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Introduction

Human immunodeficiency virus 1 (HIV-1) is mainly transmitted through sexual 
contact. Langerhans cells (LCs) are a subset of dendritic cells that reside in the 
epithelia and there form a dense network with their dendrites1. Therefore, LCs are 
the first immune cells to encounter invading pathogens, including HIV-1. LCs can 
be infected when challenged with high doses of HIV-1 and subsequently transmit 
HIV-1 to T cells2-5. However, we have demonstrated that Langerin, a C-type 
lectin specifically expressed by LCs, protects against HIV-1 infection5. Langerin 
binds to the HIV-1 envelope glycoprotein gp120, which results in sequestering of 
HIV-1 in Birbeck granules and degradation of the virus5. Langerin also protects 
surrounding cells from HIV-1 infection by sequestering HIV-1. Therefore LCs 
are an innate anti-HIV-1 barrier with a pivotal function for Langerin. During 
inflammation, coinfections or when Langerin expression is decreased and/or 
its function is blocked LCs become infected and efficiently transmit HIV-1 to 
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T cells6, 7. Thus functional Langerin is important for the protective function of 
LCs in HIV-1 transmission.

Langerin forms homo-trimers on the cell surface, that are essential for 
carbohydrate recognition8. Its carbohydrate recognition domain (CRD) binds to 
mannose, fucose and N-Acetylglucosamine containing structures8,9. HIV-1 gp120 
contains high mannose-type structures10, and these structures – containing 
multiple mannose residues – are probably recognized by Langerin. Of note, a 
single nucleotide polymorphisms (SNP) in langerin, rs13383830, results in an 
amino acid substitution from an Asn to an Asp at position 288 (N288D)11. This 
SNP influences the binding capacity of Langerin to single mannose molecules, 
but little is known about the role of this polymorphism in pathogen interactions 
and in particular HIV-1 transmission. Therefore we assessed the role of this SNP 
in HIV-1 transmission using cohort studies and performed in vitro studies to 
determine the underlying mechanism. 

    European-American Ancestry

Study Presumed route of infection total HIV+ HRSN HIV-

MACS 16,17 High risk MSM 542 375 63 104

SFCC  18 High risk MSM 57 18 9 30

Combined High risk MSM 599 393 72 134

Table 1. MSM transmission chohorts. Overview of the homosexual 
transmission cohorts included in this study. HRSN: High risk seronegative .

    European-American African-American

study presumed route of infection total HIV+ HIV- total HIV+ HIV-

MHCS 13,14 Heterosexual, one sex partner 163 30 133 19 7 12

CPS 12 Heterosexual, one sex partner 96 19 77 18 1 17

HERS 15 Heterosexual, multiple sex partners 56 32 24 241 162 79

Combined Heterosexual intercourse 315 81 234 278 170 108

    Both Ancestries

study   total HIV+ HIV-

Combined 593 251 342

Table 2. Heterosexual transmission cohotrs. Overview of the heterosexual 
transmission cohorts included in this study. 
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We assessed the frequency of rs13383830 langerin genotypes among women 
at risk for heterosexual transmission of HIV-1 from three cohort studies: the 
California Partner’s Study (CPS)12, the Multicenter Hemophilia Cohort Study 1 
(MHCS)13,14 and the HIV Epidemiology Research Study (HERS)15. Here, we show 
that D288 is associated with HIV-1 infection in women. Notably, this variant 
had reduced capacity to capture HIV-1, suggesting that D288  increases the 
susceptibility of LCs to HIV-1 infection. Consistent with the lack of Langerin 
expression in rectal mucosa, rs13383830 genotype was not associated with HIV-1 
status in men having sex with men (MSM). Together, these data strongly suggest 
that langerin SNP increases susceptibility to HIV-1 infection. Moreover, these 
data provide important insights in the protective role of Langerin and LCs in  
HIV-1 transmission.

Isotype Langerin

D
on

or
A

B

Isotype Langerin
Colonal Mucosa Anal MucosaColonal Mucosa

Vaginal MucosaVaginal MucosaVaginal Mucosa

Figure 1.  Langerin is expressed in vaginal mucosa, but not in rectal mucosa

Vaginal (a) and rectal (b) mucosae were stained with antibodies against 
Langerin (DAB, black). 
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Results

Langerin is expressed in vaginal mucosa, but not in rectal mucosa

Langerin protects against HIV transmission by capturing HIV-1. The vaginal and 
rectal mucosa are exposed to HIV-1 during sexual activity, and unprotected sex 
is a major risk factor for heterosexual and homosexual HIV-1 transmission22,23. 
Although Langerin is present in vaginal mucosa5, it is unclear whether Langerin 
is present in rectal mucosa. Therefore we stained vaginal and rectal mucosa for 
Langerin. Langerin expressing LCs were present in the vaginal mucosa (Fig. 1a). 
In contrast, Langerin expressing LCs were not detected in the rectal columnar 
mucosa (Fig. 1b), while anal stratified squamous mucosa contained low amounts 
of Langerin+ cells. These data show that LCs are present in squamous but not 
columnar mucosa and suggest that Langerin is unlikely to be involved in HIV-1 
transmission after rectal exposure. 

HIV-1+ HRSN

Ancestry Genotype No. % No. % OR 95% CI p-value

European-American AA 348 88,5 63 87,5 1,03 0,44 - 2,41 0,60

AG 40 10,2 7 9,7 0,45 0,09 - 2,38

GG 5 1,3 2 2,8      

HIV-1+ HIV-1-

Ancestry Genotype No. % No. % OR 95% CI p-value

European-American AA 348 88,5 122 91,0 1,40 0,68 – 2,89 0,53

AG 40 10,2 10 7,5 0,88 0,17 – 4,58

GG 5 1,3 2 1,5      

Table 3. No association with HIV infection and Langerin-D288 in MSM

Frequencies of langerin genotypes of HIV-1+ MSM were compared with that of high risk 
HIV-1- or HIV-1- MSM. Odds ratios (OR) were calculated using logistic regression, p-value 
with a Chi-square test. 
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No correlation of HIV-1 infection and langerin polymorphism in MSM

In order to investigate whether langerin SNP rs13383830 influences HIV-1 
transmission in MSM, we compared prevalence of rs13383830 langerin genotype in 
two MSM cohorts with subjects selected from the San Francisco City Cohort18 and 
the Multicenter AIDS Cohort Study16,17 (Table 1). In total we analyzed 393 HIV+, 
134 HIV-1-- and 72 high-risk seronegative MSM (Table 1). We did not observe 
any differences between rs13383830 langerin genotype frequencies in HIV-1+ vs 
HIV-1- MSM, or HIV-1+ vs high-risk seronegative MSM (Table 3). These data 
suggest that this langerin polymorphism is not involved in HIV-1 transmission 
amongst MSM. 

The frequency of langerin variant D288 is higher in HIV-1 infected women

Langerin is abundantly expressed in vaginal mucosa (Fig. 1a)5. Therefore we 
focused on the contribution of Langerin in heterosexual transmission by analysis 
of the langerin genotype from women who were exposed to HIV-1 via heterosexual 
intercourse. To gain statistical power, we combined three cohorts that included 
women who were frequently exposed to HIV-1 through their infected male 
partners (Table 2). The CPS12 consists of female sex partners of HIV-1-infected 
bisexual men; the HERS15 includes women who reported no drug-use but did 
have unsafe-sex with their sex-partners and women with HIV-1 infected sex 
partners were selected from the MHCS13, 14 . In total this combination of three 
cohorts yielded 251 HIV- and 342 HIV+ women. In our analysis, we corrected for 
ethnicity because the frequency of rs13383830 genotype differs across different 
ethnic groups. Our analysis revealed a significant increase in prevalence of 
D288 in HIV+ women (odds ratio: 1,56, p=0,05, Table 4). These data suggest that 
langerin rs13383830 D288 increases susceptibility for HIV-1. 

Langerin variant Rs13383830 D288 shows reduced binding to HIV-1 gp120

Next, we investigated whether the rs13383830 polymorphism affected Langerin 
function. We compared binding of wild-type Langerin (Langerin-N288) with 
Langerin containing the minor genetic variant of rs13383830 (Langerin-D288) 
in a functional Langerin binding ELISA. We investigated the interaction 
with HIV-1 gp120 from several HIV-1 strains (Fig. 2a,b). Notably, although 
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European-American Ancestry

HIV+ HIV-

Study Genotype No. % No. % OR 95% CI p-value

MHCS AA 24 80 119 89,5 2,13 0.742 6.085 0,16

AG 5 16,7 14 10,5

GG 1 3,3 0 0      

CPS AA 16 84,2 71 92,2 2,22 0.501 9.828 0,29

AG 3 15,8 5 6,5

GG 0 0 1 1,3      

HERS AA 26 81,3 19 79,2 0,88 0.233 3.303 0,85

AG 6 18,8 4 16,7

GG 0 0 1 4,2      

Combined AA 66 81,5 209 89,3 1,65 0.78-3.498 0,19

AG 14 17,3 23 9,8

GG 1 1,2 2 0,9      

African-American Ancestry

HIV+ HIV-

Study Genotype No. % No. % OR 95% CI p-value

MHCS AA 4 57,1 9 75 2,25 0.308 16.410 0,42

AG 3 42,9 3 25

GG 0 0 0 0      

CPS AA 0 0 9 52,9 0,96

AG 1 100 7 41,2

GG 0 0 1 5,9      

HERS AA 104 64,2 58 73,4 1,54 0.851 2.788 0,15

AG 53 32,7 19 24,1

GG 5 3,1 2 2,5      

Combined AA 108 63,5 76 70,4 1,64 0.932-2.894 0,09

AG 57 33,5 29 26,9

GG 5 2,9 3 2,8      

Ancestries Combined

HIV+ HIV-

Study Genotype No. % No. % OR 95% CI p-value

Combined AA 174 69,3 285 83,3 1,56 1.003-2.438 0,05

AG 71 28,3 52 15,2

GG 6 2,4 5 1,5      

Table 4. rs13383830 D288 distribution in heterosexual transmission of HIV-1. 

Frequency of langerin rs13383830 genotype, odds ratio, 95% confidence interval and p-value, by 
ancestry and study. Logistic regression compares AA to AG or GG
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wild-type Langerin-N288 interacted with HIV-1 gp120 from all tested strains, 
Langerin-D288 did not bind gp120 from any of the HIV-1 strains. Moreover, 
binding to yeast wall component mannan was also reduced. These data 
demonstrate that Langerin-D288 has lower binding capacity for HIV-1.

Langerin is expressed on cells as trimers8,24 and multiple Langerin-trimers can 
interact with the same ligand, which might influence binding to HIV-1 gp120. 
Therefore, we assessed the binding capacity of Langerin-D288 in a cellular setting 
using the Raji B cell-line transduced with Langerin-N288 and Langerin-D288. 
The expression levels of both Langerin variants were compared by flow cytometry. 
Because antibodies might have different affinities for the two variants, we used 
different monoclonal antibodies recognizing Langerin (DCGM4 (ref. 1) and 10E2 
(ref. 25)). Expression of Langerin-N288 and Langerin-D288 was comparable 
with both antibodies (Fig. 3a and data not shown), suggesting that expression 
levels are similar. Next, we compared the interaction of Raji-Langerin-N288 and 
Raji-Langerin-D288 with HIV-1 gp120. Notably, Raji-Langerin-D288 bound 
significantly less HIV-1 gp120 than Raji-Langerin-N288 (Fig. 3b). The binding 
observed for Langerin-N288 and the residual binding by Langerin-D288 was 
specific because binding was blocked by a competitive carbohydrate inhibitor 
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Figure 2. Soluble Langerin-D288 does not bind to HIV-1 gp120

Mannan (a) or several strains of HIV-1 gp120 (b) were coated and Langerin-N288 or 
Langerin-D288 binding was assessed by ELISA. To demonstrate specific binding by 
Langerin, binding was blocked by a competitive block mannan. ** p < 0,01

Thesis_book_file.indb   60 4/4/2012   8:48:02 PM



61

3

mannan and by a blocking antibody against Langerin. Together, these data 
demonstrate that Langerin-D288 has a lower avidity for HIV-1 gp120 compared 
to Langerin-N288 and therefore might increase HIV-1 susceptibility of women 
who are homozygous for this variant.

Discussion

LCs reside in mucosal and epidermal tissues and are the first antigen presenting 
cells to encounter pathogens invading the body. Because of this unique 
localization, LCs have been proposed to play a role in HIV-1 transmission2,5,26. 
We have shown that Langerin, a C-type lectin expressed by LCs, captures HIV-1 
and thereby protects against HIV-1 infection in vitro5. However, exposure of 
LCs to high doses of HIV-1 or inhibition of Langerin results in infection of LCs 
and subsequent transmission to T cells5. Similarly, activation of LCs results in 
increased susceptibility to HIV-1 infection6,27,28 and transmission to T cells. We 
here assessed the effect of a nonsynonymous langerin SNP on HIV-1 susceptibility. 
Thereto, we genotyped HIV-1+ and HIV-1- men and women from an MSM and 
heterosexual transmission cohort, respectively. 
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Figure 3; Cellular Langerin-D288 has lower affinity to HIV-1 gp120

Expression of Langerin on Raji cells transduced with Langerin-N288 or Langerin-D288 
was assessed with two monoclonal antibodies (a) to ensure the expression levels were 
comparable. (b) Transduced cells were incubated with gp120 coated beads and binding 
was assessed by FACS. * p < 0,05
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Our study on heterosexual transmission combined multiple cohorts that 
included individuals of European- and African American descent. When 
analyzed separately, the odds ratio for European Americans (odds ratio 1,64) and 
African Americans (odds ratio 1,65) were essentially the same despite radical 
differences in underlying genotype frequencies. Therefore, we combined the data 
from both groups in an analysis that adjusted for race using linear regression. 
The heterosexual transmission cohort revealed that for the nonsynonymous 
rs13383830 N288D genetic variant, the allele that encodes for Langerin-D288 was 
more often found in HIV-1-infected women with an odds ratio of 1,56 (p=0,05). 

The amino acid substitution induced by the D288 variant is located in the middle 
of the carbohydrate recognition domain adjacent to the Glu-Pro-Asn (EPN) 
motif. The EPN-motif largely determines the mannose-specificity of Langerin29. 
Therefore the Langerin-D288 variant might interfere with mannose-type ligand 
binding by Langerin, as was previously observed11. Because binding is essential for 
the protective function of Langerin, these data suggest a possible role for Langerin 
in HIV-1 transmission. We showed that soluble Langerin-D288 does not bind 
to gp120 from multiple HIV-1 strains compared to wild type Langerin-N288. 
Moreover, cellular trimeric-Langerin-D288 showed decreased binding  to HIV-1 
gp120. Because Langerin binding to HIV-1 is pivotal for the protective function 
of LCs against HIV- infection, our data suggest that Langerin-D288 does not 
protect against HIV-1 infection as well as Langerin-N288. Moreover, our genetic 
data suggest that LCs may play an important role in HIV-1 transmission in vivo.

Langerin is expressed in vaginal mucosa, but not in rectal mucosa. In line with 
this observation, rs13383830 genotype was not associated with acquisition 
of HIV-1-infection among MSM (Table 3), while rs13383830 D288 was more 
prevalent in HIV-1 infected female spouses of HIV-1 infected men (Table 4). 
This indicates that Langerin does not play a prominent role in MSM HIV-1 
transmission, while it does in heterosexual transmission. 

HIV-1 transmission is a multifactorial process that is influenced by factors in 
both the donor and recipient. High viral load in the donor and coinfections or 
inflammation in the recipient increase HIV-1 transmission30. Thus it is likely that 
rs13383830 D288 in langerin is not the sole factor determining susceptibility for 
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HIV. It is well known that mutations in other genes such as the CCR5Δ32 mutation 
also influence HIV-1 infection, although we excluded individuals homozygous 
for CCR5Δ3231. Besides CCR5Δ32 there are other factors, like HLA-genotype, 
that influence HIV-1 infection32. Moreover, inflammation can dampen Langerin 
function, and micro-cuts provide a Langerin-bypass. Nevertheless, our data 
demonstrate that although HIV-1 acquisition is a multi-factorial process, the 
protective function of Langerin at least partly determines the outcome of HIV-1 
exposure. 

The association of rs13383830 D288 with HIV-1 infection together with the reduced 
binding observed for Langerin-D288 to HIV-1 compared to the major variant 
Langerin-N288, suggest an important role for Langerin in HIV-1 transmission 
and provide valuable insight into the role of LCs during HIV-1 infection.
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Materials/Methods
Cohorts. DNA was derived from two MSM cohorts and 
three heterosexual cohorts. The MSM cohorts include the 
Multicenter AIDS Cohort Study (MACS) 16, 17, a study of 
men who have sex with men in the United States and the 
San Francisco City Clinic Cohort 18, which includes men 
who have sex with men from the San Francisco sexually 
transmitted disease clinic. The heterosexual cohorts include: 
1) the Multicenter Hemophilia Cohort Study (MHCS) 13, 14, 
a prospectively followed cohort of patients with coagulation 
disorder from 16 hemophilia treatment centers; 2) female sex 
partners of HIV-1 infected men enrolled in the California 
Partners Study (CPS) 12; 3) women enrolled in the HIV 
Epidemiology Research Study (HERS) 15, a multisite, 
prospective cohort study of HIV-1-infected women and 
uninfected women reporting HIV risk behaviors.

Sequence. DNA was amplified using the following primers: 
forward- GAT TTT CCA CTT TGT AAA TCC ATC; reverse- 
GGC ATT TCC TCA TGT TTA ACA AG. The PCR product 
was cleaned using AMPure (Agencourt, Beckman Coulter). 
Cleaned PCR products were sequenced using BigDye 
Terminator v3.1 Cycle sequencing kit (Applied Biosystems) 
after cleaning with CleanSeq (Agencourt, Beckman Coulter). 

SNP detection. Sequences were analyzed using the Mutation 
Surveyor software package (Softgenetics). In addition, all 
sequences were screened by eye to confirm SNPs identified 

by the software and to detect SNPs that were missed. 

Mutagenisis. We performed site directed mutagenesis 
(QuikChange® II XL Site-Directed Mutagenesis Kit, 
Stratagene) according to manufacturer protocol using the 
following primers: forward: GTG AGC CCA ACG ACG 
CCG GGA ACA ATG AAC ACT GTG G, reverse: CCA CAG 
TGT TCA TTG TTC CCG GCG TCG TTG GGC TCA C. The 
wild type Langerin was placed instead of GFP into the pLOX 
EWgfp plasmid as described before5. 

Cell culture. All cells were cultured at 37°C with 5% CO2 in 
RPMI (Gibco Invitrogen, Carlsbad, CA, USA) supplemented 
with L-glutamine (4mM); 10% heat-inactivated fetal calf 
serum (FCS); penicillin (20 units/ml) and streptomycin (20 
μg/ml).

Binding assays. Cell lysate ELISAs were performed as 
follows: Langerin-N288, Langerin-D288 or parental cells 
were lysed in TSM (20mM Tris-HCl, 150mM NaCl, 1mM 
CaCl2, 1mM MgCl2) with 1% triton and protease inhibitor 
cocktail 19. Cell debris was removed by centrifugation. 
Antigens were coated and detected using the cell lysate 
dilutions that were corrected for Langerin content. Bound 
Langerin was detected using polyclonal goat-anti-Langerin 
(R&D systems). Cellular binding assays were performed as 
described before 20.
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Immunohistochemistry. Normal appearing tissue was 
stained with anti-langerin clone 12D6 (Novacastra), and 
counterstained using Envision+ System HRP DAB (Dako). 
Pictures were taken with an Olympus DP70 digital camera. 

Statistics. Binding assays were tested with Students T-test. 
The heterosexual transmission cohorts were tested using a 
Chi-square test, the odds ratio and 95% clearance interval 
were calculated using logistic regression. SAS 9.1 (SAS 

Institute) was used for data management and statistical 
analyses of the MSM cohorts. PROC FREQ was used 
to compute frequencies on individual variables. PROC 
LOGISTIC was used for categorical analyses to obtain odds 
ratios and 95% confidence intervals. CCR5Δ32 was shown 
to protect LCs from infection 21, therefore we excluded 
individuals homozygous for the CCR5Δ32 mutation, as 
well as intra-venous drug users from the analysis. Statistical 
significance refers to two-sided P values of <0.05.
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