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Summary 

We explored gene expression profile differences found in circulation in IPF patients, 

identifying 2 potentially relevant transcripts that were highly expressed in progressive versus 

stable IPF, providing insight into disease pathogenesis and progression. 

Research Letter 

Idiopathic pulmonary fibrosis (IPF) is a chronic disease characterised by an overall poor 

prognosis. The rate of disease decline and progression to death can vary, with some patients 

remaining stable over longer periods of time and others displaying rapid progression.
1, 2

tThe 

highly heterogeneous nature of this disease makes it difficult to elucidate the pathways 

involved in the initiation and progression of IPF and what determines the clinical trajectory of 

these patients. Advances in high-throughput gene expression analyses have led to 

improvements in our understanding of disease biology with insights into prognostic and 



predictive gene signatures.
3
nThis study sought to characterise differences in gene expression 

profiles found in the circulation between ‘stable’ and ‘progressive’ IPF patients, to help 

identify relevant biomarkers that may provide insights into the pathogenesis of progressive 

IPF. 

The study group consisted of consented patients from the Australian IPF Registry with 

clinical/physiological/radiographical findings consistent with the diagnosis of IPF. Joint-

models were utilised to simultaneously model the longitudinal forced vital capacity (FVC) 

and carbon monoxide (DLco) outcomes in order to determine the trajectories. Baseline FVC 

and DLco were taken ±6 months from the time of blood collection, and the longitudinal FVC 

and DLco trajectories were determined 12 months from the time of blood collection. We used 

a composite endpoint of a fall in FVC≥10% and/or DLco≥15% within 1 year of blood 

collection and/or death/transplant within this same period to define ‘progressive’ IPF. The 

outcome of no rapid decline within 12 months of bloodwork was called ‘stable’ IPF.  No 

patients were on pirfenidone or nintendanib at the time of blood collection. 

An initial 10 patients from each group had plasma isolated and RNA extracted. Expression of 

over 135,000 transcripts were analysed by microarray (Human Clariom D; ThermoFisher 

Scientific), and expression profiles were compared between ‘stable’ and ‘progressive’ IPF 

samples. The top targets with a minimum 2-fold difference between the two IPF groups were 

identified and droplet digital PCR (ddPCR; BioRad) was used to validate expression 

differences and compare the absolute expression measurements between an independent 

cohort of ‘stable’ (n=49) and ‘progressive’ (n=28) IPF patients and disease-free ‘healthy’ 

controls (n=15). In contrast to other methods, ddPCR can provide an absolute, objective 

quantification of the number of mRNA transcripts with high precision. This is based on 

partitioning samples into thousands of uniformly nanolitre-sized droplets in an emulsion of 

oil, undergoing end-point PCR, and determining the starting template concentration by taking 



into account Poisson’s statistical analysis of the ratio of positive (containing amplified target) 

to negative (no detectable amplified target) droplets detectable.4, 5 

Five independent formalin-fixed, paraffin embedded (FFPE) fibrotic lung specimens from 

IPF patients were selected and included in the study to determine whether expression of 

genes and proteins of interest were detectable in primary IPF lung tissue. A549 cell line was 

included as a positive control for gene expression analyses and technical control to ensure the 

ddPCR assay functioned correctly. IPF fibroblasts and normal fibroblasts were evaluated for 

expression of genes of interest. P-values for relative gene expression levels of each transcript 

detected by the microarray and ddPCR were generated using one-way analysis of variance 

(ANOVA) adjusted for multiple comparisons (Kruskal-Wallis with Dunn’s multiple 

comparisons test). 

The mean age was 70±7yr in the ‘stable’ group (34 male, 15 female); 70±10yr in the 

‘progressive’ group (19 male, 9 female); and 62±10yr in the ‘healthy’ control group (8 male, 

7 female). The lung function at baseline in the ‘stable’ group was FVC 81±24% predicted and 

DLco 46±16% predicted, versus FVC of 78±18% predicted and DLco 46±11% predicted in 

the ‘progressive’ group. Never-smokers accounted for 20 (n=11 for ‘stable’; n=9 for 

‘progressive’), ex-smokers 52 (n=34 for ‘stable’; n=18 for ‘progressive’), current smokers 4 

(n=3 for ‘stable’; n=1 for ‘progressive’) and unknown 1. No patients had concurrent evidence 

of lung cancer. 

From a total of 135,750 transcripts analysed in the microarray, 127 genes were found to be 

differentially expressed between ‘stable’ and ‘progressive’ IPF patients. The microarray data 

was further filtered, and the most abundant 8 transcripts with >2-fold gene expression 

difference between IPF groups were selected for validation. Of these, 1 transcript was found 



to be down-regulated and 7 transcripts were found to be up-regulated in ‘progressive’ IPF 

patients.  

Validation by ddPCR confirmed 2 of the 8 transcripts (NT5C2 and MIR6841) were up-

regulated in ‘progressive’ versus ‘stable’ IPF and ‘healthy’ controls (Figure 1). ‘Progressive’ 

IPF patients had higher NT5C2 levels (median: 23 [range: 0-137] copies/µL) than IPF ‘stable’ 

(median: 15 [range: 0-65] copies/µL; p=0.0413) and ‘healthy’ controls (median: 6 [range: 0-

13] copies/µL; p<0.0001). Similarly, MIR6841 transcript levels were significantly higher in 

‘progressive’ IPF (median: 16 [range: 0-64] copies/µL) compared with ‘stable’ (median: 9 

[range: 0-77] copies/µL; p=0.0331 respectively) and ‘healthy’ controls (median: 0 [range: 0-

11] copies/µL; p<0.0001). The ‘no template’ technical, negative controls were consistently 

negative as expected. A549 cell lines had significantly higher NT5C2 (median: 75602 [range: 

71271-79934] copies/µL) and MIR6841 (median: 2697 [range: 2481-2993] copies/µL) 

transcript levels compared with IPF ‘progressive’, ‘stable’ and ‘healthy’ controls (p<0.001). 

When comparing normal fibroblasts with fibroblasts derived from IPF patients, IPF 

fibroblasts had higher NT5C2 (60045 copies/µL vs 7103 copies/µL) and MIR6841 (140 

copies/µL vs 22 copies/µL) transcript levels (Figure 1). 

ddPCR verification in IPF FFPE specimens confirmed expression of the two transcripts in 

lung tissue. Specifically, NT5C2 levels ranged from 75-680 copies/µL (median: 129 

copies/µL) whilst MIR6841 levels ranged from 34-292 copies/µL (median: 122 copies/µL). 

Immunolocalisation staining by immunohistochemistry (IHC) was carried out on the 5 IPF 

lung FFPE samples (Figure 1). NT5C2 expression was observed in the nucleus and cytoplasm 

of bronchial epithelial cells as well as staining in the cytoplasm of smooth muscle cells and 

fibroblasts. 



This study used microarray to identify disease-specific gene expression signatures by directly 

comparing gene expression profiles from IPF patients with stable lung function (‘stable’) and 

those with progressively declining lung function (‘progressive’). Analysis of the gene 

expression data identified 2 transcripts in the plasma of IPF patients that were differentially 

expressed between ‘stable’ and ‘progressive’. Moreover, expression of these genes was found 

to be higher in fibroblasts derived from IPF patients compared with normal fibroblasts. 

NT5C2 (5'-Nucleotidase, Cytosolic II) encodes a hydrolase that serves an important role in 

cellular purine metabolism, and has been reported to play a role in nucleotide and drug 

metabolism, as well as general cell survival regulation.
6
 In further support of our study, the 

RNAseq study by Nance et al. (2014)
7
 reported slightly higher expression of the NT5C2 gene 

in IPF patients relative to healthy controls, although the cohort size was small (n=8 IPF 

patients vs n=7 healthy controls) and disease progression status was not reported. 

Furthermore, NT5C2 protein and RNA expression has been observed in lung tissue.
8
 High 

mRNA expression of NT5C2 has been associated with reduced survival in lung cancer, with 

an overall 5-year survival of only 42% in patients with high NT5C2 expression versus 51% in 

patients with low level expression.
9
 Furthermore, in vitro functional studies have observed an 

association between NT5C2 expression and desensitization of lung cancer cells to 

chemotherapy.
10

 

The second transcript found to be significantly expressed in ‘progressive’ IPF patients was 

MIR6841, which is a non-coding microRNA (miRNA) likely involved in post-transcriptional 

regulation of gene expression. Although the expression of MIR6841 has not been described in 

IPF, there is evidence to suggest the involvement of various miRNAs including MIR21 and 

MIR155, in the process of fibrosis in several organs including the lung. Mechanistic studies 

have indicated that miRNAs can regulate the differentiation of fibrotic cells, and/or target the 

components of the extracellular matrix involved in fibrosis development.
11, 12

 Similar to 



NT5C2, high mRNA expression of NEFL, which is the gene encoding MIR6841, has been 

associated with reduced survival in both lung adenocarcinoma and lung squamous cell 

carcinoma, with an overall 5-year survival of only 27% in patients with high NEFL 

expression versus 43% in patients with low level expression.
9
  

Several studies support the link between lung cancer and IPF, in line with our findings.
13-15

 

This was further supported by detecting significantly higher concentrations of MIR6841 and 

NT5C2 mRNA in A549 adenocarcinoma cell lines (p<0.001). We speculate that these 

molecules may interact with pathways that cause a progressive IPF phenotype.  

This study successfully identified 2 potentially relevant transcripts found to be differentially 

expressed in ‘progressive’ versus ‘stable’ IPF patients. Interestingly both markers have been 

associated with lung cancer. A limitation of the study is that the differentially expressed 

transcripts will need to be validated in an independent cohort. Extensive gene expression 

characterisation could represent potential clues not only to the clinical trajectory of this 

disease, but may also provide insights into potential links between IPF pathogenesis and lung 

cancer. Future functional studies are warranted to determine if the transcripts identified in this 

study are biologically relevant in IPF.  
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Figure Legends 

Figure 1. Concentrations of NT5C2 and MIR6841 mRNA levels between ‘progressive’ IPF, 

‘stable’ IPF and ‘healthy’ controls as determined by ddPCR. (A) Level of NT5C2 transcript 

was higher in ‘progressive’ IPF compared with ‘stable’ (*p=0.0413) and ‘healthy’ controls 

(****p<0.0001); and higher in ‘stable’ IPF compared with ‘healthy’ controls (**p=0.0031). 

(B) Level of MIR6841 transcript was higher in ‘progressive’ IPF compared with ‘stable’ 

(*p=0.0331) and ‘healthy’ controls (****p<0.0001); and higher in ‘stable’ IPF compared 

with ‘healthy’ controls (***p=0.0008). The graphs show the median (middle line), 

interquartile range (box) and range (whiskers) for each group. P-values were generated using 

Kruskal-Wallis test, adjusted for multiple comparisons with Dunn’s multiple comparisons 

test. (C) Representative example of 4x and 40x NT5C2 protein staining in a formalin-fixed 

paraffin embedded IPF lung tissue section; nuclear and cytoplasmic staining can be seen in 

bronchial epithelial cells, as well as staining in the cytoplasm of smooth muscle cells and 

fibroblasts. (D) Concentrations of NT5C2 and MIR6841 mRNA levels between fibroblasts 

derived from IPF patients and normal fibroblasts. IPF fibroblasts had higher NT5C2 (60045 

copies/µL vs 7103 copies/µL) and MIR6841 (140 copies/µL vs 22 copies/µL) transcript 

levels. 



 




