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	 Background:	 The aim of this study was to detect the expression of epidermal growth factor-containing fibulin-like extracel-
lular matrix protein 1 (EFEMP1) and estimate its diagnostic value in prostate cancer (PCa).

	 Material/Methods:	 EFEMP1 expression in serum and urine of patients with PCa, benign controls and healthy controls at mRNA and 
protein level were measured by quantitative reverse transcription polymerase chain reaction (qRT-PCR) and en-
zyme-linked immunosorbent assay (ELISA) analysis, respectively. The chi-square test was used to analyze the 
relationship between EFEMP1 expression and clinical factors of patients with PCa. A receiver operating char-
acteristic (ROC) curve was established to evaluate the potential values of EFEMP1 for the diagnosis of PCa.

	 Results:	 The relative expression of EFEMP1 was significantly decreased in patients with PCa compared with that in the 
benign controls and healthy individuals, both at mRNA and protein levels (P<0.05). In the postoperative serum, 
the EFEMP1 expression was significantly higher than that in preoperative serum at 2 levels. Urine EFEMP1 ex-
pression was also down-regulated in patients with PCa compared to that in the other 2 control groups. The low 
expression of EFEMP1 was obviously affected by Gleason’s score, serum PSA, pathological stage, and lymph 
node metastasis. Moreover, there was a significant inverse correlation between EFEMP1 expression and PSA 
levels. The ROC curve revealed that EFEMP1 distinguished PCa patients from healthy controls, with a high AUC 
of 0.908, corresponding with high sensitivity and specificity, which was significantly higher than the PSA value.

	 Conclusions:	 Serum EFEMP1 is down-regulated and involved in the progression of PCa. It may serve as a useful diagnostic 
biomarker, with better diagnostic accuracy than PSA in PCa.
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Background

Prostate cancer (PCa), originating from a gland in the male re-
productive system near the bladder, is one of the most com-
monly diagnosed malignancies and the sixth leading cause of 
cancer-related death in men worldwide, especially in devel-
oped countries [1]. According to Gleason’s score method, PCa 
is stratified to stages I, II, III, and IV [2]. Early detection (di-
agnosed at stage I, II, or III) is crucial for the successful man-
agement of this disease, with an increase 5-year survival rate 
from 33% to 100%, whereas the 5-year survival rate in pa-
tients with stage IV cancer is low (27%) [3,4]. Although this 
disease progresses very slowly, patients usually miss appro-
priate treatment due to the absence of apparent symptoms at 
early stage. Currently, the prostate-specific antigen (PSA) as-
say and the digital rectal examination (DRE) are considered as 
the most useful screening methods for detection of PCa [5–7]. 
However, PSA remains controversial because it is not signifi-
cantly specific for PCa and its elevated level frequently pres-
ents in benign pathologies, which have led to high rates of 
overdiagnosis [7–9]. Therefore, available biomarkers are need-
ed for the early diagnosis of PCa.

Epidermal growth factor-containing fibulin-like extracellular ma-
trix protein 1 (EFEMP1, also known as fibulin-3), is a member 
of the fibulin family of secreted glycoproteins, which contains 
a series of epidermal growth factor (EGF)-like modules and is 
distributed widely [10,11]. Initially, the EFEMP1 is identified as 
a senescence protein, which takes part in processes such as 
regulation of body weight and behavioral control [12–14]. In 
human cancers, the other fibulin family members have been 
reported to play crucial roles in tumorigenesis through modu-
lating cell morphology, growth, adhesion, and motility [10,15]. 
The roles of EFEMP1 in tumorigenesis remain controversial due 
to its association with tumor suppressive functions and onco-
genic activities [16], and there has been little research on the 
relationship between EFEMP1 and PCa.

In this study, we detected the expression of EFEMP1 in serum 
of PCa patients, benign controls, and healthy controls and an-
alyzed its relationship with clinical factors of patients. We also 
evaluated the diagnostic value of EFEMP1 in PCa.

Material and Methods

Patients and specimens

The study was approved by the Institutional Review Board of 
the Affiliated Tumor Hospital of Xinjiang Medical University, 
and written informed consent was obtained from each par-
ticipant. We enrolled 96 patients diagnosed with PCa: 60 pa-
tients with benign prostate hyperplasia (BPH) were recruited 

as benign controls and 26 healthy donors were recruited as 
healthy controls.

We obtained 5-ml blood samples from patients with PCa, be-
nign controls, and healthy controls. Corresponding urine sam-
ples were collected from all participants in the study. All pa-
tients with PCa underwent radical prostatectomy, and 40 
postoperative serum samples were acquired. All blood sam-
ples were immediately centrifuged at 3000 rpm for 10 min 
at 4°C and then the supernate was stored at -80°C until use. 
Clinicopathological characteristics of patients participating in 
the study are summarized in Table 1.

RNA extraction and qRT-PCR

Total RNA was extracted from the serum samples using TRIzol 
reagent following the manufacturer’s instructions, and the 
purity of RNA was determined using the Nanodrop ND-2000 
device. The first chain of cDNAs was synthesized by reverse 
transcription using a First-Strand cDNA Synthesis kit. RT-PCR 
reaction was conducted using the SuperScript III Platinum 
SYBR Green One-Step qRT-PCR kit (Invitrogen) according to 
the recommended protocol. Glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) was taken as an internal control. The 
sequences of primers for EFEMP1 were as follows: forward-5’-
GAGGGGAGCAGTGCGTAGACA-3’ and reverse-5’-TCGGCACATG-
GCATTTGAGAC-3’. The relative mRNA expression of EFEMP1 
was calculated using the 2–DDCt method. Each sample was an-
alyzed in triplicate.

Enzyme-linked immunosorbent assay (ELISA) analysis

The serum sample was diluted with EIA buffer (1% BSA, 0.05% 
Tween 20 in phosphate buffer) and incubated for 2 h at 37°C. 
Then horseradish peroxidase-conjugated antibodies were add-
ed and incubated for 30 min at 4°C after being washed with 
EIA buffer 4 times. After another 4 washes, 100 µl of tetra-
methyl benzidine solution was added and incubated for 30 
min at room temperature. Finally, 100 µl of 1 N sulfuric acid 
was added to stop the reaction, and the relative expression of 
EFEMP1 was measured by use of an ELISA reader at 450 nm.

PSA measurement

The serum level of PSA was assessed by PSA ELISA kit 
(MyBiosource, MBS494521) according to the manufacturer’s 
instructions.

Statistical analysis

SPSS 18.0 and GraphPad Prism 5.0 software were used for 
the statistical analysis and the design of figures. All data are 
presented as mean ± standard deviation (SD). The differences 
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between 2 groups were analyzed by the t test. The correla-
tions between 2 groups were estimated by Spearman corre-
lation test and the relationship between EFEMP1 expression 
and clinical factors was compared by chi-square test. An ROC 
curve was built for evaluating the diagnostic value of EFEMP1 
in patients with PCa. Differences were considered to be statis-
tically significant when P value was less than 0.05.

Results

Down-regulated expression of serum EFEMP1 was 
observed in patients with PCa.

To investigate the relative EFEMP1 expression in serum of 
96 PCa patients, 60 BPH patients, and 26 normal controls, 
we conducted the qRT-PCR and Western blot analysis, re-
spectively. As shown in Figure 1A, the relative mRNA expres-
sion of serum EFEMP1 was significantly decreased in PCa pa-
tients compared with benign controls and healthy controls 
(1.528±0.797 vs. 1.715±0.854 vs. 1.955±0.986, P<0.05). The 

relative protein expression of EFEMP1 was also demonstrated 
to be lower in patients with PCa compared to that in benign 
controls and healthy controls (0.779±0.406 vs. 0.858±0.427 vs. 
1.075±0.542, P<0.05; Figure 1B). We compared the relative ex-
pression of EFEMP1 in preoperative serum and postoperative 
serum, showing that postoperative serum EFEMP1 expression 
was significantly increased compared to that in preoperative 
serum (P<0.05, Figure 1C, 1D). Furthermore, as in the serum 
analysis, the EFEMP1 expression in PCa urine was significant-
ly decreased compared to that in benign controls and healthy 
controls at both levels (P<0.001; Figure 1E, 1F).

The relationship between EFEMP1 expression and clinical 
factors of patients with PCa

To determine whether serum EFEMP1 is involved in the devel-
opment of PCa, we analyzed the association between its ex-
pression and clinical factors of patients. The outcomes demon-
strated that the low serum EFEMP1 expression was significantly 
related to Gleason’s score (P=0.002), serum PSA (P=0.000), 
pathological stage (P=0.001), and lymph node metastasis 

Clinicopathological characteristics Cases (n=96)
EFEMP1 expression

P
High (n=45) Low (n=51)

Age 0.101

	 <70 48 26 22

	 ³70 48 19 29

Gleason’s score 0.002

	 4–6 32 22 10

	 7 40 17 23

	 8–10 24 6 18

Serum PSA 0.000

	 <4 ng/ml 29 6 23

	 4–10 ng/ml 37 13 24

	 >10 ng/ml 30 26 4

Pathological stage 0.001

	 T1 47 30 17

	 T2/T3 49 15 34

Lymph node metastasis 0.000

	 Negative 49 32 17

	 Positive 47 13 34

Angiolymphatic invasion 0.108

	 Negative 50 20 30

	 Positive 46 25 21

Table 1. Relationship between EFEMP1 expression and clinical factors of patients with PCa.
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(P=0.000), but we found no correlation with age or angiolym-
phatic invasion (Table 1).

The diagnostic significance of EFEMP1 in PCa

To further explore the potential clinical utility of EFEMP1 in PCa, 
the ROC curve was established, and we estimated the diagnos-
tic value of PSA based on its expression. The correlation analy-
sis indicated that the level of EFEMP1 in serum was significant-
ly inversely correlated with PSA (r=–0.376, P=0.014; Figure 2). 

According to the ROC curve, EFEMP1 had a high diagnostic val-
ue, with an AUC of 0.908, a sensitivity of 77.8%, and a spec-
ificity of 97.3% (Figure 3A). Its value was higher than that of 
the PSA which had an AUC of 0.711, sensitivity of 71.7%, and 
specificity of 66.7% (Figure 3B). Importantly, multivariable lo-
gistic regression analysis showed that serum EFEMP1 expres-
sion could be a potential reliable diagnostic biomarker for PCa 
(OR=8.47 95% CI: 2.26–11.22, P=0.004; Table 2).
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Figure 1. �Relative EFEMP1 expression in patients with PCa, benign controls, and healthy controls. The relative expression of serum 
EFEMP1 in PCa patients was significantly decreased compared to that in benign controls and healthy controls, both at 
mRNA (A) and protein (B) levels (P<0.05). EFEMP1 expression was increased in postoperative serum compared to that in 
preoperative serum, both at mRNA (C) and protein (D) levels (P<0.05). Relative EFEMP1 expression in PCa urine was also 
lower than that in the urine of benign controls and healthy controls at mRNA (E) and protein (F) levels (P<0.05).
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Discussion

An increasing number of reports have revealed that appropri-
ate diagnostic biomarkers are crucial and essential to ensure 
a correct treatment strategy and reduce mortality from human 
cancers [17–19]. However, modalities used for the biomarkers 
of PCa still suffer from various limitations. Hence, the identifi-
cation of specific, predictive, and diagnostic markers for PCa 
still remains urgent.

Past research has shown that EFEMP1 acts as a tumor sup-
pressor in several human cancers, such as lung cancer, hepato-
cellular carcinoma, breast cancer, nasopharyngeal carcinomas, 
colorectal cancer, and non-small cell lung carcinoma [20–25]. 
In contrast, a potential cancer oncogenic function of EFEMP1 
was found in the study of glioma, pancreatic adenocarcino-
ma, and cervical cancer [26–28], which indicate that the rela-
tionship between EFEMP1 and tumorigenesis is unclear and 
controversial. As in PCa, EFEMP1 expression was confirmed to 
be significantly higher in tissue samples of patients with BPH 

Figure 2. �Correlation between EFEMP1 expression and PSA 
levels. A significant inverse correlation between 
EFEMP1 and PSA levels was observed (r=–0.376, 
P=0.014).
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Figure 3. �Receiver operating characteristic (ROC) curves were established for estimating the diagnostic value of EFEMP1 and PSA. (A) 
The AUC for EFEMP1 was 0.908, with a sensitivity of 77.8% and a specificity of 97.3%. (B) The AUC for PSA was 0.711, with a 
sensitivity of 71.7% and a specificity of 66.7%.
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Parameters OR (95% CI) P value

Age 	 1.2	 (0.89–1.22) 0.087

PSA (ng/ml) 	 2.63	 (0.96–3.12) 0.025

EFEMP1 	 8.47	 (2.26–11.22) 0.004

Table 2. Multivariable logistic regression analysis for the diagnostic value of EFEMP1 and clinical factors in the early detection of PCa.
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than in those with PCa, and it was identified as a candidate 
methylation marker for PCa [29,30]. However, whether the dys-
regulation of EFEMP1 expression could distinguish patients 
with PCa from non-cancerous individuals remains unknown.

In the present study, we discovered decreased expression of 
EFEMP1 in serum and urine of PCa patients. Moreover, radical 
prostatectomy could significantly elevate serum EFEMP1 ex-
pression in PCa patients compared to its expression in post-
operative serum and preoperative serum. These findings are 
consistent with the previous study and suggest EFEMP1 might 
act as a tumor suppressor in PCa. As in the abnormal expres-
sion of EFEMP1, we thought it might be correlated with the 
development of PCa, so we analyzed its correlation with clini-
cal factors of patients. We found that low EFEMP1 expression 
was influenced by many clinical factors, such as Gleason’s 
score, serum PSA, pathological stage, and lymph node metas-
tasis, which confirmed our inference.

Currently, the PSA screening test with is most commonly used 
for the detection of PCa, and has led to a 20% reduction in 
PCa-associated deaths [31]. However, it has limitations and no 
available biomarkers have been identified to have better of di-
agnostic accuracy than the PSA test. PSA testing is controver-
sial due to its increased expression in parallel with increased 
incidence of the BPH [32,33], and it is not sufficiently effective 
for the prediction of cancer in patients with BPH [34]. Hence, 

to investigate the clinical significance of EFEMP1 in PCa, we 
established the ROC curve to judge the diagnostic value and 
compared its accuracy with PSA in the early detection of this 
cancer. The results showed that EFEMP1 had a high diagnos-
tic value, which was slightly better than the PSA in sensitivi-
ty and specificity. In addition, there was a significant inverse 
correlation between EFEMP1 expression and PSA levels. These 
findings provide the convincing evidence for the first time that 
the downregulation of EFEMP1 might serve as a novel molec-
ular marker for the diagnosis of PCa. However, there are limi-
tations in the present study. First, the sample size was small. 
Second, the patients were selected from the same hospital, 
which might affect the diagnostic evaluation. Thus, it is essen-
tial to plan and conduct a further validated study with larg-
er sample size and including patients from multiple hospitals.

Conclusions

Our study indicates that EFEMP1 expression is lower in the 
serum of patients with PCa compared to non-cancerous indi-
viduals, and it participates in the development of the cancer. 
Moreover, EFEMP1 could serve as an independent diagnostic 
biomarker for PCa, with better diagnostic accuracy than PSA. 
However, future studies with a larger number of samples are 
needed to confirm these findings.
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