
Vol.:(0123456789)1 3

Cancer Immunology, Immunotherapy 
https://doi.org/10.1007/s00262-019-02459-w

ORIGINAL ARTICLE

Lung cancer‑derived extracellular vesicles: a possible mediator of mast 
cell activation in the tumor microenvironment

Pazit Salamon1 · Yoseph A. Mekori1,2,3 · Irit Shefler1 

Received: 7 July 2019 / Accepted: 22 December 2019 
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Activated mast cells are often found in the tumor microenvironment. They have both pro- and anti-tumorigenic roles, 
depending on the tumor type. Several lines of evidence suggest that the tumor microenvironment contains multiple soluble 
factors that can drive mast cell recruitment and activation. However, it is not yet clear how mast cells are activated by tumor 
cells. In this study, we explored whether tumor-derived microvesicles (TMV) from non-small cell lung cancer (NSCLC) 
cells interact with human mast cells, activate them to release cytokines, and affect their migratory ability. PKH67-labelled 
TMV isolated from NSCLC cell lines were found to be internalized by mast cells. This internalization was first noticed after 
4 h and peaked within 24 h of co-incubation. Furthermore, internalization of TMV derived from NSCLC cell lines or from 
surgical lung tissue specimens resulted in ERK phosphorylation, enhanced mast cell migratory ability and increased release 
of cytokines and chemokines, such as TNF-α and MCP-1. Our data are thus, consistent with the conclusion that TMV have 
the potential to influence mast cell activity and thereby, affect tumorigenesis.
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ATCC​	� American type culture collection
CCL2	� Chemokine (C–C motif) ligand 2
ERK	� Extracellular signal-regulated kinase
EVs	� Extracellular vesicles
MC	� Mast cells
MCP-1	� Monocyte chemoattractant protein 1
MV	� Microvesicles
mvT*	� Microvesicles derived from activated T cells
NSCLC	� Non-small cell lung cancer
TMV	� Tumor-derived microvesicles

Introduction

Mast cells (MC) are known as pivotal effector cells in 
allergic responses. However, emerging data indicate their 
important role in establishing innate and adaptive immune 
responses [1]. In this context, we reported that extracel-
lular vesicles (EVs), such as microvesicles (MV) derived 
from activated T cells, induced MC activation and mediator 
release [2]. MC are also often found at the site of various 
tumors and function as a component of the tumor micro-
environment. Studies have shown that MC have both pro- 
and anti-tumorigenic roles in the tumor microenvironment 
depending on the tumor type and its developmental stage 
[3, 4]. MC can promote tumor growth by affecting angio-
genesis, tissue remodeling and modulating the host immune 
response. This can be done by releasing mediators such as 
histamine, prostaglandins, tryptase, β-FGF, TGF-β, VEGF 
and IL-8. In contrast, the anti-tumorigenic effects of MC 
include direct growth inhibition, immunologic stimulation 
and decreased cell mobility. These effects involve the release 
of chymase, tryptase, TNF-α and IL-9. Some mediators may 
have both pro- and anti-tumorigenic roles, which are deter-
mined by their concentration, the presence of cofactors and 
the location of their secretion [3, 4]. Several lines of evi-
dence, as reviewed by Varricchi et al., suggest that the tumor 
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microenvironment contains multiple soluble factors that can 
drive MC recruitment and activation [3]. For instance, it 
has recently, been reported that glioma cells’ conditioned 
medium stimulated MC to release several cytokines [5]. One 
way of interaction between tumor cells and other cells in the 
tumor microenvironment may occur by releasing extracel-
lular vesicles (EV) that interact and affect the cells in the 
region [6, 7]. One type of EV are microvesicles (MV) that 
are shed from the plasma membrane by outward budding 
and carry proteins, RNA species and lipids [8, 9]. Tumor-
derived MV (TMV) were found to influence a multitude of 
processes that support tumor progression, such as angiogen-
esis, cellular proliferation, migration, invasion, metastasis, 
immunoediting and drug resistance. This can be mediated by 
transferring of bioactive cargos to the recipient cells that are 
found in the tumor microenvironment. These bioactive mate-
rials may be comprised of markers and signaling molecules, 
oncogenic proteins and nucleic acids, including various 
RNAs, such as microRNAs [6, 10–13]. For example, TMV, 
released from the non-small cell lung cancer (NSCLC) cell 
line A549, were shown to affect endothelial cells and stroma 
fibroblasts [14].

Most cases of lung cancer are NSCLC, which has an 
extremely low survival rate. In NSCLC, MC infiltration 
into tumor islets confers a survival advantage independent 
of tumor stage [15]. In contrast, another study found that 
numbers of MC correlate with tumor angiogenesis and poor 
prognosis [6]. Nevertheless, it is not completely clear how 
MC are activated within the tumor microenvironment and 
whether the TMV play a role in MC activation. We hypoth-
esized that similar to MC activation in T cell-mediated 
inflammatory processes, the tumor cells release TMV that 
influence the MC present in the tumor microenvironment.

In the present study, we demonstrated that TMV derived 
from NSCLC cells are internalized into MC and stimulate 
them to release TNF-α and monocyte chemoattractant pro-
tein 1 (MCP-1)/chemokine (C–C motif) ligand 2 (CCL2), as 
well as enhancing both their chemotactic and chemokinetic 
activity. Thus, TMV serve as one of the factors in the tumor 
microenvironment that activate MC, which in turn can affect 
the cancerous process.

Materials and methods

Antibodies and reagents

The antibodies used for this study include anti-phospho-
ERK1/2, (Cell Signaling Technology, Danvers, MA), anti-
Tubulin (Sigma-Aldrich, St. Louis, MO) and HRP-con-
jugated secondary antibodies (Jackson ImmunoResearch 
Laboratories, West Grove, PA). Cytochalasin D was pur-
chased from Sigma-Aldrich.

Cell culture

Reagents for cell culture were purchased from Biological 
Industries (Beit Haemek, Israel). Human LAD2 MC were 
maintained in StemPro-34® SFM (GIBCO™ Invitrogen 
Corporation, Grand Island, NY, USA) supplemented with 
2 mM l-glutamine, 50 μg/ml streptomycin, 100 U/ml peni-
cillin, 12.5 U/ml nystatin and 100 ng/ml recombinant human 
stem cell factor (PeproTech, Inc., Rocky Hill, NJ) as previ-
ously described [2, 16]. The NSCLC cell lines H1299 and 
H1975 or A549 were cultured in RPMI1640 or DMEM, 
respectively, supplemented with 10% heat-inactivated FBS, 
2 mM l-glutamine, 100 U/ml penicillin, 100 μg/ml strepto-
mycin, and 12.5 U/ml nystatin. Primary lung cancer speci-
mens were obtained from patients who underwent surgery 
for newly diagnosed lung cancer, at Meir Medical Center 
(Kfar Saba, Israel). For cell isolation, samples were minced 
into 1 mm3 pieces and digested. Non-adherent cells were 
removed along with the culture media leaving the adherent 
cells in the culture dish.

Isolation of tumor‑derived microvesicles (TMV)

TMV were isolated from conditioned media collected from 
80% confluent NSCLC cell lines (A549, H1299, H1975), as 
described previously [2]. Briefly, NSCLC supernatants were 
centrifuged at 800g for 5 min and then centrifuged at 4500g 
for 5 min to discard large debris. The TMV were isolated 
after centrifugation at 20,000g for 60 min at 4 °C following 
washing and resuspension in PBS. Ultrastructural analysis 
of the isolated MV demonstrated membrane-coated round 
vesicles ranging in size from 100 to 800 nm in diameter, 
that expose phosphoatidylserine on their surface [2]. The 
TMV concentration was measured at 280 nm using Nan-
oDrop spectrophotometers (Thermo Scientific NanoDrop™ 
1000). The quantity of protein in TMV was similar in all 
analyzed samples.

Mast cell activation

LAD2 MC were activated by incubating with 100 μg/ml 
TMV isolated from NSCLC cell lines or from primary lung 
cancer cells, for 24–96 h.

Flow cytometry

A549-TMV were stained with PKH67 dye according to 
the manufacturer’s instructions (Sigma-Aldrich). The 
PKH67-labeled A549-TMV were incubated with LAD2 
cells at 37 °C for 1–24 h. Flow cytometry was conducted as 
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previously described in detail [16]. To inhibit MV uptake, 
LAD2 cells were pre-incubated for 60 min with cytochalasin 
D followed by stimulation with A549-TMV for 4 h at 37 °C.

Confocal microscopy

LAD2 MC were incubated with PKH67-labeled A549-TMV 
for 1–24 h. Flow cytometry was conducted as previously 
described in detail [16].

Human cytokine assay

Supernatants obtained from the different culture condi-
tions described in “Mast cell activation” were examined for 
released TNF-α and MCP-1/CCL2 using commercial ELISA 
kits (Human TNF-α High Sensitivity ELISA; eBioscience, 
San Diego, CA and Human MCP-1/CCL2 Development kit; 
PeproTech Asia, Rehovot, Israel), respectively.

SDS‑PAGE and immunoblotting

Cellular extracts were separated with SDS-PAGE using 10% 
polyacrylamide gels and processed for immunoblotting, as 
described in detail elsewhere [17]. Immunoreactive bands 
were visualized using the LAS-3000 imaging system (Fuji-
film Corp., Tokyo, Japan).

Migration assay

Naïve LAD2 cells or cells that were pre-incubated for 
60 min with cytochalasin D were stimulated with TMV for 
24 h at 37 °C. At the end of incubation period, the cells 
were collected and washed with PBS. A 24 transwell system 
with 8 μm pores (Costar® Corning Incorporated-Life Sci-
ences, Kennebunk, ME) was used for migration. Activated 
or resting cells were added to the upper chambers and cul-
ture medium or the corresponding TMV were added to the 
lower chambers. After 24 h at 37 °C, the cells in the lower 
chambers were counted under light microscopy (Carl Zeiss 
Microscopy GmbH, Oberkochen, Germany).

RNA isolation

Total RNA was extracted from LAD2 MC activated with 
100  μg/ml TMV isolated from NSCLC cell lines for 
24–48 h, using Direct-Zol™ RNA MiniPrep plus kit (Zymo 
research, CA), according to the manufacturer’s protocol.

Real‑time PCR

cDNA was synthesized using the high-capacity cDNA 
reverse transcriptase kit (Applied Biosystem, Carlsbad, 
CA). Gene expression was determined with Fast Real-Time 

PCR using an ABI 7500 Thermal Cycler (Applied Biosys-
tems). Expression of TNF-α and MCP-1/CCL2 genes was 
measured using specific TaqMan probes (Applied Biosys-
tems; human-TNF-α Hs00174128_m1 and human MCP-1/
CCL2 Hs00234140_m1, respectively). Expression of 
β-glucuronidase gene (GUSB) was used as a housekeeping 
gene for analysis of changes in the cycle threshold values.

Statistical analysis

Results are presented as mean ± S.E. Unpaired Student’s t 
test was used to analyze the data. A p value of less than 0.05 
was considered statistically significant.

Results

Uptake of TMV from lung cancer by human MC

Tumor cells were found to release TMV that interacted with 
cells in the tumor microenvironment [6]. We previously 
reported that MV derived from activated T cells induced 
MC activation and mediator release [16]. Therefore, we 
addressed the question whether TMV from lung cancer 
cells could interact with MC. As shown in Fig. 1a, confocal 
microscopy showed internalization of PKH67-labeled A549-
TMV into MC, in a time-dependent manner. Similar kinetics 
were observed with flow cytometry analysis, demonstrating 
dye uptake in 8.6%, 36.6% and 98.1% of these cells at 1 h, 
4 h and 24 h, respectively (Fig. 1b, c). To confirm inter-
nalization of A549-TMV by MC, the cells were pre-treated 
with cytochalasin D, a specific inhibitor of phagocytosis, 
followed by incubation with PKH67-A549-TMV. Treat-
ment with cytochalasin D resulted in 50% inhibition of 
A549-TMV uptake. Taken together, these results indicate 
that A549-TMV are internalized into MC, in part by phago-
cytosis, a process that requires 24 h to complete (Fig. 1d).

TMV from lung cancer cells induce ERK 
phosphorylation in human MC

MV derived from activated T cells were previously shown 
to activate the MAPK signaling pathway in MC, resulting in 
high phosphorylation levels of extracellular signal regulated 
kinase (ERK) [2]. Therefore, ERK phosphorylation was used 
to assess MAPK family involvement in TMV-induced MC 
activation. As shown in Fig. 2a, b, stimulation of MC with 
TMV derived from three human NSCLC cell lines (H1299, 
H1975 and A549) or with MV derived from primary lung 
cancer cells isolated from patients with lung cancer, revealed 
transient ERK activation, with maximum response observed 
at 1 min of activation and declining at 5 min. This pattern 
is different from the sustained ERK activation that was 
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observed when MC were activated by T cell-derived MV 
[18]. Nonetheless, these results demonstrate that MC acti-
vation by TMV may involve the MAPK signaling pathway.

TMV derived from lung cancer cells induce TNF‑a 
and MCP‑1/CCL2 production from MC

Next, we analyzed whether activation of human MC by 
TMV would result in production of cytokines, such as 
TNF-α; a key factor in tumor progression [19]. Incubating 
LAD2 MC with TMV derived from the NSCLC cell lines 
H1299, H1975 and A549 revealed a 3–10-fold increase in 
TNF-α gene expression after 24 h and an approximately 
250–1700-fold increase after 48 h of incubation (Fig. 3a). 

The TNF-α release was measured after 72–96 h incuba-
tion (Fig. 3b). The late TNF-α expression and release may 
indicate the need for TMV internalization that requires 
24 h to complete. Indeed, pre-incubation with cytochalasin 
D abrogated the release of TNF-α (Fig. 3c), implying that 
internalization of lung TMV into LAD2 cells is critical 
for TNF-α release. Furthermore, activation of LAD2 MC 
with TMV-derived from the NSCLC also resulted in 4–14-
fold increase in MCP-1/CCL2 gene expression after 48 h 
incubation (Fig. 3d) and of the release of this chemokine 
after activation by TMV-derived from the H1975 cell line 
(Fig. 3e). Taken together, these results indicate that MV 
facilitate interaction between lung cancer cells and MC 
and that internalization of TMV into MC induces the 

Fig. 1   Uptake of A549-TMV by 
LAD2 cells. LAD2 cells were 
incubated at different time-
points with PKH67-A549-TMV. 
The uptake level of A549-TMV 
in LAD2 cells was assayed by 
confocal microscopy (the right 
panel represents a single cell) 
(a) or by flow cytometry data 
(b, c). Flow cytometry data of 
the effect of cytochalasin D 
(20 μm) on A549-TMV uptake 
(d). These results are repre-
sentative of three independent 
experiments
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release of cytokines and chemokines that are important 
for tumor growth and progression [19, 20].

TMV derived from lung cancer cells induce MC 
migration

Interaction of MC with various tumor cells enhances the 
migration ability of the former [3]. Therefore, we analyzed 
the influence of NSCLC-TMV on MC migration. For this 
purpose, resting LAD2 MC or those that were stimulated 
for 24 h with TMV derived from NSCLC cell lines (Fig. 4a, 
b) or with MV derived from primary lung cancer cells 
(Fig. 4c) were seeded in the upper chambers of a transwell 
system. Medium or NSCLC-TMV were added to the lower 
chambers. The number of LAD2 cells that migrated to the 
lower chambers was analyzed after 24 h incubation. TMV-
derived from NSCLC cell lines (Fig. 4a) or from primary 
lung cancer cells (Fig. 4b) induced significant MC migra-
tion when added to the lower chamber. This suggests that 
these TMV may serve as a chemotactic factor for MC in 
the tumor microenvironment. Moreover, MC that were pre-
activated with A549-TMV or H1299-TMV but not with 
H1975-TMV had higher migratory ability, as compared 
to resting LAD2 cells. Of note, this effect was noticed in 
the absence of TMV in the lower chamber, thus indicating 
increased chemokinesis [21]. Pretreatment of the cells with 
cytochalasin D prior to A549-TMV stimulation resulted in 
inhibition of MC migration (Fig. 4c). These results indicate 

Fig. 2   The effect of NSCLC-TMV on ERK activity. a LAD2 MC 
were stimulated with 100 μg/ml TMV derived from the NSCLC cell 
lines H1299, H1975, A549 or MV derived from primary lung cancer 
cells. The kinetics of pERK was analyzed by immunoblotting. b Den-
sitometry analysis of pERK kinetics. These results are representative 
of three independent experiments

Fig. 3   Effect of NSCLC-TMV 
on cytokine release. LAD2 
cells stimulated with 100 μg/ml 
H1299- H1975- or A549-TMV. 
TNF-α mRNA expression was 
measured with real time PCR 
(a) and its release was assayed 
by ELISA (b). TNF-α release 
in activated LAD2 cells, with 
or without pretreatment with 
cytochalasin D (20 μm) (c). 
MCP-1/CCL2 mRNA expres-
sion levels (d) or MCP-1/
CCL2 release (e) in LAD2 
cells stimulated, as indicated. 
mRNA was assayed using real 
time PCR and normalized to 
β-glucuronidase expression 
(GUSB). Data are presented as 
mean ± S.E. of three independ-
ent experiments done in dupli-
cate (*P < 0.05; **P < 0.01)
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that internalization of TMV into MC, which is necessary for 
MC activation, enhanced MC migration. Thus, TMV in the 
tumor microenvironment and their internalization by MC 
contributes to MC migration.

Discussion

The presence of MC in the tumor microenvironment has 
been documented in several different neoplasms, including 
hematologic and solid tumors. MC can promote or restrict 
tumor growth and invasiveness depending on tumor source 
and stage [3, 22, 23]. Indeed, pro- and anti-tumorigenic roles 
for MC were documented in lung cancer [24].

The tumor microenvironment contains multiple soluble 
factors that can drive MC recruitment and activation [3]. 
However, the ways by which MC are activated by the tumor 
cells have not been fully elucidated. Several lines of evi-
dence show that MV are important constituents of the tumor 
microenvironment and are secreted (among other cells) by 
the expanding tumor cells, themselves [6]. In this study, we 
provide evidence that TMV derived from lung cancer cells 
internalize into MC (Fig. 1) and induce their activation. 
Based on confocal microscopy and flow cytometry, we show 
that A549-derived TMV adhere to and are engulfed by MC. 
This process can be detected as early as 1 h after initiation of 

incubation and appears to be completed after 24 h (Fig. 1). 
A similar pattern of kinetics has been observed in other sys-
tems, such as internalization of TMV by monocytes [25].

The interaction of MC with TMV derived from NSCLC 
or with MV derived from primary lung cancer cells, resulted 
in increased ERK phosphorylation (Fig. 2). These results are 
consistent with previous findings that A549-derived TMV 
were able to induce ERK phosphorylation in stroma fibro-
blasts [14]. Moreover, membranes purified from A549 lung 
tumor cells were also found to increase ERK phosphoryla-
tion in MC [26]. The pattern of ERK phosphorylation in MC 
stimulated by TMV derived from NSCLC (Fig. 2), as well as 
with A549-derived membranes [26] was transient, with max-
imum response observed at 1 min of activation and declining 
by 5 min. This pattern is different from the sustained ERK 
phosphorylation that was observed when MC were acti-
vated by mvT* [18]. The spatiotemporal pattern of ERK 
activation may lead to the release of different cytokines. 
Sustained ERK phosphorylation was found to lead to IL-8 
release, whereas transient ERK activation resulted in TNF-α 
release [18]. Concordantly, we now demonstrate that TMV 
derived from NSCLC lead to TNF-α (Fig. 3) but not IL-8 
production and release by MC (not shown). TNF-α, a key 
factor in tumor promotion, has been described as having a 
paradoxical role in cancer by inducing cell-mediated killing 
of certain tumors, as well as acting as a tumor promoter 

Fig. 4   Effect of NSCLC-TMV 
on mast cell migration. LAD2 
cells were stimulated for 24 h 
with H1299- H1975- or A549-
TMV (a), with MV derived 
from primary lung cancer 
cells (b) or pre-incubated for 
60 min with cytochalasin D 
(20 μm) following stimula-
tion with A549-TMV (c). 
LAD2 cell migration was 
performed in a 24 transwell 
system for 24 h. Migration 
was measured by counting 
cells in the lower compartment 
using light microscopy. Upper 
upper chamber, Lower lower 
chamber. Results are presented 
as percent of untreated cells [M 
medium]. Data are presented as 
mean ± S.E. of three independ-
ent experiments done in dupli-
cate (*P < 0.05; ** P < 0.01)
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[19]. Previous studies have demonstrated that TNF-α is 
expressed in MC that are in NSCLC tumor stroma and that 
its increased expression is independently associated with 
improved survival [15]. Here, we show that TNF-α release 
by MC is contingent on the uptake of NSCLC-derived TMV, 
as treatment with cytochalasin D inhibited TNF-α release 
almost completely (Fig. 3).

Since the kinetics of ERK phosphorylation are very fast 
and differ from the long period needed for production and 
releasing of TNF-α from TMV-activated MC, we assumed 
that NSCLC-TMV simulate MC in distinct pathways. Induc-
tion of ERK phosphorylation is a rapid process (minutes) 
that may occur by contact between TMV and MC. In con-
trast, TNF-α release, which we showed was dependent on 
TMV uptake (Fig. 3) needs more than 24 h to occur. This 
process may involve intermediate mediators transferred to 
the cells by the TMV. For instance, this cargo can be mir-
coRNA or proteins known to be carried by the TMV [27]. 
Further research is needed to explore this hypothesis.

The chemokine MCP-1/CCL2 was also found to be 
produced and released from MC by incubation with TMV 
derived from the H1975 cell line (Fig. 3).

MCP-1/CCL2 is a known potent monocyte-attracting 
chemokine that greatly contributes to the recruitment of 
blood monocytes into sites of inflammation and tumors. Var-
ious cells present in the tumor microenvironment are able 
to produce MCP-1/CCL2 in response to different stimuli 
[20]. For example, it has been demonstrated that MV derived 
from lung tumor cells activated macrophages to release 
MCP-1/CCL2, which in turn led to monocyte recruitment 
that matured into metastasis-promoting macrophages. These 
specialized macrophages create a pre-metastatic inflamma-
tory microenvironment critical for survival and colonization 
of immigrant tumorigenic cells; thus, promoting metastasis 
in lung cancer [27].

Interestingly, TMV did not induce degranulation as meas-
ured by β-hexosaminidase release (not shown), indicating 
that MC activation by TMV differs from that induced by 
FcεRI cross-linking, as reported previously [16].

We also noticed that internalization of NSCLC-TMV 
resulted in enhanced MC migration (Fig. 4). Migration of 
cells toward chemical cues or chemotaxis is important for 
many biological processes, including cancer. Extracellular 
vesicles were found to enhance cellular chemotaxis in the 
tumor microenvironment, including the cancer cells them-
selves [28]; probably due to directional cues carried by 
these vesicles [28, 29]. Vesicles shed by NSCLC cell lines, 
pancreatic adenocarcinoma and colorectal adenocarcinoma 
stimulated chemotaxis of granulocytes, lymphocytes and 
monocytes [10]. Furthermore, similar to our results, A549-
derived TMV were found to directly attract stromal fibro-
blasts and endothelial cells [14]. As presented in Fig. 4, pre-
activating MC with NSCLC-TMV enhanced their random 

migration, which is referred to as chemokinesis. A further 
increase in migratory cells was documented when activated 
cells were allowed to migrate toward NSCLC-TMV, indicat-
ing that NSCLC-TMV have both chemotactic and chemoki-
netic activity. We assume that, as shown in other experi-
mental systems, MC activation influences their migratory 
ability, as found when sensitized LAD2 cells demonstrated 
increased migration in response to increasing concentrations 
of the specific antigen [30].

In the present study, we used a LAD2 human MC line. 
Although LAD2 cells were first established from a patient 
with mast cell sarcoma/leukemia, they resemble primary 
cultured CD34+-derived MC from humans; thus, supporting 
the validity of using LAD2 cells as a human MC model [31].

Conclusion

This study was designed to determine which factors in the 
tumor microenvironment induce MC activation. We deci-
phered an important aspect of TMV-mediated crosstalk 
with MC in the tumor microenvironment. Understanding 
the mechanism that promotes MC activation in the tumor 
microenvironment may contribute to our understanding of 
tumor progression and to developing possible therapeutic 
modalities.
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Cell line authentication  For lines A549, H1299 and H1975, cell line 
authentication was performed at the Genomics Center of Biomedical 
Core Facility, Technion, Haifa, Israel. The test was performed using the 
Promega GenePrint 24 System to determine short tandem repeat (STR) 
profile of 23 loci plus Amelogenin for sex determination (X or XY). In 
addition, the male-specific DYS391 locus is included to identify null 
Y allele results for Amelogenin. The results were analyzed using the 
3500xl Genetic Analyzer (Life Echnologies NY, USA) and GeneMap-
per IDX software. For line H1299, the sample profile matches 8 of 
the 9 available loci of the STR profile from ATCC (American Type 
Culture Collection). In light of these results, it seems that the tested 
cell line is indeed NCI-H1299. For line H1975, the sample profile 
matches 8 of the 9 available loci of the STR profile from ATCC. Locus 
D13S317 presents a loss of heterozygosity (LOH). In light of these 
results, it seems that the tested cell line is indeed NCI-H1975. For line 
A549, the sample profile matches 9 of the 9 available loci of the STR 
profile from ATCC for line A549 (CCL-185). In light of these results, 
it seems that the tested cell line is indeed A549. The cell lines H1299, 
H1975 and A549 were kindly provided from the Lung Cancer Research 
Laboratory, Meir Medical Center, Kfar Saba, Israel. The LAD2 cell 
line was established from bone marrow aspirates from a patient with 
mast cell sarcoma/leukemia. Thus, no STR profile was available for 
authentication analysis. All experiments were conducted on cell lines 
at the same passages. The human LAD2 MC were kindly provided by 
Dr. A.S. Kirshenbaum [31].
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