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Abstract Non-small cell lung cancer (NSCLC) remains the
most common cause of cancer-related death worldwide. Pa-
tients presenting with advanced-stage NSCLC have poor
prognosis, while metastatic spread accounts for >70 % of pa-
tient’s deaths. The major advances in the treatment of lung
cancer have brought only minor improvements in survival;
therefore, novel strategic treatment approaches are urgently
needed. Accumulating data allocate a central role for the can-
cer microenvironment including mesenchymal stem cells
(MSCs) in acquisition of drug resistance and disease relapse.
Furthermore, studies indicate that translation initiation factors
are over expressed in NSCLC and negatively impact its prog-
nosis. Importantly, translation initiation is highly modulated
by microenvironmental cues. Therefore, we decided to exam-
ine the effect of bone marrow MSCs (BM-MSCs) from nor-
mal donors on NSCLC cell lines with special emphasis on
translation initiation mechanism in the crosstalk. We cultured

NSCLC cell lines with BM-MSC conditioned media (i.e.,
secretome) and showed deleterious effects on the cells’ prolif-
eration, viability, death, and migration. We also demonstrated
reduced levels of translation initiation factors implicated in
cancer progression [eukaryotic translation initiation factor
4E (eIF4E) and eukaryotic translation initiation factor 4GI
(eIF4GI)], their targets, and regulators. Finally, we outlined a
mechanism by which BM-MSCs’ secretome affected
NSCLC’s mitogen-activated protein kinase (MAPK) signal-
ing pathway, downregulated the cell migration, and dimin-
ished translation initiation factors’ levels. Taken together,
our study demonstrates that there is direct dialogue between
the BM-MSCs’ secretome and NSCLC cells that manipulates
translation initiation and critically affects cell fate. We suggest
that therapeutic approach that will sabotage this dialogue, es-
pecially in the BM microenvironment, may diminish lung
cancer metastatic spread and morbidity and improve the pa-
tient’s life quality.
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Introduction

Lung cancer is the leading cause of cancer-related death
worldwide. Non-small cell lung cancer (NSCLC) accounts
for 85 % of all lung cancer cases. Despite several novel ther-
apeutic approaches, the majority of NSCLC patients present
locally advanced or metastatic disease, which are at present
incurable [1, 2]. Thus, there is great need for new therapies.

The genetics of lung cancer remains a therapeutic challenge
[3]. In-depth analyses of lung cancer genomes have further
defined NSCLCs as a group of distinct diseases with genetic
and cellular heterogeneity [4].
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On the other hand, unifying traits of NSCLC are suggested
to be their tumor microenvironment characteristics [5] that
have been documented to play an important role in disease
initiation and progression [6]. It was reported that the stromal
cells, growth factors, and cytokines surrounding the tumor can
affect the proliferation, survival, migration, and drug resis-
tance of the lung cancer cells [6].

Tumor microenvironment is very complex and includes
various soluble factors, excessive extracellular matrix
(ECM) deposition, and multiple cell types. This orchestrated
network contributes to the disease tumorigenesis, progression,
metastases, and recurrence [7]. Interestingly, distinct types of
cells, such as mesenchymal stem cells (MSCs), contribute to
these phenomena through a continuous crosstalk with each
other directly or indirectly (secretome, ECM) [8]. MSCs are
a subset of adult stem cells that possess abilities of self-
renewal and multilineage differentiation (chondrocytes, oste-
ocytes, and adipocytes).

Recent studies have demonstrated that MSCs derived from
pathological settings exhibit genetic and functional abnormal-
ities compared to their normal counterparts [9]. Specifically,
MSCs in lung cancer tissue have demonstrated accelerated
growth and reduced sensitivity to drugs [10].

MSCs secrete a variety of biologically active cytokines/
growth factors, ECMproteins, and tissue remodeling enzymes
that play important roles in various aspects of tissue function,
repair, and homeostasis [11]. The factors secreted fromMSCs
(referred hereafter as MSC’s secretome) include cytokines
such as HGF, IGF-I, and VEGF [12].

Control of protein translation is a crucial aspect of cancer
development and progression [13]. Translational control in-
cludes the regulation of global protein synthesis rate as well
as selective translation of specific mRNAs that promote tumor
cell survival, angiogenesis, invasion, and metastasis. Indeed,
deregulation of protein translation has been observed in vari-
ous human malignancies with both elevated global translation
and increased synthesis of proteins involved in malignant
characteristics [14]. Translation initiation is the most regulated
step of protein synthesis and the rate-limiting phase of the
process [15]. In concordance, high expression of the transla-
tion initiation factors, eukaryotic translation initiation factor
4E (eIF4E) and eukaryotic translation initiation factor 4GI
(eIF4GI), was reported in various tumors [16], including lung
cancer [17, 18].

Previous publications by others and us [13, 19–21] have
demonstrated the critical role of protein translation in lung
cancer cells [3] with specific emphasis on translational ma-
chinery [22]. Specifically, it was shown that the small mole-
cule 4EGI-1 inhibitor of eIF4E/eIF4G association inhibited
growth and induced TRAIL-mediated apoptosis of human
lung cancer cells [23].

Previously, we have investigated different aspects of pro-
tein homeostasis in NSCLC and showed that manipulation of

protein regulatory networks such as proteasome and ER ho-
meostasis impaired lung cancer cells, making them an attrac-
tive therapeutic target [20]. In the present study, we aimed to
examine the role of protein synthesis in the crosstalk between
the NSCLC cells and their metastatic microenvironment, the
bone. Since bone marrow MSCs (BM-MSCs) are an impor-
tant component of the bone niche, we focused on the BM-
MSCs’ secretome that affects translation initiation and cell
fate. Generally, our findings substantiate that BM-MSCs’
secretome actively modulates NSCLC, particularly translation
initiation and consequently migration. Future studies should
identify select influential soluble BM-MSCs’ secretome com-
ponents and explore the potential they may hold as new ther-
apeutic targets in lung cancer treatment.

Materials and methods

NSCLC cell lines

H1299 and H460 were cultured in RPMI 1640 and A549 in
HAM medium, all supplemented with 10 % heat-inactivated
fetal bovine serum and antibiotics (Biological Industries,
Israel).

BM-MSC isolation and propagation

BM samples were obtained from femur head samples of nor-
mal donors undergoing elective full hip replacement due to
orthopedic purposes (n=15, 11 females and 4 males, aged 74
±2.5 years). Mononuclear cells were isolated from BM sam-
ples on Ficoll (Sigma, Israel). Non-adherent cells were re-
moved from the media of culture, leaving the adhered MSCs
in the culture dish. Cells were tested for the following MSC
markers: positivity for vimentin (DakoCytomation, Denmark)
and negativity for keratin (Zymed, CA, USA) by immunocy-
tochemistry and presence of human stromal BM-MSCmarker
CD271 antibody (>80 %) (non-hematopoietic) and lack of
hematopoietic markers CD34 and CD45 (MACS; Miltenyi
Biotec, Germany) by flow cytometry (Navios; Beckman
Coulter, USA). The cells’ multipotency was tested by
assessing their capacity to differentiate into adipocytes and/
or osteoblasts using StemPro adipogenesis and osteogenesis
differentiation kit (Invitrogen, Carlsbad, CA, USA).
Adipogenic and osteogenic differentiations were demonstrat-
ed by Sudan IV staining and Alizarin Red (Sigma) staining,
respectively (Supplementary Fig. 1).

BM-MSCs’ secretome model

BM-MSCs’ conditioned medium (secretome) was collected
every 72 h from MSC culture flasks with 80 % confluence.
Conditioned medium was centrifuge at 172g for 5 min, and
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upper fluids were collected into fresh tubes. Conditioned me-
dia tubes were stored at −20 °C until use. Upon experiment,
the medium was mixed with fresh media (7:1 ratio, respec-
tively) and applied to NSCLC cell lines. The cells’ response
was compared to two types of controls: 72-h secretome of
NSCLC cells mixed with fresh media (7:1) and fresh media
to monitor the differences between used and fresh media. No
significant changes were measured between the NSCLC cells
treated with fresh media and NSCLC’s secretome (data not
shown). We conclude that all observed effects were attributed
to components of theMSCs’ secretome. Thus, all observations
were normalized to respective NSCLC’s secretome.

Trypan blue

Trypan blue was used as described before [19].

Immunoblotting

NSCLC cells were lysed, and Western blot was preformed as
described elsewhere [24]. The proteins were detected with the
following rabbit/mouse antihuman antibodies: peIF4E(Ser209)/
total eIF4E, peIF4GI(Ser1108)/total eIF4GI, p4EBP(Ser65)/to-
tal 4EBP, pmTOR(Ser2448)/total mTOR, pSAPK/JNK
(Thr183/Tyr185)/total JNK, phospho-p44/42 MAP kinase,
and extracellular signal-regulated kinase (ERK) (Thr202/
Tyr204)/total ERK (Cell Signaling, Danvers, MA, USA);
pMNK(Thr197/Thr202)/total MNK, SMAD5, and HSC-70
(Epitomics, CA, USA); and cMyc, hypoxia-inducible factor 1
alpha (HIF1α), and nuclear factor kappa B (NFkB) (Santa-
Cruz, CA, USA).

Cell viability assay

Assessment of viability was performed on NSCLC cell lines
using cell proliferation reagent WST-1 (Roch) as described
before [25].

Scratch assay

Scratch assaywas conducted as described before [19].Wound
closure was monitored by microscopy immediately after cell
scratching (0 h) and at 6/24/48 h post wounding.

Inhibitors

Mitogen-activated protein kinase (MAPK) inhibitors
SP600125 (20 μM, JNK inhibitor; Biomol Int., USA),
U0126 (10 μM, MEK1/2 inhibitor; CST, USA), and 4EGI-1
(35 μm, eIF4E/eIF4G interaction inhibitor; EMD Millipore)
were used. All were dissolved in DMSO.

Statistical analysis

Student’s paired t tests were used in analysis of differences
between cohorts. Effects were considered significant when p
value is <0.05.

Institutional Helsinki approval

MSCs were isolated from healthy donor samples as approved
by the Meir Medical Center’s Helsinki Committee and com-
plying with Helsinki regulations.

Results

BM-MSCs’ secretome inhibited NSCLC cells’ viability
and proliferation and induced death

Initially, we assessed the effect of BM-MSCs’ secretome on
the NSCLC phenotype. We cultured NSCLC with BM-MSC
conditioned media (secretome) and determined significantly
reduced viability after 72 h (30–60 %↓, p<0.01) (Fig. 1a). All
observations were normalized to respective NSCLC’s control
secretome (as explained in the BMaterials and methods^
section).

Total and death cell counts were also assessed. Findings
demonstrated significantly decreased total cell counts (30–
35 %↓, p<0.01) (Fig. 1b). Examination of the death rates
showed elevated percentage following the exposure to BM-
MSCs’ secretome (85–255 %, p<0.01) (Fig. 1c). A more de-
tailed representation of the phenotypic changes of the different
donors is presented in Supplementary Fig. 2. In order to de-
termine whether the decreased cell counts stemmed from
changes in cell proliferation on top of elevated cell death, we
assayed the expression of the proliferation marker proliferat-
ing cell nuclear antigen (PCNA). Indeed, decreased PCNA
levels were determined in NSCLC cells exposed to BM-
MSCs’ secretomes (40 %↓, p<0.05) (Fig. 1d).

BM-MSCs’ secretome inhibited NSCLC cell line
migration

The capability of tumor cells to migrate and invade is associ-
ated with high metastatic potential and advanced stage of can-
cers, as frequently developed in lung cancer patients. Accu-
mulating data underscore the importance of microenviron-
mental cues to cell migration [26]. Thus, we tested the effect
of BM-MSCs’ secretome on NSCLCs’ migratory capability
by applying the scratch assay. Our experiments indicated that
BM-MSCs’ secretome caused a significant retardation in the
cell migration [H1299 45 % (6 h), H460 55 % (24 h), A549
30 % (18 h) of scratch closure compared to control cells;
p<0.05] (Fig. 2a, b). The dissimilarity between the cell line
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migration rates may be explained by the different tissue ori-
gins and, as a consequence, different metastatic potentials
(H1299: metastatic site, H460: pleural effusion, A549: lung
tissue).

In concurrence with the altered cell migration, we also ob-
served changes in the cell morphology. Indeed, while control
migrating NSCLC cells cultured alone exhibited a more
fibroblast-like spindle appearance, the more stationary
NSCLC cells treated with BM-MSCs’ secretome displayed
an epithelial-like more-round morphology (Fig. 2c).

BM-MSCs’ secretome reduced translation initiation
in NSCLC cell lines

The unambiguous changes in the cell proliferation and migra-
tion and the established importance of protein synthesis to
both functions [15, 27–29] led us to further investigate protein
synthesis-related pathways. Therefore, we examined whether
major translation factors are involved. Indeed, we observed
profoundly decreased levels of the factors eIF4E and eIF4GI
following 72 h of culture with BM-MSCs’ secretome (30–
50 %/↓, p<0.05) (Fig. 3a).

We also determined decreased levels of eIF4E direct regu-
lators 4EBP (40 %/↓, p<0.05) and MNK (35–40 %/↓,
p<0.05) (Fig. 3b) and eIF4GI regulator mTOR (50 %/↓,

p<0.05) after 48 h of exposure to BM-MSCs’ secretomes
(Fig. 3b).

Finally, we assayed the expression levels of protein targets
known to depend specifically on eIF4E (NFkB [30]), eIF4GI
(SMAD5 and ERα [31, 32]), or both (HIF1α and cMyc [33,
34]) as indication that eIF4E/eIF4GI reduced activity de facto.
Indeed, expression of all targets was decreased after 72 h (20–
80 %/↓, p<0.01) (Fig. 3b).

Altogether, these observations indicate that the BM-MSCs’
secretomes contained elements that decreased translational
activity of eIF4E and eIF4GI in NSCLC cells.

BM-MSCs’ secretome affected MAPKs/translation
initiation-dependent migration in NSCLC cell lines

While the majority of BM-MSCs’ secretomes affecting
NSCLC phenotype and translation initiation were record-
ed after 72 h, we also witnessed earlier changes in cell
migration as soon as 6–24 h. Thus, we speculated that
there may be a common earlier upstream regulator of both
phenomena (i.e., migration and translation initiation). The
MAPKs JNK and ERK present as appropriate candidates
for this role because they have both been reported to reg-
ulate cell motility in various cell types [35] and regulate
the upstream regulators of eIF4E and eIF4GI [36]. Thus,

Fig. 1 NSCLC cells display reduced viability and proliferation and
elevated death upon exposure to BM-MSCs’ secretome. NSCLC cells
were cultured with BM-MSCs’ secretome. After 72 h, the cells were
harvested and assessed for changes in the cells. a Viability, b
proliferation, c death rate. Next, d NSCLC cell lines were lysed and

immunoblotted for the PCNA protein. Results are presented as percent
(mean±SE) of control cells (dotted line), and immunoblot results are
normalized to HSC-70 loading control (n≥3) in bar graphs (a–c) and
representative immunoblots (d). Statistically significant differences
between cohorts (*p<0.05; **p<0.01) are indicated
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we cultured NSCLC cell lines with BM-MSCs’ secretome
for 1.5 h and then assayed the levels of active MAPKs
pERK and pJNK. Indeed, reduced levels of pJNK and
pERK were observed in both NSCLC cell lines (pJNK,
20/−30 %/↓; pERK, 60/−80 %/↓; p<0.05) (Fig. 3c). Once
we determined an early signaling response in MAPKs, we
wondered whether there was an earlier response cycle in
the translation initiation cascade as well. Therefore, we
examined the effect of BM-MSCs’ secretome on eIF4E/
eIF4GI regulators at a reasonable time point post MAPK
activation. Indeed, after 2.5 h, we determined decreased
levels of p4EBP, pMNK, and pmTOR (30–55 %↓,
p<0.05) (Fig. 3d). Finally, in concordance with all of
our observations, we also determined decreased levels of
peIF4E and peIF4GI as soon as 5 h after exposure to BM-
MSCs’ secretomes (40–55 %↓, p<0.01) (Fig. 3d).

In summary, our results indicate that BM-MSCs’ secretome
attenuatesMAPKs, eIF4E/eIF4GI, and migration in sequence.
This has been suggested to us that attenuated NSCLC migra-
tion upon treatment of BM-MSCs’ secretome may also be
regulated by this early response cascade.

NSCLCmigration and translation initiation are regulated
by MAPK

To further establish the regulatory connection between
MAPK signals, eIF4E/eIF4GI phosphorylation, and
NSCLC migration, we treated NSCLC cells with JNK
and ERK inhibitors (SP600125 and U0126, respectively).
Following 45 min of exposure, we validated their activity
by assaying the levels of the respective phosphorylated
MAPKs (Supplementary Fig. 3). After 1.5 h of NSCLC
exposure to either MAPK inhibitors, we determined re-
duced peIF4E/peIF4GI levels as well as the levels of their
respective regulators (regulators, 25–60 %↓; peIF4E/
peIF4GI, 30–60 %↓; p<0.05) (Fig. 4a). Finally, we per-
formed scratch assays in NSCLC cell lines while JNK and
ERK were inhibited. Indeed, we determined reduced mo-
tility rates of NSCLC cells upon either MAPK inhibition
presented in retarded scratch closure (JNKi, 60–65 %;
ERKi, 65–90 %; p<0.05) (Fig. 4b, c).

Taken together, our results demonstrate that JNK and ERK
control the phosphorylation levels of eIF4E and eIF4GI in

Fig. 2 BM-MSCs’ secretome inhibited NSCLC cell line migration:
NSCLC cell lines were cultured with BM-MSCs’ secretome, and the
effect on cell migration was assessed by scratch assay. Scratch closure
was photographed immediately (0 h) and after 6 h for H1299, 24 h for
H460, or 18 h for A549 (magnification, ×40) of cultured cells’ area.
Results are presented as a percent in bar graphs (mean±SE, n≥3) of

control cells (dotted line) and b representative images. Statistically
significant differences between cohorts (*p<0.05; **p<0.01) are
indicated. c Morphology changes of NSCLC cells treated with BM-
MSCs’ secretome (representative images). Control cells display spindle-
shaped appearance and fibroblast-like shape, while treated cells reserved
their epithelial morphology
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NSCLC. Moreover, inhibition of these MAPKs reduces the
migration levels of NSCLC cells.

Disassociation of eIF4E/eIF4GI complex inhibited
NSCLC cell migration

In order to close the loop and further establish the connection
between the translation initiation factors and NSCLC cell mi-
gration, we tested the significance of eIF4E/eIF4GI inhibition
to NSCLC migration. For this purpose, we used the small
molecule 4EGI-1 inhibitor of translation initiation that dis-
rupts eIF4E/eIF4G association by binding eIF4E. Thus, we
performed scratch assays while the NSCLC cells were treated
with 4EGI-1. Indeed, we measured reduced motility rates of

NSCLC cells upon eIF4E/eIF4GI disassociation presented in
retarded scratch closure (40–50 %, p<0.05) (Fig. 5). These
findings suggest that manipulation of translation initiation
pathways indeed affect NSCLC migration.

Discussion

In this study, we have demonstrated that the BM-MSCs’
secretome was able to suppress NSCLC cell growth and
elevate their death. We showed inhibitory effect on the
lung cancer cell migration that is regulated both by
MAPK signaling pathways and by translation initiation
mechanisms. We concentrated on fundamental factors

Fig. 3 BM-MSCs’ secretome downregulated both translation initiation
and MAPK signaling. NSCLC cells were cultured with BM-MSCs’
secretome (sec). Following 48/72 h of culturing, the cells were lysed
and immunoblotted for a translation initiation factors eIF4E/eIF4GI, b
the factors’ regulators [eIF4E (4EBP, MNK), eIF4GI (mTOR)] and
targets [eIF4E (NFkB, cyclin D1), eIF4GI (SMAD5, ERα), both
(HIF1α, cMyc)]. c Next, following 1.5 h of culturing, the cells were
immunoblotted for the MAPKs pJNK and pERK. d Finally, we

explored short-term effects of the BM-MSCs’ secretome on NSCLC
cells and immunoblotted the cells for regulators after 2.5 h of exposure
and eIF4E/eIF4GI after 5 h of exposure. The results are presented as
percent (mean±SE) of control cells (dotted line) and normalized to
HSC-70 loading control (n≥3). Representative immunoblots are
presented under each graph. Statistically significant differences between
cohorts (*p<0.05; **p<0.01) are indicated
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that assemble the eIF4F translation initiation complex,
eIF4E and eIF4GI. Additional evidence for the factors’
functional inhibition was afforded by the reduction in
their established target levels. Finally, examination of
MAPK signaling pathway in NSCLC exposed to MSCs’
secretome revealed downregulation of ERK/JNK signals
that also led to reduced levels of downstream targets
pMNK/pmTOR/p4EBP and peIF4E/peIF4GI (timeline is
summarized in Fig. 6).

Recently, more attention has been paid to the interaction
between MSCs and tumor cells. Studies that investigated
MSCs in the lung cancer microenvironment revealed that they
exhibit genetic and functional abnormalities compared to their
normal counterparts manifested in accelerated growth kinet-
ics, reduced sensitivity to cisplatin, and differential gene

expression [10]. A number of studies have reported thatMSCs
inhibited lung cancer tumor progression and function by spe-
cifically limiting the tumor cell propagation [37]. On the other
hand, contradictory studies have demonstrated that MSCs are
an NSCLC-inductive microenvironment that has the ability to
protect lung cancer cells from apoptosis [6]. A possible expla-
nation for these conflicting in vitro outcomes lies in the ratio
of MSC numbers to cancer cells that were used in different
studies [6].

Despite these two contradictory outcomes, both
strongly support the fundamental role played by MSCs
in lung carcinogenesis and present a promising cellular
substrate to dissect the function/role of the tumor micro-
environment in lung carcinogenesis and to develop new
targeted therapies.

Fig. 4 MAPK inhibitors affected the translation initiation factors’
phosphorylation and cell migration in NSCLC cells. a NSCLC cell
lines were treated with JNK inhibitor (SP600125, 20 μM, upper panel)
and ERK inhibitor (U0126, 10 μM, lower panel). After 1.5 h, the cells
were harvested and immunoblotted for peIF4E/peIF4GI (white bars) and
their regulators [eIF4E (4EBP, MNK), eIF4GI (mTOR) (gray bars)]. The
results are presented in graphs (left) as percent (mean±SE) of control cells
(dotted line) and normalized to HSC-70 loading control (n≥3).

Representative immunoblots are presented (right). b, c Next, the effect
of MAPKs on NSCLC cell migration was assessed by scratch assay. The
cells were treated with the inhibitors, and scratch closure was
photographed immediately (0 h) and after 6 h for H1299 or 24 h for
H460 (magnification, ×40) of cultured cells’ area. Results are presented
as b percent in bar graphs (mean±SE, n≥3) of control cells (dotted line)
and c representative images. Statistically significant differences between
cohorts (*p<0.05; **p<0.01) are indicated
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A major role has been previously depicted for micro-
environmental cues in cancer cell motility and metastasis
[38]. In NSCLC, the median survival from the time pa-
tients develop bone metastasis is less than 6 months [39].
Early detection of NSCLC is difficult; thus, 30–40 % of
patients with NSCLC develop bone metastases during the
course of their disease. Prognosis of lung cancer patients
with bone metastases is poor, and they experience reduced
quality of life [40].

In cancer metastasis, epithelial-to-mesenchymal transi-
tion (EMT) and mesenchymal-to-epithelial transition
(MET) are recognized as critical events for metastasis
initiation and culmination. Published studies mainly focus
on mechanisms underlying EMT, but relatively less is
known about the role of MET. MET is believed to partic-
ipate in the establishment and stabilization of distant me-
tastases by allowing cancerous cells to regain epithelial
properties and settle at distant organs [41]. Given the crit-
ical role of MET in metastatic tumor formation, better
knowledge regarding the process will facilitate the

identification of novel therapeutic targets and offer new
hope for inhibiting metastatic tumor formation.

It is commonly known that the bone microenvironment
is a fertile soil for tumor cells due to factors released by the
bone matrix. Local bone conditions such as acidosis and
hypoxia are recognized as cancer-supporting surroundings
[40]. Specifically in lung cancer, a subset of disseminated
tumor cells (DTCs) expressing CD133 and CXCR4 have
been located in the bone tissue and expressed cancer-
initiating cell (CIC) features that are essential for metastasis
formation [40].

In our opinion, our findings may shed new light on
bone metastasis formation in NSCLC. We propose that
DTCs that spread from the primary tumor arrive at the
bone marrow where they are exposed to the soluble
factors secreted from the MSCs. As a result, the migra-
tion rate of the cancer cells is reduced and the cells can
settle in the bone tissue and initiate a metastasis. These
phenotypic characteristics coincide with the process of
MET. Based on these findings, we put forward that

Fig. 5 Disassociation of eIF4E/eIF4GI complex inhibited NSCLC cell
migration. NSCLC cell lines were treated with the small molecule 4EGI-1
(inhibit eIF4E/eIF4GI association (35 μM)). The effect of 4EGI-1 on
NSCLC cell migration was assessed by scratch assay. Scratch closure
was photographed immediately (0 h) and after 6 h for H1299, 24 h for

H460, and 18 h for A549 (magnification, ×40) of cultured cells’ area.
Results are presented as a percent in bar graphs (mean±SE, n≥3) of
control cells (dotted line) and (b) representative images. Statistically
significant differences between cohorts (*p<0.05) are indicated
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interrupting the crosstalk between the cancer cells and
the secreted factors from MSCs in the bone marrow
may lead to reduced metastasis formation in lung cancer
patients’ bone and improve survival and quality of life.
In accordance, research by Vallone et al. [42] proposed
that the primary tumor could alter the plasticity of
MSCs and suggested that BM-MSCs in cancer patients
may be responsible for creating a pre-metastatic niche.

Conditioned media may consist of free agents such as
cytokines, growth factors, and even microRNAs and/or
cargo-carrying membrane-wrapped vesicles such as
exosomes (50–100 nm) and microvesicles (MVs) (100–
1000 nm) [43]. Indeed, recent studies by others and us
have demonstrated that factors in MSCs’ conditioned me-
dium, including exosomes and soluble factors, can mediate
biological functions and suppress tumor progression
[44–46]. Specifically, MSCs’ secreted factors such as
VEGF, MCP-1, MIG, MIP-1a, and MIP-1b were able to
reduce MAPK signaling pathways, which affected the can-
cer cells’ malignant phenotype [47].

Many lines of evidence support the idea that disrup-
tion of eIF4F activity has antioncogenic consequences
[48], especially in breast cancer. For example, KD of
eIF4E in breast cancer metastatic cells induced MET
and inhibited metastasis [49]. Additional research in
breast cancer showed that inhibition of cap-dependent

translation downregulated Snail expression and sup-
pressed cell migration and invasion.

Nevertheless, no study addressed the participation of
translation initiation machinery in lung cancer cell mi-
gration or the influence of neighboring cell populations
on these signals. Here, we demonstrated for the first
time the effect of lung cancer exposure to BM-MSCs’
secretome, specifically the inhibited translation initiation
factors, the connection to MAPK regulation, and the
influence on the cell fate and migration. Of note, the
consequences of translation initiation modulation may
have different consequences in different settings. For
instance, while in the primary tumor site inhibition of
translation initiation may limit the cell detachment from
the tumor bulk and deplete metastatic cells, it may be
the metastasis-promoting event when it promotes the
migratory cells resettling at distant new sites. In sum-
mary, our current study uncovered microenvironmental
cues that critically affected NSCLC cell fate via trans-
lation factor signals. We specifically shed light on the
cell migration as the progression of cancers from prima-
ry tumors to invasive and metastatic stages accounts for
the overwhelming majority of cancer deaths. Under-
standing the molecular events which promote metastasis
and improve the means of foretelling their development
is a major goal of the current clinical research.

Fig. 6 Timeline of the secretome effect on NSCLC cells. The figure
presents the signaling activation sequence and phenotypic alterations
following exposure of NSCLC cells to BM-MSCs’ secretome. The
schematic presentation describes the timeline of events that emerged
from BM-MSCs’ secretome, while the thin arrows indicate the trend of
change. The gray lines represent the inhibitors’ effects at the same points.

The left arrow depicts the time in which the effects were detected. Here
too, the black font represents the time of the effects in the cells that were
exposed to the BM-MSCs’ secretome while the gray font represents the
time for cells treated with the inhibitors. On the right side of the schema,
what was affected in each time point is specified
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