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Campus, Aurora, CO, United States

HIV-exposed uninfected infants (HEU) have increased morbidity and mortality
due to infections in the first 6 months of life that tapers down to 2 years of life.
The underlying immunologic defects remain undefined. We investigated
antigen-presenting cells (APC) by comparing the phenotype of unstimulated
APC, responses to toll-like receptor (TLR) stimulation, and ability to activate
natural killer (NK) cells in 24 HEU and 64 HIV-unexposed infants (HUU) at 1-2
days of life (birth) and 28 HEU and 45 HUU at 6 months of life. At birth,
unstimulated APC showed higher levels of activation and cytokine production
in HEU than HUU and stimulation with TLR agonists revealed lower expression
of inflammatory cytokines and activation markers, but similar expression of IL10
regulatory cytokine, in APC from HEU compared to HUU. Differences were still
present at 6 months of life. From birth to 6 months, APC underwent extensive
phenotypic and functional changes in HUU and minimal changes in HEU. TLR
stimulation also generated lower NK cell expression of CD69 and/or IFNy in
HEU compared with HUU at birth and 6 months. /n vitro experiments showed
that NK IFNy expression depended on APC cytokine secretion in response to
TLR stimulation. Ex vivo IL10 supplementation decreased APC-mediated NK
cell activation measured by IFNy expression. We conclude that APC maturation
was stunted or delayed in the first 6 months of life in HEU compared with HUU.
Deficient inflammatory APC responses and/or the imbalance between
inflammatory and regulatory responses in HEU may play an important role in
their increased susceptibility to severe infections.
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Introduction

More than 1 million HIV-exposed uninfected infants
(HEU) are born annually. Compared to HIV-unexposed
uninfected infants (HUU), HEU have a 2- to 4-fold higher
mortality rate, largely due to infections (1-14). This constitutes
a grave public health problem worldwide, particularly in low-
and-middle-income countries. Even in resource-rich countries
with more advanced health care access, HEU infants
have higher hospitalization rates than HUU (12, 15).
Mitigation strategies have included breastfeeding and use of
cotrimoxazole. The efficacy of these strategies to reduce the
morbidity of infections in HEU has not been confirmed (16,
17). There is a great need to identify the immune defects
underlying the excess infectious morbidity and mortality in
HEU and directly address them.

Much of the excess morbidity and mortality in HEU is due
to severe respiratory tract infections caused by respiratory
viruses and S. pneumoniae (14, 18, 19). HEU generally have
lower maternal antibodies against many pathogens compared
with HUU (19-21). However, we recently found that antibody
titers against respiratory viruses or S. pneumoniae in the first
day of life did not predict the risk of serious lower respiratory
tract infections in HEU (22). Moreover, HEU mount
robust antibody responses to vaccines and viral infections
suggesting that humoral immunity is conserved and does not
contribute to the morbidity and mortality of infections in HEU
(20, 23-28).

HEU have T cell, NK, and antigen-presenting cell (APC)
defects that may account for the increased infectious morbidity
and contribute to decreased T cell responses to vaccines (21, 29—
34). We previously showed that NK cell dysfunction in HEU was
associated with low IL-12 secretion in PBMC cultures, which we
tentatively ascribed to decreased APC functionality (35). Other
investigators showed both increased and decreased APC
inflammatory responses to a variety of toll-like receptor (TLR)
and other nonspecific stimulants in HEU compared with HUU
(36-39). Some studies have inferred the APC function based on
cytokine levels of bulk PBMC cultures (36, 37). This method is
very sensitive but may measure cytokines produced by PBMC
other than APC. To devise mitigation strategies of immune
dysfunctions in HEU, there is a need to understand the
pathophysiology at the cellular level.

The goal of our study was to identify dysfunctional APC
responses in HEU by comparing them with HUU. To address
this goal, we used high-dimensional flow cytometry to
characterize the phenotypic and functional profile of monocyte
and dendritic cell (DC) subsets and their interactions with NK
and T cells in HEU by comparison with HUU at birth and 6
months of age, coinciding with the time of highest HEU
vulnerability to infections.

Frontiers in Immunology

02

10.3389/fimmu.2022.960313

Participants and methods
Participants

The study used viably cryopreserved PBMC collected from
42 HEU and 69 HUU at birth and from 39 HEU and 64 HUU at
6 months of age from 3 cohort studies conducted in South
America: the Eunice Kennedy Shriver National Institute of Child
Health and Human Development (NICHD) International Site
Development Initiative (NISDI) Perinatal Study (Perinatal), the
NISDI Longitudinal Study in Latin American Countries
(LILAC) and Correlagdes Imunes de Infecgdes Respiratorias
Agudas (CIRAI) Protocol. The demographic and clinical
characteristics of these cohorts have been previously published
and are also displayed in Table SI in the supplemental
information (19). Each infant contributed data at a single time
point. The subset of infants who contributed samples to this
study and the selection criteria were previously described (19).
Briefly, we enrolled term infants from singleton pregnancies
with birth weight >2500 g and absence of congenital defects.
Mothers with HIV were treated during pregnancy with
zidovudine or combination therapy as per local standards at
the time the studies were conducted. HEU were exclusively
formula-fed. In an effort to minimize the potential bias
introduced by breastfeeding, HUU were enrolled only if they
received no more than 50% breast milk, an arbitrarily established
threshold. The studies were approved by local and national
review boards and the parents/custodians of the participants
provided written informed consent.

Samples

Peripheral blood was collected at 1 day and 6 months of age
by venipuncture. PBMC were processed per a cross network
consensus protocol (https://www.hanc.info/resources/sops-
guidelines-resources/laboratory/cross-network-pbmec-
processing-sop.html). Cells were cryopreserved in heat-
inactivated FBS+10% dimethylsulfoxide (DMSO), stored and
shipped in liquid nitrogen tanks.

Flow cytometry

Cryopreserved PBMC were thawed in RPMI (Corning)
supplemented with L-glutamine (2mM, Gemini), heat-
inactivated fetal bovine serum (FBS; 10%, Gemini) and
benzonase (50 units/mL, Millipore). Cells were counted with a
Guava EasyCyte instrument (Luminex) and Guava ViaCount
reagent. Cells were used in one or more panels based on the
viable recovery. The PBMC viability and viable recovery were
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lower in HEU compared with HUU (viability of 40%-83% in HEU
vs. 53%-98% in HUU; viable recovery of 0.4*10°-3.2°10° in HEU
vs. 1.4*10°-11.5*10° in HUU), such that each HEU generally
contributed to a single panel per time point and HUU to multiple
panels. The minimum number of cells required for including a
sample in a panel was set a priori at 500,000 viable PBMC per
stimulated or unstimulated condition. After counting, cells were
stimulated for 8 hours or for 24 hours in complete RPMI + 10%
FBS [cRPMI; L-glutamine (2mM), Hepes (20mM, Corning),
Penicillin : Streptomycin (100U/ml penicillin G and 100ug/ml
Streptomycin, Gemini)] with or without a TLR agonist cocktail
(TLR B) containing heat-killed Streptococcus pneumoniae (TLR2
agonist) 10° cells/ml (In vivogen), lipopolysaccharide (LPS) from
E. coli O55:B5 (TLR4 agonist) lug/ml (SIGMA), R848
(Resiquimod; TLR7/8 agonist) lug/ml (Mabtech), CpG
oligonucleotides (ODNs; TLRY agonist) 1uM/ml (In vivogen).
Brefeldin-A and Monensin (5pg/ml each, SIGMA) were added for
the last 4h of culture. In all assays, cells were washed with PBS and
stained with Zombie Yellow Fixable Viability dye (Biolegend).
Cells were then washed with PBS+1%BSA, treated with Human
TruStain FX' ™ (Fe Receptor Blocking Solution) and washed
again. For the 8h stimulation, cells were surface-stained with
CD14 Alexa Fluor 488, CD123 PerCP-Cy5.5, CDl1c Alexa Fluor
700, CD3 PE-Cy7, CD56 PE-Cy7, CD19 PE-Cy7, CD20 PE-Cy7,
HLA-DR APC-H7, CD83 BUV737 (BD Biosciences), brilliant
stain buffer plus and True-stain monocyte blocker. Cells were
washed and treated with BD FACS lysing solution and with BD
FACS permeabilizing solution 2 and stained with TNFo. BUV 395,
IL-6 APC, IL-1b PE, IL-10 BV605, IL-12 BV421 (BD Biosciences)
and brilliant stain buffer plus. For the 24h stimulation, cells were
surface-stained with CD14 Alexa Fluor 488, CD123 PerCP-Cy5.5,
CDlc Alexa Fluor 700, PD-L1 BV605 (Biolegend), CD16 PE-
CF594, CD19 PE-Cy7, CD20 PE-Cy7, HLA-DR APC-H7, CD40
APC, CD3 BUV737, CD56 BV650 (BD Biosciences), CD69 PE-
Cy5 (Biolegend) with brilliant stain buffer plus and True-stain
monocyte blocker. Cells were washed and treated with BD FACS
lysing solution and with BD FACS permeabilizing solution 2 and
stained with IL-8 BV421, IFNy BUV395 (BD Biosciences), IL-27
PE (eBiosciences) and brilliant stain buffer plus. In all assays, cells
were washed and fixed with PBS+1% paraformaldehyde before
acquisition on the cytometer (BD LSRII). The testing laboratory is
CLIA-certified, and all assays are optimized and validated as per
CLIA regulations (https://www.fda.gov/medical-devices/ivd-
regulatory-assistance/clinical-laboratory-improvement-
amendments-clia). To minimize biases introduced by inter-assay
variability, all study samples were tested in 6 batches, which
included PBMC from birth and 6-month HEU and HUU.
PBMC from a study-dedicated leukopack control were included
in each of the 6 runs and used to verify inter-assay reproducibility.
Runs were considered valid if the leukopack results were within
mean = 2 standard deviations, established by testing 10 aliquots of
the leukopack in multiple replicates in the same run and on
different days. The gating strategy is shown in Figure S1.
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Mechanistic experiments

Blockade of cytokine export

Cryopreserved PBMC from 3 HUU at birth were thawed and
counted as described above. Cells were stimulated for 24h in
complete RPMI+10% FBS with TLR cocktail in duplicate. BFA
(5ug/mL) was added to one replicate at the beginning of the
stimulation, or for the last 4 hours of culture to the second
replicate. Cells were washed with PBS, stained with Zombie
Yellow Fixable Viability dye and surface stained with HLA-DR
Alexa Fluor 488, PD-L1 BV421, CD19 PerCP-Cy5.5, CD69 APC-
Cy7 (Biolegend), CD56 PE, CD16 PE-CF594, CD14 PerCP-Cy5.5,
CD20 PerCP-Cy5.5 and CD3 Alexa Fluor700 (BD Biosciences).
Cells were washed and treated with BD lysing solution and BD
permeabilization buffer 2 (BD Biosciences) then stained for IL-8
PE-Cy7 (Biolegend) and IFNy APC (eBiosciences). Cells were
washed and fixed with PBS+1% paraformaldehyde before
acquisition on the cytometer (Beckman Coulter Gallios).

IL-10 supplementation and neutralization
Cryopreserved PBMC (5 HUU birth and 5 HUU 6-month
samples) were thawed and counted as described above. Cells were
stimulated for 24h in complete RPMI+10% FBS with TLR cocktail
alone or in combination with rhIL-10 (20ng/mL, R&D Systems) or
anti-hIL-10 (500ng/mL, R&D Systems). BFA (5ug/mL) was added
for the last 4 hours of culture. Cells were washed with PBS and
stained with Zombie Yellow Fixable Viability, followed by surface
staining with HLA-DR Alexa Fluor 488, CD19 PerCP-Cy5.5,
CD16 APC, CD56 APC-Cy7 (Biolegend), Gamma delta TCR PE
and CD3 Alexa Fluor 700 (BD Biosciences). Cells were washed and
treated with eBioscience Foxp3/Transcription Factor Staining
Bufter Set (ThermoFisher) then stained for IL-10 PE-Dazzle 594,
IFNy BV421 (Biolegend) and FoxP3 PE-Cy7 (eBiosciences). Cells
were washed and fixed with PBS+1% paraformaldehyde before
acquisition on the cytometer (Beckman Coulter Gallios).

Statistical analysis

To evaluate phenotypic differences by HIV exposure status,
HEU versus HUU, at a given timepoint, we used logistic regression
to model each participant’s cell subset frequency by exposure
group in unstimulated conditions. We defined significant
differences between exposure groups at a given timepoint as a
non-zero HEU/HUU logistic regression coefficient with multiple
testing adjustment using a 5% Benjamini-Hochberg False
Discovery Rate (FDR). For functional differences, we subtracted
cell subset frequencies in unstimulated from TLR B-stimulated
conditions and repeated the same process. Because of the
systematic lower viable recovery of HEU than HUU PBMC, we
identified cell subset comparisons that were significantly associated
with cell viability by using the viability as a covariate in the
regression model. To avoid potential biases introduced by the
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viable recovery, we excluded from the report subset comparisons
that were significantly associated with the cell viability. For
longitudinal differences, we used the same analytical process to
compare birth and 6 months results. Since viability and viable
recovery did not differ between birth and 6 months within each
group of HEU and HUU, no exclusions were made based on the
relationship with cell viability. All the analyses above were
performed in R (version 4.1.3). The results of the mechanistic
experiments were analyzed using Prism software (Graphpad).

Results

Phenotypic characteristics of APC in HEU
and HUU

After exclusion of samples with viable recovery <500,000
PBMC, we analyzed activation and cytokine expression in
stimulated and unstimulated PBMC from 24 HEU and 64
HUU at birth and 28 HEU and 45 HUU at 6 months of age.

10.3389/fimmu.2022.960313

In the phenotypic analysis of unstimulated PBMC at birth,
compared with HUU, HEU had 12 (48%) out of 25 evaluable cell
subsets with significantly higher activation or cytokine expression
and one subset with lower activation (Figures 1A, C; Table S1).
The activated cell subsets higher in HEU than HUU included
monocytes (Mono; Lin-HLADR+CD14+), conventional dendritic
cells type 2 (cDC2; Lin-HLADR+CD14-CD123-CDl1c+),
conventional dendritic cells other than type 2 (cDCn; Lin-
HLADR+CD14-CD123- CDlc-) and plasmacytoid dendritic
cells (pDC; Lin-HLADR+CD14-CD123+CD11c-) expressing
CD83, IL1B, IL6, IL10 and/or TNFo. At 6 months of life, only 2
out of 34 evaluable subsets (6%), consisting of Mono expressing
CD83 and PDL-1, had significantly higher frequencies in HEU
compared with HUU (Figures 1B, C; Table S2).

Functional characteristics of APC in HEU
and HUU

At birth, compared with HUU, the TLR agonist ex vivo
stimulation generated lower activation and inflammatory
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FIGURE 1

Differential phenotypic characteristics of APC in HEU and HUU at birth and 6 months of life. Data were derived from 24 HEU at birth, 28 HEU at
6 months, 64 HUU at birth and 45 HUU at 6 months. (A) Forest plot and summary statistics of significant differences in HEU and HUU at birth
(OR, odds ratio; FDRp, p values after FDR correction; mean, mean proportion of cells expressing the marker of interest in unstimulated
conditions). (B) Forest plot and summary statistics of significant differences in HEU and HUU at 6 months of life. (C) Representative scatter plots
of CD83+ Mono (Lin-HLADR+CD14+) illustrating phenotypic (unstimulated conditions) differences between HEU and HUU at birth and 6

months of life in unstimulated conditions.
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cytokine production in 16 (70%) out of 23 evaluable cell
subsets in HEU and there were no cell subsets with
higher frequencies (Figures 2A, C; Table S3). In contrast,
IL10 production, the only regulatory cytokine included
in the panel, did not significantly differ between HEU
and HUU.

At 6 months of age, compared with HUU, the ex vivo
stimulation generated lower activation and inflammatory
cytokine production in 11 (39%) out of 28 evaluable
cell subsets in HEU and there were no cell subsets
with higher frequencies (Figures 2B, C; Table S2). IL10
production did not significantly differ between HEU
and HUU.

10.3389/fimmu.2022.960313

Maturation of APC functionality in HEU
and HUU

In HEU, unstimulated APC did not show significant changes
in phenotypic characteristics between birth and 6 months of life
(Table S4). In stimulated conditions, HEU showed significant
increases in production of IL6 and IL12 in ¢<DCn and no other
significant changes (Figure 3; Table S3).

In contrast, in HUU, 12 unstimulated APC subsets significantly
changed marker and cytokine expression between birth and 6
months of life (Figures 4A, C; Table S4). Mono, ¢cDCn and pDC
increased expression of CD83, PDL-1, IL6, IL8, IL12 and/or TNFo,
while cDC2 decreased expression of PDL-1 and IL27 from birth to 6
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FIGURE 2

Differential functional characteristics of APC in HEU and HUU at birth and 6 months of life. Data were derived from 24 HEU at birth, 28 HEU at 6
months, 64 HUU at birth and 45 HUU at 6 months. (A) Forest plot and summary statistics of significant differences in HEU and HUU at birth.
Means indicate proportion of cells expressing the marker of interest in TLR-stimulated conditions (TLR-B) after subtraction of the proportion of
cells in unstimulated conditions (NS). (B) Forest plot and summary statistics of significant phenotypic differences in HEU and HUU at 6 months
of life. (C) Representative scatter plots of IL64+ Mono (Lin-HLADR+CD14+) illustrating differences between HEU and HUU at birth and 6 months

of life.
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FIGURE 3

Differential functional characteristics of APC in HEU between birth and 6 months of life. Data were derived from 24 HEU at birth and 28 HEU at
6 months. (A) Forest plot and summary statistics of significant differences. (B) Representative scatter plots of IL6+ cDCn (Lin-HLADR+CD14-
CD123-CDl1c-) illustrating differences between HEU and HUU at birth and 6 months of life.

months of life. Stimulation generated significant changes in 24
outcome measures (Figures 4B, C; Table S5). Overall, expression of
CD83, IL1p, IL8, and IL27 decreased from birth to 6 months of age;
CD40 increased; and IL6, IL12, TNFo, and PDL-1 increased in
some APC subsets and decreased in other subsets. Among APC
subsets, cDC2 activation and cytokine production increased from
birth to 6 months of age and monocyte activation and cytokine
production generally decreased.

NK cell responses to APC stimulation at
birth and 6 months of life in HEU
and HUU

The ability of APC to stimulate NK and T cells was
measured by CD69 and IFNYy expression after 24h of PBMC
stimulation with TLR agonists. T cell activation did not
significantly differ between groups. However, compared with
HUU, NK cells of HEU showed lower CD69 (not depicted) and
IFNY responses at birth and lower IFNy at 6 months of life
(Figures 5A-C). To verify that the NK cell activation in PBMC
cultures stimulated with the TLR agonists was dependent on
APC, we compared NK cell activation in the presence of
Brefeldin A added to the PBMC for the entire duration
of the stimulation or only for the last 4h. Brefeldin A
blocks protein export and precludes cytokine-mediated
communications between APC and NK cells. The results of
these experiments using PBMC from 3 infants obtained at birth
showed that IFNYy expression on NK cells increased in response
to the TLR cocktail when BFA was added for the last 4h of
stimulation, but not from the beginning of the stimulation
(Figure 5C). In contrast, DC intracellular IL-8 production was
similar in both experimental conditions.
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Significance of imbalance between IL-10
and inflammatory cytokine production
in APC

We hypothesized that the imbalance between IL-10 and
inflammatory cytokine production in APC contributed to
decreased NK activation and effector functions in HEU
compared with HUU. To test this hypothesis, we added pre-
optimized concentrations of rhIL-10 or neutralizing anti-IL-10
antibodies to PBMC cultures stimulated with TLR agonists.
Using PBMC from 5 HUU at birth and 5 HUU at 6 months,
we found that rhIL-10 supplementation expanded CD3+
regulatory T cells (Treg) expressing IL-10 or FOXP3,
regulatory IL-10-secreting regulatory B cells (Breg), and IL-10
secreting regulatory APC (Figure 6). In addition, rhIL-10
treatment decreased NK cell IFNy production in TLR-
stimulated PBMC. The addition of anti-IL-10 neutralizing
antibodies to TLR-stimulated PBMC abrogated the effect of
IL-10 supplementation on IFNYy expression in NK cells and on
the generation of Treg, Breg and regulatory APC, authenticating
the functional effect of IL-10 supplementation.

Discussion

This comprehensive analysis of the APC phenotypic and
functional characteristics in HEU and HUU showed significant
differences between the two groups at birth that tended to
decrease without disappearing over the first 6 months of life.
The convergence of HEU and HUU APC functionality over time
was consistent with the time course of their increased
susceptibility to infections, which gradually decreases over the
first 2 years of life (40). The medical literature includes
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FIGURE 4

Differential phenotypic and functional characteristics of APC in HUU between birth and 6 months of life. Data were derived from 64 HUU at
birth and 45 HUU at 6 months. (A) Forest plot and summary statistics of significant phenotypic differences. (B) Forest plot and summary statistics
of significant functional differences. (C) Representative scatter plots of 1L12+ cDCn (Lin-HLADR+CD14-CD123-CD1c-) illustrating differences

between birth and 6 months of life.

conflicting results on the differences in APC functional
responses between HEU and HUU (37-39, 41). In agreement
with our results, Chougnet et al. showed decreased production of
IL-12 in stimulated CBMC in HEU compared with HUU (37).
However, other investigators noted increased inflammatory
responses to TLR stimulation in HEU compared with HUU
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(38, 39). All studies invariably found higher baseline activation
in APC from HEU compared with HUU. Thus, although the
baseline activation contributed in some cases to the net
decreased response to ex vivo stimulation in our study, this
was probably the case in previous studies, too. There were
differences between our study and previous studies with

frontiersin.org


https://doi.org/10.3389/fimmu.2022.960313
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Jalbert et al. 10.3389/fimmu.2022.960313
A C
brth 6mo
. IFNr+ NK colls IL-8+DC
; : 10 0
2, ; g i g ., .
=:=_ ‘ ‘ § 6 g s
t$ - . . a 3
i. = | 3. e ' :
# # o
- o .| e 85— 3
okl Yo T a2 0
™ W < » ~ = La
B
HUU HEU
Birth Birth
No Stim No Stm R
— - | ———
k 0.29 33.4| 031 | 6.00
- i : " :‘f
£l "1
8.
o "1 %
i 14
ol -
IFN; BUV3S6
FIGURE 5

Requirement of APC-secreted factors for NK cell activation in TLR-stimulated PBMC. (A): Scatter plots comparing NK expression of IFNg in HEU
and HUU PBMC stimulated with TLR agonists for 24 h Data were derived from 10 HEU at birth, 15 HEU at 6 months, 39 HUU at birth and 21
HUU at 6 months. Dots represent individual participant results. Horizontal lines indicate the medians. (B) Representative flow scatter plots for
the differences in IFNg+ NK cells between HEU and HUU. (C) Scatter plots show the effect of blocking cytokine secretion for the entire 24-h
stimulation period compared with blocking for the last 4 h of stimulation on activation of NK cells (left) and DC (right). The dots represent the
frequency of activated cells in TLR-stimulated conditions after subtraction of unstimulated control. Blocking cytokine export during the entire
24 h period of stimulation completely abrogated NK cell responses, but not DC responses, indicating that NK responses depended on APC-
derived cytokine stimulation, whereas DC were directly stimulated by the TLR agonists.

respect to outcome measures, stimulants, and the country of
origin of the study participants, all of which might have
contributed to the discrepancies noted above.

Of note, the high baseline activation of specific cell subsets in
HEU, including IL12+ ¢DCn and IL1B+ pDC at birth, and IL1B+
Mono at 6 months of age, was associated with a negative net
result after subtraction of unstimulated from the ex vivo-
stimulated cell subsets. This observation suggests that these
cell subsets reached a level of activation under steady state
conditions that precluded a response to additional ex vivo
stimulation. The corollary of this observation is that people
with high inflammatory underlying health conditions may not
be able to mount optimal responses when exposed to new
pathogens. This hypothesis needs additional investigation.

The increased activation of APC in HEU at birth may
originate from the fetal exposure to a highly inflammatory
maternal environment. Women with HIV on effective ARV,
including pregnant women, have higher levels of inflammation
compared with women without HIV (42-45). Although the
means of communication between maternal and fetal immune
systems are not well understood, there is abundant evidence that
maternal characteristics, including HIV and other chronic
infections, type 1 diabetes, and obesity, imprint the fetal
immune system (46-52). Unfortunately, effective antiretroviral
therapy has been insufficient to abate the highly inflammatory
environment characteristic of HIV Infection (43, 53-56).
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Additional interventions may be necessary to avoid fetal
immune activation in the context of maternal HIV infection.

The differences in APC phenotype and function between
HEU and HUU at 6 months of age were accompanied by
differences in maturation. While HUU showed significant
changes in APC phenotypic and functional characteristics
from birth to 6 months, HUU did not, suggesting that the
APC maturation process may be stunted or delayed in HEU.

Our ex vivo experiments suggested that decreased APC
functionality might play a critical role in the decreased NK cell
activation and/or IFNy production in HEU compared with
HUU. Although NK cells express TLR, TLR agonists have
been shown to exclusively amplify responses triggered by
engagement of other NK activating receptors (57-59). Of note,
the results of our experiments did not rule out additional
intrinsic NK cell dysfunctions.

An important observation was the imbalance between the
APC production of inflammatory cytokines and IL-10 in
response to TLR stimulation in HEU compared to HUU. The
potential role of this imbalance in dampening immune cell
functionality was supported by ex vivo experiments in which
addition of rhIL-10 to TLR-stimulated PBMC from HUU
increased the frequency of Treg and Breg and decreased NK
functional responses, which were at least partially restored with
anti-IL-10 neutralizing antibodies. Since we did not have any
remaining samples from HEU for mechanistic experiments, we
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Effect of rhIL10 and anti-hIL10 treatment of TLR-stimulated PBMC cultures. Data were derived using PBMC from 5 HUU at birth and 5 HUU at 6
months of life. Scatter plots show individual sample results, medians, and select p values calculated by Friedman's test for nonparametric

repeated measures using Prism software (Graphpad).

could not study the effect of anti-IL10 antibodies on NK
functionality in HEU. However, in a previous study, we
showed lower cytotoxicity of NK cells in HEU compared with
HUU, which could be corrected with supplementation of rhIL-
12 (35).

This study was limited by the low viable recovery of PBMC
in HEU, which prevented us from running multiple panels on
the same sample and translated into a relatively small number of
data points per panel in HEU. The low number of HEU samples
per assay may have led to underestimation of differences
between HEU and HUU at 6 months of age and between birth
and 6 months in HEU. Because the viability of PBMC was also
lower in HEU compared to HUU, we reported results in the
comparison of HEU with HUU only for the analytes that were
not significantly associated with viability, which also decreased
the number of parameters reported. Strengths of this study
include the similar geographic location, race, ethnicity, term
births and maternal substance use during pregnancy in cases and
controls (19). Thus, differences in APC functionality at birth
were likely exclusively due to the maternal HIV infection status.
However, lack of breastfeeding and other unknown factors
might have affected the development of APC functionality in
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HEU and HUU and contributed to the differences that
we observed.

In conclusion, APC in HEU compared with HUU
displayed higher levels of baseline activation, but decreased
expression of activation markers and inflammatory cytokine
production in response to TLR stimulation, that extended from
birth up to at least 6 months of life. The impaired functionality
of APC also decreased their ability to stimulate NK responses.
Collectively, the deficit in the innate immune response may
contribute to the increased susceptibility to severe infections
in HEU.
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