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Background: Data regarding the inflammatory profile of patients with asthma and chronic 
rhinosinusitis (CRS-A) with (CRSwNP-A) and without (CRSsNP-A) nasal polyposis remain 
limited.
Objective: Define and compare systemic transcriptional changes in patients with CRS-A to 
those with non-asthma-related CRS with (CRSwNP) and without nasal polyposis (CRSsNP).
Methods: Thirty-four patients with CRS-A (n=19) and CRS (n=15) were prospectively 
enrolled into an observational study. Demographic information and subjective and objective 
disease severity measures were recorded. Multiplex gene expression analysis of mRNA extracted 
from peripheral blood was performed. A total of 594 genes associated with innate/adaptive 
immunity were analyzed using NanoString technology. Gene expression ratios were reported for 
genes that were differentially expressed among these cohorts. Linear regression analysis was 
used to compare the mRNA transcript copy numbers for each gene with disease severity.
Results: There was no significant difference in age, gender, nasal polyposis, or health- 
related quality of life measures between the two groups (p>0.05). HLA class II histocompat-
ibility antigen, DRB3-1 beta chain (HLA-DRB3) was significantly upregulated in the 
peripheral blood of patients with CRSsNP-A compared to CRSsNP, whereas chemokine 
(C-C motif) ligands 4 (CCL4) and zinc finger protein helios (IKZF2) were significantly 
upregulated in CRSwNP-A compared to CRSwNP (p<0.05).
Conclusion: Patients with CRSsNP-A demonstrate a molecular endotype associated with 
a Th2-dominant inflammatory profile compared to CRSsNP. Patients with CRSwNP-A 
similarly demonstrate an overrepresentation of genes associated with Th2-driven inflamma-
tion compared to patients with CRSwNP.
Keywords: chronic rhinosinusitis, asthma, gene transcription, inflammatory markers, nasal 
polyposis, endotype

Introduction
Asthma, a disease of the large and small bronchi, affects over 26 million 
Americans,1 while chronic rhinosinusitis (CRS), a disease characterized by chronic 
inflammation of the sinonasal mucosa, affects over 28 million.2 Prevalence of both 
diseases is rising with no cure. A significant portion of patients with asthma 
develop comorbid CRS, and this particular phenotype of asthma can be among 
the most difficult to manage, demonstrating poorer outcomes and increased exacer-
bations and healthcare costs.3

CRS is subtyped by phenotype [ie, CRS without nasal polyposis (CRSsNP) vs 
CRS with nasal polyposis (CRSwNP)], as well as by molecular and inflammatory 
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endotypes.4 These subtypes are important to consider as 
they provide us with some information regarding prog-
nosis. CRSwNP is known to present with greater disease 
severity and higher recurrence rates compared to 
CRSsNP.4–6 Historically, CRSwNP has been more closely 
linked to asthma, with initial findings demonstrating 
a similar inflammatory milieu in patients with asthma 
and those with CRSwNP,4 having a cytokine profile heav-
ily dominated by a type 2 (Th2 cell-mediated) inflamma-
tory response.

In contrast, cytokine profiles typically associated with 
CRSsNP can present as a mixture of type 1 (Th1 cell- 
mediated), Th2, and type 3 (Th17 cell-mediated) 
inflammation.4,7 These inflammatory endotypes themselves 
are influenced by molecular endotypes and associated 
upstream transcriptional changes that occur in these disease 
cohorts.4 Despite this, there is currently very limited data on 
molecular endotypes among patients with CRS with asthma 
(CRS-A), with no studies examining this topic in patients 
with CRSsNP and asthma (CRSsNP-A).

Given the particular difficulty in treating patients with 
CRS-A and the lack of data outlining gene transcriptional 
changes in this cohort, the objective of this study was to 
define and compare the systemic molecular endotype of 
peripheral blood in patients with CRS-A to those with 
non-asthma-related CRS (CRS).

Methods
Thirty-four patients with CRS-A (n=19) and CRS (n=15) 
were enrolled into an observational study. Institutional 
Review Board (IRB) approval was obtained at the 
University of Utah. Written consent was obtained from 
patients undergoing treatment of CRSsNP and CRSwNP, 
as defined by the American Academy of Otolaryngology– 
Head and Neck Surgery (AAO-HNS),8 who were prospec-
tively enrolled between 2013 and 2020. All patients were 
over the age of 18 and informed about the purpose of the 
study. This study was conducted in accordance with the 
Declaration of Helsinki. Inclusion criteria included 
a diagnosis of CRS and/or asthma; the latter was con-
firmed by physician diagnosis, asthma medication usage, 
or pulmonary function testing. Patients on oral steroids 
and/or the following diagnoses were excluded in order to 
decrease the potential non-CRS-associated contributions to 
systemic inflammation: allergic fungal rhinosinusitis, eosi-
nophilic granulomatosis with polyangiitis, systemic lupus 
erythematosus, chronic obstructive pulmonary disease, 
multiple sclerosis, cystic fibrosis, cancer, and smoking 

and alcohol use. All recruited patients were included in 
the analysis.

Demographics
The following demographic information, clinical charac-
teristics, and comorbidities were collected for each patient: 
age, gender, smoking status, polyp status, migraine, dia-
betes, gastroesophageal reflux disease, aspirin sensitivity, 
cystic fibrosis, and atopy.

Measures of Disease Severity
Endoscopic examination (Lund-Mackay (LM)), computed 
tomography (CT; LM) imaging, and sinonasal health- 
related quality of life (HRQOL) survey responses 
(SinoNasal Outcomes Test 22 (SNOT-22), Rhinosinusitis 
Disability Index (RSDI), and Patient Health Questionnaire 
2 (PHQ2)) were obtained at enrollment. The SNOT-22 is 
a validated 22-item survey developed to evaluate symptom 
severity in CRS.9 Individual item scores are measured 
using patient selected responses on a Likert scale, where 
higher scores indicate worse symptom severity and 
HRQOL (score range 0–110). The RSDI is a 30-item 
survey instrument (comprised of 3 subdomains) that 
assesses the impact of rhinosinusitis on patient physical 
(score range: 0–44), functional (score range: 0–36), and 
emotional (score range: 0–40) status.10 Similar to the 
SNOT-22, higher scores indicate a worse HRQOL and 
greater negative daily function. The PHQ2 is a two-item 
survey that screens for depressive symptoms within the 
past two weeks.11 The LM scoring system (range: 0–24) 
estimates opacification severity in the maxillary, ethmoi-
dal, sphenoidal, ostiomeatal complex, and frontal sinus 
regions on computed tomography (CT) imaging.12 The 
paranasal sinuses were evaluated bilaterally using rigid, 
30-degree endoscopes (SCB Xenon 175; Karl Storz, 
Tuttlingen, Germany). Endoscopic exams were staged by 
the enrolling physician using the bilateral LK scoring 
system (score range, 0 −20), which quantifies pathologic 
states within the paranasal sinuses including the severity of 
polyposis, discharge, edema, scarring, and crusting on 
a Likert scale.13 Higher scores on both staging systems 
reflect worse disease severity.

Peripheral Blood Collection and 
Preparation for Gene Expression Studies
One to three milliliters of peripheral blood were obtained 
from each enrolled participant and placed into a K2-EDTA 
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collection tube (Becton Dickinson; Franklin Lakes, NJ) prior 
to surgery. An aliquot of blood (0.5 mL) was added to 1 mL 
of RNAlater (AppliedBiosystems/Life Technologies Corp., 
Carlsbad, CA) and stored at −80°C until use. Blood samples 
were thawed at 4°C, and the RNAlater was removed after 
centrifugation (8000 rpm at 4°C; Labnet International; 
Edison, NJ) and aspiration. Nucleic acid was extracted 
using a RiboPure Blood Kit (Invitrogen; Carlsbad, CA) and 
quantified using a NanoDrop 8000 and Qubit (Thermo Fisher 
Scientific; Pittsburgh, PA), according to manufacturer’s 
protocols.

Gene Expression Analysis
Multiplex gene expression analysis of mRNA extracted from 
peripheral blood was performed by the Molecular 
Diagnostics Core at the Huntsman Cancer Institute 
(University of Utah, Salt Lake City, UT). A total of 594 
genes broadly associated with innate and adaptive immunity 
in atopy, autoimmune, and infectious diseases were analyzed 
using NanoString technology (Human Immunology v2 
Panel; Seattle, WA). Briefly, mRNA sample concentrations 
were normalized (25–300 ng) and added to a mixture con-
taining hybridization buffer (70 µL), reporter probes (8 µL), 
and capture probes (2 µL). The mixture components were 
hybridized after 16 hours at 65°C and subjected to mRNA 
transcript copy count quantification using the nCounter® 

MAX equipped with a Digital Analyzer. mRNA transcript 
copy numbers for each gene and sample were generated after 
applying automated filters for background subtraction, qual-
ity control (QC), and normalization using nSolver version 4.0 
software.

QC consisted of performing a correlation analysis in log2 
space between the known concentrations of positive controls 
built into the panel for each gene. Data that were flagged 
during QC were omitted. Normalization was performed 
using the geometric mean of the positive control and 15 
internal reference genes: ATP-binding cassette sub-family 
F member 1 (ABCF1), Delta-aminolevulinate synthase 1 
(ALAS1), (Elongation factor 1-gamma) EEF1G, Glucose- 
6-phosphate dehydrogenase (G6PD), Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH), beta-glucuronidase (GUSB), 
Hypoxanthine Phosphoribosyltransferase 1 (HPRT1), 
Ornithine decarboxylase antizyme (OAZ1), polymerase 
(RNA) I polypeptide B (POLRIB), RNA Polymerase II 
Subunit A (POLR2A), Peptidylprolyl isomerase A (PPIA), 
60S ribosomal protein L19 (RPL19), Succinate 
Dehydrogenase Complex Flavoprotein Subunit A (SDHA), 

TATA-Box Binding Protein (TBP), and Tubulin Beta Class 
I (TUBB).

Statistical Analysis
Total counts were used to characterize categorical vari-
ables, while mean (standard deviation [SD]) or median 
(interquartile range) calculations were used to summarize 
continuous variables. All variables were stratified by diag-
nostic group (CRS-A vs CRS). Gene expression ratios 
were calculated and reported for genes that were signifi-
cantly and differentially expressed between these cohorts. 
Student’s t-tests were employed to compare continuous 
variables between groups, while Chi-squared tests for 
independence or Fisher’s exact tests were used for com-
paring categorical variables. The threshold for significance 
was set at p < 0.05. Statistical analyses were conducted 
using R statistical software (R Core Team, Vienna, 
Austria, Version 3.6.1, 2019).

Results
Demographics
Thirty-four patients with CRS-A (n=19) and CRS (n=15) 
were included in the final analysis. There was no signifi-
cant difference in age, gender, and nasal polyposis 
between the two groups (Table 1). Similarly, there was 
no significant difference in comorbidities between the two 
groups except for a history of migraines, which was pre-
sent exclusively in the CRS cohort (p=0.02).

SNOT-22
The mean baseline SNOT-22 score did not significantly 
differ between CRSsNP (57.8) and CRSsNP with asthma 
(CRSsNP-A) (50.5) (p=0.29). Similarly, the mean baseline 
SNOT 22 score did not significantly differ between 
CRSwNP (56.3) and CRSwNP with asthma (CRSwNP- 
A) (65) (p=0.52) (Table 2).

RSDI
Patients with CRSsNP had a significantly higher RSDI 
Functional subdomain score (18.5) compared to patients 
with CRSsNP-A (10) (p=0.03) (Table 2). However, there 
was no significant difference between the two groups in regard 
to the total RSDI score or the RSDI physical and emotional 
subdomain (Table 2). Similarly, there was no significant dif-
ference in any of the RSDI subdomains or the total RSDI score 
when comparing CRSwNP to CRSwNP-A (Table 2).
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PHQ-2
The mean PHQ-2 scores were higher for both 
CRSwNP (2.6) and CRSwNP-A (2.4) compared to 
their CRSsNP counterparts (1.33 and 1.38), but there 

was no significant difference between the cohorts 
(Table 2).

Systemic Inflammation
Of the 594 genes surveyed in peripheral blood, only HLA 
class II histocompatibility antigen, DRB3-1 beta chain 
(HLA-DRB3) was noted to be significantly upregulated in 
patients with CRSsNP-A compared to CRSsNP (p=0.04) 
(Table 3 and Figure 1A). Conversely, Caspase 2 (CASP2) 
(p=0.02), Nuclear factor of activated T-cells, cytoplasmic 
3 (NFATC3) (p=0.04), and Nuclear factor NF-kappa-B 
p105 subunit (NFKB1) (p=0.02) were all noted to be 
significantly downregulated in this cohort compared to 
CRSsNP (Table 3 and Figure 1B). When examining the 
same genes in patients with CRSwNP, the following genes 
were noted to be upregulated in the asthma cohort com-
pared to the non-asthma cohort: Chemokine (C-C motif) 
ligands 4 (CCL4) (p=0.01), inhibitor of nuclear factor 
kappa-B kinase subunit beta (IKBKB) (p=0.04), Zinc fin-
ger protein Helios (IKZF2) (p=0.02), and Interleukin 
enhancer-binding factor 3 (ILF3) (p=0.02) (Table 4 and 
Figure 2). A larger group of genes were noted to be 
significantly downregulated in the asthma cohort com-
pared to the non-asthma cohort (p<0.04, Table 4 and 
Figure 3).

Discussion
Chronic rhinosinusitis with comorbid asthma presents 
a large healthcare burden and is associated with 
a significant patient morbidity.3 Despite this, limited 
research has investigated the underlying molecular endo-
types within this clinical cohort. Herein, we demonstrated 
that systemic (ie, peripheral blood) genetic transcriptional 
changes in patients with CRS and asthma resulted in 
molecular endotypes associated with a type 2 inflamma-
tory profile regardless of CRS phenotype.14–24 

Additionally, although all patients with CRSwNP exhib-
ited upregulation of genes associated with type 2 inflam-
mation, this upregulation was the greatest for patients with 
concomitant asthma.

Type 2 inflammation is characterized by the presence 
of Th2 cells, whereas Type 1 and type 3 inflammation is 
characterized by Th1 and Th17 cells, respectively.7 

Genetic transcriptional studies in asthmatics without 
CRS have demonstrated overrepresentation of genes 
associated with type 2 inflammation. Several key loci, 
including HLA polymorphisms14–16 are significantly 
upregulated in patients with asthma compared to healthy 

Table 1 Baseline Demographic Data for Patients with CRS 
Enrolled in This Study (N =34)

CRS (n=15) CRS-A (n=19) p-value

Age 0.12

- Mean (SD) 52.60 (17.07) 42.79 (18.23)

- Range (Min-Max) 52 (21–73) 58 (15–73)

Gender 0.70

- Female 6 10
- Male 9 9

Nasal polyposis

-Yes 7 10 1

-No 8 9

Migraines

-Yes 4 0 0.03
-No 11 19

Diabetes Mellitus
-Yes 3 1 0.30

-No 12 18

GERD

-Yes 5 7 1

-No 10 12

AERD

-Yes 0 1 1
-No 15 18

Cystic Fibrosis
-Yes 0 0 1

-No 15 19

Atopy

-Yes 9 13 0.88

- No 6 6

Tobacco Use

-Yes 0 2 1
- No 15 17

Lund-MacKay 0.25
-Mean (SD) 10.20 (5.00) 12.42 (6.11)

-Range (Min-Max) 17 (3–20) 21 (3–24)

Lund-Kennedy 0.52

-Mean (SD) 5.12 (3.46) 6.12 (4.92)

-Range (Min-Max) 12 (0–12) 20 (0–20)

Abbreviations: AERD, aspirin-exacerbated respiratory disease; CRS, chronic rhi-
nosinusitis; CRSsNP-A, asthma-related chronic rhinosinusitis without nasal polypo-
sis; CRSsNP, non-asthma chronic rhinosinusitis without nasal polyposis; CRSwNP- 
A, asthma-related chronic rhinosinusitis with nasal polyposis; CRSwNP, non-asthma 
chronic rhinosinusitis with nasal polyposis; GERD, gastroesophageal reflux disease.
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controls. HLA gene complex encodes major histocom-
patibility complex (MHC) class II molecule – a known 
integral component of the immune system.25 

Polymorphisms near the class II HLA-DR alpha locus 
have also been implicated in immune disease and in the 
development of nasal polyposis.18,25 In the present 
study, we found significant upregulation of HLA-DRB3 
in the peripheral blood of patients with CRSsNP-A 
compared to CRSsNP. Although class II HLA SNPs 
have previously been linked to CRS in the setting of 
nasal polyposis, to the best of our knowledge, this is the 
first study to implicate them in CRS, independent of 

polyp status. It appears that HLA polymorphisms may 
be uniquely upregulated in patients with asthma and 
remain so in the presence of comorbid CRS.

The upregulation of genes associated with type 2 
inflammation was also observed in patients with 
CRSwNP, and more robustly for patients with concomitant 
asthma (ie, CRSwNP-A). IKBKB, an upstream regulator of 
NF-κB, and ILF3, a regulator of IL13 transcription were 
both upregulated in CRSwNP-A compared to 
CRSwNP.20,26 IKBKB has been shown to be upregulated 
in patients with asthma,16,20 and prior CRS data has shown 
a similar overrepresentation of type 2 inflammation in 
CRSwNP-A compared to CRSwNP.4,18,19,25 At the same 
time, in the present cohort, upregulation of these genes 
associated with type 2 inflammation was complemented by 
a simultaneous downregulation of genes associated with 
type 1 and type 3 inflammation. For example, compared to 
CRSwNP, patients with CRSwNP-A demonstrated down-
regulation of genes associated with Th17 differentiation 
(MAPK11)27 and Th1 signaling (PSMB8 and B2M).28,29 

The upregulation of genes associated with type 2 inflam-
mation with simultaneous downregulation of genes asso-
ciated with type 1 and type 3 inflammation creates a more 

Table 2 Patient-Reported Outcome Measure (PROM) Comparisons

CRSsNP (N=8) CRSsNP-A (N=9) p-value CRSwNP (N=7) CRSwNP-A (N=10) p-value

Baseline SNOT-22
-Mean (SD) 57.80 (7.40) 50.50 (15.83) 0.29 56.25 (20.58) 65.00 (23.28) 0.52
-Range (Min-Max) 17 (49–66) 45 (24–69) 45 (26–71) 71 (31–102)

RSDI Physical Subdomain

-Mean (SD) 17.4 (8.32) 16.125 (8.37) 0.80 25.00 (9.30) 26.40 (12.48) 0.85
-Range (Min-Max) 21 (5–26) 25 (2–27) 22 (15–37) 30 (11–41)

RSDI Emotional Subdomain

-Mean (SD) 14.6 (4.16) 10.25 (11.49) 0.35 20.40 (11.41) 20.60 (11.84) 0.98
-Range (Min-Max) 11 (9–20) 33 (0–33) 29 (9–38) 29 (0–29)

RSDI Functional Subdomain

-Mean (SD) 18.50 (4.04) 10.0 (8.28) 0.03 18.20 (10.71) 24.20 (13.46) 0.46
-Range (Min-Max) 9 (14–23) 26 (2–28) 28 (8–36) 34 (1–35)

RSDI Total

-Mean (SD) 50.80 (12.99) 36.38 (26.76) 0.22 63.80 (29.28) 69.60 (36.20) 0.79
-Range (Min-Max) 31 (35–66) 80 (8–88) 76 (35–111) 87 (12–99)

PHQ-2

-Mean (SD) 1.33 (0.82) 1.38 (1.85) 0.96 2.60 (1.67) 2.40 (2.51) 0.89
-Range (Min-Max) 2 (0–2) 5 (0–5) 4 (1–5) 0 (0–6)

Abbreviations: CRSsNP-A, asthma-related chronic rhinosinusitis without nasal polyposis; CRSsNP, non-asthma chronic rhinosinusitis without nasal polyposis; CRSwNP-A, 
asthma-related chronic rhinosinusitis with nasal polyposis; CRSwNP, non-asthma chronic rhinosinusitis with nasal polyposis; PHQ-2, Patient Health Questionnaire 2; SNOT- 
22, SinoNasal Outcomes Test 22; RSDI, Rhinosinusitis Disability Index; SD, standard deviation.

Table 3 Inflammatory Gene Expression Ratio Comparisons in 
the Peripheral Blood of Patients with CRSsNP-A vs CRSsNP

Gene CRSsNP-A/CRSsNP Gene Expression 
Ratio

p-value

HLA-DRB3* 1.36 0.04

CASP2** 0.91 0.02

NFATC3** 0.89 0.04
NFKB1** 0.79 0.02

Notes: *Upregulated genes; **downregulated genes. 
Abbreviations: CRSsNP-A, asthma-related chronic rhinosinusitis without nasal 
polyposis; CRSsNP, non-asthma chronic rhinosinusitis without nasal polyposis.
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robust type 2 molecular endotype in CRSwNP-A com-
pared to CRSwNP.

It is prudent to note that not all downstream media-
tors of type 2 inflammation were upregulated in the 

CRS-A cohort. Certain genes known to mediate Th2 
inflammation in patients with asthma, such as the 
NFAT family of transcription factors,30 CASP2, and 
NF-κB, were in fact downregulated.16,23 It is possible 
that given the wide variability in the possible endotype 
and genetic profile of both asthma and CRS, many 
permutations of individual molecular endotypes are 
likely to be expressed. Some genes known to be over-
expressed in asthma may dominate in some patients, 
while other genes known to be overexpressed in 
CRSsNP or CRSwNP may dominate in other patients. 
Unfortunately, we did not possess the data to endotype 
each patient’s asthma in this way, nor did we have 
a pure asthma cohort for comparison. Ultimately, the 
magnitude of upregulation of particular Th2 mediators, 
such as HLA-DRB3, as determined by gene copy 

Figure 1 Genetic transcriptional changes in peripheral blood favor a type 2 inflammatory profile among patients with CRSsNP-A compared to CRSsNP. (A) HLA-DRB3 is 
significantly upregulated in CRSsNP-A compared to CRSsNP (Th2, p<0.02). (B) CASP2 (Th2, p<0.04), NFATC3 (Th2, p<0.04), and NFKB1 (Th2, p<0.02) are downregulated in 
CRSsNP-A compared to CRSsNP.

Table 4 Inflammatory Gene Expression in the Peripheral Blood 
of Patients with CRSwNP-A vs CRSwNP

Gene CRSwNP-A/CRSwNP Gene 
Expression Ratio

p-value

CCL4* 1.49 0.01

IKBKB* 1.20 0.04
IKZF2* 1.37 0.02

ILF3* 1.17 0.02

B2M** 0.85 0.003
C9** 0.61 0.02

CAMP** 0.50 0.008

CD1A** 0.73 0.02
CD82** 0.79 0.04

CX3CL1** 0.75 0.04

CXCL13** 0.67 0.04
HLA-DPA1** 0.84 0.04

IL18RAP** 0.58 0.02

IL28A** 0.67 0.04
IRF1** 0.76 0.01

KIR3DL2** 0.75 0.01

KIR3DL3** 0.49 0.03
MAPK11** 0.72 0.01

PDGFB** 0.70 0.04

PSMB8** 0.83 0.01
S100A8** 0.61 0.02

XCR1** 0.63 0.01

Notes: *Upregulated genes; **downregulated genes. 
Abbreviations: CRSwNP-A, asthma-related chronic rhinosinusitis with nasal poly-
posis; CRSwNP, non-asthma chronic rhinosinusitis with nasal polyposis.

Figure 2 Upregulated genetic transcriptional changes in peripheral blood favor 
a type 2 inflammatory profile among patients with CRSwNP-A compared to 
CRSwNP. CCL4 (Th2, p<0.01), IKBKB (Th2, p<0.04), IKZF2 (Th2, p<0.02), and ILF3 
(Th2, p<0.02) are significantly upregulated in CRSwNP-A compared to CRSwNP.

http://doi.org/10.2147/JAA.S301825                                                                                                                                                                                                                                    

DovePress                                                                                                                                                      

Journal of Asthma and Allergy 2021:14 410

Gill et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


numbers, was greater than the concomitant downregula-
tion of other Th2 mediators (ie, NFAT, CASP2, and NF- 
κB) in CRSsNP-A.

CRS and asthma have tremendous impact on quality of 
life and treatment outcomes;2,31 this may lead to an expec-
tation that CRS with comorbid asthma should have even 
worse overall HRQOL. However, our data demonstrated 
no significant difference between the asthma and non- 
asthma cohorts in regard to baseline SNOT-22, total 
RSDI, or PHQ-2 scores. This is consistent with prior 
work that has demonstrated no significant difference in 
baseline SNOT 22,32,33 RSDI,33 and PHQ-2 scores34 in 
CRS patients with and without asthma. Future work is 
required to further elucidate whether the dysregulation of 
particular genes can independently impact PROMs.

There are several limitations to consider while interpret-
ing these findings, including sample size. Based on the 
criteria for performing genome-wide association studies, 
however, we believe the sample size to be ample.24 We 
chose to examine a select group of genes known to be 
associated with innate and adaptive immunity; thus, there 
may be other genetic transcriptional alterations among 
genes that were not examined. Further, significant changes 
in gene transcription do not always correlate to translation 
into a functional protein. Future research will include pro-
teomic studies to corroborate our gene transcriptional find-
ings. Despite these limitations, further defining molecular 
endotypes in patients with CRS with comorbid asthma 
provides a unique contribution to our field and serves as 
a key investigation for further mechanism-driven research.

Figure 3 Downregulation of genes predominantly associated with Th1 and Th17 inflammation in peripheral blood favor an overall type 2 profile in patients with CRSwNP-A 
compared to CRSwNP.
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This is the first investigation to characterize gene tran-
scriptional changes in CRSsNP-A and correlate them with 
similar known genetic alterations in patients with asthma. 
Patients with CRSsNP-A demonstrated a molecular endo-
type associated with a robust type 2 inflammation com-
pared to CRSsNP. Furthermore, patients with CRSwNP-A 
demonstrated increased overrepresentation of a type 2 
molecular endotype compared to patients with CRSwNP, 
with a concomitant downregulation of genes associated 
with type 1 and type 3 inflammatory profile. Thus, CRS- 
A appears to lead to an upregulation of Th2 inflammation 
compared to CRS without asthma, independent of polyp 
phenotype.
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