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Dupilumab Therapy Modulates Circulating
Inflammatory Mediators in Patients with Prurigo
Nodularis

Aaron Bao1,2,3, Emily Ma1,2,3, Hannah Cornman1,2,3, Anusha Kambala1,2,3, Jaya Manjunath1,2,3,
Alexander L. Kollhoff1,2,3, Brenda Umenita Imo1,2,3, Madan M. Kwatra4 and Shawn G. Kwatra1,2
Prurigo nodularis (PN) is a chronic inflammatory skin disease characterized by intense pruritus and skin
nodules. Beyond the skin, PN involves circulating blood inflammation that may contribute to systemic disease
comorbidities. Dupilumab was recently approved for treatment of PN, but its effects on systemic inflammation
are unknown. Thus, we aimed to characterize changes in plasma concentrations of inflammatory proteins after
dupilumab treatment. In this exploratory study, plasma samples were collected from 3 patients with moderate-
to-severe PN before and after �6 months of dupilumab treatment. All patients exhibited clinically significant
improvements after treatment. Of the 2569 proteins tested, 186 were differentially expressed after treatment
(q < 0.1, fold change > 1.3). Downregulated proteins included cytokines associated with T helper (Th) 1 (IFN-g,
TNF-a), Th2 (IL-4, IL-13), and Th17/Th22 (IL-6, IL-22) signaling. Markers of innate immunity (IL-19, toll-like re-
ceptor 1, nitric oxide synthase 2), immune cell migration (CCL20, CD177), and fibrosis (IL-11, IL-22) were also
decreased (q < 0.1). Gene set variation analysis of Th2, Th17, and epithelialemesenchymal transition gene sets
showed reduced pathway expression in the post-treatment cohort (P < .05). Plasma cytokine levels of IL-11,
nitric oxide synthase 2, IL-13, IL-4, and IFNG (R2 > 0.75, q < 0.10) showed the strongest correlations with pru-
ritus severity. Dupilumab may reduce systemic inflammatory proteins associated with multiple immune and
fibrosis pathways in patients with PN, potentially modulating the development of systemic disease
comorbidities.
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INTRODUCTION
Prurigo nodularis (PN) is a chronic inflammatory skin disor-
der characterized by severe pruritus and fibrotic nodules,
predominantly located on the limbs and trunk. PN signifi-
cantly impairs QOL, driving heightened sleep disturbances
and psychological distress (Whang et al, 2022).

Similar to other chronic inflammatory skin diseases such as
psoriasis (Reich, 2012), PN also exhibits evidence of systemic
inflammation. Patients with PN, for example, report itching in
both affected and healthy-appearing skin areas, and systemic
inflammation markers have been observed in the blood
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(Belzberg et al, 2021). Plasma studies in patients indicate
elevated levels of IL-4, IL-22, and TNF-a, along with cuta-
neous dysregulation of T helper (Th) 1, Th17, and Th22
pathways (Sutaria et al, 2022). These findings, coupled with
the notable prevalence of comorbidities such as kidney dis-
ease, chronic obstructive pulmonary disease, and congestive
heart failure among patients with PN, indicate a potential link
between cutaneous inflammation and systemic disease.

Dupilumab, a mAb that targets IL-4/IL-13 signaling by
blocking the IL-4Ra, received regulatory approval for the
treatment of PN after successful phase 3 clinical trials
(Yosipovitch et al, 2023). However, the impact of dupilumab
on systemic inflammation in PN remains unexplored. To
address this knowledge gap, we conducted a preliminary
study to analyze plasma obtained from 3 patients with PN
before and after at least 6 months of sustained dupilumab
therapy (Figure 1a and b).
RESULTS
Of the 2569 plasma proteins tested, 184 plasma proteins
(7%) exhibited significant changes in expression after dupi-
lumab therapy (Figure 2a). A total of 126 plasma proteins
(68%) were significantly upregulated, whereas 58 plasma
proteins (32%) were significantly downregulated after treat-
ment. Pathway enrichment analysis (Ge et al, 2020) revealed
enrichment of distinct Kyoto Encyclopedia of Genes and
Genomes pathways, including cytokineecytokine receptor
matology. This is an open access article
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Figure 1. Clinical response to

dupilumab treatment. (a) Baseline

and post-treatment (�6 months of

dupilumab therapy) photographs. (b)

Patient demographic and relevant

clinical information. All participants

provided consent for the publication

of the images presented. IGA,

Investigator’s Global Assessment; WI-

NRS, Worst Itch Numeric Rating

Scale.

A Bao et al.
Dupilumab Modulates Systemic Inflammation in Prurigo Nodularis

2

interactions, Jakesignal transducer and activator of tran-
scription signaling, and IL-17 signaling (P < .001, fold
enrichment > 7) (Figure 2b). Pathways related to cancer and
inflammatory bowel disease were also found to be enriched
(P < .05, fold enrichment > 5).

Differential analysis of individual plasma proteins revealed
elevations in key markers of Th1 (IFN-g, TNF-a), Th2 (IL-4, IL-
13), and Th17/22 (IL-6/IL-22) signaling at baseline compared
with those in matched healthy controls (fold change > 1.3, q
< 0.1). After dupilumab therapy, these markers displayed
significant reductions in plasma concentration (Figure 2c).
Proteins related to innate immunity (IL-19, toll-like receptor
1, nitric oxide synthase 2), wound repair (IL-11, SPINT3, IL-
22), and immune cell migration (CCL20, CD177) exhibited
a similar trend.

Gene set variation analysis (GSVA) of established immune
pathways (Hänzelmann et al, 2013) revealed reduced post-
treatment expression of gene sets associated with Th2,
Th17, and epithelialemesenchymal transition (P < .05). The
Th2-associated gene set was also significantly enriched at
baseline relative to that in healthy controls (P < .05). Th1-
and Th22-associated gene sets also displayed a nonstatisti-
cally significant reduction in mean GSVA score after
treatment (Figure 3a).

To identify cytokines potentially driving itch sensations, we
correlated healthy control and patient Worst Itch Numeric
Rating Scale scores with plasma protein levels at baseline and
after treatment. Among these, IL-11, nitric oxide synthase 2,
IL-13, IL-4, and IFNG exhibited the strongest positive corre-
lation trends (R2 > 0.85 and P < .15) (Figure 3b).

DISCUSSION
Our study outcomes suggest that systemic impact of dupilu-
mab may extend beyond a reduction in Th2 inflammation.
We observed significant downregulation of the Th17
JID Innovations (2024), Volume 4
pathway, alongside alterations in key Th1- and Th22-
associated proteins. These findings could be attributed to
the role of Th2 signals in activating dendritic cells and pro-
moting subsequent Th1/Th17 differentiation (Segura et al,
2013). Prior research has also established the importance of
Th2/Th22 coregulatory cytokines in the pathogenesis of
atopic dermatitis, emphasizing the frequent involvement of
multiple immune axes in inflammatory skin conditions (Lou
et al, 2017).

Furthermore, we identified a broader impact of dupilumab
on innate immunityerelated (IL-19, TNF-a, toll-like receptor
1, nitric oxide synthase 2) and chemokine (CCL20, CD177)
proteins. These findings suggest a suppression of the inflam-
matory cascade and immune cell recruitment, emphasizing
the potential of dupilumab to attenuate both local and sys-
temic immune-mediated pathologies in PN.

Our study also highlights the involvement of fibroprolifer-
ative pathways in PN pathogenesis. Baseline upregulation of
proteins associated with keratinocyte proliferation (IL-22),
TGF-b signaling (SPINT3), and profibrotic processes (IL-11)
demonstrated a notable reduction after treatment (Fung et al,
2022; Zhuang et al, 2020). Particularly, IL-11 exhibited the
strongest correlation with patient itch scores in our study, and
elevated expression has been linked to chronic inflammatory
conditions such as chronic obstructive pulmonary disease,
rheumatoid arthritis, and psoriasis (Fung et al, 2022). This
trend in fibroproliferative cytokines aligned with reduced
GSVA scores for the epithelialemesenchymal transition gene
set, comprised of markers relevant to wound healing, fibrosis,
and metastasis.

Our plasma cytokine findings corroborate recent single-
cell RNA-sequencing studies demonstrating the unique
upregulation of extracellular matrix organization, collagen
synthesis, and stromal remodeling (Alkon et al, 2023) in the
skin of patients with PN. Our study expands this



Figure 2. Systemic

immunomodulatory effects of

dupilumab in prurigo nodularis. (a)

Heatmap depicting relative plasma

expression levels (Z-Score) of

differentially expressed proteins at

baseline (before), after treatment

(After), and in matched HCs. Color

intensity reflects relative expression

levels. (b) Pathway enrichment

analysis displaying top enriched

pathways in the differentially

expressed protein set. Bubble size

corresponds to number of

differentially expressed genes, and

color intensity demonstrates fold

enrichment. (c) Volcano plot

illustrating fold change (after

treatment/baseline) versus adjusted q-

value obtained from moderated t-tests.

Higher absolute magnitude signifies

greater changes in expression, and

negative and positive FCs represent

decreased and increased expression

after treatment, respectively.

Differentially expressed and immune-

related proteins are highlighted. FC,

fold change; HC, healthy control;

STAT, signal transducer and activator

of transcription; Th, T helper.
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understanding by demonstrating the potential reversibility of
the systemic fibrotic phenotype with dupilumab, paralleling
single-cell observation studies demonstrating normalization
of immuneestromal crosstalk after nemolizumab treatment
(Ma et al, 2024). The potential normalization of fibrotic
pathways with dupilumab is clinically relevant, given the
high prevalence of comorbid fibroproliferative diseases such
as renal sclerosis and pulmonary fibrosis in PN (Patel et al,
2024). These antifibrotic effects provide a compelling
mechanism through which dupilumab could mitigate sys-
temic comorbidities in PN. Our preliminary results contribute
to the characterization of the systemic fibrotic profile of PN
and offer insights into its potential reversibility with targeted
biologic therapy.

This study has several limitations worth noting. Most
critically, the small sample size restricts the generalizability
of our findings. Although statistically feasible for microarray
analyses (Lin et al, 2010), small sample sizes carry tradeoffs
between power and sensitivity, increasing the potential of
false positives in both our differential expression and GSVA
results. To address this risk, we implemented adjustments
for false discoveries at a pre-established threshold (false
discovery rate < 0.1 or a false positive rate of 10%), thus
increasing the reliability of the reported significant changes
in protein expression. Another limitation arises from the
variable duration of dupilumab treatment at the time of the
after blood draw, stemming from the real-world nature of
the study. Diverse participant follow-up patterns led to
early blood draws for some, whereas others, facing barriers
to care, had later blood draws. Finally, different ethnic
backgrounds may have underlying immunological differ-
ences. Efforts were made to address this limitation and
maximize local statistical power through a pairwise study
design and addition of matched controls. Given the sub-
stantial fold changes before and after treatment and the
pilot nature of the study, these limitations were deemed
tolerable a priori.

Nevertheless, our study provides preliminary insights into
the systemic immune dysregulation in PN, marked by the
modulation of proinflammatory cytokines associated with
Th2, Th17, and fibroproliferative pathways. The reduction of
these systemic biomarkers after clinical improvement of PN
with dupilumab therapy supports a connection between PN’s
cutaneous and systemic manifestations and suggests potential
for mitigation of PN-associated comorbidities linked to
chronic systemic inflammation. To substantiate the broader
www.jidinnovations.org 3
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Figure 3. GSVA and cytokineeitch correlation. (a) GSVA scores of each patient group using 5 distinct gene sets representing Th1, Th2, Th17, Th22, and EMT

pathways. *P < .05. (b) Plasma cytokine levels (NPX) and pruritus severity (WI-NRS) were correlated with patient cohort (3 baseline, 3 after dupilumab

treatment) and 3 healthy controls. EMT, epithelialemesenchymal transition; GSVA, gene set variation analysis; NPX, normalized protein unit; ns, not significant;

Th, T helper; WI-NRS, Worst Itch Numeric Rating Scale.
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applicability of our observations, further cohort studies with
larger sample sizes and longitudinal designs are imperative.
These future investigations will be vital in delineating the
temporal dynamics of cytokine changes during therapy and
confirming the generalizability of our initial findings. In
conclusion, our study lays the groundwork for a preliminary
hypothesis regarding how dupilumab modulates systemic
inflammatory networks implicated in PN pathogenesis and
comorbidities, paving the way for more extensive and
nuanced research on the subject.
MATERIALS AND METHODS
Cohort selection

Participants were recruited from a tertiary academic medical cen-

ter. Inclusion criteria encompassed a diagnosis of PN by a board-

certified dermatologist; the presence of �20 bilateral nodules;

and a Worst Itch Numeric Rating Scale score �7, with 0 and 10

representing no itch and the most severe imaginable itch, respec-

tively. In addition, patients must have received �6 consecutive

months of dupilumab therapy (600 mg loading dose, followed by

300 mg biweekly) and exhibited clinically significant improve-

ments in itch and cutaneous disease, defined by a �4-point

reduction in Worst Itch Numeric Rating Scale scores and an

endpoint Investigator’s Global Assessment score �1 (Figure 1a and

b). Topical corticosteroids were concurrently used with dupilumab

as the exclusive systemic therapy. Demographics and clinical

characteristics of patients were recorded at the initial blood draw

(Figure 1a and b). Healthy patients were matched on the basis of

age, sex assigned at birth, and race. Within the control cohort,

there were no major comorbidities, and patient laboratory values
JID Innovations (2024), Volume 4
were in normal range. All participants provided consent for the

publication of the images presented.

Sample processing

Plasma samples were isolated from the whole blood by centrifuga-

tion for 10 minutes at 1960g. Plasma was then carefully separated,

avoiding the buffy coat, and transferred into separate tubes to create

1 ml aliquots, with at least 4 aliquots isolated. The aliquots were

slowly frozen at a temperature of �80 �C for 24e72 hours and

transferred into liquid nitrogen vapor phase for long-term storage.

Differentially expressed proteins

Plasma samples underwent testing using proteomic immunoassays

(Olink Explore 3072). A total of 372 proteins with a missing data

frequency exceeding 80% were excluded from analysis. The limma

package (version 3.58.1) in R (version 4.3.2) facilitated moderated

pairwise 2-tailed t-tests for comparing cytokine levels at baseline with

those after treatment. False discovery rates were applied to nominal

P-values to obtain adjusted q-values. Similar to criteria in prior

studies, proteins were deemed differentially expressed if they met the

criteria of an absolute log2 fold change exceeding 1.3 and a false

discovery rateeadjusted q-value below 0.1 (Al-Nesf et al, 2022).

Pathway enrichment, GSVA, and itch correlation analysis

Pathway enrichment analysis utilized ShinyGo (version 0.77),

employing all differentially expressed genes as input, with the total

panel genes as background. GSVA was conducted using the GSVA

package (version 1.50.0), and gene sets were obtained from the

Gene Set Enrichment Analysis Molecular Signatures Database.

Similar to the analysis of differentially expressed proteins, statistical

differences in GSVA enrichment scores between groups were ob-

tained through moderated pairwise 2-tailed t-tests using limma (He
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et al, 2022). Itch correlation analysis involved a correlation test for

repeated measures between Worst Itch Numeric Rating Scale and

cytokine plasma expression levels for a total of 9 sample points (3

baseline, 3 after treatment, and 3 healthy controls) using the rmcorr

package (version 0.6.0).
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