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ARTICLE INFO ABSTRACT
Am'Cl? history: CD209 (DC-SIGN) is an important C-type lectin which acts a receptor of many pathogens. The single
Received 5 August 2009 nucleotide polymorphism (SNP) —336A>G in the CD209 promoter has been demonstrated to regulate

Accepted 22 March 2010

- A promoter activity and to be associated with several important infectious diseases, such as human immuno-
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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

é(;}l;vsvords‘ cells in vitro. In keeping with previously published findings, our in vitro studies confirmed that this SNP
D209 modulates gene promoter activity. Genetic association analysis of this SNP with clinico-pathologic outcomes
DC-SIGN in 824 serologic confirmed SARS patients showed that the —336AG/GG genotype SARS patients was associ-
SNP ated with lower standardized lactate-dehydrogenase (LDH) levels compared with the —336AA patients (p =
Lactate dehydrogenase 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 keeping with
the role of CD209 in modulating 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.
1. Introduction on admission were independently associated with adverse clinical

outcome of the disease [2,6,7].

SARS pathogenesis studies have identified angiotensin-converting
enzyme 2 (ACE2) as a functional receptor for SARS-CoV [8], and
CLEC4M (or liver/lymph node-specific ICAM-3-grabbing noninte-
grin [L-SIGN]) as a binding receptor for SARS-CoV [9]. CD209 (or
dendritic cell-specific ICAM-3-grabbing nonintegrin [DC-SIGN]),
which shares 77% amino acid identity with CLEC4M [10,11], was
found to interact with the spike (S)-protein of the virus, enhancing
pseudotyped SARS-CoV S-protein-driven infection and facilitating
viral transmission to susceptible cells [12,13]. CD209, a C-type
lectin expressed on subsets of human dendritic cells (DCs) and
alveolar macrophages [10,14,15], functions both as a cell-adhesion
and as a pathogen-recognition receptor [16]. It has been shown that

* Corresponding author. CD209 as a pathogen-recognition receptor allows DCs to capture

E-mail address: uskhoo@pathology.hku.hk (U.-S. Khoo). and interact with a plethora of pathogens, such as Mycobacterium

Severe acute respiratory syndrome (SARS) is a novel infectious
pulmonary disease caused by the SARS Coronavirus (SARS-CoV),
which probably originated in Southern China in the fall of 2002. The
disease then spread to other parts of Asia, Europe, and Northern
America, with more than 8000 cases reported worldwide [1-3]. In
Hong Kong, there were approximately 1800 SARS patients with
approximately 300 deaths. The consensus document of World
Health Organization (WHO) reported that 20%-30% of individuals
developed severe lung injury, resulting in an overall fatality rate of
15%-17% [4,5]. Clinical studies in Hong Kong and Taiwanese SARS
patients had shown that high lactate dehydrogenase (LDH) levels
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leprae [17], M. tuberculosis [ 18], parasites and other viruses such as
HIV-1 [19], Ebola [20], hepatitis C virus (HCV) [21], and Dengue
virus [22]. As an adhesion receptor, it plays an important role in
many DC functions, such as DC-T cell interaction and DC migration
[23,24].

SARS-CoV may infect anyone regardless of age, gender or eth-
nicity. However, different individuals show different clinical out-
comes [25]. Host genetic factors have been shown to result in
differences in outcome of the disease. These include the genetic
polymorphisms in ACE1 [26], ICAM3 [27], MXA [28], and FcyRIIA
[29]. In the CD209 promoter region, a putative functional variant
—336A>G (dbSNP: rs4804803) affecting a Sp1-like binding site has
been described [30]. This promoter SNP was found to affect the
transcription activity of CD209 in vitro [30]. Moreover, it was found to
have significant association with susceptibility to HIV-1 infection,
M. tuberculosis infection, and human T-cell lymphotropic virus
type-1 infection [31-34]. For instance, the —336G allele was found
to be associated with susceptibility to parenteral but not mucosal
for HIV-1 infection in Caucasian individuals, although this finding
was not replicated in individuals of African descent [32]. This allele
was also found associated with severity of Dengue fever disease in
the Thai population [30].

CD209 interacts with ICAM3 for naive T-cell induction. Binding
of ICAM3 to CD209 is mediated at domain 2 of the soluble ICAM3
[35]. Our previous association study for SARS-CoV infection
showed that the ICAM3 Asp143Gly SNP (+443A>G; dbSNP:
1s2304237) demonstrated significant association with higher LDH
levels and lower total white blood cell counts on admission [27].
Replacement of a charged aspartate by a neutral glycine of this
ICAM3 SNP may affect exposure of an N-linked glycosylation site,
possibly affecting interaction between ICAM3 and CD209. In this
study, using in vitro competitive electrophoretic mobility shift
assay and luciferase promoter activity assay, we confirm the find-
ings reported by Sakuntabhai et al. [30], showing that CD209 pro-
moter —336A>G SNP could affect the binding of nuclear extract
proteins and regulate promoter activity. Given our previously ob-
served significant association between the ICAM3 SNP with high
standardized LDH levels and low white blood cell (WBC) counts
[27], and the functional relationship of ICAM3 with CD209, we
hypothesized that the CD209 —336A>G SNP may also show a
similar association, and may have a synergistic effect with the
ICAM3 SNP.

2. Subjects and methods
2.1. Electrophoretic mobility shift assays

Complementary oligonucleotide pairs harboring either —336A
or —336G of the CD209 promoter, and consensus Sp1 and AP2
probes were *?P-end-labeled and incubated with nuclear extracts
(7.5 ng) from the HelLa cells as described [30] with some modifica-
tions. This entailed the use of unlabeled Sp1, AP2, as well as unla-
beled —336 A, and —336 G oligonucleotide probes to compete for
nuclear extract binding at 50 times molar excess before incubation
where appropriate. The protein-DNA complexes were resolved us-
ing nondenaturing polyacrylamide gel electrophoresis and then
detected by autoradiography [36].

2.2. Assessment of CD209 promoter activity by
luciferase-reporter assay

This promoter activity assay was similarly performed as pre-
viously described [30]. A 1-ug quantity of Luciferase-reporter
CD209 promoter constructs (pGL3-basic/CD209-336G and pGL3-
basic/CD209-336A, provided by Sakuntabhai et al. [30]) and 0.1
wng of Renilla internal control plasmid were transfected into the
HelLa cell line using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA). After transient transfection for 24 hours, the cells were

harvested and the activity of the promoter constructs was as-
sayed using the Dual-Luciferase Reporter Assay System (Pro-
mega, Madison, WI) and measured using the Infinite 200 reader
(Tecan, Durham, NC) as described previously [36]. The luciferase
expression levels of the two CD209 promoter constructs were
compared, with that of pGL3-basic/CD209-336G being assigned
a relative value of 1. The pGL3-basic plasmid was used as nega-
tive control. The experiments were performed in three sets of
triplicates. Results were compared using a Mann-Whitney test.

2.3. Study subjects

The study was approved by the Clinical Research Ethics Com-
mittee of the Institute Review Board of the University of Hong
Kong/Hospital Authority Hong Kong West Cluster. The SARS
patients were recruited as described previously [27]. Further
recruitment of additional serologically confirmed SARS patients
increased the total number of cases for this study to 824. The
SARS patients, who fulfilled the World Health Organization
(WHO) case definition of SARS, were managed in multiple hos-
pitals in Hong Kong between February and May 2003 (mean age
40.2 = 13.9 years). All clinical data for this cohort of patients
were retrospectively collected as described previously [27] from
the Hospital Authority SARS Collaborative Group, Hong Kong,
with permission from all attending clinicians of the respective
hospitals. For this study, LDH levels and WBC count on admission
was retrieved for analysis.

2.4. Genotyping Assay

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

2.5. Statistical analysis

Distribution of the genotypes was tested for conformity with
Hardy-Weinberg Equilibrium (HWE) by use of »? test, taking p <
0.05 for the level of significance. Because of the variation in the
reference range of LDH level used by different hospitals, LDH levels
on admission was standardized by dividing the actual values by the
upper limit of normal reference range as previously described [27].
Comparison between the mean measurements of patients having
wild-type versus the variant genotype was first examined using a
Mann-Whitney test. To identify the suitable cut-off point to dichot-
omize measurement values for statistical analysis, the value of the
standardized LDH levels was arranged in ascending order, forming
a curve that fit into a polynomial trend line. The cut-off value was
taken at the point when the values begin to change exponentially.
Cases with standardized LDH levels greater than or equal to the
cut-off were categorized as high standardized LDH level, whereas
cases with levels less than the cut-off were classified as low stan-
dardized LDH level. Allele and genotype distributions of the CD209
SNP in these standardized LDH level groups were assessed using y?
test using SPSS for Windows (Version 13.0), and odds ratio (OR) and
95% confidence intervals (CIs) were used to measure the strength of
association. Logistic regression and interaction model analysis us-
ing SPSS 13 (SPSS Inc., Chicago, IL) was performed as described [37]
for analysis of synergistic effect.
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3. Results

3.1. Electrophoretic mobility shift assays and promoter
activity assays

Our electrophoretic mobility shift assays (EMSA) and promoter
activity assays confirm the findings reported by Sakuntabhai et al.
[30]. In brief, the —336G probe provided better binding for the
nuclear extract proteins than the —336A probe (Fig. 1). The up-
shifted bands of the hot —336A and —336G probes were competed
by the cold —336G probe (lanes 10 and 15) more effectively than by
the cold —336A probe (lanes 9 and 16). This suggests that the G
allele provides better binding for the nuclear extract proteins than
the A allele. The up-shifted band of the hot —336G probe was also
competed more effectively by the cold AP2 consensus probe (lanes
14 vs 18) compared with that of the hot —336A probe (lanes 8 vs
12). Similar observations were found for competition with the cold
Sp1 consensus probe (lanes 14 vs 17 and lanes 8 vs 11) suggesting
that both AP2 and Sp1 proteins bind more effectively to the —336G
than the —336A, in keeping with results of competition with cold G
and A probes. Results from the luciferase reporter assays (Supple-
mentary Fig. 1) showed that the —336G allele promoter construct
had significantly lower promoter activity when compared with the
—336A construct (—336G to —336A ratio = ~3.8: 1,p = 0.011).

3.2. Analysis for association with clinical outcome

The —336A>G SNP was genotyped in all SARS cases and found
to be in HWE (p > 0.05). The homozygous —336GG and hetero-
zygous —336AG genotypes were combined and designated as
—336G-positive genotype, whereas the homozygous —336AA ge-
notype was designated as —336G-negative genotype. Of 824 SARS
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case patients recruited, there were 681 patients with available
information of LDH levels and WBC count on admission. This study
had recruited additional subjects after our previous ICAM3 study
(Table 8 in Chan et al. [27]), resulting in four additional cases with
available LDH data and CD209 —336A>G genotype for analysis. The
mean standardized LDH levels for —336G-negative genotype cases
1.14 = 0.03 (mean = standard error of mean [SEM]) was signifi-
cantly higher than that for —336G-positive genotype cases, 1.03 +
0.04, (p = 0.019, Mann-Whitney test), suggesting that LDH levels
were associated with the CD209 promoter polymorphism —336A>G.
By contrast, there was no significant difference between in mean
WBC counts between —336G-negative genotype 5.67 = 0.08 X
10%/1 and —336G-positive genotype cases 5.63 = 0.18 x 109/,
(p = 0.869).

To examine for risk level, patients were categorized into two
subgroups using defined standardized LDH cutoff as described pre-
viously [27]. As shown in Fig. 2, the standardized LDH data fits a
polynomial trend line. The point at which LDH level demonstrates
exponential increase is 1.6, which was taken as the cut-off value to
divide the patients into lower LDH and higher standardized LDH
level subgroups. The distribution of CD209 —336A>G of SARS pa-
tients into higher standardized LDH level subgroup (=1.6) and
lower standardized LDH level subgroup (<1.6) is presented in Table
1. In the higher standardized LDH level group, there is no patient
with —336GG genotype. The frequency of —336G-positive geno-
type in the lower standardized LDH level subgroup (18.46%) is
significantly higher than that in higher standardized LDH level
subgroup (8.3%) (p = 0.014, OR = 0.40, 95% CI = 0.19-0.85); the
CD209 —336G allele was overrepresented in the lower standard-
ized LDH levels subgroup (9.5%) compared with the higher stan-
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Fig. 1. EMSA of Sp1 consensus, AP2 consensus, CD209 —336A and —336G probes using HeLa nuclear extract. (Upper panel) Up-shifted bands are indicated by the arrow.
Upshifted bands could be competed by respective cold competitor probes. (Lower panel) Relative intensity of upshifted bands was plotted. *Band intensity in lane 3 was used
to normalize against that in lane 2; **band intensity in lane 6 was used to normalize against that in lane 5; ***band intensity in lane 12 was used to normalize against those
in lanes 8-11 and 14-18); hence Lanes 3, 6, and 12 were assigned an arbitrary relative value of 1. Bars indicate standard deviation.
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Fig. 2. Standardized LDH levels on admission of SARS patients. Identification of
cutoff value for higher and lower standardized LDH levels. Black dots indicate
standardized LDH level of the corresponding SARS patients.

dardized LDH levels subgroup (4.2%) (p = 0.015, OR = 0.41,95% Cl =
0.20-0.86). These results suggest that patients with —336G-positive
genotype have a 2.5-fold greater chance of having lower LDH levels.
The exclusion of genetically related subjects with logistic regres-
sion analysis taking into account patients’ age and gender, showed
no significant effect on our association findings (Supplementary
Table 1), supporting the notion that these factors at least did not
contribute to population stratification.

3.3. Combined genotype analysis of CD209 and ICAM3

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

Table 1
CD209 —336A>G genotype and allele frequencies against standardized LDH levels
on admission of SARS patients

Lower LDH Higher LDH p Value© OR (95% CI)
level® level®
Genotype 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%)
G-negative (AA) 477 (81.5%) 88(91.7%) Reference
G-positive (AG/GG) 108 (18.5%) 8(8.3%) 0.014 0.40 (0.19-0.85)
Allele 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)

CI, confidence interval; OR, odds ratio.

2Lower LDH levels: standardized LDH levels on admission that were less than cutoff
value of 1.6.

PHigher LDH levels: standardized LDH levels on admission that were more than the
cutoff.

°x? test, df = 1 unless otherwise indicated.

*p Value for overall genotypes, df = 2. Boldface values indicate significant results
(p <0.05).
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Fig. 3. Mean standardized LDH level on admission of the combined genotype of
ICAM3 +443A>G and CD209 —336A>G SNPs

Combined genotype No. of Mean LDH SEM p Value?
ICAM3 +443A>G  CD209 cases level

(Asp143Gly) ~336A>G

AA AA 439 1.11 0.03 Reference
AA AG 95 1.00 0.05 0.210

AA GG 3 0.87 0.11 0.440

AG AA 110 1.17 0.05 0.359

AG AG 17 1.06 0.08 0.715

GG AA 12 1.85 0.31 0.033

GG AG 1 0.91 — —

Mean + SEM of standardized LDH level of each of the combined genotypes are
shown.

?Mann-Whitney test. Boldface p value indicates significant finding in the compari-
son of +443GG/—336AA versus the reference +443AA/—336AA.

0.033). The frequency of patients in lower and higher standardized
LDH subgroups for each combined genotype was compared, using
the wildtype +443AA/—336AA genotype as reference (Table 2).
Overall analysis showed the combined genotypes distribution was
significantly different between these two groups (p = 0.024). Com-
pared with the wild type combined +443AA/—336AA genotype,
the combined +443GG/AA genotype was significantly associated
with higher LDH (p = 0.021, OR = 4.34, 95% CI = 1.34-14.12).
Multivariate logistic regression statistical model with adjustment
for age and gender was used to examine for synergistic effect
between the SNPs. The results indicated that the two SNPs were
independent of each other with no significant interaction between
them (p = 0.845, Table 2).

4. Discussion

In keeping with the findings of Sakuntabhai et al. [30], our EMSA
and luciferase promoter activity results confirm that the CD209
—336A>G SNP affects promoter activity. Our experiments demon-
strate the binding of —336G is clearly stronger than that of —336A,
and that both Sp1 and AP2 proteins bind more effectively to —336G
than to —336A. The mechanism of how Sp1 and AP2 affect the
promoter or transcription activity, however, remains unclear and
remains to be investigated.

Our genotype association analysis of probably one of the largest
collection of SARS patients showed that the G allele of the
—336A>G SNP was significantly associated with lower standard-
ized LDH levels on admission of SARS patients. The overall mean of
standardized LDH levels for the —336G-positive group (1.03 =
0.04) was around the upper limit of the normal range, in contrast to
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Table 2

Analysis of distribution of combined ICAM3/CD209 genotypes against standardized LDH levels in combined genotype analysis and logistic regression analysis adjusted for

age and gender

ICAM3 +443A>G (Asp143Gly) CD209 —336A>G Lower LDH level® Higher LDH level® p Value® OR (95% CI)
Combined genotype Total = 582 Total = 95 0.0244
AA AA 377 (64.8%) 62 (65.3%) — Reference
AA AG 89 (15.3%) 6(6.3%) 0.039 0.41 (0.17-0.98)
AA GG 3(0.5%) 0(0%) 1.00 -
AG AA 90 (15.4%) 20(21.0%) 0.286 1.35(0.78-2.35)
AG AG 15 (2.6%) 2(2.1%) 1.00 —
GG AA 7 (1.2%) 5(5.3%) 0.021 4.34 (1.34-14.12)
GG AG 1(0.2%) 0(0%) 1.00 —
Logistic regression analysis
CD209 —336A>G (genotypes) 0.048 0.36(0.13-0.99)
ICAM3 +443A>G (genotypes) 0.004 1.97 (1.24-3.11)
Interaction of CD209 —336A>G and 0.845 1.18 (0.22-6.41)

ICAM3 +443A>G

CI, confidence interval; OR, odds ratio. Note: Only 677 cases were analyzed, as this was the number of cases (with the availability of LDH data) genotyped previously

for ICAM3 +443A>G [27].
Boldface values indicate significant results (p < 0.05).

2Lower LDH levels: standardized LDH levels on admission that were less than the cutoff value of 1.6.
PHigher LDH levels: standardized LDH levels on admission that were more than the cutoff.

°x? Test, df = 1, unless otherwise indicated.
dp Value for overall analysis of combined genotype.

the —336 G-negative group (1.14 + 0.03), which was 14% above the
upper limit of the normal physiologic range. Such 14% excess of
physiologic reference levels most likely carries biologic signifi-
cance. Increase in serum LDH activity is postulated to be a result of
massive tissue destruction related to immune hyperactivity during
the acute phase of SARS-CoV infection [38]. Indeed, high LDH levels
on admission has previously been shown to be an independent
prognostic indicator of SARS infection which can help clinicians to
predict adverse clinical outcome [2,6,7].

The patients who died of SARS were too few in our cohort for
valid statistical analysis. As our patients were recruited from six
different hospitals, differences in management preferences intro-
duced confounding factors, which rendered clinical parameters
inappropriate for use as adverse clinical outcome measures. In
contrast, laboratory parameters can be easily standardized as a
ratio of the upper limit of normal reference range. Thus, besides
being clinically relevant, standardized in this manner, LDH levels
on admission could be used as a surrogate marker for adverse
disease outcome.

CD209 plays a role in pathogen-DC interaction and in DC-
immune cell interaction. The ACE2 [8] and CLEC4M [9] genes have been
shown to be the functional and binding receptor for SARS-CoV,
respectively, facilitating SARS-CoV infection. Because CD209 is nei-
ther a functional nor a binding receptor for SARS-CoV, we believe
that CD209 probably plays a more important role in the DC-im-
mune cell interaction, which can influence immune response and,
ultimately, clinical outcome in SARS-CoV infection. It has been
reported that a cytokine and chemokine storm occurs with a signif-
icant elevation of T-helper cell cytokine IFN-v, inflammatory cyto-
kine IL-1, IL-6, IL-12, monocyte-chemoattractant protein-1 and T, 1
IFN-vy-induced protein-10 during the early phase of SARS-CoV infec-
tion [39] with “ground glass” changes on chest radiography [40].
Individuals who died during the first 10 days of illness show patho-
logic evidence of diffuse alveolar damage with a mixed alveolar
infiltrate, lung edema, and hyaline membrane formation [41]. Exces-
sive reaction of the host’s immune response has been thought to be
the cause for the severe tissue injury observed in SARS patients [38].

The lower transcription activity of the —336G allele compared
with the —336A allele suggests that individuals with the —336-G
allele might be less immune-responsive to SARS-CoV, with lower
levels of CD209 protein expression, resulting in less efficient T-cell
induction and in reduced cytokine and chemokine secretion in lung

alveoli. The G allele of CD209 —336A>G might thus be protective
for lung injury during the progression of SARS infection.

Interestingly, the minor allele frequency (MAF) of —336G varies
between different ethnic groups. Asian populations have the low-
est frequency, with that among Chinese patients in our study 8.7%,
that in Thai individuals reported as 8% [30], and that in an Asian
group studied 5.4% [34], which is significantly different from that
observed in European Caucasian, African, and American-African
populations (>20%) [30,31,33,34] (dbSNP assay # ss15355133).
Such genetic heterogeneity between populations of a SNP that can
influence CD209 expression levels is supportive of its possible
contribution to the process of natural selection. This SNP has been
shown to have significant association for parenteral HIV-1 infection
[32], tuberculosis [31], human T-cell lymphotropic virus infection
[34], and Dengue fever infection [30], suggesting its role in natural
selection for individuals who survived from lethal disease/patho-
gen challenge. Indeed, studies have found genetic imprinting by
natural selection imposed through pathogen pressures on human
genes involved in immune response or in host-pathogen interac-
tions, such as HLA [42,43] and CCR5 [44].

By resequencing the CD209 promoter in 24 healthy Chinese
individuals, we further identified four other SNPs with MAF of >5%
(—139A>G, —871A>G, —939G>A, and —1180A>T). An in silico
search showed that SNPs —871A>G and —939G>A harbored puta-
tive transcription factors with significantly different binding
scores, but genotyping was unable to demonstrate significant asso-
ciation with disease severity. Furthermore, genotyping ethnical
matched healthy control subjects recruited previously [27] for the
—336A>G, —871A>G and —939G>A SNPs showed no significant
risk association (data not shown).

We had previously reported the +443G-positive genotype of
the ICAM3 A>G SNP was associated with higher standardized LDH
on admission (p = 0.0067; OR = 4.31, 95% CI = 1.37-13.56) [27].
The present study found the homozygote wild-type (or —336G-
negative genotype) of the CD209 —336A>G SNP was associated
with higher standardized LDH levels on admission. Combined ge-
notype analysis of CD209 —336A>G and ICAM3 +443A>G showed
that the overall combined genotypes was significantly associated
with LDH levels, with the +443GG/—336AA genotype having sig-
nificantly highest standardized LDH levels. Patients with this
+443GG/—336AA genotype had a 4.34-fold increased risk for
higher standardized LDH levels on admission. Although the com-
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bined analysis gave statistically significant results, results from
multivariate logistic regression analysis failed to demonstrate a
synergistic effect between the two SNPs. The physical locations of
CD209 and ICAM3, >2.5Mb apart on chromosome 19q13, and the
high recombination rate within this region (obtained from HapMap
http://www.hapmap.org), suggest that the loci of these two SNPs
are highly independent.

In summary, our in vitro experiments confirmed the findings of
Sakuntabhai et al. [30] that the —336A>G promoter SNP has a role
of in transcriptional regulation of CD209. Our genetic association
study showed that the —336A>G variant of CD209 was associated
with higher standardized LDH levels on admission which is an
independent prognostic indicator for SARS, suggesting that the
—336A>G polymorphism of CD209 may influence the outcome of
SARS infection. This functional SNP may alter the CD209 gene ex-
pression thus altering host immune response. The relevance of this
finding in relation to other infectious diseases or inflammatory
conditions would be worth investigation.
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