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Background: Osteopontin (OPN) and carbonic anhydrase IX (CAIX), which are expressed on the surface of tumor cells, 
are associated with hypoxia during tumor development and progression. However, the roles of these proteins in the 
plasma of patients with non-small cell lung cancer (NSCLC) are poorly understood. Herein, we hypothesized that plasma 
OPN and CAIX levels could be used as diagnostic and prognostic tumor markers in patients with NSCLC.
Methods: Fifty-three patients with NSCLC and 50 healthy control subjects were enrolled. We selected controls without 
malignancy and matched them with NSCLC patient cases according to age and gender. Blood samples were collected at 
the time of diagnosis; the plasma levels of OPN and CAIX were measured by enzyme-linked immunosorbent assays.
Results: The plasma levels of OPN in the patients with NSCLC were significantly elevated as compared to those in the 
controls (p=0.016). However, there was no difference in the plasma level of CAIX between the NSCLC patients and 
controls. NSCLC patients with a distant metastasis had a remarkable increase in plasma OPN compared with patients 
without metastasis (p=0.026), but no such correlation was found for CAIX. There was no difference in overall survival 
rates according to the plasma level of OPN between the two groups (by Kaplan-Meier survival analysis). 
Conclusion: Plasma OPN levels were elevated in patients with NSCLC as compared with the controls, with greater 
elevation of OPN levels in the advanced stages of disease. Therefore, plasma OPN may have utility as a diagnostic, but not 
prognostic, biomarker of advanced NSCLC.
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Introduction
Cancer is a major public health problem in many countries, 

and lung cancer is the world’s most common leading cause 
of cancer death1. As there is currently no screening modality 
with widely accepted efficacy, most patients with lung cancer 
have locally advanced or metastatic disease at the time of di-
agnosis. Therefore, the discovery of circulating biomarkers is 
important for the diagnosis of lung cancer.

Tumor hypoxia affects the malignant progression of trans-
formed cells, and the response to therapy is reduced in cells 
with a diminished apoptotic potential and increased meta-
static ability2. Among the markers associated with tumor hy-
poxia, osteopontin (OPN) and carbonic anhydrase IX (CAIX) 
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have shown elevated expression in non-small cell lung cancer 
(NSCLC)3. Patients with more hypoxic tumors had higher 
expression levels of OPN and CAIX, and there was a signifi-
cant inverse correlation between tumor/normal lung pO2 and 
plasma OPN.

OPN is a multifunctional phosphoprotein secreted from 
malignant epithelial cells4. In cancer, OPN supports cell mi-
gration and protects against programmed cell death5. These 
functions can enhance cancer development, progression, and 
metastasis. OPN expression in cancer tissue is associated with 
tumor growth, tumor staging, and lymph node invasion for 
patients with NSCLC6,7. The diagnostic or prognostic value of 
circulating OPN has been investigated in a number of malig-
nancies, including breast8, ovarian9, and hepatocellular carci-
nomas10. The few reports regarding circulating levels of OPN 
in NSCLC suggest that elevated circulating levels of OPN may 
correlate with a poor prognosis11-13.

Carbonic anhydrases are zinc metalloenzymes that catalyze 
the reversible hydration of carbon dioxide for pH regulation 
and participate in a variety of physical processes14. Fourteen 
isoenzymes15, including CAIX, are expressed on the surface of 
tumor cells and contribute to an acidic extracellular microen-
vironment and intracellular alkalosis, allowing tumor cells to 
survive under hypoxic conditions and favoring tumor growth, 
invasion, and development14. A high expression level of CAIX 
is an independent prognostic factor in early-stage NSCLC16. 
The association of plasma CAIX levels with cancer has been 
reported for a number of cancers, including renal cell carci-
noma17, urogenital cancer18, and breast cancer19. However, 
little is known about the relationship between plasma CAIX 
levels and NSCLC, as only one study has been performed. Ilie 
et al.20 suggested that high plasma levels of CAIX may be an in-
dependent prognostic biomarker in patients with early-stage 
NSCLC.

The role of OPN and CAIX in the plasma of patients with 
NSCLC is poorly understood. We hypothesized that plasma 
levels of OPN and CAIX could be used as diagnostic and prog-
nostic tumor markers in patients with NSCLC.

Materials and Methods
1. Study design and patients

In this study, 53 patients who were diagnosed with NSCLC 
between July 2009 and December 2010 were enrolled. The 
diagnosis of lung cancer was confirmed by pathological 
methods, including percutaneous lung biopsy, bronchoscopic 
biopsy, metastatic lymph node biopsy, pleural biopsy, and 
pleural fluid cytology. We determined the stage of lung cancer 
using the 2007 International Association for the Study of Lung 
Cancer (IASLC) 7th tumor node metastasis (TNM) classifica-
tion system21.

In addition, 50 healthy controls who had visited the hospital 
for a regular health screening were enrolled in the study. We 
selected controls without malignancy and matched them with 
NSCLC patient cases according to age (±5 years) and sex.

Blood samples were collected at the time of diagnosis 
before any treatment had been initiated. The samples were 
separated by centrifugation at 2,500 rpm for 20 minutes and 
the plasma stored at −80oC until the time of analysis. Plasma 
levels were measured using commercially available enzyme-
linked immunosorbent assay kits with specific monoclonal 
antibodies against OPN and CAIX (R&D Systems, Minneapo-
lis, MN, USA). All samples were tested in duplicate.

All samples were derived from the National Biobank of 
Korea. This study was approved by the institutional review 
boards at participating centers. All subjects provided written 
informed consent.

2. Statistical analysis

The associations between plasma levels of OPN and CAIX 
in NSCLC patients and controls were analyzed using the chi-
square test and Mann-Whitney U test. The relationships be-
tween plasma OPN and CAIX levels and smoking status were 
analyzed with Spearman’s correlation. Receiver operating 
characteristic (ROC) curve analysis of plasma OPN levels was 
used to differentiate between NSCLC patients and controls. 
Kaplan-Meier survival curves were compared using the log-
rank test. All analyses were performed using SPSS version 19.0 
(SPSS Inc., Chicago, IL, USA). All tests were two-sided, with 
significance set at p<0.05.

Results
1. Baseline characteristics

The baseline characteristics of the subjects are shown in 
Table 1. The mean age of the NSCLC patients was 71 years. 
The healthy controls and patients with NSCLC showed no dif-
ferences in age, sex, or underlying disease. However, the level 
of cigarette smoking in the patients with NSCLC was higher 
than that in the controls (p<0.05) (Table 1). 

A total of 31 patients had squamous cell carcinoma, while 
18 had adenocarcinoma; 4 patients were nontypable. Five 
patients had stage I disease, two had stage II disease, 23 had 
stage III disease, and 23 had stage IV disease (Table 1). All pa-
tients with stage I or II disease were confirmed by surgery; of 
these, 15 patients (6 with stage IIIB disease and 9 with stage IV 
disease) were treated with supportive care. Six patients were 
lost to follow-up. The median follow-up period was 10 months 
(range, 0−30 months).
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2. Plasma OPN levels

The median plasma levels of OPN were 93.07 ng/mL (range, 
5.34−454.34 ng/mL) in the NSCLC patients and 48.41 ng/mL 
(range, 6.52−274.85 ng/mL) in the control group (Table 2). 
OPN levels were significantly higher in the plasma of patients 
with NSCLC than in the plasma of controls (p=0.016, Mann-
Whitney U test). No correlation was observed between the 
plasma OPN level and smoking status (pack-year) (Spear-
man’s r=0.111).

There was no significant difference in the plasma level of 
OPN between patients with adenocarcinoma (median, 91.87 
ng/mL; range, 5.34−454.34 ng/mL) and those with squamous 
cell carcinoma (median, 98.56 ng/mL; range, 6.48−385.33 ng/
mL).

The plasma level of OPN did not differ significantly accord-
ing to TNM staging: stage I (median, 73.85 ng/mL; range, 
5.34−117.85 ng/mL), stage II (median, 69.97 ng/mL; range, 
9.83−130.10 ng/mL), stage III (median, 93.07 ng/mL; range, 
6.52−454.34 ng/mL), and stage IV (median, 152.07 ng/mL; 
range, 6.48−385.33 ng/mL) (Table 2). The median plasma 
OPN level in patients with a distant metastasis, including stage 
IV (152.07 ng/mL; range, 6.48−385.33 ng/mL), was significant-
ly elevated (p=0.026) compared with that in NSCLC patients 
without a distant metastasis, including stages I−III (80.64 ng/
mL; range: 5.34−454.34 ng/mL). The median plasma OPN 
level was higher in NSCLC patients without metastasis com-
pared with the controls (48.41 ng/mL; range, 6.52−274.85 ng/
mL), but the difference was not significant (Figure 1).

3. Plasma CAIX levels

The median plasma levels of CAIX were 73.36 pg/mL (range, 
9.46−2,223.19 pg/mL) in the NSCLC patients and 71.18 pg/

Table 2. Plasma levels of OPN and CAIX in the patients with NSCLC and controls

NSCLC patient (n=53) Control (n=50) p-value*

OPN (ng/mL) 93.07 (5.34−454.34) 48.41 (6.52−274.85) 0.016

    Stage I (n=5) 73.85 (5.34−117.85) -

    Stage II (n=2) 69.97 (9.83−130.10) -

    Stage III (n=23) 93.07 (6.52−454.34) -

    Stage IV (n=23) 152.07 (6.48−385.33) -

CAIX (pg/mL) 73.36 (9.46−2,223.19) 71.18 (2.09−453.54) 0.632

    Stage I (n=5) 119.26 (35.54−209.64) -

    Stage II (n=2) 66.62 (48.93−84.31) -

    Stage III (n=23) 66.11 (18.40−364.13) -

    Stage IV (n=23) 78.46 (9.46−2,223.19) -

Values are presented as median (range). 
*p < 0.05 by the Mann-Whitney U-test.
OPN: osteopontin; CAIX: carbonic anhydrase IX; NSCLC: non-small cell lung cancer.

Table 1. Baseline characteristics of the subjects

NSCLC patient 
(n=53)

Control 
(n=50)

Age, yr 70.6±8.9 70.0±9.6

Male 47 (88.7) 44 (88)

Smoking, median PY (range)* 40.0 (0−100) 20.0 (0−55)

Smoker>10 PY† 41 (77.4) 9 (18)

Underlying disease

    Diabetes mellitus 13 (24.5) 11 (22)

    Hypertension 20 (37.7) 22 (44)

    Ischemic heart disease 3 (5.7) 3 (6)

    Cerebrovascular accident 4 (7.5) 10 (20)

    Chronic airway disease 4 (7.5) 4 (8)

Histological cell type

    Squamous cell carcinoma 31 (58.5)

    Adenocarcinoma 18 (34.0)

    Non-typable 4 (7.5)

TNM stage

    I 5 (9.4)

    II 2 (3.8)

    III 23 (43.4)

    IV 23 (43.4)

Values are presented as number (% or range) or mean±standard 
deviation.
*p<0.05 by the Mann-Whitney U-test. †p<0.001 by the chi-square 
test.
NSCLC: non-small cell lung cancer; PY: pack year; TNM: tumor 
node metastasis.
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mL (range, 2.09−453.54 pg/mL) in the controls (Table 2). The 
plasma CAIX level did not differ between the NSCLC patients 
and controls, and was not correlated with smoking status 
(pack-year) (Spearman’s r=0.155). 

The plasma levels of CAIX were higher in adenocarcinoma 
patients (median, 109.11 pg/mL; range, 9.46−2,223.19 pg/mL) 
than in squamous cell carcinoma patients (median, 66.11 pg/
mL; range, 18.40−261.55 pg/mL), but the difference was not 
significant.

There was no significant difference in the plasma level of 
CAIX according to TNM staging: stage I (median, 119.26 pg/

mL; range, 35.54−209.64 pg/mL), stage II (median, 66.62 pg/
mL; range, 48.93−84.31 pg/mL), stage III (median, 66.11 pg/
mL; range, 18.40−364.13 pg/mL), and stage IV (median, 78.46 
pg/mL; range, 9.46−2,223.19 pg/mL) (Table 2).

4. ROC curve analysis of plasma OPN levels in NSCLC 
patients and controls

When a ROC curve was generated, the area under the curve 
for the discrimination of OPN in NSCLC patients and controls 
was 0.638 (95% confidence interval, 0.525−0.751; p=0.016) 
(Figure 2). At a plasma OPN level of 68.51 ng/mL, the sensi-
tivity was 62.3% and the specificity was 76.0%. Based on this 
cutoff, we obtained a positive predictive value of 75.0% and a 
negative predictive value of 69.6%.

5. Survival analysis according to the plasma OPN level 
in NSCLC patients

The relationship between the plasma OPN level and pa-
tient survival was investigated using Kaplan-Meier survival 
analysis for overall survival. The patients were dichotomized 
based on the median plasma OPN level (93.07 ng/mL). The 
median survival times of patients with plasma OPN levels 
higher and lower than the median level were 10.1 months and 
7.9 months, respectively. Overall survival did not differ signifi-
cantly between the two groups (p=0.301) (Figure 3).

Figure 1. Box plots depicting plasma levels of osteopontin (OPN) 
according to distant metastasis. The box plots indicate the levels 
of OPN in individual plasma samples. The box is bound above and 
below by the 75th and 25th percentiles, respectively. The horizon-
tal line within the box indicates the median plasma OPN level. The 
upper and lower horizontal bars indicate the maximal and minimal 
levels, respectively. The circles show outliers. The plasma levels of 
OPN were elevated in patients with distant metastasis. *p<0.05 by 
the Mann-Whitney U test. NS: not significant.

Figure 2. Receiver operating characteristic curve analysis of the 
plasma osteopontin levels in the non-small cell lung cancer pa-
tients and controls.

Figure 3. Kaplan-Meier survival curves according to plasma osteo-
pontin (OPN) levels in patients with non-small cell lung cancer 
(NSCLC). Overall survival curves of patients with plasma OPN 
levels higher or lower than the median plasma OPN level (93.07 
ng/mL). The solid line indicates the cumulative survival of patients 
with higher OPN levels, and the dashed line indicates the cumula-
tive survival of patients with lower OPN levels. N: number of pa-
tients.
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Discussion
In this study, we found that the plasma level of OPN was 

significantly elevated in Korean patients with NSCLC when 
compared with age- and sex-matched healthy controls. More-
over, the plasma levels of OPN were significantly higher in pa-
tients with a distant metastasis than in those without a distant 
metastasis. However, the plasma levels of CAIX did not vary 
between the NSCLC patients and controls.

OPN, which is produced by osteoclasts, macrophages, T 
cells, kidney cells, and vascular smooth muscle cells, regulates 
normal physiological processes, including bone resorption, 
wound healing, tissue remodeling, immunological responses, 
and vascularization, as well as various pathophysiological con-
ditions22. OPN has been recognized as an important molecule 
in all stages of cancer progression, including tumor invasion, 
angiogenesis, and metastasis22. The role of OPN in promoting 
cancer involves the regulation of vascular endothelial growth 
factor expression through the activation of various signaling 
mechanisms23.

In previous studies, the median levels of OPN in patients 
with NSCLC have ranged from 69 to 592 ng/mL11-13,24. In Asian 
studies, the median OPN levels in patients with NSCLC were 
86−92 ng/mL for early-stage disease and 118.3−158.2 ng/
mL for advanced-stage NSCLC24. Our results (68.05 ng/mL 
in early-stage and 109.85 ng/mL in advanced-stage NSCLC) 
are consistent with those. However, in American studies, the 
circulating levels of OPN in patients with NSCLC (271 ng/mL 
in early-stage13 and 592 ng/mL in advanced-stage NSCLC11) 
were higher than those in Asian studies. This difference may 
be due to differences in subject ethnicity25. Differences in 
circulating OPN levels according to race should be studied 
further.

The circulating levels of OPN in healthy controls have only 
been reported in only two studies6,13. One study comprised a 
very small population with 25 healthy controls. In the second 
study, the mean plasma level of OPN was 40±2 ng/mL, which 
is similar to the present results (median plasma OPN level, 
48.41 ng/mL). Blasberg et al.13 also reported that patients with 
early-stage NSCLC (n=53) had higher plasma levels of OPN 
compared with normal smokers. In our study, the number 
of patients with early-stage NSCLC (stages I and II) was too 
small (n=7) to show a significant difference in the plasma 
OPN level between patients with early-stage NSCLC and 
controls. Nevertheless, we showed a clear difference in the 
plasma level of OPN between all patients with NSCLC and 
the controls. Moreover, the ROC curves demonstrated that 
by using plasma OPN as a biomarker, patients with NSCLC 
could be distinguished from healthy controls with a sensitivity 
of 62.3% and specificity of 76.0%. Therefore, plasma OPN may 
be a diagnostic biomarker for differentiating patients with and 
without NSCLC.

To date, only two studies have reported OPN to be a use-

ful prognostic marker of advanced NSCLC11,12. The normal 
value for plasma OPN has not been well known until now. 
Therefore, previous studies have analyzed survival according 
to their median plasma OPN levels11,12. We conducted survival 
analysis in the same way. However, our results did not show a 
difference in overall survival according to plasma OPN level. 
The patients enrolled in the two previous studies were clas-
sified as either stage IIIB with pleural metastasis or stage IV 
NSCLC. However, by applying the 2007 staging system21, all 
of these patients would now be considered to have stage IV 
disease. Of the patients in our study, 43.4% (23 patients) were 
stage IV, and we concluded that predicting survival based 
on the plasma level of OPN was not effective. Blasberg et al.13 
reported no association between the plasma OPN level and 
disease stage, which strong agrees with our results. Finally, the 
circulating OPN level can be used only as a biomarker for ad-
vanced disease in NSCLC, and is not related to survival.

The tissue expression levels of CAIX in patients with NSCLC 
have been described previously, but plasma levels of CAIX 
in patients with NSCLC have been largely ignored. Our study 
makes an important contribution in this regard. In 2010, Ilie et 
al.20 reported that the plasma level of CAIX was higher in pa-
tients with NSCLC (mean, 45.40 pg/mL) than in healthy indi-
viduals (mean, 2.48 pg/mL), which is different from our result. 
As most biomarkers are influenced by age, sex, and race25, we 
selected age- and sex-matched controls. Although Ilie et al.20 
did not provide the age or sex of their healthy controls, this 
may explain the difference between the study results.

Our study has several strengths. First, we used the new 2007 
TNM staging system21. All previous studies have used the old 
TNM staging system, and many cases classified as stage III in 
earlier studies would now be considered stage IV. Therefore, 
previous studies11,12 should be re-analyzed using the new stag-
ing system21. Second, this is the first study in an Asian popula-
tion to compare plasma CAIX levels between patients with 
NSCLC and age- and sex-matched controls.

Our study has some limitations. First, the history of cigarette 
smoking differed between the two groups. Some studies have 
reported that the sputum OPN level was elevated in patients 
with smoking-related interstitial lung disease26 and smoking-
induced asthma27. They explained that increased OPN in spu-
tum was associated with the accumulation of inflammatory 
cells such as macrophages or neutrophils. However, the rela-
tionship between circulating OPN and smoking has not been 
studied until now. Our results indirectly show no association 
between smoking status (pack-year) and the plasma OPN lev-
el by Spearman’s correlation. The role of circulating OPN ac-
cording to cigarette smoking status should be studied further. 
Second, the number of patients with early-stage NSCLC was 
small. Therefore, our results may not apply to patients with 
early-stage NSCLC. In in future, a study in patients with early-
stage NSCLC must be performed. Third, we did not examine 
the patient death rate according to the treatment modality or 
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cause of death.
In conclusion, a higher plasma OPN level can be a useful di-

agnostic biomarker for advanced NSCLC, but a higher plasma 
OPN level does not indicate prognosis. Additionally, circu-
lating CAIX cannot be used as a biomarker in patients with 
NSCLC. 
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