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Abstract. The present study aimed to investigate the expression 
of olfactomedin 4 (OLFM4) in plasma of patients with breast 
cancer and its association with diagnosis, metastasis and 
prognosis of breast cancer. OLFM4 gene expression level of 
peripheral blood plasma in 60 patients with breast cancer and 
26 healthy donors was examined by ELISA. The expression 
of OLFM4 in tumor tissues of patients with breast cancer was 
evaluated by immunohistochemistry (protein expression) and 
reverse transcription‑quantitative polymerase chain reaction 
(mRNA expression), respectively. Circulating tumor cells 
(CTCs) were detected in a certain set of patients. The expression 
of OLFM4 in plasma of the overall healthy people was higher 
compared with patients with breast cancer. The plasma 
OLFM4 level in patients with breast cancer was consistent 
with the expression of OLFM4 protein in tumor tissues (R2=1), 
indicating that the level of plasma OLFM4 expression may 
represent the expression of OLFM4 in breast cancer tissues. 
The plasma OLFM4 level in patients with histological grade I 
was significantly lower compared with grade  III (P<0.05). 
Breast cancer patients with positive CTC were associated with 
low level of plasma OLFM4. These results suggest that low 
OLFM4 expression in plasma or tissue specimens of breast 
cancer patients is more likely to represent low histological 
differentiation and decreased invasive/metastatic capabilities. 
Taken together, plasma OLFM4 level may be considered as a 

biomarker for diagnosis and prognosis of breast cancer for cases 
where there are difficulties in obtaining tumor tissue samples.

Introduction

The olfactomedin 4 (OLFM4; GW112; hGC‑1) gene was first 
cloned from human myeloblasts and is located on human 
chromosome 13 (13q14.3). The encoded protein product, 
OLFM4, is a member of the olfactomedin‑domain family with 
intracellular localization mostly in the mitochondria. OLFM4 
is characterized by a coiled‑coil domain at the N‑terminus 
and a conserved olfactomedin domain of ~250 amino acids at 
the C‑terminus (1). OLFM4 commonly exists in gastrointes-
tinal epithelial cells, prostate and bone marrow (2,3), where 
it participates in cellular processes, including proliferation, 
apoptosis, metabolism and differentiation (4).

High OLFM4 expression has been detected at the early 
stages of adenoid and colorectal tumors. OLFM4 expression 
is regulated by the Ras‑nuclear factor‑κB2 signaling pathway, 
one of the main tumorigenic pathways, and has important asso-
ciations with tumor development and progression (4). Research 
has demonstrated that OLFM4 is involved in regulation of 
cell apoptosis, where OLFM4 attenuates apoptosis induced 
by hydrogen peroxide and tumor necrosis factor‑α, and also 
inhibits the release of cytochrome c and activation of caspase 3 
and 9. OLFM4 protein in cells ultimately has an anti‑apoptotic 
role when cells are treated with a combination of interferon 
(IFN) β and retinoic acid (5,6). Furthermore, OLFM4 exerts a 
regulatory role in the cell cycle in DNA synthesis and mitosis 
from the S to the G2/M phase (7). In 2011, Besson et al (5) 
analyzed colorectal tumor tissue at different stages by quan-
titative immunohistochemistry. It was found that OLFM4 is 
over‑expressed in low‑grade and high‑grade adenoma tumor 
tissues, adenoma in situ, and stage  I‑II colorectal cancer 
tissues. By contrast, there were no significant differences in 
OLFM4 expression between stage III‑IV colorectal cancer 
tissue and normal colon crypt tissue. Liu et al (8) reported 
reduced expression of OLFM4 in patients with advanced 
colon cancer (stages III and IV), lymph node metastases and 
distant metastases compared with normal colon tissue. Using a 
mouse melanoma model, Park et al (9) observed that OLFM4 
suppresses tumor growth and metastasis by downregulating 
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integrin and matrix metalloproteinase gene expression. 
Therefore, OLFM4 may have a dual role in tumor cell growth 
depending on the stage and molecular characteristics of tumor 
progression.

Studies have shown relatively low levels of OLFM4 
expression in normal tissues of several organs, including the 
stomach, colon and pancreas. Whereas, to varying degrees, 
upregulation of OLFM4 expression has been implicated in 
gastric, pancreatic, lung, colon, rectal, and head/neck squa-
mous cell cancer (5,10‑12). A study observed that there was 
no OLFM4 expression prostate cancer tissue, with moderate 
expression in benign prostatic hyperplasia and high expression 
in normal prostate tissue (13). Abnormal OLFM4 expression 
exists in a variety of tumors, but associated research findings 
are inconsistent, perhaps owing to the cell and tissue speci-
ficity of OLFM4.

The majority of studies on OLFM4 are based on gene or 
protein expression analysis in tumor tissue specimens. Such 
research is largely limited, as in certain cases, it can be difficult 
to collect clinical specimens from surgery. Clinical relevance 
of OLFM4 expression levels in peripheral blood mononuclear 
cells and circulating tumor cells in pancreatic cancer has been 
demonstrated (14). As OLFM4 expression levels are signifi-
cantly increased in PBMCs of pancreatic cancer patients, 
OLFM4 expression can be used as an indicator for pancreatic 
cancer in early diagnosis and for prognostic determination (14). 
Additionally, colon cancer studies show that OLFM4 upregula-
tion and associated gene expression in CTCs are significantly 
associated with liver metastasis of tumors (15,16). OLFM4 is a 
secreted glycoprotein and research, which assesses the clinical 
significance of serum/plasma OLFM4 levels in the peripheral 
blood of tumor patients, is limited. A study of serum OLFM4 
levels in the peripheral blood of gastric cancer patients (11) 
suggested that OLFM4 expression in peripheral blood could 
be used as an indicator in early diagnosis and prognostic 
determination of gastric cancer. To date, to the best of our 
knowledge, no reports have been published on serum/plasma 
OLFM4 expression patterns in other tumors, including breast 
cancer.

Breast cancer remains the second leading cause of tumor 
mortality in women. At the gene level, breast cancer is a 
highly heterogeneous disease. Koshida et al  (10) reported 
that OLFM4 expression levels are significantly higher in 69% 
of breast cancer tissues compared with the corresponding 
adjacent normal tissues. This percentage is lower compared 
with the values reported in colon (90%) and lung (85%) cancer 
tissue specimens over the same period (10). Furthermore, it 
was thought that the OLFM4 expression level has no significant 
association with common clinical variables (9,10). However, a 
limited number of studies have reported OLFM4 gene expres-
sion in breast cancer patients, and the expression levels of this 
gene in the peripheral blood of tumor patients remain to be 
documented (1,10,11,17). To assess the association of OLFM4 
gene expression with the development and progression of breast 
cancer, breast cancer tissue and peripheral blood specimens 
were selected from patients of different histological grades, 
and these specimens were used to detect OLFM4 expression in 
the present study. The results were analyzed to determine the 
specificity of the OLFM4 gene for diagnosis of breast cancer 
or prognostic determination in patients with breast cancer.

Materials and methods

Enrollment and grouping. The patients were enrolled at the 
Department of Thyroid and Breast Surgery at the Changhai 
Hospital, which is affiliated with The Second Military 
Medical University (Shanghai, China) from February 2014 
to February 2015. The present study was approved by the 
Ethics Committee of the Changhai Hospital of Shanghai. All 
enrolled patients signed informed consent prior to the study. 
All patients enrolled were female and aged between 22 and 
87 years (mean, 56 years). The tumor‑node‑metastasis (TNM) 
stage was classified (18). Peripheral blood specimens were 
extracted from 54 patients with breast cancer, 6 patients with 
benign breast tumors, and 26 healthy individuals (4‑5 ml each). 
Samples were taken prior to any treatment when the patients 
first arrived at the hospital. Patients typically were presented 
with histologically confirmed invasive ductal carcinoma. The 
general characteristics of the patients are listed in Table I. 
The levels of OLFM4 gene expression in the two groups were 
measured by ELISA. Additionally, ~10 mg of tumor tissue and 
normal adjacent tissue was obtained from 24 patients with 
breast cancer, and control tissue specimens were obtained from 
another 10 healthy individuals. The tissue specimens were 
used for RNA extraction and quantitative analysis of OLFM4 
mRNA levels. Moreover, paraffin sections were prepared 
using tumor tissue specimens from 39 patients with breast 
cancer, tissues were fixed with 10% formalin for 24 h at room 
temperature. Fixed tissues were placed in embedding cassettes 
and cut at 5 µm. OLFM4 expression in tissue specimens of 
human breast cancer was detected by immunohistochemistry. 
A total of 42 patients and 5 benign samples were subjected to 
peripheral blood collection and underwent circulating tumor 
cell (CTC) detection by immunostaining‑fluorescence in situ 
hybridization (iFISH) and subtraction enrichment  (19,20), 
and 31  patient samples and 5 benign samples underwent 
CTC detection using the CellSearch system, as previously 
described (21).

Sandwich ELISA analysis. An olfactomedin 4 (OLFM4) 
ELISA kit (cat. no. 027220; United States Biological, Salem, 
MA, USA) was used to measure the plasma concentration of 
olfactomedin 4. The microtiter plate provided in the ELISA 
kit has been pre‑coated with an antibody specific to OLFM4. 
A total of 9 diluted standards were prepared, including 4,000, 
2,000, 1,000, 500, 250, 125, 62.5, 32.25 and 0 pg/ml. Detection 
in all 86 samples was performed following 100‑fold dilution 
and the samples were tested in triplicate. The main detection 
process included a number of steps. Initially, all reagents, 
samples and standards were prepared and 100 µl of each 
diluted standard or samples were added to the appropriate 
microtiter plate wells with a biotin‑conjugated antibody 
preparation specific to OLFM4. Following incubation for 2 h 
at 37˚C, the solution in each well was removed without any 
subsequent washing steps. A total of 100 µl Detection Reagent 
A working solution was added to each well followed by incu-
bation for 1 h at 37˚C with the plate sealed. Subsequently, the 
solution was aspirated, and the wells were washed with wash 
solution. Then, 100 µl Detection Reagent B working solution 
was added to each well and the samples were incubated for 
30 min at 37˚C. The solution was aspirated and the wells were 
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washed five times with the wash solution. A total of 90 µl 
substrate solution was added to each well. The solution turned 
yellow with the addition of the stop solution. The absorbance 
was measure immediately at 450 nm with a microplate reader.

SYBR-Green reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR). Total RNA of the tumor tissue 
samples and matched breast cancer peritumoral tissues was 
extracted by TRIzol. The first strand cDNA fragments were 
reverse transcribed using Radom Primers. DyNAmo flash 

SYBR-Green qPCR kit and two internal controls (GAPDH 
and RPLPO) were used for analysis of OLFM4 gene expres-
sion. The primer sequences for GAPDH are as follows: 
Forward, 5'‑GCC​ACA​TCG​CTC​AGA​CAC​C‑3' and reverse, 
5'‑GAT​GGC​AAC​AAT​ATC​CAC​TTT​ACC‑3'. The primers 
for RPLPO were as follows: Forward, 5'‑CAT​CCA​GCA​GGT​
GTT​CGA​C‑3' and reverse, 5'‑GGT​AGC​CAA​TCT​GCA​GAC​
AGA​C‑3'. The primers for OLFM4 were as follows: Forward, 
5'‑GCA​GCT​TAG​GCA​GCG​GAG‑3' and reverse, 5'‑GGC​
AGG​GAA​ACA​GAG​CAC​T‑3'. q PCR was performed using 
the ABI StepOnePlus™ Real‑Time PCR system at 95˚C for 
15 min, followed by 40 cycles at 95˚C for 15 sec and at 60˚C 
for 30 sec. The 2‑ΔΔCq relative quantitation method was used to 
calculate the relative gene expression level (22). PCR for each 
sample were repeated 3 times. GAPDH and RPLOP served as 
the internal references for each specimen, and therefore each 
specimen produced two sets of 2‑ΔΔCq data. With GAPDH and 
RPLOP as the internal references, 2‑ΔΔCq <1 was defined as low 
expression, 2‑ΔΔCq >1 was defined as high expression. When 
2‑ΔΔCq >1 with GAPDH as an internal reference, and 2‑ΔΔCq <1 
with RPLOP as an internal reference, cases were defined as 
medium expression.

Immunohistochemical analysis. The slides were incubated 
at 60˚C for 1 h, followed by deparaffinization in xylene at a 
temperature of 37˚C for 10 min, 3 times, and rehydration as 
follows: 2 min in 100% ethanol, 2 min in 95% ethanol, 2 min 
in 80% ethanol, 2 min in 70% ethanol, 5 min in tap water and 
5 min in distilled water. Citrate buffer (0.01 M Na citrate‑citric 
acid) was used as the retrieval solution. Rehydrated sections 
were immersed in the retrieval solution and processed in a 
microwave oven with the power set at 750 W for three cycles 
(5 min each). Following the completion of the third cycle, 
sections were allowed to cool at room temperature for 20 min 
and then rinsed in distilled water and PBS. The slides were 
then treated with endogenous peroxidase blocking agent for 
10 min at room temperature to quench endogenous peroxidase 
activity, and non‑immune goat serum for 10 min at room 
temperature to block non‑specific binding. The sections were 
incubated with rabbit anti‑OLFM4 (cat. no. NBP2‑24535; 
Novus Biologicals, LLC, Littleton CO, USA) with a dilution 
of 1:50 overnight at 4˚C. After washing three times (5 min for 
each wash) with PBS, biotin‑labeled goat anti‑mouse/rabbit 
IgG was added as the secondary antibody and incubated 
10 min at room temperature. Three times (5 min for each wash) 
washing with PBS, and streptavidin‑biotin‑peroxidase reagent 
were added, followed by 10 min incubating at room tempera-
ture. Then DAB color liquid was added. Blocking agent, goat 
serum, secondary antibody and streptavidin‑biotin‑peroxidase 
reagent were purchased as part of the Maxim UltraSensitive 
kit (KIT‑9720 A‑D) from Maxim Biotechnologies (Fuzhou, 
Fujian, China) and were used according to manufacturer's 
protocol. The sections were counterstained with hematoxylin 
for 3‑10 min, followed by washing, dehydration and mounting. 
Finally, five randomly selected fields were visualized under an 
upright fluorescence microscope (TS100; Nikon Corporation, 
Tokyo, Japan).

Statistical analysis. All statistical analyses were performed 
using by SPSS software (version 19.0; IBM Corp., Armonk, 

Table I. Plasma OLFM4 expression level and characteristics of 
patients with breast cancer. 

	 OLFM4 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 ≤ mean,	 > mean,
Parameters	 ng/ml (n)	  ng/ml (n)

Samples		
  Breast cancer	 32 (54)	 22 (54)
  Benign tumor	 3 (6)	 3 (6)
  Healthy donor	 15 (26)	 11 (26)
Histological grade
  I	 9 (19)	 10 (19)
  II	 12 (21)	 9 (21)
  III	 9 (14)	 5 (14)
Lymph node status		
  Positive	 16 (25)	 9 (25)
  Negative	 16 (28)	 12 (28)
Progesterone/estrogen receptor		
  Positive	 24 (38)	 14 (38)
  Negative	 8 (15)	 7 (15)
TNM stage		
  I	 12 (22)	 10 (22)
  II	 16 (22)	 3 (22)
  III	 3 (8)	 5 (8)
  IV	 0 (1)	 0 (1)
OLFM4 expression by IHC		
  Negative (0)	 1 (1)	 0 (1)
  Positive (1+)	 3 (6)	 3 (6)
  Positive (2+)	 9 (13)	 4 (13)
  Positive (3+)	 5 (8)	 3 (8)
CellSearch CTC		
  CTC negative	 13 (20)	 7 (20)
  CTC positive	 11 (11)	 0 (11)
iFISH‑CTC		
  CTC >4	 11 (12)	 1 (12)
  CTC ≤4	 19 (30)	 11 (30)

Mean OLFM4 expression, 150.40 ng/ml. Data are presented as 
the level of expression (number of cases). CTC, circulating tumor 
cell; iFISH, immunostaining‑fluorescence in situ hybridization; 
IHC, immunohistochemical staining; TNM, tumor‑node‑metastasis; 
OLFM4, olfactomedin 4.
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NY, USA). Kolmogorov‑Smirnov was used to test whether 
the datasets were normally distributed (23,24). When making 
comparisons in normally distributed datasets containing two 
groups, Student's t‑test was used, and Mann‑Whitney U‑test 
was used to analyze datasets with a non‑normal distribution. 
When making comparison in datasets containing multiple 
groups, one‑way analysis of variance was used for normally 
distributed datasets, and Kruskal Wallis test was used for 
non‑normally distributed data sets. Pearson's correlation coef-
ficient was calculated to elucidate the correlation between two 
datasets. GraphPad Prism® (version 5.01; GraphPad Software, 
Inc., La Jolla, CA, USA) was used to construct the graphs 
P<0.05 was considered statistically significant.

Results

Plasma OLFM4 expression levels in peripheral blood. Levels 
of plasma OLFM4 expression in peripheral blood were 
analyzed in 86 cases, including 26 cases of healthy individuals, 
6 cases of benign breast tumor and 54 cases of breast cancer 
(Table I). The test results in all of the specimens ranged from 
67.26 to 304.89 ng/ml [mean, 150.40 ng/ml; standard deviation 
(SD) 56.50]. For patients with breast cancer, the expression 
levels of plasma OLFM4 varied from 67.26 to 173.01 ng/ml 
(mean, 119.31 ng/ml; SD, 27.28), which was lower compared 
with the expression level in healthy individuals (mean, 
222.16 ng/ml; SD, 37.74) (Fig. 1; P<0.0001). No significant 
difference was obtained in plasma OLFM4 levels between 
6 benign breast tumor cases and breast cancer patients 
(P=0.749). A normal distribution of OLFM4 expression levels 
in plasma was demonstrated using the Kolmogorov‑Smirnov 
test in 60 patients with breast disease, including 25 cases 
above mean value and 35 cases below mean value. All of the 
26 healthy individuals had higher plasma OLFM4 expression 
levels (160.49‑304.89 ng/ml) compared with patients with 
breast cancer. With the exception of two healthy control speci-
mens with relatively low values (160.49 and 162.70 ng/ml), 
the mean value expression levels of plasma OLFM4 in all of 
the remaining control specimens were higher compared with 
the maximum value (173.01 ng/ml) in the patients with breast 
cancer. Plasma OLFM4 expression levels in peripheral blood 
indicated significant differences between healthy individuals 
and breast cancer patients, suggesting that the plasma OLFM4 
level can be used as a supplementary indicator in breast cancer 
diagnosis.

Plasma OLFM4 level in breast cancer patients and its 
association with OLFM4 protein expression in tumor tissues. 
Tissue specimens of breast cancer resected following surgery 
were obtained from 28 patients among those enrolled for 
plasma OLFM4 detection. Following immunohistochemistry, 
one specimen, with low plasma OLFM4 level of 67.26 ng/ml, 
was negative for OLFM4 protein expression. The remaining 
enrolled patients were divided into four groups according to 
OLFM4 protein expression levels in tumor tissues: 0, 1+, 2+, 
and 3+ (Fig. 2). The OLFM4 protein expression level was 1+ 
in 6 cases (plasma OLFM4 level, 88.52±17.41 ng/ml), 2+ in 
13 cases (plasma OLFM4 level, 109.22±12.34 ng/ml), and 
3+ in 8 cases (plasma OLFM4 level, 129.92±20.65 ng/ml). 
Significant differences were observed among these four groups 

(P<0.0001). For each group, the mean plasma OLFM4 level 
was in a significant linear correlation with the OLFM4 protein 
level in tumor tissues (R2=1; Fig. 2) This result demonstrated 
the consistency between the plasma OLFM4 level in peripheral 
blood and OLFM4 protein expression in the tumor tissue of 
breast cancer patients.

Plasma OLFM4 expression level in peripheral blood 
and clinicopathological features in patients with breast 
cancer. The 54 breast cancer patients included 19 cases of 

Figure 1. Detection of OLFM4 protein in plasma samples by ELISA. 
(A)  Plasma OLFM4 level in breast cancer patients, benign tumor and 
healthy donor. The level of plasma OLFM4 in patients with breast cancer 
was significantly different compared with the level in healthy donors. 
(B) Plasma OLFM4 level in breast cancer with different histological grades. 
(C) Association of plasma OLFM4 with CTC enumeration according to two 
methods of CTC detection. *P<0.05, ***P<0.001. CTC, circulating tumor cell; 
iFISH, immunostaining‑fluorescence in situ hybridization; OLFM4, olfacto-
medin 4.
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histological grade  I, with low plasma OLFM4 expression 
levels (113.91±22.70  ng/ml); 21  cases of histological 
grade II, with slightly increased plasma OLFM4 expression 
levels (120.83±26.80  ng/ml); and 14  cases of histological 
grade  III, with the high plasma OLFM4 expression levels 
(132.90±24.03 ng/ml). There was no significant difference 
in the plasma OLFM4 expression level among breast 
cancer patients with different histological grades (P=0.138). 
Additionally, there was no difference between patients of 
grades  II and I (P=0.507) or grades  II and III (P=0.201) 
either. However, a significant difference in the plasma OLFM4 
expression level was observed between patients of grades III 
and I (P=0.041; Fig. 1B).

The associations between plasma OLFM4 levels and other 
clinicopathological features, including lymph node status, 
progesterone/estrogen receptor and TNM stage in patients 
with breast cancer were also analyzed. Generally, no signifi-
cant associations were observed between plasma OLFM4 
levels and these clinicopathological features (Fig. 3).

Plasma OLFM4 expression level and CTC number in the 
peripheral blood of patients with breast cancer. In total, 
42 samples from patients with breast cancer and 5 benign 
samples underwent CTC detection by iFISH‑subtraction 
enrichment. Among 12 patients with >4 CTCs per 7.5 ml 
peripheral blood, the plasma OLFM4 level was above 
mean value in only 1 case (130.58 ng/ml). Plasma OLFM4 
levels were below mean value in the remaining 11  cases 
(88.53‑117.45 ng/ml). CTC detection revealed a significant 
difference between breast cancer patients with plasma OLFM4 
levels below and above mean value (median 3 CTCs per 7.5 ml 
plasma blood vs. 2.5 CTCs per 7.5 ml plasma blood), and 
11 cases were below average (P<0.05; Fig. 1; Table I). Moreover, 
31  patients with breast cancer underwent CTC detection 

using the CellSearch system. Among the 11 CTC‑positive 
patients (1 or 2 CTCs per 7.5 ml peripheral blood), plasma 
OLFM4 expression remained below mean value. For the other 
20 CTC‑negative patients, plasma OLFM4 expression was 
above mean value in 7 cases and below mean value in 13 cases. 
These results implied that CTC‑positive breast cancer patients 
were associated with low plasma OLFM4 expression (Fig. 1; 
Table I). None of the 5 benign samples were detected to be 
CTC‑positive in the present study. A total of 2 samples with 
1 CTC and 3 samples with 0 CTC were detected in 7.5 ml 
peripheral blood by iFISH‑subtraction enrichment, and all 5 
samples with 0 CTC were detected by CellSearch system.

OLFM4 gene expression level in breast cancer tumor tissues. 
A quantitative analysis of OLFM4 expression at the mRNA 
level was undertaken in 24 pairs of tumor tissue and normal 
adjacent tissue specimens. The expression level of OLFM4 
relative to the internal reference in tissue specimens was 
calculated based on the ΔCq value of OLFM4 gene ampli-
fication relative to the ΔCq value of internal reference gene 
amplification, i.e., 2‑ΔCq. OLFM4 expression in tumor tissues 
relative to normal adjacent tissues was calculated using the 
2‑ΔΔCq method. GAPDH and RPLOP served as the internal 
references for each specimen, and therefore each specimen 
produced two sets of 2‑ΔΔCq data. With GAPDH and RPLOP 
as the internal references, 2‑ΔΔCq <1 was detected in 7 cases 
for OLFM4 in tissue specimens, which indicated that OLFM4 
expression was lower in 7 tumor tissue specimens compared 
with normal adjacent tissues. 2‑ΔΔCq >1 was detected in 8 cases 
for OLFM4 in tissue specimens, which indicated that OLFM4 
expression was higher in 8 tumor tissue samples compared 
with normal adjacent tissues. For the remaining 9  cases, 
OLFM4 expression was higher in tumor tissues with GAPDH 
as an internal reference, while the value was higher in normal 

Figure 2. Levels of plasma OLFM4 expression in peripheral blood and OLFM4 protein in tumor tissues. (A) Different OLFM4 expression levels in the cancer 
tissues. Negative (0) indicates no expression of OLFM4; positive (1+) indicates low expression of OLFM4; positive (2+) indicates moderate expression of 
OLFM4; and positive (3+) indicates high expression of OLFM4. Original magnification, x400. (B) Comparative analysis of OLFM4 protein levels in plasma 
and tissues. *P<0.05. IHC, immunohistochemistry; OLFM4, olfactomedin 4.
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adjacent tissues with RPLOP as an internal reference. Based 
on the results of 2‑ΔΔCq with the two internal references, the 
24  patients were further divided into three groups: High 
OLFM4 expression (8 cases), medium OLFM4 expression 
(9 cases) and low OLFM4 expression (7 cases).

In terms of histological grade, the 24 breast cancer patients 
included 3 cases of grade I, 13 cases of grade II and 8 cases 
of grade III. With GAPDH as the internal control, the mean 
value OLFM4 expression levels were highest in patients with 
grade I tumors and lowest in patients with grade III tumors 
(Fig.  4). However, the test results were not significantly 
different between the three groups of different tumor grades 
(P=0.411). With RPLOP as the internal control, the mean value 
OLFM4 expression level was significantly higher in patients 
with grade  III tumors compared with those with grade  I 
tumors (P=0.026; Fig. 4). There was no significant difference 
in OLFM4 expression between patients with grade II tumors 
and grades II and III.

Discussion

OLFM4 is primarily expressed in the bone marrow, stomach, 
small intestine, colon, pancreas and prostate tissues (2,3). This 
molecular marker may have significance in tumor diagnosis, 
treatment and prognosis. It has been shown that the OLFM4 
expression level in tissue specimens has a close association 
with tumor progression. OLFM4 expression is abnormal at the 
mRNA and protein levels in the majority of tumor tissues in 
gastric (11,25), colorectal (5,10), lung (10), cervical (12) and 
prostate cancer (13). Such changes may result in abnormalities 

in OLFM4 regulation of the biological behavior of cells (e.g., 
cell adhesion, cycle and apoptosis), leading to tumor develop-
ment and progression (4). However, the vast majority of relevant 
studies (10,11,13,25) are based on gene or protein expression 
analysis using tumor tissue specimens. As a consequence, such 
research is largely limited in cases where collection of clinical 
specimens was difficult from surgery.

OLFM4 is a secreted glycoprotein (26). A study analyzed 
serum OLFM4 levels in the peripheral blood of patients with 
gastric cancer prior to surgery (11), and the results showed 
that OLFM4 expression in peripheral blood may be used as 
an indicator for early diagnosis and prognostic determination 
of gastric cancer. To date, serum/plasma OLFM4 expression 
patterns in other tumors, including breast cancer, have not yet 
been reported. In the present study, the expression levels of 
plasma OLFM4 in peripheral blood was consistent with the 
levels of OLFM4 protein expression in the corresponding 
tumor tissues of 28 patients with breast cancer. There was a 
linear correlation between plasma OLFM4 expression levels 
in peripheral blood and OLFM4 expression level groups 
(high/medium/low) in tissue specimens (R=1.000). These 
results suggest that the plasma OLFM4 expression characteris-
tics in the peripheral blood of breast cancer patients represent 
the OLFM4 expression patterns in tumor tissue specimens of 
breast cancer. Such data can be applied for OLFM4 expression 
analysis in cases where collection of tumor tissue specimens 
is difficult.

In the present study, the plasma OLFM4 expression 
level differed markedly between breast cancer patients and 
healthy controls, indicating that it can be used as a supple-
mentary indicator in tumor diagnosis. A study has reported 
that OLFM4 levels in peripheral blood are significantly 
higher in gastric cancer patients prior to surgery compared 
with normal individuals (9). An opposite trend was observed 
in the present study, that is, the plasma OLFM4 expression 
levels were far lower in breast cancer patients compared with 
healthy controls. Additionally, the mean value plasma OLFM4 
expression level in healthy controls (222.16±37.74 ng/ml) was 
markedly higher compared with the values reported in the 
gastric cancer study (16.6±1.6 ng/ml), which perhaps is asso-
ciated with the use of different testing reagents. Research 

Figure 3. Levels of plasma OLFM4 expression in peripheral blood and 
clinicopathological features of patients with breast cancer. Horizontal 
lines represent the median values. ER/PR, progesterone/estrogen receptor; 
OLFM4, olfactomedin 4; TNM, tumor‑node‑metastasis.

Figure 4. mRNA expression of OLFM4 in tumor tissues. mRNA expression 
of OLFM4 gene was quantified with two reference genes of GAPDH and 
RPLOP separately in each sample. 2‑ΔΔCq indicates OLFM4 gene expression 
in tumor tissues relative to the adjacent normal tissues. Y‑axis on the left side 
represents the relative expression of OLFM4 calculated with GAPDH. Y‑axis 
on the right side represents the relative expression of OLFM4 calculated with 
RPLOP. *P<0.05. OLFM4, olfactomedin 4.
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of OLFM4 expression in tissue specimens has shown that 
OLFM4 is expressed at relatively low levels in normal 
tissues, while the expression is upregulated in tumor tissues 
in the colon and pancreas. Furthermore, there is a loss of 
OLFM4 expression in prostate cancer tumor tissues but high 
expression in normal tissues (13). These findings demonstrate 
that OLFM4 expression follows different patterns in various 
tumors. It has been reported that OLFM4 mRNA expression 
is upregulated in the majority of tumor tissue specimens in 
colon cancer (90%) and lung cancer (85%) relative to normal 
adjacent tissue, whereas 69% of tumor specimens in breast 
cancer are associated with upregulated OLFM4 expres-
sion (10). In the present study, OLFM4 mRNA expression was 
analyzed in matched specimens of tumor and normal adjacent 
tissues. Of the 24 patients, only 8 cases (RPLOP as internal 
control) or 17 cases (GAPDH as internal control) exhibited 
higher OLFM4 expression in tumor tissues compared with 
normal adjacent tissues, in agreement with the previous 
report. The OLFM4 expression patterns in breast cancer are 
opposite to those observed in the colon (5) and pancreas (27), 
but similar to the patterns in prostate cancer  (13). This 
phenomenon may be due to the cell and tissue specificity of 
the role of OLFM4. However, various reference genes have 
been used in different studies, and the expression of reference 
genes in tumor tissues may change to some extent (28,29), 
resulting in biased test results. Therefore, it is recommended 
that gene expression analysis should be performed in tumor 
tissue specimens using multiple internal reference genes for 
comparison. In the present study, there was no difference in 
plasma OLFM4 levels between patients with benign (6 cases) 
and malignant tumors. Therefore, OLFM4 expression cannot 
be used to distinguish between benign and malignant breast 
tumors.

OLFM4 has a complex role in tumors, and there are 
large differences in expression with different degrees of 
malignancy in the same tumor. It has been previously 
reported that pancreatic cancer with higher OLFM4 gene 
expression has increased malignant behavior and invasive 
capacity as well as the ability to metastasize more easily (30). 
OLFM4 expression is upregulated in early colorectal and 
gastric cancer but downregulated in progressive or advanced 
tumors (2,31). OLFM4 expression is negatively correlated 
with invasion depth, lymph node metastasis and tumor 
clinical stage  (2). OLFM4 expression in undifferentiated 
or poorly differentiated tumor tissue is significantly lower 
compared with expression in well‑differentiated tumor tissue 
of gastric cancer. Moreover, OLFM4 expression is lower in 
diffuse‑type compared with intestinal‑type gastric cancer. 
Therefore, OLFM4 expression can be used as an indicator 
in the prognostic determination of this type of cancer (32). 
The results from the present study indicated that plasma 
OLFM4 levels in breast cancer patients were associated with 
histological tumor differentiation. High plasma OLFM4 
levels were detected in patients with high histological grade, 
which was consistent with data from previous studies on 
pancreatic (5) and gastric cancer (9,11).

GADPH has been reported to be expressed at a rela-
tively high level in the gene expression study of some 
types of cancer (33,34), including lung, kidney and breast 
cancer. Otherwise, the expression of RPLPO may be more 

constant in some tissues, including lung, ovarian and breast 
cancer  (34,35). Published gene expression studies have 
predominantly found that the parallel determination of two 
or more housekeeping genes in a given sample population 
or experimental condition is crucial to gene expression 
analysis in cancer studies (36). In the present study, different 
conclusions were drawn with different reference genes in 
the analysis of OLFM4 mRNA expression in tumor tissue 
from breast cancer patients. This finding also indicates that 
additional caution is required when selecting reference genes 
for gene expression analysis in tumor tissue specimens. The 
test results with the RPLOP gene as an internal reference 
were statistically significant and in agreement with the 
trends in plasma OLFM4. Therefore, high OLFM4 expres-
sion in plasma or tissue specimens of breast cancer patients 
is more likely to represent poor histological differentiation 
and increased invasive/metastatic capabilities. However, 
low OLFM4 expression indicates low histological grade and 
decreased invasive/metastatic capabilities.

In the present study, CTC detection was undertaken 
in a portion of the enrolled patients. CTC detection by 
iFISH‑subtraction enrichment has a higher detection rate 
compared with the CellSearch system by EpCAM‑positive 
enrichment (19). Nevertheless, the two methods and plasma 
OLFM4 levels are common in that CTC‑positive patients 
have lower levels of OLFM4 in plasma compared with 
CTC‑negative patients. To date, to the best our knowledge, 
no study has assessed the correlation between the number of 
CTCs and OLFM4 expression. It has been hypothesized that 
CTCs are associated with metastatic potential and prognosis 
of tumors. This hypothesis suggests that OLFM4 expression 
is associated with tumor metastasis and prognosis in patients 
with breast cancer, which is inconsistent with the association 
observed between histological grade and OLFM4 level. One 
possibility is that all of the patients enrolled in the present 
study had no tumor metastases, and the overall percentage 
of CTC‑positive patients and detected values of CTCs were 
low, resulting in biased statistical results. However, previous 
studies suggest that OLFM4 may facilitate tumorigenesis in 
early tumors by anti‑apoptotic effects. By contrast, OLFM4 
overexpression is also able to promote cell adhesion by inter-
acting with lectin or cadherin (37), thereby inhibiting tumor 
progression and metastasis. Therefore, a low level of OLFM4 
expression is able to inhibit adhesion between cells (8) and 
thereby promote CTC generation. Therefore, to investigate 
the detailed associations between OLFM4 level and tumor 
metastasis in patients with breast cancer, a larger number of 
tumor specimens representing different progression stages 
need to be analyzed longitudinally to examine the changes 
and roles of OLFM4 expression in tumor development and 
progression.
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