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African Ancestry

Proportion Influences
Ileal Gene Expression
in Inflammatory Bowel
Disease

The influence of ancestry on inflam-
matory bowel disease (IBD) suscepti-
bility has recently been examined via
several large-scale genome-wide asso-
ciation studies,1,2 but the effects of
ancestry-specific variation in risk and
modifier gene expression on prognosis
in IBD remain poorly characterized. It
has been estimated fairly consistently
that the prevalence of IBD is approxi-
mately 2 to 3 times greater in in-
dividuals of European versus African
American (AA) descent,3 but the liter-
ature offers conflicting reports on
complications and outcomes in AA
versus European ancestry patients.4,5

AA individuals tend to be admixed,
with approximately 80% African (YRI)
and 20% European ancestry (CEU).6

Although genome-wide association
studies have identified hundreds of
variants associated with IBD risk, most
research has been conducted on co-
horts of exclusively European
ancestry.7 Earlier studies on IBD risk
variants, such as NOD2, concluded that
mutations in AA individuals result
from European admixture, and thus
confer similar increases in risk.8 How-
ever, the largest genome-wide associ-
ation studies to date of IBD in AA
identified 2 novel African-specific loci
associated with IBD, hinting at the ex-
istence of African-specific contribu-
tions to disease that remain to be
elucidated.2 In this study, we evaluated
ileal transcriptomic profiles of 154 in-
dividuals of AA and European ancestry
with IBD, and characterized differen-
tial gene expression between pop-
ulations. We then examined the effect
of proportions of African and European
ancestry in AA patients on gene
expression, demonstrating that
observed variation in gene expression
between populations is heritable and
not solely caused by environmental
differences.

We performed RNAseq of ileal bi-
opsies sampled from control subjects
(n ¼ 25, no intestinal inflammation
and normal histology) and 129 pa-
tients with ulcerative colitis (n ¼ 36)
and Crohn’s disease (n ¼ 93). Differ-
ential gene expression analysis
revealed 1360 upregulated and 1345
downregulated genes at an FDR cutoff
of 0.05 in AA compared with European
ancestry patients (Figure 1A). Hierar-
chical clustering based on these 2705
genes shows separation of tran-
scriptomic profiles by ancestry into 2
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clusters (Figure 1B). To explore func-
tional pathways implicated by differ-
entially expressed genes, we
performed Gene Set Enrichment Anal-
ysis. Oxidative phosphorylation, adi-
pogenesis, and xenobiotic metabolism
were among the gene sets enriched for
genes upregulated in AA, whereas tu-
mor necrosis factor-a signaling, in-
flammatory response, and interferon-g
response were enriched in down-
regulated genes (Figure 1C,
Supplementary Table 1). Each of these
pathways is highly relevant to the
development and progression of pa-
thology in IBD, which highlights the
importance of better understanding of
genetic contributions to disease and
possible personalized treatment
options.

Following differential expression
analyses, we sought to validate that the
population-based variation in gene
expression we observed is heritable
and not solely attributable to environ-
mental differences. By studying an
admixed population, we can contrast
the influences of European and African
ancestry among individuals of mixed
ancestry to the difference between the
2 predominant ancestry groups. Pro-
portions of admixture in AA were
estimated from common genotypes
called from the RNAseq reads, using
ADMIXTURE software9 with 1000
. Differential gene expression by ancestry. (A)
plot depicting log difference (x-axis) and –log10
(y-axis) for 14,392 genes between African (n ¼
European (n ¼ 25) ancestry patients. (B) Hier-

clustering of 2705 genes differentially expressed
0.05 from A. Top bar: Individuals grouped into
(red; n ¼ 70 AA, 4 European) and cluster 2 (blue;
A, 21 European). Middle bar: Self-reported AA
uropean (blue) ancestry. Bottom bar: Estimated
n of African (red) and European (blue) ancestry
pervised ADMIXTURE analysis. (C) Gene set
nt analysis ranking plots. Each line represents a
hereas position from left to right represents
alculated by multiplying sign of fold change by
of FDR value. Top row shows bias toward
ulated genes in AA; bottom row shows bias
pregulated genes. NF-kB, nuclear factor-kappa
tumor necrosis factor.
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Figure 2. Influence of ancestry proportions on gene expression. (A) Proportions of ancestry assigned to AA. CEU popu-
lation consists of 1000 Genomes Utah Northern and Western European ancestry individuals (n ¼ 85) and European ancestry
individuals from this study; YRI population consists of 1000 Genomes Yoruban individuals (n ¼ 88). (B) Representative boxplot
for analysis of variance between self-identified AA in cluster 1 (n ¼ 70) and cluster 2 (n ¼ 34) from Figure 1B. The y-axis
represents proportion of YRI ancestry (P ¼ 6�10-5). Horizontal line is grand mean. (C) Plot of regressed estimates of the effect
of ancestry proportion on gene expression for the top 5000 most highly expressed genes, calculated in CEU versus YRI (x-
axis) and within AA (y-axis). The slope of the correlation line is c ¼ 0.43.
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Genomes CEU and YRI individuals as
reference European and African pop-
ulations (Figure 2A). AA who group
with European ancestry individuals in
cluster 2 exhibit a highly significant
(P ¼ 6�10-5) trend of increased pro-
portions of European admixture
compared with AA grouping in cluster 1
(Figure 2B). We then applied methods
introduced by Price et al10 to estimate
the percentage of gene expression
variation between populations that can
be attributed to genetic effects. They
argued that the slope of the regression
of gene expression against ancestry
proportion should be the same as the
regression of the difference between
the 2 predominant ancestry groups if
the effect of ancestry is purely genetic,
whereas if the 2 measures are uncor-
related it is purely environmental. The
slope c of the 2 regressions assessed
across all genes thus provides an esti-
mate of the average heritability. By
applying this method, we obtained c ¼
0.43, which we validated as statistically
significant (P ¼ .05) relative to 1000
permutations (Figure 2C,
Supplementary Table 2). This value
implies a substantial heritable compo-
nent to differences in gene expression
observed between AA and European
ancestry IBD patients.

In summary, our study shows strong
differential gene expression in key path-
ways based on African versus European
ancestry. We further demonstrate that
this variation in gene expression among
populations can be partially attributed to
heritable, genetic effects, rather than
solely to differences in environmental
factors. The pathways highlighted here
are known to be critical in IBD patho-
genesis, and elevation of inflammatory
and tumor necrosis factor-a signaling
seems to be consistent with evidence of
worse prognosis in AA. Further investi-
gation into ancestry-specific variation in
disease is necessary for the development
of personalized therapeutics.
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