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Abstract: Biomarkers for the management of chronic obstructive pulmonary disease (COPD) 

are limited. The aim of this study was to explore new plasma biomarkers in patients with COPD. 

Thyroxine-binding globulin (THBG) was initially identified by proteomics in a discovery panel  

and subsequently verified by enzyme-linked immunosorbent assay in another verification panel 

with a 1-year follow-up. THBG levels were elevated in patients with COPD (9.2±2.3 μg/mL) 

compared to those of the controls (6.6±2.0 μg/mL). Receiver operating characteristic curves 

suggested that THBG was able to slightly differentiate between patients with COPD and con-

trols (area under the curve [AUC]: 0.814) and performed better if combined with fibrinogen 

(AUC: 0.858). THBG was more capable of distinguishing Global Initiative for Obstructive 

Lung Disease stages I–III and IV (AUC: 0.851) compared with fibrinogen (AUC 0.582). THBG 

levels were negatively associated with predicted percentage forced expiratory volume in 1 s and 

positively related to predicted percentage residual volume, RV/percentage total lung capacity, 

and percentage low-attenuation area. COPD patients with higher baseline THBG levels had 

a greater risk of acute exacerbation (AE) than those with lower THBG levels (P=0.014, by 

Kaplan–Meier curve; hazard ratio: 4.229, by Cox proportional hazards model). In summary, 

THBG is a potential plasma biomarker of COPD and can assist in the management of stable 

stage and AEs in COPD patients.

Keywords: thyroxine-binding globulin, biomarker, chronic obstructive pulmonary disease, 

proteomics

Introduction
Chronic obstructive pulmonary disease (COPD) is a complicated disease characterized 

by the progressive decline of lung function with or without emphysema, leading to 

considerable morbidity and mortality worldwide.1 Biomarkers, such as proteins, 

microRNAs, and metabolites, play an important role in the diagnosis and management 

of various complex diseases.2–5 However, biomarkers for the diagnosis and management 

of COPD are very limited.6,7 Moreover, these markers, such as fibrinogen and C-reactive 

protein (CRP), appeared to reflect systemic inflammation in patients with COPD.8–12 

Most researchers in the respiratory field would prefer to identify a biomarker involved 

in the pathological mechanism of COPD. Thus, researchers are trying to identify new 

biomarkers to replace or complement these traditional markers.

Recently, proteomics has been widely applied in the identification of biomarkers 

in various diseases due to the high-throughput and unbiased characteristics of the 

technique.13–17 Likewise, the technique has also been used in biomarker studies of 

COPD.18–20 Several markers identified by proteomic studies have provided new insights 
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into the pathogenesis and management of COPD.18,19,21,22 

Samples of these proteomic studies were obtained from 

sputum,21 exhaled breath condensate (EBC),23 or broncho-

alveolar lavage fluid (BALF).24 However, sputum is not 

a suitable sample for proteomic studies because highly 

charged mucins can easily cause the separation of sputum 

proteins in the proteomics process.25 The application of EBC 

in proteomics is also limited due to salivary contamination 

and poor protein abundance.26 BALF is an ideal material 

for the identification of specific biomarkers related to the 

pathogenesis of COPD, but protein dilution and high risk 

restrict its clinical application.27 Plasma is an appropriate 

sample because it is easily obtained and contains abundant 

human proteins.

To our knowledge, plasma biomarker studies using 

proteomics in stable COPD patients are scarce.18 Hence, 

this study sought to identify new plasma biomarkers in 

COPD via the isobaric tags for relative and absolute quan-

tification (iTRAQ)-labeling proteomic technique. To verify 

these candidate biomarkers identified by proteomics, their 

plasma concentrations were measured in another larger 

cohort with a 1-year follow-up by enzyme-linked immuno-

sorbent assay (ELISA). Furthermore, we also explored the 

relationship between biomarkers and clinical characteristics 

of COPD.

Methods
Study design
A discovery panel of 8 male subjects (n=4, smokers without 

COPD; n=4, smokers with COPD) was recruited to identify 

the biomarker candidates in November 2014. Another veri-

fication panel of 86 male subjects (n=33, smokers without 

COPD; n=53, smokers with COPD) was used to verify 

and explore the clinical value of biomarkers. The subjects 

were enrolled and followed up from December 2014 to 

February 2016. All recruited subjects were from the Peking 

University Third Hospital, China. The study protocol was 

approved by the Medical Science Research Ethics Commit-

tee of Peking University Third Hospital (2014160), and all 

studies were carried out in strict accordance with the protocol. 

Written informed consent was obtained from each subject. 

The flow diagram is presented in Figure 1.

The inclusion criteria of COPD patients were as follows: 

1) males aged 50–70 years; 2) diagnosed with a stable stage 

of COPD, according to the Global Initiative for Obstructive 

Lung Disease (GOLD) guidelines1; and 3) a smoking history 

of at least 10 pack-years and a smoking cessation duration 

of .5 years. The exclusion criteria of selected patients 

were as follows: 1) diagnosed with unstable cardiovascular 

diseases, significant hepatic dysfunction, or mental or renal 

incompetence; 2) diagnosed with asthma, diffuse panbronchi-

olitis, cystic fibrosis, active pulmonary tuberculosis, or pneu-

monia within 2 months; or 3) prescribed immunosuppressive 

medications, such as those for acquired immunodeficiency 

syndrome (AIDS). The COPD patients were divided into 4 

subgroups according to the baseline lung function: GOLD I 

(predicted percentage forced expiratory volume in 1 s 

[FEV
1
%pred] $80%), GOLD II (50%# FEV

1
%pred ,80%), 

GOLD III (30%# FEV
1
%pred ,50%), and GOLD IV 

(FEV
1
%pred ,80%).1 In addition, male smokers without 

COPD were included as a control group.

Age, gender, body mass index (BMI), smoking history, 

smoking cessation duration, complications, and 1-year acute 

exacerbation (AE) information were collected. Lung func-

tion was measured with a ventilator (SensorMedics, Yorba 

Linda, CA, USA).

The diagnosis of AE was based on GOLD guidelines.1 

No subjects were hospitalized due to AEs in the study. The 

severity of emphysema was assessed according to the extent 

of low-attenuation area (LAA) measured by thorax computed 

tomography (CT). LAA%, defined as the percentage of 

the area of ,-950 Hounsfield units (HU), was calculated 

with AW version 4.5 software (GE Healthcare, Fairfield, 

CT, USA).28

sample collection
Plasma samples from subjects were centrifuged for 30 min 

at room temperature. Supernatants of these blood samples 

were aliquoted into sterile Eppendorf tubes and subsequently 

stored at -80°C.

ITRAQ-labeling proteomic analysis
The highly abundant plasma proteins were discarded with 

ProteoMinerTM kits (Bio-Rad Laboratories, Hercules, CA, 

USA). The extracted proteins from plasma were digested 

via Trypsin Gold (Promega, Madison, WI, USA) for 16 h 

at 37°C. The plasma samples of subjects were labeled with 

the 8-plex iTRAQ reagent (Applied Biosystems, Carlsbad, 

CA, USA). These samples were pooled after being incubated 

for 2 h at room temperature. The peptides were separated by 

strong cation exchange (SCX) chromatography through an 

LC-20AB HPLC pump system (Shimadzu, Kyoto, Japan) and 

then processed by liquid chromatography coupled with tan-

dem mass spectrometry (LC–MS/MS) with a Q Exactive™ 

mass spectrometer (Thermo Fisher Scientific, San Jose, CA, 

USA). Proteins were identified against the UniProt_human 

database via a mascot search engine version 2.3.02 (Matrix 

Science, London, UK).
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Immunoassay verification
Thyroxine-binding globulin (THBG) (R&D Systems, Min-

neapolis, MN, USA), peroxiredoxin-2 (R&D Systems), 

and galectin-7 (Invitrogen, Grand Island, NY, USA) were 

detected using ELISA kits according to the manufacturers’ 

protocols. Plasma fibrinogen concentration was measured 

by the Clauss method.8 Total triiodothyronine (TT
3
), total 

thyroxine (TT
4
), free T

3
 (fT

3
), free T

4
 (fT

4
), and thyroid-

stimulating hormone (TSH) were determined with an auto-

mated chemiluminescence immunoassay (Roche Elecsys, 

Basel, Switzerland).29

Statistical analysis
Categorical variables were assessed with the chi-square test. 

Differences in continuous variables between controls and 

patients with COPD were compared using Student’s t-tests. 

Discrepancies in continuous variables among controls and 

patients at GOLD stages I–IV were evaluated by analysis 

of variance (ANOVA) with a post hoc test (least significant 

difference [LSD] method). Analyses of covariance and mul-

tivariate linear regression, correcting for confounders, were 

used to identify differences in THBG between groups.

The association of THBG with continuous variables was 

determined by the Pearson coefficient, and the association 

with ranked variables was analyzed by Spearman’s coef-

ficient. Partial correlation analyses and multivariate linear 

regression, correcting for confounders, were used to detect 

the relationship between THBG and variables.

Receiver operating characteristic (ROC) curves were used 

to detect the partitive ability of THBG for different subgroups 

Figure 1 Flow diagram of the study.
Abbreviations: AE, acute exacerbation; COPD, chronic obstructive pulmonary disease; FEV1%pred, predicted value of forced expiratory volume in 1 s; Gal-7, galectin-7; 
GOLD, Global Initiative for Obstructive Lung Disease; iTRAQ, isobaric tags for relative and absolute quantification; K–M curve, Kaplan–Meier curve; LAA%, percentage 
of  low-attenuation area; Per-2, peroxirodoxin-2; ROC, receiver operating characteristic; RV%pred, predicted value of residual volume; THBG, thyroxine-binding globulin;  
RV/TLC, the ratio of the residual volume and the total lung capacity.
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of COPD, including the corresponding area under the curve 

(AUC), the cutoff value, sensitivity, and specificity.

The COPD patients were divided into low-level and high-

level groups based on the median concentration of baseline 

THBG. A Kaplan–Meier curve was used to compare the 

occurrence time of AEs between low- and high-level THBG 

groups. A Cox proportional regression model, correcting for 

other risk factors, was used to detect the hazard ratio (HR) 

of THBG levels for AEs.

Statistical analyses were conducted through GraphPad 

Prism 5.0 (GraphPad, San Diego, CA, USA), MedCalc® 15.1 

(MedCalc, Ostend, Belgium), and SPSS 19 (SPSS, Chicago, 

IL, USA).

Results
Identification of THBG by proteomics in  
the discovery panel
The discovery panel, which included 8 male smokers with or 

without COPD, was used to identify biomarker candidates. 

Details are presented in Table S1.

The quality of the iTRAQ-labeling proteomics is assessed 

in Figure S1. Thirteen proteins were upregulated and 28 

were downregulated in COPD patients compared to those in 

controls. The expression profile is listed in Table S2. Because 

of the limited availability of kits, only THBG, galectin-7, 

and peroxiredoxin-2 were verified by ELISA. Figure S2 

shows that the relative intensities of the 3 proteins quanti-

fied by iTRAQ were similar to their relative concentrations 

measured by ELISA.

THBG was initially identified based on the representative 

MS/MS spectrum (–GWVDLFVPK–) with 7 typical b-ions 

and 5 y-ions, as shown in the upper panel of Figure 2. Levels 

of THBG in COPD patients were higher than in smokers 

without COPD, as presented in the lower panel of Figure 2.

Validation of candidates by ELISA in  
the verification panel
The verification panel, which included 86 male smokers with 

or without COPD, was used to verify these candidates via 

ELISA. Detailed information about the subjects is shown 

in Table 1.

Figure 2 Identification of THBG by iTRAQ.
Notes: (A) Representative MS/MS (–GWVDLFVPK–) spectra of THBG; 5 typical y-ions and 7 b-ions were identified by iTRAQ, as presented in the upper panel. (B) Four 
COPD samples were labeled by reporter ions 113, 115, 118, and 119; 4 controls were labeled by reporter ions 114, 116, 117, and 121. Relative intensity represents the 
relative abundance of THBG in the samples.
Abbreviations: COPD, chronic obstructive pulmonary disease; iTRAQ, isobaric tags for relative and absolute quantification; MS/MS, tandem mass spectrometry; 
THBG, thyroxine-binding globulin.
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Age, smoking history, hypertension, and smoking ces-

sation duration were significantly different between COPD 

patients and controls, as well as between subgroups of COPD 

patients and controls, and they needed to be corrected by 

multivariate linear regression model and covariance analyses 

as potential confounders. Galectin-7 and peroxiredoxin-2 

were not significantly different between groups, as shown 

in Figure S3.

Levels of THBG were higher in COPD patients (9.2± 
2.3 μg/mL) than in controls (6.6±2.0 μg/mL). ANOVA 

with a post hoc test indicated that THBG levels in GOLD 

stages II (9.4±2.0 μg/mL), III (8.8±1.6 μg/mL), and IV 

(12±2.3 μg/mL) patients were elevated, but no shift was 

observed in GOLD I patients (7.3±1.9 μg/mL), compared 

with controls (6.6±2.0 μg/mL). Fibrinogen, a relatively 

acknowledged marker, was selected as a reference. Fibrino-

gen levels were significantly different among the different 

groups. However, a post hoc test indicated that fibrinogen 

levels in GOLD III and IV patients were only slightly 

elevated compared with those in controls. The corresponding 

bar chart is presented in Figure 3. Covariance analysis and 

a multivariate linear regression model, correcting for age, 

smoking history, hypertension, and smoking cessation 

duration, demonstrated that the group (COPD vs control; or 

GOLD I–IV vs control) was still an independent factor that 

influenced THBG levels, as shown in Table S3.

Alpha-1 antitrypsin (A1AT), also called serpin family A 

member 1 (SERPINA1), plays a key role in the pathogenesis 

of emphysema. THBG, also called serpin family A member 7  

(SERPINA7), belongs to serpin family A. Thus, the levels 

of A1AT were detected as a reference. However, the levels 

of A1AT were not significantly different among different 

groups. More details are shown in Figure S4.

Monitoring values of THBG for the 
progression of COPD
To explore whether THBG could assist in the management 

of COPD, ROC curves for THBG, fibrinogen, and their 

combination were generated and are presented in Figure 4. 

Figure 4A indicates that both THBG (AUC: 0.814; 95% 

confidence interval [CI]: 0.716–0.890) and fibrinogen 

(AUC: 0.739; 95% CI: 0.633–0.828) were slightly able to 

differentiate between COPD patients and controls. Figure 4B 

indicates that THBG (AUC: 0.786; 95% CI: 0.652–0.887) 

Table 1 Baseline data of subjects in the verification panel

Variables COPD vs control GOLD I–IV vs control

Control 
(n=33)

COPD 
(n=53)

GOLD I 
(n=10)

GOLD II 
(n=15)

GOLD III 
(n=19)

GOLD IV 
(n=9)

Age, years 58±5.1 64±5.4** 66±3.4** 63±6.5** 64±5.5** 62±4.4**
BMI, kg/m2 24±3.1 24±3.5 25±2.2 25±3.6 24±3.7 22±3.9
Smoking history, pack-years 31±7.2 38±10** 39±3.1* 38±10* 38±14* 39±5.5*
Smoking cessation duration, years 10±2.4 11±3.1 11±3.4 13±3.1** 10±3.0 9.4±1.9
FeV1, %pred 94±13 52±21** 84±2.9 64±9.6** 40±5.5** 24±4.2**
rV, %pred 90±36 157±75** 86±60 137±59** 162±45** 259±53**
rV/TlC, % 28±10 52±16** 35±13 46±15** 56±8.2** 70±7.7**
laa, %a 2.1±1.4 12±10** 5.5±3.4 6.0±4.7 15±10** 23±12**
aeb none 16 (30%) 0 6 (40%) 6 (32%) 4 (44%)
Diabetes mellitus 1 (3.0%) 3 (5.7%) 2 (20%) 0 0 1 (11%)
Hypertension 2 (6.1%) 12 (23%)* 2 (20%) 4 (27%) 4 (21%) 2 (22%)
Abnormal TT3, higher/lowerc 0 0 0 0 0 0
Abnormal FT3, higher/lowerc 1 (3.0%) 1 (1.9%) 0 0 1 (5.3%) 0
Abnormal TT4, higher/lowerc 1 (3.9%) 2 (3.8%) 0 1 (6.3%) 1 (5.3%) 1 (11%)
Abnormal FT4, higher/lowerc 0 0 0 0 0 0
Abnormal TSH, higher/lowerc 0 1 (1.9%) 1 (10%) 0 0 0
ThBg, μg/mL 6.6±2.0 9.2±2.3** 7.3±1.9 9.4±2.0** 8.8±1.6** 12±2.3**
Peroxirodoxin-2, ng/mL 44±9.1 43±34 39±14 52±61 37±14 43±10
Galectin-7, pg/mL 567±606 303±274 552±435 155±125 243±196 337±290
A1AT, mg/mL 5.4±0.49 5.4±0.67 5.7±0.53 5.3±0.91 5.4±0.60 5.4±0.59
Fibrinogen, g/L 2.7±0.7 3.3±0.8** 3.1±0.54 3.3±1.0 3.5±0.66** 3.6±1.0**

Notes: Continuous variables are shown as mean ± SD; categorical variables were presented as number (%). *P,0.05 or **P,0.01: COPD patients were compared with 
controls. aLAA, %: the extent of the low-attenuation area assessed by computed tomography. bAE: the number of subjects with AE in a 1-year follow-up period. cAbnormal: 
the indexes are not within the following normal range: TT3 (0.6–1.81 ng/mL); FT3 (2.3–4.2 pg/mL); TT4 (4.5–10.9 μg/mL); FT4 (0.89–1.8 ng/dL); TSH (0.55–4.78 μIU/mL).
Abbreviations: A1AT, alpha-1 antitrypsin; AE, acute exacerbation; BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume 
in 1 s; GOLD, Global Initiative for Obstructive Lung Disease; LAA, low-attenuation area; pred, predicted; RV, residual volume; TLC, total lung capacity; SD, standard 
deviation; THBG, thyroxine-binding globulin; TT3, total T3; FT3, free T3; TT4, total T4; FT4, free T4; TSH, thyroid stimulating hormone.
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could distinguish between GOLD I and GOLD II–IV 

patients, whereas fibrinogen (AUC: 0.623; 95% CI: 

0.480–0.753) could not. Figure 4C indicates that THBG 

(AUC: 0.639; 95% CI: 0.495–0.766) and fibrinogen 

(AUC: 0.616; 95% CI: 0.472–0.746) could not distinguish 

between GOLD I, II and GOLD III, IV patients. Figure 4D 

indicates that THBG (AUC: 0.851; 95% CI: 0.726–0.934) 

was better able to distinguish between GOLD I–III and 

GOLD IV patients than could fibrinogen (AUC: 0.582; 95% 

CI: 0.439–0.716). The combination of THBG and fibrino-

gen outperformed the separate factors in Figure 4A–C. 

Cutoff values with the corresponding sensitivity and 

specificity are described in Table S4.

Correlation of THBG with lung function
THBG was negatively associated with FEV

1
%pred 

(r=-0.559, P=0.000) and positively associated with RV/

TLC (r=0.464, P=0.000), RV%pred (r=0.381, P=0.000), 

and LAA% (r=0.446, P=0.000), as shown in Figure 5A–D, 

respectively. Due to the association of age with THBG 

(r=0.246, P=0.022), age was recognized as a confounder. 

More details are listed in Table S5.

The partial correlation and multivariate linear regression 

model, corrected for age, indicated that THBG was still asso-

ciated with FEV
1
%pred, RV/TLC%, RV%pred, and LAA%, 

as shown in Table S6.

Relationship between baseline THBG 
levels and ae
In the 1-year follow-up program, AE information was col-

lected from COPD patients. The COPD patients were divided 

into high- and low-level groups based on the median level of 

THBG (8.66 μg/mL). The Kaplan–Meier curve with log-rank 

test (P=0.014) showed that the occurrence time of AEs in 

the high-level group was shorter than that in the low-level 

group, as presented in Figure 6.

Figure 3 Levels of THBG and fibrinogen measured by ELISA in the verification panel.
Notes: (A) and (B) represent two different grouping types of THBG (control vs COPD and control vs GOLD I–IV, respectively); (C) and (D) represent two different 
grouping types of fibrinogen, respectively. Control: n=33 smokers without COPD; COPD: n=53 smokers with COPD (n=10 GOLD I; n=15 GOLD II; n=19 GOLD III; n=9 
gOlD IV). Mean values (±SE) are indicated with a horizontal line and error bar. **P,0.01.
Abbreviations: COPD, chronic obstructive pulmonary disease; ELISA, enzyme-linked immunosorbent assay; GOLD, Global Initiative for Obstructive Lung Disease; 
SE, standard error; THBG, thyroxine-binding globulin.
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Potential risk factors related to AE (ie, THBG level, 

FEV
1
%pred, age, smoking history, smoking cessation 

duration, hypertension, and diabetes mellitus) were analyzed 

using the Cox proportional hazards model. The results 

revealed that THBG level was an independent risk factor 

(HR: 4.229, P=0.032), as shown in Table S7. This finding 

indicated that AE risk in the high-level THBG group increased 

3.229-fold compared with that in the low-level group.

Baseline THBG levels did not predict the alterations 

of FEV
1
%pred, RV/TLC%, or RV%pred within a 1-year 

follow-up, as shown in Figure S5.

Discussion
THBG was identified by iTRAQ-labeling proteomics, and 

its plasma levels in COPD were elevated compared with 

those in controls and were associated with the severity of 

Figure 4 Diagnostic value of THBG, fibrinogen, and their combination for COPD in the verification panel.
Notes: ROC curves were derived to compare the AUCs of THBG, fibrinogen, and their combination between (A) COPD patients of GOLD stages I–IV and controls without 
COPD; (B) COPD patients of GOLD I stage and COPD patients of GOLD II–IV stages; (C) COPD patients of GOLD I and II stages and COPD patients of GOLD III and IV 
stages; (D) COPD patients of GOLD I–III stages and COPD patients with GOLD IV. The greater AUCs mean greater diagnostic values.
Abbreviations: AUC, area under the curve; CI, confidence interval; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Obstructive Lung Disease; 
ROC, receiver operating characteristic; THBG, thyroxine-binding globulin.
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lung function. THBG was able to distinguish patients with 

worse lung function and performed better if combined with 

fibrinogen. Higher baseline THBG levels predicted a greater 

risk of AE.

In total, 41 differentially expressed proteins were identi-

fied by proteomics in the discovery panel, some of which 

have been reported previously, such as platelet factor 4 and 

lipopolysaccharide-binding protein.30,31 These results sug-

gested that iTRAQ-labeling proteomics has the potential 

to identify the markers of COPD. Global repeatability and 

quantification of the proteomic technique exhibited excellent 

performance, indicating that its identification and quantifi-

cation abilities were reliable. The data verified by ELISA 

further demonstrated the reliability of proteomics.

Eventually, THBG, a hepatic-origin plasma protein, was 

identified and verified in the verification panel. The biologi-

cal function of THBG is to carry thyroid hormones,32 and it 

binds .70% of T3 and T4 in circulation.33 Recently, researchers 

have emphasized a disorder of the endocrine system in patients 

with COPD.34,35 Several studies have found that subclinical 

hypothyroidism (with elevated TSH but without elevated T3 

and T4) is related to frequent AEs and reduced lung function 

in COPD patients.34,35 In the study, no differences in thyroid 

function, including TSH, were observed between COPD 

Figure 5 Correlations between THBG and baseline data in the verification panel.
Note: THBG was negatively correlated with (A) FeV1%pred and was positively correlated with (B) rV/TlC, (C) rV%pred, and (D) laa%.
Abbreviations: FeV1, forced expiratory volume in 1 s; RV, residual volume; LAA, low-attenuation area; pred, predicted; THBG, thyroxine-binding globulin; TLC, total lung 
capacity.

Figure 6 Kaplan–Meier curve for the first AE based on baseline THBG level.
Note: A Kaplan–Meier curve was generated to compare the differences in the 
occurrence time of AEs between the low- and high-level THBG groups.
Abbreviations: AE, acute exacerbation; THBG, thyroxine-binding globulin.
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patients and controls. However, THBG was elevated in COPD 

patients and was associated with AEs and the severity of lung 

function. Thus, the assumption is that increased THBG is 

also a feedback for “subclinical hypothyroidism” in COPD 

patients and even reflects an earlier alteration in these people. 

Unfortunately, THBG was not detected as a test item in these 

past studies.34,35 To further explore the relationship between 

COPD and thyroid function, it is recommended that THBG 

be measured in future studies. In addition to the well-known 

physiological function, structural features of THBG also draw 

our attention. A1AT (SERPINA1) is a key protease inhibitor 

involved in the progression of COPD with emphysema.36 

In terms of genomics, THBG (SERPINA7) is also a serine 

protease inhibitor and may play an important role in the 

progression of COPD or emphysema.37

The value of monitoring THBG was evaluated using ROC 

curves. The study found that THBG levels in COPD patients 

were elevated compared with those in controls, and ROCs 

also suggested that THBG could differentiate COPD patients 

from controls, indicating that THBG is a potential marker 

for COPD. Although the independent diagnostic value of 

THBG and fibrinogen for COPD was not strong enough, 

their combination showed a larger clinical value. Thus, the 

combined application of multiple markers would be helpful 

for the management of COPD. Notably, THBG had a greater 

ability to identify patients with more severe lung function 

than fibrinogen, which offers a new strategy to monitor the 

progression of COPD patients.

The biological value of THBG was assessed by correla-

tion analyses. The study revealed that THBG was associated 

with FEV
1
%pred, indicating that it is likely to be involved 

in the limitation of the airway; THBG was also related to 

RV%pred, RV/TLC, and LAA%, indicating that it possibly 

participates in the pathological process of emphysema. More-

over, the saturability of THBG is barely .25% due to the 

low abundance of T3 and T4 in the bloodstream.38 Therefore, 

high levels of free THBG offer a basis for its involvement in 

other biological processes. In this study, A1AT (SERPINA1) 

was not altered, which was in accordance with previous 

studies among Chinese patients,39 but THBG (SERPINA7) 

was elevated in COPD patients. Therefore, it was considered 

worthwhile to further explore the potential clinical and bio-

logical value of THBG in patients with COPD.

The predictive capacity of baseline THBG for AEs was 

analyzed in a 1-year follow-up program. The Kaplan–Meier 

curve indicated that AEs occurred more often in patients 

with higher THBG levels than in those with lower THBG 

levels over a period of 1 year. The Cox proportional hazards 

model, corrected for FEV
1
%pred, age, smoking history, 

smoking cessation duration, hypertension, and diabetes 

mellitus, demonstrated that the baseline THBG level was 

still an independent factor that could predict the occurrence 

of AEs. Moreover, it also revealed that COPD patients with 

higher baseline THBG levels had greater risks of AEs than 

those with lower THBG levels. In addition, the relationship 

between baseline THBG and the progression of lung function 

was also explored. However, baseline THBG did not predict 

the minor alterations in lung function because of the shorter 

follow-up period in the study.

There are several merits in this study. 1) Another larger 

panel was selected to verify THBG levels rather than only 

the discovery panel. 2) The verification panel was followed 

up for a year, which allowed us to explore the relationship 

between THBG and AE. 3) A multivariate regression model, 

corrected for unmatched variables or risk factors, ensured the 

reliability of the conclusions.

There are several limitations in the study. 1) Only 

8 participants were enrolled in the discovery panel because 

iTRAQ-labeling proteomics included only 8 different isoto-

pic tags. 2) Only 3 candidate proteins identified by proteomics 

were verified by ELISA in the verification panel due to the 

limited availability of kits. 3) The population in this study 

was relatively low, which may have caused potential bias. 

Thus, the validity of THBG still needs to be verified in 

larger clinical trials in the future. 4) This pilot study found 

an association between THBG and lung function but did not 

reveal their causal relationship. In the future, the potential 

mechanism of THBG action in COPD will be our main study 

direction. 5) The relationship of THBG with treatment was 

not investigated in this study, which will be explored in future 

studies. 6) Nonsmokers without COPD were not included in 

this study, limiting our understanding of the relationships 

among THBG, smoking, and COPD. Nonsmokers should be 

included in future studies. 7) The lung function of subjects did 

not clearly change in the 1-year follow-up period, restricting 

further analyses of the progression of disease.

Conclusion
THBG is a potential plasma biomarker for COPD, which 

could assist us in the management of stable stages and AEs 

in COPD patients. It offers new insights into the pathogen-

esis of COPD.
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Supplementary materials

Table S1 Baseline data of subjects in the discovery panel

Variables Control (n=4) COPD (n=4)

Age, years 62±4 63±5
BMI, kg/m2 25±2 22±4
Smoking history, pack-years 36±3 37±5
Smoking cessation duration, years 7±3 9±3
FeV1, %pred 82±17 27±2
rV, %pred 63±14 273±50
rV/TlC, % 29±6 67±12
laa% 0.94±0.92 21±14

Thyroxine-binding globulin, μg/mL 6.6±1.1 11±2
Peroxirodoxin-2, ng/mL 36±7 28±5
Galectin-7, pg/mL 126±34 114±51

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; LAA, low-attenuation area; pred, predicted; 
RV, residual volume; TLC, total lung capacity.

Figure S1 Quality control of iTRAQ-labeling proteomics in the discovery panel.
Notes: (A) A total of 362,175 total spectra, 43,184 spectra and 30,819 unique spectra were identified, demonstrating that the number and quality of spectras used to identify 
proteins were enough. The number of peptides and unique peptides were 3,270 and 2,629, respectively, indicating that the number and quality of peptides used to quantify 
levels of proteins were enough. A total of 636 proteins were identified, suggesting that enough proteins were used to find the differentially expressed proteins. (B) Numbers 
of amino acids of most peptides identified by proteomics were distributed between 7 and 30, indicating that the length of most peptides is appropriate. (C) Mass delta of 
most peptides were distributed within 10 ppm (0.01Da), indicating accuracy of identified peptides was good. The unique peptides, whose mascot scores were greater than 
40, were used to quantify levels of proteins in this study. (D) CV% of 79.1% of proteins were less than 20%, indicating that variation of quantifying results of protein levels 
were very small. The left y-axis reflects the blue bar graph and the right y-axis reflects the red line graph.
Abbreviations: COPD, chronic obstructive pulmonary disease; iTRAQ, isobaric tags for relative and absolute quantification; CV, coefficient of variation.
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Table S2 Differentially expressed proteins* between smokers with or without COPD

Accessiona Abbreviation Description Change fold

Upregulated
B3Krn4 hTra1 serine protease hTra1 1.28
P00739 hPTr Haptoglobin-related protein 1.43
Q9UBX1 CaTF Cathepsin F 1.24
P19652 a1ag2 Alpha-1-acid glycoprotein 2 1.59
Q9UL89 MIhCVr Myosin-reactive immunoglobulin heavy chain variable region 2.31
a0a087×0P6 IGKV2D-29 Protein IGKV2D-29 3.39
B3Ks79 a1aC Alpha-1-antichymotrypsin 1.39
P05543 ThBg Thyroxine-binding globulin 1.61
P05160 F13B Coagulation factor XIII B chain 1.23
P02776 PlF4 Platelet factor 4 1.82
a0a0a0Ms14 IGHV1-45 Protein IGHV1-45 2.31
Q5UGI6 serPIng1 Serine/cysteine proteinase inhibitor clade G member 1 splice variant 2 1.29
s6C4Q7 IghC IgG H chain 3.05
Downregulated
P27482 Call3 Calmodulin-like protein 3 0.57
P23142 FBln1 Fibulin-1 0.80
P18428 lBP Lipopolysaccharide-binding protein 0.81
a2MYD4 a2MYD4 V2–7 protein (fragment) 0.71
Q53rT3 aPrV1 Retroviral-like aspartic protease 1 0.47
P01608 KV116 Ig kappa chain V-I region Roy 0.61
P47929 Gal-7 Galectin-7 0.42
a0a075B730 ePPK1 epiplakin 0.73
P01611 KV119 Ig kappa chain V-I region Wes 0.50
Q15084 PDIa6 Protein disulfide-isomerase A6 0.57
g3V2W1 serPIna10 Protein Z-dependent protease inhibitor 0.74
B3KrF9 LP-54 Leucine-rich repeat-containing protein 54 0.81
h0Y7V6 PsPB Pulmonary surfactant-associated protein B 0.76
Q7Z351 DKFZ Putative uncharacterized protein DKFZp686N02209 0.49
P31151 s10a7 Protein S100-A7 0.43
G3V4U0 F-5 Fibulin-5 0.73
Q6U2E7 C4B1 C4B1 (fragment) 0.75
a8K6C1 CeTP Cholesteryl ester transfer protein, plasma 0.71
P55072 Tera Transitional endoplasmic reticulum aTPase 0.80
a0a087WXl8 Ighg3 Ig gamma-3 chain C region 0.83
B4DF70 Per-2 Peroxiredoxin-2 0.64
B4DeW5 Mul-2 Multimerin-2 0.82
B4DTD5 Fa Filamin-A 0.57
P06727 aPOa4 Apolipoprotein A-IV 0.81
P01781 hV320 Ig heavy chain V-III region GAL 0.78
P07237 PDIa1 Protein disulfide-isomerase 0.77
Q5FWF9 Igl IGL@ protein 0.83
B5BU38 ann annexin 0.65

Notes: *Differentially expressed proteins: the change fold is .1.2 and P-value is ,0.05 by Student’s t-test. aThe accession of differentially expressed proteins is identified 
based on UniProt database.
Abbreviation: COPD, chronic obstructive pulmonary disease.

Figure S2 Verification for potential candidates using ELISA in the discovery panel.
Notes: To present the changing trend directly, controls of each group were adjusted to 1. Relative intensity quantified by iTRAQ is presented in the left panel. Relative 
concentration quantified by ELISA is shown in the right panel. The results measured by iTRAQ and ELISA were similar.
Abbreviations: COPD, chronic obstructive pulmonary disease; ELISA, enzyme-linked immunosorbent assay; Gal-7, galectin-7; iTRAQ, isobaric tags for relative and absolute 
quantification; Per-2, peroxirodoxin-2; THBG, thyroxine-binding globulin.
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Figure S3 Levels of galectin-7 and peroxirodoxin-2 between groups in the verification panel.
Notes: (A) and (B) represent two different grouping types of galectin-7 (control vs COPD and control vs GOLD I–IV, respectively); (C) and (D) represent two different 
grouping types of peroxirodoxin-2 (control vs COPD and control vs GOLD I-IV, respectively). Due to plasma levels of galectin-7 being very low, it was only detected in 22 
subjects (n=6, control; n=3, GOLD I; n=4, GOLD II; n=5, GOLD III; and n=4, GOLD IV). Galectin-7 and peroxirodoxin-2 in plasma were not statistically different among 
different groups.
Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Obstructive Lung Disease; NS, not significant.

Table S3 Corrected difference of THBG levels between groups by multivariate models

Variables Covariance analysis Multivariate linear regression

COPD vs control
group (COPD vs control) P=0.000 P=0.000
Age, years P=0.969 P=0.969
Smoking history, pack-years P=0.264 P=0.264
Hypertension P=0.957 P=0.957
GOLD I–IV vs control
group (gOlD I–IV vs control) P=0.000 P=0.000
Age, years P=0.536 P=0.621
Smoking history, pack-years P=0.211 P=0.227
Smoking cessation duration, years P=0.620 P=0.402

Notes: Covariance analysis and multivariate linear regression model, which were corrected for age, smoking history, and hypertension between COPD and controls, 
indicated that the group (COPD vs control) is the unique variable influencing THBG levels. Similarly, multivariate models, which were corrected for age, smoking history, and 
smoking cessation duration among controls, GOLD I–IV, implied that the group (GOLD I–IV vs control) is the independent factor against THBG levels.
Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Obstructive Lung Disease; THBG, thyroxine-binding globulin.
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Table S5 The association of THBG and clinical indexes of subjects

Variables Univariate correlation

Pearson correlation
Age, years r=0.246 P=0.022*
BMI, kg/m2 r=-0.048 P=0.662
Smoking history, pack-years r=0.082 P=0.453
Smoking cessation duration, years r=0.087 P=0.426
FeV1, %pred r=-0.559 P=0.000**
rV/TlC, %pred r=0.464 P=0.000**
rV, %pred r=0.381 P=0.000**
laa, % r=0.446 P=0.000**
Spearman correlation
Hypertension r=-0.149 P=0.171
Diabetes mellitus r=-0.082 P=0.451
Abnormal TT3 none none
Abnormal FT3 r=0.034 P=0.755
Abnormal TT4 r=0.152 P=0.163
Abnormal FT4 none none
Abnormal TSH r=-0.068 P=0.536

Notes: *P,0.05 or **P,0.01: the variable was correlated with THBG levels. Pearson coefficient reflected the association of continuous variables with THBG, and Spearman 
coefficient reflected the association of categorical variables with THBG.
Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 s; LAA, low-attenuation area; RV, residual volume; THBG, thyroxine-binding globulin; TLC, total 
lung capacity; TT3, total T3; FT3, free T3; TT4, total T4; FT4, free T4; TSH, thyroid-stimulating hormone; pred, predicted.

Figure S4 Levels of A1AT between groups in the verification panel.
Notes: (A) Compared levels of A1AT between control and COPD; and (B) compared levels between control and GOLD I–IV. A1AT (SERPINA1) and THBG (SERPINA7) 
are serpin family A (SERPINA)-1 and -7, respectively; thus, the levels of A1AT were also detected as a reference. Levels of A1AT were not significantly different among 
different groups.
Abbreviations: A1AT alpha-1 antitrypsin; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Obstructive Lung Disease; NS, not significant; THBG, 
thyroxine-binding globulin.

Table S4 Area under the curve and cutoff values of THBG, fibrinogen, and their combination

Comparison Area under the curve (95% confidence interval) Cutoff value (sensitivity, specificity)

THBG Fibrinogen Combination THBG Fibrinogen Combination

COPD vs 
control

0.814  
(0.716–0.890)

0.739  
(0.633–0.828)

0.858  
(0.766–0.924)

6.42 μg/mL  
(96.2%, 66.7%)

2.603 g/L 
(84.9%, 57.6%)

0.682  
(69.8%, 90.9%)

gOlD I vs 
gOlD II–IV 

0.786  
(0.652–0.887)

0.623  
(0.480–0.753)

0.791  
(0.657–0.890)

8.14 μg/mL 
(69.8%, 80.0%)

3.5 g/L  
(46.5%, 90.0%)

0.6463  
(88.4%, 60.0%)

gOlD I, II vs 
gOlD III, IV

0.639  
(0.495–0.766)

0.616  
(0.472–0.746)

0.666  
(0.523–0.789)

8.66 μg/mL 
(60.7%, 64%)

2.8 g/L  
(85.7%, 40.0%) 

0.435  
(85.7%, 48.0%) 

gOlD I–III vs 
gOlD IV 

0.851  
(0.726–0.934)

0.582  
(0.439–0.716)

0.848  
(0.723–0.932)

9.94 μg/mL 
(77.8%, 79.5%)

3.6 g/L  
(55.6%, 72.7%)

0.154  
(77.8%, 79.5%)

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Obstructive Lung Disease; THBG, thyroxine-binding globulin.
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Table S6 Corrected association of THBG with main clinical indexes by multivariate models

Variables Partial correlation Multivariate linear regression

FeV1, %pred r′=-0.523 P=0.000 β′=-0.535 P=0.000
rV/TlC, %pred r′=0.407 P=0.000 β′=0.446 P=0.000
rV, %pred r′=0.348 P=0.001 β′=0.345 P=0.001
laa, % r′=0.414 P=0.000 β′=0.427 P=0.000

Note: Partial correlation and multivariate linear regression models, corrected for age, suggested that THBG was still associated with FEV1%pred, rV/TlC%, rV%pred, 
and laa%.
Abbreviations: FeV1, forced expiratory volume in 1 s; LAA, low-attenuation area; pred, predicted; RV, residual volume; THBG, thyroxine-binding globulin; TLC, total lung 
capacity.

Table S7 HR of THBG for AE based on Cox proportional hazards models

Variables Cox proportional hazards models (enter method#)

HR (95% CI) P-value

THBG_levela 4.229 (1.131–15.814) 0.032
FeV1%pred 0.976 (0.946–1.008) 0.146
Age, years 0.921 (0.819–1.036) 0.172
Smoking history, pack-years 1.007 (0.954–1.064) 0.792
Smoking cessation duration, years 1.137 (0.954–1.355) 0.153
Hypertension 0.668 (0.177–2.525) 0.552
Diabetes mellitus 1.475 (0.177–12.303) 0.719

Notes: aTHBG_level: It was divided into the high- and low-level groups based on the median of THBG (8.66 μg/mL). It was still an independent risk factor (HR: 4.229, 
P=0.032) for AE, when THBG level, FEV1%pred, age, smoking history, smoking cessation duration, hypertension, and diabetes mellitus were corrected for. #Enter method 
means that all variables were included in Cox proportional hazards model.
Abbreviations: AE, acute exacerbation; CI, confidence interval; FEV1, forced expiratory volume in 1 s; HR, hazard ratio; pred, predicted; THBG, thyroxine-binding 
globulin.

∆ ∆ ∆

Figure S5 Predicting the ability of baseline THBG for alteration of FEV1%pred, RV/TLC%, and RV%pred within 1-year follow-up.
Notes: (A), (B) and (C) represent the difference between low- and high- level group in ΔFeV1%pred, ΔrV/TlC and ΔRV%pred, respectively. ΔFeV1%pred represents 
FeV1%pred before follow-up minus FEV1%pred after follow-up. Computing method of ΔrV/TlC and ΔRV%pred was the same as for FEV1%pred. Subjects were divided into 
the high- and low-level groups based on the median of THBG (7.96 μg/mL) in all subjects. Control: n=29; COPD: n=37. Baseline THBG levels did not predict the progression 
of FeV1, RV/TLC, and RV in this follow-up program.
Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; NS, not significant; pred, predicted; RV, residual volume; THBG, 
thyroxine-binding globulin; TLC, total lung capacity.
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