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Background: The aim of this study was to investigate the expression of tumor-derived exosomal RNA elF4E (exo-elF4E) in
non-small cell lung cancer (NSCLC) and its correlation with prognosis.

Material/Methods: The Cancer Genome Atlas (TCGA) data was exacted to investigate the role of tissue elF4E in NSCLC. We en-
rolled 99 NSCLC patients and 40 healthy volunteers with corresponding serum samples in this study. The lev-
els of exo-elF4E in the peripheral blood of each group were tested by quantitative polymerase chain reaction
(PCR). The chi-squared test and the log-rank test were applied to analyze the correlation between the expres-
sion levels of exo-elF4E and the patients’ clinical-pathological data, including the overall survival.

Results: TCGA data showed that increased elF4E in NSCLC tissues was associated with late-stage disease (P=0.0497)
and inferior overall survival (P=0.017). The expression of exo-elF4E in the serum of the NSCLC group was sig-
nificantly higher than that in healthy individuals (P<0.001). Furthermore, advanced TNM stage (P=0.003), dis-
tant metastasis (P=0.008), and serum positive cytokeratin fragment 19 (CYFRA21-1) (P=0.023) are more likely
present in NSCLC patients with higher exo-elF4E expression. Moreover, the multivariate combined with univar-
iate analyses verified exo-elF4E as an independent prognostic factor for shorter overall survival (P=0.01) and
progression-free survival (P=0.005). Shorter overall survival (P=0.0005) and inferior progression-free survival
(P=0.0017) are more likely present in NSCLC patients with higher exo-elF4E.

Conclusions: Tumor-derived exo-elF4E in serum can be a practical tool to predict the prognosis of NSCLC.
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Material and Methods

Lung cancer is a malignant tumor with the highest morbidity
and mortality in the world [1]. Non-small cell lung cancer
(NSCLQ) is its most crucial type [2]. Most cases of NSCLC have
different changes in tumor suppressor genes and proto-onco-
genes caused by smoking, domestic gas inhalation, and occu-
pational exposure [2]. The activation of proto-oncogenes and
the disorder of the body’s immune system eventually lead to
abnormal proliferation and apoptosis of pulmonary epithe-
lial cells, resulting in NSCLC [3]. Changes in useful markers
are related to the treatment effect and different prognosis
of patients with NSCLC, guiding the choice of the treatment
strategy. Molecular targeted therapies have improved the sur-
vival of NSCLC subgroups divided by detection of genomic ab-
errations. Patient cases with exon 19 (deletions) or exon 21
(Leu858Arg) positive mutations in NSCLC will benefit from treat-
ment with epidermal growth factor receptor (EGFR)-tyrosine
kinase inhibitor (TKI) [4]. Progression-free survival and objec-
tive response rate increase in patients with anaplastic lympho-
ma kinase (ALK) rearrangements receiving TKIs [5]. Therefore,
novel biomarkers for predicting NSCLC prognosis, especially
disease-free survival, might be a promising strategy to inter-
vene in the development and relapse of NSCLC.

Exosomes are cystic vesicles of 30 to 100 nm in size and con-
tain specific proteins or RNAs secreted by host cells [6]. These
exosome-derived RNAs or proteins can be targeted to the re-
cipient cells by fusion with the cell membrane of the recipi-
ent cell, and the specific biological effect on the receptor cells
can be exerted through a non-contact manner [7]. Exosomal-
derived regulatory signals can not only mediate the malignant
behavior of tumor cells but also affect interstitial angiogene-
sis [8]. Moreover, biomarkers in circulating exosomes can im-
prove the accuracy of early NSCLC diagnosis [9]. The downward
trend of specific microRNAs (miRNAs) in exosomes can also in-
dicate partial remission in immunotherapy [10]. The eukaryotic
translation initiation factor 4G2 (elF4E) acts as a “scaffold pro-
tein” that interferes with the translation of cap-dependent
and non-dependent proteins in eukaryotic. Thus, the prolifer-
ation, apoptosis, cell cycle, migration, invasion, and angiogen-
esis of tumor cells will be affected, which will ultimately affect
the occurrence and development of tumors [11-13]. However,
at present, the expression of elF4E in serum exosomes and
its associations with disease characteristics in patients with
NSCLC are not clear.

This study examined the expression of exosomal elF4E (exo-
elF4E) in the serum of NSCLC patients and healthy individuals
and analyzed the correlation between exo-elF4E expression and
prognosis. We focused on elF4E RNA in circulating exosomes
to explore its value in prognostic judgment in NSCLC patients.

Extraction and analysis of The Cancer Genome Atlas
(TCGA) data

The Cancer Genome Atlas (TCGA) data were extracted and
analyzed at the Gene Expression Profiling Interactive Analysis
(GEPIA) website (http://gepia.cancer-pku.cn/). elF4E as a key-
word was searched in GEPIA to extract data of the compar-
ison of elF4E between NSCLC and adjacent normal tissues,
and the relation between elF4E tissue expression and clini-
cal features (including TNM stage, overall survival, and dis-
ease-free survival).

Patient enrollment and blood samples

A total of 99 NSCLC patients (59 males and 40 females) be-
tween March and October 2017 were selected. All patients
with complete clinical information were diagnosed according
to the histological biopsy. In addition, 40 healthy individuals
were enrolled. Individuals with cancer or other diseases were
excluded. All the participants gave their written informed con-
sent. The Ethical Committee of the Yantai Yuhuangding Hospital
approved this study.

Whole blood samples (3 mL) were collected in a coagulation
tube and were coagulated at 37°C for 30 minutes. The serum
and blood cells were separated by centrifugation at 2000 g for
10 minutes. The collected serum was centrifuged at 10 000 g for
30 minutes to obtain a supernatant further. After being treated
with a 0.22 pm filter (Millipore, Billerica, MA, USA), serum was
stored in a cryopreservation tube at -80°C for further analysis.

Exosomes extraction and identification

According to the manufacturer’s instruction, we used a Total
Serum Exosome lIsolation Kit (Thermo, Carlsbad, CA, USA) to
extract exosomes from the stored serum. Briefly, 1 mL stored
serum was supplemented with 200 L exosome isolation re-
agent. After being blended mildly, the mixtures were incubat-
ed at 4°C for 30 minutes. Following a 10 000 g centrifugation
for 10 minutes, the exosome pellet was collected at the bottom
of the tubes. Phosphate-buffered saline (200 L) was used to
resuspend the exosome pellet.

Formvar solution (0.125%) and exosome pellet (10 ul) were
mixed to fix the exosome pellet. After being stained using
uranyl acetate, the exosome pellet was photographed using
a JCM-7000 TEMSCAN microscope (JEOL, Tokyo, Japan). After
a calibration via standardized dilutions, a NanoSight NS300
Instrument (NanoSight Ltd., Amesbury, UK) was used to inves-
tigate the volume distribution of the nanoparticle-based on
the instruction. Besides, several specific markers (CD9, CD63,
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and tumor susceptibility gene 101-TSG101), and endoplasmic
reticulum (calnexin) [14] were evaluated by western blot to
verify the exosome element.

Western blotting assay

Radioimmunoprecipitation assay (RIPA) buffer (Solarbio, China)
was applied to extract total proteins, supplementing with
1% phosphorylation and protease inhibitors (Thermo Fisher
Scientific, USA). According to the manufacturer’s protocol,
the concentration of the protein samples was tested by the
bicinchoninic acid (BCA) protein assay kit (Tiangen, China). After
denatured at 96°C for 10 minutes, 9% SDS-PAGE (sodium do-
decyl sulphate-polyacrylamide gel electrophoresis) (Solarbio,
China) used to divide the target proteins. The PVDF (polyvinyli-
dene fluoride membrane) (Millipore, USA) was used for transfer.
After incubation with 5% non-fat milk for a blockade of non-
specific signals, PVDF membranes were incubated with prima-
ry antibodies against CD9 (1: 1000), CD63 (1: 2000), TSG101
(1: 3000), calnexin (1: 2000) (Cell Signaling Technology, USA)
overnight at 4°C. Then the PVDF membrane was dealt with
horseradish peroxidase (HRP) conjugated secondary antibody
(1: 5000, Cell Signaling Technology, USA). The protein blots
were photographed using a western imaging system (General
Electric Company, USA). The density of bands was quantified
by ImageJ software (Bio-Rad, Hercules, CA, USA).

Total RNA extraction and quantitative analysis

Total RNA of tissue and cell line was extracted using RNAiso Plus
(TAKARA, Beijing, China) according to the instruction. The ex-
tracted RNA was synthesized to cDNA by the PrimeScript™ RT
reagent Kit (TAKARA, Beijing, China). Quantitative polymerase
chain reaction (qPCR) was done using SYBR® Green Realtime
PCR Master Mix (TOYOBO, Shanghai, China) on the Applied
Biosystems Veriti Thermal Cycler (Thermo Fisher Scientific,
USA). The melting curve and amplification plot are shown in
Supplementary Figure 1. The quantitation of the target RNA
expression was assessed using the endogenous control by the
2784 method (B-actin as an internal control). The primers of
elF4E are as follows:

forward 5’-GAAACCACCCCTACTCCTAA TCC-3’;

reverse 5’-AGAGTGCCCATCTGTTC TGTA-3.

Qubit Flex Fluorometer (Thermo Fisher Scientific, USA) was
used to evaluate the quality of the prepared RNA and cDNA
was measured.

Statistical analysis

All data were presented as the meanststandard deviation.
The Student’s t-test made a comparison between the means
from 2 groups. The optimal cutoff was calculated as the value
that maximized the sum of sensitivity and specificity receiver
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the operating characteristic curves were applied to determine
the optimal cutoff of serum exosome elF4 for predicting NSCLC
prognosis. A comparison of the predicting efficiency between
serum exosome elF4 and the other biomarkers was made us-
ing the areas under these curves. The univariate and the mul-
tivariate Cox proportional hazards regression were applied to
identify the independent predicting factors for overall survival.
Survival analysis was described using the Kaplan-Meier method,
followed by comparison using the log-rank test. Every experi-
ment was finished at least 3 independent times. All statistical
analyses were carried out by SPSS 22.0 software (International
Business Machines Corporation, USA). Statistical significance
was defined as P<0.05.

Results

elF4E expression in NSCLC tissues was highly related to
advanced stage and inferior overall survival shown by
TCGA data

Tissue expression data of elF4E in lung adenocarcinoma (LUAD)
and lung squamous cell carcinoma (LUSC) was acquired from
the TCGA database. We found elF4E inclined notably in cancer-
ous tissues relative to normal tissues (Figure 1A, both P<0.01).
Patients with advanced TNM stages exhibited mildly increased
elF4E expression than those with early stages (Figure 1B,
P=0.0497). Besides, a higher expression of elF4E was asso-
ciated with inferior overall survival (Figure 1C, P=0.017), but
not disease-free survival (Figure 1D, P=0.57). Altogether, our
results indicated that elF4E is upregulated in NSCLC tissues,
and it demonstrates an oncogenic role in NSCLC.

Identification of exosomes from serum

As shown in Figure 2A, the microbubbles pointed by the arrows
are exosomes. Western blot assay was used to verify the posi-
tive expression of TSG101, CD9, CD63, elF4E, and negative ex-
pression of calnexin in exosomes from both NSCLC and healthy
individuals (compared to the residue, Figure 2B). The exosomes
have an average diameter of 134 nm (Figure 2C).

Exo-elF4E in NSCLC was strongly relative to disease
progression

We tested the exo-elF4E RNA levels in both the NSCLC patients
and the healthy volunteers to investigate the vital impact of
exo-elF4E in the tumorigenesis of NSCLC. The data show that
the exo-elF4E levels are more likely to increase in NSCLC pa-
tients than om the controls (Figure 3A, P<0.001). Moreover, late-
stage NSCLC patients exhibit higher exo-elF4E in serum than
patients with early-stage disease (Il1+V versus I+, Figure 3B,
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Figure 1. EIF4E expression in NSCLC tissues is highly related to advanced stage and inferior overall survival shown by TCGA data.
(A) Expression of elF4E in LUAD, LUSC tissues, and normal tissues. (B) Tissue expression of elF4E in different stages of
NSCLC patients. (C) Overall survival of NSCLC patients with high and low elF4E expression. (D) Disease-free survival of
NSCLC patients with high and low elF4E expression. NSCLC — non-small cell lung cancer; TCGA — The Cancer Genome Atlas;
LUAD - lung adenocarcinoma; LUSC — lung squamous cell carcinoma.

P=0.0048). These findings suggest that exo-elF4E is a helpful
biomarker in NSCLC development.

Exo-elF4E might be a prognostic factor for NSCLC patients

We studied the correlations between clinical-pathological fea-
tures and the exo-elF4E levels in serum. According to the se-
rum levels of exo-elF4E, we divided the NSCLC patients into 2
groups based on exo-elF4E levels: high >6.23; low <6.23). We
observed no significant associations between exo-elF4E ex-
pression and age, sex, tumor size, smoking status, histology,
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lymph node metastasis, or serum carcinoembryonic antigen
(CEA) (Table 1, all P>0.05). However, a high level of exo-elF4E
was found to be associated with the advanced TNM stage
(Table 1, P=0.003), distant metastasis (Table 1, P=0.008), and
serum positive cytokeratin fragment 19 (CYFRA21-1) (Table 1,
P=0.023), all of which are significant prognostic factors for
NSCLC. Altogether, our data indicated that exos-elF4E might
predict the prognosis of NSCLC patients.
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Figure 2. Identification of exosomes from serum. (A) The micromorphology of exosomes from serum using an electron microscope.
(B) Western blot assay showed the positive TSG101, CD9, and CD63 expression and negative calnexin expression in

exosomes from serum in NSCLC and
exosome. ** P<0.01, * P<0.05. NSCLC

healthy individuals. (C) Nanoparticle tracking analysis showed a diameter distribution of
—non-small cell lung cancer.
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Figure 3. Exo-elF4E in NSCLC is strongly relative to disease progression. (A) gPCR showed a comparison of exosome elF4E levels

between NSCLC patients (n=99) and

healthy individuals (n=40). (B) gPCR showed the comparison of exosome elF4E levels

between NSCLC patients with TNM I+l stage (n=39) and IlI+IV stage (n=60). ** P<0.01, * P<0.05. exo-elF4E — eoxsomal elF4E;
NSCLC - non-small cell lung cancer; gPCR — quantitative polymerase chain reaction.

Exo-elF4E, an independent prognostic factor for overall [HR]=1.744, 95% confidence interval [Cl]=1.040-3.093) were in-

survival and disease progression of NSCLC

dependent predictors for cancer-relative death in NSCLC (Table 2).
Moreover, advance TNM stage (lll+1V, P=0.001), positive CYFRA21-1

Shown by multivariate statistics, advance TNM stage (lll+1V, (P=0.023) and high level of exo-elF4E (P=0.005, HR=1.478, 95%
P=0.003) and high level of exo-elF4E (P=0.01, hazard ratio  Cl=1.134-2.972) in NSCLC can independently predict the disease
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Table 1. Correlations between expression levels of serum exo-elF4E and clinical characteristics (n=99).

Low (n=50)

Serum exo-elF4E level

High (n=49)

P-value

Age (years) 0.265
"""" s s 2429
s e % 0
CSex 0461
"""" Male 59 28 3
"""" Femae 4 2 18
Csmokingstatus 0774
"""" Smoke 3% 19 20
"""" Nomsmoker 0 31 29
CSsizeoftumor 0056
"""" 4em s 3 20
Coxem a9 0 0
CHistology 0355
* Adenocarcinoma 43 2 v
"""" Squamous carcinoma 56 26 30
CTNMstage 0003
"""" 39712
"""" v e 23 o3
lymph node metastasis 0481
"""" Negatve 3% 1 19
"""" Posve e 3 30
Distant metastasis 0008t
"""" Negatve & 40 27
"""" Posve 32 10 2
COYRA2LL (g/ml) 0023
"""" &3 m a3 e
=3 e 7 0o
CCEAGE/ML 0776
"""" s ke a7
s e - 2

exo-elF4E — exosomal elF4E; CYFRA21-1 — cytokeratin fragment 19; CEA — carcinoembryonic antigen.

progression (Table 3). Based on Kaplan-Meier analysis, a higher
expression level of exo-elF4E (74.6%, 54.2%, and 25.4% versus.
83.3%, 76.7%, and 53.3%) was associated with inferior overall sur-
vival at 6, 12, and 18 months, respectively (Figure 4A, P=0.0005).
NSCLC patients with low exo-elF4E levels (85.0%, 70.0%, and
55.0%) exhibited notably decreased rates of disease progression
than NSCLC patients with high exo-elF4E levels (73.3%, 43.3%, and
25.0%) at 6, 12, and 18 months, respectively (Figure 4B, P=0.0017).

Discussion

The survival rate for NSCLC patients undergoing surgery or
chemotherapy within 5 years has reached 20%, and unfortu-
nately, the relapse rates has remained high for the past 2 de-
cades [15]. Despite extensive research on the molecular mech-
anisms of drug resistance, there is still a lack of an effective
intervention strategy. Various molecular drugs have been
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Table 2. Independent risk factors for overall survival in NSCLC patients (n=99).

Univariate Multivariate analysis
VEUELI
P-value Hazard ratio (95% Cl)
Size of tumor (cm) >4 vs. <4 0.003
TNM stage I=11 vs. 1111V 0.001 0.003 1.845 (1.176-3.313)
Lymph node metastasis Negative vs. positive 0.008
CYFRA21-1 <3.3vs. 233 0.005
Exo-elF4E <6.23 vs. 26.23 0.003 0.01 1.744 (1.040-3.093)

NSCLC - non-small cell lung cancer; Cl — confidence interval; CYFRA21-1 — cytokeratin fragment 19; Exo-elF4E — eoxsomal elF4E.

Table 3. Independent risk factors for disease-free survival in NSCLC patients (n=99).

NETEL] Multivariate analysis
Variable
P-value Hazard ratio (95% Cl)
Size of tumor (cm) >4 vs. <4 0.002
CTNMstage My o001 o001 1538 (1299-2984)
lymph node metastasis  Negative vs. positive 0003
CovRRA2L G3w>33 000s 0023 1328(1.436-3.182)
A Gu>s 0003
BoelFE 623vs.2623 o001 0005 1478 (1134-2972)

NSCLC - non-small cell lung cancer; Cl — confidence interval; CYFRA21-1 — cytokeratin fragment 19; CEA — carcinoembryonic antigen;
Exo-elF4E — eoxsomal elF4E.

log-rank test: p=0.0005 log-rank test: p=0.0017
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Figure 4. Exo-elF4E, an independent prognostic factor for overall survival and disease progression of NSCLC. (A) Overall survival of high
(n=49) and low (n=50) exo-elF4E levels in NSCLC patients. (B) Progression-free survival of high (n=49) and low (n=50) exo-
elF4E levels in NSCLC patients. ** P<0.01, * P<0.05. Exo-elF4E — eoxsomal elF4E; NSCLC — non-small cell lung cancer.
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designed to inhibit the proliferation, apoptosis, invasion, and
metastasis and angiogenesis of NSCLC cells targeting the sig-
nal transduction process. Therefore, novel sensitive markers
are needed for the treatment and diagnosis of NSCLC.

We studied the levels of exo-elF4E in the serum of patients with
NSCLC to analyze the correlation between exo-elF4E expression
and the development of NSCLC (including chemotherapy and
overall survival). Previously, researchers have shown that elF4E
is involved in different processes of lung cancer, but its role is
controversial. elF4E can promote epithelial-mesenchymal tran-
sition in NSCLC and induce metastasis [16]. The secretion of
human bone marrow mesenchymal stem cells can reduce its
invasiveness by inhibiting elF4E in NSCLC [17], further support-
ing the vital role of elF4E in NSCLC metastasis. However, it has
been reported that high expression of elF4E is associated with
docetaxel sensitivity in NSCLC patients [18]. Inhibition of elF4E
by miR-141 promotes resistance of NSCLC cells to docetaxel [18].
In this study, we found that exo-elF4E expression was different
in NSCLC patients and healthy individuals (Figure 2). The ex-
pression of exo-elF4E in circulating exosomes was related to the
TNM stage, distant metastasis, and serum positive CYFRA21-1
(Table 1). Besides, our study further demonstrated the value
of exo-elF4E in predicting the prognosis of NSCLC (Figure 3).

Exosomes are specialized vesicles containing proteins or RNA
secreted by cells [19]. These proteins or RNAs are “injected”
into target cells by cell membrane fusion of target cells, which
make various biological effects be exerted by regulating genes
or proteins in cells, including anti-oxidative stress and regu-
lation of tumor cell invasiveness [20]. The stability in the sys-
temic circulation and tissue-specific uptake make exosomes
promising targets for new therapies. Different exosomes are
involved in promoting cancer growth, recurrence after treat-
ment, metastasis, and immune cell regulation [21,22]. Alpha-
smooth muscle actin in exosomes from NSCLC cells not only
boosts cancer cell proliferation but restrain fibroblasts apop-
tosis, resulting in the development of NSCLC [21]. Exosomes-
derived miR-214 has been shown to reduce the chemotherapy
response of NSCLC cells to gefitinib [22].

Besides, studies have shown that RNA in exosomes is more
stable than other free RNA and therefore has potential as a
diagnostic marker for the disease [23]. These exosomal char-
acteristics represent the molecular characteristics of the cells,
making liquid biopsy possible. Using tissue biopsy as a stan-
dard, the peripheral blood exosome T790M mutation detec-
tion, a biomarker for sensitivity to chemotherapy basing on
third-generation tyrosine kinase inhibitors, achieved signifi-
cant accuracy (sensitivity and specificity: 92% and 89%, respec-
tively) [24]. Exosome-derived long noncoding RNA growth
arrest-specific transcript 5 (GAS5) can effectively predict the di-
agnosis of NSCLC with the assistance of CEA (AUC=0.929) [25].
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Exosome-derived YKT6 in NSCLC can not only regulate exo-
some release but also predict the prognosis of NSCLC patients
after surgery [26]. Exosome mRNA has its unique advantag-
es in liquid biopsy. Exosome derived mRNA can increase the
detection sensitivity of activating EGFR mutations and EGFR
T790M mutations to 98% and 90% (82% and 84% for ctDNA
only), respectively [27]. Pleural effusion-derived exosome mRNA
expression profiles can distinguish benign lung disease from
lung adenocarcinoma, especially lipocalin-2 (LCN2), with the
highest AUC (0.9916) [28]. These suggest that exosomal mRNA
is a potential screening biomarker for NSCLC.

It has been proven that elF4E acts as an oncogene in the de-
velopment of NSCLC. Various elF4 components have a different
potential impact on the tumorigenesis of NSCLC. Compared to
adjacent normal tissues, the histological level of elF4G1 in can-
cer tissues is increased [29]. However, highly expressed elF4A2
is closely related to better overall and disease-free survival in
NSCLC [30]. Initially, researchers found that high elF4E was more
likely present in NSCLC with an inferior prognosis, while high
cyclin D1 was not [31]. Yoshizawa et al. showed that increased
p-elF4E was an independent predictor for NSCLC prognosis using
multivariate analysis [32]. Compared with elF4E non-phosphor-
ylated patients, phosphorylated ones had significantly inferior
overall survival [32]. The expression of phosphorylated elF4E is
sharply higher in patients with early-stage (T1) compared with
patients with advanced-stage (T3) in NSCLC and gastrointestinal
malignancies [33]. However, few studies investigate the role of
exosome-derived elF4E in the development of NSCLG, let alone
its prediction for NSCLC prognosis. Compared with traditional
biopsies of tissue elF4E, the ubiquitous presence of exosomes
in the blood makes it easier to monitor the dynamic changes.

However, some limitations must be considered in understand-
ing our results. First, the sample size was insufficient and no
external validation was performed using data from indepen-
dent biological samples. Second, the relationships between se-
rum exosomes-derived elF4E and more molecular pathologi-
cal features was not analyzed, and its mechanism involved in
the pathogenesis of NSCLC was not explored. Therefore, large-
scale, prospective, extensive clinical trials are needed to val-
idate our findings.

Conclusions

This study demonstrates that the exosome derived elF4E in
serum can be used as a useful predictor for NSCLC survival.
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