. Thus, the
results obtained using genechip seem to be reliable.

Hierarchical clustering analysis of MC-specific transcripts

We next used hierarchical clustering analysis to investigate
what other molecules are similarly regulated in developing
MCs with TPSB2 and CMA1. We identified 494 and 81
transcripts in the same clusters with tryptase and chymase,
respectively. Among 494 transcripts present in the tryp-
tase-related gene cluster, many well known MC-specific
molecules such as KIT and histidine decarboxylase (HDC)
were found (Supplementary Table 2, Fig. 2). On the
contrary, among 81 transcripts present in the chymase-
related gene cluster, several transcriptional regulators
were found (Supplementary Table 3, Fig. 2).

The polycomb gene,BMI1 has recently been found to be
required for the maintenance, quiescence or self-renewal

Figure 1. FACS analysis for intracytoplasmic tryptase (upper panels) and chymase (lower panels) in cord blood-derived cultured mast
cells (MCs). CD34+ cells were cultured in the presence of stem cell factor (SCF) and interleukin (IL)-6 for 3, 6, 12 and 18 weeks. After
being permeabilized, the cells were reacted with antitryptase, antichymase or an irrelevant mouse IgG1. Each figure illustrates the
results of three independent experiments. Control (shaded area); sample (unshaded area).
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of adult stem cells in some tissues partly because it
represses genes that induce cellular senescence and cell
death. (20) Thus, BMI1 may support maintenance of
MCs by suppressing the apoptosis and senescence. BMI1
can suppress the differentiation/senescence-inducing gene
expression by modifying histone/DNA complex. As
shown in (red letters) Fig. 2 and (bold letters) in
Supplementary Table 3, three different transcripts of
histone octomer protein complex were found in this gene
cluster. CDKN2A was also found in the chymsae cluster.
Loss of BMI1 leads to haematological defects in which
de-repression of the CDKN2A is critically implicated (21).
Taken together, in the later culture period, BMI1 and the
several related genes, which may support maintenance,
quiescence or self-renewal, were upregulated in MCs
accompanied by chymase expression. Although the
mechanisms and the roles of chymase expression are still
largely unclear, the present observation is expected to
provide a new insight into human MC development.
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Table 1. Mast cell-specific gene list in comparison with six leu-
cocyte types, platelets and fibroblasts. The AD (signal) values
normalized with the median value of the whole transcripts in a
array. P, M and A at flag column indicate that the signal was
detected with presence, marginal and absence call, respectively.

Table 2. Gene symbol list for the tryptase-related gene cluster.
Table 3. Gene symbol list for the chymase-related gene cluster.

Figure 2. Representative gene lists identified in the chymase-
related cluster (left column) and in the tryptase-related cluster
(right column). Red, green and black (or dark) blocks represent
high, low and intermediate expression levels after normalization,
respectively. It should be noted that the expression pattern of
transcripts present in the chymase cluster tended to be highly
variable between 4 and 18 weeks, whereas that in the tryptase
cluster tended to be less variable.
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