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FER1L4: a potential plasma biomarker to identify  
gastric cancer with lymph node invasion
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Abstract: Objective: To explore the efficacy of lncRNA-Fer-1-like protein 4 (FER1L4) in the diagnosis and evaluation 
of gastric cancer (GC). Methods: 39 healthy volunteers and 121 GC patients were enrolled. Plasma FER1L4 level 
was measured by real-time quantitative reverse transcriptase-polymerase chain reaction. Then, the correlations 
between plasma FER1L4 and clinicopathological characteristics were assessed. A receiver operating character-
istic (ROC) curve was conducted to assess the efficacy of plasma FER1L4 in evaluating disease status. Results: 
Significant difference of plasma FER1L4 was found between healthy control and GC, GC with lymph node invasion, 
T1 GC with lymph node invasion, gastric cancer with no metastasis and metastasis (P<0.001), while no significant 
difference between healthy control and GC without lymph node invasion (P=0.132) and T1 gGC without lymph node 
invasion (P=0.915) was found. And, plasma FER1L4 level was significantly correlated with lymph node status in 
GC (P<0.001) and T1 GC (P<0.001) and metastasis status in GC (P<0.001). ROC analysis indicated that FER1L4 
yielded an AUC of 0.897 (95% CI: 0.821-0.949, sensitivity: 93.7%, specificity: 79.5%) in distinguishing GC with 
lymph node invasion form healthy control, an AUC of 0.868 (95% CI: 0.795-0.923, sensitivity: 87.3%, specificity: 
77.6%) in distinguishing GC with lymph node invasion form GC without lymph node invasion, an AUC of 0.928 (95% 
CI: 0.791-0.987, sensitivity: 100%, specificity: 68.7%) in distinguishing lymph node invasion form no invasion in T1 
GC. Conclusion: Plasma FER1L4 has potential to identify GC with lymph node invasion. 
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Introduction 

It is estimated that there were 951,600 new 
cases of gastric cancer and 723,100 gastric 
cancer-related deaths worldwide in 2012 [1]. 
The ideal treatment for gastric cancer should 
be made after fully considering the information 
of primary tumor features, lymph node invasion 
and distant metastasis [2]. It is worthy to note 
that endoscopic mucosal resection and submu-
cosal resection has been developed to spate 
surgical morbidity for T1 gastric cancer patients 
without lymph node invasion [3]. At present, the 
tumor evaluation is mainly based on computed 
tomography, positron emission tomography-
computed tomography, endoscopy and biopsy 
[2]. Sometimes, it is difficult for the above tech-
niques to evaluate the status of lymph nodes 
invasion. A recent study indicated that tumor 
size, site, degree of differentiation, macroscop-

ic tumor sub-classification, perineural invasion 
status, and depth of submucosal tumor pene-
tration couldn’t predict lymph node invasion, 
the only predictors of lymph node invasion was 
lymphovascular invasion and positive nodal 
status [3]. To be honest, lymphovascular inva-
sion and nodal status are hard to evaluate 
before operation. Therefore, looking for sensi-
tive and specific biomarkers for the diagnosis 
and evaluation of gastric cancer is an important 
target of cancer research. 

Long non-coding RNAs (lncRNAs), as major fac-
tors in governing fundamental biological pro-
cesses, regulates the expression of target 
genes at transcriptional, posttranscriptional, 
and epigenetic levels [4, 5]. Accumulating evi-
dence has indicated that dysregulation of 
lncRNAs played an important role in the devel-
opment of various malignant tumors, such as 
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Table 1. Pathological and clinical parameters of the enrolled 
subjects

Characteristic Patients with gastric
Cancer (n=121)

Healthy controls
(n=39)

Age (years) 67.3±11.0 67.6±11.2 (0.876)
Gender
    Male 99 26 (0.073)
    Female 22 13
Location 
    Cardia 17
    Gastric body 30
    Sinuses ventriculi 74
Diameter of tumor
    <5 cm 52
    ≥5 cm 69
Differentiation
    Well 17
    Moderate 54
    Poor 50
General stage
    Localized cancer 36
    Advanced cancer 85
Tumor stage (AJCC, 2010)
    T1 36
    T2 51
    T3 26
    T4 8
Lymph node status
    Negative 58
    Positive 63
Metastasis 
    Negative 108
    Positive 13

gastric cancer, bladder cancer, colorectal can-
cer and so on [6-8]. In gastric cancer, SUMO1 
pseudogene 3 (SUMO1P3) and H19 are upregu-
lated, while gastric cancer-associated tran-
script 1 (GACAT1) is downregulated [6, 9, 10]. 
What’s more, lncRNAs could be detected in 
blood, saliva, and urine [10-12], which facili-
tates the application of lncRNAs in clinical prac-
tice. Long non-coding RNA Fer-1-like protein 4 
(FER1L4) was found to be down-regulated in 
gastric cancer tissues and cells [13]. Addi- 
tionally, the low expression levels of FER1L4 
are associated with histological grade, tumor 
diameter, TNM stage, lymphatic metastasis, 
perineural invasion, venous invasion, and 
serum CA724, and plasma FER1L4 declined 
sharply 2 weeks after surgery [14].

ulation tubes before surgery, chemotherapy or 
radiotherapy. It is worthy to note that the first 3 
ml of collected blood was discarded to ensure 
there is no contamination of epidermal cells. 
Then, the blood samples were transported 
using ice cake and centrifuged (3,000×g for 10 
min) within 20 min after collection, and plasma 
was separated into RNase-free tubes (Axygen, 
Union, CA) and stored at -80°C until RNA 
isolation.

Total RNA extraction and reverse transcription

Total plasma RNA was extracted using TRIzol 
LS Reagent (Invitrogen, Karlsruhe, Germany) 
according to the manufacturer’s instructions, 
the quality of which was assessed by a UV 

In the study, we would to explore the 
efficacy of plasma FER1L4 in the 
diagnosis and evaluation of gastric 
cancer. 

Patients and methods 

Ethics statement 

Ethical approval was granted by the 
Ethic Committee of the Affiliated 
University City Hospital of Chong- 
qing Medical University, and all par-
ticipators signed the written in- 
formed consent. 

Patients and samples

From June 2013 to July 2015, 39 
healthy volunteers and 121 gastric 
cancer patients were enrolled, who 
had no other previous malignancy, 
previous chemotherapy or radio-
therapy and coagulation disorders. 
Postoperative histological examina-
tion was applied to evaluate the 
tumor status for gastric cancer 
without metastasis, and computed 
tomography for metastatic gastric 
cancer. Histological grade was 
assessed according to the National 
Comprehensive Cancer Network 
clinical practice guideline on gastric 
cancer [2]. And, the baseline char-
acteristics of all participators were 
also recorded. 

10 ml peripheral venous blood sam-
ple was collected in EDTA anticoag-
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spectrophotometer (BioRad, Hercules, CA, 
USA). Only the samples with 260/280 nm 
absorbance ratio between 1.8 and 2.0 were 
considered to be used in further analysis, which 
was dissolved in 10 μl diethylpyrocarbonate-
treated water. 

GoScript Reverse Transcription (RT) System 
(Promega, Madison, WI, USA) was applied to 
synthesize cDNA, the 20 μl reaction system 
included 3 ug total RNA, 1 μl oligo(dT)15 primer, 
1 μl random primer, 4 μl GoScript 5× reaction 
buffer, 2 μl MgCl2, 1 μl nucleotide mix, 0.5 μl 
recombinant RNasin ribonuclease inhibitor, 
and 1 μl GoScript reverse transcriptase.

Real-time quantitative polymerase chain reac-
tion (qRT-PCR)

Plasma FER1L4 level was detected by qRT-PCR 
using GoTaqq PCR Master Mix (Promega, 
Madison, WI, USA) on an Mx3005P real-time 
PCR System (Stratagene, La Jolla, CA). The 
sequences of the PCR primers were as follows: 
FER1L4: 5’-CCGTGTTGAGGTGCTGTTC-3’ (sen- 
se) and 5’-GGCAAGTCCACTGTCAGATG-3’ (anti-
sense); GAPDH: 5’-ACCCACTCCTCCACCTTTG- 
AC-3’ (sense) and 5’-TGTTGCTGTAGCCAAATT- 
CGTT-3’ (antisense) [14, 15]. The conditions of 
thermal cycling was as follows: 95°C at 10 min 
fora hot start, then 45 cycles at 95°C for 15 s, 
54°C for 30 s, and 72°C for 30 s. In order to 
avoid bias, qRT-PCR was repeated in triplicate. 

Plasma FER1L4 level was calculated using the 
ΔCt method with GAPDH as the endogenous 
control for data normalization.

Statistical analysis 

SPSS 17.0 software (SPSS, Chicago, IL, USA) 
was applied for statistical analysis, and one 
way analysis of variance test and Student’s t 
test were flexibly used as appropriate. Receiver 
operating characteristic (ROC) curve analysis 
was conducted to evaluate the efficacy of 
FER1L4 in differentiating disease status. 
P<0.05 was considered statistically signifi- 
cant.

Results 

Patients’ characteristics 

39 healthy volunteers and 121 gastric cancer 
patients were enrolled into the study, the age 
and gender were similar between the two 
groups (P>0.05, Table 1). 108 gastric patients 
received surgical resection with lymphadenec-
tomy, and 13 patients received systemic thera-
py due to distant metastasis. The pathological 
information of gastric cancer was presented in 
Table 1. 

Plasma FER1L4 expression

Compared to healthy control (ΔCt: 13.71±1.73), 
plasma FER1L4 expression was downregulated 
in gastric cancer (ΔCt: 15.48±1.93, P<0.001, 
Figure 1), gastric cancer with lymph node inva-
sion (ΔCt: 16.60±1.29, P<0.001, Figure 1), 
gastric cancer with no metastasis (ΔCt: 15.29± 
1.90, P<0.001, Figure 1) and metastasis (ΔCt: 
17.11±1.35, P<0.001, Figure 1). On contrast, 
no significant difference of FER1L4 ex- 
pression was found between healthy control 
(ΔCt: 13.71±1.73) and gastric cancer with- 
out lymph node invasion (ΔCt: 14.26±1.76, P= 
0.132). Besides, significant difference of FER- 
1L4 expression was also found between 
healthy control (ΔCt: 13.71±1.73) and T1 gas-
tric cancer with lymph node invasion (ΔCt: 
16.42±1.21, P<0.001), while no significant dif-
ference between healthy control and T1 gastric 
cancer without lymph node invasion (ΔCt: 
13.76±1.39, P=0.915). As shown in Table 2, 
plasma FER1L4 level wasn’t associated with 
age (p=0.499), gender (P=0.306), tumor site 
(P=0.746), tumor diameter (P=0.690), differen-
tiation (P=0.638), stage (P=0.371) and tumor 

Figure 1. Plasma FER1L4 level detected by qRT-PCR. 
***P< 0.001 when compared to healthy control.
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stage (AJCC, 2010) (P=0.175). But plasma 
FER1L4 level was significantly correlated with 
lymph node status in gastric cancer patients 
(P<0.001) and T1 gastric cancer patients 
(P<0.001) and metastasis status in gastric can-
cer (P<0.001) (Table 2). 

Efficacy of FER1L4 in differentiating disease 
status 

Receiver operating characteristic (ROC) curve 
analysis was constructed to analyze the effica-

ed that FER1L4 was down-regulated in gastric 
cancer compared to normal gastric specimens 
[4]. A recent study demonstrated that the low 
expression of FER1L4 in tissue samples was 
associated with histological grade, tumor diam-
eter, TNM stage, lymphatic metastasis, peri-
neural invasion, venous invasion, and serum 
CA724 [14]. Besides, no difference of plasma 
FER1L4 expression was observed between 
gastric cancer patients and healthy volunteers; 
but a sharply decline plasma FER1L4 was found 

Table 2. FER1L4 expression level (ΔCt) phenotype

Characteristic No. of 
patients

FER1L4 
expression P

Age (years) 0.499
    <60 44 14.87±2.10
    ≥60 116 15.12±2.00
Gender 0.306
    Male 125 14.96±2.01
    Female 35 15.36±2.08
Site 0.746
    Cardia 17 15.35±2.04
    Gastric body 30 15.29±2.16
    Sinuses ventriculi 74 15.59±1.82
Diameter of tumor 0.690
    ≥5 cm 52 15.40±2.18
    <5 cm 69 15.54±1.73
Differentiation 0.638
    Well 17 15.42±1.59
    Moderate 54 15.32±2.10
    Poor 50 15.68±1.85
General stage 0.371
    Localized cancer 36 15.24±1.85
    Advanced cancer 85 15.58±1.96
Tumor stage
    (AJCC, 2010) 0.175
    T1 36 15.02±3.66
    T2 51 14.07±3.19
    T3 26 14.42±3.96
    T4 8 16.78±0.77
Lymph node status
    Negative 58 14.26±1.76 <0.001
    Positive 63 16.60±1.29
Lymph node status in T1 cancer
    Negative 16 14.26±1.76 <0.001
    Positive 20 16.42±1.21
Metastasis 0.001
    Negative 108 15.29±1.90
    Positive 13 17.11±1.35

cy of FER1L4 in differentiating dis-
ease status. In regard of differentiat-
ing gastric cancer with lymph node 
invasion from healthy control, the 
results showed that the area under 
the ROC curve (AUC) was up to 0.897 
(95% confidence interval (CI): 0.821-
0.949, P<0.001, Figure 2A). The 
optimal cutoff value was 14.7 with 
which the sensitivity and specificity 
were 93.7% and 79.5%, respectively. 
It also found that FER1L4 at the cut 
point of 15.3 yielded an AUC of 0.868 
(95% CI: 0.795-0.923) in distinguish-
ing gastric cancer with lymph node 
invasion form gastric cancer without 
lymph node invasion, the sensitivity 
and specificity of which were 87.3% 
and 77.6%, respectively (Figure 2B). 
In T1 gastric cancer, similar results 
were also calculated. At the cutoff of 
14.2, the AUC of FER1L4 in distin-
guishing lymph node invasion form 
no invasion was 0.928 (95% CI: 
0.791-0.987), and the sensitivity and 
specificity were 100% and 68.7%, 
respectively (Figure 2C). 

Discussion 

The present study indicated that 
plasma FER1L4 was down-regulated 
in gastric cancer, and its expression 
was associated with lymph node 
invasion status and metastasis sta-
tus. But no significant downregula-
tion of FER1L4 was found in gastric 
cancer without lymph node invasion. 

There is mounting evidence that 
lncRNAs are related to gastric can-
cer, such as FER1L4, H19, CUDR, 
LSINCT-5, PTENP1, LINC00152 and 
so on [14-17]. Song et al firstly report-
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in gastric cancer patients 14 days after opera-
tion [14]. In our study, statistical difference of 
plasma FER1L4 was observed between healthy 
control and gastric cancer, and plasma FER1L4 
expression in gastric cancer with lymph node 
invasion was also significant lower than gastric 
cancer without lymph node invasion. Of course, 
plasma FER1L4 expression in healthy control 
was much higher than gastric cancer with 
lymph node invasion. But, there is no signifi-
cant difference of plasma FER1L4 between 
healthy control and gastric cancer without 
lymph node invasion. We held the idea that the 
difference between healthy control and gastric 
cancer was mainly determined by the differ-
ence between healthy control and gastric can-
cer with lymph node invasion after considering 
the nearly equal number of patients with or 
without lymph node invasion in the cohort and 
relatively higher ΔCt value in gastric cancer 
with lymph node invasion. So plasma FER1L4 
might fail to distinguish gastric cancer without 
lymph node invasion from healthy control. 
Besides, plasma FER1L4 expression was also 
considerably higher in gastric cancer without 
metastasis than those with metastasis. These 
data indicated that FER1L4 depletion may be 
associated with the metastatic process of gas-
tric cancer. Similarly, another study suggested 
that FER1L4 expression was considerably lower 
in invaded lymph nodes than in primary colon 
cancers [18].

The role of FER1L4 in the development of malig-
nant tumor is still in research, and available 
data is really limited. Doctor Xia reported that 
FER1L4 was involved in a cancer-associated 
ceRNA network to modulate tumor develop-
ment and invasion in gastric cancer, which 

includes nine miRNAs (miR-106a-5p, miR-
106b-5p, miR-139-5p, miR-19a-3p, miR-195-
5p, miR-18a-5p, miR-18b-5p, miR-20b-5p and 
miR-31-5p) and eight lncRNAs (FER1L4, 
AC009499.1, H19, LINC00152, RP4-620F22, 
GACAT1, GACAT3 and 3AP000288.2.) [19]. 
miR-106a-5p, as one of the typical onco-miR-
NAs, is the core element in this network [20]. 
FER1L4 and RB1 are targeted by miR-106a-5p, 
and siRNA silencing of FER1L4 led to RB1mRNA 
level decrease [19]. Additionally, it is also 
reported that FER1L4 and PTEN mRNA are a 
pair of ceRNAs that are linked by miR-106a-5p 
and FER1L4 downregulation accelerated cell 
proliferation by promoting the G0/G1 to S 
phase transition [13].

Further, ROC curve analysis was conducted to 
analyze the efficacy of plasma FER1L4 in dif-
ferentiating gastric cancer with lymph node 
invasion from healthy control and gastric can-
cer without lymph node invasion. In regard of 
differentiating gastric cancer with lymph node 
invasion from healthy control, the results 
showed that the area under the ROC curve 
(AUC) was up to 0.897 (95% confidence interval 
(CI): 0.821-0.949, P<0.001, Figure 1). The opti-
mal cutoff value was 14.7 with which the sensi-
tivity and specificity were 93.7% and 79.5%, 
respectively. And FER1L4 at the cut point of 
15.3 yielded an AUC of 0.868 (95% CI: 0.795-
0.923) in distinguishing gastric cancer with 
lymph node invasion form gastric cancer with-
out lymph node invasion, the sensitivity and 
specificity of which were 87.3% and 77.6%, 
respectively. 

Additionally, early gastric cancer is defined as 
malignant tissue limited to the mucosa or sub-

Figure 2. Receiver-operating characteristics curve analysis using FER1L4 for differentiating disease status. A: Dis-
tinguishing gastric cancer from healthy control; B: Differentiation of gastric cancer with lymph node invasion or 
without lymph node invasion; C: Differentiating T1 gastric cancer with lymph node invasion from no invasion.
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mucosa, no matter of whether there is lymph 
node invasion or not [21]. Even though gastrec-
tomy is still the gold standard for the manage-
ment of gastric cancer, endoscopic resection 
has already provided an alternative treatment 
with minimally morbidity and similar efficacy 
[22]. A previous report indicated that the com-
plete resection rates for endoscopic mucosal 
resection and endoscopic submucosal dissec-
tion were 54% and 89%, respectively [23]. Of 
note, the premise of endoscopic resection is 
there is no risk of lymph node invasion [22, 24]. 
Therefore, we analyzed the expression profile 
of FER1L4 in T1 gastric cancer, and found that 
FER1L4 was downregulated in T1 gastric can-
cer with lymph node invasion than in T1 gastric 
cancer without lymph node invasion. Addi- 
tionally, ROC curve analysis indicated that the 
AUC of FER1L4 in distinguishing T1 gastric can-
cer with lymph node invasion form no invasion 
was up to 0.928 (95% CI: 0.791-0.987), the 
sensitivity and specificity were 100% and 
68.7%, respectively. The optimal cutoff point 
was 14.2. These data showed the great poten-
tial of FER1L4 in screening invasive lymph node 
in T1 gastric cancer, but it still needs more 
validation. 

Even though the result is encouraging, several 
limitations need to be considered. First, all par-
ticipators were from a single institute, whether 
they could represent the general population is 
still in doubt. Second, the sample size of the 
study is limited, studies with larger cohort is in 
urgent need. Third, the efficiency of FER1L4 in 
predicting survival wasn’t discussed in the 
present study due to missed follow-up informa-
tion. Fourth, the mechanism of FER1L4 in regu-
lating the development of gastric cancer wasn’t 
further explored. 

Conclusion 

Plasma FER1L4 fails to distinguish gastric can-
cer without lymph node invasion from healthy 
control, but it could serve as an independent 
biomarker for differentiating gastric cancer 
with lymph node from gastric cancer without 
lymph node invasion and healthy control. The 
efficacy of FER1L4 in distinguishing T1 gastric 
cancer with lymph node invasion from T1 gas-
tric cancer without lymph node invasion is also 
verified, it can be taken into account when con-
sidering whether endoscopic resection is suit-
able to a patient with early gastric cancer. 
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