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Abstract
Background: Age-related changes in adaptive and innate immune cells have been associated with a
decline in effective immunity and chronic, low-grade in�ammation. Epigenetic, transcriptional, and
functional changes in monocytes occur with aging, though most studies to date have focused on
differences between young adults and the elderly in populations with European ancestry; few data exist
regarding changes that occur in circulating monocytes during the �rst few decades of life or in African
populations. We analyzed DNA methylation pro�les, cytokine production, and in�ammatory gene
expression pro� 24 les in monocytes from young adults and children from western Kenya.

Results: We identi�ed several hypo- and hyper-methylated CpG sites in monocytes from Kenyan young
adults vs. children that replicated �ndings in the current literature of differential DNA methylation in
monocytes from elderly persons vs. young adults across diverse populations. Differentially methylated
CpG sites were also noted in gene regions important to in�ammation and innate immune responses.
Monocytes from Kenyan young adults vs. children displayed increased production of IL-8, IL-10, and IL-
12p70 in response to TLR4 and TLR2/1 stimulation as well as distinct in�ammatory gene expression
pro�les.

Conclusions: These �ndings complement previous reports of age-related methylation changes in isolated
monocytes and provide novel insights into the role of age-associated changes in innate immune
functions.

Full Text
This preprint is available for download as a PDF.

Tables
Due to technical limitations, table 1 is only available as a download in the Supplemental Files section.
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Figure 1

Age-related differences in monocyte DNA methylation in Kenyan adults and children. Monocytes were
negatively selected from fresh venous blood samples from healthy Kenyan children (n = 8) and adults (n
= 8). (a) Principal components analysis (PCA) plot of DNA methylation results for Kenyan adult (red) and
child (blue) monocytes. (b) Heatmap of DNA methylation results showing differentially methylated
positions between Kenyan adult and child monocytes, includes all CpG probe sites meeting differential
methylation criteria (absolute beta value difference > 0.15, p < 0.01, and FDR-adjusted p < 0.05). (c) Plot
of differentially methylated region in the CLEC12A gene locus, showing beta values for Kenyan adult (red)
and child (blue) monocytes at 6 CpG probe sites within the region. (d) KEGG pathway enrichment
analysis of genes associated with differentially methylated positions in monocytes from Kenyan adults
vs. children, showing the most signi�cantly enriched pathways.
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Figure 2

Monocyte responsiveness to TLR4 and TLR2/1 stimulation in Kenyan adults and children. Monocytes
were negatively selected from fresh venous blood samples from healthy Kenyan children (n = 8) and
adults (n = 10). Cells were cultured for 18 hours with media alone, 10 ng/ml LPS, or 100 ng/ml
Pam3CSK4 (P3C), and cytokine concentrations were measured in culture supernatants. Mann Whitney U
test was used to compare the groups. Data are shown as medians with interquartile ranges.
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Figure 3

Monocyte in�ammatory gene expression pro�les in Kenyan adults and children. Targeted digital RNA
sequencing was performed on monocytes isolated from cryopreserved PBMCs via negative selection. A
customized panel targeted 508 genes important in in�ammation and immunity (QIAseq Human
In�ammation and Immunity Transcriptome Panel, Qiagen). (a) Principal components analysis (PCA) plot
of targeted digital RNA sequencing results for Kenyan adult (red) and child (blue) monocytes. (b)
Heatmap of the top 50 most signi�cantly differentially expressed genes between Kenyan adult and child
monocytes.
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Figure 4

Epigenetic, phenotypic, functional, and transcriptional differences in monocytes from Kenyan adults vs.
US adults. (a) Principal components analysis (PCA) plot of DNA methylation results for Kenyan adult (red;
n=8), Kenyan child (green; n=8), and US adult (blue; n=8) monocytes. (b) KEGG pathway enrichment
analysis of genes associated with differentially methylated positions in monocytes from Kenyan adults
vs. US adults, showing the most signi�cantly enriched pathways. (c) Proportions of all circulating
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monocytes that are classical, intermediate, and nonclassical for PBMC samples from Kenyan adults
(n=14) and US adults (n=4). Mann Whitney U test was used to compare 504 the groups. (d) Monocyte
cytokine production in response to 18 hours of TLR4 (LPS 10 ng/ml) and TLR2/1 (P3C 100 ng/ml)
stimulation in Kenyan adults (n=10) and US adults (n=14). Monocytes were negatively selected from
fresh venous blood samples. Mann Whitney U test was used to compare the groups. Data are shown as
medians with interquartile ranges. (e) PCA plot of targeted digital RNA sequencing results for Kenyan
adult (red; n=7) and US adult (blue; n=4) monocytes. (f) Heatmap of the top 35 most signi�cantly
differentially expressed genes between Kenyan adult (blue) and US adult (purple) monocytes.
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