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Immune cell transcriptome datasets reveal
novel leukocyte subset–specific genes and
genes associated with allergic processes
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Background: The precise function of various resting and

activated leukocyte subsets remains unclear. For instance, mast

cells, basophils, and eosinophils play important roles in allergic

inflammation but also participate in other immunologic

responses. One strategy to understand leukocyte subset

function is to define the expression and function of subset-

restricted molecules.

Objective: To use a microarray dataset and bioinformatics

strategies to identify novel leukocyte markers as well as genes

associated with allergic or innate responses.

Methods: By using Affymetrix microarrays, we generated an

immune transcriptome dataset composed of gene profiles from

all of the major leukocyte subsets, including rare enigmatic

subsets such as mast cells, basophils, and plasma cells. We also

assessed whether analysis of genes expressed commonly by

certain groups of leukocytes, such as allergic leukocytes, might

identify genes associated with particular responses.

Results: Transcripts highly restricted to a single leukocyte

subset were readily identified (>2000 subset-specific

transcripts), many of which have not been associated previously

with leukocyte functions. Transcripts expressed exclusively by
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allergy-related leukocytes revealed well known as well as novel

molecules, many of which presumably contribute to allergic

responses. Likewise, Nearest Neighbor Analysis of genes

coexpressed with Toll-like receptors identified genes of

potential relevance for innate immunity.

Conclusion: Gene profiles from all of the major human

leukocyte subsets provide a powerful means to identify genes

associated with single leukocyte subsets, or different types of

immune response.

Clinical implications: A comprehensive dataset of gene

expression profiles of human leukocytes should provide new

targets or biomarkers for human inflammatory diseases.

(J Allergy Clin Immunol 2006;118:496-503.)

Key words: Allergy, gene profiling, leukocyte-specific, Toll-like
receptors

Host responses to pathogens involve cooperation
between numerous leukocyte types, each with distinct
functional properties. Over the period of the past 30 years,
a principle strategy used to understand leukocyte subset
function has been the characterization of molecules ex-
pressed by these subsets. Since the 1980s, mAbs have been
instrumental for identifying leukocyte subsets and reveal-
ing the function of molecules and cell types. Recently,
however, sequencing the human genome and development
of gene microarray technologies have provided new means
of identifying genes expressed and regulated in leukocyte
subsets. Transcriptional profiles of a range of leukocytes at
various stages of differentiation and activation have been
reported, including naive and activated T cells,1 TH1 and
TH2,2 follicular B TH,3 various B-cell subsets and lympho-
mas,4-6 mast cells,7,8 eosinophils,9,10 macrophages, den-
dritic cells (DCs),11-13 and natural killer (NK) cells.14 To
date, most microarray studies have involved just a single
cell type and only a limited number of variables, such as
type of stimulation or stage of differentiation. In addition,
gene microarrays have been used to establish signatures for
different types of immune responses15 or different aspects
of cell physiology. For instance, specific sets of genes
are characteristically transcribed in response to cellular ac-
tivation or proliferation,16 and signature genes have been
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Abbreviations used

DC: Dendritic cell

MACS: Magnetic-activated cell sorting

NK: Natural killer

PC: Plasma cell

PMA: Phorbol 12-myristate 13-acetate

TLR: Toll-like receptor

described for allergic airway inflammation,17,18 innate
immune responses to pathogens,19 and numerous cancers.5

Leukocyte subsets express certain molecules exclu-
sively, and these usually underlie the specific function of
that subset. For instance, B cells express immunoglobulin,
mast cells express mast cell tryptase, and eosinophils
express eosinophil peroxidase. Similarly, many molecules
are expressed by groups of leukocyte subsets, particularly
those that reflect the common role of a molecule in a
particular immune response. For instance, the chemokine
receptor CCR7 facilitates migration of T cells, B cells, and
DCs to lymphoid tissues, enabling the interaction of these
cells in primary and secondary immune responses.20,21

Similarly, molecules such as IL-4, IL-13, CCR3, and che-
moattractant receptor preferentially expressed on TH2
cells are preferentially expressed by allergic-type leuko-
cytes and are strongly implicated in the pathogenesis of
allergic diseases.22-24

We used oligonucleotide microarrays to generate gene
transcription profiles for virtually all of the major human
leukocyte types. This comprehensive dataset enabled us
to identify leukocyte subset-restricted genes using sim-
ple bioinformatics strategies. We used this dataset to
assess gene expression in groups of leukocytes and, as an
example, assessed genes commonly expressed in leu-
kocytes associated with allergic responses (mast cells,
basophils, and eosinophils) or coexpressed with Toll-like
receptors (TLRs) and, hence, likely to be involved in
innate immunity. The description herein of a comprehen-
sive and publicly available immune transcriptome dataset
and established methods for data analysis should prove a
valuable resource for the identification of molecules and
pathways associated with different immune responses.

METHODS

Leukocyte isolation, differentiation,
and activation

All experiments were approved by the Human Research Ethics

Committee, St Vincent’s Hospital (Sydney, Australia). Leukocyte

subsets were purified from blood from healthy volunteers. Isolation of

central and effector memory T cells from PBMCs,3 and of plasma

cells (PCs), naive B cells, and memory B cells that expressed IgM

(nonswitched) or IgG/A/E (isotype switched) from spleen was previ-

ously described.25-27 PC chips were run using pooled cRNA from as

many as 5 donors. CD191 B cells and CD161CD561 NK cells were

sorted from PBMCs using a FACSVantage SE DiVa (BD Biosci-

ences, San Jose, Calif). Doublets and aggregated cells were excluded

to minimize contaminating cells.
For basophil isolation, CD31 cells and CD141 cells were depleted

from PBMCs by magnetic-activated cell sorting (MACS) (Miltenyi

Biotec, Auburn, Calif). Resultant cells were stained with 5E8 anti-

CCR3 antibody and labeled with Cy5-conjugated donkey antimouse

IgG (Jackson Laboratories, Bar Harbor, Me). CCR3hi, forward-scat-

ter and side-scatter low cells were collected. RNA was pooled from

2 donors for each microarray analysis.

Macrophages and DCs were differentiated from peripheral blood

monocytes isolated using CD14 positive selection by MACS.

Macrophages were differentiated in the presence of 500 U/mL GM-

CSF (BD Biosciences) for 11 days and then activated for 4 hours with

100 ng/mL LPS (Sigma, St Louis, Mo). DCs were differentiated in

the presence of 800 U/mL IL-4 (BD Biosciences) and 1500 U/mL

GM-CSF and cultured for 5 days. Nonadherent immature DCs

were harvested after day 5, either for RNA isolation or activation

by adding 100 ng/mL LPS for 48 hours. Macrophages were identified

as CD14hi/HLA-DRint/CD40int/CD802/CD861, immature DCs were

identified as CD142/HLA-DRint/CD1a1/CD401/CD802/CD832/

CD861, and mature DCs were identified as CD142/HLA-DRhi/

CD1a1/CD40hi/CD801/CD831/CD86hi by flow cytometry.

Granulocytes were isolated using a 70%/80% isotonic Percoll

(Amersham, Buckinghamshire, United Kingdom) gradient.28,29

Erythrocytes were eliminated using the Whole Blood Erythrocyte

Lyzing Kit (R&D Systems, Minneapolis, Minn). Eosinophils were

removed by incubation with anti-CCR3 followed by depletion using

an antimouse secondary antibody conjugated to MACS beads. RNA

was extracted from resting neutrophils and neutrophils stimulated for

1 hour with 100 ng/mL LPS.

Eosinophil isolation from peripheral blood granulocytes was

adapted from published methods.29 Neutrophils were depleted from

the granulocyte population using anti-CD16 MACS beads.

Eosinophils were then incubated with phorbol 12-myristate 13-ace-

tate (PMA; 50 ng/mL), or with control medium for 2 hours. RNA

extracted from 3 donors was then pooled for 1 microarray experi-

ment, and a sample from a fourth donor was used for a second

experiment.

Mast cells were derived from human cord blood obtained from the

Sydney Cord Blood Bank and differentiated in the presence of IL-6

(BD Biosciences), IL-10 (BD Biosciences), and stem cell factor30

(a gift from Amgen). Mature mast cells were activated by FceRI

cross-linking with human IgE anti-nitrophenyl (Serotec, Oxford,

United Kingdom) followed by 2 hours with mouse antihuman IgE

(Serotec) as previously described.31

RNA extraction and GeneChip hybridizations

HG-U133A and B GeneChips (Affymetrix, Santa Clara, Calif)

were each hybridized with cRNA synthesized from RNA from single

donors, except for experiments involving PCs, eosinophils, and

basophils. RNA was isolated using the RNeasy Total RNA Isolation

Kit (Qiagen, Chatsworth, Calif) or TRIzol reagent (Invitrogen Life

Technologies, Mt Waverley, Australia). cRNA was prepared, and

GeneChips were hybridized and scanned as previously described.3

Leukocyte signature analysis

Leukocyte-specific genes were defined as genes constitutively

expressed by a particular leukocyte type and consistently absent in all

other leukocyte subsets profiled. Only those genes showing similar

patterns of expression in duplicate GeneChip experiments were

considered for further analysis—that is, genes were considered to

be present only if they were consistently detected. To increase the

stringency of genes defined to be unique to a certain leukocyte type,

genes present in naive and memory B cells (Good et al, Unpublished

data, March 2004), gd T cells, follicular B TH, TH1 and TH2, and naive

and central memory T-cell subsets32 were subtracted from the initial
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leukocyte specific genes identified. Splenic B-cell and PC transcripts

were not subtracted from the B-cell profile, and other T-cell subset

transcripts were not subtracted from the effector memory T-cell pro-

file. Transcripts found to be absent by MAS 5.0 software (Affymetrix)

were reassigned a signal value of 0. Gene expression patterns were

mapped using Spotfire DecisionSite (Somerville, Mass).

Nearest Neighbor Analysis of TLRs

Pearson correlation coefficients were calculated for each pair

of TLR genes, and hierarchical clustering was performed using

the Complete Linkage (maximum) method (Spotfire software) with

correlation function. This analysis was performed using normalized

leukocyte datasets. To further identify components in the TLR

pathway, we performed Neighborhood Analysis on TLRs by taking

each of the genes represented on the Affymetrix GeneChips and

ranking their expression in neighborhood radii of 100, 250, and 500,

with 100 the closest neighbors. These neighborhoods were then

queried for the presence of genes coexpressed with 4 or more TLR

genes to generate the TLR neighborhood index.

RT-PCR

cDNA was synthesized from 200 ng RNA using Reverse-IT RTase

Blend Kit (ABgene, Epsom, United Kingdom). PCR was conducted

using primers designed from Genbank sequences using Primer3

(http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi)

or as referenced (for primer sequences, see this article’s Table E1

in the Online Repository at www.jacionline.org) and synthesized

by Geneworks (Sydney, Australia). RT-PCR was conducted using

1 mL cDNA template, 2.5 mmol/L MgCl2, 0.4 mmol/L primer mix,

and 5 U Taq polymerase (Promega, Sydney, Australia) in a final vol-

ume of 25 mL. After denaturation at 95�C for 5 minutes, the

reactions were run for 30 cycles at 95�C, 62�C, and 72�C for 30 sec-

onds each.

FIG 1. (A) Resting and (B) activated leukocyte-specific genes. Only

genes not already represented in Fig 2, A, were included in acti-

vated leukocyte-specific genes in Fig 2, B. The color scale indicates

transcript expression signal where black 5 absent, yellow 5 mod-

erately expressed, and red 5 highly expressed. Eff mem T, Effector

memory T cells.
RESULTS

A comprehensive gene expression dataset for
all of the major human leukocyte subsets

By using Affymetrix HG-U133A and B arrays, we
screened >44,000 probe sets representing ;39,000 tran-
scripts to develop transcript profiles for all of the major
immune cell types including neutrophils, macrophages,
DCs, NK cells, B-cell and T-cell subsets, mast cells, eosin-
ophils, and basophils (see this article’s Table E2 in the
Online Repository at www.jacionline.org). Samples from
at least 2 individuals were processed, and each was analyzed
by microarray. The complete set of microarray data for all
leukocyte subsets is available at http://linkage.garvan.
unsw.edu.au/public/microarrays/ and the Gene Expression
Omnibus database (accession number GSE3982).

Identification of leukocyte subset signatures
and leukocyte-specific genes

The integration of a comprehensive collection of gene
profiles of the main leukocyte types enabled identification
of those genes uniquely expressed by each leukocyte.
Specific gene expression signatures could be distin-
guished for all of the major human leukocytes after the
genes and individual arrays had been arranged using
unsupervised clustering (see this article’s Fig E1 in the
Online Repository at www.jacionline.org). Our analysis
identified large numbers of specific genes for neutrophils
(144), macrophages (203), DCs (118), NK cells (71), B
cells (226), PCs (57), effector memory T cells (121),
mast cells (199), eosinophils (73), and basophils (108;
Fig 1, A). Because activated leukocytes represent the
cells most closely associated with many immunologic
functions, we also developed leukocyte subset signatures
from LPS-stimulated neutrophils, macrophages, and DCs;
mast cells activated via the FceRI; and PMA-stimulated
eosinophils (Fig 1, B). The 10 most abundantly expressed
resting and activated leukocyte subset–specific gene
transcripts are listed in this article’s Tables E3 and E4
in the Online Repository at www.jacionline.org. The
complete lists of leukocyte-specific genes are available
at http://linkage.garvan.unsw.edu.au/public/microarrays/.

As expected, genes restricted to specific leukocyte
types encoded molecules that are well known and cur-
rently used to define each of these cell types (see this
article’s Table E3 in the Online Repository at www.
jacionline.org). For example, definitive mast cell genes
like the tryptases (a and b) were identified as uniquely
expressed by mast cells. CD209/DC-specific ICAM3-grab-
bing nonintegrin has been used to identify DCs, and the
expression of this receptor was restricted to DCs in our
transcriptome profiles. B-cell–specific transcripts in-
cluded molecules intimately related to B-cell function
such as immunoglobulin subunits (heavy and light chains)
as well as 2 receptors, B cell maturation factor (BCMA)
and transmembrane activator and CAML interactor
(TACI), for the B-cell survival factor B cell–activating
factor (BAFF) (see this article’s Table E5 in the Online
Repository at www.jacionline.org). The transcripts for

http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi
http://www.jacionline.org
http://www.jacionline.org
http://linkage.garvan.unsw.edu.au/public/microarrays/
http://linkage.garvan.unsw.edu.au/public/microarrays/
http://www.jacionline.org
http://www.jacionline.org
http://linkage.garvan.unsw.edu.au/public/microarrays/
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
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these 2 BAFF receptors were expressed exclusively by B
cells, as shown previously by mAb staining,33 and con-
firmed by RT-PCR (Fig 2, A). Thus, the identification of
these hallmark genes for the various leukocyte subsets val-
idated our approach to identify subset-specific transcripts.

Remarkably, the majority of leukocyte subset-specific
genes, even the most highly expressed transcripts, have
not previously been associated with that particular subset.
Examples of these novel leukocyte-specific genes in-
cluded secretoglobin 3A2, which was restricted to baso-
phils, dysferlin to neutrophils, and FAT tumor suppressor
homolog to mast cells. By using RT-PCR, we confirmed
that secretoglobin mRNA was indeed restricted to
basophils (Fig 2, B) and that expression of dysferlin
and FAT homolog was largely restricted to neutrophils
and mast cells, respectively. Dystrobrevin a, glypican
4, and adenylate cyclase activating polypeptide 1 were
also confirmed to be preferentially expressed by DCs,
macrophages, and mast cells, respectively (Fig 2, B).
Moreover, a large number of uncharacterized genes was
identified by this analysis. Among novel genes discovered
were membrane-associated molecules, identified using
Gene Ontology cellular component annotations (NetAffx
analysis tool, www.affymetrix.com, September 2005
update; see this article’s Tables E5 and E6 in the Online
Repository at www.jacionline.org).

Genes common to allergic effector cells

As a further example of the many possible applications
for the comprehensive immune cell transcriptome, we
assessed the gene expression profiles of certain effector
cells critical for allergic inflammatory responses, mast
cells, eosinophils, and basophils; this group of leukocyte
subsets is hereafter referred to as allergic leukocytes.

FIG 2. Confirmation of transcript expression discovered by micro-

array analysis. Transcript expression was assessed by RT-PCR us-

ing specific primers. Mast cells and neutrophils from more than

1 donor were used (B). 1 5 Mast cells, 2 5 activated mast cells,

3 5 basophils, 4 5 eosinophils, 5 5 neutrophils, 6 5 B cells, 7 5 im-

mature DCs, 8 5 mature DCs, 9 5 macrophages, 10 5 activated

macrophages, 11 5 NK cells. BCMA, B cell maturation factor;

TACI, transmembrane activator and CAML interactor; GAPDH,

glyceraldehyde-3 phosphate dehydrogenase.
Allergic leukocyte genes were identified as those ex-
pressed in all 3 allergic leukocytes, either resting and/or
activated, but not in resting or activated neutrophils and
macrophages (Fig 3). By applying this contrived, but
nevertheless relevant, type of analysis to the immune
transcriptome, 173 genes were found to be preferentially
expressed by allergic versus nonallergic leukocytes. Sev-
eral of these genes have previously been associated with
allergic inflammation, including chemoattractant receptor
preferentially expressed on TH2 cells and IL-5 receptor
a.23,34,35 There were 269 preferentially expressed probe
sets for nonallergic leukocyte genes, arbitrarily defined
as genes present in both neutrophils and macrophages,
whether resting and/or activated, but absent in allergic
leukocytes (Fig 3).

A subtraction procedure was used to identify genes
restricted to allergic effector cells. After genes expressed
by other leukocytes were subtracted, transcripts involved
in vesicle transport, exocytosis, proteolysis, and gene tran-
scription were among those identified as restricted to al-
lergic effector cells. Examples of these transcripts are listed
(Fig 4, A). There were 10 transcripts commonly expressed
by the allergic leukocytes that were absent from all other
leukocyte subsets profiled (Fig 4, B). The selective expres-
sion of 2 of these genes, FceRIb and hematopoietic cell 4–
transmembrane protein on mast cells and basophils, was
confirmed by RT-PCR (Fig 2, A). Further cross-validation

FIG 3. Gene expression patterns associated with functional leuko-

cyte clusters. A total of 173 genes expressed in mast cells,

eosinophils, and basophils and not macrophages and neutrophils

were defined as allergic leukocytes. A total of 269 nonallergic

leukocyte genes were defined as those that were present in

macrophages and neutrophils and absent in mast cells, eosino-

phils, and basophils. The color scale indicates transcript signal

where black 5 absent, yellow 5 moderately expressed, and red 5

highly expressed. Act, Activated.

http://www.affymetrix.com
http://www.jacionline.org
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FIG 4. Specific allergic leukocyte genes. A, The number of genes expressed by allergic leukocytes not consis-

tently detected in all of the other leukocytes we profiled. B, Specific allergic leukocyte genes were identified as

those common to allergic leukocytes but consistently undetected in all of the other leukocytes we profiled.

C, Expression pattern of specific allergic leukocyte genes (B) in different tissues.36 Act, Activated; SCF,

stem cell factor.
of our analyses using an independent database (http://sy-
matlas.gnf.org/SymAtlas/)36 revealed that almost all of
the allergic leukocyte-specific transcripts were also largely
undetectable in the major organs of the body (Fig 4, C).
Conversely, the homeobox gene Meis 1 homolog 2 was
widely distributed in many of the major organs, yet was ab-
sent in all nonallergic leukocytes profiled (Fig 4, C). Only 9
of the 10 specific allergic leukocyte genes were represented
in this database.

A comprehensive immune cell GeneChip
dataset to assess expression of molecular
families in silico

Another powerful and logical approach to study gene
regulation is to focus the analysis on molecular families.
Such approaches have been used to generate individual
gene expression profiles in many different cell types and
tissues.36,37 Our immune cell transcriptome dataset incor-
porates some of the important paradigms of immunology,
such as TH1/TH2 differentiation, B-cell differentiation, ef-
fector cell activation, and DC maturation. We examined
the expression of all of the known members of 2 important
gene families: TLRs (Fig 5, A) and chemoattractant recep-
tors (see this article’s Fig E2 in the Online Repository at
www.jacionline.org). TLRs are receptors for pathogen-
associated molecular patterns that direct innate immune
responses. Cell types associated with innate immune
responses, such as neutrophils, macrophages, and DCs,
expressed a wide range of TLRs (Fig 5, A). In contrast,
T cells, which orchestrate adaptive immune responses, ex-
pressed few TLRs. Although B cells have a major role in
adaptive immunity, they also possess antigen-presenting
properties38 and were found to cluster between cells of
innate immunity and T-cell subsets (Fig 5, A). Expres-
sion analysis of chemoattractant receptors distinguished
2 broad categories of receptors: those associated with lym-
phoid tissue homing, and those more closely associated
with inflammatory cells such as neutrophils, eosinophils,
and activated macrophages (see this article’s Fig E2 in
the Online Repository at www.jacionline.org). A similar
functional division of chemokine receptors was recently
reviewed.39

In Saccharomyces and Caenorhabditis elegans, broad
categories of functionally related genes are coexpressed,
such as cell cycle regulators and components of organelles
including mitochondria.40 Recently, this functional clus-
tering of coexpressed genes has been extended to verte-
brates and exploited in 2 situations, to identify a gene
associated with a genetically linked disease and a mecha-
nism of action of cyclin D1 in cancer.41,42 We performed
Nearest Neighbor Analysis to identify genes coexpressed
with each of the TLRs. There were 17 genes identified
within the neighborhood of 4 or more TLR genes within
a radius of 100 nearest neighbors, 137 within a radius of
250, and 376 within a radius of 500 (Fig 5, B). There

http://symatlas.gnf.org/SymAtlas/
http://symatlas.gnf.org/SymAtlas/
http://www.jacionline.org
http://www.jacionline.org
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FIG 5. TLR expression pattern. A, Hierarchical clustering of TLR1-10 on leukocyte subsets with normalized ex-

pression levels represented by color. TLR1, 2, 4, 5, 6, 8 were grouped as an inner cluster. B, Neighborhood

analysis of the 10 TLR genes. The number of genes within the neighborhood of TLR genes within a radius

of 100, 250, or 500 is shown. The color scale indicates normalized expression; 0 5 low, 1 5 normal, and

>1 5 high. EFF, Effector; cent, central; foll, follicular; mem, memory; imDC, immature DC.
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was a peak at the index of 6 TLRs in the neighborhood
radius of 250, which may represent a closely coregulated
subset. These 35 genes found in the neighborhood
of 6 TLR genes within a radius of 250 (Table I) were
found to be neighbors to the same 6 TLR genes: TLR1,
2, 4, 5, 6, and 8. We then calculated the Pearson correla-
tion coefficients for each pair of TLR genes to assess the
relative coexpression pattern of these 10 TLR genes.
The 6 TLR members that were coexpressed with the 35
genes have a high coefficient to each other, whereas
they all have low coefficients to the other 4 TLR genes
(TLR3, 7, 9, 10). These 6 closely regulated TLR genes
were also grouped together by hierarchical clustering
(Fig 5, A).

Among the 35 genes coexpressed with 6 TLRs were
genes associated with innate immune defense such as
complement components, CXC chemokine receptor 2,
and low-affinity IgG receptors (Table I). The cooperation
of different innate factors, including TLRs, IgG-Fc recep-
tors, and complement receptors to regulate inflammatory
responses has been documented.43 In addition, Nearest
Neighbor Analysis identified coexpression of TLRs with
novel genes not previously associated with TLR signaling,
and the products of these genes should give deeper insight
into mechanisms of innate immunity.
DISCUSSION

We sought to identify novel leukocyte subset–associ-
ated genes by developing gene expression profiles for all
major human leukocytes using microarrays. This strat-
egy revealed >2000 leukocyte subset–specific transcripts,
many of which had not previously been associated with
immune responses. The discovery of leukocyte subset–
restricted genes (or their protein products) began in earnest
with the emergence of mAbs in the 1970s. Most of these
early markers were cell surface proteins, revealed by
mAbs generated by immunizing with whole cells. Gene
microarray datasets and methods of analysis presented
here illustrate a powerful new approach for identifying
leukocyte subset–restricted gene expression, particularly
for intracellular proteins such as transcription factors and
signaling molecules. We also assessed genes commonly
expressed by allergic leukocytes (mast cells, basophils,
and eosinophils) as an exercise to identify genes involved
in allergic responses. The permutations for these types of
analyses are numerous.

A promising new means of intervention in human
disease is targeted elimination of pathogenic cells, such as
cancer cells, using apoptosis-inducing mAbs or mAbs with
lethal payloads. A good example is Rituximab (IDEC
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Pharmaceuticals, San Diego, Calif) (anti-CD20 mAb), an
effective agent for B-cell lymphomas44 and rheumatoid
arthritis.45 Mast cells are involved in the effector phase of
both allergic and autoimmune diseases, and deletion of this
cell type is an appealing therapeutic option. Eosinophils
have long been incriminated in the pathogenesis of asthma
and, expectedly, eosinophil-deficient mice are protected

TABLE I. Genes coregulated with 6 TLRs within 250 radius

Gene title Accession number

Adiponectin receptor 1 NM_015999

Apolipoprotein B mRNA editing enzyme,

catalytic polypeptide-like 3A

U03891

B-cell CLL/lymphoma 6

(zinc finger protein 51)

NM_001706

Bone marrow stromal cell antigen 1 NM_004334

Chromosome 1 open reading frame 24 NM_022083

Complement component 1,

q subcomponent, receptor 1

W72082

Complement component 5 receptor 1

(C5a ligand)

NM_001736

Endothelin converting enzyme 1 BF969352

Family with sequence similarity 53,

member C

NM_016605

F-box and leucine-rich repeat protein 5 AF142481

Fc fragment of IgG, low-affinity IIa,

receptor (CD32)

NM_021642/

U90939

Fc fragment of IgG, low-affinity IIIa,

receptor (CD16a)/ Fc fragment of IgG,

low-affinity IIIb, receptor (CD16b)

NM_000570

Fc fragment of IgG, low-affinity IIIb,

receptor (CD16b)

J04162

FLJ00012 protein AK024423

Hypothetical protein FLJ31978 AI041543

Putative lymphocyte G0/G1 switch gene NM_015714

CXCR2 NM_001557

KIAA0329 AB002295

Kinesin family member 13A NM_022113

Leukocyte Ig-like receptor, subfamily B

(with TM and ITIM domains), member

2/member 3

AF009635

Hypothetical protein LOC284701 AL040396

Hypothetical protein LOC284701 AW006934

Maltase-glucoamylase (a-glucosidase) NM_004668

Hypothetical protein MGC2752 NM_023939

Mitochondrial solute carrier protein NM_018579

Pre-B-cell colony enhancing factor 1 BF575514

Prokineticin 2 AF182069

Pleckstrin homology, Sec7 and coiled-coil

domains 4

AF125349

Retinol binding protein 7, cellular AI733027

S100 calcium binding protein A9

(calgranulin B)

NM_002965

Secreted and transmembrane 1 BF939675

Stratifin BC000329

TNF-a–induced protein 9 NM_024636

WD repeat and FYVE domain

containing 3

BE348236

Zinc finger, CCHC domain containing 6 NM_024617

CLL, Chronic lymphocytic leukemia; TM, transmembrane;

ITIM, immunoreceptor tyrosine-based inhibitory motif.
against airway hyperresponsiveness46 and airway remod-
eling.47 A critical link has also been established between
basophils and chronic IgE-mediated allergic inflamma-
tion.48 A conclusion from our study was the large number
of novel molecules associated with individual leukocyte sub-
sets. The relevance of these to the function of such subsets
requires studies with gene-deficient mice or similar systems.

Transcript signal intensity was generally a powerful
measure of the degree of gene expression on microarrays,
yet caveats apply. Multiple probe sets for the 1 gene can be
represented on the GeneChips, and it was noted that one
probe set could yield different expression values com-
pared with another; 1 explanation is the representation of
different splice variants of the same gene, because splice
variants for numerous genes have been represented on the
U133 GeneChip set. For example, there are 6 different
IL-5 receptor a variants that were represented by 4 probe
sets on the Affymetrix GeneChips (data not shown). Only
1 of the 6 variants of IL-5 receptor a was found to be
specifically expressed by allergic leukocytes (Fig 4, B).
This does not mean that IL-5 receptor expression is com-
pletely restricted to allergic leukocytes, because other
variants were expressed in the other leukocytes.

Despite the power of large microarray datasets, cautions
need to be raised. Gene transcription does not always
equate with protein translation or surface expression. For
instance, BCMA is 1 of the best markers for B cells and
PCs at the RNA level, but is only poorly expressed at the
cell surface, and then on only a small proportion of these
cells.26,33 Moreover, despite our attempts to cover all of
the leukocyte subsets, it is virtually impossible to include
every stage of differentiation and activation of each subset.
Further, nonhematopoietic cells and some minor subsets
of leukocytes, such as T regulatory cells, NK T cells, or
plasmacytoid DCs, have not yet been included in our an-
alyses. As the collection of publicly available microarray
datasets increases, there will be many opportunities to
refine the lists of leukocyte subset–restricted genes
presented here.

In conclusion, we identified >2000 leukocyte subset–
restricted transcripts/molecules, and have chosen to em-
phasize the potential applications of our GeneChip data-
set over the possible significance of individual genes that
came from our analyses. The use of a comprehensive
microarray dataset for the discovery of immunologically
relevant molecules, through integrated analysis of gene
expression, should find further interesting applications in
immunology and other disciplines.

We thank L. Weininger, T. So, and B. Woehl for GeneChip

analysis, and A. Quan, C. Xin, Z. Commandeur, and J. Thatcher for

technical assistance.
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