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Abstract

The C-type lectins DC-SIGN and DC-SIGNR bind
and transmit HIV-1 depending on the tetramer
formed by “neck” region and carbohydrate recogni-
tion domain (CRD). Recent studies indicated polymor-
phisms in neck region of DC-SIGNR were more fre-
quent and associated with susceptibility to HIV-1 in-
fection, whereas no similar trends were observed on
DC-SIGN for rare variations of DC-SIGN among the
researched subjects in those studies. In our present
study, we found 9 genotype variations of DC-SIGN
neck region among HIV infected Germans and 3 vari-
ations among HIV infected Chinese, respectively.
Comparison of those variations between Chinese and
Germans reveals strong ethnic discrepancies, and no
significant evidence indicates those variations have re-
sistance to susceptibility to HIV-1 infection.

INTRODUCTION

Denderitic cells (DCs) play a critical role in the initia-
tion of immune response by virtue of their ability to
capture and present antigens to T cells [1]. Although
the precise mechanism by which DCs acquire Human
Immunodeficiency Virus-1 (HIV-1) is not fully under-
stood, migration of DCs from the periphery to the
draining lymph nodes may enable CD4+ T cells to be-
come infected [2]. DC-Specific Intercellular Adhesion
Molecule 3 Grabbing Nonintegrin (DC-SIGN), a man-
nose specific C-type lectin receptor on DCs, plays a vi-
tal role in this process by binding HIV-1-gp120 and fa-
cilitating DCs transport HIV-1 from the infection site
to the secondary lymph nodes [3]. Another important
molecule with similar implication on HIV-1 infection

is DC-SIGNR (DC-SIGN related lectin, or L-SIGN),
which shares 77% amino acid identity with DC-SIGN,
and is expressed on endothelial cells in the liver, lymph
nodes and placental capillaries [4]. DC-SIGN and DC-
SIGNR are receptors for many pathogens, including
HIV-1, Mycobacterium tuberculosis and Dengue
viruses [5, 6].

Two structures on DC-SIGN/R, the carbohydrate
recognition domain (CRD) and the neck region, play
an important role in pathogen capture. The neck re-
gion in most cases is composed of seven tandem same
repeat alleles, and every allele consists of 23 amino
acids encoded by 69 nucleotides. The neck region
forms a tetramer that determines whether the CRD
can recognize and bind different microbes [7, 8] (Fig.
1). So variations of neck region may impact the stabili-
ty of the tetramer and the ability of DC-SIGN/R to
recognize pathogens.

Polymorphisms of DC-DIGN/R ate associated
with HIV-1 and other microorganism infections [9].
Certain variations of the DC-SIGN promoter greatly
influence the efficiency of HIV-1, M. tuberculosis, and
Dengue virus infection. Indeed, the -871G and -336A
variants are shown to confer protection against tuber-
culosis [5]. The -336G variant is associated with strong
protection against Dengue virus infection [6]. Individ-
uals with the -336C variant are more susceptible to
HIV-1 infection than individuals with the -336T vari-
ant [10]. The relationships between neck region of
DC-SIGN/R and HIV-1 infection were discussed in
recent researches. In vitro study[11]didn’t support that
DC-SIGNR homozygous repeats which were less than
seven repeats displayed resistance to HIV-1 infection,
yet, a cohort study[12] indicated that DC-SIGNR with

Fig. 1. Schematic Structure of DC-
SIGN. DC-SIGN is composed of four

parts: the C-terminal extracellular do-
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homozygous 7/7 repeat was found to be associated
with an increased risk of HIV-1 infection, whereas the
DC-SIGNR heterozygous 7/5 tepeat was correlated
with resistance to HIV-1 infection. However, HIV-1
infection was not only via DC-SIGNR, but also via
DC-SIGN. Co-operations of DC-SIGN and DC-
SIGNR may play an important role in HIV-1 infec-
tion, since polymorphisms of DC-SIGNR were pos-
sibly linkage disequilibrium with DC-SIGN.

Contrary to DC-SIGNR, DC-SIGN polymor-
phisms were rarely observed in HIV infected individu-
als up to date. Whether variations of DC-SIGN neck
region had impact on HIV infection were still un-
known. It was reasonable to investigate the potential
correlation between discrepancies in the DC-SIGN
neck region and susceptibility to HIV-1. The consider-
ations for investigation of polymorphisms of DC-
SIGN in HIV infected individuals are based on two
reasons: i) whether the polymorphisms exist in HIV
infected population or not, ii) if so, what roles they
play in HIV/AIDS progtess.

In our present study, we investigated the variations
of DC-SIGN in HIV-1 infected Chinese and Germans
and found more variations of DC-SIGN both in HIV
infected German and Chinese.

MATERIAL AND METHODS

Samples: We collected 132 HIV-1 infected patients
from HIV/AIDS research center, Ruhr University,
Germany, and 119 HIV-1 infected individuals from
China between 2004 and 2006. All the subjects were
HIV primary infected individuals, and didn’t receive
any anti-virus therapy. With their authorization, five
ml of blood was drained and preserved in EDTA-anti-
coagulant tubes from vein of subjects.

Reagents: DNA extract kit QIAamp DNA blood mini
Kit and DNA polymerase Hot-Start Taq Master Mix
Kit was purchased from Qiagen (Germany); Agarose
was from Bio-West (Spain); Purelink PCR purification
kit was from Invitrogen (USA), PMD-18T vector for
T-A link reaction was from Takara (Japan).

7/7R
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DNA Extraction and PCR assay: 200l total blood
were used for DNA extraction. Procedures were per-
formed according to the handbook. The obtained
DNA was suspended in 200 ul of distilled water. The
DC-SIGN repeat region was amplified with sense
primer 5- AACAATCCAGGCAAGACG -3 and anti-
sense primer 5- TGCTCAGGCAGGGTCAGT-3’
(designed from GenBank sequence AF209479). PCR
was run for 30 cycles at 95 °C for 15 min, 94 °C for 30
sec, 60°C for 30 sec, and 72°C for 45 sec. PCR was
completed at 72°C for 7 min, and the samples were
stored at 4 °C.

Analyzgesing of DC-SIGN repeat region: PCR prod-
ucts were analyzed by 2% agarose gel electrophoresis.
The products were then purified with a PCR purifica-
tion kit, cloned into PMD-18T vector by T-A reaction,
followed with a two-way sequencing (Applied Biosys-
tems Prism sequencer 3730). Based on the results, nu-
cleotide sequences of the DC-SIGN neck repeat re-
gion were genotyped.

RESULTS

After amplifying the repeat region of DC-SIGN, 132
of HIV-1(+) samples of Germans, and 119 of Chi-
nese samples were positive by PCR. Agarose gel elec-
trophoresis indicated that variations of DC-SIGN
neck region were observed in Chinese group and Ger-
man. The results revealed there more frequency of
variations in German group than in Chinese group
(Fig. 2). For further analyzing, PCR products were pu-
rified and cloned into PMD-18T vector for sequence.
There were 9 genotypes in German group and 3 geno-
types in Chinese group. In German group, there were
8 with homozygous 8/8 repeats (8R), 90 with ho-
mozygous 7/7 repeats (7R), 6 heterozygous 8/7 te-
peats (8/7R), 2 heterozygous 8/6 repeats (8/6R), 11
heterozygous 7/6 repeats (7/6R), 1 heterozygous 7/5
tepeats (7/5R), 10 homozygous 6/6 repeats (6R), 2
heterozygous 6/5 repeats (6/5R), 2 homozygous 6/6
repeats (6R), Whereas, there were 115 with homozy-
gous 7/7 tepeats (7R), 1 with homozygous 8/8 re-

Fig. 2. Variations of DC-SIGN neck region
in HIV infected individuals. A) Variations in
HIV infected Germans; B) Variations in
HIV infected Chinese. M is 100bp DNA

marker.
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Table 1. Distribution of genotypes of 8/8R, 8/7R and 7/7R between HIV infected Chinese and Germans.

Group Total
Chinese German
Genotype 8/8R Count 1 8 9
Percent 0.8% 7.7% 4.0%
8/7R Count 3 6 9
Percent 2.5% 5.8 4.0%
7/7R Count 115 90 205
Percent 96.6% 86.5% 91.9%
Total Count 119 104 223
Percent 100% 100% 100%

Between Chinese and German group, the discrepancies were significant, P = 0.014

peats (8R),and 2 heterozygous 8/7 repeats (8/7R) in
Chinese group.

Among both groups, homozygous 7/7 repeats wete
the most genotype(90 cases in German and 115 cases
in Chinese),and were regarded as the wild type. Geno-
types 8/6R(1.51%), 7/5R(0.76%), 6/5R(1.51%) and
5/5R(1.51%) were found, though rate, in German
group, so we considered all those genotypes as one
whole. The variations rate of these genotype were ob-
viously higher in German (5.29%) than in Chi-
nese(0%). Homozygous 6/6 tepeats (6R) and het-
erozygous 7/6 tepeats (7/6R) wete 7.58% and 8.33%
in German, respectively; nevertheless, these genotypes
were not detected in Chinese. Pearson Chi-Square ana-
lyzing operated on SPSS11.0 was used to determine
whether the distributions of genotypes 8/8R, 8/7R
and 7/7R appeared both in German and Chinese were
dependent on ethnical discrepancies. The statistic re-
sults revealed although the 8/8R and 8/7R had more
frequencies in German than in Chinese (6.06% vs
0.84%, 4.54%vs2.52%, respectively), frequency of
7/7R in German was significant low than in China, in-
dicating a strong ethnical discrepancies between Ger-
man and Chinese (p = 0.014) (‘Table 1).

DIsCcUSSION

The C-type lectin, DC-SIGN, is expressed on dendrit-
ic cells and on certain types of macrophages. DC-
SIGN has a dual action on DCs. As an adhesion re-
ceptor, DC-SIGN supports initial DC-T cell interac-
tions by binding to ICAM-3, and mediates the tether-
ing of DCs to the endothelium via interaction with
ICAM-2. As a pathogen-recognition receptor, DC-
SIGN binds HIV-1 gp120 and facilitates the transport
of HIV-1 from mucosal sites to the draining lymph
nodes, where infection of T lymphocytes can occur [3,
4]. Peptide sequence and structural analyses indicate
that DC-SIGN consists of four regions: the carbohy-
drate recognition domain (CRD), consisting of 110
to 140 amino acid residues, the neck region, compris-
ing seven 23-amino acid residue tandem repeat alleles,
a transmembrane region, and an endocellular do-

main [7, 8]. The CRD and neck regions have the
greatest influence on pathogen infection. Binding and
transmission of HIV-1 and other pathogens by DC-
SIGN is dependent on the presence of the CRD. The
seven repeat alleles of the neck region form relatively
stable tetramers, and variations in these alleles can af-
fect tetramers formation.

A study of 835 Caucasian participants [13] indicat-
ed DC-SIGNR was highly polymorphic in the repeat
region based on the number of repeats ranging from
three to nine (alleles 3 to 9), whereas no similar poly-
motrphisms in DC-SIGN were found. The polymor-
phisms of DC-SIGN were rare; alleles 7 was about
99.52% among population, though alleles 6 to 8 were
occasionally observed. The association of D-SIGN/R
and HIV-1 infection was studied in recent years [12,
14]. Those researches indicated that DC-SIGNR with
heterozygous 7/5 trepeat was likely to be correlated
with resistance to HIV-1 infection, suggesting poly-
morphisms of DC-SIGNR may influence susceptibili-
ty to HIV-1.

For the reason of rare variations, DC-SIGN varia-
tions in HIV infected individuals were infrequent in
previous reports [13, 14]. Here, in our present study,
we first observed the variations in HIV infected peo-
ple. The variant frequency of HIV infected German
was higher than Chinese, suggesting strong ethnic ori-
gin differences. Huanliang Liu’ works [14] revealed
that individuals with heterozygous DC-SIGN repeat
alleles were associated with reduced susceptibility to
HIV-1 infection. Different from their results, we
found many different allele combinations within the
DC-SIGN neck region of HIV-1 infected individuals.
The heterozygous repeat alleles could be observed
both in HIV infected Germans and Chinese, and espe-
cially, more heterozygous repeat alleles appeared in
Germans. At least our results do not support their
conclusions.

Correlation between DC-SIGN structure and its
function should be investigated. Luis M’s research [15]
concluded that polymorphisms of DC-SIGN repeat
region were not relevant risk factors for developing tu-
berculosis in Northwestern Colombian individuals,



62 EUROPEAN JOURNAL OF MEDICAL RESEARCH February 25, 2008

while, more works are needed to examine whether
variation of allele combinations in vivo and in vitro is
linked to the ability to recognize, bind and carry
pathogens, and whether those different alleles play dif-
ferent roles on HIV/AIDS progresses.

In summary, the variation of DC-SIGN is correlat-
ed with ethnic discrepancies in HIV infected Chinese
and German, and these variations of DC-SIGN are
more frequent in German than in Chinese, suggesting
heterozygous DC-SIGN repeat alleles may be irrele-
vant to HIV infection.

Acknowledgement: This work was funded by National Natural
science Foundation Of China (No. 30471538).

REFERENCES

1. Banchereau J, and Steinman R.M: Dendritic cells and the
control of immunity. Nature. 1998;392:245-52.

2. Poéhlmann S, Baribaud F, Lee B, Leslie GJ, Sanchez MD,
Hiebenthal-Millow K, Minch J, Kirchhoff F, Doms RW:
DC-SIGN interactions with human immunodeficiency
virus type 1 and 2 and simian immunodeficiency virus. J.
Virol. , 2001; 75:4664-72.

3. Teunis B. H. Geijtenbeek, Gerard C. F. van Duijnhoven,
Sandra J. van Vliet, Elmar Krieger,Gert Vriend, Carl G.
Figdor, and Yvette van Kooyk:Identification of Different
Binding Sites in the Dendritic Cell-specific Receptor DC-
SIGN for Intercellular Adhesion Molecule-3 and HIV-1.
Journal Of Biological Chemistry 2002;227:11314-20.

4. Pohlmann S, Soilleux EJ, Baribaud F, Leslie GJ, Morris
LS, Trowsdale J, Lee B, Coleman N, Doms RW: DC-
SIGNR, a DC-SIGN homologue expressed in endothelial
cells, binds to human and simian immunodeficiency
viruses and activates infection in trans. Proc Natl Acad
Sci U S A. 2001;98(5): 2670-75.

5. Luis B. Barreiro, Olivier Neyrolles, Chantal L. Babb, Lu-
dovic Tailleux, Helene Quach, Ken McElreavey, Paul D.
van Helden, Eileen G. Hoal, Brigitte Gicque, Lluts Quin-
tana-Murci:  Promoter  Variation in the DC-
SIGN-Encoding Gene CD209 Is Associated with Tuber-
culosis. PLoS MEDICINE. PLoS Med. 2006;3(2): ¢20.

6. Sakuntabhai A, Turbpaiboon C, Casademont I, Chuan-
sumrit A, Lowhnoo T, Kajaste-Rudnitski A, Kalayanarooj
SM, Tangnararatchakit K, Tangthawornchaikul N,
Vasanawathana S, Chaiyaratana W, Yenchitsomanus PT,
Suriyaphol P, Avirutnan P, Chokephaibulkit K, Matsuda
F, Yoksan S, Jacob Y, Lathrop GM, Malasit P, Despres P,
Julier C: A variant in the CD209 promoter is associated
with severity of dengue disease. Nature genetics
2005;37(5)507.

7. Hadar Feinberg, Yuan Guo, Daniel A. Mitchell, Kurt
Drickamer, and William I. Weis: Extended Neck Regions
Stabilize Tetramers of the Receptors DC-SIGN and DC-
SIGNR. The Journal Of Biological Chemistry.
2005;28(2)1327.

8. Srinivas Mummidi, Gabriel Catano, LeeAnn Lam, Angeli-
na Hoefle, Vanessa Telles, Kazi Begum, Fabio Jimenez,
Seema S. Ahuja, and Sunil K.Ahuja: Extensive Repertoire
of Membrane-bound and Soluble Dendritic Cell-specific
ICAM-3-grabbing Nonintegrin 1 (DC-SIGN1) and DC-
SIGN2 Isoforms. The Journal Of Biological Chemistry.
2001; 276(35):33196-212.

9.

10.

11.

12.

13.

14.

15.

Anastassopoulou CG, Kostrikis LG.: The impact of hu-
man allelic variation on HIV-1 disease. Current HIV-1
Resarch. 2003;1(2):185-203.

Maureen P. Martin, Michael M. Lederman, Holli B.
Hutcheson, James J. Goedert, George W. Nelson, Yvette
van Kooyk, Roger Detels, Susan Buchbinder, Keith
Hoots, David Vlahov, Stephen J. O’Brien, and Mary Car-
rington. Association of DC-SIGN Promoter polymor-
phism with Increased Riskfor Parenteral, but Not Mucos-
al, Acquisition of Human Immunodeficiency Virus Type
1 Infection. Journal Of Virology. 2004;14053-56.

Thomas Gramberg, Tuofu Zhu, Chawaree Chaipan, An-
drea Marzi, Huanliang Liu, Anja Wegele, Thomas Andrus,
Heike Hofmann, Stefan Pohlmann: Impact of variations
in the DC-SIGNR neck domain on the interaction with
pathogens. Virology. 2006;347(2):354.

Huanliang Liu, Mary Carrington, Chunhui Wang, Sarah
Holte,Jean Lee, Benjamin Greene, Florian Hladik, David
M. Koelle,Anna Wald, Kyoko Kurosawa, Charles R. Ri-
naldo, Connie Celum,Roger Detels, Lawrence Corey, Ju-
liana McElrathand Tuofu Zhu: Repeat-Region Polymot-
phisms in the Gene for the Dendritic Cell-Specific Inter-
cellular ~ Adhesion  Molecule-3—Grabbing ~ Noninte-
grin—Related Molecule: Effects on HIV-1 Susceptibility.
The Journal of Infectious Diseases2006;193:698-702.
Tuofu Zhu: Determination of DC-SIGN and DC-
SIGNR Repeat Region Variations. Methods in Molecular
Biology, Vol. 304: Human Retrovirus Protocols: Virology
and Molecular Biology, Edited by Tuofu Zhu, Humana
press.2005; pp471-481.

Huanliang Liu, Yon Hwangbo, Sarah Holte, Jean Lee,
Chunhui Wang, Nicole Kaupp, Haiying Zhu, Connie
Celum,Lawrence Corey, M. Juliana McElrath, and Tuofu
Zhu: Analysis of Genetic Porymorphisms in CCR5,
CCR2, Stromal Cell-Derived Factor-1,Rantes,and Den-
dritic Cell-specific Intercellualar Adhesion Molecule-3-
Grabing Nonintegrin in Seronegative Individuals Repeat-
edly Exposed to HIV-1. The Journal of Infectious Dis-
cases 2004;190:1055-58.

Luis M. Gémez, Juan-Manuel Anaya, Elena Sierra-Filardi,
Jose Cadena, Angel Corbi, and Javier Martin: Analysis of
DC-SIGN (CD209) Functional Variants in Patients with
Tuberculosis. Human Immunology2006;67: 808-11.

Received: September 24, 2007 | Accepted: October 1, 2007

Address for correspondence:

Wu Nanping

Institute of Infectious Diseases,
the first affiliated hospital of Zhejiang University,
No. 79, Qingchun Road,
Hangzhou,

Zhejiang Province,

310003, China

Tel.: ++86-571/87236579
Fax: ++86-571)87236582
E-mail: flwnp@yahoo.com.cn

flwnp@zju.edu.cn



