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Microarray analysis of primary epithelial and fibroblast cells 
in chronic rhinosinusitis without nasal polyps*

Abstract
Background: Chronic rhinosinusitis is an inflammatory condition with an as yet unknown pathophysiology. We aimed to detect 

clusters of differentially regulated genes in the epithelial and fibroblast cells of patients with Chronic Rhinosinusitis without nasal 

polyposis (CRSsNP) and healthy controls. 

Methodology: Carefully phenotyped CRSsNP and healthy control participants were recruited.  Primary cultures of isolated 

epithelial and fibroblast cells were established.  Whole transcriptome analysis of the cells was performed using microarrays and 

replicated with quantitative RT-PCR and immunohistochemistry.

Results: Fibroblast cells from CRSsNP patients showed a significant upregulation (>2x) of the transcription factor NFE2L3 when 

compared to healthy controls by microarray with multiple hypothesis testing correction, qRT-PCR and immunohistochemistry.

Conclusions: Here we have utilized microarray analysis to search for differentially expressed genes in isolated patient derived 

epithelial and fibroblast cells. The transcription factor NFE2L3 has been shown to be upregulated in fibroblast cells consistent with 

increasing evidence that fibroblasts play a key role in tissue specific inflammation within the paranasal sinuses.
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Introduction
Chronic rhinosinusitis (CRS) has an estimated European preva-

lence of 11%(1), with concomitant cost and morbidity(2,3). The 

precise pathophysiology of this common condition remains, ho-

wever, elusive. It is diagnosed by a combination of characteristic 

symptoms, endoscopic and radiological findings and is currently 

phenotyped as being with (CRSwNP) or without (CRSsNP) nasal 

polyposis. This broad classification is being further investigated 

with emerging endotypes, or sub-phenotypes to more precisely 

classify these two heterogeneous groups(4). The underlying his-

tological appearances are well characterised, though at present 

do not form part of the current diagnostic criteria(5). All subtypes 

of CRS see an expansion and recruitment in terms of immune 

and inflammatory cells(6), though the precise factors that regu-

late such a chemotaxis and proliferation are under investigation. 

As yet no study has used microarrays to analyse the transcrip-

tome of nasal epithelial and fibroblast cells in CRSsNP. 

Emerging evidence from other chronic inflammatory condi-

tions highlights the role of stromal cells such as fibroblasts in 

orchestrating and perpetuating tissue specific inflammatory 

responses(7-10). Recent work has highlighted the potential for 

sinonasal stromal cells including fibroblasts to contribute to the 

inflammatory environment of the upper airways(11-13). Histologi-

cal studies demonstrate an increase in fibrosis to be particularly 

important in CRSsNP. The sinonasal epithelium is the first point 

of contact between the external world and the respiratory 

system and therefore must play a critical role in sensing and 
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discriminating stimuli that are potentially harmful from the 

many harmless particles that make up our environment. To do 

this the sinonasal tract has a variety of receptors, of which the 

Toll-like pathogen pattern recognition receptors are possibly the 

best characterised(14). Sinonasal epithelium has been shown to 

express all the known human Toll-like receptors with to date no 

documented differences in expression or downstream signaling 

between healthy and diseased individuals, with perhaps the 

exception of Toll-like receptor 9 in nasal polyposis(15). Nonethe-

less, the characteristic morphology of inflammatory sinonasal 

disease implies activation of cellular and molecular mecha-

nisms. We hypothesized that concomitant changes should be 

detectable in the cellular nucleic acid transcriptome – i.e. the 

RNA transcripts in the cell of genes being actively expressed. Dif-

ferentially expressed genes in turn may present possible novel 

CRS therapeutic targets. In particular, we hypothesized that 

nasal fibroblasts may have a role in driving and maintaining the 

sinonasal inflammatory processes seen in chronic rhinosinusitis.

We aimed to investigate the role of nasal epithelial and fibro-

blast cells in the pathophysiology of CRSsNP by comparing 

the transcriptome of the component CRSsNP nasal epithelial 

and fibroblast cells with those in health, using DNA microarray 

clusters of differentially expressed genes. We isolated the nasal 

epithelial and fibroblast cells from patients with chronic sinusitis 

without nasal polyposis, and thereby removed all the recruited 

immune cells from the tissues being analysed. 

Materials and methods
Participant recruitment

Carefully phenotyped non-allergic CRSsNP patients (n=12) 

undergoing elective operations for CRS according to the EPOS 

2012 international consensus criteria(16) were recruited with 

written informed consent following ethical approval by the 

National Health Service National Research Ethics Service Com-

mittee North East (REC reference 13/NE/0099). Control partici-

pants undergoing elective operations that use the nose as an 

access route for skull base procedures in the absence of sinusitis 

symptoms, endoscopic or radiological sinusitis findings were 

recruited as a comparator group (n=12). Participants were non-

allergic based on their clinical history, were invited for definitive 

skin prick testing and free of corticosteroids via all routes for the 

preceding two weeks. Lund-Mackay CT scan and SNOT-22 scores 

were recorded for each participant. The seven rhinological items 

of the SNOT-22 score were summated to give the rhinological 

symptom specific SNOT-22 score (analagous to Browne et al.(17) 

with SNOT-20). The seven items are scored zero to five, and are- 

need to blow nose, sneezing, runny nose, post nasal discharge, 

thick nasal discharge, facial pain/pressure and blockage/con-

gestion. The rhinological symptoms component SNOT-22 score 

ranges from 0 to 35. 

Isolation of samples and cell culture

All recruited participants had a microbiological swab taken 

from their middle meatus for culture, a cytological brushing for 

the generation of epithelial cells and a tissue biopsy for (i) the 

generation of fibroblast cells and (ii) tissue sections for histolo-

gical analysis. Epithelial cells were grown from the brushings to 

near confluence at passage zero (P0), without trypsinisation or 

splitting of the cells. The cells were grown in submerged tissue 

culture conditions with Lonza BEGM media supplemented with 

100 iu/ml penicillin/streptomycin. Fibroblast cells were cultu-

red using an outgrowth technique from tissue biopsies to P1 

in Sigma DMEM 5671supplemented with 100 iu/ml penicillin/

streptomycin, 10% fetal calf serum, 2mM L-Glutamine and 5ml 

Amphotericin B. All cells were cultured in standard sterile tissue 

culture conditions. Cultured cells were characterized and con-

firmed to be epithelial or fibroblast by immunocytochemistry 

using a panel of epithelial and mesenchymal markers(18). 

RNA extraction and quality control

Total RNA was extracted from 1x106 cells of each sample using a 

Machery Nagel NucleoSpin RNA extraction kit as per manufac-

turer’s instructions. Determination of the RNA yield and purity 

was performed on a nanodrop spectrophotometer and the 

quality checked with an Agilent 2100 Expert Bioanalyser. All RNA 

integrity number (RIN) scores were >8/10.

Microarray procedure

Microarray experiments were performed using the Illumina 

Bead Array HT12v4 to screen 47,231 gene probes per sample. 

The Illumina TotalPrep-96 RNA Amplification Kit was used to 

generate Biotin labeled (biotin-16-UTP), amplified cRNA starting 

from 200ng total RNA. 50 ng of the obtained biotinylated cRNA 

samples was hybridized onto the Illumina HumanHT-12 v4 as per 

manufacturer's instructions. The samples were scanned using 

the Illumina iScan array scanner. There were no deviations from 

the Illumina protocol. RNA labeling, amplification, and hybridi-

zation were performed by The Genome Centre at Barts and The 

London School of Medicine and Dentistry. 

Microarray data analysis

The Illumina Human HT12v4 Expression BeadChip data was 

background corrected in Illumina Beadstudio. Subsequent 

analysis proceeded using the lumi and limma packages in R (Bio-

conductor)(19-21). Variant Stabilisation Transformation and Robust 

Spline Normalisation were applied in lumi. Only probes with a 

detection p-value < 0.01 in at least one sample were conside-

red valid for downstream analysis. Differential expression was 

detected using linear models and empirical Bayes statistics in 

limma. A list of genes for each comparison was generated using 

a Benjamini Hochberg false discovery rate corrected p-value of 

0.05 and a fold change of 1.5 as cut-offs(22). The raw data from the 
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PCR, anti NFE2L3 primary antibody (LSBio LS-B8066) at 1:200 

dilution was incubated overnight at 4ºC in 5% BSA PBST. TRITC 

conjugated secondary antibody (Sigma T6778) at 1:100 dilution 

was incubated in 5% BSA PBST at room temperature and in 

darkness. Sections were counterstained and mounted with 

vectashield DAPI containing mounting medium (Vector labo-

ratories H-1200). Slides were imaged on a Nikon A1 on a Nikon 

Eclipse NI-E upright stand with a x20 0.75Na Plan Apo lens 

running Nikon elements 4.30.02. Quantification of images was 

performed using Image J with readings for the epithelial fluores-

cence (TRITC red). The values were expressed as corrected inte-

grated density, with removal of any background fluorescence.

Results
Clinical data

Recruited participants showed significant differences in their 

rhinological SNOT-22 symptom and Lund Mackay CT scan scores 

between control (n=12) and CRSsNP (n=12) patients (p<0.0001). 

There were no significant age or sex differences. Microbiological 

analysis of middle meatal swabs from all participants identified 

only a growth of Staphylococcus aureus, present in two CRSsNP 

participants. Tissue biopsies analysed for histological evidence 

of either healthy sinonasal tissue or CRSsNP are shown in Figure 

1 as previously described by Kou et al.(26) and Fokkens et al.(27). 

The tissue biopsies demonstrate typical examples of the histolo-

gical characterization, immune cell infiltration and distribution 

in both healthy controls and CRSsNP patients. Control partici-

pants showed the normal healthy sinonasal pseudostratified 

epithelium. CRSsNP participants demonstrated confirmatory 

pathological findings of epithelial cell loss, infiltration of im-

mune cells in the fibroblast rich lamina propria and basement 

membrane thickening. Isolated cells were confirmed epithelial 

and fibroblast respectively with epithelial and fibroblast markers 

(Supplemental Figure 1). Assessment with transmission electron 

array has been deposited in the National Centre for Biotechno-

logy Information Gene Expression Omnibus(23) (NCBI GEO) public 

functional genomics data repository supporting Minimum 

Information About a Microarray Experiment (MIAME)-compliant 

data submissions(24) (reference GSE69093).

Quantitative real time RT-PCR

Quantitative RT-PCR was used to replicate the findings of the 

microarray using the standard ΔΔCt (cycle threshold) method; 

ΔΔCt= 2^(Ct of reference gene – Ct of candidate gene). cDNA 

was prepared from isolated RNA samples using the BIORAD iS-

cript cDNA synthesis kit as per manufacturer’s instructions. 10ng 

of cDNA template was used per qRT-PCR reaction using SYBR 

Green JumpStart Taq Ready Mix on an Applied Biosystems 7500 

Real-Time PCR System for 35 cycles. 1µl of forward and reverse 

primers (NFE2L3 - as identified from the microarray analysis, 

forward TCCCAGCATGAGGAAAATGA, reverse TTCTGCCTCC-

CAGTCAGGTTT(25)) were supplied by Eurofins per reaction. 

Expression levels of mRNA were compared to those of the 

healthy controls for relative mRNA expression levels. Unpaired 

t-tests were used to analyse the difference in mRNA expression 

between healthy controls and CRS patients. Products formed in 

the qRT-PCR reactions were verified by 2% agarose gel electrop-

horesis and compared to a 100 base pair ladder.

Immunohistochemical staining

Formalin fixed paraffin embedded tissue sections were produ-

ced from tissue biopsy samples. Sections were de-waxed and 

rehydrated twice in Clearene followed by 100% and 70% etha-

nol each for 5 minutes. Antigen retrieval was performed in 1 mM 

EDTA at pH8 in a microwave at 700 watts for 15 minutes. Non-

specific binding was blocked using 5% bovine serum albumen 

in PBS with 0.2% Tween 20 (5% BSA PBST) at room temperature 

for 1 hour. To replicate the findings of the micro array and RT-

Figure 1. Histological analysis of typical recruited CRSsNP patients and healthy controls. The control panel shows the normal healthy sinonasal pseu-

dostratified epithelium. The CRS panel demonstrates typical CRSsNP histological findings of epithelial cell loss, infiltration of immune cells in the 

fibroblast rich lamina propria and basement membrane thickening (a) H&E stained tissue section. Immunohistochemical staining for (b) neutrophils 

(NP57 neutrophil elastase antibody), (c) T-cells (CD3), (d) macrophages (CD68), (e) eosinophils (Sirius red), (f ) – Immunohistochemical staining for 

epithelial cell marker E-cadherin-FITC (green), fibroblast marker vimentin-TRITC (red) and DAPI nuclear stain (blue) to aid localisation of inflammatory 

cells. Magnification x40.  
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microscopy excluded a diagnosis of primary ciliary dyskinesia 

base on the typical ‘9+2’ axoneme.

Microarray data

The initial comprehensive microarray analysis was a hierarchi-

cal clustering to explore for differences in gene expressions 

between healthy controls (n=12) and CRSsNP patients (n=12). 

Each gene starts in its own cluster and the most similar genes 

are merged according to the Euclidian distance similarity metric. 

The similarity metrics are recalculated between the genes and 

the new cluster and the process is repeated until all genes are in 

a single cluster. Hierarchical clustering analysis clearly separated 

our samples based on their cell type, confirming the difference 

between epithelial and fibroblast samples (Figure 2). The cluster 

analyses, however, did not significantly discriminate between 

healthy controls and CRSsNP participants.

Microarray analysis of isolated primary nasal epithelial cells was 

performed following Benjamini Hochberg correction for multi-

ple hypothesis testing. No significantly differential (>50% up or 

down) gene expression was found. 

A similar comparison of fibroblast cells from control and CRSsNP 

participants identified one significantly differentially expressed 

gene (Figure 3), nuclear factor erythroid-derived 2-like 3 

(NFE2L3, p= 0.000015, p= 0.0471 following multiple hypothesis 

testing correction). NFE2L3 is a transcription factor with poten-

tial roles in inflammation that was 60% upregulated in CRSsNP 

fibroblast cells compared to healthy controls.

qRT-PCR and immunohistochemical replication

Quantitative real time RT-PCR was used to replicate the findings 

Figure 2. Dendrogram produced by hierarchical clustering of CRS and 

healthy control gene samples. Each gene starts in its own cluster and 

the most similar genes according to the Euclidian distance similarity 

metric are merged. The similarity metrics are recalculated between the 

genes and the new cluster and the process is repeated until all genes 

are in a single cluster. The samples are principally separated on the basis 

of the cell type of origin, either epithelial or fibroblast rather than case 

(CRSsNP) or control.

Figure 4.  qRT-PCR replication of NFE2L3 gene expression between 

CRSsNP (n=12) and control fibroblasts (PNFs, n=12) and epithelial cells 

(PNECs, n=12).  Relative gene expression has been normalized to healthy 

control cells.  Figure 4(a) shows a statistically significant >2-fold upregu-

lation in the NFE2L3 gene in CRSsNP fibroblast cells, * = p<0.05 (0.0352).  

Figure 4(b) demonstrates an increase in NFE2L3 in CRSsNP epithelial 

cells compared to control cells, however this does not reach statistical 

significance, p=0.1980.

Figure 3. Isolated fibroblast cells’ volcano plot to identify any statisti-

cally significant differential gene expression between CRS and control 

samples following Benjamini-Hochberg multiple hypothesis testing 

correction. Points outside the dashed vertical lines demonstrate either a 

50% up or down regulation in gene expression. Points above the dashed 

horizontal line show a statistically significant difference of greater than 

p<0.05. Points that satisfy both differential expression criteria and sta-

tistical significance have been coloured red. In this instance one gene 

fulfils both criteria; NFE2L3. 
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of the microarray in control (n=12) and CRSsNP samples (n=12) 

with 15 primer pairs of the most differentially expressed mi-

croarray probes including NFE2L3. qRT-PCR reactions replicated 

and confirmed the findings of the microarray, with the transcrip-

tion factor NFE2L3 showing a two-fold increase in expression in 

fibroblasts derived from CRSsNP patients compared to controls, 

p=0.0352 (Figure 4a). Similar to the microarray, the remainder of 

qRT-PCR primer pairs did not reveal any statistically significant 

expression of mRNA between control and CRSsNP epithelial 

and fibroblast samples using unpaired t-tests. Fluorescent 

immunohistochemical staining of healthy control and CRSsNP 

tissue sections was used in addition to determine if there was 

any difference in the amounts of the NFE2L3 transcription factor 

protein within the tissues. Figure 5 shows typical examples of 

the expression of NFE2L3 in healthy control and CRSsNP tissue 

sections. Quantitatively, there is an increase in staining highligh-

ted by the increased signal from CRSsNP samples. The difference 

is most marked in the sub epithelial tissues, corrected integrated 

density to remove any background fluorescence in the healthy 

control epithelium in Figure (5b) has a value of 37.6 and the CRS-

sNP (Figure 5c) sample has a corrected integrated density value 

for fluorescence of 80.7. The subepithelial stromal tissues show 

an up-regulation in their integrated density from 4.5 in healthy 

control (Figure 5b) to 102.9 in CRSsNP (Figure 5c).

Discussion 
In this study we have recruited a cohort of carefully phenotyped 

CRSsNP patients and healthy controls and isolated their compo-

nent structural sinonasal epithelial and fibroblast cells in tissue 

culture conditions to P0 & P1. Using these isolated epithelial and 

fibroblast cells as a starting template, we have performed a ge-

nome wide microarray to look for differentially expressed genes 

as potential candidates for further mechanistic investigation and 

therapeutic targets. Our bioinformatics analysis of the microar-

ray data demonstrates that fibroblast cells from CRS patients 

show higher expression of the transcription factor NFE2L3 than 

do fibroblasts from control participants. Somewhat surprisingly, 

there were no statistically significantly differentially expressed 

genes between CRS & control epithelial cells. Quantitative real 

time RT-PCR replication with a series of candidate genes has 

confirmed the findings of our microarray analysis. Immunohis-

tochemical staining of tissue biopsies for NFE2L3 protein has 

provided further confirmation of the micro array and RT-PCR 

findings. Quantification of the immunohistochemical staining 

shows the most significant increase in NFE2L3 protein within the 

fibroblast rich sub-epithelial layer with a corrected integrated 

density that is 23 times higher in CRSsNP tissue than in healthy 

control tissue. As in the PCR data there is an increase in the 

NFE2L3 within the epithelial layer, though this is not as dramatic.

Nuclear factor erythroid-derived 2-like 3 (NFE2L3) belongs to 

the highly evolutionarily conserved Cap’n’Collar (CNC) protein 

subgroup of basic region-leucine transcription factors(28). It con-

tains a 43 amino acid CNC domain specific to its DNA binding 

activity(29). There is established evidence for a role of NFE2L3 in 

inflammation in both in vitro and in vivo and via human geno-

me wide association studies. NFE2L3 is a member of a family of 

genes that act as negative regulators of a collection of defensive 

genes in response to oxidative stress(30-32). Both NFE2L3 protein 

and mRNA are upregulated in tissue culture by tumour necrosis 

factor and interferon-γ(33,34), which are key Th1 cytokines in the 

pathophysiology of CRSsNP(35). NFE2L3 has been shown to be an 

important factor in murine models of oxidative lung injury(36,37). 

Genome wide association studies have further identified NFE2L3 

to be associated with endometriosis(38), obesity and diabetes(39). 

It is therefore plausible that the transcription factor NFE2L3 may 

have a role to play in the complex chronic inflammation seen 

within the sinonasal cavity.

In contrast, despite the upregulation of NFE2L3 within sinona-

sal fibroblasts it is perhaps surprising that more differentially 

Figure 5. Fluorescent immunohistochemical staining of CRSsNP and control tissue sections. Tissues have been stained with anti NFE2L3 primary anti-

body and TRITC conjugated secondary antibody (red). Sections have been counterstained with DAPI nuclear staining (blue). (a) no primary control 

section (b) healthy control sample (c) CRS tissue sample. Magnification x40. Corrected integrated density to remove background fluorescence shows 

the epithelium in section (b) to have a value of 37.6 and (c) 80.7, the subepithelial stromal tissue in (b) has a value of 4.5 and (c) 102.9.
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expressed genes were not identified between CRSsNP patients 

and healthy controls from primary cultures of their sinonasal 

epithelial and fibroblast cells. Although the multiple hypothesis 

testing correction is strict, over forty seven thousand different 

human probes were screened for each sample. The paradox 

may arise from patient selection and inter individual variation. 

However, as illustrated by the clinical, radiological and histolo-

gical data, all patients were carefully phenotyped for CRSsNP. All 

participants were non-allergic based on their clinical history and 

were invited for definitive skin prick testing and free of cortico-

steroids via all routes for the preceding two weeks. The sample 

size in this exploratory study is relatively small in part due to 

the technical requirements and cost of the microarrays. The lack 

of differentially expressed genes could in part be due to minor 

differences in medications or smoking status of participants, 

though with respect to these variables there were no major 

differences between each patient group. The lack of differen-

tially expressed genes may also be related to the fact that the 

samples studied were quiescent cells grown in sterile tissue 

culture conditions, removed from the body and the complex en-

vironmental stimuli of the sinonasal cavity. All cells were grown 

in tissue culture conditions, a sterile environment together with 

growth factors and antibiotics to aid the successful proliferation 

of the primary human sinonasal cell lines established. Both cell 

types used early passage cells of either P0 for epithelial cells and 

P1 for fibroblast cells rather than those that have undergone 

multiple cell divisions and trypsinisations in culture. Within 

the cell culture, however, the presence of growth factors and 

antibiotics may have two-fold effects. Firstly, the sterile media 

with supplemental antibiotics removes the normal microen-

vironment of the sinonasal cavity, be it planktonic bacteria, 

viral(40) or biofilm(41) stimulation. Secondly the growth medium 

supplements to promote successful proliferation of primary cells 

in culture may provide supra-physiological stimulus for growth 

and cellular activity that actually disguises any difference in 

gene expression between the healthy control and CRSsNP cells. 

Along with the growth factor supplements and corticosteroids 

in the media which may suppress inflammation and hence RNA 

expression it must also be mentioned that the epithelial cells 

are grown in submerged culture rather than at an air liquid (ALI) 

interface. Air liquid interface culture perhaps more accurately re-

presents the mucosal environment in the sinonasal cavities and 

may have an impact on cellular function and gene transcription. 

It is also worth commenting that a lack of major differences at 

the gene and RNA level does not always equate to a lack of diffe-

rence at the functional level of the gene product i.e. the proteins 

translated from the individual genes and RNAs. To investigate 

the low number of gene targets identified here by microarray 

further it would certainly be interesting to see how the presen-

ted microarray of primary cellular samples compares to either a 

transcriptome analysis of the parent tissues that the cells were 

derived from. Secondly, it would be interesting to investigate 

the responses and downstream signaling following primary cell 

stimulation with disease relevant stimuli found in the sinonasal 

microenvironment. 

 

Conclusion
In conclusion, we have identified increased expression of the 

transcription factor NFE2L3 by microarray, quantitative RT-PCR 

and fluorescent immunohistochemistry in isolated primary nasal 

fibroblast cells from a carefully phenotyped cohort of CRSsNP 

and healthy control patients. This finding adds further evidence 

to the potential emerging role of the fibroblast in inflammatory 

upper airway conditions.
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SUPPLEMENTARY DATA

Supplementary Figure 1. Characterisation of cultured cells from patient samples (a) Scanning electron micrograph (SEM) of healthy sinonasal mucosal 

tissue, (b) SEM of isolated epithelial cell, (c) representative negative immunocytochemical staining for epithelial/fibroblast genes respectively, DAPI 

nuclear stain (blue), (d) SEM of isolated fibroblast cells, (e) epithelial cells positive staining for pan cytokeratin FITC epithelial marker (green), (f ) fibro-

blasts staining positive for vimentin fibroblast marker (red).


