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ABSTRACT 

 

Prognostic factors affecting survival of idiopathic pulmonary fibrosis:  

Clinical, physiologic, pathologic and molecular parameters  

 

Sang Hoon Lee 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Moo Suk Park) 

 

 

 

Background: 

Idiopathic pulmonary fibrosis (IPF) is a diffuse, relentlessly progressive 

parenchymal lung disease. Its etiology is unknown and it is associated with 

irreversible respiratory failure, and eventually, considerable morbidity and 

mortality. Previous studies identified factors of IPF that are related with an 

increased risk of mortality. These reported prognostic markers include age at 

diagnosis, sex, symptomatic period prior to diagnosis, a history of cigarette 

smoking, pulmonary function, level of dypsnea, extent of ground-glass and 
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reticular opacities upon high-resolution computed tomography (HRCT) 

scanning, lymphocytes in bronchoalveolar lavage fluid (BAL), and response to 

steroids (e.g. immunosuppression). We examined these clinical and 

physiological markers in IPF patients. In addition, we investigated whether the 

histopathologic marker as phosphorylated Smad 2/3 (p-Smad 2/3), tumor 

growth factor-β (TGF-β) receptor II (TβRII), and the molecular marker 

polymorphism of the TGF-β1 codon 10 are associated with the progression of 

IPF patients. The C-reactive protein (CRP), as well as pulmonary function 

parameters, were also investigated as potential prognostic factors of IPF. 

 

 

Methods: 

A total of 86 IPF patients who underwent definitive surgical lung biopsy from 

January 1995 to December 2009 at Severance Hospital, Yonsei University 

College of Medicine, in Seoul, Korea, were examined. The patients were 

diagnosed with IPF, as defined by ATS/ERS guidelines. Clinical and 

physiologic parameters were investigated in these patients. For each patient, we 

performed immunohistochemical staining for p-Smad 2/3 and TβRII and 

genotyping of the TGF-β1 codon 10 polymorphism in surgical lung biopsy 

tissue, retrospectively. The change of pulmonary function during the follow-up 

period was also evaluated. To make an accurate estimate, changes in pulmonary 

function parameters were divided by the follow-up duration of each patient. 
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Cox’s proportional hazards models and Kaplan-Meier estimates were used to 

assess the effect of clinical factors (age, sex, symptom duration at diagnosis, 

smoking status, amount of smoking, CRP, and treatment response), physiologic 

parameters (PaO2, PaCO2, FVC, FEV1, and DLCO), histopathological factors 

(cellularity and fibrosis degree), molecular factors (grade of 

immunohistochemical staining of p-Smad2/3, TβRII, and the polymorphism in 

TGF-β1 codon 10), and the change of pulmonary function parameters (FVC, 

FEV1, and DLCO). 

 

 

Results: 

The IPF patients consisted of 55 (64.0%) men and 31 (34.0%) women. The 

mean ± standard deviation age was 61.3 ± 8.9 years. Age at diagnosis, gender, 

symptom duration at diagnosis, and smoking status did not show significant 

association with prognosis survival rate. However, the amount of cigarette 

smoking and severe reduction in the percentages of predicted forced vital 

capacity (FVC) and diffusion lung capacity of carbon monoxide (DLCO) at 

diagnosis were associated with poor prognosis (amount of smoking: p = 0.002, 

FVC: p = 0.013, and DLCO: p = 0.023). Contrary to our expectations, cellularity, 

fibrosis, expression level of p-Smad2/3 and TβRII and genotype of the TGF-β1 

codon 10 polymorphism did not have a statistically significant association with 

the prognosis of IPF. On the other hand, an abrupt decrease in follow-up 
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pulmonary function parameters and increased level of CRP concentration at 

diagnosis were significantly associated with poor survival (Δ FVC (L): p = 

0.001, Δ FVC (% prep): p = 0.001, Δ FEV1 (L): p = 0.007, Δ FEV1 (% prep): p = 

0.006, Δ DLCO (%): p = 0.000, and CRP: p = 0.013). 

 

 

Conclusion:  

This study confirms that initial pulmonary function parameters, amount of 

smoking, and the abrupt decrease of lung function parameters are associated 

with the poor survival in IPF patients. In addition, increased levels of CRP 

concentration were associated with poor survival of IPF patients in this study. 

We believe that larger studies are required to confirm such prognostic factors as 

CRP in IPF patients. 

 

 

 

 

 

 

---------------------------------------------------------------------------------------- 

Key words: idiopathic pulmonary fibrosis, C-reactive protein, Smad, TGF-β, 

survival, prognosis, risk factor 
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Prognostic factors affecting survival of idiopathic pulmonary fibrosis:  

Clinical, physiologic, pathologic, and molecular aspects  

 

 

Sang Hoon Lee 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Moo Suk Park) 
 

 

I. INTRODUCTION 

 

Idiopathic pulmonary fibrosis (IPF) is a diffuse, progressive parenchymal lung 

disease that typically affects adults over the age of 50 at the time of presentation. 

Its etiology is unknown, and it is associated with irreversible respiratory failure 

and, eventually, considerable morbidity and mortality. IPF is characterized by a 

dry cough, severe disability of the pulmonary function test (PFT), and eventual 

preclusion of routine physical activities.
1,2

 

IPF is the most common type of idiopathic interstitial lung disease. Its incidence 

is approximately 15 per 100,000 per year, and men are more likely to be 

affected than women.
3
 Some reports show that median survival for IPF is 

between 2.5 and 3.5 years, similar to the median survival of lung cancer 

patients.
4
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From a histopathologic standpoint, the clinical diagnosis of IPF shows a pattern 

of usual interstitial pneumonia (UIP) that is not synonymous with IPF.
5
 The 

characteristic histopathologic features of IPF show distortion of the normal lung 

architecture. The histopathologic features include alveolar epithelial cell 

damage, abnormal proliferation of fibroblasts, minimal inflammation, 

overproduction and deposition of collagen and extracellular matrix, and variable 

numbers of fibroblastic foci.
6
  

To date, the initiating injury and subsequent pathway of IPF are not clear, but 

the disease is considered an epithelial fibroblastic disorder. It is characterized 

by epithelial injury followed by inordinate wound healing with excessive 

fibrosis and minimal inflammation.
7
 In these processes, growth factors, 

cytokines, and other mediators are released, excess extracellular matrix is 

deposited,, and abnormal mesenchymal cell activation and proliferation in the 

lung are involved.
8,9

 

Transforming growth factor-β1 (TGF-β1) is a multifunctional cytokine 

associated with the progression of fibrosis. TGF-β1 induces 

fibroblast-myofibroblast differentiation by up-regulating α-smooth muscle actin 

(α-SMA) expression. TGF-β1 modulates cell growth and differentiation, 

extracellular matrix synthesis, remodeling, apoptosis, embryonic development, 

inhibition of collagen degradation and abnormal wound healing. It also induces 

type I, type III, and type IV collagen gene expression. Therefore, we can say 

that TGF-β1 is a key molecule of repair and fibrosis of the lung.
10

 It is known 
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that, in fibrotic lung disease, TGF-β expression increases.
11,12

 This TGF-β signal 

is transduced to target genes in the nucleus by the Smads signaling pathway.  

TGF-β binds to serine-threonine receptors on targeted cells. The 

serine/threonine kinase activity receptor triggers the phosphorylation of 

transcription factors Smads 2 and 3. The phosphorylated Smad2/3 forms a 

heteromeric complex with the unphosphorylated co-Smad4; then, the 

heteromeric complex translocates into the nucleus. In the nucleus, it modulates 

the transcription of specific genes.
13

 Furthermore, Smads 6 and 7 act as negative 

feedback regulators, inhibiting the Smad signaling pathway via TGF-β. 

To date, no proper treatment has proven efficacious.
14

 There is little evidence of 

progressing inflammation. IPF does not respond to corticosteroids, 

immunosuppressive therapy, and interferon gamma-1β, which has an 

anti-proliferative, anti-infective, and anti-fibrotic effect.
14

 The decision is very 

difficult when a patient anticipates pulmonary function decline and the start of 

treatment. Therefore, for a better decision, both patients and physicians need 

valid prognostic factors, which must be evaluated in IPF patients.  

Many factors have been associated with prognosis. The factors include clinical 

parameters (age at onset of symptoms and diagnosis,
15

 sex,
16

 duration of 

symptoms,
17

 severity of dypsnea, history of cigarette smoking), physiologic 

factors (six minutes walking test), radiographic findings,
18

 initial pulmonary 

function (e.g. DLCO and FVC),
19

 histopathologic findings (fibrosis and 

emphysema),
20

 pulmonary hypertension degree, and responsiveness to 
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corticosteroid or immunosuppressive therapy.
21

  

In this study, we evaluated the above-mentioned factors and C-reactive protein 

(CRP). We also evaluated the degree of phosphorylated Smad2/3, TGF-β 

receptor Ⅱ expression (TβRII), and the TGF-β1
 
gene polymorphisms in codon 

10, in association with progression of IPF in 86 Korean patients with IPF, 

diagnosed from 1995 to 2009.  
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II. MATERIALS AND METHODS 

 

1. Patient selection 

A total of 86 patients (55 male and 31 female) with IPF were enrolled who 

underwent definitive surgical lung biopsies from January 1995 to December 

2009 at the Severance Hospital, Yonsei University College of Medicine, in 

Seoul, Korea. Diagnosis was confirmed by histopathological presence of usual 

interstitial pneumonia. Two pathologists reviewed all histologic slides and 

confirmed the diagnosis, excluding any other forms of interstitial lung diseases, 

independently and without access to clinical data. Diagnoses of IPF
 
were 

established according to the American Thoracic Society/European
 
Respiratory 

Society Consensus Statement.
22 

Patients with related previous or coexistent 

connective tissue disease, an occupational and/or environmental exposure that 

resulted in interstitial lung disease, or history of ingestion of a drug or an agent 

known to cause pulmonary fibrosis were excluded from this study. Two of these 

patients were follow-up loss. Four patients had coronary artery disease with 

reserved ventricular function. One patient had a history of myocardial infarction 

with decreased cardiac function. Nine patients had a cancer history including 

one case of hematologic malignancy, and three of these patients had lung cancer. 

Survival status was followed until December 31, 2009. This study protocol was 

approved by the Institutional Review Board of the Severance Hospital Ethics 

Committee. 
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2. Physiologic parameters (Pulmonary function and arterial blood 

gas analysis results) 

Each patient performed a pulmonary function test at diagnosis, as well as DLCO. 

Spirometry (Vmax22; SensorMedics, Yorba Linda, CA, USA), 

plethysmographic lung volumes (6200 plethysmograph; SensorMedics), and 

diffusion capacity for carbon monoxide (DLCO) (Vmax229D; SensorMedics) 

were used to assess lung function. Seventy-one patients had a subsequent 

pulmonary function test. Disease progression was assessed by evaluating 

changes in pulmonary function parameters. Changes in lung function were 

defined as percentages of changes in absolute or percentage values with respect 

to the initial assessment. The change in pulmonary function parameters divided 

by follow-up duration (in months) was used to express accurate estimates. 

Arterial blood gases were analyzed at initial presentation in 57 patients. 

 

 

3. Clinical parameters (C-reactive protein and treatment response) 

CRP was assessed in fifty-seven patients with IPF at diagnosis. The treatment of 

patients with IPF was initially 0.5 mg/kg of prednisolone, followed by slowly 

tapering with or without immunosuppressive agents (up to 2 mg/kg of 

azathioprine). 
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4. Pathologic and molecular parameters  

Immunohistochemical staining of lung tissue was performed in 86 patients. The 

overall degree of cellularity and fibrosis grade were classified on a scale of 0 to 

5, roughly correlating with the percentages (absent, occasional, <25, 25 ~ 49, 50 

~ 75, and > 75%).
23

 

The grade of p-Smad 2/3 and TGF-β recptor Ⅱ were analyzed. Additionally, 

each genotype of codon 10 polymorphisms was analyzed and expressed by 

Leu/Leu (TT genotype),
 
Leu/Pro (TC), and Pro/Pro (CC). A gel of the 

restriction fragment length polymorphism (RFLP) digestion
 
products is shown 

in Figure 1. 

 

 

Figure 1. Representative gel electrophoresis using restriction fragment length 

polymorphism for transforming growth factor-β1 codon 10 polymorphisms.  

 

bp, base pair; S.M., size marker. 
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A. Chemicals and antibodies 

The p-Smad2/3 antibody, a goat polyclonal antibody for immunohistochemical 

staining, was obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). 

TβRII antibody was from Upstate (Lake Placid, NY, USA). LSAB®2 from 

DACO Corp (CA, USA), a streptavidin-peroxidase conjugate, was used for the 

secondary antibody. Primary antibodies of Smad proteins for Western blot were 

obtained from Cell Signaling Technology (Denver, CO, USA) and Zymed 

(South San Francisco, CA, USA). β-actin was used as a negative control and 

obtained from Delta Biolabs (Gilroy, CA, USA).  

 

 

B. Immunohistochemical staining 

Immunohistochemistry was performed on formalin-fixed, paraffin-embedded 

tissue sections, which were cut to a thickness of 4 µm. Slides were 

deparaffinized via submersion in a series of xylene baths. Rehydration was 

performed using graded alcohol. Deparaffinized sections were repeatedly 

pretreated by 120℃ microwave epitope retrieval (750 W during 5 minutes in 10 

mmol citrate buffer; pH 6.0). The sections were then immersed for 15 minutes 

in distilled water containing 3% hydrogen peroxidase in order to block any 

endogenous peroxidase activity.  

After washing with PBS, 5% blocking serum was used for blocking 

non-specific antigen-antibody reactions. Sections were incubated for 4℃ 
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overnight with primary goat polyclonal p-Smad2/3 and TβRII antibody at a 

dilution of 1:100. The primary antibody was detected using secondary 

biotinylated antibody and a streptavidin-peroxidase conjugate (LSAB® 2 

System, HRP), according to the manufacturer’s instructions. Diaminobenzidine 

(DAB, Novocastra, CA, USA) was used as a chromogen, and commercial 

hematoxylin was used for counterstaining. Routinely processed tissue sections 

of breast cancer were used as positive staining controls and were stained with 

the primary antibody omitted in order to verify staining specificity.  

The TβRII level reflected the activation of the TGF-β1 signal pathway, and the 

p-Smad2/3 level implied major activity of TGF-β1. All slides were 

independently evaluated and scored for percentage of positive tumor cells by a 

lung special pathologist (Hyo Sub Shim), who was blinded to the subject’s 

clinical information.  

 

C. DNA extraction 

In this study, genomic DNA from paraffin blocks was obtained via phenol 

extraction and ethanol precipitation following proteinase K digestion, as 

described in a previous report.
24

 The samples were centrifuged at 1,500 rpm for 

20 minutes at room
 
temperature, the peripheral blood mononuclear layer was 

harvested, and the
 
cell pellet was stored at -80°C until DNA extraction.  

Dissected tissue blocks were digested in 200 µl 50 mM Tris-HCl (pH 8.0) 

containing 1% SDS-proteinase K (Boehringer Mannheim, Lewes, UK), then 
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incubated at 42°C for 12 hours. Stock DNA was stored at a concentration
 
of 300 

ng/µl at -20°C and polymerase chain reaction (PCR) were prepared
 
using 

working DNA stocks of 100 ng/µl.
 
 

 

D. PCR amplification 

Reaction mixtures of 12.5 µl were prepared, each containing 10x PCR buffer 

(containing 10 mM Tris
 
HCl, pH 8.3, 50 mM KCl), DMSO, 2 mM dNTPs, 1.5 

mM MgCl2, 100
 
ng DNA, 1 U Taq polymerase (Invitrogen, Carlsbad, CA, 

USA), and 0.25 µM
 
of each primer (GenoTech, Daejeon, Korea). The forward 

primer
 
sequence was: 5'-CTC CTA CCT TTT GCC GGG AGA C-3';

 
antisense, 

5'-GCC AGG CGT CAG CAC CAG TA-3'. Using a temperature cycler 

(Thermo Hybaid; Omnigene, Woodbridge, NJ, USA), PCR was performed with 

initial denaturation at 95°C for 2 minutes.
 
 

This was followed by an additional 39 cycles, with denaturation at 94°C
 
for 30 

seconds, annealing at 60°C for 1 minute, and elongation
 
at 72°C for 1 minute. A 

final elongation of 5 minutes at
 

72°C completed the process. PCR 

contamination was checked
 
by the inclusion of negative control subjects.  

An amplification check was performed by electrophoresis using a 2% agarose 

gel (SIGMA, Steinheim, Germany) in
 
0.5% TBE buffer (27 g trizma base, 13.75 

g boric acid, and 1.46 g EDTA in distilled water) containing 2 µl ethidium 

bromide.
 
Electrophoresis was

 
performed in 200 ml 0.5% TBE buffer, with a 

voltage of 100 mV for approximately 80% of the
 
length of the gel (Mupid-21; 
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Seoulin Bioscience, Seoul, Korea).
 
Gel products were collected using a gel 

documentation-photo system (Bio-Profil Vilber Lourmat, Marne La Vallee, 

France).  

 

 

E. Restriction enzyme digestion 

First, 4 µl amplification product was digested with
 
4 U MspA1I (New England 

BioLabs, Beverly, MA, USA) restriction endonuclease enzymes in a 5 µl 

mixture volume containing 10x NEB buffer. The reaction
 

mixture was 

incubated at 37°C for 2 hours. Restriction enzyme-digested PCR products were 

subjected to electrophoresis in a
 
2% agarose gel (SIGMA, Steinheim, Germany) 

at 100 mV
 

for 30 minutes in 200 ml TBE buffer. Using ultraviolet 

transillumination
 
after ethidium bromide staining, the products were visualized,

 

and the size of the product was determined using a 100 bp ladder
 
(Invitrogen, 

Carlsbad, CA, USA).  

 

 

F. Sequencing 

DNA sequencing was performed on tissue, and confirmed matches were made 

between the product sequence and the established TGF-β1
 
sequence. The PCR 

product was purified with
 
a QIAquick Gel Extraction Kit (Qiagen, Valencia, CA, 

USA) according to the manufacturer's instructions. Sequencing reactions were 
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performed using dye primer reactions
 
with the above primers and Big Dye 

(Applied Biosystems, Foster
 
City, CA, USA) chemistry, and were analyzed with 

an ABI 377A apparatus
 
(Applied Biosystems).  

 

 

 

5. Statistical analysis 

The primary endpoint at 5-year survival was analyzed with Cox 

proportional-hazards model to evaluate prognosis factors. The duration of 

survival from the date of diagnosis was determined for each patient. Survival 

curves were computed using the Kaplan-Meier method and compared with 

log-rank test results. The Cox proportional hazards model was used, and results 

were expressed as the relative hazard for death among those who had or were 

exposed to a factor of interest, compared with those who did not have or were 

not exposed to the factor. Data were expressed
 
as means ± SD. A p < 0.05 was 

considered to be statistically
 
significant.

 
All calculations were performed using 

SAS procedures (SAS, version 9.1.3, SAS Institute Inc., Cary, NC, USA). 
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III. RESULTS 

 

1. Relationship between clinical parameters and prognosis in IPF 

patients (age, gender, smoking, treatment response, and initial CRP level) 

The mean ± standard deviation age of eligible patients at diagnosis was 61.3 ± 

8.9 years (range 35 to 77 years). The average follow-up period of these patients 

was 37.2 months. During the follow-up period, thirty patients died, and the 

attrition count was two patients. With regard to smoking status, 17 patients were 

current-smokers, 35 ex-smokers, and 34 never-smokers.  

Univariate analysis was used to estimate the relative risk of death associated 

with each clinical parameter (Table 1). Kaplan-Meier survival plots of IPF 

patients are shown in Figure 1. 

Patients under 60 years at diagnosis tended to be have better survival than older 

patients, but the difference was not statistically significant. There was no 

significant association in gender. The time of initial symptoms was calculated in 

each patient by month. Duration of symptoms prior to IPF diagnosis did not 

show significant survival benefit. The smoking status also did not appear to be 

associated with the risk of death. Among smokers, the greater amount of 

cigarette smoking was associated with worse survival. When the smoking 

patients were divided into three groups, according to pack-year, one group was 

under thirty pack-years, another was between thirty pack-years and sixty 

pack-years, and the last group was at sixty pack-years or more (<30 pack-years, 
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30-59 pack-years, and ≥ 60 pack-years, respectively). The latter group revealed 

worse survival and showed significant association (Table 1 and Figure 2). 

Plasma CRP is a marker of host response synthesized by the liver in response to 

infection or inflammation. Fifty-seven patients’ data were available for CRP at 

diagnosis. The mean CRP of IPF patients at diagnosis was 11.25 ± 19.38 mg/dL. 

The patients showed no sign of infection, separated by clinical diagnosis of 

infection and separated by evidence of bacterial growth, so they could have a 

surgical lung biopsy. There was a significant association between CRP level and 

patient survival. Patients of increased level of CRP concentration presented a 

worse survival in this analysis (Table 1). This finding supports that serum CRP 

may be a prognostic biomarker of IPF patients. 

Thirteen patients did not receive any therapeutic agents. One patient had a lung 

transplant. The complications of treatment consisted of eight cases of 

pneumonia, seven of weight gain, seven of facial edema, six of insomnia, four 

of sepsis, four of abdomen discomfort, three of herpes zoster, three of 

pneumothorax, two of glucocorticoid induced diabetes, and one of hepatitis. 

Most patients (n=71) were treated with corticosteroids. The use of 

corticosteroids, either with or without azathioprine and N-acetyl-cysteine, had 

an effect on the relative survival. Only one patient had a lung transplant. 

Thirteen of these patients (17.8%) exhibited favorable responses, as defined by 

the ATS guidelines.
1
 The observed survival rate and relative survival at five 

years after diagnosis was lower in the non-treatment group (Figure 2). 



19 

 

Table 1. Analysis of survival in patients with idiopathic pulmonary fibrosis (IPF) for clinical parameters. 

Variables Category No. of Patients (%) 
Relative 

hazard rate 
95% CI p-value  

Age (years)           

  Mean ± SD 61.3 ± 8.9       

  < 60  35 (40.7) 1.00      

  ≥ 60 51 (59.3) 2.37  0.85 to 6.59 0.098  

Gender           

  Male 55 (64.0) 1.65  0.73 to 3.70 0.227  

  Female 31 (36.0) 1.00      

Duration of symptoms 

at diagnosis 
          

  < 12 months 52 (60.5) 1.00      

  ≥ 12 months 34 (39.5) 1.06  0.51 to 2.19 0.885  

Smoking           

  Never smoker 34 (39.5) 1.00      

  Ex-smoker 35 (40.7) 1.19  0.51 to 2.76 0.685  

  Current smoker 17 (19.8) 1.90  0.75 to 4.82 0.178  

Amount of smoking     1.04  1.01 to 1.06 0.002  

  < 30 21 (41.2) 1.00      

  30 - 60 25 (49.0) 1.71  0.58 to 5.08 0.332  

  ≥ 60 5 (9.8) 13.62  3.44 to 53.94 0.000  

Treatment           

  None 13 (15.1)       

  Steroid 26 (30.2)       

  Steroid + AZA† 46 (53.5)       

  
Lung 

transplantation 
1 (1.1)       

Treatment or 

conservative care  
Treated 73 (84.9) 1.00      

  Not treated 13 (15.1) 2.89  1.28 to 6.55 0.011  

‡CRP     1.03  1.01 to 1.05 0.009  

CI: confidence interval  

†AZA: azathioprine 
‡ CRP: C-reactive protein  
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Figure 2. Kaplan-Meier estimates of survival for patients with idiopathic pulmonary fibrosis (IPF). 

(A) patient age (in years), (B) patient sex, (C) smoking status, (D) smoking amount (pack-year), and  

(E) treatment response by log rank test 
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2. Physiologic parameters (pulmonary function test and arterial blood 

gas analysis) 

We assessed patients' pulmonary function using spirometry and arterial blood 

gas analysis (ABGA) upon diagnosis.  

Only five patients had a value of FEV1/FVC less than 70%, implying chronic 

obstructive lung disease. The baseline pulmonary function test, diffusion 

capacity of the lung for carbon monoxide (DLCO), and ABGA of the IPF 

patients are shown in Table 2.  
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* FVC : forced vital capacity  

† FEV1 : forced expiratory volume in one second  

‡ DLCO : diffusing capacity of the lung for carbon monoxide  

§ % pred : percentage of the predicted value 

 

 

Patients with severe reductions in FVC (% pred) upon the spirometric test had a 

poor survival rate. In these analyses, two groups were defined according to FVC 

(% pred) at diagnosis: one group was less than 60% of initial FVC (% pred), 

and the other group was over 60%. The risk of death was significantly higher 

for patients with less than 60% of initial FVC (% pred) (p = 0.013). The 

survival distribution trend of FEV1 (% pred) and DLCO (% pred) at diagnosis 

Table 2.  Initial pulmonary function parameters of IPF patients. 

Factor Category Mean ± SD 

Pulmonary function 

parameters at diagnosis 
    

  FVC* (L)  2.46 ± 0.80 

  FVC (% pred§)  72.3 ± 18.0 

  FEV1 
† (L)  2.06 ± 0.66 

  FEV1 
† (% pred§)  82.1 ± 20.8 

  FEV1 
† / FVC* (%)  83.8 ± 9.5 

  DLCO ‡ (% pred§)    75.6 ± 22.5 

Arterial blood gas analysis 

at diagnosis  
    

  pH 7.43 ± 0.41 

  PaCO2 35.7 ± 5.1 

  PaO2 76.8 ± 16.6 

  O2 Saturation 95.3 ± 3.6 
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were similar to those for FVC (% pred) (Table 3 and Figure 3). ABGA, 

assessing the other physiologic factors, did not appear to be associated with 

survival (Table 3). 

 

 

Table 3. Analysis of survival in IPF patients for physiologic parameters. 

Factor Category Relative hazard rate 95% CI p-value  

FVC* (L) at diagnosis 0.78  0.49 to 1.25 0.305  

FVC* (% pred§) at diagnosis 0.99  0.97 to 1.01 0.137  

  ≥ 60 (%) 1.00      

  < 60 (%) 2.58  1.22 to 5.43 0.013  

FEV† (L) at diagnosis   0.69  0.38 to 1.24 0.211  

FEV† (% pred§) at diagnosis   0.16  0.97 to 1.01 0.164  

  ≥ 60 (%) 1.00      

  < 60 (%) 1.66  0.58 to 4.77 0.347  

DLCO
‡ at diagnosis   0.97  0.95 to 1.00 0.023  

  ≥ 60 (%) 1.00      

  < 60 (%) 2.30  0.94 to 5.63 0.068  

Arterial blood gas analysis 

at diagnosis 
        

  PaO2 ≥ 60 1.00      

  PaO2 < 60 1.56  0.52 to 4.71 0.430  

CI : confidence interval 
* FVC : forced vital capacity  

† FEV1 : forced expiratory volume in one second  

‡ DLCO : diffusing capacity of the lung for carbon monoxide  

§ % pred : percentage of the predicted value 
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Figure 3. Kaplan-Meier estimates of survival for IPF patients. (A) forced vital capacity (FVC) (% pred)  

at diagnosis, and (B) diffusion capacity of the lung for carbon monoxide (DLCO) (% pred) at diagnosis 

  

 

The changes in pulmonary function parameters during the follow-up period 

were measured in 71 patients. In order to adequately evaluate these changes 

during the follow-up period, we demonstrated the changes over time. The 

changes in pulmonary function parameters by the follow-up duration (in 

months) of each patient was divided, and the result is shown in Table 4. This 

result showed that the abrupt decrease in changes of pulmonary function 

parameters resulting during the follow-up periods was significantly associated 

with risk of death (p < 0.05). 
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Table 4. Analysis of survival in IPF patients for pulmonary function deterioration. 

Factor Category Mean ± SD 
Relative 

hazard ratio 
95% CI p-value  

f/u pulmonary 

function parameters 
          

  Δ FVC (L)* -6.73 ± 26.37 0.971 0.96 to 0.99 0.001 

  Δ FVC (% pred)† -0.25 ± 1.47 0.650 0.50 to 0.84 0.001 

  Δ FEV1 (L)* -12.98 ± 53.52 0.966 0.94 to 0.99 0.007 

  Δ FEV1 (% pred)† -0.36 ± 2.00 0.565 0.38 to 0.85 0.006 

  Δ DLCO (%pred)† -0.52 ± 1.59 0.286 0.15 to 0.55 0.000 

f/u : follow-up 

CI: confidence interval; FVC : forced vital capacity; FEV1 : forced expiratory volume in one 

second; DLCO : diffusing capacity of the lung for carbon monoxide; % pred : percentage of the 

predicted value 

* percentage of change in absolute values with respect to initial assessment, divided by the 

follow-up time in months 
† percentage of change in percentage values with respect to initial assessment, divided by the 

follow-up time in months 
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3. Pathologic parameters (fibrosis, cellularity and total pathologic 

score) 

To evaluate the grade of fibrosis and cellularity of each biopsy specimen, a 

scoring system on a scale of zero to five was used, as a previous study 

demonstrated.
23

 We expressed the score roughly correlating with the 

percentages of fibrosis and cellularity (absent, occasional, < 25%, 25 to 49, 50 

to 75, and > 75%). Table 5 shows the overall assessments of fibrosis and 

cellularity. In this analysis, neither cellularity (p = 0.730) nor fibrosis (p = 

0.342) revealed an influence on risk of death. Total pathologic score, which is 

the fibrosis score plus cellularity score, was also not associated with survival. 

 

 

4. Molecular parameters (grading of immunohistochemical staining of 

TβRII and p-Smad2/3, and genotypic distributions of TGF-β1 gene 

polymorphism in lung tissues from IPF patients)   

TβRII and p-Smad2/3 reflect the activation of the TGF-β1 signal pathway. To 

find out whether TβRII and p-Smad2/3 were expressed in lung tissues from IPF 

patients, immunohistochemical staining was performed. Immunoreactivities 

were graded as negative, mild, moderate, and strong positive expression. 

Immunohistochemical staining showed that TβRII was strongly expressed in 

epithelial cells, fibroblasts, and macrophages around honey-combing areas and 

especially fibroblastic foci in the lung tissues of IPF patients. The expression of 
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TβRII was negative (0), mild (+1), moderate (+2), and strong (+3) in 9 (10.5%), 

22 (25.6%), 21 (24.4%), and 34 (39.5%) cases, respectively. Similar to TβRII, 

p-Smad2/3 was prominently expressed in honeycombing areas and especially 

fibroblastic foci. The expression of p-Smad2/3 was negative (0), mild (+1), 

moderate (+2), and strong (+3) in 0, 12 (14.0%), 27 (31.4%), and 47 (54.7%) 

cases, respectively. Typically, TβRII and p-Smad2/3, major signal molecules of 

TGF-β1, were strongly expressed in lung tissues from IPF patients. However, 

there was no significance in expression of p-Smad2/3 and TβRII expression in 

this study (Table 5). 

The genotypes of patients consisted of CC 16 (19.0%) cases, TC 31 (36.9%) 

cases, and TT 37 (43.0%) cases. There was no statistically significant difference 

between genotypes. 
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Table 5. Analysis of survival in IPF patients for pathologic and molecular parameters.  

Characteristic  Grade (score)  No. of Patients (%)  
Relative 

hazard rate 
95% CI p-value  

Cellularity*           

  Low [1-2]  54 (65.1)  1.00      

  High [3-5]  29 (34.9)  1.14  0.54 to 2.42 0.73 

Fibrosis grade*            

  Low [1-3]  44 (51.2)  1.00      

  High [4-5]  39 (45.3)  1.42  0.69 to 2.95 0.342 

Total pathologic score *            

  Low [1-5]  36 (41.9)  1.00      

  High [6-10]  47 (54.7)  1.16  0.81 to 1.67 0.416 

p-Smad 2/3 staining            

  Weak [1-2] 39 (45.7)  1.00      

  Strong [3]  47 (54.7)  1.20  0.84 to 1.72 0.316 

† TGF-β receptor Ⅱ staining            

  Weak [0-1]  31 [36)  1.00      

  Strong [2-3]  55 (64)  1.05  0.72 to 1.52 0.817 

† TGF-β1 polymorphism             

  CC, TC  48 (55.8)  1.00      

  TT  38 (44.2)  1.15  0.56 to 2.36 0.706 

CI: confidence interval   

*Data are unavailable for three patients.  

† TGF-β1: Transforming growth factor- β1 (TGF-β1) 
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IV. DISCUSSION 

 

This study analyzed the factors associated with idiopathic pulmonary fibrosis in 

Korean patients. IPF patients’ clinical, physiologic, histopathologic, and 

molecular parameters were analyzed. Like previous studies, the amount of 

smoking, initial pulmonary function parameters, and change of pulmonary 

function test results during follow-up were associated with patient survival.
25-27

 

In univariate analysis, a heavy amount of smoking, a severe reduction in initial 

FVC (% pred), DLCO (% pred), and abrupt decrease of follow-up pulmonary 

function parameters were associated with worse prognosis. Oxidative stress 

from smoking might contribute pathogenesis in smokers. However, in our study, 

smoking status did not appear to be associated with the risk of death, which may 

be a reason that symptomatic patients with more severe disease may be more 

likely to stop smoking. Thus, there might be a “healthy smoker” effect.
28

 More 

studies, adjusting for key severity variables, including smoking status, are 

required.
29

 We confirmed that clinical and physiological parameters were more 

important predictors of survival than the pathological, molecular parameters, 

like cellularity, fibrosis, immunostaining grade of phosphorylated Smad2/3, 

TGF-β receptor Ⅱ, and TGF-β1 polymorphism in patients with IPF.
27

 We 

recommend that physicians check serial pulmonary function parameters to 

estimate prognosis of IPF patients.  

IPF remains a difficult therapeutic dilemma with limited response to steroids. In 
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addition, long-term steroid therapy could cause many adverse side effects. In 

our study, the treatment group had a significantly better prognosis, a feature 

which has been reported previously.
30

 Thus, the use of steroids could act as a 

good prognostic marker in our study. Our study excludes patients with severe 

disease who could not undergo surgery, suggesting that physicians can prescribe 

steroids or steroids with an immunosuppressive agent therapy to patients with 

mild or moderate disease. However, because most patients (N=72, 83.7%) were 

treated, the estimate for five-year survival for these patients with use of 

corticosteroid therapy may be imprecise. In other words, there were few patients 

who were not treated, and pulmonary function parameters could not be 

accurately compared between the treatment group and non-treatment group. 

In published studies, the histologic pattern of interstitial pneumonia provides 

significant prognostic and diagnostic data in patients undergoing biopsy. When 

patients underwent surgical lung biopsy, usual interstitial pneumonia is the most 

common histologic pattern of interstitial pneumonia. We analyzed only IPF 

patients of these interstitial pneumonia patients. Nicholson AG et al. studied 53 

patients with IPF. He showed that the fibroblastic foci count was strongly 

associated with mortality and increasing interstitial mononuclear cell infiltrate 

scores were related with pulmonary function decline.
31

 King TE et al. also 

demonstrated that IPF patients with lesser degrees of granulation/connective 

tissue deposition (fibroblastic foci) showed longer survival. However, the 

degree of alveolar space cellularity, alveolar wall fibrosis, and cellularity did 
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not affect suvivial.
32

 We independently evaluated the cellularity, fibrosis, 

immunostaining grade of p-Smad2/3 and using both PCR and RFLP techniques, 

codon 10 polymorphism in the TGF-β1 gene was investigated. We expected that 

the severity of cellularity and fibrosis was associated with risk of death. Similar 

to King TE’s study, our study did not show any significant association for these 

factors. Our study excluded patients with severe disease who could not perform 

a surgical biopsy. Excluding severe disease might explain how cellularity and 

fibrosis were not associated with disease severity. Also, cellurality and fibrosis 

could differ greatly from one part to another within a patient. 

The expression of p-Smad2/3 and TβRII was measured by 

immunohistochemical staining. TGF-β1 is a multifunctional cytokine that 

modulates cellular activities, including proliferation, differentiation, 

extracellular matrix production, and apotosis.
33

  It is known that TβRII reflects 

the starting point of the TGF-β1 signal pathway, and p-Smad2/3 detection 

implied major activity of TGF-β1. However, the degree of expression did not 

correlate with worse prognosis. Previous studies reveal a polymorphism in the 

TGF- β1 gene. In codon 10, there is a polymorphism at nucleotide +869 (T869C) 

that produces a Leu → Pro replacement. Such a change is associated with 

increased formation of TGF- β1
34

. Therefore, the more common genotype (TT) 

of TGF-β1
 
codon 10 can be associated

 
with survival, but our result did not show 

significant association. A reason for this result could be explained: lung fibrotic 

changes are probably modulated by multiple genes and interrelations of 



32 

 

aggravating factors. Wu L et al. showed TGF-β1 could conceivably act to 

prevent the degradation of elastin in chronic obstructive pulmonary disease 

(COPD) patients.
35

 This result suggests a probability that TGF- β1 may act 

bidirectionally, both in deterioration and protection. A third reason is that there 

is data demonstrating that increased TGF-β1
 
levels in circulation do not always 

result in increased expression or activity in selected target tissues.
36

 We only 

evaluated the surgical biopsy tissue in this study. So there could be a difference 

in TGF- β1 levels
 
between target tissue and blood. 

Ando M et al. and Mura M et al. demonstrated that CRP did not correlate with 

the severity of IPF in 41 IPF patients.
37,38

 Unlike their study, our study showed 

that higher CRP serum levels in 57 surgically confirmed patients were 

associated worse prognosis. Because of the retrospective study, there were 

parameters missing, and follow-up CRP testing was not available in most 

patients. Therefore, we cannot reveal the relationship between serial follow-up 

CRP testing with mortality. More studies are needed to reveal a role of CRP 

serum level as a prognostic biomarker.  

In conclusion, this study confirmed the widely known prognostic markers 

(amount of smoking and pulmonary function parameters), as did the previous 

study. Larger, prospective, multi-center studies are required to confirm 

associations of cellularity, fibrosis, p-Smad2/3, TβRII, and polymorphism of 

TGF-β1 with mortality. In this study, we also revealed that CRP could be a 

prognostic marker in IPF patients, as well as with steroid treatment. 
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Our study had some limitations: First, non-surgically confirmed subjects were 

excluded. Therefore, we might have excluded patients with severe disease 

because they were not able to tolerate surgical biopsy. It was closely related to 

the disease severity and progression, and as a result, there is a patient selection 

bias. Through surgical lung biopsy, a specific diagnosis for IPF was made. 

Second, in the retrospective study design, we could not check plasma TGF-β1 

levels, even though this information may bear great importance in terms of the 

interpretation of relationships between genotypes of polymorphism and survival. 

Third, the molecular and histopathologic severity could vary greatly from one 

part of the patient to another. Thus, the pathologic result could be incorrect. 

Fourth, this study had a retrospective design and some parameters, such as 

DLCO, were not tested during the follow-up period. Further prospective, 

multi-center studies are needed to confirm our findings. 

 

 

 

 

 

 

 

 

 



34 

 

Ⅴ. CONCLUSION      

 

We examined 86 patients with IPF and confirmed that the widely known 

prognostic markers (amount of smoking and pulmonary function test results) 

were important, as previous studies found. In this study, we showed that 

clinicophysiologic parameters have a more significant association with survival 

benefit than each pathologic and molecular parameter. Larger sample studies 

are required to confirm cellularity, fibrosis, p-Smad2/3, TβRII, and 

polymorphism of TGF-β. CRP could constitute a useful parameter in evaluation 

of the severity of IPF patients, although serial determinations of CRP level are 

required to confirm an association between CRP expression and prognosis.  

 



35 

 

 

REFERENCES 

 

1. American Thoracic Society. Idiopathic pulmonary fibrosis: diagnosis 

and treatment. International consensus statement. American Thoracic 

Society (ATS), and the European Respiratory Society (ERS). Am J 

Respir Crit Care Med 2000;161:646-64. 

2. Demedts M, Costabel U. ATS/ERS international multidisciplinary 

consensus classification of the idiopathic interstitial pneumonias. Eur 

Respir J 2002;19:794-6. 

3. Coultas DB, Zumwalt RE, Black WC, Sobonya RE. The epidemiology 

of interstitial lung diseases. Am J Respir Crit Care Med 

1994;150:967-72. 

4. Bjoraker JA, Ryu JH, Edwin MK, Myers JL, Tazelaar HD, Schroeder 

DR, et al. Prognostic significance of histopathologic subsets in 

idiopathic pulmonary fibrosis. Am J Respir Crit Care Med 

1998;157:199-203. 

5. Crystal RG, Bitterman PB, Rennard SI, Hance AJ, Keogh BA. 

Interstitial lung diseases of unknown cause. Disorders characterized by 

chronic inflammation of the lower respiratory tract. N Engl J Med 

1984;310:235-44. 

6. Gross TJ, Hunninghake GW. Idiopathic pulmonary fibrosis. N Engl J 

Med 2001;345:517-25. 

7. Wilson MS, Wynn TA. Pulmonary fibrosis: pathogenesis, etiology and 

regulation. Mucosal Immunol 2009;2:103-21. 

8. Chilosi M, Poletti V, Zamo A, Lestani M, Montagna L, Piccoli P, et al. 

Aberrant Wnt/beta-catenin pathway activation in idiopathic pulmonary 

fibrosis. Am J Pathol 2003;162:1495-502. 

9. Selman M, Pardo A. The epithelial/fibroblastic pathway in the 



36 

 

pathogenesis of idiopathic pulmonary fibrosis. Am J Respir Cell Mol 

Biol 2003;29:S93-7. 

10. Sporn MB, Roberts AB. Transforming growth factor-beta: recent 

progress and new challenges. J Cell Biol 1992;119:1017-21. 

11. Corrin B, Butcher D, McAnulty BJ, Dubois RM, Black CM, Laurent GJ, 

et al. Immunohistochemical localization of transforming growth 

factor-beta 1 in the lungs of patients with systemic sclerosis, 

cryptogenic fibrosing alveolitis and other lung disorders. 

Histopathology 1994;24:145-50. 

12. Khalil N, O'Connor RN, Flanders KC, Unruh H. TGF-beta 1, but not 

TGF-beta 2 or TGF-beta 3, is differentially present in epithelial cells of 

advanced pulmonary fibrosis: an immunohistochemical study. Am J 

Respir Cell Mol Biol 1996;14:131-8. 

13. Nakao A, Afrakhte M, Moren A, Nakayama T, Christian JL, Heuchel R, 

et al. Identification of Smad7, a TGFbeta-inducible antagonist of 

TGF-beta signalling. Nature 1997;389:631-5. 

14. Bouros D, Antoniou KM. Current and future therapeutic approaches in 

idiopathic pulmonary fibrosis. Eur Respir J 2005;26:693-702. 

15. Turner-Warwick M, Burrows B, Johnson A. Cryptogenic fibrosing 

alveolitis: clinical features and their influence on survival. Thorax 

1980;35:171-80. 

16. Turner-Warwick M, Burrows B, Johnson A. Cryptogenic fibrosing 

alveolitis: response to corticosteroid treatment and its effect on survival. 

Thorax 1980;35:593-9. 

17. Tukiainen P, Taskinen E, Holsti P, Korhola O, Valle M. Prognosis of 

cryptogenic fibrosing alveolitis. Thorax 1983;38:349-55. 

18. Schwartz DA, Helmers RA, Galvin JR, Van Fossen DS, Frees KL, 

Dayton CS, et al. Determinants of survival in idiopathic pulmonary 

fibrosis. Am J Respir Crit Care Med 1994;149:450-4. 



37 

 

19. Stack BH, Choo-Kang YF, Heard BE. The prognosis of cryptogenic 

fibrosing alveolitis. Thorax 1972;27:535-42. 

20. Carrington CB, Gaensler EA, Coutu RE, FitzGerald MX, Gupta RG. 

Natural history and treated course of usual and desquamative interstitial 

pneumonia. N Engl J Med 1978;298:801-9. 

21. Rudd RM, Haslam PL, Turner-Warwick M. Cryptogenic fibrosing 

alveolitis. Relationships of pulmonary physiology and bronchoalveolar 

lavage to response to treatment and prognosis. Am Rev Respir Dis 

1981;124:1-8. 

22. American Thoracic Society/European Respiratory Society International 

Multidisciplinary Consensus Classification of the Idiopathic Interstitial 

Pneumonias. This joint statement of the American Thoracic Society 

(ATS), and the European Respiratory Society (ERS) was adopted by the 

ATS board of directors, June 2001 and by the ERS Executive 

Committee, June 2001. Am J Respir Crit Care Med 2002;165:277-304. 

23. Cherniack RM, Colby TV, Flint A, Thurlbeck WM, Waldron J, 

Ackerson L, et al. Quantitative assessment of lung pathology in 

idiopathic pulmonary fibrosis. The BAL Cooperative Group Steering 

Committee. Am Rev Respir Dis 1991;144:892-900. 

24. El-Gamel A, Awad M, Sim E, Hasleton P, Yonan N, Egan J, et al. 

Transforming growth factor-beta1 and lung allograft fibrosis. Eur J 

Cardiothorac Surg 1998;13:424-30. 

25. Douglas WW, Ryu JH, Bjoraker JA, Schroeder DR, Myers JL, Tazelaar 

HD, et al. Colchicine versus prednisone as treatment of usual interstitial 

pneumonia. Mayo Clin Proc 1997;72:201-9. 

26. Douglas WW, Ryu JH, Swensen SJ, Offord KP, Schroeder DR, Caron 

GM, et al. Colchicine versus prednisone in the treatment of idiopathic 

pulmonary fibrosis. A randomized prospective study. Members of the 

Lung Study Group. Am J Respir Crit Care Med 1998;158:220-5. 



38 

 

27. Jegal Y, Kim DS, Shim TS, Lim CM, Do Lee S, Koh Y, et al. 

Physiology is a stronger predictor of survival than pathology in fibrotic 

interstitial pneumonia. Am J Respir Crit Care Med 2005;171:639-44. 

28. Bednarek M, Gorecka D, Wielgomas J, Czajkowska-Malinowska M, 

Regula J, Mieszko-Filipczyk G, et al. Smokers with airway obstruction 

are more likely to quit smoking. Thorax 2006;61:869-73. 

29. Antoniou KM, Hansell DM, Rubens MB, Marten K, Desai SR, Siafakas 

NM, et al. Idiopathic pulmonary fibrosis: outcome in relation to 

smoking status. Am J Respir Crit Care Med 2008;177:190-4. 

30. Gay SE, Kazerooni EA, Toews GB, Lynch JP, 3rd, Gross BH, Cascade 

PN, et al. Idiopathic pulmonary fibrosis: predicting response to therapy 

and survival. Am J Respir Crit Care Med 1998;157:1063-72. 

31. Nicholson AG, Fulford LG, Colby TV, du Bois RM, Hansell DM, Wells 

AU. The relationship between individual histologic features and disease 

progression in idiopathic pulmonary fibrosis. Am J Respir Crit Care 

Med 2002;166:173-7. 

32. King TE, Jr., Schwarz MI, Brown K, Tooze JA, Colby TV, Waldron JA, 

Jr., et al. Idiopathic pulmonary fibrosis: relationship between 

histopathologic features and mortality. Am J Respir Crit Care Med 

2001;164:1025-32. 

33. Zhao Y, Geverd DA. Regulation of Smad3 expression in 

bleomycin-induced pulmonary fibrosis: a negative feedback loop of 

TGF-beta signaling. Biochem Biophys Res Commun 2002;294:319-23. 

34. Suthanthiran M, Li B, Song JO, Ding R, Sharma VK, Schwartz JE, et al. 

Transforming growth factor-beta 1 hyperexpression in 

African-American hypertensives: A novel mediator of hypertension 

and/or target organ damage. Proc Natl Acad Sci U S A 

2000;97:3479-84. 

35. Wu L, Chau J, Young RP, Pokorny V, Mills GD, Hopkins R, et al. 



39 

 

Transforming growth factor-beta1 genotype and susceptibility to 

chronic obstructive pulmonary disease. Thorax 2004;59:126-9. 

36. Shah M, Revis D, Herrick S, Baillie R, Thorgeirson S, Ferguson M, et 

al. Role of elevated plasma transforming growth factor-beta1 levels in 

wound healing. Am J Pathol 1999;154:1115-24. 

37. Ando M, Miyazaki E, Ito T, Hiroshige S, Nureki SI, Ueno T, et al. 

Significance of serum vascular endothelial growth factor level in 

patients with idiopathic pulmonary fibrosis. Lung 2010;188:247-52. 

38. Mura M, Belmonte G, Fanti S, Contini P, Pacilli AM, Fasano L, et al. 

Inflammatory activity is still present in the advanced stages of 

idiopathic pulmonary fibrosis. Respirology 2005;10:609-14. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



40 

 

ABSTRACT (IN KOREAN) 

 

특발성 폐섬유증에 대한 예후 인자 분석 

(임상적, 생리학적, 병리학적, 분자생물학적 인자) 

 

<지도교수 박무석> 

 

 

연세대학교 대학원 의학과 

 

이상훈  

 

 

 

배경: 

특발성 폐섬유증은 원인 미상의 미만적이고 지속적으로 

진행하는 폐실질의 질병으로, 궁극적으로는 불가역적으로 

호흡부전을 가져와 사망률을 높이는 질병이다. 이러한 특발성 

폐섬유증의 예후 인자로는 진단 당시 환자의 나이, 성별, 증상 

발현 기간, 진단 당시 폐기능, 호흡곤란 정도, 흉부 전산화단층 

촬영상 보이는 유리 음영의 정도와 섬유화 정도, 기관지 

폐포세척액에서의 림프구 비율, 스테로이드나 면역억제제 등의 

치료에 대한 반응 여부 등이 이미 알려져 있다. 따라서 본 

연구는 기존의 여러 연구에서 알려진 임상학적, 생리학적 

지표들과의 특발성 폐섬유증의 예후에 대해 조사하였으며, 

이외에도 병리, 분자생물학적으로 접근하여 p-Smad 2/3와 TGF-β 

수용체II(TβRII)의 면역화학염색 발현 정도, TGF-β1의 codon 10 

유전자 다형성을 조사하였다. 또한 C-반응성 단백질이 특발성 

폐섬유증 환자에 있어 예후인자로서의 역할을 할 수 있는지 

분석하였다. 
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방법: 

1995년 1월부터 2009년 12월까지 세브란스 병원에서 

수술적으로 조직검사를 하여 ATS/ERS 기준에 따라 특발성 

폐섬유증이 확진된 86명의 환자를 후향적으로 조사하였다. 이 

환자들을 대상으로 임상적 지표와 생리학적 지표를 

조사하였으며, 각각 환자의 조직에서 p-Smad 2/3와 TβRII의 

면역화학염색 발현 정도, TGF-β1의 codon 10 유전자 다형성을 

조사하였다. 이 외에 각각의 환자에 있어 추적 폐기능 검사를 

조사하여 이를 진단시 폐기능과 비교하여 변화량을 구하였고, 

이 값을 추적 관찰 기간으로 나누어 시간에 따른 폐기능의 감소 

정도를 평가하였다. 이러한 환자군을 대상으로 Cox 비례항 위험 

모델과 Kaplan-Meier 생존 곡선을 사용하여 임상적 지표(나이, 

성별, 진단 전 증상 발현 기간, 흡연 여부, 흡연량, CRP, 치료 

여부), 생리학적 지표(동맥혈 가스 분석, 폐기능), 조직 병리학적, 

분자적 지표(세포침윤정도, 섬유화 정도, p-Smad2/3 및 TβRII의 

면역화학염색 발현 정도, TGF-β1의 유전자 다형성)를 

분석하였다. 

 

 

결과: 

총 55명의 남자와 31명의 여자를 대상으로 하였으며, 이들의 

평균 나이는 61.3 ± 8.9년 이었다. 진단시 나이, 성별, 진단 전 

증상발현 기간, 흡연여부는 사망위험도와 의미있는 결과는 

보이지 않았으나, 흡연량과 진단시 저하된 폐기능은 특발성 

폐섬유증으로 인한 사망률에 있어 의미있는 결과를 보였다 

(FVC: p = 0.013,  DLCO: p = 0.023, amont of smoking: p = 0.002). 

p-Smad2/3와 TβRII의 면역염색발현 정도와 TGF-β1의 condon 10 

유전자 다형성은 사망 위험도와 연관이 없었으며, 폐기능의 

급격한 감소와 진단시 증가된 C-반응성 단백질은 불량한 

예후인자 였다 (Δ FVC: p = 0.001, Δ FVC (%): p = 0.001, Δ FEV1: p = 

0.007, Δ FEV1 (%): p =0.006, Δ DLCO (% ): p = 0.000, CRP: p = 0.013) 
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결론: 

본 연구에서 특발성 폐섬유증 환자의 진단시 폐기능와 흡연량, 

폐기능의 저하 속도가 사망위험과 관련이 있었으며, 진단시 

높은 수치의 C-반응성 단백질을 보인 환자에서 사망위험도가 더 

높았음을 알 수 있었다. 따라서 특발성 폐섬유증 환자에 있어 

C-반응성 단백질의 예후로서의 가능성에 대해 더 많은 연구가 

필요하겠다.  
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핵심되는 말 : 특발성 폐섬유증, 예후인자, C-반응성 단백질, 

Smad, TGF-β,  


