
Introduction

Sarcoidosis is a systemic granulomatous disease
of unknown cause. A combination of genetic and en-
vironmental factors is thought to cause the disease.
Two robust lines of evidence support the hypothesis
of a genetic component in the pathogenesis of sar-
coidosis, namely, ethnic variation in its epidemiolo-

gy, and familial clustering of cases (1, 2). The patho-
genesis of sarcoidosis consists of CD4+ T cell activa-
tion by antigen and subsequent granuloma forma-
tion at the site of involvement. Genes involved in the
processes of T cell regulation are candidates for the
susceptibility genes of sarcoidosis.

Activation of naive T-cells is critically depen-
dent on two signals: one mediated by interaction of
the T-cell antigen receptor (TCR) with specific anti-
gen in association with MHC molecules, and the
second an antigen-independent, costimulatory signal
provided by interaction between CD28 on the T-cell
surface and its ligands B7-1 (CD80), and B7-2
(CD86) on the antigen-presenting cell (APC).
CD28 homologue CTLA-4, like CD28, binds
members of the B7 family, plays an essential role in
the down regulation of T-cell responses (3).We have
reported that B7 and CTLA-4 gene polymorphisms
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do not affect disease susceptibility in Japanese sar-
coidosis patients (4, 5). Following these reports,
genome-wide screening and linkage analysis re-
vealed that butyrophilin-like 2 (BTNL2), a homo-
logue of B7 molecule, was a disease susceptibility
gene of sarcoidosis (6). CD24 is a glyco-
sylphophatidylinositol (GPI)- anchored cell surface
protein with expression in several inflammatory
cells, including activated T cells, B cells and
macrophages (7-9). It is well known that CD24 me-
diates a CD28-independent costimulatory pathway
that promotes activation of CD4+ T cells (10). Re-
cently, a CD24 gene exon 2 C/T dimorphism was
reported to be a genetic risk factor for susceptibility
to and progression of multiple sclerosis (MS), a
chronic inflammatory neurodegenerative disease
(11). Following that report, an association between
this polymorphism and disease susceptibility has al-
so been identified in other inflammatory diseases
such as systemic lupus erythematosis (SLE) and gi-
ant cell arteritis (12, 13). In the present study, we hy-
pothesized that a CD24 gene exon 2 dimorphism
might affect the activation of alveolar lymphocytes
with subsequent development of the disease in sar-
coidosis patients. In the present study, we investigat-
ed the influence of CD24 gene exon 2 dimorphism
on disease susceptibility or clinical findings includ-
ing bronchoalveolar lavage (BAL) cell profiles in
Japanese sarcoidosis patients.

Materials and methods

Study design and populations

The study population comprised 186 Japanese
sarcoidosis patients, who were followed in Kyoto
University hospital and Kyoto Central Clin-
ic/Clinical Research Center. Diagnosis was based on
histological findings consistent with sarcoidosis
(non-caseating epithelioid cell granulomas) in the
lung, lymph node, and/or skin without evidence of
mycobacterial, fungal, or parasitic infection. None
had a history of exposure to organic or inorganic ma-
terials known to cause granulomatous lung diseases.
Subjects with concurrent autoimmune diseases were
excluded from the study. CD24 genotypes were de-
termined in these patients. At their first presentation
to the hospital, SACE measurement and classifica-

tion of chest radiographs was performed as follows:
(Stage 0, Normal; Stage I, Bilateral hilar lym-
phadenopathy (BHL); Stage II, BHL with pul-
monary infiltrations; Stage III, Pulmonary infiltrates
without BHL). Extrapulmonary lesions were also
investigated (14). The control group for genotype
analysis consisted of 146 unrelated healthy Japanese
subjects without clinical evidence or family history
of sarcoidosis. All participants (n=332) were Japan-
ese and from the central part of Japan.

In addition, we retrospectively analyzed BAL re-
sults in the subgroup of 84 patients who fulfilled the
following criteria: no history of systemic corticos-
teroid treatment before BAL, no history of smoking
in the preceding six months, no history of acute res-
piratory illness in the preceding four weeks. Charac-
teristics of patients and controls are shown inTable 1.

The study was approved by Ethics Committee
of Kyoto University and Kyoto Central Clin-
ic/Clinical Research Center, and all subjects gave
written informed consent.

Genotyping of CD24 gene exon 2 C/T dimorphism

The target SNP for CD24 is a replacement of T
at nucleotide 226 by C (T/C) in the coding region of
exon 2 (GEnbank accession no. NM_013230),
which results in a substitution of Ala at amino acid
57 by Val near the GPI anchorage site of the mature
protein. DNA was prepared from 10 mL whole
blood, using the QIAamp DNA blood mini kit (Qi-
agen, Hilden, Germany). Amplification of target
DNA in exon 2 of the CD24 gene was carried out
using the PCR with primers of sequence 5’-TTG
TTG CCA CTT GGC ATT TTT GAG GC-3’
and 5’-GGATTGGGTTTAGAAGATGGGGA
AA-3’.The reaction was performed in a final volume
of 50 µl containing 30 ng genomic DNA, 0.5
µmol/L of each primer, 1.25 U Taq polymerase, and
200 µmol/L dNTPs in a buffer of 10 mMTris-HCl
pH 9, with 1.5 mM MgCl2, and 50 mM KCl. Am-
plification was performed for 30 cycles of 94°C for
60s, 55°C for 60s, and 72°C for 60s. The amplicon
was 685bp in length and was visualised on a 3%
agarose gel stained with ethidium bromide. The G
allele in the dimorphic position contained a Bbr re-
striction site. Restriction fragment length polymor-
phism analysis was performed on 5 µL of PCR
product, digested in a final volume of 10 µL with 1U
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Bbv° enzyme using the manufacturer’s recommend-
ed buffer (New England Biolabs, Hertford, UK) at
37°C for 16 hrs. The resulting digestion products
were visualized on a 3% agarose gel stained with
ethidium bromide.

Bronchoscopy and processing of BAL

Bronchoscopy was performed using a flexible
fiberoptic bronchoscope (Olympus IT 200; Olym-
pus Optical Co., Ltd., Tokyo, Japan). Subjects re-
ceived atropine (0.5 mg i.m.) and hydroxyzine (25
mg i.m.). Fifteen minutes prior to bronchoscopy, lo-
cal anesthesia was achieved by inhalation of 10 ml
aerosol solution of 2% lidocaine. Prewarmed saline
(150 ml) was instilled in 3 50 ml aliquots into the
right middle lobe or the left lingual and recovered by
gentle suction into siliconized containers. Cells were
washed in MEM (Nissui, Tokyo, Japan) into the fi-
nal cell concentration of 2 x 106/mm3, and cytospin
preparations were stained with Giemsa for differen-
tial counting. All procedures were performed on ice
(cell wash and preparation of cytospin specimens)

Evaluation of lymphocyte subpopulations

Flow cytometry was performed with a dual
FACScan equipped with an Ar+laser (Becton Dick-
inson, Mountain View, Calif., USA). Data were col-
lected and analyzed using the CELLQuest programs
(Becton Dickinson). The information was collected
on a logarithmic scale. The lymphocyte population
evaluated was based on detection of CD45 expres-
sion by side scatter.

Lymphocyte subsets were identified by staining
with monoclonal antibodies as follows: CD3, total T
cells; CD4, T helper cells, and CD8, T suppressor/

cytotoxic cells. Monoclonal antibodies were directly
conjugated to either phycoerythrin (RD1) or fluo-
rescein isothiocyanate. Cells were incubated for 10
min at 4 with monoclonal antibodies, washed with
1% FCS/PBS and analyzed within 24 hr.

Measurement of SACE

SACE activity was measured by Kasahara’s
method using optical density measurements at 505
nm and 800 nm with a spectrophotometer. Serum
samples were considered to be positive if they con-
tained more than 21.4 IU/L (15).

Statistical analysis

Statistical analyses were performed using
Statview® software (SAS Institute, Inc., Cary, NC,
USA). χ2 test or Fisher exact probability test were
used for comparisons of categorical data among dif-
ferent groups.The Man-Whitney-U test was used to
compare age of different groups. A p value of less
than 0.05 was considered to be statistically signifi-
cant. Statistical power calculations were carried out
using the PS Program (16).

Results

Distribution of CD24 gene exon 2 dimorphism in
sarcoidosis patients and healthy controls

There were no significant differences in geno-
type and allele frequencies between sarcoidosis pa-
tients and control subjects (Table 2). The distribu-
tion of these polymorphisms fulfilled Hardy-Wein-
berg equilibrium expectations in both the sarcoidosis

Table 1. Profiles and characteristics of study subjects

Whole Patients who Controls p value
sarcoidosis underwent (3)
patients (1) BAL (2) 1vs.2 1vs.3 2vs.3

Number of patients 186 84 146
Sampling age, years 52.4±14 53.4±13 48.9±19 NS NS NS
Onset age, years 42.6±16 46.6±13 – NS – –
Male/Female 78/108 28/56 65/81 NS NS NS
Chest radiography stage, 0/I/II/III 7/94/71/14 2/45/31/6 – NS – –
Extrathoracic lesions, +/– 150/36 66/18 – NS – –
SACE, IU/L/37°C 25.3±11.3 27.5±12.3 – NS – –

Data are expressed as mean ± SD. SACE = serum angiotensin-converting enzyme (Normal range, 8.3-21.4 IU/l); NS = not significant
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patients and control subjects. According to power
calculations based on our sample size and frequen-
cies of polymorphisms, statistical significance would
be reached when the odds ratios attributable to rarer
alleles equaled 1.74 for the investigated CD24 SNP.

CD24 gene exon 2 dimorphism and Clinical features

There were no significant differences in onset
age, chest radiographic stage, sACE and frequencies
of extrathoracic lesions among patients with differ-
ent genotypes of CD24 exon 2 dimorphism. There
were also no significant differences in frequencies of
ocular, skin, heart or nervous system lesions among
them. Neither the C nor the T allele was associated
with any of the clinical features analyzed (data not
shown).

CD24 gene exon 2 dimorphism and BAL fluid cell
profile

Of 125 patients who had undergone BAL since
disease onset, 84 met the inclusion criteria. Of the
41patients excluded, 27 had smoked in the preceding
six months, and 14 had received systemic corticos-
teroid treatment before BAL, including two current
smokers.One had acute respiratory infection at BAL,
and in the other, BAL recovery was insufficient for
analysis. Lymphocyte,T cell and CD4+ cell counts of
BAL fluid were not different between patients with
different genotypes of CD24 exon 2 dimorphism
(Table 3), while a slight distortion of Hardy-Wein-
berg equilibrium was observed (p=0.041).

Discussion

In this study, we showed that CD24 gene exon
2 dimorphism, a previously reported disease suscep-
tibility gene of MS, was not associated with disease
susceptibility or clinical profiles including BAL cell
profiles of sarcoidosis.

CD24 or its polymorphism plays a critical role
in the pathogenesis of some autoimmune diseases.
We targeted a C/T dimorphism at position 170 from
the CD24 translation start site (P170) in the CD24
putative cleavage site for the GPI anchor. The
P170TT genotype expresses higher cell-surface CD24
than the P170CT or P170CC genotypes, and has an in-
creased risk and more rapid progression of multiple
sclerosis (MS), an autoimmune neurodegenerative
disease of the central nervous system (11). While

Table 2.CD24 polymorphism in Japanese subjects with sarcoido-
sis and controls.

Sarcoidosis Controls
n = 186 n = 146

Genotype frequencies
CC 71 (38%) 52 (36%)
CT 79 (42%) 69 (47%)
TT 36 (19%) 25 (17%)
P value NS

Allele frequencies
C 221 (59%) 173 (59%)
T 151 (41%) 119 (41%)
P value NS

Comparison between the two groups was made using the χ2 test
for genotype frequencies, and the Fisher exact probability test for
allele frequencies. No significant differences were found in the dis-
tribution of genotype and allele frequencies between the two
groups

Table 3.Results for the subgroup of patients undergoing BAL and who met the following criteria

Whole CC CT TT p-value

Number of patients 84 36 31 17 -
BALF cell recovery % 66.4±34.3 64.0±33.7 67.3±35.1 69.4±35.8 NS
Recovered cells, _105/ml 1.89±1.14 1.92±1.15 2.03±1.21 1.55±0.87 NS
Macrophages, % 66.0±24.9 68.9±18.9 60.9±29.1 69.4±27.1 NS
Lymphocytes, % 32.0±22.0 30.6±18.9 34.8±25.6 29.8±22.0 NS
Neutrophils, % 1.7±9.1 0.3±0.9 4.0±14.8 0.4±0.8 NS
Eosinophils, % 0.2±0.4 0.2±0.3 0.3±0.5 0.3±0.4 NS
Lymphocyte count, _105/ml 0.71±0.71 0.66±0.59 0.84±0.87 0.56±0.57 NS
T-cell count, _105/ml 0.61±0.61 0.59±0.53 0.69±0.74 0.47±0.48 NS
CD4+ cell count, _105/ml 0.54±0.55 0.52±0.50 0.63±0.64 0.39±0.42 NS
CD4+/CD8+ ratio 8.0±8.8 8.0±5.8 9.2±12.5 5.6±4.3 NS

Inclusion criteria: no history of systemic corticosteroid treatment before BAL, no history of smoking in the preceding six months, no his-
tory of acute respiratory illness in the preceding four weeks. BALF=bronchoalveolar lavage fluid; NS=not significant. P-values are for com-
parisons among patients with CC, CT and TT genotypes
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sarcoidosis is no longer regarded as an autoimmune
disease, it has certain clinical features in common
with autoimmune diseases. In addition, sarcoidosis
and autoimmune diseases sometimes co-exist (17).
Furthermore, the activation of type 1 helper T cells
(Th1) is essential for the development of sarcoidosis
as well as MS or SLE (18, 19). Sarcoidosis and MS
also have a common genetic risk factor. For example,
the major histocompatibility human leukocyte anti-
gen (HLA)-DRB1*15 (DR2) haplotype is strongly
associated with risk of both diseases (20). In addi-
tion, the association of a BTNL2 polymorphism
with disease susceptibility of sarcoidosis and MS was
reported, although it is thought to be secondary to
HLA-DRB1*15, at least in MS (21).

According to the results of the present study,
CD24 may not be involved in the mechanism of
lymphocyte activation in sarcoidosis, consistent with
a pathogenesis of sarcoidosis different from autoim-
mune diseases such as SLE, MS, and giant cell ar-
teritis. We believe that comparison of disease sus-
ceptibility genes between sarcoidosis and autoim-
mune diseases may provide clues to elucidate simi-
larities and differences in the pathogenesis of these
disease entities.

A limitation of this study is that we investigat-
ed only one CD24 polymorphism. It has also been
demonstrated that another CD24 polymorphism, a
dinucleotide deletion in the 3’UTR, conferred a sig-
nificant protection against the risk of progression of
MS and SLE (22). However, a more recent report
showed a high degree of linkage disequilibrium be-
tween this deletion polymorphism and the exon 2
dimorphism that we studied here (13, 22). A slight
distortion of Hardy-Weinberg equilibrium was ob-
served in the patient population undergoing BAL
(p=0.041). Is is most likely that this distortion was
due to the small number of subjects (n=84), although
there may be some selection bias in the population.
Furthermore, the present study was limited to a
Japanese population. Genetic susceptibility to sar-
coidosis is different among different ethnicities (23).
Thus, further study is required in other populations
with different ethnic and ancestral backgounds.

Despite the limitation, we first showed that
CD24 exon 2 dimorphism does not affect disease
susceptibility or clinical features including BAL cell
profiles of sarcoidosis using adequate numbers of
Japanese patients.

In conclusion, we demonstrated that C/T di-
morphism in exon 2 of CD24 gene had no signifi-
cant association with disease susceptibility or clinical
features including BAL cell profiles in Japanese sar-
coidosis patients.
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