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Abstract

Introduction—Cellular senescence has been linked to the pathogenesis of idiopathic pulmonary 

fibrosis (IPF). CCN1 is a matricellular protein that has been shown to induce cellular senescence 

and contribute to lung fibrosis in pre-clinical models. In this report, we determined plasma CCN1 

levels in patients with IPF and its potential role in clinical outcomes.

Methods and Results—We evaluated 88 patients diagnosed with IPF at the University of 

Alabama at Birmingham. CCN1 levels were measured in plasma specimens by ELISA. The 

primary outcome measure was transplant-free survival (TFS) duration. High-CCN1 levels were 

associated with a lower transplant-free survival independent of %FVC and %DLCO compared to 

patients with low plasma CCN1 (HR = 2.15; 95%CI 1.04–4.45, p = 0.04).

Conclusion—This study demonstrates that plasma levels of CCN1 may be predictive of survival 

in IPF. Given the plausible role of CCN1 in cellular senescence and pathobiology of IPF, the 

predictive value of CCN1 in disease progression among patients with IPF warrants further 

investigation.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, fibrosing disease with variable disease 

course. IPF is a disease of aging, yet biomarkers or sub-phenotypes of the disease associated 

with aging biology have not been identified. Cysteine-rich protein 61 (CYR61/CCN1), a 

member of the cellular communication network factor (CCN) family of matricellular 

proteins, has been shown to induce cellular senescence (1, 2). CCN1 participates in the 

regulation of inflammation, wound healing and extracellular matrix remodeling (3).

Our group previously reported increased expression of CCN1 mRNA from whole lung 

homogenates of explants of patients with IPF when compared to control failed donor lungs, 

and in alveolar mesenchymal cells isolated from patients with progressive IPF (4). 

Additionally, in this prior study, we proposed a pro-fibrotic role of CCN1 by augmentation 

of transforming growth factor-β1/mothers against decapentaplegic homolog (TGF-β1/

SMAD) signaling (4). In this study, we sought to determine if CCN1 could be measured in 

circulating plasma of IPF subjects, and whether levels of this protein was predictive of 

disease progression and/or survival.

Methods

Clinical data and plasma samples from a cohort of 88 subjects with well-characterized IPF 

based on the ATS/ERS consensus criteria (5) as discussed in our multidisciplinary 

conference, were analyzed. Subjects were selected based on availability of stored plasma 

samples, collected between January 2009 and October 2013, and with a minimum of 15-

month follow-up at the University of Alabama at Birmingham (UAB). The Institutional 

Review Board for Human Research at UAB approved this project. Measurements of forced 

vital capacity (FVC) and diffusion capacity for carbon monoxide (DLCO), expressed as 

percentages of predicted values (%FVC and %DLCO, respectively) were obtained. CCN1 

levels were measured in plasma specimens by ELISA (R&D Systems, Minneapolis, MN).

The primary endpoint of the study was transplant-free survival (TFS), defined as the interval 

after plasma collection that subjects underwent lung transplantation or died from any cause. 

Descriptive statistics are presented as means ± SD, or as proportions for categorical 

variables. Continuous variables were compared using t test; Chi-square was used for 

categorical variables. To perform survival analyses, we dichotomized the study cohort based 

on the median CCN1 level (0.147 ng/ml) for our cohort; subjects were categorized into 

“high-CCN1” (≥0.147 ng/ml) or “low-CCN1” (<0.147 ng/ml) groups. Intergroup differences 

in time-to-event were evaluated by Kaplan-Meier survival analyses and log-rank tests. Cox 

proportional-hazards regression analyses were used to assess TFS, adjusting for %FVC and 

%DLCO. Statistical analyses were performed using SAS software™ (SAS 9.4).

Results

There are no significant differences in baseline characteristics among subjects stratified into 

groups by high and low levels of plasma CCN1 (Table). The mean age of subjects in the 

low-CCN1 group was 64 ± 15 years compared to 67 ± 8 years (p = 0.28) in the high-CCN1 

group. 72% patients were current or former smokers in both groups. There are a higher 
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number of male subjects in the high-CCN1 group (81% vs 61%, p = 0.03). %FVC and 

%DLCO at baseline did not differ between the low-CCN1 and high-CCN1 groups (67 ± 21 

vs 62 ± 18, p = 0.38 and 49 ± 16 vs 45 ± 18, p = 0.31 respectively).

The median survival time for this IPF cohort was 4.8 years; 3.3 years for the high-CCN1 

group, and 5.7 years for the low-CCN1 group. TFS was significantly worse in the high-

CCN1 group compared to the low-CCN1 group (p = 0.02, log rank of Kaplan-Meier curve; 

Figure). Subjects with high plasma CCN1 levels had nearly a 2-fold higher risk of lung 

transplant or death compared to subjects with low plasma CCN1 (HR = 1.98; 95% CI 1.07–

3.66, p = 0.03). Multivariate regression analyses that included adjustments for %FVC and 

DLCO% at the time of sample procurement similarly resulted in increased risk of lung 

transplant or death for the high-CCN1 group (HR = 2.15; 95%CI 1.04–4.45, p = 0.04).

Discussion

IPF has been increasingly recognized as a disease of aging (6). However, whether the 

biology of aging can inform prognosis and/or responsiveness to currently available anti-

fibrotics is not known (7). The matricellular protein, CCN1, has been linked to induction of 

cellular senescence (1, 8). While CCN1 has consistently been shown to induce cellular 

senescence (1, 2), its effects have been proposed to be either anti-fibrotic (1) or pro-fibrotic 

(4) in pre-clinical animal models. Our own studies suggest that CCN1 may mediate its pro-

fibrotic effects via enhanced TGF-β1/SMAD signaling at the cell surface (4).

The current study identifies elevated plasma levels of the matricellular protein, CCN1, 

among IPF patients with an increased risk of disease progression, as measured by death or 

requirement for lung transplantation. This observation suggests a biological role for CCN1 

in IPF disease pathogenesis and progression. Whether high-CCN1 levels represent a sub-

phenotype of IPF associated with accelerated aging remains to be determined; interestingly, 

in our cohort, mean age at time of sample collection between the low and high-CCN1 level 

groups was not statistically different. Of note, several recent studies have provided pre-

clinical proof-of-concept that targeting cellular senescence may be beneficial in progressive 

lung fibrosis (9–11).

This is the first study, to our knowledge, that has evaluated the potential role of a 

senescence-associated matricellular protein in human subjects with IPF. The limitations of 

the current study are that the observations are from a single cohort and lack prospective, 

longitudinal imaging and lung function data. This preliminary report highlights the need for 

larger, prospective studies with stratification based on anti-fibrotic therapy to determine the 

potential utility of CCN1 as a biomarker of disease progression, and to identify distinct sub-

phenotypes in this heterogeneous disease population. Additionally, personalized approaches 

to the treatment of IPF based on targeting cellular senescence and/or CCN1 deserves further 

study.
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Highlights

• Cellular senescence is implicated in the pathogenesis of idiopathic pulmonary 

fibrosis

• CCN1, a matricellular protein, has been shown to mediate senescence and 

fibrosis in preclinical animal models

• High plasma levels of CCN1 protein may be associated with IPF progression
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Figure: 
Transplant-free survival (TFS) was greater in IPF subjects with low plasma CCN1 levels 

compared to subjects with high plasma CCN1 levels. Cross-hatches denote censored events 

during the observation period.
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Table:

Demographics and baseline patient characteristics

CCN1<0.147 ng/ml CCN1 ≥0.147 ng/ml p-value

Age at diagnosis (years) 64 + 15 67 + 8 0.28

Gender (male) 61% 81% 0.03

Race (white) 88% 84% 0.84

Current/Former smoker 72% 72% 1.00

Definite UIP on HRCT 62% 74% 0.22

Surgical Lung Biopsy 60% 58% 0.98

 %predicted FVC 67 + 21 62 + 18 0.38

 %predicted DLCO 49 + 16 45 + 18 0.31

Values in percent or plus–minus values are means ± SD.

FEV1: forced expiratory volume in one second; FVC: forced vital capacity; DLCO: diffusing capacity for carbon monoxide; UIP: usual interstitial 

pneumonia; HRCT: high resolution computed tomography of chest

Respir Med. Author manuscript; available in PMC 2021 January 01.


	Abstract
	Introduction
	Methods
	Results
	Discussion
	References
	Figure:
	Table:

