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ABSTRACT

Background: In mother-to-child transmission (MTCT) of HIV-1, dhmain source of paediatric AIDS, host-HIV-
interaction occurs when the host's immune systestilisunder development. Defensins are small cati@ntimicrobial

peptides that play an important role in host deferas part of the innate immune system. The airthisfstudy was ta
investigate the influence of two nucleotide polypilisms (SNPs) in the 5'-untranslated region (UTiRhe beta-defensin-1
(DEFB1) gene on the MTCT of HIV-1.

Methods: 300 children, 118 HIV-1 infected and 182 HIV-1 uieicted, were analyzed. All children were born to/Hl
positive mothers who had not undergone any antwetl therapy during pregnancy to prevent vertit@nsmission!
Genomic DNA, extracted from peripheral blood mondear cells, was evaluated for -44C/G and -52G//ymorphisms
by the TagMan allelic discrimination assay. Genosymere confirmed in randomly selected samples uesgce analysis.
Hardy-Weinberg equilibrium tests, linkage disedarilim estimation, haplotype frequencies and assoaiaif genotype
with HIV-infection status were evaluated using SRSand Haploview programs.

Results: Genotype distributions of the two polymorphisms evergnificantly different between the HIV-1 infedtand
uninfected children 0.05). The children with -52GG genotype were atdowsk of HIV-1 infection than children with|-
52AA genotype (odd ratio (OR) = 0.47, 95% confidenmterval (Cl) 0.24 - 0.92, p = 0.03). The analysistte -44C/G
polymorphism indicated that the -44GG genotype éenid be associated with a lower risk of HIV-1 tifen compared to
the -44CC genotype (OR = 0.15, 95% CI 0.02 - 1.18,({07). Moreover, the haplotype -44G/-52G showeigaificant
protective role against HIV-1 infection comparedrie haplotype -44C/-52A (OR = 0.49, 95% CI 0.30 90 = 0.007).

Conclusions. Our results demonstrate a significant correlatietwieen the two SNPs located in the 5' UTR of the BEF

gene and risk of HIV-1-infection in a paediatricppdation confirming the importance of innate immtynin HIV-1
infection.
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Approximately two million infants live with HIV-1nfection and more than 500,000 were bojn

HIV-1-infected in 2007. Mother-to-child transmissigMTCT) is the main source of paediatri
HIV-1 infection. Without antiretroviral therapy (AR, MTCT of HIV-1 ranges from 15% to 30%

MTCT of HIV-1 is multifactorial; maternal plasmaral load and mode of delivery are importagt

maternal factors (1). Factors related to the newbuay also be important; as in neonates t
Immune system is under development, factors cantertinnate resistance” and/or “innat
Immunity" may play an important role (2). Defensare small cationic antimicrobial peptides th
function as effectors of innate immunity (3). Hunfadefensins are variably expressed and it
been proposed that susceptibility/resistance tecttrdn might depend on expression of the DEF
genes that enco@-defensins. Recent studies suggested that singieatide polymorphisms
(SNPs) in the 5' untranslated region (UTR) of flidefensin-1 gene (DEFB1) may influenc
susceptibility/ resistance to infection by micoleaetl (4, 5) and viral (6, 7) agents.

Two SNPs, -44C/G (rs1800972) and -52G/A (rs17999débh located in the 5-UTR region of th
DEFB1 gene have been involved in the MTCT of HIVFhe frequency of the -44CC genotype Wi
significantly higher in Italian HIV-1-infected inféis than in unexposed-uninfected children (6). [T
role of the -52G/A SNP emerged in a study perfornme&razilian HIV-1-infected and exposed
uninfected children (7).
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In this study, we investigated the role of these t&NPs, -44C/G (rs1800972) and -52G/f

(rs1799946), in determining susceptibility to HIVidfection in exposed HIV-1-infected anc
uninfected Italian children, all born to HIV-1-imfied mothers.

PATIENTS AND METHODS

1996. 118 children were diagnosed as infected hys\vsolation and polymerase chain reaction (PCHR)ofA
these children were born to HIV-1-infected mother® had not undergone any ART during gestation@nd
to prevent vertical transmission. Most childreny®4vere born by vaginal delivery. This study wagraped
by the local Ethical Committee.

SNP analysis. Genomic DNA was extracted from peripheral blooononuclear cells (PBMC). Polymorphic
sites in genomic DNA were analyzed by the TagMaelialldiscrimination assay. Primers and probes
specifically determine SNP sites -44C/G (rs18009@8) -52G/A (rs1799946) were designed with theneri
Express software (version 1.5, Applied Biosystearsjhe basis of the genomic DNA sequence of theBIEF
gene (GenBank accession number U50930). The primensere: forward 5'
GAGGTTGTGCAATCCACCAGTCT-3' and reverse 5-GTTCTCAGGGACTGGCA-3'. The probes were
(allele-specific nucleotides are underlined): FANAGSCCAGCGICTCCCCAGTTCC-3'-TAMRA (for -44G),
VIC-5'-AGCCAGCCICTCCCCAGTTCC-3'-TAMRA (for -44C), FAM-5-GCTCAGCCICAAAGAAGCC-
3'-TAMRA (for -52A), and VIC-5'-GCTCAGCCTCCAAAGAGCC-3-TAMRA (for -52G). The PCR was
performed in a thermal cycler (ABI PRISM 7700, Appl Biosystems) in a reaction volume of gb
containing 600 nM of each primer, 100 nM of each prdl®.5ul of 2X TagMan Universal PCR Master Mix
(Applied Biosystems) and 1 ng of sample DNA. Thated cycling conditions were 2 min at 50°C, 10 rain
95°C, and 45 cycles each of 95°C for 15 s and 6@fCl min. The genotypes were assigned using f
Sequence Detection System software (version 1.§liédg Biosystems), analyzing the threshold cycle
amplification curves. The accuracy of genotypingswanfirmed by known DNA samples of each genoty
and by direct sequencing of randomly selected sasnpl

Patients. The study population included 300 children borrHI®/-1-seropositive mothers between 1984 ard
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Statistical analysis. Comparisons of DEFB1 SNPs -44C/G (rs1800972) &R/A (rs1799946) frequencies an Values of maternal viral load at delivery were $&flae in a subgroup of 96 infants (median 11295 HIV
infection status were tested for significance whle SNPStats, a free-based tool designed for geeptidemiology RNA copies/ml, range 200-2106650 HIV-1 RNA copid}/m\fter adjustment for viral load, the -52GG
purposes (8). Logistic conditional regression msedelith HIV-1 infection status as the dependentiakde, was genotype remained significantly associated witlowaer risk of HIV-1 infection (OR = 0.28, 95% CI 0.0
employed to obtain odds ratios (OR) and 95% Confidelntervals (Cl), both univariate and adjusted gotential 0.83, p = 0.03).

confounders. To increase statistical power, thnéeritance genetic models (codominant, dominantracessive) were
consideredp-values were derived from a likelihood ratio tessing genotype frequencies of the SNPs, the Haplovigw
program estimated the haplotype frequencies thatactexized a group of individuals. Association sl of the
haplotypes to HIV-1 infection was translated into¥®%1 ORs. To account for multiple testing, the Banbni's Estimation of haplotype frequencies (Figure_FigureZ' H_aplotype frequencies of DEFB1 in HIV-1-uninfectmud HIV-1-
correction method was applied. 2) identified the most frequent haplotypemfected children born to HIV-1-seropositive mother

among infected children to be -44C/-52A,  HIV-1-uninfected children HIV-1-infected children

RESULTS while the_-44C_/-5ZG haplqtype was the most -~ o -44G/-52G A4C)-52G  44GI-52G
frequent in uninfected children. The -44G/- , 19,8%

118 children were born HIV-1-infected and 182 wieoen HIV-1-uninfected. The genotype frequencies 52G haplotype had a low frequency, but was

the two DEFB1 SNPs are shown in Figure 1. -44CC-88GA were the most frequent genotypes in b more prevalent in uninfected than infected

uninfected and infected children. Genotype andlialfeequencies for the two SNPs were in Hard infants. No case of a -44G/-52A haplotype

Weinberg equilibrium in both groups and were afsagreement with Caucasian population data reporte was found. AACI-EIA 37 6% AAC/-EDA 47 9%
in the NCBI database (data not shown). ’ ’

Figure 1. Frequencies of DEFB1 genotypes in HIV-1-uninfdaed HIV-1-infected children born to HIV-1-serofinge mothers. Table 3. DEFB1 haplotypes and risk of HIV-1 infection.

HIV-1-uninfected children HIV-1-infected children HIV-1-uninfected children HIV-1-infected children The analysis of haplotype frequencies, using A4(rs1800972) -52(rs1799946) OR 95% ClI

CG29,7% GG49% CG229%  GGO0,8% AA 15,9% GG40,7% AA 22,0% GG 26,3% the most common haplot_ypg_(—44C/-52A)_ as a LCL UCL
reference, showed a significant association 1 C A 1 /

between the -44G/-52G haplotype and lower 2 C G 0,75 052 1,07 011
risk of HIV-1 infection. (Table 3). 3 G G 049 030 0,79 0,007

0 0 0 0 OR, odds ratio; ClI, confidence intervals; LCL, love®nfidence limit; UCL, upper
CC 65,4% CC 76,3% GA 43,4% GA 51,7% confidence limit; p, p-value. Bold characters reperé statistically significant values.

SNP -44 C/G SNP -52 G/A

CONCLUSIONS

Table 1. Genotypes of DEFB1 and risk of HIV-1 infection.
-44GG and -52GG genotypes were of a - G OR 95% CI
higher prevalence in uninfected than in enotype LCL UCL
infected infants. Children with the -52GG GGvsCC 0,15 0,02 1,18 0,07
genotype were at lower risk of HIV-1 44 GGvsCG 0,22 0,03 1,84 0,16
. : . . (rs1800972)CGvs CC 0,66 0,39 1,13 0,13
iInfection than children with the -52AA GvsC 057 036 091 0018
genotype (OR =0.47,95% C10.24-0.92, p
= 0.03). The -44GG genotype tended to be GG vs AA 0,47 0,24 0,92 0,03
associated with a lower risk of HIV-1 -52 GG vsGA 0,54 0,32 0,93 0,02
infection compared to the -44CC genotype (s1799946)GA vs AA 0,86 0,46 1,61 0,64

(OR = 0.15, 95% CI 0.02 - 1.18, p = 0.07) GvsA 066 047 092 0,013
(Table 1) OR, odds ratio; CI, confidence intervals; LCL, lowsonfidence limit;
' UCL, upper confidence limip, p-value.

The innate immune system is the first line of deéeagainst invading pathogens. It has been suggtiein
newborns, in whom the acquired immune responsetifuily developed, the innate immune system may
an important role in conferring resistance to ititets (9). Several studies support the hypothesat t
polymorphisms in genes encoding defensins influghe& expression and therefore susceptibility/tasise to
Infection.

In this study, we investigated the role of two SNB4C/G (rs1800972) and -52G/A (rs1799946), initd-B1
gene in susceptibility/resistance to MTCT of HIV-Ihe study, performed in Italian HIV-1-infected an
exposed-uninfected children all born to HIV-1-s&siive mothers, demonstrated that the -52GG g@eotyas
highly protective against MTCT of HIV-1. This pratere effect tended to be significant using theamaant
genetic model, but was stronger and statisticagnisicant even after multiple test correction metrecessive
genetic model. A weaker correlation was found far +44GG genotypq) values in the tested genetic model

did not remain statistically significant after mplé test corrections. However, its tendency t@hmective was

supported by the finding that the haplotype -44Q&5%#2ayed a strongly protective role against infatti

These results partially agree and extend previatig doncerning the interplay between the two DEBBIPs
and the risk of MTCT of HIV-1. A study performedItalian HIV-1-infected and unexposed-uninfecteddrien

(6) indicated that the -44CC genotype significamtigreased susceptibility to infection, while tf26/A SNP
was not significantly associated with the risk off®. In contrast, a study performed in BrazilianVHI-
Infected and exposed-uninfected children indicaetirong association of the -52G/A SNP with riskvbifCT,
while the -44C/G SNP was not significantly involy@artially due to the low frequency of the -44@lal in the
Brazilian population (7). Our study performed otaage number of exposed-infected and exposed-wiade
Infants confirms the weakly protective role of thk@4GG genotype and supports a strongly significajgt
relationship between -52G/A polymorphism and riEKMd CT in an Italian population.

The MTCT of HIV-1 mainly occurs during delivery, dimaternal viral load is an important risk factor f
Infants born by vaginal delivery (1). Polymorphismmaly modulate defensin expression, which in turn mda
Influence viral load (3). Interestingly, the -52@@notype remained significantly associated witbveer risk of

To improve statistical power, the association betw8NPs and HIV-1 infection was evaluated considerin
three inheritance genetic models (codominant, dantiand recessive). The -44GG genotype was ingth
significant associated with lower risk of HIV-1 &dtion in all considered genetic models, but thesg
associations were not confirmed after Bonferronitipld testing correction. Conversely, for the -99F5
the -52GG genotype was significantly associatedh wilower risk of HIV-1 infection; when analyzed in
the recessive genetic model, this significance eoadirmed even after Bonferroni's multiple test ection
(Table 2).

Table 2. Genotypes of DEFB1 and risk of HIV-1 infection, amting to three genetic models.

95% CI

Uninfected |nfected
SNP Genetic Model children children OR
n n

CC 11¢ a0 1
Codominant CG 54 27 0,66 0,3¢ 1,1z 0,03 0,10
GG 9 1 0,1t 0,0z 1,1¢
CC 11¢ a0 1
CG+GG 63 28 0,5¢ 0,3t 0,9¢ 0,04 013
CC+CG 175= 117 1
GG 9 1 0,1¢ 0,0z 1,31 0.03 0.10
AA 29 26 1

Codominant GA 79 61 0,86 0,46 1,610,03 0,10 : : : — :
GG 74 31 047 024 0,9z 1. The European Collaboratlve_z StU(_JIy. Maternal @oatl and vertical transmission of HIV-1_: an impwortt factor but not the (_)nly onalDS 199_9; 13:1377-1385. _
AA 29 26 1 2. Ometto L, Zanchetta M, Mainardi M, et al. Co-receptsage of HIV-1 primary isolates, viral burdend&@CR5 genotype in mother-to-child HIV-1 transmissiAIDS 2000; 14:1721-1729.
Dominant - - 0,190 0,57 3. Klotman ME, Chang TL. Defensins in innate antivirahiomity. Nat Rev Immunol. 2006 6:447-456.
GG + GA 153 92 0.6/ 0,37 1.2 4. Jurevic RJ, Bai M., Chadwick RB, et al. Single-matide polymorphisms (SNPs) in hum@defensin 1: high-throughput SNP assays and assatiaiib Candida carriage in type | diabeti¢s

GA + AA 108 87 1 0010 0,03 and nondiabetic controld.Clin Microbiol. 2003; 41:90-96.
GG 74 31 052 031 0,86 5. Tesse R, Cardinale F, Santostasi T, et al. Associaf beta-defensin-1 gene polymorphisms with Eeewnas aeruginosa airway colonization in cysticoBis. Genes Immun. 2007; (Epub
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Infection, even after adjustment for maternal vicad. This finding suggests that DEFB1 may prosegdinst
HIV-1 infection through multiple pathways. DEFB1nsinly produced by epithelial and mononucleatesaall
several tissues; it may be important in protecikio and mucosa of newborns during delivery.

-44(rs1800972) [

Recessive

-52(r s1799946)

Recessive

: , : . . _ . ahead of print).
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