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Abstract

Objective—To determine neonatal immunologic factors that correlate with mother-to-child-
transmission of HIV-1.

Design—This case—control study compared cord blood natural killer (NK) and T-cell populations
of HIV-1 exposed infants who subsequently acquired infection by 1 month (cases) to those who
remained uninfected by 1 year of life (controls). Control specimens were selected by proportional
match on maternal viral load.

Methods—Cryopreserved cord blood mononuclear cells (CBMCs) were thawed and stained for
multiparameter flow cytometry to detect NK and T-cell subsets and activation status. CBMCs
were also used in a viral suppression assay to evaluate NK cell inhibition of HIV-1 replication in
autologous CD4* T cells.

Results—Cord blood from cases contained a skewed NK cell repertoire characterized by an
increased proportion of CD16"CD56™ NK cells. In addition, cases displayed less-activated
CD16°CD56* NK cells and CD8* T cells, based on HLA-DR*CD38™ costaining. NK cell
suppression of HIV-1 replication ex vivo correlated with the proportion of acutely activated
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CD68*CD16-CD56™ NK cells. Finally, we detected a higher proportion of CD27"CD45RA™
effector memory CD4* and CD8* T cells in cord blood from cases compared with controls.

Conclusion—When controlled for maternal viral load, cord blood from infants who acquired
HIV-1 had a higher proportion of CD16~CD56™ NK cells, lower NK cell activation and higher
levels of mature T cells (potential HIV-1 targets) than control infants who remained uninfected.
Our data provide evidence that infant HIV-1 acquisition may be influenced by both innate and
adaptive immune cell phenotypes and activation status.

Keywords

CD38; HLA-DR; Kenya; mother-to-child HIV-1 transmission; natural Killer cell; Tep,; viral
suppression assays

Introduction

Although HIV-1 transmission predominantly occurs at mucosal sites, repeated exposures are
typically required for the establishment of an infection, making mucosal HIV-1 transmission
a relatively rare event (reviewed in [1]). Transmitter infectiousness and host protective
mechanisms lead to differential susceptibility of the host and ultimately influence the
likelihood of a productive HIV-1 infection. Therefore, a better understanding of host
immune factors associated with HIV/-1 transmission or protection from transmission is
needed to inform vaccine design. The mother-to-child HIV-1 transmission (MTCT) model
provides a unique opportunity to explore cellular immune cofactors of HIV-1 transmission
due to systematic access to transmitter viral load data and relative precision regarding timing
of infection.

There is evidence that infant acquisition of HIV-1 infection is influenced by target cell
activation status and location (reviewed in [2]). On one hand, clinical conditions associated
with enhanced inflammation lead to increased HIV-1 susceptibility [3-5]. Further, cord
blood lymphocyte activation in response to maternal helminth coinfection has been
correlated with increased MTCT [6]. Alternatively, activation of immune cells and the
presence of immune modulators that can inhibit HI\V-1 replication, such as interferons or
defensins, may protect infants from HIV-1 infection [7,8].

Natural Killer (NK) cells are a component of the innate immune response and capable of
identifying and killing virally infected cells. Three functionally distinct populations of NK
cells can be defined on the basis of differential cell surface expression of CD16 and
CD16*CD56* cells make up to 90% of adult NK cells and contain high concentrations of
perforin, reflecting their cytotoxic nature. NK cells lacking CD16, including CD56Prght and
CD56%M NK cells, make up approximately 10% of adult NK cells. This subset is poorly
cytotoxic and is capable of producing large amounts of cytokines (reviewed in [9,10]).
Finally, CD16"CD56~NK cells are thought to reflect an anergic or progenitor state of NK
cells that are poorly cytotoxic and are expanded in HIV-1 or hepatitis C-infected adults [11-
13]. To date, few studies have focused on the role of NK cells in HIV-1 transmission.
Studies of highly HIV-1 exposed seronegative adults (HESNs) have shown that NK cells
from HESNs have increased cytolytic activity and increased interferon-gamma (IFNy),
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tumour necrosis factor-alpha (TNFa) and p-chemokine secretion compared with both
unexposed controls and seroconverters [14]. In addition, maternal and infant HIV-1 peptide-
specific NK cell responses have been associated with a reduced risk of MTCT [15].
Together, these findings suggest a role for NK cell functionality in protecting against HIV-1
infection.

In contrast to the beneficial antiviral effects associated with NK cell activation, an activated
or mature T-cell repertoire likely enhances susceptibility to HIV-1, potentially through the
generation of HIV-1 target cells, while a dormant or quiescent T-cell phenotype is critical in
resisting HIV-1 infection [6,16—19]. Thus, immune activation may serve as a ‘double-edged
sword’ in the context of HIV-1 infection, where maintaining an optimal balance between
activated cells with antiviral capacity and activated HIV-1 target cells may be critical for
preventing HIV-1 infection.

Here, we conducted a case—control study to compare NK and T cells in cord blood of infants
who were HIV-1-uninfected at birth but acquired HIV-1 infection by 1 month to those who
remained uninfected in order to determine associations of preexisting infant immune cellular
parameters that associate with MTCT. Because maternal viral load is highly correlated with
transmission [20], we controlled for maternal viral load to evaluate the contribution of cord
blood NK and T-cell phenotypic subsets and activation status to infant HIV-1 transmission
independent of maternal viral load.

Materials and methods

Cohort and specimen selection

This study used specimens from an MTCT cohort collected between 1999 and 2005 in
Nairobi, Kenya, as described previously [21,22]. Women were recruited during pregnancy,
provided written informed consent for participation and storage of specimens, and received
zidovudine (ZDV) prophylaxis for preventing MTCT [23]. Maternal peripheral blood was
collected at 32 weeks gestation, prior to initiation of ZDV, for baseline viral load. Infants
were examined at birth, cord blood was collected at delivery and peripheral blood was
collected within 48 h of life and at 1 month, 3 months and quarterly thereafter to test for
HIV-1 infection status.

We used a case—control design based on proportional representation across quartiles of
maternal viral load, as it is the most significant risk factor associated with vertical
transmission [24]. Selected cases were HIV-1 uninfected at birth but HIV-1 infected by 1
month of age, had multiple cryopreserved vials of cord blood mononuclear cells (CBMCs)
and CBMC viability more than 40% upon thaw (n = 7). One sample was lost during staining
for the NK cell panel, and therefore, only six infant samples could be assessed for NK cell
phenotype and activation status. Approximately four controls were selected to match
maternal viral load quartile per case, while also meeting sample quality criteria above (n =
24). Selection criteria and viral load quartile cutoffs are detailed in the participant flow chart
(supplemental digital content 1, http:/links.lww.com/QAD/A505).
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All components of this study were approved by the Kenyatta National Hospital Ethics and
Research Committee and the University of Washington Institutional Review Board.

Cord blood collection and preservation

Approximately 40 ml of umbilical cord blood was collected by venipuncture after clamping
the cord in two places. Cord blood mononuclear cells (CBMCs) were isolated by density
gradient purification and washed in RPMI-1640 medium; lymphocytes were enumerated by
morphology and were cryopreserved in 10% dimethyl sulfoxide-90% foetal calf serum
(FCS; all Sigma-Aldrich, St. Louis, Missouri, USA).

Infant HIV-1 diagnosis

Infants were diagnosed with HIV-1 infection as previously described [21]. Briefly, an infant
was considered HIV-1 infected if either HIV-1gag DNA was detected from blood spotted
onto filter papers by PCR [25] or HIV-1 RNA was detected in plasma with the Gen-Probe
HIV-1 Viral Load Assay (Gen-Probe Inc, San Diego, California, USA) [26]. Infection was
considered peripartum if the birth specimen collected within 48 h of life had undetectable
HIV-1 DNA or RNA and the 1-month specimen was HIVV-1 DNA or RNA positive. All
peripartum infections were later confirmed by retesting the birth plasma specimens using a
real-time transcription-mediated amplification HIV-1 RNA viral load assay under
development by Gen-Probe.

Cord blood mononuclear cell sample preparation and multiparameter flow cytometric
phenotypic analysis

CBMCs were thawed according to the HIV-1 Vaccine Trials Network standard operating
procedure [27]. Cell number and viability was determined using trypan blue
(CellgroMediatech, Fisher, Pittsburgh, Pennsylvania, USA) exclusion, and samples with
more than 40% viability were used for further analysis. Dead cells were identified and
excluded using LIVE/DEAD Fixable Aqua Dead Cell Stain (Invitrogen, Eugene, Oregon,
USA). All antibodies were from BD Bioscience, (San Jose, California, USA) unless
otherwise noted. The gating strategy for both NK and T-cell subsets first selected singlets
and viable cells. NK cells were then identified using anti-CD16 AlexaFluor647 (clone 3G8)
and anti-CD56 PE-Cy5 (clone B159) while not expressing CD20 (anti-CD20 PerCPCy5.5,
clone 2H7) or CD3 (anti-CD3 ECD, clone UCHT1; Beckman Coulter, Indianapolis, Indiana,
USA), and appearing in a low-side scatter (SSC) lymphocyte gate. T cells were identified
via anti-CD3 ECD (clone UCHT1; Beckman Coulter), anti-CD4 PE-Cy5 (clone RPA-T4)
and anti-CD8 APC (clone RPA-T8). Anti-CD27 APC-Cy7 (clone 0323; Biolegend, San
Diego, California, USA) and anti-CD45RA PE (clone 5H9) were used to distinguish effector
and memory populations. Anti-CD38 FITC (clone AT-1; StemCell Technologies,
Vancouver, Canada), anti-CD69 PE (clone L78) and anti-HLA-DR PE-Cy7 (clone L243)
were used to identify activated NK cells and T cells. Positivity gates were established using
fluorescence-minus-one (FMO) staining for each panel. To evaluate cell populations in
greater detail, a secondary gating strategy was undertaken to differentiate changes based on
the fluorescence intensity. The CD56PM9M NK cells and CD56%™ NK cells that have
previously been demonstrated to be phenotypically and functionally distinct [28] were
evaluated, as were the CD16°119"CD56"d and CD169MCD56"¢Y populations (supplemental
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digital content 2, http://links.lww.com/QAD/A505). For all flow cytometric analyses, the
conjugated antibodies were incubated with the cells for 30 min on ice prior to being fixed in
2% paraformaldehyde and acquired on a BD-LSRII.

Viral suppression assay

NK cell suppression of viral replication in autologous, activated CD4* T cells was
performed as previously described for CD8* T cells [29]. Briefly, CBMCs were thawed and
specimens with viability more than 66% were enriched by negative selection using Human
CDA4*T-cell Enrichment Kit (EasySep; StemCell Technologies). Selected cells (2 x 10°
cells/ml) were stimulated with phytohemagglutinin (PHA; 2 pg/ml?; Remel, Thermo
Scientific, Lenexa, Kansas, USA) and cultured in R10 supplemented with recombinant 1L-2
(50 U/ml, R&D, Minneapolis, Minnesota, USA). After 3 days, cells were washed in R10
and infected with HIV-1CSF g at an MOI of 0.01 using Viromag-magnetofection (OZ
Biosciences, San Diego, California, USA). On day 3, autologous CBMCs were thawed for
NK effector cell enrichment using the Human NK cell enrichment Kit (EasySep; StemCell
Technologies). A minimum of triplicate cultures were plated in the presence of autologous
effector NK cells at an effector:target ratio of 5 : 1 in 96-well plates. Uninfected CD4* T
cells alone served as a negative control. The level of HIV-1 p24 in the day 7 supernatants
was quantified using an HIV-1 p24 Antigen ELISA Kit (Perkin Elmer, Waltham,
Massachusetts, USA) and the ability of NK cells to suppress viral replication was calculated
as follows:

(p24 from infected target cells)
—(p24 from infected target cells with NK cells) x 100

(p24 from infected target cells)

Data analysis

Flow cytometry data were analysed using Flowjo (Treestar v. 8.8.6; Ashland, Oregon, USA)
and statistical analyses were performed using GraphPad Prism (San Diego, California,
USA). The Mann-Whitney U test was used to compare proportions of NK cell and T-cell
population and NK cell subset populations were modelled as continuous variables (P-values
are two-tailed, a = 0.05).

Results

Cohort description

Our case—control cohort (n = 31), selected on the basis of proportional matching of maternal
viral load as described above (see supplemental digital content 1, http://
links.lww.com/QAD/A505), included seven infants who acquired HIV-1 by 1 month of life
(cases) and 24 infants who remained uninfected during the first year of life (controls). The
mothers of infants selected into the cohort were young, moderately immunosuppressed, and
their infants were of normal birth weight and maturity (Table 1). As a result of proportional
maternal viral load selection, baseline maternal viral load measured at 32 weeks gestation
did not differ significantly between cases and controls (5.0 vs. 5.1 logy copies HIV-1
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RNA/mI, P = 0.5). There were no other significant differences in maternal or infant
characteristics (Table 1) [30].

Cord blood natural killer subsets and activation marker expression in HIV-1 exposed

infants

Cord blood from cases had a lower proportion of total NK cells, defined by the percentage
of CD37CD20™ cells expressing CD16 and/or CD56 (median 8.5 compared with 40% for
controls; P = 0.03; Fig. 1b). The NK cell subset distribution also differed between cases and
controls (Fig. 1c), with infants who went on to acquire HIV-1 showing a significant
overrepresentation of CD16-CD56" NK cells (80.5 vs. 21.5%; P = 0.04, Fig. 1d), a
phenotype associated with cytokine secretion [10]. Upon further assessment, this increase in
the cases was determined to be primarily within the CD16-CD56%M NK cells in cases,
whereas the CD56°119t NK cells were similar between the two groups (supplemental digital
content 2, http://links.lww.com/QAD/A505). Cases also exhibited a trend towards under-
representation of CD167CD56" NK cells (16.5 vs. 49.1%; P = 0.09), a phenotype associated
with cytotoxicity. Interestingly, cases trended towards underrepresentation of CD16*CD56~
NK cells (4.1 and 14.1%; P = 0.07) compared with controls, and these findings were also
found in the refined gating strategy analysis (supplemental digital content 2, http://
links.lww.com/QAD/A505). This population has been previously described as immature
[12,13,31,32], suggesting a potential protective effect of having a larger pool of NK cells
able to undergo differentiation into mature NK cells associated with effector functions.

We also evaluated cord blood NK cell subsets for expression of surface markers associated
with chronic activation, HLA-DR and CD38 (Fig. 2a). Although we observed a consistent
trend towards decreased activation for all NK cell subsets in cases compared with controls,
this reached statistical significance only in the CD16"CD56" (activated/cytokine-secreting)
NK subset (0.07% cases vs. 0.8% controls; P = 0.01; Fig. 2b). NK cell expression of the
acute activation marker, CD69, was not different between cases and controls (data not
shown).

Cord blood natural killer cell suppression of HIV-1 replication in autologous CD4* T cells

We performed a functional analysis to measure the ability of infant cord blood NK cells to
suppress HIV-1 replication in autologous CD4* T cells infected with HIV-1 in vitro. Bulk
NK suppression of HIV-1 replication ranged from 0 to 99% in our cohort (Fig. 3). A
requirement for a large number of cells and high cell viability limited our power to detect
differences between cases and controls. We were, however, able to detect a correlation
between the suppressive capacity of bulk NK cells and the percentage of acutely activated
(CD69%) CD167CD56" NK cells (r = 0.41; P = 0.04; Fig. 3), consistent with the cytokine
secretory capacity of this population. We did not detect any correlation between the capacity
of bulk NK cells to suppress HIV-1 replication in autologous CD4* T cells and the
proportion or activation status of other NK subsets (supplemental digital content 3, http://
links.lww.com/QAD/A505).
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Cord blood T-cell activation and differentiation in HIV-1 exposed infants

We were also interested in determining the relationship between T-cell maturation status,
activation and HIV-1 acquisition (Fig. 4). Infants who acquired HIV-1 infection displayed
similar proportions of bulk CD3*CD4*CD8™ T cells (median 69.7 vs. 68.4%, respectively)
and CD3*CD4~CD8* T cells (24.8 vs. 27.2%, respectively) compared with those who
remain uninfected (data not shown). Although the proportion of CD4* T cells expressing
both chronic activation markers HLA-DR and CD38 was similar between the groups, cases
exhibited a significantly lower proportion of activated (HLA-DR*CD38*) CD8 T cells than
controls (0.095 vs. 0.63, respectively; P = 0.02; Fig. 4b, right).

Our assessment of T-cell activation identified a very high percentage of cord blood T cells
singly expressing CD38 (HLA-DR™) in all cord blood samples examined (supplemental
digital content 4a, b, http://links.lww.com/QAD/A505). As CD38 can also serve as a marker
of immaturity, this likely reflects the overall immature status of T cells in cord blood
[33,34]. There was a trend towards an increased percentage of CD38*HLA-DR™CD4* T
cells in controls compared with cases (medians 95 vs. 91%, respectively; P = 0.08;
supplemental digital content 4a, http://links.lww.com/QAD/A505) and a significantly
increased proportion of CD8*CD38™ T cells in controls compared with cases (median 87 vs.
74%, P = 0.02), suggesting that cases have fewer immature CD4" and CD8* T cells than
controls. The proportion of T cells expressing only HLA-DR was small and not significantly
different between the groups (supplemental digital content 4c, d, http://links.lww.com/QAD/
A505).

CD4* and CD8™ T-cell populations were also assessed for perturbation in naive and memory
phenotypes. Consistent with the finding that cases had a lower proportion of CD38*
(immature) T cells, these individuals had an increased frequency of effector memory (Tem)
(CD27~CD45RA™) CD4* T cells (27.2 vs. 6.3%; P = 0.02; Fig. 4c, left) and CD8* T cells
(28.4 vs. 5.3%; P = 0.01; Fig. 4d, left), and a concomitant lower frequency of naive
(CD27*CD45RA*) CD8* T cells (34.1 vs. 61%; Fig. 4d, second panel from left) than
controls. Although cases also displayed a trend towards decreased CD4* naive T cells, this
did not reach statistical significance (Fig. 4c). The median frequencies of central memory
(Tem) (CD27*CD45RA) and effector (Teff) (CD27-CD45RA™) phenotypes were similar
between groups for bothCD4* and CD8* T cells (Fig. 4c, d).

Discussion

MTCT provides a unique setting for identifying factors critical for HIV-1 transmission, as it
permits sampling of HIV-1 exposed individuals before transmission occurs, often within a
month of the transmission event. This precision of preinfection sampling is less possible
using adult HIV-1 transmission models. Further, this setting provides systematic access to
the transmitter (mother) viral load. Using a historical MTCT cohort, we identified several
cellular immune correlates of HIV-1 transmission. We found that cord blood from cases
contained an elevated proportion of CD16-CD56™ NK cells, fewer activated HLA-
DR*CD38* CD16-CD56* NK cells and CD8* T cells and, finally, a higher proportion of
Tem CD27"CD45RA™ CD4* and CD8™ T cells than the cord blood from controls. These data
provide new insights into innate immune correlates of HIV-1 transmission and indirectly

AIDS. Author manuscript; available in PMC 2015 March 19.


http://links.lww.com/QAD/A505
http://links.lww.com/QAD/A505
http://links.lww.com/QAD/A505
http://links.lww.com/QAD/A505

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gasper et al.

Page 8

support the model of immune quiescence in resistance to HIV-1 infection, as cases had an
increased proportion of Ty, CD4™ T cells compared with controls.

Here, we found an expansion in CD16¥CD56™ NK cells, which play a key role in the
production of NK-derived cytokines (reviewed in [9,10]). When examined for CD56
expression levels, a difference in the proportion of CD16-CD56%M NK cells was observed
with the cases containing higher levels; however, no change in CD56P"9N cells was
observed between the groups (Supplemental Digital Content 2, http://links.lww.com/QAD/
A505). Although CD56P119"t NK cells are most often associated with cytokine secretion,
CD569M NK cells are also important cytokine producers following target cell recognition
[10]. Thus, the expansion of the CD16"CD56" NK cell subset (to nearly 80% of NK cells,
Fig. 1) in infants who go on to become HIV-1 infected may reflect the propensity of NK cell
derived proinflammatory cytokines, such as interferon-y and TNF-a, to activate HIV-1
target cells, ultimately facilitating HIV-1 transmission. In addition, this expansion was also
associated with a contraction in the overall proportion of cytotoxic (CD16*CD56%) NK cells
in cord blood of the case infants who went on to acquire HIV-1 infection, consistent with the
hypothesis that NK cell killing functionality may be critical in defending against HIV-1
acquisition in the context of repeated exposures, such as MTCT. Together, our data argue
that the relative frequency of NK cell subsets may be important in defending against HIV-1,
with an advantageous outcome among infants with an expanded population of mature,
cytotoxic, NK cells able to directly lyse virally infected target cells to limit cellular infection
and viral dissemination.

Because infants in our cohort acquired HIV-1 by 1 month of life, acquisition likely occurred
during delivery or through breastfeeding. HIV-specific antibodies commonly found in breast
milk have been shown to mediate antibody-dependent cellular cytotoxicity (ADCC) and are
associated with a reduced risk of MTCT [35]. Interestingly, in our study, both subsets of
CD16™ NK cells expressing the Fc-y receptor CD16 and therefore capable of mediating
ADCC (CD56" or CD567) displayed trends towards underrepresentation in infants who
went on to become infected compared with control infants. As NK cells are found at
mucosal sites, including the gut mucosa [36], the capacity for NK cells to mediate ADCC in
the context of exposure to HIV through breast milk may represent an important component
of protection from infection.

The identification of a lower proportion of activated NK cells and CD8" T cells in cord
blood from infants who went on to become HIV-1 infected suggests that maintaining an
activated repertoire of these cells, both non-HIV-1 targets, may be protective in the context
of MTCT. Although we found a consistent trend towards lower activation of all NK cell
subsets in infants who later acquired HIV-1, this only reached statistical significance in the
cytokine-secreting (CD16-CD56%) NK population. Consistent with this observation,
enhanced cytokine secretion and cytotoxicity by NK cells has previously been shown to
correlate with protective immunity against HIV-1 transmission in adults [37]. Therefore,
although cord blood from infants in our cohort had an expanded population of
CD16-CD56*(cytokine-secreting) NK cells, they were less activated than NK cells in cord
blood from controls, suggesting that activation of these cells, rather than solely their
presence, may be important for protection from HIV-1 transmission. Together, these results
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suggest a beneficial effect of activated NK and CD8* T cells in the context of repeated
HIV-1 exposure.

Through the viral suppression assays, we found that cord blood NK cells from different
individuals display a marked variation in the ability to suppress HIV-1 replication in
autologous CD4* T cells (Fig. 4; min 0% suppression to max 99% suppression), similar to a
previous report of neonate and adult NK cells [38]. We also observed a modest correlation
between the suppressive capacity of bulk NK cells and the percentage of acutely activated
CD697CD16-CD56* NK cells from all infants in our cohort. This finding again suggests
that activation of these cytokine-producing NK cells may be an important component for
suppressing viral replication in this assay, in agreement with previous studies [12,38].
Further studies are warranted to examine the direct role of NK cell derived cytokines in
HIV-1 transmission.

Finally, consistent with previous work [17], our assessment of T-cell subsets identified a
significant increase in the proportion of CD4* T, cells in CBMC from infants who went on
to become HIV-1 infected. As the HIV-1* coreceptor, CCR5, is primarily expressed on Ten,
CDA4 cells, this suggests a protective effect in having a lower proportion of mature, HIV-1
vulnerable T cells that can contribute to initial cellular infection as well as the spread of
infection to draining lymph nodes in the periphery [39]. Although the underlying mechanism
for alterations in these different immune cell parameters is not known, the maternal cytokine
milieu may drive or support HIV-1 replication [40], or the activation or development of
neonatal NK and T cells. Although the initial site of HIV-1 transmission in MTCT is likely
mucosal, our findings derived from peripheral blood offer insight into potential protective
mechanisms. Improved antenatal care to address underlying maternal health issues that
induce an activated adaptive cell phenotype may prove a beneficial role in reducing foetal T-
cell maturation and, thus, alter the risk of MTCT.

Perinatal transmission of HIV-1 is influenced by virologic and immunologic factors in both
infant and the mother. To our knowledge, our study is the first to characterize the role of
preexisting NK cell and T-cell immune status in influencing MTCT. We have identified
three immune phenotypes in CBMC associated with an increased risk of MTCT during the
first month of life, including an increased frequency of CD16-CD56* NK cells, decreased
activation of non-HIV-1 target NK and CD8" T cells, and an increased frequency of Tem,
CD4" cells, which may serve as HIV-1 target cells. Together, these findings provide
evidence that the HIV-1 acquisition in infants is influenced by both innate and adaptive
immune cell phenotypes and activation status.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Natural killer cell frequency and subset distribution in cord blood of HIV-1 uninfected
infants grouped by subsequent HIV-1 acquisition
Cord blood mononuclear cells were gated on singlets and live cells prior to exclusion of
CD3* and CD20" lymphocytes. NK cells subsets were defined by the expression of surface
markers CD56 and/or CD16 (a). The proportion of CD3"CD20~ cells defined as NK cells
found in cases and controls (b). The median frequencies of the phenotypic distribution of
NK cell subsets shown for controls and cases (c). Detailed distribution of individual data
points for comparison of NK cell subsets between controls and cases (d). Lines represent the
medians for a given subset. Statistics were generated via a Mann-Whitney test (P <0.05).
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Fig. 2. Natural killer cell activation status by subset
NK cell subsets were assessed for coexpression HLA-DR and CD38 (a) as indicators of

chronic activation in cases and controls in CD16-CD56%, CD16*CD56* and CD16*CD56~
NK cells (b). Lines represent medians for a given subset. Statistics were generated via a
Mann-Whitney test ("P <0.05; n.s. P >0.1).
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Fig. 3. Viral suppressive capacity of cord blood natural killer cells
NK cells were assessed for their ability to suppress HIV-1 replication in autologous CD4* T

cells (n = 26). Suppressive capacity was correlated with NK activation (CD69" NK cells).
Each point represents the average suppressive capacity of NK cells from each cord blood
sample’s replicates. Solid dots represent infants who remained HIV-1 uninfected (controls)
while ‘x’s’ represent infants who subsequently became HIV-1 infected (cases). Statistics
were generated using a Spearman correlation.
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Fig. 4. CD4* and CD8* T-cell activation and maturation statusin cryopreserved cord blood
mononuclear cell by subsequent HIV-1 acquisition

CD4" or CD8* lymphocytes were assessed for activation and maturation status by
expression of HLA-DR and CD38 (a, left) as well as CD27 and/or CD45RA (a, right).

Activation of CD4" (b, circles, left) and CD8* (b, squares, right) T cells between cases and
controls as well as the proportion of cells in maturation states (from left to right): effector
memory (CD27-CD45RA"), naive (CD27*CD45RAY), central memory (CD27*CD45RA")

or effector (CD27-CD45RA*) CD4* T cells (c) or CD8™ T cells (d). CD4* T cells are
represented by circles and CD8* T cells are represented by squares; controls are open

symbols, cases, closed symbols. Lines represent medians for each group, and statistics were

generated using a Mann-Whitney test ("P <0.05, n.s. P >0.1).
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Table 1

Characteristics of the cohort.

Casesmedian (IQR) or N (%) Controlsmedian (IQR) or N (%) P
Maternal characteristics N=7 N =24
Age (years) 21 (19-28) 27 (24-29) 0.1
Parity 1(1-2) 1(1-2) 0.7
Pregnancy CD4"* cell count 365 (236-732) 345 (242-495) 0.8
Pregnancy CD4* cell percentage 24 (10-33) 22 (16-28) 0.9
Pregnancy HIV viral load, log,q copies/ml plasma 5.0 (4.7-5.7) 5.1(4.8-5.4) 0.5
Vaginal delivery 6 (86%) 19 (79%) 1.0
Infant characteristics
Birthweight (kg) 3.5(2.9-3.8) 3.2 (2.9-3.4) 0.3
Dubowitz/Ballard score 55 (48-57) 56 (52-60) 0.3
Estimated maturity (weeks) 39 (38-40) 39 (39-40) 0.3
Bw04 HLA type 4 (57%) 16 (66%) 0.6

Month 1 plasma viral load, log; copies/ml plasma 6.5(5.7-7.2) ND

IQR, interquartile range; ND, none detected.

*
P values determined using Kruskal-Wallis for 2 independent comparisons or Fisher’s exact test for mode of delivery.
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