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Background  Idiopathic pulmonary fibrosis (IPF) is a progressive diffuse parenchymal disease with a poor prognosis. A 
variety of cytokines and chemokines are involved in its pathophysiology. The aim of this study was to evaluate the clinical 
features in IPF patients with the expression of suppressor of cytokine signaling 1 (SOCS-1), which acts as a negative 
regulator of cytokine signaling.
Methods  IPF patients (n=20) and healthy controls (n=16) were included in this study. The expression of SOCS-1 was 
analyzed in peripheral blood mononuclear cells (PBMC) of subjects using RT-PCR. Interleukin 4 (IL-4), transforming 
growth factor β1 (TGF-β1) and type I collagen expression were also analyzed in each individual using enzyme-linked 
immunosorbent assay (ELISA). The clinical characteristics of IPF patients were delineated. These results were analyzed 
by SPSS13.0 statistics software.
Results  SOCS-1 mRNA expression was significantly decreased in the PBMC of IPF patients compared with healthy 
controls; serum levels of IL-4 and TGF-β1 were higher in IPF patients. The patients with lower expression of SOCS-
1 developed lower percentage of forced vital capacity (FVC%) and DLCO/VA. A patients’ SOCS-1 mRNA level was 
negatively correlated with serum levels of IL-4, and negatively correlated with their high-resolution computed tomography 
(HRCT) scores. 
Conclusions  SOCS-1 mRNA can be detected in PBMC, and it is down-regulated in IPF patients. The expression of 
SOCS-1 is associated with the severity of IPF patients’ symptoms, so it might be the predictor of disease severity. SOCS-1 
might play an important role in IPF by reducing the expression of the T helper type 2 (Th2) cell-related cytokine IL-4. 
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Idiopathic pulmonary fibrosis (IPF) is defined as a 
specific form of chronic, progressive fibrosing interstitial 

pneumonia of unknown cause, occurring primarily in 
old adults, and limited to the lungs.1 It is characterized 
by progressive worsening of dyspnea and lung function 
and is associated with a poor prognosis. The median 
survival of IPF is less than 3–5 years following diagnosis.2 
A variety of cytokines and chemokines are involved in 
its pathophysiology. T helper type 2 (Th2) cell-related 
cytokines are considered to be dominant, and they can 
promote fibroblast activation and fibrosis.3
 
The suppressor of cytokine signaling (SOCS) family, which 
consists of SOCS-1 to 7 and cytokine-inducible SH2-
containing protein (CIS), has been shown to participate in 
a negative feedback loop to attenuate cytokine signaling.4,5 
Further studies of mechanisms have shown that SOCS 
proteins inhibit cytokine signals by regulating the Janus 
kinase-signal transducer and activators of transcription 
(JAK-STAT) pathway, which plays an important part in 
the initiation and activation of inflammation.6 Recent 
data demonstrated that the SOCS-1 mRNA expression in 
fibroblasts from the lungs of IPF patients was significantly 
lower than controls, and it was also an inhibitor of 
profibrotic cytokines, such as interleukin 4 (IL-4).7

The objective of this study was to explore whether and how, 
SOCS-1 expression in the peripheral blood mononuclear 

cells (PBMC) of IPF patients is related with the serum 
concentration of cytokines IL-4 and transforming growth 
factor β1 (TGF-β1) and with type I collagen. We further 
correlated the clinical features of these patients with the 
expression of SOCS-1 and these cytokines. 

METHODS

Patients 
Serum samples were obtained from 20 Chinese adult 
patients with IPF who was admitted to Shanghai Ruijin 
Hospital from December 2011 to December 2012. Sixteen 
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health examination patients were also included as healthy 
control subjects. IPF was diagnosed based on the American 
Thoracic Society (ATS).8 IPF patients’ clinical data 
including medical history, physical examination results, 
high-resolution computed tomography (HRCT), and 
pulmonary function test were collected upon admission. 
Informed consent from study participants was obtained and 
the study was approved by institutional review board.

Measurement of SOCS-1 mRNA, IL-4, TGF-β1 and 
type I collagen levels
SOCS-1 expression was examined by real-time quantitative 
reverse transcription-based polymerase chain reaction 
in IPF patients and healthy control subjects. Total 
RNAs were extracted from PBMC by TRIzol reagent 
(Invitrogen, California, USA). RNA was treated with 
DNase and complementary DNA was synthesized using 
a cDNA synthesis kit (Fermentas, Canada) according to 
manufacturer’s instructions. Real-time PCR was performed 
on an ABI Prism 7900HT sequence detection system and 
SDS analysis software (Applied Biosystems, Foster City, 
California, USA). Using the ΔCt method, GAPDH was co-
amplified to normalize the amount of RNA added to the 
reaction and the data were subjected to cycling threshold 
analysis. The primers used in this study were as follows: 
SOCS-1 forward 5′-ACCCCGTCCTCCGCGACTAC-3′ 
and reverse 5′-GCCGGGGAGGGTACCCACAT-3′, 
GAPDH forward 5′-TTGTCAAGCTCATTTCCTGGT-3′ 
and reverse 5′-TTACTCCTTGGAGGCCATGTA-3′.

To determine the levels of IL-4, TGF-β1 and type I 
collagen, serum samples were collected at the first visit. 
Aliquots of serum were frozen at −80ºC until assayed. All 
samples were assayed at the same time by enzyme-linked 
immunosorbent assay (ELISA) (BioTNT, Shanghai, China) 
according to the kit instructions.

Lung HRCT scoring 
Two expert respiratory physicians, with more than 10 years 
of experience in CT interpretation who were blinded to the 
patient’s clinical course, independently reviewed the IPF 
patients’ lung HRCT. The observers assessed the presence 
and extent of areas of ground-glass attenuation, reticulation, 
honeycombing, decreased attenuation, centrilobular 
nodules, other nodules, consolidation and emphysema. 
Honeycombing8 is manifested on HRCT as clustered cystic 
airspaces, typically of comparable diameters on the order of 
3–10 mm but occasionally as large as 2.5 cm. The HRCT 
findings were graded on a scale of 0–49,10 on the basis of 
the overall extent of fibrosis (i.e., the extent of reticulation 
and honeycombing): 0=no involvement, 1=1%–25% 
involvement, 2=26%–50% involvement, 3=51%–75% 
involvement, and 4=76%–100% involvement.

Statistical analysis
Data are shown as mean±standard deviation (SD). 
Differences between groups were analyzed using t test. 
Multiple linear correlation analysis was performed to 
assess the correlation between SOCS-1 expression and 

clinical data, and the serum concentration of cytokines. 
Data management and analysis were performed using SPSS 
13.0 software (SPSS Inc., Chicago, IL, USA.). A P <0.05 
indicated statistical significance.

RESULTS

Clinical characteristic of IPF patients
Twenty IPF patients, including 14 males and six females 
with a mean age of 64 years (ranging from 38 to 87 years), 
were enrolled in the present study. Their lung HRCT score 
was 2.62±1.02, and the pulmonary function results were 
as follows: forced vital capacity (FVC) was 1.59±0.34 (L), 
FVC% was (47.84±13.09)%, DLCO/VA was 55.31±13.14.

Expression of SOCS-1 mRNA in PBMC
Analysis of RT-PCR data of SOCS-1 mRNA, corrected 
with GAPDH as an internal control, showed that SOCS-
1 mRNA expression was significantly decreased in the 
PBMC of IPF patients compared with healthy controls 
(P=0.001) (Figure 1).

Serum levels of IL-4, TGF-β1 and type I collagen 
The amounts of IL-4 and TGF-β1 in IPF patients’ serum 
was higher than in the serum of healthy people, and the 
difference was statistically significant (P <0.05). But the 
serum levels of type I collagen in the two groups were 
similar, and there was no significant difference (Table 1).

Association between SOCS-1 expression and severity of 
clinical characteristics in patients with IPF
A linear correlation analysis was used to assess the 
relationship between the expression of SOCS-1 mRNA and 
the IPF patients’ clinical characteristics. The results showed 
that the SOCS-1 mRNA was positively correlated with the 
pulmonary function (FVC% and DLCO/VA) of IPF patients 

Table 1. The serum levels of IL-4, TGF-β1  and type I collagen  in 
two groups (mean±SD)

Groups
Serum levels of cytokines 

IL-4 (pg/ml) TGF-β1 (ng/ml) Type I collagen (ng/ml)
IPF patients 6.51±3.26* 39.67±16.75* 5.25±2.33
Healthy controls 4.87±0.72 26.53±15.02 5.53±2.18

*P <0.05, compared with the healthy controls group.

Figure 1. PBMC from IPF patients expressed lower levels of 
SOCS-1 mRNA than those from healthy controls. *P <0.05, 
compared with the healthy controls group.
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(P=0.01 and P=0.03), and negatively correlated with their 
HRCT scores (P <0.05) (Figure 2 and Table 2).

Association between SOCS-1 expression and 
concentration of serum cytokines in patients with IPF
The association between the expression of SOCS-1 and 
cytokines was analyzed by linear correlation analysis. 
The results showed that SOCS-1 mRNA was negatively 
correlated with serum levels of IL-4 (P=0.005) (Figure 
2 and Table 2). However, no correlation was observed 
between SOCS-1 mRNA and TGF-β1 and type I collagen.

DISCUSSION

The exact mechanism of IPF has not been completely 
clarified. We know that Th2 cell-related cytokines have 
been seen in IPF patients and may play a vital role in the 
stimulation of the fibrosis that is a hallmark of the disease. 
Epithelial-mesenchymal transition (EMT) may also be an 
important factor in the pathogenesis, as it may lead to the 
accumulation of fibroblasts in the lung and a disruption of 
normal tissue structure.11 

SOCS-1 has been confirmed to interrupt Th2 cell-related 
cytokine IL-4 signaling by inhibiting phosphorylation 
of STAT6 and suppression of collagen production by 
inhibiting Th2 cytokine signaling. To date, there are few 
reports showing the role of SOCS-1 in pulmonary fibrosis. 
Recent articles7,12 suggested that enhanced collagen 
production by lung fibroblasts from patients with IPF 
was causally related to diminished expression of SOCS-
1: SOCS-1 haplodeficient mice treated with bleomycin 
showed markedly enhanced pulmonary inflammation and 
fibrosis compared with wild-type mice. However, typical 
IPF patients can be diagnosed without lung biopsy, and 
some patients cannot tolerate bronchoscopy. Our current 
study used a more accessible sample, peripheral blood, 
to detect SOCS-1 mRNA and related cytokines, a less 
invasive technique. The results here demonstrated that 
SOCS-1 mRNA can be detected in PBMC, and it was lower 

in IPF patients than in healthy controls. The results also 
suggest that the lower the SOCS-1 mRNA level, the worse 
the pulmonary function (FVC% and DLCO/VA) and the 
higher the HRCT score. This indicated that the expression 
of SOCS-1 in PBMC was inversely correlated with the 
severity of the disease. 

Experiments have shown that many cytokines, such as 
IL-4, IL-5, IL-13 and TGF-β1, play important roles in 
the pathogenesis of IPF. Th2 cell-related cytokines, IL-
4, IL-5 and IL-13, were proven to have a distinct role in 
the regulation of tissue remodeling and fibrosis.13 It has 
been proposed that inhibition of Th2 cytokine signaling 
could be used therapeutically to reduce fibrosis.14,15 
Nakashima et al12 further found that the expression of IL-4 
in bronchoalveolar lavage fluid (BALF) was suppressed in 
the SOCS-1 gene-transfected mice. TGF-β1 was shown to 
induce cultured primary rat alveolar epithelial cells and a 
rat alveolar epithelial cell line to undergo EMT.16 Hisatomi 
and colleagues17 also reported that TGF-β1 enhanced 
the expression of type I collagen mRNA and protein in 
A549 cells, which was considered to be one of the useful 
parameters for recognizing EMT. In the present study we 
demonstrated increased expression of IL-4 and TGF-β1 in 
IPF patients’ PBMC; and with the decrease of SOCS-1 in 
PBMC, the IL-4 levels increased. However, there was no 
difference in collagen type I levels between IPF patients 
and healthy controls, and no correlation between SOCS-1 
and TGF-β1 and collagen type I levels. This might suggest 
that the collagen type I level in PBMC cannot reflect the 
degree of lung fibrosis; its level in lung tissues may better 
reflect the severity of the disease. 

In conclusion, our results strongly suggest that a decrease 
in SOCS-1 mRNA expression in PBMC is involved in IPF. 
It is easy to be detect and might be a predictive factor for 
the disease prognosis. In our previous studies,18 we have 
already constructed a lentiviral vector for RNA interference 
targeting the SOCS-1 gene. With this tool we can do further 
studies to investigate whether SOCS-1 could be a novel 
target for treating IPF.

REFERENCES

1.	 Nalysnyk L, Cid-Ruzafa J, Rotella P, Esser D. Incidence and 
prevalence of idiopathic pulmonary fibrosis: review of the 
literature. Eur Respir Rev 2012; 21: 355-361.

Table 2. Correlation between the expression of SOCS-1 and clinical 
characteristics

Items FVC% DLCO/VA HRCT scores IL-4
n 20 20 20 20
Correlation (r) 0.016 0.018 −0.269 −0.05
P values 0.01 0.03 <0.05 0.005

Figure 2. The association between SOCS-1 mRNA and patients’ clinical data. The results showed that the SOCS-1 mRNA was positively 
correlated with the pulmonary function (A, B), negatively correlated with their HRCT scores (C) and serum levels of IL-4 (D) (P <0.05). 



Chin Med J 2014;127 (11)2120

2.	 Harari S, Caminati A. IPF: new insight on pathogenesis and 
treatment. Allergy 2010; 65: 537-553. 

3.	 Strieter RM, Keane MP. Innate immunity dictates cytokine 
polarization relevant to the development of pulmonary fibrosis. J 
Clin Invest 2004; 114: 165-168. 

4.	 Yoshimura A, Naka T, Kubo M. SOCS proteins, cytokine 
signalling and immune regulation. Nat Rev Immunol 2007; 7: 
454-465. 

5.	 Yoshimura A, Suzuki M, Sakaguchi R, Hanada T, Yasukawa H. 
SOCS, inflammation, and autoimmunity. Front Immunol 2012; 3: 
20.

6.	 Fenner JE, Starr R, Cornish AL, Zhang JG, Metcalf D, Schreiber 
RD, et al. Suppressor of cytokine signaling 1 regulates the 
immune response to infection by a unique inhibition of type I 
interferon activity. Nat Immunol 2006; 7: 33-39. 

7.	 Shoda H, Yokoyama A, Nishino R, Nakashima T, Ishikawa N, 
Haruta Y, et al. Overproduction of collagen and diminished 
SOCS-1 expression are causally linked in fibroblasts from 
idiopathic pulmonary fibrosis. Biochem Biophys Res Commun 
2007; 353: 1004-1010. 

8.	 Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown 
KK, et al. An official ATS/ERS/JRS/ALAT statement: idiopathic 
pulmonary fibrosis: evidence-based guidelines for diagnosis and 
management. Am J Respir Crit Care Med 2011; 183: 788-824. 

9.	 Cao H, Pan M, Kang Y, Xia Q, Li X, Zhou M, et al. Clinical 
manifestations of dermatomyositis and clinically amyopathic 
dermatomyositis patients with positive expression of anti-
melanoma differentiation-associated gene 5 antibody. Arthritis 
Care Res (Hoboken) 2012; 64: 1602-1610. 

10.	 Lynch DA, Godwin JD, Safrin S, Starko KM, Hormel P, Brown 
KK, et al. High-resolution computed tomography in idiopathic 
pulmonary fibrosis: diagnosis and prognosis. Am J Respir Crit 
Care Med 2005; 172: 488-493. 

11.	 Borchers AT, Chang C, Keen CL, Gershwin ME. Idiopathic 
pulmonary fibrosis-an epidemiological and pathological review. 
Clin Rev Allergy Immunol 2011; 40: 117-134. 

12.	 Nakashima T, Yokoyama A, Onari Y, Shoda H, Haruta Y, Hattori 
N, et al. Suppressor of cytokine signaling 1 inhibits pulmonary 
inflammation and fibrosis. J Allergy Clin Immunol 2008; 121: 
1269-1276. 

13.	 Xu J, Mora AL, LaVoy J, Brigham KL, Rojas M. Increased 
bleomycin-induced lung injury in mice deficient in the 
transcription factor T-bet. Am J Physiol Lung Cell Mol Physiol 
2006; 291: L658-L667. 

14.	 Jakubzick C, Kunkel SL, Puri RK, Hogaboam CM. Therapeutic 
targeting of IL-4- and IL-13-responsive cells in pulmonary 
fibrosis. Immunol Res 2003; 30: 339-349. 

15.	 Jakubzick C, Choi ES, Joshi BH, Keane MP, Kunkel SL, Puri 
RK, et al. Therapeutic attenuation of pulmonary fibrosis via 
targeting of IL-4- and IL-13-responsive cells. J Immunol 2003; 
171: 2684-2693. 

16.	 Willis BC, duBois RM, Borok Z. Epithelial origin of 
myofibroblasts during fibrosis in the lung. Proc Am Thorac Soc 
2006; 3: 377-382. 

17.	 Hisatomi K, Mukae H, Sakamoto N, Ishimatsu Y, Kakugawa 
T, Hara S, et al. Pirfenidone inhibits TGF-β1-induced over-
expression of collagen type I and heat shock protein 47 in A549 
cells. BMC Pulm Med 2012; 12: 24. 

18.	 Qian YR, Zhang QR, Cheng T, Wan HY, Zhou M. RNA 
interference-mediated silencing of SOCS-1 via lentiviral vector 
promotes apoptosis of alveolar epithelial cells in vitro. Mol Med 
Report 2012; 5: 452-456. 

(Received November 28, 2013)
Edited by Wang Mouyue and Liu Huan




