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Neuroplastin-β mediates S100A8/A9-induced lung cancer
disseminative progression
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Compiling evidence indicates an unusual role of extracellular S100A8/A9 in cancer

metastasis. S100A8/A9 secreted from either cancer cells or normal cells including

epithelial and inflammatory cells stimulates cancer cells through S100A8/A9 sensor

receptors in an autocrine or paracrine manner, leading to cancer cell metastatic

progression. We previously reported a novel S100A8/A9 receptor, neuroplastin-β

(NPTNβ), which plays a critical role in atopic dermatitis when it is highly activated in

keratinocytes by an excess amount of extracellular S100A8/A9 in the inflammatory

skin lesion. Interestingly, our expression profiling of NPTNβ showed significantly high

expression levels in lung cancer cell lines in a consistent manner. We hence aimed to

determine the significance of NPTNβ as an S100A8/A9 receptor in lung cancer. Our

results showed that NPTNβ has strong ability to induce cancer-related cellular events,

including anchorage-independent growth, motility and invasiveness, in lung cancer

cells in response to extracellular S100A8/A9, eventually leading to the expression of a

cancer disseminative phenotype in lung tissue in vivo. Mechanistic investigation

revealed that binding of S100A8/A9 to NPTNβmediates activation of NFIA and NFIB

and following SPDEF transcription factors through orchestrated upstream signals from

TRAF2 and RAS, which is linked to anchorage-independent growth, motility and

invasiveness. Overall, our results indicate the importance of the S100A8/A9-NPTNβ

axis in lung cancer disseminative progression and reveal a pivotal role of its newly

identified downstream signaling, TRAF2/RAS-NFIA/NFIB-SPDEF, in linking to the

aggressive development of lung cancers.

Abbreviation: ALCAM, Activated leukocyte cell adhesion molecule; ASS1, Argininosuccinate Synthase 1; CDP, CCAAT-displacement protein; DKK1, Dickkopf WNT Signaling Pathway

Inhibitor 1; EGFR, Epidermal growth factor receptor; EMMPRIN, Extracellular matrix metalloproteinase inducer; ERAS, Embryonic Stem Cell-Expressed Ras; ERBB2, Erb-B2 receptor tyrosine

kinase 2; EMSA, Electrophoretic mobility shift assay; FAST1, Forkhead Activin Signal Transducer-1; FTS, Farnesyl Thiosalicylic Acid; GRB2, Growth Factor Receptor Bound Protein 2; HSF,

Heat shock transcription factors; ID4, Inhibitor of DNA Binding 4; IDH1, Isocitrate Dehydrogenase [NADP] Cytoplasmic 1; KLF4, Kruppel Like Factor 4; KLF13, Kruppel Like Factor 13;

MCAM, Melanoma cell adhesion molecule; NF, Nuclear Factor; NPTN, Neuroplastin; RAGE, Receptor for advanced glycation endproducts; RASL11A, RAS-Like Family 11 Member A; SPDEF,

SAM pointed-domain containing ETS transcription factor; SSSRs, S100-soil signal receptors; THBS1, Thrombospondin 1; TLR4, Toll-like receptor 4; TRAF2, TNF receptor associated factor 2.

# Toshihiko Hibino passed away on Jun 1 in 2016.
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1 | INTRODUCTION

Lung cancer is one of the problematic cancer diseases leading to cancer

death because of an early onset of metastatic dissemination.1 It is

known that lung cancer cells readily obtain metastatic ability, but the

related molecular mechanism(s) is unclear and the factors that change

cells into an aggressive phenotype remain poorly understood.

The secretory molecule S100A8/A9, which is a heterodimer

complex of S100A8 and S100A9 proteins, recently getting more

attention as a factor on cancer metastasis. When cancer cells are

present in a remote area, cancer-related inflammation occurs in

sensitive lung tissue by recognizing abnormalities caused by the cancer

cell behaviors, where the recruited immune cells produce a large

amount of S100A8/A9.2 This phenomenon is linked to the formation

of a pre-metastatic immunosuppressive environment and acts on

chemotactic attraction of the remote cancer cells to the lung area.2,3 It

has been reported that toll-like receptor 4 (TLR4) and receptor for

advanced glycation end products (RAGE) behave as receptors for

S100A8/A9.4–8 However, it is hard to explain the S100A8/A9-related

metastatic phenomena in a variety of cancer cells by only two types of

receptors.

We therefore tried to find other candidate receptors for S100A8/

A9, and we succeeded in the identification of novel receptors,

extracellular matrix metalloproteinase inducer (EMMPRIN),9

melanoma cell adhesion molecule (MCAM),10,11 activated leukocyte

cell adhesion molecule (ALCAM)10 and neuroplastin (NPTN)-α and

-β,12 which we termed as S100-soil signal receptors (SSSRs).10,11

Interestingly, EMMPRIN, which is highly expressed in metastatic

melanoma cells, binds specifically to the S100A9 side of S100A8/A9,

and it was shown that the binding caused melanoma metastasis to

artificially S100A9-overexpressed skin tissue.9 MCAM and ALCAM

are also positively at high levels expressed inmelanoma cells and play a

role in the migration of melanoma cells toward S100A8/A9-expressed

lung tissue.10 We found that NPTN, especially in its beta isoform

(NPTNβ), is dominantly expressed in skin keratinocytes and can bind

with both the S100A8 and S100A9 sides of the S100A8/A9

heterodimer complex and that binding has a critical role in skin

hyperplasia in atopic dermatitis.12 Although we found a significant role

of NPTNβ in keratinocytes, its specific role in cancer has remained to

be clarified.

It has long been recognized that extracellular S100A8/A9 plays a

pivotal role in cancer progression through certain cell surface

receptors.4–10 Induction and secretion of the protein closely

associated with several inflammatory settings including a cancer-

mediated inflammatory setting.4–11 Accumulating evidence indicates

that induction of S100A8/A9 at a significant level readily occurs in lung

tissue even when cancer cells appear in a region distant from the lung

and that the induction of S100A8/A9 results in lung metastasis of

cancer cells and their subsequent development in the inflammatory

lung.8,13 That evidence suggests that lung cancer may be greatly

affected by just surrounding S100A8/A9, which is linked to the

acquisition of amalignant phenotype in cancer cells in a short period of

time. If so, lung cancer cells require a certain receptor to accept the

S100A8/A9 signal in an efficient manner.

2 | SUMARDIKA ET AL.



In this study, we investigated unidentified functions of NPTNβ in

cancer cells. First, we investigated the expression level of NPTNβ in

lung cancer, the proteinwas commonly expressed at a high level in lung

cancer cells, leading us to focus on the role of the protein in lung

cancer. Considering the association between S100A8/A9 and NPTNβ

in the lung cancer microenvironment, we hypothesized that S100A8/

A9 might induce lung cancer progression. We found that NPTNβ-

overexpressed lung cancer cells change an aggressive phenotype in

response to S100A8/A9 both in vitro and in vivo in amousemodel. The

S100A8/A9-NPTNβ binding event leads to significant activation of the

NFI transcription factors NFIA and NFIB and SAM pointed-domain

containing ETS transcription factor (SPDEF), eventually leading to the

appearance of an aggressive phenotype in lung cancer cells.

Collectively, our findings suggest that the S100A8/A9-NPTNβ

signaling axis plays a significant role in the promotion of lung cancer

with acquisition of metastatic traits.

2 | MATERIALS AND METHODS

WeusedHEK293T (human embryonic kidney cell line stably expressing

the SV40 large T antigen; RIKEN BioResource Center, Tsukuba, Japan),

the non-cancerous immortalized human bronchial epithelial cell line

BEAS-2B (ATCC, Rockville, MD) and the human lung cancer cell line

A549 (KRAS-mutant: G12S; ATCC). All cells were cultivated in D/F

medium (Thermo Fisher Scientific, Waltham, MA) supplemented with

10% FBS at 37.0°C with 5% CO2. A mutant KRAS inhibitor, K-Ras

(G12C) Inhibitor 12 (10µM, Cayman Chemical, Ann Arbor, MI), and a

pan-RAS inhibitor, Farnesyl Thiosalicylic Acid (FTS 50µM, Cayman

Chemical), were used to inhibit intracellular RAS function in A549 cells.

Human S100A8/A9 recombinant protein was expressed in

HEK293 cells using the FreeStyle 293 Expression System (Thermo

Fisher Scientific) as previously reported.10 The secreted S100A8/A9

was then purified by Talon® Metal affinity resin (Takara Bio, Shiga,

Japan). exNPTNβ-Fc was prepared as described previously.12

For temporal expression, we used the pIDT-SMART (C-TSC)

vector, also named pCMViR-TSC, as previously reported.14 A series of

cDNAs was inserted into pIDT-SMART (C-TSC). The inserted cDNAs

were human cDNAs encoding NPTNβ, NPTNβ dn (deletion of the

cytoplasmic tail: Δ 361-398 aa), NFIA, NFIB, NFIC, NFIX, NFIA dn

(deletion of the N-terminal DNA-binding domain:Δ 1-194 aa), NFIB dn

(deletion of the N-terminal DNA-binding domain: Δ 1-195 aa), TRAF2

dn (deletion of the N-terminal domain: Δ 1-85 aa). NPTNβ wt and

NPTNβ dn were designed for expression as C-terminal 3xHA-6His-

tagged forms. NFIA, NFIB, NFIC, NFIX, NFIA dn, NFIB dn, and TRAF2

dn were designed for expression as C-terminal Myc-6His-tagged

forms. Cells were transiently transfected with the plasmid vectors

using FuGENE-HD (Promega, Madison, WI).

We also established several A549 stable clones that showed

indefinitely stable expression of the aberrant genes of interest at much

higher levels. Based on the pIDT-SMART (C-TSC) vector, we made

two improved vectors for stable expression with significantly higher

level, named pSAKA-1B14 and pSAKA-4B.11 The expression vector

pSAKA-1B is specifically adapted to Chinese hamster ovary (CHO)

cells, while pSAKA-4B is useful for a wide range of diverse cell lines

from different kinds of mammalian species in a constant manner.

A549-originated clones (see Figure S4) were established by a

convenient electroporation gene delivery method using pSAKA-4B

and subsequent selection with puromycine at 20 µg/mL.

Quantitative real-time PCR was performed as described previ-

ously.10,11 A LightCycler rapid thermal cycler system (ABI 7900HT;

Applied Biosystems, Foster City, CA) was run using LightCycler 480

SYBRGreen IMaster (RocheDiagnostics, Indianapolis, IN) according to

the manufacturer's instructions. Forward and reverse primer pairs

used (5′ to 3′) are listed in Table S2. The amounts of mRNA were

calibrated to those of TBP and are presented as ratios to those of the

indicated controls.

Pre-designed siRNAs for human NPTN (#1, ID No. s25707; #2,

s25708), NFIA (#1, ID No. s9476; #2, ID No. s9477; #3, ID No. s9478),

SPDEF (#1, ID No. s24518; #2, ID No. s24519; #3, ID No. s195114)

and control siRNA (Silencer Negative control two siRNA) were

purchased from Thermo Fisher Scientific. Decoy DNAs for TFs,

CDP, FAST1, NFI and HSF, were prepared by hybridizing primer

pairs corresponding to each TF. The primer sequences are shown

in Table S1. siRNAs and decoy DNAs were transfected using

Lipofectamin RNAiMAX reagent (Thermo Fisher Scientific).

Western blotting was performed under conventional conditions.

The antibodies usedwere as follows: mouse anti-HA tag antibody (Cell

Signaling Technology, Beverly, MA), mouse anti-Myc antibody (Cell

Signaling Technology), mouse NFI (NFIA) antibody (Santa Cruz

Biotechnology, Santa Cruz, CA), rabbit anti-NFIB antibody (Protein-

tech, Rosemont, IL), rabbit anti-NFIC antibody (Proteintech), rabbit

anti-NFIX (Proteintech), rabbit anti-SPDEF antibody (Proteintech) and

mouse anti-β-actin antibody (Sigma-Aldrich). The second antibodywas

horseradish peroxidase-conjugated anti-mouse antibody (Cell Signal-

ing Technology). Positive signals were detected by a chemilumines-

cence system (ECL plus, GE Healthcare Bio-Sciences, Piscataway, NJ).

Paraffin-embedded sections from human lung cancer tissues were

deparaffinized, and antigen retrieval was performed by conventional

trypsin treatment. Endogenous peroxide activity was quenched by

treatment of the specimens with 3% hydrogen peroxide (Kanto

Chemical Co., Inc, Hokkaido, Japan) for 10min at room temperature

(RT). Slides were incubated overnight at 4°C with either rabbit anti-

NPTN antibody (Sigma-Aldrich, St Louis, MO) or mouse anti-

Calprotectin (S100A8/A9) antibody (Hycult Biotech, Plymouth Meet-

ing, PA). After washing the slides with 0.05% Tween-20 in PBS, the

slides were incubated with a horseradish peroxidase (HRP)-labeled

secondary antibody. Signal detection was performed by treatment of

the antibody-reacted slides with a substrate, 3-amino-9-ethylcarba-

zole (AEC) (HISTOFINE simple stain AEC solution, Nichirei Biosciences,

Tokyo, Japan).

Comprehensive analysis of transcription factors (TFs) that are

activated by NPTNβ was performed by using protein/DNA array I

(Thermo Fisher Scientific) according to the manufacturer's instruc-

tions. Nuclear extracts from HEK293T cells with either expression of

GFP or NPTNβwere prepared using NE-PER Nuclear and Cytoplasmic
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Extraction Reagents (Thermo Fisher Scientific) and were applied to the

array. Nuclear extracts from A549 cells were also prepared by the

same method, and EMSA was performed using the LightShift

Chemiluminescent EMSA kit (Thermo Fisher Scientific). A 5′-biotin-

labeled double-stranded probe (Forward: 5′-gaaTTGGCaacttGC-

CAAcga-3′; Reverse: 3′-tcgTTGGCaagttGCCAAttc-5′) was purchased

from Sigma-Aldrich. For super shift analysis, an anti-NFIA antibody

(condensed to 10-fold) (Santa Cruz Biotechnology, SantaCruz, CA)was

added to the reaction mixture containing the probe and nuclear

extract, and themixture was further incubated on ice for 10min. DNA-

protein complexes were fractionated by 7% PAGE and blotted onto a

Biodyne B nylon membrane (Pall, Tokyo, Japan).

Cells were starved by serum-free D/F medium for 24 h prior to

invasion and migration assays. Cell invasion or migration was assayed

using the Boyden chamber method with filter inserts (pore size, 8 µm)

pre-coated or not pre-coated with Matrigel in 24-well plates (BD

Biosciences, Franklin Lakes, NJ). Cells (3 × 104 cells/insert) were

seeded with serum-free D/F medium on the top chamber, the bottom

chamber was filled with D/F medium containing 10% FBS. The

recombinant S100A8/A9was then set in the bottom chamber at a final

concentration of 10, 100, or 1000 ng/mL. After incubation for 12 h,

cells that passed through the filter were counted by staining with

0.01% crystal violet in 25% methanol. Migrated/invaded cells were

quantified by cell counting in five non-overlapping fields at ×100

magnification and are presented as the average from three indepen-

dent experiments.

The cell growth condition in a culture dish was evaluated by

using the Cell-Titer-Glo™ Luminescent Cell Viability assay kit

(Promega). The luminescence was determined by a Fluoroskan

Ascent FL luminometer (Thermo Fisher Scientific). The chambers in

6-well plates were coated with 1 mL of 0.8% agarose medium. Cells

(1 × 104 cells in 1 mL 0.4% agarose medium) were seeded on top of

the base agar, after 30 min the chambers were filled with 1 mL D/F

medium + 10% FBS with or without 1000 ng/mL of recombinant

S100A8/A9. The medium was refreshed every 3 days. After 14 days

of incubation, the colonies were counted by staining with 0.01%

crystal violet in 25% methanol. Colonies that were more than 50 µm

in size were then quantified in five non-overlapping fields at ×100

magnification and are presented as the average from three

independent experiments.

Six-week-old female nude mice, BALB/c-nu mice, were pur-

chased from Charles River Laboratories (Yokohama, Japan). All mice

were provided with sterilized food and water and were housed in a

barrier facility under a 12:12-h light/dark cycle. A549 cells and their

derivatives (5 × 105 cells in 0.1 mL PBS/mouse) were injected into

the lungs of each mouse. One month after injection, the tumor

nodules in the whole lung was observed by LaTheta® X-ray

computed tomography (CT-scan, Hitachi-Aloka Medical, Tokyo,

Japan) and the lungs and other organs were isolated and analyzed

microscopically.

All values are expressed as means ± SD. All data were analyzed by

the unpaired Student's t-test for significant differences between the

mean values of each group.

3 | RESULTS

3.1 | NPTN and S100A8/A9 are highly expressed in
lung cancer

Besides classical S100A8/A9 receptors, toll-like receptor 4 (TLR4)4,5

and receptor for advanced glycation end products (RAGE),5,6 we have

reported the presence of the important novel receptors including

extracellular matrix metalloproteinase inducer (EMMPRIN), neuro-

plastin (NPTN)α and β, melanoma cell adhesion molecule (MCAM) and

activated leukocyte cell adhesion molecule (ALCAM).7–12 Among

these receptors, we found that lung cancer cell lines highly express

NPTNβ comparedwith normal cells lines (Figure S1A). This findingwas

supported by the result of immunohistochemistry showing that

NPTNβ was highly positive in lung cancer cells and that S100A8/A9

appeared in either cancer cells or the surrounding stroma in clinical

specimens, suggesting that extracellular S100A8/A9 physiologically

acts on cell surface NPTNβ in cancer cells in an autocrine manner as

well as a paracrine manner (Figure 1). The immunohistochemistry also

showed that the expression of NPTN was much higher in lung cancer

cells comparedwith those in non-neoplastic counterparts (Figure S1B).

In order to further investigate clinical significance of different

expression of NPTN and S100A8/9 in survival of lung cancer patients,

we used publicly available data set15 of the SurvExpress database16

(http://bioinformatica.mty.itesm.mx:8080/Biomatec/SurvivaX.jsp)

and analyzed the issue. Correlative studies between expression levels

of these proteins and clinical outcomes resulted in significantly

decrease in overall survival of patients with high level of NPTN

(Figure S2A, S2B and S2C). This tendency was not observed in lung

cancer patients with high level of either S100A8 or S100A9. These

results suggest an unusual role of NPTN in lung cancer progression to

malignant stages. We therefore decided to investigate the biological

significance of the S100A8/A9-NPTNβ signaling axis in lung cancer

progression.

3.2 | NPTNβ-mediated cellular events in response to
S100A8/A9

To get an insight into the function of NPTNβ in response to S100A8/

A9 in lung cancer cells, we did in vitro experiment to evaluate the

cancer characteristics in A549 cells. Forced expression of NPTNβ

resulted in a slight increase in the growth of A549 cells and S100A8/

A9 at concentrations of 10 to 1000 ng/mL did not stimulate growth

of the cells in either MTS-based evaluation (Figure 2A) or EdU

uptake assay (data not shown). In addition, overexpression of NPTNβ

and/or stimulation of S100A8/A9 did not show any appreciable

elevation of apoptotic cells in the stimulated A549 cells as we found

by Annexin V staining (data not shown). Meanwhile, a three-

dimensional soft agar assay showed that overexpression of NPTNβ

induced significant anchorage-independent growth of A549 cells

and that the growth was further enhanced by S100A8/A9 treatment

in a dose-dependent manner (Figure 2B). We also found that

S100A8/A9-induced migration and invasion were both promoted by
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NPTNβ overexpression (Figures 2C and 2D). The optimal concen-

trations of S100A8/A9 were 1000 ng/mL for anchorage-indepen-

dent growth, 10 ng/mL for chemotaxis, and 1000 ng/mL for

invasion. To confirm the results, we then blocked the function of

intrinsic NPTNβ in A549 cells by forced expression of cytoplasmic

tail-deficient NPTNβ (NPTNβ dn). The result showed that the

S100A8/A9-mediated cancer behaviors were abolished by this

approach (Figures S3A, S3B, S3C). To strengthen the results, we next

used siRNA to knock down the endogenous NPTNβ in A549 cells

and evaluated the same cellular events under the presence or

absence of extracellular S100A8/A9. Within our expectation,

knockdown of NPTNβ removed the cancer-associated abilities of

FIGURE 1 Distribution patterns of NPTNβ and S100A8/A9 in lung cancers prepared from lung cancer patients. Expression and localization
of NPTNβ and S100A8/A9 were detected in indicated lung lesions including stroma areas in an ordinal view (×20). Insets: stretched view
(×60). [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2 NPTNβ-mediated cellular events in response to S100A8/A9. A, A549 cells were transfected with either GFP as a control or
NPTNβ expression vector and then treated with S100A8/A9 (10-1000 ng/mL) during the indicated days. Cell growth of each sample was
evaluated on different days by MTS assay. B, Anchorage-independent growth was assessed in A549 cells in floating culture filled with 0.4%
agarose-containing medium. A549 cells with temporal overexpression of foreign GFP or NPTNβ were treated or not treated with 10–
1000 ng/mL S100A8/A9 for two weeks, and evaluation was carried out by counting the formed spheroids exceeding 50 µm in size. Right
panel shows representative images of the spheroids. C, D, Effects of NPTNβ overexpression on S100A8/A9-induced migration and invasion.
Migration (C) and invasion (D) of A549 cells transfected with the indicated gene (GFP as a control or NPTNβ) were assessed by the Boyden
chamber method. The transfected A549 cells were placed in the top chamber and purified recombinant S100A8/A9 (10–1000 ng/mL) was
added to the bottom well. Quantified results are displayed in the left parts and representative images of migrating cells detected by crystal
violet staining are shown in the right parts. Data from A through D are means ± SD, *P < 0.05 and **P < 0.01. [Color figure can be viewed at
wileyonlinelibrary.com]
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anchorage independent growth, migration and invasion from A549

cells even after stimulation with S100A8/A9 (Figures S3D, S3E, S3F).

These results together with the results shown in Figure 1 suggest

that cell surface S100A8/A9-NPTNβ interaction has an important

role in lung cancer progression.

3.3 | Critical function of NFIA and NFIB in S100A8/
A9-NPTNβ-mediated cellular events

Wenext addressedNPTNβ downstream signaling, which plays a central

role in the S100A8/A9-mediated cellular events. Activation profiling of

transcription factors (TFs) revealed several candidates that were

activated by NPTNβ (Figure 3A). Among these, we were interested in

CDP, FAST1, NFI and HSF. To narrow down the number of candidates,

we transfected TF-targeting cis-DNA elements as decoys (Table S1) to

inhibit the function of each TF in cells.We performed forced expression

of NPTNβ as well as transduction of decoy DNAs in BEAS-2B cell line

because it has lower expression level of intrinsicNPTNβ thanA549 cells

(FigureS1A). As shown inFigure3B,we found that all thedecoyshad the

ability tomitigateNPTNβ-inducedmigration, the greatest inhibitionwas

observedwhenweusedanNFIdecoy (left panel).Assessmentof growth

in the samecells showed almost the same tendency as that formigration

(middle panel).However, only theNFIdecoyhada suppressive effect on

the growthofA549cells (right panel), andwe thereforedecided to focus

onNFI. Since the NFI family is composed of four proteins, we examined

the expression levels of theseproteins in lung cancer cell lines and found

that NFIA showed a higher expression level in cancer cells than in

immortalized BEAS-2B cells (Figures 3C and 3D). Unexpectedly, other

NFI family proteins showed lower expressions levels in cancer cell lines

than in BEAS-2B cells. However, by cell-based assay we found the

significance of NFIA and NFIB, but not NFIC and NFIX, in S100A8/A9-

NPTNβ-mediated migration and invasion (Figures 3E and 3F).

To confirm the results obtained for NFIA and NFIB, we newly

constructed NFIA dn and NFIB dn that lack DNA-binding domains. After

transfection of the indicated plasmids, we found that growth activity was

significantly downregulated in NFIA dn or NFIB dn-transduced cells

compared to that inwild-types cells (Figure 4A). In addition, bothNFIA dn

and NFIB dn reduced basal activities of cancer-related cellular behaviors,

including anchorage-independent growth (Figure 4B), migration

(Figure 4C) and invasion (Figure 4D), even under the condition with

S100A8/A9 stimulation. Interestingly, our immunoprecipitation results

showed that NFIA and NFIB are able to form homodimer or/and

heterodimer, in which DNA binding domains were not required for the

dimerization sincebothNFIAdnandNFIBdnare able tobind to full length

ofNFIA (Figure4E, leftpanel). Regarding to this, eitherNFIAdnorNFIBdn

significantly attenuated NFIA function to bind its target DNA sequence

(Figure 4E, right panel), suggesting that NFIA needs either NFIA as

homodimer or NFIB as heterodimer for its transcriptional activation.

Evaluation using siRNA was further performed to reinforce the

results as described above. Similarly, to the effects of dominant

negative NFIA, the anchorage independent growth, migration

and invasion abilities of A549 cells were also greatly reduced by the

NFIA siRNAs, even in the condition of S100A8/A9 stimulation

(Figure S4A-S4D). An electrophoretic mobility shift assay (EMSA)

revealed that activation ofNFIAwas immediately occurred and highest

activation was occurred at 6 h in response to S100A8/A9 stimulation

(Figure 4F, left and middle panels), and NPTNβ was required for this

reaction in A549 cells since S100A8/A9-induced NFIA activation was

significantly reduced by NPTNβ dn forced expression as well as by

NPTN siRNA transduction (Figure 4F, right panel).

Interestingly, the transfection experiments shown that temporal

expression of NPTNβ wt, NFIA and NFIB induced a mesenchymal

stromal cell-like shape in A549 cells (data not shown). This

morphological change was also obvious when sublines were estab-

lished from A549 parental cells (Figure S5A). Stable clones over-

expressing either NPTNβwt alone orNPTNβwt + (NFIAwt +NFIBwt)

displayed a sparsely distributed phenotype, while such a character was

lost in the established sublines of NPTNβ wt + (NFIA dn +NFIB dn)

(Figure S5B). These observations suggested that the S100A8/A9-

NPTNβ-NFI signaling axis upregulates cellular motility, which is crucial

in cancer progression. To examine this possibility, we further assessed

the characteristics of the established clones (Figure S6A, migration;

Figure S6B, invasion; Figure S6C, spheroidal formation). Interestingly,

NPTNβ stable transformant clones #10, 11, 12, 18, 23, 24 showed

higher activities for migration, invasion and spheroid formation in

response to S100A8/A9 than the activities shown by the control GFP

transformant (left panels). The stable transformant NPTNβ wt + (NFIA

wt + NFIB wt) clones #1, 2, 4, 5, 12, 15 also showed a tendency for

enhancement of activities by S100A8/A9 stimulation (middle panels).

On the other hand, these cellular activities in response to extracellular

S100A8/A9 stimulation were all homogeneously diminished in the

stable transformant of NPTNβ wt + (NFIA dn +NFIB dn) clones #1, 2,

3, 7, 10, 24 (right panels). These results obtained by using stable clones

as well as the results obtained with temporal expression suggest that

the newly identified S100A8/A9-NPTNβ-NFIA/NFIB pathway has a

critical role in certain lung cancer progression.

3.4 | NFIA/NFIB-mediated induction of SPDEF
promotes cellular spheroidal growth, migration and
invasion

To examine downstream molecules relevant to cancer progression for

which expression is regulated by the S100A8/A9-NPTNβ-NFIA/NFIB

pathway, we performed comprehensive gene expression analysis using

RNA sequencing. In this analysis, we compared the gene expression

profiles of the control GFP clone and NPTNβ wt +NFIA wt +NFIB wt

clone #12 and gene expression profiles of the control GFP clone and

NPTNβ wt +NFIA dn +NFIB dn clone #2 since our aim was to identify

genes with altered expression that showed an inverse relation between

wt and dn of NFIA/NFIB under the condition of NPTNβ wt over-

expression. First, we classified genes with altered expression according

to the DISEASE category (Figure S7A). The number of genes with

altered expression that are associated with PHARMACOGENOMICS

was largest in the disease category, followed by genes associated

with CARDIOVASCULAR, OTHER, METABOLIC, CANCER and

SUMARDIKA ET AL. | 7



FIGURE 3 Screening of a significant transcription factor(s) for S100A8/A9-NPTNβ-mediated cellular events. A, GFP or NPTNβ was
temporally expressed in HEK293 cells and then activated transcription factors for their nuclear extracts prepared using a screening array
membrane were analyzed. B, BEAS-2B cells were co-transfected with an NPTNβ plasmid and the indicated decoy DNA fragments (0.1 µM)
and subjected to the Boyden chamber-based migration assay (left). Similarly, cell growth was evaluated 48 h after co-transfection with them
in BEAS-2B cells (middle) and A549 cells (right). C, Expression profiling of NFI family genes. Total RNAs prepared from lung cancer cell lines
(A549, H2170, H1781, H460, H1993 and HCC4006) and non-cancerous immortalized lung cell line (BEAS-2B) were analyzed for expression
of the indicated genes by quantitative real-time PCR. TBP was used as a control for calibration of the assessment. D, Protein expression levels
of NFI family in several lung cancer cell lines (A549, H2170, H1781, H460, H1993 and HCC4006) and non-cancerous immortalized lung cell
line (BEAS-2B) were examined by western blotting. E, F, Cellular migration (E) and invasion (F) were assessed in A549 cells with
overexpression of GFP or NFI family genes that were treated or not treated with 100 ng/ml of S100A8/A9 for 12 h. Data are means ± SD,
*P < 0.05, **P < 0.01 and ***P < 0.001. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 4 Critical function of NFIA and NFIB in S100A8/A9-NPTNβ-mediated cellular events. A, B, C, D, Simple growth (A), anchorage-
independent growth (B), migration (C) and invasion (D) were evaluated in A549 cells with overexpression of wild or DNA-binding domain-
lacking (DN) NFIA and NFIB by the MTS assay, spheroid counting assay, and Boyden chamber-based migration and invasion assays,
respectively. The concentrations of S100A8/A9, for stimulation in the experiments (A) through (D) were all at 100 ng/mL and treatment
periods were one, two and three days for the MTS assay (A), two weeks for the spheroid assay (B) and 12 h for the migration (C) and invasion
(D) assays. Data from A through D are means ± SD, *P < 0.05, **P < 0.01 and ***P < 0.001. E, Analysis of homodimerization of NFIA/NFIA and
NFIB/NFIB, and of heterodimerization of NFIA/NFIB. HEK293T cells were transfected with the indicated gene combinations, lysed and
subjected to pull-down assay using anti-myc agarose beads (left panel) or streptavidin beads with biotin-conjugated NFI targeting DNA
oligonucleotide (Bio-NFI-RE) (right panel). F, Electrophoretic mobility shift assay (EMSA) was performed in nuclear extracts prepared from
A549 cells with a double-stranded oligonucleotide probe specific for NFI binding. A549 cells were stimulated with 100 ng/mL of S100A8/A9
for regular time intervals as indicated in the left panel. NFIA-specific binding was confirmed by super-shift assessment using NFIA IgG (middle
panel). NFIA activation was evaluated after transfection of A549 cells with either the NPTNβ dn plasmid or two kinds of NPTN siRNA
(siNPTN#1 and siNPTN#2) and subsequent stimulation with S100A8/A9 (100 ng/mL) for 6 h. [Color figure can be viewed at
wileyonlinelibrary.com]
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UNKNOWN. Among these genes, we focused on genes with altered

expression that are associated with CANCER (Figure S7B, left) and

METABOLIC (Figure S7B, right) in the disease category. According to

the appearance of a series of genes enriched in these diseases, we

particularly focused on renowned genes in red color (Figures S7B and

S7C), which have been reported to be involved in either cancer

progression or suppression (Figure S7C). The expression of the listed

geneswas confirmedby quantitative real-timePCR analysis (Figure 5A).

Theexpressionof thegenes in the indicatedcellsprovidedmoredetailed

information on their expression regulation in either a positive manner

(IDH1,ASS1, KLF4, KLF13, SPDEFand ID4) or negativemanner (THBS1

and DKK1). To select more suitable genes regulated by the signaling

pathway through the NPTNβ-NFIA/NFIB axis, we focused on IDH1,

KLF13, SPDEF and DKK1. Among these genes, we designated SPDEF

and KLF13 as representative target genes for which expression is

significantly regulated by the identified signaling axis. Although the

regulation of ASS1 and THBS1 expression is not obvious, it seems that

the expression of both KLF4 and ID4 is positively regulated by NFIA/

NFIB without NPTNβ. Since SPDEF has a more critical role than that of

KLF13 in cancer progression, we decided to focus on SPDEF and

examined theexpressionofSPDEFatprotein level in several lungcancer

cells lines. We found that the SPDEF was consistently and significantly

higher in lung cancer cell lines (A549, H2170, H1781, H460,H1993 and

HCC4006) than that in non-cancerous BEAS-2B cell line (Figure 5B).

Next, we examined the functions of SPDEF through the S100A8/A9-

NPTNβ-NFIA/NFIB axis. Result of cell-basedassays including assays for

anchorage-independent growth (Figure 5C), migration (Figure 5D) and

invasion (Figure 5E) showed that SPDEF tended to be involved in

acceleration of these cancer-related behaviors, especially in spheroidal

proliferation, mediated by the S100A8/A9-NPTNβ-NFIA/NFIB axis.

These results were further supported by the knockdown experiments

using the SPDEF siRNAs in A549 NPTNβ wt stable clone (Figure S8A-

S8D). From these results, we speculated that SPDEF and several other

factors, including KLF13, IDH1 and DKK1, that are regulated by the

S100A8/A9-NPTNβ-NFIA/NFIB axis cooperatively functions to pro-

vide cancer cells with a driving force for cancer progression. In our

ongoing study, we will try to further uncover this unidentified

orchestration of signal pathways at molecular levels.

3.5 | Activation of NFIA by TRAF2 and RAS signaling
that leads to S100A8/A9-NPTNβ-induced
upregulation of cellular spheroidal growth, migration
and invasion

We recently reported that NPTNβ has at least two important adaptors,

GRB2 and TRAF2, for its onset of downstream signaling (Figure 6A).12

GRB2 activates RAS, by which multiple cancer-associated cellular

events involved in the promotion of cell growth and survival are

triggered. However, KRAS is already mutated to a constitutively active

type in A549 cells. In addition, other lung cancer-associated oncogenes

including EGFR and ERBB2 are linked to RAS activation.17,18 We

therefore examined the significance of the pathway through TRAF2 in

the S100A8/A9-NPTNβ axis in A549 cells for cancer progression, to

which NFIA may contribute at downstream. At first, we confirmed by

immunoprecipitation that NPTNβ binds with TRAF2 at cytoplasmic tail

but notwith NFIA (Figure 6B). To inhibit either TRAF2 or RAS function,

we used forced expression of TRAF2 dn or chemical inhibitors. By this

approach, we found that S100A8/A9-mediated upregulation of NFIA

(Figure 6C), scaffold-independent spheroid formation (Figure 6D),

migration (Figure 6E) and invasion (Figure 6F) were all impaired by

TRAF2 dn at significant levels and by a pan-RAS inhibitor (FTS) at

moderate levels respectively. On the other hand, a KRAS-specific

inhibitor had no appreciable suppressive effect (Figures 6D-6F) even at

a 10-fold higher dose used in another experiment (data not shown).

We also found that the suppressive effects of TRAF2 dn were further

enhanced by the addition of the pan-RAS inhibitor (Figures 6C, 6E, and

6F). These results indicate an unusual role of TRAF2 as a signal

transducer from NPTNβ to distant NFIA in activation and in cellular

events such as anchorage-independent growth and invasive motility

and that TRAF2 orchestrates with another RAS without KRAS to

regulate these cellular events under S100A8/A9-NPTNβ downstream.

3.6 | NFIA/NFIB activation through the S100A8/A9-
NPTNβ axis plays a critical role in lung cancer
progression

To further analyze the relevance of the identified pathway from cell

surface NPTNβ through TFs, NFIA and NFIB in an in vivo tumor

metastasis model, we used A549 cell-derived stable transformant

sublines (NPTNβ wt clone #11, NPTNβ wt +NFIA wt +NFIB wt clone

#12,NPTNβwt +NFIA dn +NFIBdn clone#2) andweperformeddirect

pulmonary injection of the representative clones into immunocompro-

mised nudemice and investigated the behaviors of transplanted cells in

lung tissue (Figure 7A). We observed large tumor nodule composed of

NPTNβwt +NFIAwt +NFIBwt clone #12, which significantly different

from NPTNβ wt clone #11 and NPTNβ wt +NFIA dn +NFIB dn clone

#2. Interestingly, aggressive dissemination was observed in the tumor

front of NPTNβ wt +NFIA wt +NFIB wt clone #12 (Figure 7B).

However, distant metastasis to other organs such as the liver and brain

was not observed during the experimental period even in the case of

NPTNβ wt +NFIA wt +NFIB wt clone #12 (data not shown). These

phenomena were also confirmed by the same experiments using other

clones (Figure S9). To determine whether tumor size is dependent on

growth activity, we next attempted to immunostain Ki-67. In this

evaluation, tumors were detected by cytokeratin eight staining, and

therewas a notable difference of Ki-67-positive cells among the tumors

(Figure 7C), that is, there were significant increases in the number and

staining intensity of Ki-67-positive cells in the NPTNβ wt +NFIA

wt +NFIBwtclone#12-derived tumor (Figure7D). The results indicated

that there is a strong relationship between tumor size (cytokeratin8) and

growth activity (Ki-67) in tumors derived from the clones. Taken

together, the results indicate that the NPTNβ-NFIA/NFIB axis in lung

cancer contributes to disseminative growth of the cancer within the

originated lung area through stimulation of the cancer NPTNβ-NFIA/

NFIB axis upon binding with S100A8/A9, which is supplied by the lung

stroma surrounding the tumor.
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FIGURE 5 NFIA/NFIB-mediated induction of SPDEF promotes cellular anchorage-independent growth, migration and invasion. A,
Quantitative real-time PCR analysis was done in A549 cell clones for the indicated genes. Total RNAs were prepared from clones (GFP,
NPTNβ wt clone #11, NPTNβ wt +NFIA wt + NFIB wt clone #12, NPTNβ wt +NFIA dn +NFIB dn clone #2). The expression level in each
sample was shown after calibration with the TBP value. B, SPDEF expression at protein level was examined by western blotting for several
lung cancer cells (A549, H2170, H1781, H460, H1993 and HCC4006) and non-cancerous immortalized BEAS-2B cells. C, D, E, Anchorage-
independent growth (C), migration (D) and invasion (E) were evaluated in A549 cells with transfection of the indicated vectors (GFP + Empty
(ev), GFP + SPDEF, NPTNβ dn + ev, NPTNβ dn + SPDEF, NPTNβ dn +NFIA dn +NFIB dn, NPTNβ dn +NFIA dn +NFIB dn + SPDEF) by the
spheroid counting assay and Boyden chamber-based migration and invasion assays, respectively. The concentrations of S100A8/A9 for
stimulation in experiments (C) through (E) were 10 ng/ml for migration, 1000 ng/mL for invasion and spheroid assay, and treatment periods
were two weeks for the spheroid assay (C) and 12 h for the migration (D) and invasion (E) assays. Data from A through E are means ± SD,
*P < 0.05, **P < 0.01 and ***P < 0.001. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 6 Activation of NFIA by TRAF2 and RAS signaling that leads to S100A8/A9-NPTNβ-induced cellular spheroid formation,
migration and invasion. A, Schematic drawing of NPTNβ downstream pathway. B, Evaluation of the binding between NPTNβ and TRAF2 or
NPTNβ and NFIA by immunoprecipitation. HEK293T cells were transfected with the indicated gene combinations, lysed and subjected to
pull-down assay using anti-HA agarose beads. In this experiment, full-length of NPTNβ (wt) (left panel) and its cytoplasmic domain (cyt) (right
panel) were used for immunoprecipitation targets. C, NFIA activation was evaluated by EMSA in A549 cells with TRAF2 dn overexpression,
KRAS inhibitor (KRASI) treatment, non-selective RAS inhibitor (pan-RASI) treatment, or treatment with a combination of TRAF2 dn and pan-
RASI. D, E, F, Anchorage-independent growth (D), migration (E) and invasion (F) were evaluated in A549 cells under the same conditions as
those in (B). The concentrations of S100A8/A9 for stimulation in the experiments (D) through (F) were all 100 ng/ml and treatment periods
were two weeks for the spheroid assay (D) and 12 h for the migration (E) and invasion (F) assays. Data from D through F are means ± SD,
*P < 0.05, **P < 0.01 and ***P < 0.001. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 7 NFIA/NFIB activation through the S100A8/A9-NPTNβ axis is important for lung cancer disseminating progression. A549
cell-based stable trasnformants, GFP, NPTNβ wt #11, NPTNβ wt + NFIA wt + NFIB wt #12, and NPTNβ wt+ NFIA dn + NFIB dn #2 (all
5 × 105 cells) were injected into the lungs of mice and maintained for one month. A, Representative photographs of the transplanted cell-
derived tumors in mice (computed tomography (CT) image: left) and dissected whole lungs (right). Tumors are shown by arrows. B,
Hematoxylin and eosin (H&E) staining was done in the tumor nodules in the lung. Images were focused on tumor rims. C,
Immunohistochemistry for Ki-67, cytokeratin 8 and DAPI was done in the indicated clone-derived tumor sections. D, Quantification of the
intensities of Ki-67 and cytokeratin 8 staining was performed. Data are means ± SD, **P < 0.01 and ***P < 0.001. [Color figure can be
viewed at wileyonlinelibrary.com]
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4 | DISCUSSION

The results of our study showed that extracellular S100A8/A9 induced

by cancer-associated inflammation in the lung plays a pivotal role in lung

cancer progression through enhanced anchorage-independent growth,

migration and invasion. For effectively receiving the S100A8/A9 signal,

lung cancer cells use their cell surface NPTNβ that which is highly

elevated at bothmRNA and protein levels. Upon binding of S100A8/A9

toNPTNβ, theTRAF2adaptormolecule induce all the above-mentioned

cellular events via NFIA/IB, resulting in cancer progression.

We first showed that NPTNβ acts as one of the S100A8/A9

receptors in keratinocytes.12 When keratinocytes are in legion of an

inflammatory skin disease such as atopic dermatitis, extracellular

S100A8/A9 induced by inflammation stimulates NPTNβ in keratino-

cytes, leading to the acquisition of much higher potential for

proliferation and production of cytokines and chemokines in the

stimulated keratinocytes, linking to skin hyperplasia with serious

inflammation.12 Because NPTNβ has at least two adaptor molecules,

GRB2 and TRAF2,12 which are known to activate RAS-mediated

ERK12,18 and NFκB,12,19,20 eventually possible to link proliferation and

inflammation, respectively. The pathways thatweremediated by these

adaptormolecules (GRB2-RAS pathway and TRAF pathway)might also

have link to NFIA/NFIB activation and NPTNβ upon S100A8/A9

binding, lead to lung cancer progression. In lung A549 cancer cells,

significant cellular events associatedwith the S100A8/A9-NPTNβ axis

were cellular motility, invasiveness and anchorage-independent

growth. In this study, we found that the TRAF2 pathway is more

important than the GRB2-RAS pathway, since RAS is already in a state

of sustained activation in A549 cells owing to a constitutively active

KRAS mutation.19,20 Furthermore, overexpression and constitutive

active mutations of EGFR and ERBB2, which are critical for

carcinogenesis and subsequent progression of lung cancers, are all

linked to downstream RAS activation.17,18 As expected, we found that

TRAF2 through NPTNβ triggered by S100A8/A9 binding was

important lung cancer progression in culture system (Figure 6). We

also found that TRAF2 cooperatively functions with another RAS

without KRAS. To know the importance of another RAS in lung cancer

cells, we examined the expression of RAS family genes in cancer cells.

The results showed that two RAS family genes, RAS-Like Family 11

Member A (RASL11A) and Embryonic StemCell-Expressed Ras (ERAS),

were highly upregulated in A549 cells and all other lung cancer cells

that were examined (Figure S10). These findingsmay provide a clue for

determining the role of other RAS family genes in the GRB2 pathway

regulated by the S100A8/A9-NPTNβ axis in lung cancer (Figure 6A).

Wealso have investigated howTRAF2contributes toNFIA andNFIB

activation. NFIs’ regulation is still in enigma in many parts; however, Lee

et al showed that there is feed-forward regulation between NFκB and

NFIA.21 Thus, TRAF2 may indirectly activate NFIA through activation of

NFκB. In addition, NFIA is able to function as a heterodimerwithNFIB,22–

24 which may be the reason why we found functional similarity between

NFIA andNFIB in our experimental settings. In fact, our immunoprecipita-

tion (Figure 4E left panel) showed that NFIA and NFIB can form not only

homodimer by each itself (NFIA/NFIA, NFIB/NFIB) but also heterodimer

(NFIA/NFIB). The homodimer or heterodimer formation is probably

required for an active function of NFIA and NFIB since both inclusions of

dominant negative NFIA and NFIB to the wild type NFIA effectively

removed the DNA-binding ability of NFIA (Figure 4E right panel).

Once NFIA/NFIB had been activated, it enhanced anchorage-

independent growth, cellularmotility and invasiveness in lung cancer cells

(Figure S6). Interestingly, these cellular eventswere followed by a notable

change in cell shape toward a stromal phenotype (Figure S5B), whichmay

indicate an epithelial-mesenchymal transition (EMT).25,26 We were

therefore interested in EMTgenes,which should showaltered expression

at significant levels in NFIA/NFIB wt and its non-functional dn type, but

contrary to our expectations, no notable changes in the expression of

genes related to EMT were detected in subsequent studies using RNA

sequence-based analysis (Figure S7). Instead, many cancer-associated

genes were enriched in the condition of sustained overexpression of

NFIA/NFIB.We found that oneof the candidates, SPDEF,was involved in

part in anchorage-independent growth, cellular motility and invasiveness

in lung cancer cells (Figures 5C-5E and Figure S8), suggesting that SPDEF

coordinately functionswithothermolecules (FigureS7) underNFIA/NFIB

to lead cancer-associated cellular events that may also be linked to the

appearance of an EMT-like cellular phenotype. Interestingly, SPDEF has

an inverse function for cancer progression. Consistent with our results

obtained in lung cancer cells, GEPIA public database (http://gepia.cancer-

pku.cn/detail.php?gene=SPDEF) provided much higher expression of

SPDEF in lung tumors than those in normal lung tissues (data not shown)

that links well a consistent increase in NFIA in the lung tumors compared

with their adjacent normal tissues in lung cancer patients.27 A high

expression level of SPDEF in estrogen receptor-positive breast tumors

showed a significant correlation with poor overall survival. In addition,

Mukhopadhyay et al reported that SPDEF-CEACAM6 is a highly active

oncogenic axis in breast cancer.28 On the other hand, some studies

showed that SPDEF represses tumorigenesis, EMT and metastasis in

prostate cancer cells, suggesting the presence of an unusual complex

mechanism of SPDEF regulation dependent on cancer type.29–32

Finally, we discuss about how S100A8/A9 is induced in the lung in

which lung cancer cells reside in. The result of immunohistochemistry

showed that S100A8/A9 was produced and secreted by either stroma

cells surrounding cancer cells or by cancer cell themselves. Interestingly,

Hoshino et al reported that tumor-derived exosomes induce the

expressions of multiple S100 genes, including S100A4, A6, A10, A11,

A13 and A16, in normal fibroblasts in the lung when the exosomes bind

to and are incorporated into the fibroblasts.33 On the other hand, the

main sources of S100A8/A9 secretion have been shown to be

inflammatorymonocytes2 andneutrophils,2,4,5whichexist in the stroma

around cancer cells in the lung. Thus, it possible that lung cancer-derived

exosomes induce S100A8/A9 in these cells in the lung in accordance

with the results reported by Hoshino et al. In fact, our results showed

that lung cancer-derived exosomes stimulate S100A8/A9 secretion,

leading to cancer cell migration and invasion at critical levels

(Figure S11). Regarding this, Hoshino et al also showed that cancer-

mediatedexosomes induceS100A8fromKupffercells in the liver,which

may attract cancer cells.33 We hence speculate that NPTNβ wt +NFIA

wt +NFIB wt clone #12 may be attracted to the liver through sensing
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S100A8 since NPTNβ can recognize S100A8. To enable this phenome-

non, intrinsic abundant NFIA/NFIB may be additively required. Future

studies will uncover these complex mechanisms.

In this study, we did not explore the importance of S100A8/A9 as

a potential biomarker for lung cancers. Some studies have been

reported that S100A8/A9 is detectable at significant levels in plasma in

patients who burdened several types of cancers including renal cell

cancers,34 colorectal cancers,35 prostate cancers36 and pancreatic

ductal adenocarcinomas (PDACs),37 which sets conditions of malig-

nant cancers apart from those of non-cancerous inflammatory

diseases. Thus, we are expecting that S100A8/A9 may also be a

useful biomarker in lung cancers.

Our findings indicate that S100A8/A9-NPTNβ plays a pivotal role

in lung cancer progression with dissemination through a significant

pathway, especially through TRAF2-NFIA/NFIB signaling. The path-

way may coordinately function with other key oncogenic pathways

triggered by EGFR, ERBB2, KRAS, and so on for the process of

aggressive growth and metastasis of lung cancer (Figure 8). We hence

believe that strategies targeting S100A8/A9-NPTNβ may effectively

block lung cancer progression and that such approaches will be useful

when combine with the established common chemotherapy.
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