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R E S E A R C H  L E T T E R

Whole blood transcriptomics identifies gene expression 
associated with peanut allergy in infants at high risk

To the Editor:
The prevalence of peanut allergy is increasing amongst children.1 
Early introduction of peanut by 4–6 months of age in infants at high 
risk for peanut allergy (defined by guidelines as those with severe 
atopic dermatitis, egg allergy or both diagnoses) may prevent pea-
nut allergy.2,3 Despite the availability of guidelines for early peanut 
introduction, there will continue to be infants who have peanut al-
lergy. Once established, peanut allergy is often persistent with only 
10%–20% of patients developing natural tolerance. With emerging 
therapeutic options, we must identify patients early and intervene 
with tertiary prevention.

Current testing modalities for evaluation of food allergy, in-
cluding skin prick testing (SPT) and serum specific IgE (sIgE) mea-
surement, are limited by false-positive results. Oral food challenges 
(OFC), the current standard for food allergy diagnosis, involve feed-
ing incrementally increasing doses of allergenic protein to an individ-
ual to determine their food allergy status. These challenges present 
clinical risk, are expensive and time-consuming and require intensive 
nursing support with close clinician oversight. In infant populations, 
these challenges are more complex. Thus, there is a need for im-
proved diagnostic tools for food allergy.

This study harnessed whole blood RNA sequencing technology 
to examine gene expression differences among infants at high risk 
for peanut allergy who are peanut allergic (PA), peanut sensitized but 
orally tolerant (PST) and peanut non-allergic (PNA). Our goal was to 
identify genes whose expression was sufficiently different as to dis-
criminate between the three groups of subjects with effect sizes of 
at least one half log (~3 fold) with minimal overlap between groups. 
In our analysis of the data from this study, there were no differences 
in the whole blood transcriptome between these three groups that 
was large enough to distinguish the different clinical phenotypes. 
Gene expression studies in patients with food allergy have been 
used to identify molecular pathways underlying the development 
of sensitization and clinically reactive food allergy, elucidate genes 
implicated in food-induced reactions and determine if differences in 
gene expression can distinguish individuals with clinically reactive 
food allergy from those who are non-allergic.4–8 These studies have 
primarily focussed on the use of antigen-stimulated or unstimulated 
peripheral blood mononuclear cells (PBMC) or T cells for evaluation 

of differential gene expression. Use of whole blood, requiring min-
imal processing, is practical for any clinical diagnostic test. Whole 
blood transcriptomics has been successfully used to identify gene 
expression signatures of other disease states; however, in this study, 
clinically meaningful differences were not identified.

We recruited infants aged 4–11 months with severe atopic der-
matitis and/or egg allergy from the Allergy & Immunology clinic at 
the Ann and Robert H. Lurie Children's Hospital of Chicago (Chicago, 
IL). All data were obtained during their initial visit to allergy clinic, 
which was also the time of enrollment with written informed con-
sent. The study was approved by the Institutional Review Board at 
the Ann & Robert H. Lurie Children's Hospital of Chicago. Clinically, 
seventeen infants underwent SPT and/or sIgE testing to peanut; the 
remaining 3 infants were orally tolerant of peanut at the time of en-
rollment so testing was not indicated. Subjects were categorized as 
PA, PST and PNA based on clinical history, sensitization data and/or 
OFC (see Supplemental Methods; Figure S2).

Of the 20 infants included in the analysis, 10  had severe ec-
zema (50%), 7 had egg allergy (35%) and 3 had both diagnoses (15%) 
(Table  1). RNA sequencing of whole blood was used to evaluate 
differentially expressed genes between PA, PST and PNA subjects. 
We report genes with differential expression using criteria of a fold 
change ≥±1.3 and false discovery rate (FDR) p-value ≤0.05 (Table 2 
and Figure S1).

There were eight significantly differentially expressed genes in 
the PST subjects compared to the PNA group (FDR p-value ≤0.05; 
Figure S1). The upregulated genes include MGAM2, MCEMP1, C4BPA, 
S1000A8 (Figure S3), CECR6 and LINC01270. MEG3 and DKK3 were 
downregulated. In the blood, MGAM2 and C4BPA mRNA are pri-
marily enriched in neutrophils. MCEMP1, S100A8 and CECR6 mRNA 
are primarily enriched in monocytes and neutrophils. DKK3 mRNA 
expression is enriched in MAIT T-cells and naïve and memory 
CD8+ T cells (Table  2).9 Four genes were differentially expressed 
in PA versus PNA subjects (FDR p-value ≤0.05; Table 2), including 
LOC283575, PLEKHD1, LOC100506159 and ANKUB1. In the blood, 
PLEKHD1  mRNA expression is enriched in plasmacytoid dendritic 
cells. ANKUB1  mRNA expression is detected primarily in the neu-
trophil population (Table  2).9 Four genes were significantly differ-
entially expressed in PA compared to PST subjects (FDR p-value 
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≤0.05; Figure  S1), including LOC101928126, FBXO2, COL18A1 and 
TNFRSF10D (Figure S3). FBXO2 mRNA is detected in many cell types 
within the blood; however, it is enriched non-specifically in T- and B-
cells. COL18A1 mRNA expression can similarly be detected in many 
cell types; however, its expression is enriched in neutrophils. In the 
blood, TNFRSF10D is broadly expressed with some enhancement in 
naïve CD4+ T cells (Table 2).9 Deconvolution of the gene expression 
data showed that none of 22 targeted immune cell populations were 
significantly different by subject group (Figure S4).

In this study, differential gene expression in whole peripheral 
blood was present between PA versus PST, PA versus PNA and PNA 
versus PST infants; however, the fold changes ranged from 0.3 to 
2.2. While statistical significance was identified for differentially 
expressed genes, the differences were too small to have clinical sig-
nificance given the magnitude of changes and the variance between 
subjects within the same clinical group. There was no overlap of sig-
nificant differentially expressed genes between the three groups. 
Notably, the genes that were differentially expressed were not con-
sistent with what has been shown in studies of food allergic subjects 
using more targeted cell populations.4,6,7 However, other targeted 
approaches may have missed some of the genes detected in our 
analysis (e.g. S1000A8), and this now provides further rationale for 

future studies investigating other important cell populations such as 
neutrophils that may have a role in the development of food allergy.

Examination of stimulated cord blood CD4+ T cells from neonates 
subsequently diagnosed with IgE-mediated food allergy showed re-
duced expression of genes in the NFKB gene family compared to 
non-allergic neonates, suggesting that T-cell activation pathways 
may be deficient early in life amongst infants who go on to develop 
IgE-mediated food allergy.7  This finding was further corroborated 
when the same group of investigators found that naïve CD4+ T cells 
from egg allergic one year olds had decreased responsiveness upon 

Key Messages

•	 Gene expression in whole peripheral blood differed be-
tween peanut sensitized, allergic and non-allergic, non-
sensitized subjects.

•	 The use of whole blood to examine gene expression dif-
ferences has limitations.

•	 Future studies are required for the discovery of novel 
biomarkers for food allergy.

TA B L E  1  Study participant characteristics

Peanut Allergic (N = 8)
Peanut Sensitized, 
Tolerant (N = 5)

Peanut Non-Allergic 
(N = 7)

Overall 
(N = 20)

Age, months, median (IQR) 9.5 (3.5) 7 (0) 8 (4) 8 (3.5)

Gender, male, N (%) 6 (75) 4 (80) 3 (42.9) 13 (65)

Diagnosis of atopic dermatitis, N (%) 7 (87.5) 5 (100) 5 (71.4) 17 (85)

Diagnosis of severe atopic 
dermatitis, N (%)

4 (50) 3 (60) 3 (42.9) 13 (65)

Diagnosis of egg allergy, N (%) 3 (37.5) 1 (20) 3 (42.9) 10 (50)

Both severe atopic dermatitis and 
egg allergy, N (%)

1 (12.5) 1 (20) 1 (14.3) 3 (15)

Breastfed, N (%)1 8 (100) 5 (100) 7 (100) 18 (100)

Age of complementary feeding, 
months, median (IQR)2

6 (0) 5 (2) 5 (1) 6 (1)

Family history of food allergy, N (%) 3 (37.5) 5 (60) 5 (71.4) 11 (55)

Family history of atopic dermatitis, 
N (%)

4 (50) 3 (60) 3 (42.9) 10 (50)

Family history of allergic rhinitis, 
N (%)

4 (50) 4 (80) 6 (85.7) 14 (70)

Family history of asthma, N (%) 3 (37.5) 2 (40) 3 (42.9) 8 (40)

Peanut SPT wheal size, mm, median 
(IQR)3

7 (3) 4 (1) 0 (2) 4 (4.5)

Peanut sIgE, kUA/L, median (IQR)4 14.9 (80.4) 1.1 (6.8) 0.1 (0) 9.5 (16.8)

Ara h 2 sIgE, kUA/L, median (IQR)5 5.1 (42.9) 0 (0.12) N/A 2.0 (37.6)

Abbreviations: IQR, interquartile range; sIgE, specific immunoglobulin E; SPT, skin prick testing.
1Data only available for N = 18.
2Data only available for N = 19.
3Data only available for N = 16.
4Data only available for N = 13.
5Data only available for N = 11.
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polyclonal stimulation compared to non-atopic age-matched con-
trols.6 Examination of differential gene expression in peanut stim-
ulated memory T cells from peanut allergic and peanut non-allergic 
children showed that IL9 gene expression could best distinguish be-
tween these two groups.4 We did not identify differential gene ex-
pression of IL9 or NFKB family members between the three groups 
in our study, suggesting that whole blood is not sensitive to robust 
biomarkers identified in studies of specific cell populations.

A limitation of our study is the small sample size and that the 
subjects were characterized clinically with history, SPT, sIgE and/or 
OFC. There was lack of a non-atopic control group for this study. 
However, the purpose of the study was to assess gene expression 
differences among infants at high risk for peanut allergy as opposed 
to identifying differences from non-allergic controls. While decon-
volution of whole blood transcriptomic data is a practical approach 
for identification of cell populations, particularly when the volume 
of a whole blood sample is limited, mass cytometry or spectral flow 
cytometry would allow for more refined characterization of these 
cell populations and should be considered in the future studies of 
this infant population.

Whole blood based techniques may not be refined enough to 
detect minor yet relevant gene expression changes. This was likely a 
major factor contributing to the magnitude of our findings. However, 
the use of whole blood may allow for detection of other relevant 
pathways that may have been missed by more focussed sequencing. 
Whilst this study was negative, it does suggest that studying other 
cell populations may help to elucidate novel and potentially import-
ant mechanisms underlying the loss of tolerance to food. In devel-
oping a clinical test, it is important to take into account the technical 
expertise required to perform the test. Use of whole blood for RNA 
extraction is simpler, less costly and requires limited technical exper-
tise when compared to RNA extraction from an isolated cell popula-
tion. However, for the detection of subtle gene expression changes 
or changes that may be occurring in a smaller cell population, the use 
of a highly processed sample or specific cell type is likely necessary. 
Similarly, there are differences between individuals in the cellular 
composition of whole blood that may contribute to gene expression 
findings. Limitations on blood volume collection in infants precluded 
us from obtaining more blood for complete blood counts or cell sort-
ing by flow cytometry.

While a strong diagnostic test for food allergy with minimal 
sample processing is needed, the lack of clinically meaningful gene 
expression differences and limitations of using whole blood as de-
scribed in this study suggest that a more targeted approach focusing 
on specific cell populations may be required.
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