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ABSTRACT 

 

The MET oncogene is amplified in a fraction of human gastric carcinoma cell lines, with 

consequent overexpression and constitutive activation of the corresponding protein product, the 

Met tyrosine kinase receptor. This genetically driven hyperactivation of Met is necessary for cancer 

cell growth and survival, so that Met pharmacological blockade results in cell-cycle arrest or 

apoptosis (oncogene addiction). MET gene amplification also occurs in vivo in a number of human 

gastric carcinomas, and clinical trials are now ongoing to assess the therapeutic efficacy of Met 

inhibitors in this type of malignancy. The aim of our study was to identify a preclinical algorithm of 

soluble surrogate biomarkers indicative of response to Met inhibition in gastric tumors, as a 

potential tool to integrate imaging criteria during patient follow-up. We started from a survey of 

candidate molecules based on antibody proteomics and gene expression profiling; after ELISA 

validation and analytical quantification, four biomarkers were identified that appeared to be strongly 

and consistently modulated by Met inhibition in a panel of Met-addicted gastric carcinoma cell 

lines, but not in Met-independent cell lines. Pharmacologic blockade of Met using specific small-

molecule inhibitors led to reduced secretion of IL-8, GROα and the soluble form of uPAR and to 

increased production of IL-6 both in vitro (in culture supernatants) and in vivo (in the plasma of 

xenografted mice). If confirmed in patients, this information might prove useful to monitor clinical 

response to Met-targeted therapies in MET-amplified gastric carcinomas. 
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Gastric cancer is the fourth most common malignancy in the world and the first leading cause of 

cancer deaths in Asia. Notwithstanding the advancement of surgical techniques and the 

introduction of new chemotherapeutic regimens, patients with advanced disease still face a dismal 

prognosis. As already observed for other solid tumors, the advent of targeted therapies against 

“druggable” oncoproteins is also likely to improve clinical outcome in the context of this specific 

malignancy. 

The Met tyrosine kinase receptor for hepatocyte growth factor (HGF) is abnormally activated in a 

fraction of human gastric cancers; indeed, amplification of the MET gene has been reported in ∼ 

7% of unselected patients and in more than 38% of cases when considering tumors of the 

scirrhous type in the Japanese population.1–4 Consistent with these epidemiological findings, MET 

amplification is a genetic hallmark of several cultured cell lines derived from gastric 

tumors.4, 5 These MET-amplified gastric carcinoma cell lines respond to Met inactivation with 

remarkable growth impairment, suggesting that this kind of genetic alteration drives “addiction” to 

Met activity in vitro and may predict effective treatment outcome in vivo.4, 5 Such findings have 

encouraged the development of several anti-Met antibodies and small-molecule Met inhibitors, 

many of which are currently undergoing Phase I and Phase II clinical trials in different neoplastic 

settings, including gastric tumors.6–8 

During patient follow-up, response to treatment is classically defined through repeated 

measurements of the tumor size by imaging techniques (which normally involve computed 

tomography and/or magnetic resonance). Thanks to its extensive application and informative 

value, this procedure has become the gold standard to assess the efficacy of anticancer therapies 

and is now a universally recognized criterion for response evaluation in solid tumors 

(RECIST).9 However, some practical and biological shortcomings undermine full reliability of this 

approach: consistency in pursuing the correct imaging requirements and rules in different centers 

worldwide is challenging; recurrent body irradiation raises important safety concerns, which 

imposes relatively long holding periods between one examination and the other and finally, 

because some tumors retain their original peripheral mass while showing a central core of necrotic 

or liquefied tissue, dimensional responses are not always correlated with the actual clinical 

benefit.10 

Based on these considerations, there is now general agreement that imaging criteria should be 

integrated by other noninvasive methods allowing for dynamic, short-term and serial monitoring of 

tumor response to therapy.11 This would be particularly helpful in the assessment of the results of 

Phase I and II studies, in which critical decisions are made regarding the merits of continued 

investigation of a particular agent. One such method relies on the measurement of the plasma 

levels of soluble proteins shown to undergo rapid, objective and quantifiable changes in their blood 

concentration only when tumors are sensitive to a given anticancer therapy. Variations of these 

analytes must correlate with response to treatment but do not necessarily provide functional 

information; therefore, these soluble indicators are conventionally known as surrogate response 

biomarkers.12 

Here, we addressed this issue by performing a preclinical exploratory study in the context of MET-

amplified gastric tumors responsive to anti-Met-targeted therapies. Starting from a wide list of 

candidates selected from antibody-based proteomics and gene expression profiling, we finally 

extracted an algorithm of four soluble proteins that appeared to be consistently modulated by Met 

pharmacologic blockade in a panel of drug-sensitive gastric carcinoma cell lines. Specifically, Met 

inhibition led to reduced levels of IL-8, GROα and uPAR and to increased secretion of IL-6, both in 

culture supernatants and in the plasma of mice bearing gastric carcinoma xenografts. If validated 

in the clinic, such biomarkers might prove useful to supervise patient follow-up in association with 

conventional imaging. 
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MATERIALS AND METHODS 

 

Cell lines and reagents 

SNU5, HS746T, NCI-N87 and AGS were acquired from American Type Culture Collection; MKN45 

was purchased from Riken Cell Bank; GTL16 is a subclone of MKN45 obtained by limiting 

dilution.13 GTL16, MKN45, NCI-N87 and AGS were maintained in RPMI 1640, SNU5 and HS746T 

in Iscove, both complemented with 10% fetal bovine serum, 4 mmol/l glutamine and antibiotics. 

PHA-665752 was purchased from Tocris Bioscience. For in vivo experiments, JNJ-38877605 was 

provided by Ortho Biotech Oncology. GTL16 cells expressing K-RASG12V have already been 

described.14 

 

Protein arrays and densitometric analysis 

A Human Cytokine Antibody Array kit was purchased from RayBiotech. Briefly, membranes were 

saturated with a blocking buffer, exposed to culture supernatants from GTL16 cells treated with 

either the Met small-molecule inhibitor PHA-665752 (PHA; 0.5 μM, 24 or 72 hr) or DMSO and 

incubated at room temperature for 2 hr. After incubation with primary biotin-conjugated antibody, 

membranes were developed using enhanced chemiluminescence-type solution (ECL, Amersham). 

Images were captured using a LAS-4000 molecular imager (Fujifilm). Densitometric analysis was 

performed with the MetaMorph® software, using region of interest integrated intensity function. 

Raw intensity values were background corrected by subtracting the average signal of blank spots 

and normalized using positive controls as references. 

 

ELISA kits 

STC2 ELISA kit was purchased from USCN Life Sciences; IL-6 and MIF ELISA kits were 

purchased from Bender MedSystems; all other kits were purchased from R&D. Experiments were 

performed according to the manufacturer's instructions. 

 

Oligonucleotide microarrays and TaqMan low-density qPCR array 

Total RNA was isolated with TRIzol (Invitrogen). Gene expression datasets, obtained by 

oligonucleotide microarrays, have already been published14 and have been deposited in the 

National Center for Biotechnology Information Gene Expression Omnibus 

(GEO;http://www.ncbi.nlm.nih.gov/geo/ under the GEO Series accession number GSE19043). For 

TaqMan low-density quantitative polymerase chain reaction (qPCR) array, cDNA was prepared 

using the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems). TaqMan qPCR 

reactions targeted 43 transcripts chosen among the top-ranking genes encoding secreted/soluble 

proteins, based on microarray expression profiles, and two reference genes (POL2AR and B2M) in 

a microfluidic card. 

 

Viability assays 

One thousand cells were resuspended in 50 μl of complete growth medium and seeded in 96-well 

plastic culture plates (Day 0). On Day 1, 50 μl of PHA-665752 or vehicle serially diluted in 

complete medium was added to cells. On Day 3, cell viability was assessed by ATP content using 

a luminescence assay (CellTiter-Glo, Promega). All measurements were recorded using a Victor™ 

X4 2030 multilabel plate reader (Perkin Elmer). Growth inhibition at each drug concentration was 

normalized to vehicle-treated cells. 

 

Xenografts and in vivo procedures 

GTL16 cells (2 × 106) were resuspended in 200 μl of PBS and inoculated subcutaneously into the 

right posterior flank (or both right and left posterior flanks, for determination of uPAR and IL-6) of 6-
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week-old immunodeficient nu/nu female mice on Swiss CD1 background (Charles River 

Laboratories). After tumor mass formation, mice were dosed orally with 40 mg/kg/day of the Met 

inhibitor JNJ-38877605 for 3 days. Blood was sampled from tail vein or heart at the indicated 

timepoints, and plasma was assayed for the concentration of the selected analytes by ELISA. All 

animal procedures were approved by the Ethical Commission of the Institute for Cancer Research 

and Treatment (Candiolo, Torino, Italy) and by the Italian Ministry of Health. 

 

Statistics 

Results are means ± standard error of the means (SEM) for both in vitro and in vivo experiments. 

When applicable, comparisons were made using the two-tailed Student's t-test. p values less than 

0.05 were considered to be statistically significant. 

 

 

RESULTS 

A multiplatform screen identifies candidate soluble biomarkers of Met inhibition 

To explore the “secretome” of drug-sensitive cancer cells in response to Met inhibition, we devised 

a sequential experimental pipeline that incorporated different multiplex technologies in a number of 

MET-amplified, Met-addicted cell lines (Fig. 1a). First, we undertook a medium-scale screen using 

a highly sensitive, membrane-based protein array system that enabled simultaneous detection of 

120 cytokines and soluble molecules in a simple dot-plot format, using cell culture supernatants as 

a source of analytes. This platform was expanded with data derived from a large-scale, genome-

wide expression profiling study. Both the proteomic screen and the genome-wide transcriptional 

analysis were performed in the gastric carcinoma cell line GTL16, which contains 11 extra copies 

of the MET locus and undergoes a complete proliferative arrest upon Met inhibition.14, 15 PHA-

665752 (subsequently referred to as PHA), a well-characterized Met-specific inhibitor,16was 

chosen for Met pharmacologic blockade. 

 

For antibody-based proteomics, data were collected by probing the membranes with GTL16 cell 

culture supernatants after two different timepoints, 24 and 72 hr, in the presence or absence of 0.5 

μM PHA (Fig. 1b). Inhibition of Met-dependent signals is known to induce a marked decrease in 

the proliferation rate of fast-growing Met-addicted cells.4, 5, 14, 16 This would likely bias the 

quantitative assessment of functional changes in the amount of secreted proteins, due to reduction 

in the absolute number of cells as a consequence of Met neutralization. We were able to overcome 

this limitation by administering PHA after cell overconfluency: under this condition, cells achieve a 

growth plateau that is not affected by the proliferative arrest induced by Met 

inhibition.14 Computer-assisted densitometry of the arrayed spots was performed to quantitate 

differences in the amounts of secreted molecules: ten proteins, which exhibited a positive or 

negative modulation greater than twofold following PHA treatment, were scored as hits (Fig. 1c). 

The temporal trends of changes in protein secretion appeared to be quite variable: growth-related 

oncogene α (GROα), interleukin-8 (IL-8) and insulin-like growth factor binding protein 1 (IGFBP-1) 

displayed early changes, with negative modulation after 24 hr of Met inhibition; the soluble forms of 

interleukin-6 receptor (IL-6R), plasminogen activator urokinase receptor (uPAR or PLAUR), tumor 

necrosis factor receptor superfamily member 1B (STNFR2) and tumor necrosis factor receptor 

superfamily member 11B (OPG or TNFSR11B) had a delayed pattern, with decreased production 

mainly at 72 hr. The modulation of chemokine (C-C motif) ligand 2 (MCP-1 or CCL2) and 

interleukin-6 (IL-6) had an opposite direction, with marked protein accumulation after 72 hr of Met 

inhibition. Finally, secretion of TIMP metallopeptidase inhibitor 2 (TIMP2) exhibited a bimodal 

dynamics: the molecule was upregulated after 24 hr of Met inhibition and downregulated after 72 

hr. 

http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#fig1
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#bib14
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#bib15
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#bib16
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#fig1
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#bib4
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#bib5
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#bib14
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#bib16
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#bib14
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#fig1


For unbiased gene expression analysis, we took advantage from a transcriptional portrait of GTL16 

cells treated for 24 hr with 1 μM PHA, previously generated through oligonucleotide microarray 

technology.14 From this dataset, we extracted ∼ 1,000 secreted/soluble proteins using publicly 

available bioinformatic tools (Gene Ontology and Secreted Protein 

Database; http://spd.cbi.pku.edu.cn) and identified those transcripts that proved to be modulated 

by Met inhibition. Then, the 43 top-ranking molecules featuring the highest extents of 

transcriptional modulation were reassessed for expression changes by TaqMan low-density qPCR 

arrays. This validation step was carried out in GTL16 cells and further extended to a panel of three 

other gastric carcinoma cell lines (MKN45, HS746T and SNU5), all exhibiting amplification of the 

MET oncogene and responding to Met inhibition with a severe impairment of cell 

viability4, 5, 14 (Fig. 1a). For selection of candidates, we considered the modulation of all 43 

transcripts across the four cell lines and concentrated on the genes that concordantly displayed 

decreased or increased expression (following Met inhibition) with an average log2 ratio greater than 

±2 (Fig. 1d). Among such genes, uPAR and IL-8 were confirmed to be downregulated in GTL16 

and to undergo robust downregulation also in MKN45, HS746T and SNU5. Other molecules that 

were not interrogated in our initial proteomic approach demonstrated coherent expression changes 

across the entire panel of Met-addicted cell lines: these included one molecule that was 

consistently upregulated upon Met inhibition (macrophage stimulating 1, MST1) and six molecules 

that were downregulated (bone morphogenetic protein 6, BMP6; galanin, GAL; stanniocalcin 2, 

STC2; endothelial lipase, LIPG; uridine phosphorylase 1, UPP1 and regenerating islet-derived 

family, member 4, REG4) (Fig. 1d). 

In short, a sequential, complementary and multiplatform screen allowed the identification of ten 

soluble molecules that proved to be modulated in response to Met inhibition in GTL16 (as 

assessed by protein arrays) and nine genes encoding for secreted molecules whose expression 

consistently changed upon Met inhibition in a panel of four Met-addicted gastric carcinoma cell 

lines (as assessed by TaqMan-based qPCR low-density arrays). Of these, two (IL-8 and uPAR) 

were concomitantly interrogated by both proteomic and transcriptional analyses (Fig. 1a). For 

further validation and absolute quantification of changes in secretion in the whole Met-addicted cell 

panel, we selected eight candidates for which commercial ELISA assay kits were available: IL-8, 

uPAR, GROα, MCP-1, IL-6, GAL, STC2 and REG4. 

 

Met inhibition induces consistent changes in the secretion of IL-8, uPAR, GROα and IL-6 in 

a panel of Met-addicted gastric carcinoma cell lines 

We quantitated the changes in protein concentration of the candidate molecules in the culture 

supernatants of Met-addicted cell lines, following Met pharmacological blockade in overconfluent 

cells. Cells were exposed to DMSO or 0.5 μM PHA for 24 hr (IL-8, GROα, GAL, STC2 and REG4) 

or 72 hr (uPAR, IL-6 and MCP-1), in accordance with the timepoint of maximal modulation 

observed in the screening experiments; supernatants were then collected and tested with the 

appropriate ELISA kit assays. As already mentioned, inhibition of Met in overconfluent Met-

addicted cell lines did not substantially affect cell growth, thus avoiding the confounding 

contribution of cell number variations to the production of the secreted molecules (Supporting 

Information Fig. 1). 

Consistent with the previous results, we measured a statistically significant decrease in the 

concentrations of IL-8, GROα and uPAR in supernatants derived from the four addicted cell lines 

treated with PHA (Figs. 2a–2c) as well as a robust increase of IL-6 production in PHA-inhibited 

GTL16, MKN45 and HS746 (Fig. 2d). SNU5 cells were an exception, as both basal and PHA-

modulated levels of IL-6 were under the detection threshold. Similarly, both basal and PHA-

induced amounts of the other four molecules tested (MCP-1, GAL, STC2 and REG4) were below 

the detectable protein concentration range of the corresponding ELISA kits. Cell lines displayed 
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remarkable differences in the physiological secretion of the investigated proteins: for instance, the 

basal concentration of IL-8 in GTL16 amounted to ∼ 0.250 ng/ml, whereas it was above 13 ng/ml 

in SNU5 cells (Fig. 2a). Notwithstanding these differences in absolute production levels, Met 

inhibition invariably induced a clearcut modulation of their secreted quantities. 

 

Collectively, these results confirm and quantitate the magnitude of the modulation trend observed 

at the proteomic and transcriptional levels for IL-8, GROα, uPAR and IL-6. Furthermore, the 

feasibility of protein detection through quantitative analytical methods affords these four molecules 

with additional preclinical value as potential serum biomarkers of Met inhibition. 

 

Modulation of IL-8, uPAR, GROa and IL-6 is blunted in cells that are biologically insensitive 

to Met inhibition 

In principle, changes in the secretion of IL-8, GROα, uPAR and IL-6 by Met-addicted gastric 

carcinoma cells could be due to blockade of Met activity independent of the therapeutic response. 

In this case, the algorithm would correlate with Met pharmacologic inhibition but not with reduction 

of tumor cell growth. To address this issue, we assayed the concentrations of IL-8, GROα, uPAR 

and IL-6 in the supernatants of different cellular models of therapeutic resistance to Met inhibition. 

In the first model, we rendered Met-addicted GTL16 cells unresponsive to Met inhibition by 

exogenous expression of a constitutively active form of Ras (RasG12V): we have already 

demonstrated that, in this setting, treatment with Met inhibitors leads to biochemical inactivation of 

Met, but it does not induce cell-cycle arrest.14 In GTL16RasG12V, the decrease in the production of 

IL-8, GROα and uPAR induced by PHA treatment was much lower than that observed in wild-type 

GTL16 (approximately twofold in GTL16RasG12Vversus approximately eightfold in wild-type GTL16). 

Similarly, IL-6 levels remained under the detection threshold in GTL16RasG12V cells both in the 

absence and in the presence of Met inhibition, whereas the concentration of IL-6 reached the 

detection range in Met-inhibited wild-type GTL16 (indicative of enhanced secretion) (Fig. 3a). 

 

The other models included two additional gastric carcinoma cell lines, NCI-N87 and AGS, which 

express physiological levels of Met17(Supporting Information Fig. 2a). According to quantitative 

assessment of Met phosphorylation levels by ELISA assays, HGF treatment (50 ng/ml) was able to 

induce activation of Met in both NCI-N87 and AGS, and in both cell lines administration of 0.5 μM 

PHA abrogated HGF-induced Met phosphorylation (Supporting Information Fig. 2b). Viability 

assays of cells cultured in the presence of HGF and treated with increasing concentrations of PHA 

revealed that Met blockade did not affect cell growth (Supporting Information Fig. 2c). This 

indicates that, similar to the GTL16RasG12V setting, NCI-N87 and AGS respond to Met inhibitors with 

receptor dephosphorylation, but not with growth suppression. Again in analogy with GTL16RasG12V, 

production of IL-8, GROα and uPAR in these cell lines was not influenced by Met inhibition, and IL-

6 levels remained undetectable both in the absence and in the presence of PHA (Fig. 3b). 

Together, these data indicate that changes in the secretion of the four biomarkers are negligible—if 

any—in cells in which inhibition of constitutive or HGF-induced Met activation is not accompanied 

by a proliferative impairment, whereas production of such molecules is profoundly affected in Met-

addicted cell lines that respond to Met inhibition with a severe growth arrest. When translated into 

the clinical setting, this observation suggests that serum positivity for this algorithm may predict 

both target inhibition and actual therapeutic response. 

 

Pharmacological inhibition of Met-addicted xenografts induces consistent changes in 

plasma concentration of IL-8, GROa, uPAR and IL-6 

To further validate the preclinical significance of these results, we extended our analysis to an in 

vivo model of tumor xenotransplantation. Specifically, we inoculated GTL16 cells in 
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immunocompromised mice and let the xenografts grow until formation of established tumor 

masses (range of tumor volumes between 800 and 1,200 mm3). We then treated the mice with 

JNJ-38877605, another Met small-molecule inhibitor that—different from PHA—displays oral 

bioavailability and is endowed with a safer in vivo toxicity profile.6, 18In vitro experiments 

demonstrated that JNJ-38877605 is as efficient as PHA in modulating secretion of the investigated 

molecules in GTL16 cells (Supporting Information Fig. 3). 

Preliminary findings in untreated mice bearing established GTL16 xenografts indicated that the 

basal plasma levels of tumor-derived human IL-8 and GROα fell in the range of analytical 

detectability, whereas those of uPAR and IL-6 were below quantification limits. Therefore, we 

decided to proceed with two different experimental approaches. In the case of IL-8 (n = 6) and 

GROα (n = 4), mice were dosed orally with 40 mg/kg JNJ-38877605 once daily for 3 days, and 

blood was sampled sequentially from the tail vein of each mouse immediately before treatment 

initiation (timepoint 0) and after completion (timepoint 72 hr). In the case of uPAR and IL-6, we 

reasoned that one way to increase plasmatic detectability was to maximize tumor masses—in 

order to boost the amount of secreted proteins—and to dispose of higher volumes of blood. 

Accordingly, we inoculated cells on both flanks of each mouse and took blood samples directly 

from the heart of sacrificed animals, which allowed separation of higher quantities of plasma. To do 

this, we produced independent experimental groups for untreated and treated animals, which were 

matched by similar tumor volumes (n = 6 for uPAR and 4 for IL-6). 

Treatment of mice with JNJ-38877605 for 72 hr led to a statistically significant decrease in the 

plasma levels of human IL-8 (from ∼ 0.150 to 0.050 ng/ml) and GROα (from 0.080 to 0.030 ng/ml) 

(Fig. 4). The blood concentration of uPAR also diminished by more than 50% (Fig. 4). While 

confirming the trend observed in vitro, the extent of uPAR reduction induced by Met inhibition in 

vivo was extremely variable among the different mice and did not reach statistical significance; this 

is possibly due to the fact that, in this specific experimental setting, samples from independent 

animals instead of paired samples were examined (see above). Consistent with the results 

obtained in vitro, systemic inhibition of Met resulted in an increase of IL-6 from underthreshold 

levels to a detectable amount of ∼ 0.015 ng/ml (Fig. 4). 

 

 

DISCUSSION 

Unlike biopsies, plasma proteins can be serially measured easily and noninvasively, allowing one 

to assess, in a short period, whether changes in their blood concentration can correlate with 

defined clinical (and, possibly, functional) responses. Prompted by the notion that soluble 

biomarkers should be investigated as complementary instruments to monitor tumor responses, 

especially when investigational targeted therapies move from the preclinical setting to first-in-man 

studies, we decided to undertake a top-down exploratory study of secreted molecules whose 

expression is modulated by Met inhibition in MET-amplified gastric carcinoma cell lines. These 

cells respond to Met pharmacologic inhibition with drastic growth impairment, a finding that has 

spurred the design of ad hoc clinical trials to evaluate whether Met inhibitors can have therapeutic 

efficacy in MET-amplified gastric tumors.4–8, 14, 16 

Starting from an antibody-based proteomic survey and a gene ontology annotation of secreted 

molecules extracted from a genome-wide expression dataset, we selected some candidates that 

were validated in a panel of “Met-addicted” cellular models of gastric cancer origin. Through this 

experimental pipeline, we ended up with four soluble biomarkers (IL-8, GROα, uPAR and IL-6) 

whose secretion was consistently and significantly modulated in all the cell lines tested. At least in 

part, this algorithm may also apply to tumor settings other than gastric carcinoma: preliminary 

results in two MET-amplified, Met-addicted lung cancer cell lines reveal an analogous trend of 

http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#bib6
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#bib18
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#fig4
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#fig4
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#fig4
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#bib4
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#bib14
http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#bib16


protein modulation for IL-8, GROα and uPAR, whereas IL-6 appears to be downregulated rather 

than upregulated (Supporting Information Fig. 4). 

Because these molecules are related to broad systemic parameters such as inflammation and 

coagulation, we expect that baseline levels for each of them will exhibit interindividual variability 

when tested in humans. However, it is worth noting that the circulating levels of the four cytokines 

have already been assayed (and found to be increased) in a variety of tumor patients, including, in 

the case of IL-8 and IL-6, gastric carcinoma patients.19–22 These results indicate that the 

analytical determination of such biomarkers in human plasma is feasible and that their detectability 

in tumor patients appears not to be critically affected by physiological intersubject and within-

subject variations. Therefore, if therapy-induced changes in the plasma concentration of the four 

biomarkers prove to be sufficiently robust for all of them, generation of a reliable and specific 

response algorithm can be realistically envisioned. 

Another aspect that deserves consideration concerns the finding that these soluble proteins are not 

simply indicative of target impact, but they also correlate with tumor response: in cellular models of 

therapeutic resistance to Met inhibition, in which treatment with Met inhibitors results in Met 

deactivation but not in cell-cycle arrest,14 production of the biomarkers was only slightly affected. 

This allows discriminating between pharmacologic versus biological compound activity. 

Changes in the expression of these secreted molecules might produce functional effects that 

transcend their activity as surrogate biomarkers. IL-8 and GROα share common structural 

features, similar receptors and superimposable roles.23 Both cytokines are transcriptionally 

upregulated by Ras-dependent signals, which are the major transducers of Met-driven growth in 

Met-addicted cancer cells.14, 24, 25 They are involved in the progression of different types of 

tumors by stimulating angiogenesis and inflammatory reactions within the tumor reactive 

microenvironment26–28 as well as proliferation, migration and survival of neoplastic cells.29–

34 Moreover, they induce senescence of cancer-associated fibroblasts, which exacerbates the 

malignant properties of transformed cells.24, 25 Analogous biological properties are displayed by 

uPAR: both membrane-bound and serum-soluble forms of this receptor have been implicated in 

tumor angiogenesis,35 and increased levels of uPAR correlate with a poor prognosis and 

unfavorable clinical outcome in several neoplasms.36, 37 Accordingly, uPAR neutralization by 

antisense oligonucleotides or peptide antagonists prevents cancer growth, invasiveness and 

metastasis.38–40 All these observations suggest that reduction in the production of these proteins, 

such as that caused by Met inactivation, would lead to a depletion of proangiogenic and 

proinvasive cues; in turn, this adverse microenvironmental condition would likely cooperate with 

direct Met inhibition to promote tumor regression. Rather than being reduced, production of IL-6 is 

instead enhanced by Met blockade; in this context, it is noteworthy that IL-6 can exert an 

antiproliferative effect in oncogenically stressed cancer cells,41 which again might add on the 

growth impairment induced by Met pharmacologic inhibition per se. 

In conclusion, we have identified a “secretomic” signature that correlates with drug sensitivity in 

Met-addicted gastric carcinomas and that might be mechanistically linked to tumor shrinkage as a 

consequence of Met inhibition. In our opinion, such biomarkers warrant prospective validation in 

clinical trials as applicative tools for frequent and noninvasive assessment of tumor response 

during patient follow-up. 
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Figure 1. A multiplatform screen identifies candidate soluble biomarkers of Met inhibition in Met-

addicted, drug-sensitive gastric carcinoma cell lines. (a) Flowchart of the experimental pipeline 

used for selection of candidate molecules; see text for details. (b) Representative images from the 

Cytokine Antibody Array; each membrane (#6 and #7) comprises a list of 60 different antibodies 

spotted in duplicate. Membranes were incubated with culture supernatants of GTL16 cells treated 

for 24 and 72 hr with DMSO (control) or the Met inhibitor PHA-665752 (PHA, 0.5 μM). Black 

squares identify the molecules of interest; red, green and dark blue squares indicate positive 

controls, blanks and negative controls, respectively. (c) Densitometric analysis of PHA-induced 

changes in the immunoreactivity of the soluble proteins highlighted in a; modulations are 

represented as log2 ratio between PHA- and DMSO-treated samples at 24 and 72 hr after PHA 

administration; ranking is from highest reduction to highest increase in protein production. (d) Heat 

map representing changes in the expression of 43 genes, based on TaqMan low-density qPCR 

arrays, in four Met-addicted gastric carcinoma cell lines (GTL16, MKN45, HS746T and SNU5) 

treated with DMSO (control) or 0.5 μM PHA for 24 hr; transcripts were extracted from a genome-

wide expression dataset obtained in GTL16, using as selection criteria gene ontology annotations 

for secreted molecules and top-ranking candidates. Genes are ranked according to the average 

log2 ratio of transcript modulation across the four Met-addicted cell lines analyzed; yellow lines 

separate transcripts displaying average log2 ratio below (left) or above (right) ±2. Genes in bold 

italic were selected for further analysis. 

 



 
 

Figure 2. Met inhibition induces consistent changes in the secretion of IL-8, uPAR, GROα and IL-6 

in a panel of Met-addicted cell lines. GTL16, MKN45, HS746 and SNU5 cells were treated with 

DMSO (control) or 0.5 μM PHA for 24 hr (IL-8, a, and GROα, b) or 72 hr (uPAR, c, and IL-6, d). 

Protein production was assayed by ELISA in culture supernatants, using calibration curves with 

purified proteins for analytical quantification. In culture supernatants of SNU5 cells, both basal and 

drug-modulated concentrations of IL-6 were below the detection threshold (data not shown). OT: 

overthreshold; UT: underthreshold. Data are the means ± SE (error bars) of one representative 

experiment performed in quadruplicate. *p < 0.05, **p < 0.01 and ***p < 0.001. 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Figure 3. Modulation of IL-8, uPAR, GROα and IL-6 is blunted in cells that are biologically 

insensitive to Met inhibition. (a) Changes in the production of IL-8, GROα and uPAR are 

represented as log2 ratio of PHA- versus DMSO-treated samples in wild-type GTL16 cells 

(GTL16WT) and in GTL16 cells expressing a constitutively active form of RAS (GTL16RasG12V). 

Absolute quantities are also provided. In the case of IL-6, log2 ratios could not be calculated 

because production was under the detection threshold, with the exception of PHA-treated 

GTL16WT cells (see Fig. 2d). Data are the means ± SE (error bars) of two independent experiment 

performed in duplicate. OT: overthreshold; UT: underthreshold. (b) Met inhibition by PHA does not 

induce changes in the secretion of IL-8, GROα and uPAR in NCI-N87 and AGS gastric carcinoma 

cell lines cultured in the presence of HGF. In the case of IL-6, both basal and drug-modulated 

concentrations were below the detection threshold (data not shown). Data are the means ± SE 

(error bars) of one representative experiment performed in quadruplicate. 

 

 

 

 

 

 

 

 

 

http://onlinelibrary.wiley.com/doi/10.1002/ijc.26137/full#fig2


 
 

Figure 4. Pharmacologic inhibition of Met-addicted GTL16 xenografts induces consistent changes 

in plasma concentration of IL-8, GROα, uPAR and IL-6. 
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Figure S2. A, Met protein levels in total lysates of GTL16, NCI-N87 and AGS. Western blot analysis shows 
expression of Met protein in NCI-N87 and AGS cell lines, as compared to high-expressing GTL16 cells featuring 
amplification of the MET gene. B, Phospho-Met ELISA assay performed in NCI-N87 and AGS cells. Acute treatment 
(10 min) with HGF (50 ng/mL) induced phosphorylation of the Met receptor protein in both NCI-N87 and AGS cell 
lines, under starving conditions. The effect was completely abrogated when cells were concurrently exposed to the 
PHA-665752 anti-Met compound (0.5 uM). C, Dose-response curves of HGF-stimulated, PHA-inhibited NCI-N87 
and AGS cells. NCI-N87 and AGS cell lines were cultured in the presence of 50 ng/mL HGF and subsequently 
inhibited with increasing doses of PHA-665752 for 72 hours. In both NCI-N87 and AGS, at all doses, treatment did 
not influence cell proliferation. Data are means ± SD (error bars) of one representative experiment performed in 
quadruplicate.
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Figure S3. Inhibition of Met in GTL16 cells using the JNJ-38877605 compound induces changes in the secretion 
of IL-8, uPAR, GROa and IL-6 similar to those produced by PHA. Cells were treated with DMSO (control) or 0.5  
µM JNJ for 24 hours (IL-8 and GROa) or 72 hours (uPAR and IL-6). Protein production was assayed by ELISA in 
culture supernatants, using calibration curves with purified proteins for analytical quantitation. OT, over threshold; 
UT, under threshold. Data are the means ± SE (error bars) of one representative experiment performed in 
quadruplicate. ***, p<0.001.
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Figure S4. Met inhibition in EBC1 and NCI-H1993 lung cancer cell lines. Met inhibition with 0.5 μM PHA-665752 
for 24 hours (IL-8 and GROα) or 72 hours (uPAR and IL-6) in the MET-amplified cell lines EBC1 and H1993 reduced 
the secretion of IL-8, GROα and uPAR, similar to that observed for MET-amplified gastric cancer cell lines. Of note, 
IL-6 showed an opposite behavior, featuring downmodulation instead of upregulation upon Met inhibition. Data are the 
means ± SE (error bars) of one representative experiment performed in quadruplicate. 
**, p<0.01; ***, p<0.001.


