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Background
Mother-to-child transmission (MTCT) is the primary method of pediatric human
immunodeficiency virus 1 (HIV-1) infection. Presently, ~3.2 million children are living with HIV-1
infection and approximately 240 000 infants are newly infected every year [1]. Although there is
currently no cure for HIV, the use of combination antiretroviral therapy (cART) has significantly
increased the life expectancy of infected individuals and decreased transmission of the virus.
However, long term complications are emerging even after successful chronic cART. Higher levels of
inflammation and endothelial activation still persist in HIV infected individuals despite fully
suppressed viral replication [2]. These factors are thought to increase risk of cardiovascular disease,
yet their contribution in HIV infection remains unclear [3,4].
A recent study among HIV infected infants found that immune activation occurred early in
perinatally-infected infants, with higher levels of soluble CD14 (sCD14), interleukin 6( IL-6) and Creactive protein (CRP) by 6 weeks of age compared to HIV-exposed uninfected or HIV- unexposed
infants [5]. Elevated levels of proinflammatory cytokines (Tumor necrosis factor (TNFα), IL-6, IL-1β,)) have been implicated in loss of lean body mass, growth impairment, and poorly
controlled HIV viral replication in children [6-8]. Other inflammatory biomarkers that have been
documented in its association with chronic HIV-1. Some examples include the CXC-cytokine 10 kDa
interferon gamma-induced protein (IP-10) and the soluble triggering receptor expressed on myeloid
cells-1 (sTREM-1) [9-12]. However, IP-10 and sTREM-1 have only been documented in adults and
have not yet been investigated in infants with HIV-1.
There has also been increasing evidence to suggest that endothelial activation plays a key role
in pathogenesis and disease progression of HIV-1. A pro-inflammatory state and endothelial activation
persist in patients with chronic, well-controlled HIV-1 infection for as long as 12 years after successful
antiretroviral therapy[2]. Some of the biomarkers involved in chronic infection include intercellular
adhesion molecule-1 (ICAM-1), vascular endothelial growth factor (VEGF), endoglin, angiopoietins,
and tyrosine kinase with immunoglobulin-like and EGF-like domains 1(TIE-1) [2, 13-19].
While numerous studies have been published on these markers and their correlation to HIV
disease activity in adults, data on children are limited. In addition to the classical inflammatory
cytokines TNF-α, IL-6, and IL-1β, other biomarkers of inflammation and those involved in endothelial
activation may provide important clues about possible ongoing immune and endothelial activation
despite adequate virologic control in HIV-infected infants and children.
Objective
The objective of the proposed study is to examine host proteins (“biomarkers”) that may be
associated with HIV-1 disease activity among children with vertically acquired HIV-1 infection. In
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particular, biomarkers of host response pathways (inflammation and endothelial activation) will be
explored. The working hypothesis is that the biomarkers will provide evidence of ongoing
inflammation and endothelial activation in HIV-1 infected children, despite excellent virologic control
with combination antiretroviral therapy (cART).
Method
The proposed study will make use of plasma samples from HIV-infected children that have been
collected as part of the CIHR-funded Early Pediatric Initiation-Canadian Child Cure Cohort Study
(EPIC, principal investigator Hugo Soudeyns). To date, 150 children have been enrolled and plasma
samples have been cryopreserved and are available for biomarker measurement.
Immune activation will be measured by quantifying plasma levels of sCD14, TNF, and IL-1,
TNF and IL-6 will be measured in plasma by ELISA, with a detection limit of 0.1 pg/mL (R&D
systems). Plasma levels of sCD14 will be quantified using human sCD14 immunoassay (R&D
systems). Endothelial activation will be measured by quantifying plasma levels of ADMA, sFlt-1, IP-10,
sTREM-1, Ang-1, Ang-2, soluble Tie-2, sICAM-1, soluble P-selectin, and soluble endoglin.
Concentrations of these biomarkers will be measured in plasma samples using ELISA DuoSets (R&D
Systems). All ELISAs will be validated prior to use, and sample dilutions will be optimized for each
biomarker. ELISAs will be used according to the manufacturer’s instructions. The plates will be read at
450 nm with a wavelength correction of 540 nm and concentrations interpolated using a 4-parameter
logistic slope curve (GraphPad Prism v5.0). Samples from each group will be evenly distributed across
ELISA plates and the researcher will be blinded to group. Statistical analysis will be done using logtransformed values of biomarker levels.
Significance
Developmental changes in immune responses with age make HIV-1 infected children an
intriguing subgroup in which to explore host responses (inflammation and endothelial activation). For
example, children experience a more rapid onset of HIV-1 in the absence of ART than adults [20].
Even with excellent control of viral replication with cART, a latent replication-competent HIV-1
reservoir persists, resulting in rapid virologic rebound following discontinuation of cART [21]. This
latent reservoir, representing the major barrier to HIV “cure,” may drive ongoing inflammation and
endothelial activation, which have been shown to persist in HIV-1 infected adults [2]. By identifying
biomarkers that are altered in HIV-1 infected children, we may better understand the host response to
chronic HIV-1 in the pediatric population and advance the pediatric “cure” research agenda by
defining correlations of HIV persistence.
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