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INTRODUCTION

Despite ongoing study into chronic rhinosinusitis (CRS) disease mechanisms, the origins of 

chronic inflammation are somewhat elusive.1 CRS is defined by 3 months of symptoms with 

evidence of disease, either radiographically or endoscopically.2 Interestingly, pathologic 

correlates of inflammation are not required for diagnosis, but are well described. Some 

of these findings include classic acute inflammatory pathologic hallmarks (ie, edema and 

neutrophilic infiltrate), and some are characteristic of chronic inflammation (ie, lymphocytic 

infiltrate, basement membrane thickening, and fibrosis). Even in well-defined subgroups,3 it 

appears that pathologic and molecular CRS research findings support the presence of mixed 
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acute and chronic inflammation. The role of microbes in CRS remains unclear, as current 

models describe CRS as a disease of inflammation.

Herein we have we applied systems biology and transcriptome network approaches to 

identify de-novo pathways and putative etiologic factors for inflammatory activation in 

CRS tissues. Recent works have utilized cluster analyses to delineate CRS inflammatory 

endotypes types using targeted transcript profiling and bulk tissue or single-cell 

transcriptomics.3–6 Notably, this approach has not been performed across CRS phenotypes 

and controls.

PATIENTS AND METHODS

Twenty-seven subjects (7 controls, 20 with CRS) were enrolled into a prospective study, 

wherein ethmoid sinus tissues were interrogated using the Affymetrix Human Transcriptome 

Array 2.0 (Thermo Fisher Scientific, Waltham, MA). Data were analyzed for differential 

gene expression, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment, 

and gene ontology (GO) enrichment (Supplementary Information). CRS subjects refractory 

to attempted medical therapies underwent endoscopic sinus surgery according to clinical 

guidlines2 (Table S1). Control subjects had no clinical or radiographic evidence of 

rhinosinusitis. Control participants had normal ethmoid mucosa obtained during endoscopic 

dacryocystorhinostomy or transnasal pituitary surgery, where preoperative serum hormone 

panels revealed no abnormality.

RESULTS

As anticipated, global transcriptome profiles clearly delineated controls from CRS subjects 

(Figs. 1 and S1). Of the 25,476 annotated genes detected by the Affymetrix platform, 211 

exhibited a |log2 fold change| >1 with a false discovery rate <0.1 when comparing CRS 

with controls (121 genes downregulated and 90 upregulated in CRS). Surprisingly, few 

differences were noted between nonpolyp CRS (CRSsNP) vs polypoid CRS (CRSwNP). In 

fact, no genes reached significance using these statistical criteria.

Transcriptome variability was attributable primarily to the subject, then to diagnosis (CRS), 

and then presence of asthma or purulence, before polyp condition (Fig. S2). Exploratory 

principal components analysis supported these findings, where CRS and controls clustered 

separately, but no distinction based on these features was evident within CRS subjects 

(Fig. S1). Consideration of a third phenotypic group of CRS asthmatics7—in addition 

to CRSsNP and CRSwNP—may clarify variance that otherwise obscures the delineation 

between polyp and nonpolyp cohorts (Figs. S2–S4). It is currently unclear whether asthmatic 

CRS represents an intermediate group bridging these categories with shared inflammatory 

mechanisms, or whether it exists as a function of time (ie, asthmatic CRSsNP may 

eventually become CRSwNP).

Pathway analyses were then performed. KEGG analysis identified the major differentially 

regulated pathways to be those involved in immune system regulation, including activation 

by both infectious and allergic stimuli (Table 1 and Fig. S5). These include antigen 

processing and presentation, major histocompatibility complex (MHC) class I and II 
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signaling, classical and alternative complement pathways, conventional opsonization, and 

toll-like receptor (TLR)-mediated phagocystosis, as well as the cytokine activation often 

associated with infection (eg, tumor necrosis factor-alpha [TNF-α], interleukin-1 [IL-1], 

and interferon-gamma [IFN-γ]). GO informatics also implicated immune activation, as 

CRS was enriched in innate and adaptive inflammatory responses, regulation of leukocyte 

differentiation and migration, antigen processing, viral and fungal response, neutrophil 

degranulation, and IFN (type I and II) cytokine production. Control samples had enriched 

RNA processing GO pathways but no KEGG pathways reaching statistical significance.

DISCUSSION

We observed broadly similar biologic processes in CRS irrespective of phenotype or 

endotype, with pathway analyses revealing chronic inflammation as a common disease 

endpoint resulting from infectious exposures and/or allergic or autoimmune contributions. 

Consistent activation of positive acute-phase proteins (eg, TNF-α and IL-1) and IFN-

γ signaling pathways across the CRS spectrum, taken together with pathway analyses 

implicating responses to microbial exposures, suggest that repeated responses to acute pro-

inflammatory microbial stimuli may be a key component of the disease process. Consistent 

with classic pathologic descriptions, these molecular analyses support the concept that 

chronic inflammatory and acute infectious processes occur concurrently in CRS tissues, and 

that repeated acute insults occur in the disease and perhaps even sustain the condition.

Several limitations should be acknowledged. Although the RNA-based array includes all 

known transcript isoforms, analyses rely on existing databases and cannot account for 

translational or posttranslational regulation. We purposely sought a real-world disease cohort 

for this study, and our analytical approach helped to mitigate concern for cross-sectional 

sampling and disease heterogeneity. However, it is possible that inclusion of more subjects, 

curation by endotype or cell type, or stratification by coincidental observation of purulence, 

would induce segregation within CRS groups. For instance, a recent study utilizing single-

cell RNAseq was able to elucidate transcriptional differences in individual cell types in 

CRSwNP compared with CRSsNP.8 However, the study did not include a surgical control 

group, and assessed CRSwNP subjects with aspirin-exacerbated respiratory disease and 

varied medication usage, reiterating the challenges of enrolling clean cohorts in human CRS 

studies.

The etiopathogenesis of CRS continues to engender significant debate, with erstwhile 

prevailing thought attributing an infectious origin to the disease, and a modern transition 

in belief toward a chronic inflammatory disease process.1,9 Herein we used tissue 

transcriptome pathway analysis to demonstrate that these viewpoints are not mutually 

exclusive—inflammatory processes responsible for CRS chronicity ostensibly include 

repeated acute inflammatory responses to microbial pathogens.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Transcriptome array. Volcano plot of genes identified in CRS vs CON subjects using the 

Affymetrix 2.0 Transcriptome Array. FC is shown with respect to CRS.

Abbreviations: CON = control; CRS = chronic rhinosinusitis; FC = fold change; FDR = 

false discovery rate.
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