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To the Editor,

We previously reported the efficacy of benralizumab (anti–IL5Rα biologic) in controlling CSU refractory
to second generation H1-antihistamines (SGHA).1,2 Herein, we sought to identify CSU-relevant genes and
pathways and their regulation by benralizumab.

CSU patients (N=10; unresponsive to up to 4x FDA-approved doses of SGHA) were enrolled in a single-
blind, uniform-dose, multi-treatment trial (benralizumab 30mg × 3 treatments; Figure s1). Pre- and post-
benralizumab skin and blood samples were analyzed by RNAseq. We identified a CSU signature using
machine learning (ML) on an available CSU dataset (GSE72540) which was validated using our samples.3

Pre-, post-Rx symptom scores, and corresponding blood eosinophil counts are summarized in Table-S1.
Comparison between lesional vs non-lesional CSU skin indicated upregulation of multiple interleukins (IL-
6, IL-20, IL-1β), chemokines (CCL2, CCL3, CCL8, CCL13, CCL18 and CCL21) and adhesion molecules
(CD209, ICAM, CD69), while keratin variants (KRT25, KRT26, KRT27, KRT85) were downregulated.
Multiple enriched networks were identified with IL1β, IL6, CCL2 and CCL3 as major hub genes (Figure-1A).
Machine learning and hierarchical clustering showed that a minimum of 9 genes (OSM, PTGS2, UTP14A,
ZFP36, STAT3, CCL2, RPF2, IL6 and LILRB3) were required to stratify lesional from non-lesional samples
with > 90% predictive efficacy (Figure-1B). Compared to healthy control skin, lesional CSU skin showed
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upregulation of adhesion molecules (SELE, ICAM1, CD69), low-affinity IgE-receptor (FcER2) and CC-
chemokines (CCL2, CCL3, CCL4). Methods and further results are summarized in the on-line supplement.

To determine the effect of benralizumab, the transcripts (Visit 2 pre-treatment vs Visit 5 end of study)
were arranged by significance (p-values) and the top 500 genes (fold-change value > 2.0; ˜ top 2% of
all detected transcripts) were used for downstream analysis.4,5 A significantly enriched treatment-relevant
network showed IL6, TNF and IL1A as major hub-genes. Other relevant transcripts in the network were
CD44, mir-24, IFNg, IL4, S100A10 and S100A12. Relevant differentially expressed genes (DEGs) were
related to chemokeines/cytokines (CCR1, CCL2, IL6; log2FC -2.04, -2.24, -2.94 respectively), inflammation
(PLA2G2A, PTGS2; log2FC -3.19, -1.02), adhesion (SELE; log2FC = -3.7) and barrier function (AQP4;
Log2FC 4.27). Focusing on the three complete treatment responders, the same set of hub genes (IL6, TNF and
IL1A) in addition to IL22, IL13, collagen-related genes (COL1A1, COL4A2) and NFkB gene members were
identified (Figure-1C, D). In addition, PLA2G2A (Phospholipase A2, Group IIA), THBS1 (Thrombospondin-
1) and SOCS3 (Suppressor Of Cytokine Signaling 3) were identified as significant DEGs (FDR-adjusted
p-values < 0.05; log2FC values -3.3, -1.9 and -2.5 respectively). The functional significance of these genes in
regulating mast cell function, inflammation and cytokine function have previusly been described.6-8 Moreover,
benralizumab responders also demonstrated a significant downregulation of PTGDS2 (log2FC = -1.59), a
major driver of cutaneous inflammation. Baseline transcriptomic differences between CSU responder and
non-responder skin indicated that the major significantly upregulated genes (log2 FC in perentheses) in
benralizumab-resistant CSU might be FOS family members of proto-oncogenes FOSB (6.3), Activating
Transcription Factor 3 ATF3 (4.5), and nuclear factor subfamily 4 members A1 and A2 (4.4 and 3.92,
respectively). Enrichment analysis identified platelet activities in addition to glucocorticoid and phosphatase
activities in the non-responsive versus responsive CSU lesional skin. Finally, blood transcriptomes pre
vs post-benralizumab treatment demonstrated downregulation of transcripts associated with IL5 signaling
(e.g., IL5RA and SIGLEC8 log2FC -2.79 and SIGLEC8 -5.47 respectively; FDR-adjusted p-value < 0.01).
When this analysis focused on complete responders to benralizumab, a similar group of transcripts (IL5RA,
IL1RL1, RPL34, ALOX15, SIGLEC8 and S100A8) related to IL5 signaling and inflammatory pathways were
downregulated. Collectively, benralizumab was associated with blood IL5 downregulation and reversal of the
cutaneous CSU transcriptomic signature. Benralizumab-refractory CSU could represent a distinct endotype
warranting further investigation.
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Table-1. Significantly enriched disease-relevant and treatment-relevant biological processes. (A) Processes
associated with CSU lesional skin (compared to non-lesional skin) identified by enrichment analysis. Gene
Ontology identifiers are shown within parentheses. Top significant processes have been shown with eosinophil
chemotaxis (GO:0048245) and eosinophil migration (GO:0072677) were the two significant (adj. p-value =
2.016e-7 for both) biological processes associated with CSU that showed highest combined scores in enrich-
ment analysis. (B) Processes associated with skin transcriptomes before vs. after benralizumab therapy.

Table-1A

Name P-value Adjusted p-value Odds Ratio Combined score

1 cellular response to cytokine stimulus (GO:0071345) 1.120e-18 1.753e-15 9.58 396.10
2 cytokine-mediated signaling pathway (GO:0019221) 2.330e-17 1.824e-14 7.88 301.88
3 inflammatory response (GO:0006954) 6.181e-16 3.224e-13 13.23 463.36
4 positive regulation of MAPK cascade (GO:0043410) 1.809e-15 7.076e-13 11.55 392.03
5 positive regulation of ERK1 and ERK2 cascade (GO:0070374) 1.128e-13 3.530e-11 14.10 420.49
6 regulation of ERK1 and ERK2 cascade (GO:0070372) 2.091e-12 5.455e-10 10.56 283.87
7 response to interleukin-1 (GO:0070555) 8.527e-12 1.907e-9 20.28 516.80
8 monocyte chemotaxis (GO:0002548) 6.560e-11 1.283e-8 33.54 786.32
9 lymphocyte chemotaxis (GO:0048247) 1.028e-10 1.788e-8 31.62 727.11
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Name P-value Adjusted p-value Odds Ratio Combined score

10 positive regulation of response to external stimulus (GO:0032103) 1.961e-10 3.069e-8 12.95 289.44
11 eosinophil chemotaxis (GO:0048245) 2.576e-9 2.016e-7 72.51 1434.08
12 eosinophil migration (GO:0072677) 2.576e-9 2.016e-7 72.51 1434.08

Table-1B

Name P-value Adjusted p-value Odds Ratio Combined score

1 C-X-C chemokine binding (GO:0019958) 0.005933 0.1770 26.10 133.82
2 C-X-C chemokine receptor activity (GO:0016494) 0.005933 0.1770 26.10 133.82
3 CCR1 chemokine receptor binding (GO:0031726) 0.005933 0.1770 26.10 133.82
4 complement receptor activity (GO:0004875) 0.002206 0.1770 14.71 89.96
5 CCR chemokine receptor binding (GO:0048020) 0.0005788 0.1036 6.57 48.95
6 ciliary neurotrophic factor receptor binding (GO:0005127) 0.01999 0.2937 11.18 43.76
7 chemokine activity (GO:0008009) 0.005642 0.1770 4.79 24.82
8 C-C chemokine receptor activity (GO:0016493) 0.01897 0.2937 5.88 23.31
9 C-C chemokine binding (GO:0019957) 0.02128 0.2937 5.60 21.56
10 chemokine receptor binding (GO:0042379) 0.008041 0.2056 4.37 21.06

Figure-1
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