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A B S T R A C T

CD209 (DC-SIGN) is an important C-type lectin which acts a receptor of many pathogens. The single
nucleotide polymorphism (SNP) �336A�G in the CD209 promoter has been demonstrated to regulate
promoter activity and to be associated with several important infectious diseases, such as human immuno-
deficiency virus–1 (HIV-1), Mycobacterium tuberculosis, and Dengue fever. CD209 facilitates severe acute
respiratory syndrome (SARS)–coronavirus spike protein-bearing pseudotype driven infection of permissive
cells in vitro. In keeping with previously published findings, our in vitro studies confirmed that this SNP
modulates gene promoter activity. Genetic association analysis of this SNPwith clinico-pathologic outcomes
in 824 serologic confirmed SARS patients showed that the �336AG/GG genotype SARS patients was associ-
ated with lower standardized lactate-dehydrogenase (LDH) levels compared with the �336AA patients (p �

0.014, odds ratio � 0.40). High LDH levels are known to be an independent predictor for poor clinical
outcome, probably related to tissue destruction from immune hyperactivity. Hence, SARS patients with the
CD209�336 AA genotype carry a 60% chance of having a poorer prognosis. This association is in keepingwith
the role of CD209 inmodulating immune response to viral infection. The relevance of these findings for other
infectious diseases and inflammatory conditions would be worth investigating.

� 2010 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.
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. Introduction

Severe acute respiratory syndrome (SARS) is a novel infectious
ulmonary disease caused by the SARS Coronavirus (SARS-CoV),
hich probably originated in Southern China in the fall of 2002. The
isease then spread to other parts of Asia, Europe, and Northern
merica, with more than 8000 cases reported worldwide [1–3]. In
ong Kong, there were approximately 1800 SARS patients with
pproximately 300 deaths. The consensus document of World
ealth Organization (WHO) reported that 20%–30% of individuals
eveloped severe lung injury, resulting in an overall fatality rate of
5%–17% [4,5]. Clinical studies in Hong Kong and Taiwanese SARS
atients had shown that high lactate dehydrogenase (LDH) levels
a
* Corresponding author.

E-mail address: uskhoo@pathology.hku.hk (U.-S. Khoo).

198-8859/10/$32.00 - see front matter � 2010 American Society for Histocompatibility
oi:10.1016/j.humimm.2010.03.006
n admission were independently associated with adverse clinical
utcome of the disease [2,6,7].
SARS pathogenesis studies have identified angiotensin-converting

nzyme 2 (ACE2) as a functional receptor for SARS-CoV [8], and
LEC4M (or liver/lymph node–specific ICAM-3–grabbing noninte-
rin [L-SIGN]) as a binding receptor for SARS-CoV [9]. CD209 (or
endritic cell–specific ICAM-3–grabbing nonintegrin [DC-SIGN]),
hich shares 77% amino acid identity with CLEC4M [10,11], was

ound to interact with the spike (S)–protein of the virus, enhancing
seudotyped SARS-CoV S-protein–driven infection and facilitating
iral transmission to susceptible cells [12,13]. CD209, a C-type
ectin expressed on subsets of human dendritic cells (DCs) and
lveolar macrophages [10,14,15], functions both as a cell-adhesion
nd as a pathogen-recognition receptor [16]. It has been shown that
D209 as a pathogen-recognition receptor allows DCs to capture

nd interact with a plethora of pathogens, such as Mycobacterium

and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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eprae [17],M. tuberculosis [18], parasites and other viruses such as
IV-1 [19], Ebola [20], hepatitis C virus (HCV) [21], and Dengue
irus [22]. As an adhesion receptor, it plays an important role in
any DC functions, such as DC-T cell interaction and DCmigration

23,24].
SARS-CoV may infect anyone regardless of age, gender or eth-

icity. However, different individuals show different clinical out-
omes [25]. Host genetic factors have been shown to result in
ifferences in outcome of the disease. These include the genetic
olymorphisms in ACE1 [26], ICAM3 [27], MxA [28], and Fc�RIIA
29]. In the CD209 promoter region, a putative functional variant
336A�G (dbSNP: rs4804803) affecting a Sp1-like binding site has
een described [30]. This promoter SNP was found to affect the
ranscription activity of CD209 in vitro [30].Moreover, it was found to
ave significant association with susceptibility to HIV-1 infection,
. tuberculosis infection, and human T-cell lymphotropic virus

ype–1 infection [31–34]. For instance, the �336G allele was found
o be associated with susceptibility to parenteral but not mucosal
or HIV-1 infection in Caucasian individuals, although this finding
as not replicated in individuals of African descent [32]. This allele
as also found associated with severity of Dengue fever disease in
he Thai population [30].

CD209 interacts with ICAM3 for naive T-cell induction. Binding
f ICAM3 to CD209 is mediated at domain 2 of the soluble ICAM3
35]. Our previous association study for SARS-CoV infection
howed that the ICAM3 Asp143Gly SNP (�443A�G; dbSNP:
s2304237) demonstrated significant association with higher LDH
evels and lower total white blood cell counts on admission [27].
eplacement of a charged aspartate by a neutral glycine of this
CAM3 SNP may affect exposure of an N-linked glycosylation site,
ossibly affecting interaction between ICAM3 and CD209. In this
tudy, using in vitro competitive electrophoretic mobility shift
ssay and luciferase promoter activity assay, we confirm the find-
ngs reported by Sakuntabhai et al. [30], showing that CD209 pro-
oter �336A�G SNP could affect the binding of nuclear extract
roteins and regulate promoter activity. Given our previously ob-
erved significant association between the ICAM3 SNP with high
tandardized LDH levels and low white blood cell (WBC) counts
27], and the functional relationship of ICAM3 with CD209, we
ypothesized that the CD209 �336A�G SNP may also show a
imilar association, and may have a synergistic effect with the
CAM3 SNP.

. Subjects and methods

.1. Electrophoretic mobility shift assays

Complementary oligonucleotide pairs harboring either �336A
r �336G of the CD209 promoter, and consensus Sp1 and AP2
robes were 32P-end-labeled and incubated with nuclear extracts
7.5 �g) from the HeLa cells as described [30] with some modifica-
ions. This entailed the use of unlabeled Sp1, AP2, as well as unla-
eled �336 A, and �336 G oligonucleotide probes to compete for
uclear extract binding at 50 times molar excess before incubation
here appropriate. The protein-DNA complexes were resolved us-

ng nondenaturing polyacrylamide gel electrophoresis and then
etected by autoradiography [36].

.2. Assessment of CD209 promoter activity by
uciferase-reporter assay

This promoter activity assay was similarly performed as pre-
iously described [30]. A 1-�g quantity of Luciferase-reporter
D209 promoter constructs (pGL3-basic/CD209-336G and pGL3-
asic/CD209-336A, provided by Sakuntabhai et al. [30]) and 0.1
g of Renilla internal control plasmid were transfected into the
eLa cell line using Lipofectamine 2000 (Invitrogen, Carlsbad,

A). After transient transfection for 24 hours, the cells were f
arvested and the activity of the promoter constructs was as-
ayed using the Dual-Luciferase Reporter Assay System (Pro-
ega, Madison, WI) and measured using the Infinite 200 reader

Tecan, Durham, NC) as described previously [36]. The luciferase
xpression levels of the two CD209 promoter constructs were
ompared, with that of pGL3-basic/CD209-336G being assigned
relative value of 1. The pGL3-basic plasmid was used as nega-
ive control. The experiments were performed in three sets of
riplicates. Results were compared using a Mann–Whitney test.

.3. Study subjects

The study was approved by the Clinical Research Ethics Com-
ittee of the Institute Review Board of the University of Hong
ong/Hospital Authority Hong Kong West Cluster. The SARS
atients were recruited as described previously [27]. Further
ecruitment of additional serologically confirmed SARS patients
ncreased the total number of cases for this study to 824. The
ARS patients, who fulfilled the World Health Organization
WHO) case definition of SARS, were managed in multiple hos-
itals in Hong Kong between February and May 2003 (mean age
0.2 � 13.9 years). All clinical data for this cohort of patients
ere retrospectively collected as described previously [27] from
he Hospital Authority SARS Collaborative Group, Hong Kong,
ith permission from all attending clinicians of the respective
ospitals. For this study, LDH levels andWBC count on admission
as retrieved for analysis.

.4. Genotyping Assay

The �336A�G SNP was genotyped on genomic DNA extracted
rom peripheral blood as described [27] using TaqMan Allelic Dis-
rimination Assay (Applied Biosystems, Foster City, CA). The prim-
rs and probes mix was synthesized by Assay-by-Design Service
romApplied Biosystems. The primer and probe sequences were as
ollows: 5=-ACT GTG TTA CAC CCC CTC CAC TAG-3= (sense) and
=-AGG AAA GCC AGG AGG TCA CA-3= (antisense), 5= FAM-CTG CCT
CC CTT GC-3= (allele A) and 5= VIC-CTA CCT GCC CAC CC-3= (allele
). The genotyping assay was performed according to manufac-
urer in 96-well plate format, which included one well of blank
ontrol, eight replicated samples, and controls for each genotype
hat had been confirmed by direct sequencing.

.5. Statistical analysis

Distribution of the genotypes was tested for conformity with
ardy-Weinberg Equilibrium (HWE) by use of �2 test, taking p �

.05 for the level of significance. Because of the variation in the
eference range of LDH level used by different hospitals, LDH levels
n admissionwas standardized by dividing the actual values by the
pper limit of normal reference range as previously described [27].
omparison between the mean measurements of patients having
ild-type versus the variant genotype was first examined using a
ann–Whitney test. To identify the suitable cut-off point to dichot-
mize measurement values for statistical analysis, the value of the
tandardized LDH levels was arranged in ascending order, forming
curve that fit into a polynomial trend line. The cut-off value was
aken at the point when the values begin to change exponentially.
ases with standardized LDH levels greater than or equal to the
ut-off were categorized as high standardized LDH level, whereas
ases with levels less than the cut-off were classified as low stan-
ardized LDH level. Allele and genotype distributions of the CD209
NP in these standardized LDH level groups were assessed using �2

est using SPSS forWindows (Version 13.0), and odds ratio (OR) and
5% confidence intervals (CIs)were used tomeasure the strength of
ssociation. Logistic regression and interaction model analysis us-
ng SPSS 13 (SPSS Inc., Chicago, IL) was performed as described [37]

or analysis of synergistic effect.
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. Results

.1. Electrophoretic mobility shift assays and promoter
ctivity assays

Our electrophoretic mobility shift assays (EMSA) and promoter
ctivity assays confirm the findings reported by Sakuntabhai et al.
30]. In brief, the �336G probe provided better binding for the
uclear extract proteins than the �336A probe (Fig. 1). The up-
hifted bands of the hot �336A and �336G probes were competed
y the cold�336Gprobe (lanes 10 and 15)more effectively than by
he cold �336A probe (lanes 9 and 16). This suggests that the G
llele provides better binding for the nuclear extract proteins than
he A allele. The up-shifted band of the hot �336G probe was also
ompeted more effectively by the cold AP2 consensus probe (lanes
4 vs 18) compared with that of the hot �336A probe (lanes 8 vs
2). Similar observations were found for competition with the cold
p1 consensus probe (lanes 14 vs 17 and lanes 8 vs 11) suggesting
hat both AP2 and Sp1 proteins bindmore effectively to the �336G
han the �336A, in keepingwith results of competitionwith cold G
nd A probes. Results from the luciferase reporter assays (Supple-
entary Fig. 1) showed that the �336G allele promoter construct
ad significantly lower promoter activity when comparedwith the
336A construct (�336G to �336A ratio � �3.8: 1, p � 0.011).

.2. Analysis for association with clinical outcome

The �336A�G SNP was genotyped in all SARS cases and found
o be in HWE (p � 0.05). The homozygous �336GG and hetero-
ygous �336AG genotypes were combined and designated as
336G-positive genotype, whereas the homozygous �336AA ge-
otype was designated as �336G-negative genotype. Of 824 SARS

ig. 1. EMSA of Sp1 consensus, AP2 consensus, CD209 �336A and �336G probes
pshifted bands could be competed by respective cold competitor probes. (Lower pa

o normalize against that in lane 2; **band intensity in lane 6 was used to normalize agai
n lanes 8–11 and 14–18); hence Lanes 3, 6, and 12 were assigned an arbitrary relative va
ase patients recruited, there were 681 patients with available
nformation of LDH levels andWBC count on admission. This study
ad recruited additional subjects after our previous ICAM3 study
Table 8 in Chan et al. [27]), resulting in four additional cases with
vailable LDHdata andCD209�336A�Ggenotype for analysis. The
ean standardized LDH levels for �336G-negative genotype cases
.14 � 0.03 (mean � standard error of mean [SEM]) was signifi-
antly higher than that for �336G–positive genotype cases, 1.03 �
.04, (p � 0.019, Mann–Whitney test), suggesting that LDH levels
ere associatedwith the CD209 promoter polymorphism �336A�G.
y contrast, there was no significant difference between in mean
BC counts between �336G-negative genotype 5.67 � 0.08 �
09/l and �336G-positive genotype cases 5.63 � 0.18 � 109/l,
p � 0.869).

To examine for risk level, patients were categorized into two
ubgroups using defined standardized LDH cutoff as described pre-
iously [27]. As shown in Fig. 2, the standardized LDH data fits a
olynomial trend line. The point at which LDH level demonstrates
xponential increase is 1.6, which was taken as the cut-off value to
ivide the patients into lower LDH and higher standardized LDH
evel subgroups. The distribution of CD209 �336A�G of SARS pa-
ients into higher standardized LDH level subgroup (�1.6) and
ower standardized LDH level subgroup (�1.6) is presented in Table
. In the higher standardized LDH level group, there is no patient
ith �336GG genotype. The frequency of �336G-positive geno-
ype in the lower standardized LDH level subgroup (18.46%) is
ignificantly higher than that in higher standardized LDH level
ubgroup (8.3%) (p � 0.014, OR � 0.40, 95% CI � 0.19–0.85); the
D209 �336G allele was overrepresented in the lower standard-
zed LDH levels subgroup (9.5%) compared with the higher stan-

HeLa nuclear extract. (Upper panel) Up-shifted bands are indicated by the arrow.
elative intensity of upshifted bands was plotted. *Band intensity in lane 3was used
using
nel) R
nst that in lane 5; ***band intensity in lane 12 was used to normalize against those
lue of 1. Bars indicate standard deviation.
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ardized LDH levels subgroup (4.2%) (p � 0.015, OR � 0.41, 95% CI �
.20–0.86). These results suggest that patientswith�336G-positive
enotype have a 2.5-fold greater chance of having lower LDH levels.
he exclusion of genetically related subjects with logistic regres-
ion analysis taking into account patients’ age and gender, showed
o significant effect on our association findings (Supplementary
able 1), supporting the notion that these factors at least did not
ontribute to population stratification.

.3. Combined genotype analysis of CD209 and ICAM3

To check whether there may be a synergistic effect between the
D209 �336A�G and ICAM3 �443A�G SNPs, genotyping results
f these two SNPs were compared and analyzed using the same set
f SARS patients. There were 677 case patients who had both
CAM3 and CD209 genotypes as well as standardized LDH data
vailable. The wild-type genotypes of both SNPs were combined as
he wild-type �443AA/�336AA group. Analysis of the mean stan-
ardized LDH level on admission of the combined genotypes
howed that patients with the combined genotype �443GG/
336AA had the highest standardized LDH levels (Fig. 3), with
ignificant difference in standardized LDH levels when compared
ith patients with the wild-type �443AA/�336AA genotype (p �

ig. 2. Standardized LDH levels on admission of SARS patients. Identification of
utoff value for higher and lower standardized LDH levels. Black dots indicate
tandardized LDH level of the corresponding SARS patients.

able 1
D209 �336A�G genotype and allele frequencies against standardized LDH levels
n admission of SARS patients

Lower LDH
levela

Higher LDH
levelb

p Valuec OR (95% CI)

enotype N � 585 N � 96
AA 477 (81.5%) 88 (91.7%) 0.047*
AG 105 (18.0%) 8 (8.3%)
GG 3 (0.5%) 0 (0%)
-negative (AA) 477 (81.5%) 88 (91.7%) Reference
-positive (AG/GG) 108 (18.5%) 8 (8.3%) 0.014 0.40 (0.19–0.85)
llele N � 1170 N � 192
A 1059 (90.5%) 184 (95.8%) Reference
G 111 (9.5%) 8 (4.2%) 0.015 0.41 (0.20–0.86)

I, confidence interval; OR, odds ratio.
Lower LDH levels: standardized LDH levels on admission that were less than cutoff
alue of 1.6.
Higher LDH levels: standardized LDH levels on admission that were more than the
utoff.
�2 test, df � 1 unless otherwise indicated.
0
p Value for overall genotypes, df � 2. Boldface values indicate significant results
p � 0.05).
.033). The frequency of patients in lower and higher standardized
DH subgroups for each combined genotype was compared, using
he wildtype �443AA/�336AA genotype as reference (Table 2).
verall analysis showed the combined genotypes distribution was
ignificantly different between these two groups (p � 0.024). Com-
ared with the wild type combined �443AA/�336AA genotype,
he combined �443GG/AA genotype was significantly associated
ith higher LDH (p � 0.021, OR � 4.34, 95% CI � 1.34–14.12).
ultivariate logistic regression statistical model with adjustment

or age and gender was used to examine for synergistic effect
etween the SNPs. The results indicated that the two SNPs were
ndependent of each other with no significant interaction between
hem (p � 0.845, Table 2).

. Discussion

In keepingwith the findings of Sakuntabhai et al. [30], our EMSA
nd luciferase promoter activity results confirm that the CD209
336A�G SNP affects promoter activity. Our experiments demon-
trate the binding of �336G is clearly stronger than that of �336A,
nd that both Sp1 and AP2 proteins bindmore effectively to�336G
han to �336A. The mechanism of how Sp1 and AP2 affect the
romoter or transcription activity, however, remains unclear and
emains to be investigated.

Our genotype association analysis of probably one of the largest
ollection of SARS patients showed that the G allele of the
336A�G SNP was significantly associated with lower standard-

zed LDH levels on admission of SARS patients. The overall mean of
tandardized LDH levels for the �336G-positive group (1.03 �

ig. 3. Mean standardized LDH level on admission of the combined genotype of
CAM3 �443A�G and CD209 �336A�G SNPs

ombined genotype No. of
cases

Mean LDH
level

SEM p Valuea

CAM3 �443A�G
Asp143Gly)

CD209
�336A�G

A AA 439 1.11 0.03 Reference
A AG 95 1.00 0.05 0.210
A GG 3 0.87 0.11 0.440
G AA 110 1.17 0.05 0.359
G AG 17 1.06 0.08 0.715
G AA 12 1.85 0.31 0.033
G AG 1 0.91 — —

ean � SEM of standardized LDH level of each of the combined genotypes are
hown.
Mann-Whitney test. Boldface p value indicates significant finding in the compari-
on of �443GG/�336AA versus the reference �443AA/�336AA.
.04)was around the upper limit of the normal range, in contrast to
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he�336G-negative group (1.14� 0.03), whichwas 14% above the
pper limit of the normal physiologic range. Such 14% excess of
hysiologic reference levels most likely carries biologic signifi-
ance. Increase in serum LDH activity is postulated to be a result of
assive tissue destruction related to immune hyperactivity during

he acute phase of SARS-CoV infection [38]. Indeed, high LDH levels
n admission has previously been shown to be an independent
rognostic indicator of SARS infection which can help clinicians to
redict adverse clinical outcome [2,6,7].
The patients who died of SARS were too few in our cohort for

alid statistical analysis. As our patients were recruited from six
ifferent hospitals, differences in management preferences intro-
uced confounding factors, which rendered clinical parameters
nappropriate for use as adverse clinical outcome measures. In
ontrast, laboratory parameters can be easily standardized as a
atio of the upper limit of normal reference range. Thus, besides
eing clinically relevant, standardized in this manner, LDH levels
n admission could be used as a surrogate marker for adverse
isease outcome.
CD209 plays a role in pathogen–DC interaction and in DC–

mmunecell interaction.TheACE2 [8]andCLEC4M [9]geneshavebeen
hown to be the functional and binding receptor for SARS-CoV,
espectively, facilitating SARS-CoV infection. Because CD209 is nei-
her a functional nor a binding receptor for SARS-CoV, we believe
hat CD209 probably plays a more important role in the DC–im-
une cell interaction, which can influence immune response and,
ltimately, clinical outcome in SARS-CoV infection. It has been
eported that a cytokine and chemokine storm occurswith a signif-
cant elevation of T-helper cell cytokine IFN-�, inflammatory cyto-
ine IL-1, IL-6, IL-12, monocyte-chemoattractant protein–1 and Th1
FN-�-induced protein–10 during the early phase of SARS-CoV infec-
ion [39] with “ground glass” changes on chest radiography [40].
ndividuals who died during the first 10 days of illness show patho-
ogic evidence of diffuse alveolar damage with a mixed alveolar
nfiltrate, lung edema, and hyalinemembrane formation [41]. Exces-
ive reaction of the host’s immune response has been thought to be
he cause for the severe tissue injury observed in SARS patients [38].

The lower transcription activity of the �336G allele compared
ith the �336A allele suggests that individuals with the �336-G
llele might be less immune-responsive to SARS-CoV, with lower
evels of CD209 protein expression, resulting in less efficient T-cell

able 2
nalysis of distribution of combined ICAM3/CD209 genotypes against standardized
ge and gender

CAM3 �443A�G (Asp143Gly) CD209 �336A�G Lowe

ombined genotype Total
AA AA 377 (
AA AG 89 (
AA GG 3 (
AG AA 90 (
AG AG 15 (
GG AA 7 (
GG AG 1 (
ogistic regression analysis
CD209 �336A�G (genotypes)
ICAM3 �443A�G (genotypes)
Interaction of CD209 �336A�G and

ICAM3 �443A�G

I, confidence interval; OR, odds ratio. Note: Only 677 cases were analyzed, as th
or ICAM3 �443A�G [27].
oldface values indicate significant results (p � 0.05).
Lower LDH levels: standardized LDH levels on admission that were less than the cu
Higher LDH levels: standardized LDH levels on admission that were more than the
�2 Test, df � 1, unless otherwise indicated.
p Value for overall analysis of combined genotype.
nduction and in reduced cytokine and chemokine secretion in lung h
lveoli. The G allele of CD209 �336A�G might thus be protective
or lung injury during the progression of SARS infection.

Interestingly, theminor allele frequency (MAF) of �336G varies
etween different ethnic groups. Asian populations have the low-
st frequency, with that among Chinese patients in our study 8.7%,
hat in Thai individuals reported as 8% [30], and that in an Asian
roup studied 5.4% [34], which is significantly different from that
bserved in European Caucasian, African, and American-African
opulations (�20%) [30,31,33,34] (dbSNP assay # ss15355133).
uch genetic heterogeneity between populations of a SNP that can
nfluence CD209 expression levels is supportive of its possible
ontribution to the process of natural selection. This SNP has been
hown tohave significant association for parenteralHIV-1 infection
32], tuberculosis [31], human T-cell lymphotropic virus infection
34], and Dengue fever infection [30], suggesting its role in natural
election for individuals who survived from lethal disease/patho-
en challenge. Indeed, studies have found genetic imprinting by
atural selection imposed through pathogen pressures on human
enes involved in immune response or in host–pathogen interac-
ions, such as HLA [42,43] and CCR5 [44].

By resequencing the CD209 promoter in 24 healthy Chinese
ndividuals, we further identified four other SNPs withMAF of �5%
�139A�G, �871A�G, �939G�A, and �1180A�T). An in silico
earch showed that SNPs �871A�G and �939G�A harbored puta-
ive transcription factors with significantly different binding
cores, but genotypingwas unable to demonstrate significant asso-
iation with disease severity. Furthermore, genotyping ethnical
atched healthy control subjects recruited previously [27] for the
336A�G, �871A�G and �939G�A SNPs showed no significant
isk association (data not shown).

We had previously reported the �443G-positive genotype of
he ICAM3 A�G SNP was associated with higher standardized LDH
n admission (p � 0.0067; OR � 4.31, 95% CI � 1.37–13.56) [27].
he present study found the homozygote wild-type (or �336G-
egative genotype) of the CD209 �336A�G SNP was associated
ith higher standardized LDH levels on admission. Combined ge-
otype analysis of CD209 �336A�G and ICAM3 �443A�G showed
hat the overall combined genotypes was significantly associated
ith LDH levels, with the �443GG/�336AA genotype having sig-
ificantly highest standardized LDH levels. Patients with this
443GG/�336AA genotype had a 4.34-fold increased risk for

evels in combined genotype analysis and logistic regression analysis adjusted for

levela Higher LDH levelb p Valuec OR (95% CI)

Total � 95 0.024d

62 (65.3%) — Reference
6 (6.3%) 0.039 0.41 (0.17–0.98)
0 (0%) 1.00 —

20 (21.0%) 0.286 1.35 (0.78–2.35)
2 (2.1%) 1.00 —
5 (5.3%) 0.021 4.34 (1.34–14.12)
0 (0%) 1.00 —

0.048 0.36 (0.13–0.99)
0.004 1.97 (1.24–3.11)
0.845 1.18 (0.22–6.41)

s the number of cases (with the availability of LDH data) genotyped previously

alue of 1.6.
f.
LDH l

r LDH

� 582
64.8%)
15.3%)
0.5%)
15.4%)
2.6%)
1.2%)
0.2%)

is wa

toff v
cutof
igher standardized LDH levels on admission. Although the com-
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ined analysis gave statistically significant results, results from
ultivariate logistic regression analysis failed to demonstrate a
ynergistic effect between the two SNPs. The physical locations of
D209 and ICAM3, �2.5Mb apart on chromosome 19q13, and the
igh recombination ratewithin this region (obtained fromHapMap
ttp://www.hapmap.org), suggest that the loci of these two SNPs
re highly independent.
In summary, our in vitro experiments confirmed the findings of

akuntabhai et al. [30] that the �336A�G promoter SNP has a role
f in transcriptional regulation of CD209. Our genetic association
tudy showed that the �336A�G variant of CD209 was associated
ith higher standardized LDH levels on admission which is an

ndependent prognostic indicator for SARS, suggesting that the
336A�G polymorphism of CD209 may influence the outcome of
ARS infection. This functional SNP may alter the CD209 gene ex-
ression thus altering host immune response. The relevance of this
nding in relation to other infectious diseases or inflammatory
onditions would be worth investigation.

cknowledgments

We thank Drs. Vivian Wong and Jane Chan and Edwina Shung
Hospital Authority SARS Collaborative Group) for the retrieval of
linical data of patients with SARS from the central database. This
tudywas supported by Research Fund for the Control of Infectious
iseases (Project 04050252), Food and Health Bureau, Hong Kong
AR, China.

ppendix. Supplementary data

Supplementary data associatedwith this article can be found, in
he online version, at 10.1016/j.humimm.2010.03.006.

eferences

[1] Booth CM, Matukas LM, Tomlinson GA, Rachlis AR, Rose DB, Dwosh HA, et al.
Clinical features and short-term outcomes of 144 patients with SARS in the
greater Toronto area. J Am Med Assoc 2003;289:2801–9.

[2] Lee N, Hui D, Wu A, Chan P, Cameron P, Joynt GM, et al. A major outbreak of
severe acute respiratory syndrome in Hong Kong. N Engl J Med 2003;348:
1986–94.

[3] Tsang KW, Ho PL, Ooi GC, Yee WK, Wang T, Chan-Yeung M, et al. A cluster of
cases of severe acute respiratory syndrome in Hong Kong. N Engl J Med
2003;348:1977–85.

[4] Fung WK, Yu PL. SARS case-fatality rates. Can Med Assoc J 2003;169:277–8.
[5] Karlberg J, Chong DS, Lai WY. Domen have a higher case fatality rate of severe

acute respiratory syndrome than women do? Am J Epidemiol 2004;159:229–
31.

[6] Chen CY, Lee CH, Liu CY, Wang JH, Wang LM, Perng RP. Clinical features and
outcomes of severe acute respiratory syndrome and predictive factors for
acute respiratory distress syndrome. J Chin Med Assoc 2005;68:4–10.

[7] Choi KW, Chau TN, Tsang O, Tso E, Chiu MC, Tong WL, et al. Outcomes and
prognostic factors in 267 patients with severe acute respiratory syndrome in
Hong Kong. Ann Intern Med 2003;139:715–23.

[8] Li W, Moore MJ, Vasilieva N, Sui J, Wong SK, Berne MA, et al. Angiotensin-
converting enzyme 2 is a functional receptor for the SARS coronavirus. Nature
2003;426:450–4.

[9] Jeffers SA, Tusell SM, Gillim-Ross L, Hemmila EM, Achenbach JE, Babcock GJ, et
al. CD209L (L-SIGN) is a receptor for severe acute respiratory syndrome coro-
navirus. Proc Natl Acad Sci U S A 2004;101:15748–53.

10] Soilleux EJ, Barten R, Trowsdale J. DC-SIGN; a related gene, DC-SIGNR; and
CD23 form a cluster on 19p13. J Immunol 2000;165:2937–42.

11] Khoo US, Chan KY, Chan VS, Lin CL. DC-SIGN and L-SIGN: The SIGNs for
infection. J Mol Med 2008;86:861–74.

12] Marzi A, Gramberg T, SimmonsG,Moller P, RennekampAJ, KrumbiegelM, et al.
DC-SIGN and DC-SIGNR interact with the glycoprotein of Marburg virus and
the S protein of severe acute respiratory syndrome coronavirus. J Virol 2004;
78:12090–5.

13] Yang ZY, Huang Y, Ganesh L, Leung K, KongWP, Schwartz O, et al. pH-Dependent
entry of severe acute respiratory syndrome coronavirus is mediated by the spike
glycoprotein and enhanced by dendritic cell transfer through DC-SIGN. J Virol
2004;78:5642–50.

14] Tailleux L, Pham-Thi N, Bergeron-Lafaurie A, Herrmann JL, Charles P, Schwartz
O, et al. DC-SIGN induction in alveolar macrophages defines privileged target
host cells for mycobacteria in patients with tuberculosis. PLoS Med 2005;2:
e381.

15] Tailleux L, Schwartz O, Herrmann JL, Pivert E, Jackson M, Amara A, et al.

DC-SIGN is the major Mycobacterium tuberculosis receptor on human den-
dritic cells. J Exp Med 2003;197:121–7.
16] Soilleux EJ, Morris LS, Leslie G, Chehimi J, Luo Q, Levroney E, et al. Constitutive
and induced expression of DC-SIGN on dendritic cell and macrophage sub-
populations in situ and in vitro. J Leukoc Biol 2002;71:445–57.

17] Barreiro LB, Quach H, Krahenbuhl J, Khaliq S, Mohyuddin A, Mehdi SQ, et al.
DC-SIGN interacts with Mycobacterium leprae but sequence variation in this
lectin is not associatedwith leprosy in the Pakistani population. Hum Immunol
2006;67:102–7.

18] Geijtenbeek TB, van Vliet SJ, Engering A, Hart BA, van Kooyk Y. Self- and
nonself-recognition by C-type lectins on dendritic cells. Annu Rev Immunol
2004;22:33–54.

19] Geijtenbeek TB, KwonDS, TorensmaR, van Vliet SJ, vanDuijnhovenGC,Middel
J, et al. DC-SIGN, a dendritic cell-specific HIV-1-binding protein that enhances
trans-infection of T cells. Cell 2000;100:587–97.

20] Alvarez CP, Lasala F, Carrillo J, Muniz O, Corbi AL, Delgado R. C-type lectins
DC-SIGN and L-SIGN mediate cellular entry by Ebola virus in cis and in trans.
J Virol 2002;76:6841–4.

21] Wang QC, Feng ZH, Nie QH, Zhou YX. DC-SIGN: Binding receptors for hepatitis
C virus. Chin Med J [Engl] 2004;117:1395–400.

22] Tassaneetrithep B, Burgess TH, Granelli-Piperno A, Trumpfheller C, Finke J, Sun
W, et al. DC-SIGN (CD209)mediates dengue virus infection of human dendritic
cells. J Exp Med 2003;197:823–9.

23] Geijtenbeek TB, Krooshoop DJ, Bleijs DA, van Vliet SJ, van Duijnhoven GC,
Grabovsky V, et al. DC-SIGN-ICAM-2 interaction mediates dendritic cell traf-
ficking. Nat Immunol 2000;1:353–7.

24] Geijtenbeek TB, Torensma R, van Vliet SJ, van Duijnhoven GC, Adema GJ, van
Kooyk Y, Figdor CG. Identification of DC-SIGN, a novel dendritic cell-specific
ICAM-3 receptor that supports primary immune responses. Cell 2000;100:
575–85.

25] Donnelly CA, Ghani AC, Leung GM, Hedley AJ, Fraser C, Riley S, et al. Epidemi-
ological determinants of spread of causal agent of severe acute respiratory
syndrome in Hong Kong. Lancet 2003;361:1761–6.

26] Itoyama S, Keicho N, Quy T, Phi NC, Long HT, Ha D, et al. ACE1 polymorphism
and progression of SARS. Biochem Biophys Res Commun 2004;323:1124–9.

27] Chan KY, Ching JC, Xu MS, Cheung AN, Yip SP, Yam LY, et al.. Association of
ICAM3 genetic variant with severe acute respiratory syndrome. J Infect Dis
2007;196:271–80.

28] Hamano E, HijikataM, Itoyama S, Quy T, Phi NC, Long HT, et al. Polymorphisms
of interferon-inducible genes OAS-1 and MxA associated with SARS in the
Vietnamese population. Biochem Biophys Res Commun 2005;329:1234–9.

29] Yuan FF, Tanner J, Chan PK, Biffin S, Dyer WB, Geczy AF, et al. Influence of
FcgammaRIIA andMBL polymorphisms on severe acute respiratory syndrome.
Tissue Antigens 2005;66:291–6.

30] Sakuntabhai A, Turbpaiboon C, Casademont I, Chuansumrit A, Lowhnoo T,
Kajaste-Rudnitski A, et al. A variant in the CD209 promoter is associated with
severity of dengue disease. Nat Genet 2005;37:507–13.

31] Barreiro LB, Neyrolles O, Babb CL, Tailleux L, Quach H, McElreavey K, et al.
Promoter variation in the DC-SIGN-encoding gene CD209 is associated with
tuberculosis. PLoS Med 2006;3:e20.

32] MartinMP, LedermanMM,HutchesonHB, Goedert JJ, NelsonGW, van Kooyk Y,
et al. Association of DC-SIGN promoter polymorphism with increased risk for
parenteral, but not mucosal, acquisition of human immunodeficiency virus
type 1 infection. J Virol 2004;78:14053–6.

33] Vannberg FO, Chapman SJ, Khor CC, Tosh K, Floyd S, Jackson-Sillah D, et al.
CD209 genetic polymorphism and tuberculosis disease. PLoS ONE 2008;3:
e1388.

34] Kashima S, Rodrigues ES, Azevedo R, da Cruz Castelli E, Mendes-Junior CT,
Yoshioka FK, et al. DC-SIGN (CD209) gene promoter polymorphisms in a
Brazilian population and their association with human T-cell lymphotropic
virus type 1 infection. J Gen Virol 2009;90:927–34.

35] Jimenez D, Roda-Navarro P, Springer TA, Casasnovas JM. Contribution of N-
linked glycans to the conformation and function of intercellular adhesion
molecules (ICAMs). J Biol Chem 2005;280:5854–61.

36] Chan KY, Liu W, Long JR, Yip SP, Chan SY, Shu XO, et al. Functional polymor-
phisms in the BRCA1 promoter influence transcription and are associatedwith
decreased risk for breast cancer in Chinesewomen. JMedGenet 2009;46:32–9.

37] Garcia-MagarinosM, Lopez-de-Ullibarri I, Cao R, Salas A. Evaluating the ability
of tree-based methods and logistic regression for the detection of SNP-SNP
interaction. Ann Hum Genet 2009;73:360–9.

38] Tsui PT, Kwok ML, Yuen H, Lai ST. Severe acute respiratory syndrome: Clinical
outcome and prognostic correlates. Emerg Infect Dis 2003;9:1064–9.

39] Wong CK, Lam CW,Wu AK, IpWK, Lee NL, Chan IH, et al. Plasma inflammatory
cytokines and chemokines in severe acute respiratory syndrome. Clin Exp
Immunol 2004;136:95–103.

40] Peiris JS, Chu CM, Cheng VC, Chan KS, Hung IF, Poon LL, et al. Clinical progres-
sion and viral load in a community outbreak of coronavirus-associated SARS
pneumonia: A prospective study. Lancet 2003;361:1767–72.

41] Nicholls JM, Poon LL, Lee KC, Ng WF, Lai ST, Leung CY, et al. Lung pathology of
fatal severe acute respiratory syndrome. Lancet 2003;361:1773–8.

42] Cooke GS, Hill AV. Genetics of susceptibility to human infectious disease. Nat
Rev Genet 2001;2:967–77.

43] Ohta T. Role of diversifying selection and gene conversion in evolution ofmajor
histocompatibility complex loci. Proc Natl Acad Sci U S A 1991;88:6716–20.

44] Bamshad MJ, Mummidi S, Gonzalez E, Ahuja SS, Dunn DM, Watkins WS, et al..

A strong signature of balancing selection in the 5= cis-regulatory region of
CCR5. Proc Natl Acad Sci U S A 2002;99:10539–44.

http://www.hapmap.org
http://dx.doi.org/10.1016/j.humimm.2010.03.006

	CD209 (DC-SIGN) −336A>G promoter polymorphism and severe acute respiratory syndrome in Hong Kong Chinese
	1. Introduction
	2. Subjects and methods
	2.1. Electrophoretic mobility shift assays
	2.2. Assessment of CD209 promoter activity by luciferase-reporter assay
	2.3. Study subjects
	2.4. Genotyping Assay
	2.5. Statistical analysis

	3. Results
	3.1. Electrophoretic mobility shift assays and promoter activity assays
	3.2. Analysis for association with clinical outcome
	3.3. Combined genotype analysis of CD209 and ICAM3

	4. Discussion
	Appendix. Supplementary data
	Acknowledgments
	References


