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Abstract

Background: The aberrant expression of Dickkopf-1 (DKK1), triose phosphate isomerase 
(TPI) and fatty acid binding-protein 5 (FABP5) in lung cancer tissues and their presence in 
secretome of lung cancer cell lines were reported. Here, serum levels of these molecules in 
lung cancer patients were compared to those in a healthy control group.Materials and Meth-
ods: The patients’ group consisted of 50 newly diagnosed male patients with a mean age of 
65.3±11.5 years (27 squamous cell carcinoma (SCC), 7 adenocarcinoma, and 16 small cell 
carcinoma). Thirty eight apparently healthy men (mean aged 65.1±11.4) served as the control 
group. ELISA was employed for quantification.Results: Comparison between patients and con-
trols revealed no significant difference, although FABP5 level was lower in patients (3.2 vs. 4.8; 
p=0.09). Analysis of each type of lung cancer with controls indicated that patients with SCC had 
significantly lower levels of FABP5 than in controls (2.7 vs. 4.8 ng/ml; P=0.03).Conclusion: 
Comparison between patients and controls revealed no significant difference, although FABP5 
level was lower in patients (3.2 vs. 4.8; p=0.09). Analysis of each type of lung cancer with con-
trols indicated that patients with SCC had significantly lower levels of FABP5 than in controls 
(2.7 vs. 4.8 ng/ml; P=0.03).[GMJ. 2014;3(4):222-7]
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Introduction

Lung cancer is one of the leading causes 
of malignancies in most countries includ-

ing Iran [1,2]. Its current serological markers, 
e.g. carcinoembryonic antigen, cytokeratin 19 
fragment (CYFRA 21-1), and neuron-specif-
ic enolase (NSE), lack enough sensitivity and 
specificity in detecting the disease at an early 
stage, in follow up, and as a treatment guide-

line [1,3]. Identification of novel biomarkers 
is under intensive research for improving sur-
vival. Candidate serological biomarkers for 
further research are particularly those aber-
rantly expressed in lung cancer and/or present 
in lung cancer secretome [4]. 
Dickkopf-1 (DKK1) is a secretory protein 
whose presence in the secretome of lung can-
cer cell lines has been reported.  It is known 
as a negative regulator of the Wnt signaling, 
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a pathway which is linked to critical steps 
during tumorigenesis, such as proliferation, 
differentiation, survival, apoptosis, and cell 
motility. In addition to the role of DKK1 as a 
good molecule or bad molecule in cancer, its 
increase or decrease in sera from cancer pa-
tients is also the subject of controversy [5-7]. 
For example, in the study conducted by Sheng 
et al., DKK-1 level was significantly lower in 
patients’ sera with gastric cancer compared 
with healthy people [6]; this is in contrast 
to the results of Lee et al., who found a sig-
nificant increase of serum DKK1 levels  in 
gastric cancer [7]. In lung cancer, the role of 
DKK1 is the subject of controversy as well. It 
has been shown that tobacco smoke, the most 
culprit factor related to lung cancer, induces 
repression of DKK1 in lung cancer cells, and 
enhances the malignant phenotype. In fact un-
der-expression of DKK1 has been suggested 
as a potential mechanism by which smoking 
could negatively influence survival in lung 
cancer patients [8]. However, the over-expres-
sion of DKK1 in lung tumor tissues has been 
reported. Serologic analysis also revealed a 
significant increase of DKK-1 level in lung 
cancer patients’ sera compared to healthy 
people in two studies from China and Japan 
[6,9], the findings which should be confirmed 
in other populations. 
Triose Phosphate Isomerase (TPI) is a gly-
colytic enzyme that catalyzes the intercon-
version of Dihydroxyacetone Phosphate and 
Glyceraldehyde-3-Phosphate. Its overexpres-
sion has been linked to increased glycolysis 
and aggressiveness in cancer [10]. TPI pres-
ence in culture media of lung cancer cell lines 
and upregulation in tumor tissue have been 
frequently detected [11,12].  An elevated se-
rum level of TPI in lung cancer was reported 
from Korea and China [11,13]. 
Fatty acid binding-proteins (FABPs) bind to 
long-chain fatty acids, and are thought to be 
involved in fatty acid uptake, transport, and 
metabolism. FABP5 also called epidermal 
fatty-acid-binding protein and psoriasis-as-
sociated fatty-acid-binding protein was first 
identified as an upregulated protein in psori-
asis, a skin disease characterized by abnormal 
keratinocyte differentiation [14-16] . Later, it 
was found that FABP5 was highly expressed 
in several types of cancer, e.g., skin, prostate, 

and oral squamous cell carcinoma (SCC) 
[16,17]. By increasing or silencing FABP5 
expression in oral SCC cells, FABP5 levels 
were found to be positively correlated with 
in vitro cell growth, MMP-9 expression, and 
invasiveness [16]. In lung cancer, controver-
sy exists about over-expression or under-ex-
pression of FABP5 [18]. Its presence in lung 
cancer secretome has been reported [12]. To 
the best of our knowledge, serologic value 
of this molecule in lung cancer has not been 
investigated before. A few publications are 
available regarding serum levels of FABP5 in 
pathological conditions.  An example is type 
2 diabetes, in which increased level of FABP5 
was reported to be related to the disease com-
plications [19]. 
Although there are reports to show the in-
creased serum DKK1 and TPI levels in lung 
cancer, verification is required in distinct 
populations. On the other hand, no data are 
available about serum FABP5 levels and lung 
cancer. Accordingly, the aims of the present 
study were to investigate the possible differ-
ence between serum levels of DKK1, TPI and 
FABP5 in Iranian lung cancer patients and 
healthy individuals. 

Materials and Methods

Serum Samples
The study was approved by the Ethic Commit-
tee of Shiraz University of Medical Sciences. 
The patients’ group consisted of 50 newly di-
agnosed male patients (mean age 65.3±11.5, 
age range from 40 to 83 years) with patholog-
ically confirmed lung cancer; of them, 27 had 
SCC, 7 had adenocarcinoma, and 16 had small 
cell carcinoma. In 26 patients, tumor stage at 
diagnosis and smoking status were recorded 
in their files. Three patients were in stage I/II 
of disease and 23 were in stage III/VI of dis-
ease. 26 patients with recorded smoking status 
were current smokers.
Thirty eight apparently healthy men (mean 
age 65.1±11.4, age range from 40 to 83 years) 
with no history of a malignancy, an autoim-
mune disease or a serious infectious disease 
also participated in our study serving as the 
control group. All control individuals were 
never smokers. 
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Serum ELISA Assays
The blood samples within 2 hours of collec-
tion were centrifuged at 1000xg for 15 min-
utes at 4°C, and the sera were collected, al-
iquoted and stored at –70°C until use. Time 
interval from storage to assay was less than 2 
years for all sera.
The Enzyme linked Immunosorbent Assay 
(ELISA) kits for TPI and FABP5 were pur-
chased from USCNK (Wuhan, China). The 
minimum detectable limit of TPI was 0.32 
ng/mL and that of FABP5 was 0.124 ng/mL. 
The detectable limits of the other ELISA kit, 
DKK1 (Abcam, Cambridge, UK), was 100 
pg/ml. The serum levels of all measured mol-
ecules were determined in duplicate accord-
ing to the manufacturer’s protocols. 

Data Analysis
The data were analyzed using SPSS software 
(version 11.5.0; SPSS, Chicago, IL, USA). 
Analysis of variance (ANOVA) and t-test, 
where appropriate, were used for analyses of 
serum DKK1, TPI and FABP5 levels. Lev-
ene’s test for equality of variances, which in-
dicates whether an assumption of the t-test or 
ANOVA has been met, was done for all the 
analyses. Whenever Levene’s test was signif-
icant, the P value corresponding to the row 
labeled “Equal variances not assumed” was 
presented. The relation of serum levels of the 
analyzed molecules with packs of cigarettes 
used per year was examined using the Spear-
man Correlation coefficient. Findings were 
considered statistically significant at a P value 
less than 0.05. 

Results

In the present study, we measured serum 
FABP5, TPI, and DKK1 levels in lung can-
cer patients and in a healthy control group. 
The serum levels of the three molecules in 
the whole group of the patients did not sig-
nificantly differ from those in the healthy 
control group, although the level of FABP5 
was lower in patients than in controls with a P 
value near statistical significance (3.2 vs. 4.8; 
P=0.09) (Table 1). A significant difference 
was appeared when lung cancer patients were 
analyzed based on their histological types. 
Patients with SCC had significantly lower 

levels of FABP5 than in healthy controls (2.7 
vs. 4.8 ng/ml; P=0.03). Comparisons of other 
histological types with healthy control group 
regarding FABP5 level showed no significant 
difference. Moreover, DKK1 and TPI levels 
were not significantly associated with types of 
lung cancer studied here (Table 2).
ANOVA revealed no statistically significant 
difference among different histological types 
of lung cancer (SCC, adenocarcinoma, and 
small cell carcinoma) according to the serum 
levels of TPI (P =0.80), FABP5 (P=0.21), and 
DKK1 (P=0.62). Moreover, there was no cor-
relation between serum levels of these mole-
cules and packs of cigarettes used per year by 
patients (P>0.05).

Discussion

Lung cancer patients are usually diagnosed at 
a late clinical stage, and the 5-year survival 
rate remains poor [1]. Identification of nov-
el serological biomarkers for lung cancer is 
under intensive research. Here, we compared 
serum DKK1, TPI and FABP5 levels in lung 
cancer patients with those in healthy people. 
We did not observe any significant associa-
tion of serum DKK1 and TPI levels with lung 
cancer, the two molecules that a few prior 
publications reported as a positive associa-
tion [6,9]. For example, Sheng et al. inves-
tigated the serum levels of DKK1 in several 
types cancer in China. Serum DKK1 levels 
were significantly higher in patients with 
non–small cell lung cancer than in patients 

Table 1. Mean Serum Levels of FABP5, TPI, and 
DKK1 in Lung Cancer Patients and Healthy Con-
trols

Cytokine level
Lung 

cancer 
(n=50)*

Healthy 
controls 
(n=38)*

P value 

FABP5 (ng/mL)
 Mean ± SD 3.2±2.3 4.8±5.5 0.09

TPI (ng/mL)
  Mean ± SD 43.5.±3.6 43.1.±4.2 0.76

DKK1 (pg/ml)
  Mean ± SD 206.7±24.8 208.6±29.2 0.74

*The OD of TPI in 20 patients and 20 controls were 
read as overflow and therefore ignored in analysis. 
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with other malignant tumors and healthy con-
trols. Moreover, DKK1 levels were positively 
associated with stage, lymph node involve-
ment and distant metastases in lung cancer. 
However, serum levels of DKK1 decreased 
significantly in groups of patients with gas-
tric cancer, colorectal cancer, ovarian cancer, 
and cervical adenocarcinoma compared with 
healthy controls [6]. In contrast, Lee et al., re-
ported elevated levels of DKK1 in Japanese 
gastric cancer patients compared to healthy 
people [7]. Kim et al., and Zhang et al. re-
ported a significant increase of serum TPI lev-
els in Korean and Chinese patients with lung 
cancer [11,13]. These two groups investigated 
serum peroxiredoxin-6 levels in lung cancer 
as well, but Kim et al., found no significant 
association but Zhang et al. found a signifi-
cant association between peroxiredoxin-6 and 
lung cancer [11,13]. The varying results might 
partly be due to the multifunctional nature of 
these molecules. The overtly conflicting re-
ports of DKK1 in cancer contributed to cancer 
type-specific and patient-specific role of the 
molecule [5]. 
We found significant decrease of FABP5 
in patients with SCC of the lung compared 
with healthy individuals. FABP5 has been 
demonstrated to be highly expressed by kera-
tinocytes and endothelial cells, but could not 
be detected in transformed endothelial cells 

implying its expression is lost during trans-
formation, and that FABP5 expression might 
be regulated by processes implicated in cell 
differentiation [15]. Evidence suggests that 
the lung might be the only organ in which 
cell types other than endothelial cells and 
keratinocytes contain E-FABP in physiologi-
cal conditions [15]. In smokers with chronic 
obstructive pulmonary disease (COPD) com-
pared with smokers without COPD, FABP5 
was reduced in bronchial epithelial cells [20]. 
Interestingly, smokers with COPD have been 
shown a significantly higher incidence of lung 
cancer compared with the latter group [21]. 
Both over-expression and under-expression of 
FABP5 have been reported in lung cancer by 
proteomic approaches [18] which need to be 
verified with other techniques such as West-
ern blotting [10]. 
In conclusion, our study shows a significant 
association of serum FABP5 with lung cancer, 
but not DKK1 and TPI. Our report represents 
the first serological analysis of FABP5 in lung 
cancer. Serum level of FABP5 was found to 
be decreased in SCC of the lung. It remains to 
be identified the expression of FABP5 in lung 
cancer by precise techniques and the conse-
quence of FABP5 alteration in lung cancer. 
Further studies in other populations are also 
warranted to analyze FABP 5 levels in serum 
of lung cancer patients. 

Table 2.  Mean Serum Levels of FABP5, TPI, and DKK1 in Lung Cancer Patients According to Tumor Types

Cytokine level
Squamous Cell 

Carcinoma (N=27)

Adenocarcinoma 

(N=7)*

Small Cell 

Carcinoma (N=16)*

Healthy controls 

(N=38)†

FABP5 (ng/mL)

Mean ± SD 

P value 

2.7±1.5 

0.03

4.4±2.6

0.83

3.5±3.2 

0.39

4.8±5.5

TPI (ng/mL)

Mean ± SD 

P value  

43.6.±3.6 

0.7

44.7.±3.0 

0.61

43.0.±4.3

0.93
43.1.±4.2

DKK1 (pg/ml)

Mean ± SD 

P value  

209.7±24.7

0.87

205.8±33.06

0.82

202.1±21.7

0.42

208.6±29.2

*The OD of TPI in 15 patients with squamous cell carcinoma, and 5 patients with small cell carcinoma were 
read as overflow and therefore were excluded from analysis. 
†The OD of TPI in 20 controls were read as overflow and ignored in analysis.
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