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Abstract: Macrophage stimulating 1 receptor (MST1R) is a C-MET proto-oncogene family receptor tyrosine kinase.
Promoter methylation patterns determine transcription of MST1R variants as hypermethylation of a region upstream
of transcription start site (TSS) is associated with lack of MST1R long transcript (I\/ISTlR,mg) and expression of a
short transcript with oncogenic potential. Thus, we aimed to investigate MST1R variant transcript regulation in renal
cell tumors (RCT) and assess their prognostic potential. We found, in a series of 120 RCT comprising the four main
subtypes (clear cell, papillary and chromophobe renal cell carcinoma, and oncocytoma), that higher methylation
levels close to TSS were associated with total MSTLR expression levels (MST1R, ) in primary tumors (p=0.049)
and renal cancer cell lines. After demethylating treatment, MSTlR‘ong/MSTlRM ratio increased, as expected, in
two renal cell carcinoma cell lines tested. However, in primary tumors with hypermethylation upstream of TSS, a
decrease in MST1R,  /MSTI1R,  ratio was not detected, although higher expression ratio of nuclear factor-kB was
apparent. Furthermore, survival analysis demonstrated that MSTIRW/I\/ISTIRtotal ratio was independently associ-
ated with shorter disease-specific and disease-free survival, whereas IVISTlRtotal expression associated with shorter
disease-specific survival. In conclusion, although promoter methylation patterns seem to determine MST1R global
transcription regulation in renal cell carcinoma, other mechanisms might contribute to deregulate MST1R variant
expression in RCT. Nevertheless, MST1R,  expression and I\/ISTlRlong/l\/ISTlRmtal ratio modulate the biological and
clinical aggressiveness of renal cell carcinoma, as depicted by its prognostic significance, a finding that requires
validation in a larger independent series.
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Introduction MST1R/RON varies in different references, we
will follow the designation used in the original

The macrophage stimulating 1 receptor study whenever we consider that it prevents

(MST1R), also known as RON (recepteur
d’origine nantais), is a C-MET proto-oncogene
family receptor tyrosine kinase [1]. Both
MST1R/RON and its ligand, macrophage-stim-
ulating protein (MSP) [2], are mapped at chro-
mosome 3p21 [1, 3], and MSP binding triggers
MST1R dimerization and subsequent activa-
tion [4]. This leads to downstream signaling
activation of RAS-MAPK and PI-3K-AKT path-
ways [4], determining increased proliferation,
survival and invasion [5], epithelial to mesen-
chymal transition (EMT) [6] and chemoresis-
tance [7]. Since the nomenclature used for

further confusion, but otherwise we will use
MSTI1R.

MST1R is constitutively transcribed in epithelial
cells, macrophages, osteoclasts and hemato-
poietic cells [8-12], and its signaling was report-
ed to be altered in several human cancers,
including those of the breast [13], lung [14],
liver [15], ovary [16], colon [17], bladder [18]
and nasopharynx [19].

In addition to ligand-induced dimerization,
MST1R activation may be accomplished by
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receptor overexpression, kinase domain acti-
vating mutations and generation of constitu-
tively active MST1R variants [4, 20]. Most of
these variants originate from full-length MST1R
(IRON) alternative mRNA splicing (RONA170,
RONA165, RONA160, RONA155), but may
also be generated from protein truncation
(RONA110, RONAT75) and alternative transcrip-
tion start site (short-form RON, sfRON, or
RONA55) [21]. Some of these variants are con-
stitutively active and thought to be oncogenic,
including RONA165, RONA160, RONA155 and
RONA110 [21].

Concerning alternative transcription start site,
two MST1R transcripts are often found in both
normal and neoplastic cells, named full-length
RON (fIRON) and short-form RON (sfRON) [22,
23]. Whereas fIRON transcription is initiated
through a classical promoter upstream tran-
scription start site (TSS) and it is enhanced by
hypoxia-inducible factor 1a (HIF-1x) [24], early
growth response-1 (Egr-1) [25] and nuclear
factor-kB (NF-kB) [25] in cancer cells, sSfRON
transcription is initiated at the codon that
encodes for Met913, using an alternative intra-
genic promoter located between introns 8 and
10[12, 22]. Scarce data is available on alterna-
tive transcription start site regulation, but it
has been reported that methylation pattern of
MST1R promoter associates with differential
fIRON and sfRON expression: hypermethylation
at an area upstream of MST1R promoter,
named ‘island 1, was associated with absence
of fIRON and the presence of sfRON expres-
sion, whereas ‘island 1’ low or absent methyla-
tion was associated with concomitant fIRON
and sfRON expression [22]. It was also sug-
gested that sfRON endogenous activity might
be influenced by fIRON expression, since a pro-
tein complex that is promptly degraded is
formed when both sfRON and fIRON are co-
expressed [22]. Hence, when ‘island 1’ is hyper-
methyalted, MST1R homeostasis is shifted
towards fIRON null or low expression levels,
and increased sfRON expression and activity.
sfRON protein is constitutively active and its
overexpression has been associated with an
aggressive tumor phenotype: cancer cells grow
faster, lose epithelial morphology, cease to
form cell aggregates and become motile [23],
features that promote local invasion and meta-
static spread.

Despite MST1R signaling was found to be
deregulated in several neoplasms [13-19, 22,
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23], few studies have focused on MST1R pro-
moter methylation [22], particularly in renal cell
tumors (RCT). We have previously reported that
MST1R promoter hypermethylation in renal cell
tumors (RCT) was a sensitive and specific bio-
marker for clear cell renal cell carcinoma [26],
and the 307 renal tumors available in the
“Catalogue of somatic mutations in cancer”
(COSMIC) dataset (cancer.sanger.ac.uk) were
reported as highly methylated [27]. RCTs, a
clinical, morphological, genetically and epige-
netically heterogeneous group of tumors, com-
prise both benign [e.g., oncocytoma (RO)], and
malignant [e.g., clear cell renal cell carcinoma
(ccRCC), papillary RCC (pRCC) and chromo-
phobe RCC (chRCC)] neoplasms, among which
ccRCC is the most frequent (75%) and aggres-
sive subtype, followed by pRCC (10%), and then
chRCC (5%), the least aggressive subtype that
rarely metastasizes [28, 29]. Although MST1R
protein expression has been previously investi-
gated in RCTs, it mainly focused on chRCC and
RO [30, 31], and, thus, studies on MST1R
MRNA expression deregulation through pro-
moter methylation, as well as its biological and
clinical impact are lacking. Thus, we aimed to
characterize MST1R promoter methylation in
RCT to investigate whether altered patterns
might associate with different transcript variant
expression in RCT primary tumors and cell
lines, and how it might impact on tumor
aggressiveness.

Material and methods
Patients and sample collection

Fresh-frozen tissue was prospectively collect-
ed, after informed consent, from 130 nephrec-
tomy specimens at the Portuguese Oncology
Institute - Porto (Portugal) between 2003 and
2007, comprising samples from ccRCC, pRCC,
chRCC and oncocytoma (30 of each), and 10
morphologically normal kidney (cortical) tissue
(from patients with upper urinary tract neopla-
sia not invading the renal parenchyma). Tissue
samples were snap-frozen immediately after
surgery, stored at -80°C and later cut in a cryo-
stat. An H&E slide was performed before and
after the sections used for nucleic acid extrac-
tion, to ensure at least 70% of neoplastic cells
in the tumor samples and negligible inflamma-
tion in morphologically normal kidney samples.

Routine assessment of tumor classification
(WHO), grading (Fuhrman) and staging (TNM)
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Table 1. Primer sequences, amplicon size, and annealing temperatures for MST1R [GenBank:
NM_002447] bisulfite sequencing (BSP), quantitative methylation specific PCR (QMSP) and expression

Location [bp upstream

Primer set Sense primer sequence (5-3’) :2;'322?2 (p5r|n;e)r /;Eslégz? (up) or downstream g;zezl:rg
(down) TSS]
BSP
MST1R_B_1 GTTATTGAGGGTGTTGTTATTAAGTG ACCTAACCCAAACCCTCC 264 612 up to 348 up 60
MST1R_B_2 AGGTGAAGGTATAGGAGTTAGG AAATTCCTATAAAACCCAAATC 272 417 up to 145 up 60
MST1R_B_3 GGTAGGGATTTTTTAGGGTTT CACCATAACCTATACCAAACCTC 210 33 up to 177 down 60
QMSP
MSTIR TTAAGGGTCGGAAGAGTC ATACACTAACGCTTAACGCTC 128 540 up to 412 up 60
MST1R ¢ AGCGTTAGTGTATAGCGGC TAAACAACGATCCCGACA 169 270 up to 101 up 60
Expression
MSTIR, ., GGCTGAGGTCAAGGATGTGCT GCCTTTGCCAATGACTCGGT 73 - 62
MSTIR, CTCTGGGGACCAGGTTTTC ATGAAATGCCATGCCCTTAG® 93 - 62
NF-kB GCTTAGGAGGGAGAGCCCT CTGCCATTCTGAAGCCGGG 86 - 61

2Primer sequence from [23].

was performed for all tumor cases in formalin-
fixed paraffin-embedded tissue [29, 32]. Re-
levant clinical data was collected from clinical
charts.

This study was approved by the Institutional
Review Board (Comissao de Etica para a Saude)
of Portuguese Oncology Institute of Porto,
Portugal (CES518/2010).

Cancer cell lines

Cell lines representative of ccRCC, two estab-
lished from primary tumors (769-P, 786-0) and
one from a metastatic site (Caki-1) were
obtained from the American Type Culture
Collection (Manassas, VA). All cell lines were
cultured according to the manufacturer’s speci-
fications, with 10% fetal bovine serum (Gibco,
Invitrogen, Carlsbad, CA) and antibiotics (100
units/mL penicillin G and 100 ug/mL strepto-
mycin, Gibco), in a humidified atmosphere of
5% CO, at 37°C.

769-P and 786-0 cancer cell lines were sub-
jected to treatment with the demethylating
drug 5-aza-2’'deoxycytidine (1 pM for 72 h). In
parallel, the same cell lines were cultured with-
out treatment for 72 h and harvested before
confluence. Demethylating treatment was con-
ducted in triplicate for both cell lines.

Nucleic acid extraction
Genomic DNA from fresh-frozen samples and

cell lines was extracted as previously described
[33]. In brief, DNA was digested overnight with
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proteinase K (20 mg/mL) in the presence of
10% SDS at 55°C, and then extracted with phe-
nolchloroform and precipitated with 100%
ethanol.

RNA extraction was performed as previously
reported [34] both for fresh-frozen tissues and
cell lines. Briefly, TRIzol® reagent (Invitrogen™,
Carlsbad, CA, USA) was used to suspend the
samples, chloroform (Merk Millipore, Darm-
stadt, Germany) was added to the lysed cells,
and total RNA was then purified using Ambion®
PureLink RNA Mini Kit (Invitrogen™, Carlsbad,
CA, USA), according to manufacturer’s recom-
mendations. RNA purity ratios and concentra-
tion were measured in a NanoDrop ND-1000
spectrophotometer (NanoDrop Technologies,
Wilmington, DE, USA) and RNA quality was con-
firmed by electrophoresis.

Bisulfite modification and bisulfite sequencing

Bisulfite conversion of unmethylated cytosine
residues to uracil, whereas methylated cyto-
sine residues remain as such, was performed
using the EZ DNA Methylation-Gold Kit (Zymo
Research, Orange, CA, USA), according to man-
ufacturer’s instructions. The modified DNA was
eluted in 60 mL of water and stored at -80°C.

Subsequently, MST1R [GenBank: NM_002447]
promoter was subjected to direct bisulfite
sequencing in 5 samples: 1 ccRCC, 1 pRCC, 1
chRCC, 1 RO and 1 normal kidney. Primers
were specifically designed to amplify fragments
containing the MST1R promoter CpG “island 1”
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Figure 1. MST1R promoter methylation in renal cell tumors (RCT): bisulfite sequencing of MST1R promoter in 5
cases (A) and QMSP methylation levels in two distinct regions, one upstream TSS (MSTlRup) and another closer to
TSS (MST1R,), in 120 cases. White squares: CpG unmethylated; gray squares: CpG partially methylated. NK: nor-

mal kidney; RO: renal oncocytoma; chRCC: chromophobe renal cell carcinoma; pRCC: papillary renal cell carcinoma;

ccRCC: clear cell renal cell carcinoma.

[22], using Methyl Primer Express v 1.0 (Applied
Biosystems, Foster City, CA, USA). Primer se-
quences and location, amplicons, and anneal-
ing temperatures are listed in Table 1.

PCR reactions included a 94°C denaturation
10 min. step followed by 40 cycles at 94°C for
30 sec., annealing temperature for 30 sec., and
72°C for 30 sec. PCR products were loaded in
a 2% agarose gel, stained with ethidium bro-
mide and visualized under an ultraviolet transil-
luminator. Excess primer and nucleotides were
removed by lllustra GFX PCR DNA and Gel Band
Purification kit (GE Healthcare, USB Corporation,
Cleveland, OH, USA) following manufacturer’s
protocol. The purified products were sequenced
using the dGTP BigDye Terminator Cycle
Sequencing ReadyReaction kit (Applied Bio-
systems, Foster City, CA, USA) in an ABI PRISM
310 Genetic Analyzer (Applied Biosystems,
Foster City, CA, USA), and data were analyzed
by Sequencer Version 4.2.2 software. The peak
height of the cytosine signal and the sum of the
cytosine and thymine peak height signals were
compared to calculate the approximate amount
of methylcytosine of each CpG site. CpG sites
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with ratios 0-0.20, 0.21-0.80, and 0.81-1.0
were considered unmethylated, partially meth-
ylated, and fully methylated, respectively, as
previously described [33, 35].

Quantitative MSP

Quantitative methylation specific real-time po-
lymerase chain reaction (QMSP) was performed
in cell lines before and after demethylating
treatment, and in all frozen tissue samples,
after DNA bisulfite conversion.

Primers were designed to specifically amplify
methylated bisulfite converted complementary
sequences of MST1R promoter using Methyl
Primer Express v 1.0 (Applied Biosystems, Fo-
ster City, CA, USA), enclosing the region previ-
ously described as MST1R promoter “island 1”
[22], located upstream of TSS [26]. Two areas
were amplified, one upstream “island 1”7 but
still in the MST1R promoter CpG island, and
another downstream, more close to TSS, na-
med MSTlRup and MSTI1R . respectively (Fi-
gure 1). Primer sequences and location are
listed in Table 1. B-actin (ACTB) was used as
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reference gene to normalize for DNA input in
each sample.

For QMSP analysis, a reaction volume of 20 pL
consisting of 10 yL of SYBR® Green PCR
Master Mix (Applied Biosystems, Foster City,
CA, USA), 7 pL of H,0, 0.5 uL of forward primer,
0.5 pL of reverse primer and 2 uL of bisulfate-
modified DNA, was run in an 7500 Real-time
PCR system (Applied Biosystems, Foster City,
CA, USA). Each sample was run in triplicate, a
calibration curve was constructed with serial
dilutions (1:5) of bisulfite converted universally
methylated DNA at all CpGs (CpGenome Uni-
versal Methylated DNA; Millipore, Billerica, MA)
to quantify the amount of fully methylated
alleles in each reaction, and “no template con-
trols” were included as a control for contamina-
tion. The amplification reaction was carried out
at 95°C for 2 min followed by 45 cycles of 95°C
for 15 s, and at annealing temperature (Table
1) for 1 min, followed by a melt curve.

Relative levels of methylated promoter DNA in
each sample were determined by the ratio of
the mean quantity obtained by QMSP analysis
for each gene and the respective value of the
internal reference gene (ACTB), multiplied by
1000 for easy tabulation (methylation level =
target gene/reference gene x 1000).

Quantitative gene expression analysis

MST1R gene expression was evaluated in
ccRCC cell lines before and after treatment
when done, and in the 120 RCTs samples. For
cell lines, 1 yg of total RNA was reversely tran-
scribed using the High Capacity cDNA Reverse
Transcription kit (Applied Biosystems®, Foster
City, CA, USA) according to manufacturer in-
structions. For frozen tissue, 300 ng of total
RNA was reversely transcribed and amplified
using TransPlex® Whole Transcriptome Amp-
lification Kit (Sigma-Aldrich®, St. Louis, MO,
United States) purified with QIlAquick PCR
Purification Kit (QIAGEN, Germany). Total
MST1R expression (MST1R, ) and long form
MSTI1R expression (MSTLR, ;) was evaluated
using custom primers designed respectively to
a region common to all MST1R described tran-
scripts and to a region specific of the long form
transcript (Table 1), using a Light Cycler 480
Real-time PRC system (Roche, Basel, Swit-
zerland), in a reaction volume of 10 pL consist-
ing of 5 uL of KAPA SYBR FAST® gqPCR Master
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Mix (Kapa Biosystems, Wilmington, MA, USA),
3.7 pL of H,0, 0.15 L of forward primer, 0.15
uL of reverse primer and 1 pL of cDNA.

Each sample was run in triplicate and the
amount of cDNA was normalized to Glucur-
onidase beta (GUSP) reference gene, as the
ratio of the mean expression level obtained by
QMSP analysis for each transcript and the
respective value of the internal reference gene
(GUSRB), multiplied by 1000 for easy tabulation.
Each plate included multiple non-template con-
trols and serial dilutions (1:5) of a cDNA Human
Reference Total RNA (Agilent Technologies, La
Jolla, CA, USA) to construct a standard curve.

NF-kB expression was evaluated in the 120
RCTs, as described above, using custom prim-
ers (Table 1).

Statistical analysis

Median and interquartile range of promoter
methylation and expression levels were deter-
mined for cell lines and tumor samples. For
tumor samples analysis and for each QMSP
primer pair, each RCT sample was classified as
“methylated” if the methylation level was high-
er than the highest value determined in the
normal kidney samples (MSTlRup: 17.58;
MSTI1R : 2.22), and as “not methylated” if the
methylation level was lower than that value.
MSTIR, . 1o "a%i0 Was computed as the ratio
MSTlF\’mg/I\ASTlRtmal x 100, after linear nor-
malization of MSTIR__ relative expression

[(MSTIR _ value - MST1R__ min)/(MST1R

total total total
max - MST1R,__ min)] and MSTlRIong relative
expression [(MSTlRIUng value - MST1R __ min)/

(MSTlRIong max - MSTlRmng min)].

long

Non-parametric tests were used to ascertain
the statistical significance of differences
among groups of samples, namely Kruskal-
Wallis ANOVA test (KW) for multiple compari-
sons and Mann-Whitney U test (MW) with
Bonferroni’'s correction for pair-wise compari-
sons, as appropriate. Spearman’s test was car-
ried out to ascertain correlations between age
and gene expression levels.

Prognostic significance of standard clinicopath-
ological variables (histological subtype, patho-
logical stage, Fuhrman grade, age, gender) and
of IVISTlRup and MST1R . methylation level,
MST1R ratio, MST1R__ and NF-kB ex-

i long/total total X
pression levels, was assessed by constructing
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Figure 2. Expression levels in tumors hypermethylated or not at MSTlRup (upstream area of MST1R promoter):

MSTlR\on ‘total
ccRCC (BY).

disease-specific and disease-free survival
(defined, respectively, as the time between
diagnosis and death for renal cell carcinoma,
and the time between treatment and the first
metastasis or local recurrence) curves using
the Kaplan-Meier method, with log-rank test
(univariable test). For this purpose, expression
levels and ratio were classified as low or high
using as cut-off the 75" percentile expression
value of each gene/ratio. Multivariable survival
analysis was conducted only for ccRCC and
pRCC. The exclusion of chRCC from the analy-
sis was due to the paucity of events (one patient
presented progression/metastasis during fol-
low-up and none has died from cancer). Age,
stage and histological subtype were also includ-
ed in the final Cox-regression model, both for
disease-specific (DSS) and disease-free (DFS)
survival.

Statistical significance was set at p < 0.05.
Statistical analysis was performed using SPSS
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ratio in RCTs (n=120) (A1) and in ccRCC (n=30) (B1), and NF-kB expression ratio in RCTs (A2) and

software for Windows, version 22.0 (IBM-SPSS
Inc., Chicago, IL, USA), and graphs were built
using GraphPad Prism 6.0 software for
Windows (GraphPad Software Inc., La Jolla, CA,
USA).

Results

MST1R promoter methylation is higher near
TSS in renal cell tumors

The methylation pattern of MST1R promoter in
RCTs was characterized by QMSP using two
primer sets, one upstream TSS (MSTlRup) and
another more close to TSS (MST1R ). Globally,
MST1R  methylation levels [median (range):
14 (0-458)] was higher than those of MSTlRup
[median (range): 2 (0-933)], and 74% of sam-
ples were hypermethylated at MST1R (22
ccRCC, 20 pRCC, 22 chRCC and 25 oncocyto-
mas) whereas only 10% of samples were hyper-
methylated at MSTlRup (4 ccRCC and 8 pRCC).

Am J Cancer Res 2016;6(8):1799-1811
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Figure 3. MST1R methylation and expression levels in ccRCC cell lines. A: MST1R  methylation level (A1) and MST1R, . expression level (A2) in three cell lines.
B: MST1R, methylation level (B1) and MST1R,  expression level (B2) in 769-P and 786-0 cell lines before and after demethylating treatment with 1 yM 5-aza-
2’deoxycytidine for 72 h. C. MSTlRup methylation level (C1) and MSTlR\ong/total ratio (C2) in 769-P and 786-0 cell lines before and after demethylating treatment

with 1 yM 5-aza-2’deoxycytidine for 72 h.
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Table 2. Clinical and pathological data of pa-
tients included in the present study

Tumor Normal

Number of patients, n 120 10
Age, median (range) 60 (29-83) 67.5(20-83)
Gender, n (%)

Male 73 (61) 7 (70.0)
Female 47 (39) 3(30.0)
Histological subtype, n (%) n.a.
Clear cell RCC 30 (25)
Papillary RCC 30 (25)
Chromophobe RCC 30 (25)
Oncocytoma 30 (25)
Pathological Stage, n (%) n.a.
Stage | 47 (39)
Stage |l 19 (16)
Stage Il 21 (17.5)
Stage IV 3(2.5)
n.a. (oncocytoma) 30 (25)
Fuhrman grade, n (%) n.a.
1 3(2.5)
2 28 (23)
3 45 (37.5)
4 14 (12)
n.a. 30 (25)

n.a.: not applicable.

This is in line with overall results of bisulfite
sequencing in the 5 samples analyzed, which
revealed rare methylated CpG in the MSTlRUp
area, and an increase of methylated CpG dinu-
cleotides near TSS (Figure 1A). Additionally, at
MSTlRup, significantly higher methylation level
were depicted for ccRCC and pRCC compared
to chRCC, and for ccRCC compared to oncocy-
toma (p<0.001 for all) (Figure 1B). There were
no statistically significant differences in
MST1R_.. methylation levels among RCT sub-

TSS

types (p=0.291) (Figure 1C).

NF-KB expression associates with MST1R
ratio in hypermethylated RCTs

long/total

RCTs with MST1R  hypermethylation showed
a significantly lower MST1R,__ expression ratio
(p=0.049), and RCTs with MSTlRup hypermeth-
ylation displayed a trend for higher expression
of MSTlRlong/mtal, (p=0.053) (Figure 2A). Intere-
stingly, a significantly higher expression of
NF-kB (p=0.013) was also observed in these
RCTs (Figure 2B).
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When analyzing ccRCC and pRCC independent-
ly (MSTlRup hypermethylation was not apparent
in chRCC or oncocytomas), there were no differ-
ences in MST_’LRIWtotal in ccRCC with or without
MSTlRup hypermethylation (p=0.756) (Figure
2C), but ccRCC with MST1R  hypermethylation
displayed a significantly higher NF-kB expres-
sion (p=0.036) (Figure 2D). No statistically sig-
nificant differences were depicted for pRCC.

MST1R expression is regulated by promoter
methylation pattern in ccRCC cell lines

MST1R promoter methylation levels more close
to TSS (MST1R,,) and MST1R,  expression
was evaluated in 769-P, 786-0O and Caki-1
ccRCC cell lines. MST1R, expression was low-
est in 769-P and 786-0 cells (Figure 3A2),
which also displayed the highest MSTI1R
methylation levels (Figure 3A1), paralleling the
observations in primary tumors. Demethylating
treatment in those two cell lines restored
MSTIR, ., expression (Figure 3B2), mainly
MSTlR‘ong (IRON) expression, which was appar-
ent through a higher MSTlRIong/total ratio (Figure
3C2), and decreased MST1R . and MSTlRup

methylation levels (Figure 3B1 and C1).

Clinical-pathological associations and survival
analysis

Clinical and pathological features of the 120
patients included in this study are depicted in
Table 2. The methylation levels of MSTlRup and
MSTI1R, ., as well as MSTIR, _ expression
level, MST_’LRlong/total ratio and NF-kB expression
level, were not associated with gender (p=
0.563, p=0.263, p=0.561, p=0.159 and p=
0.576, respectively), age (p=0.352, p=0.979,
p=0.676, p=0.119 and p=0.056, respectively)
or pathological stage (p=0.661, p=0.908, p=
0.132, p=0.579 and p=0.822, respectively).

A significantly lower NF-kB expression level
(p<0.001) was observed in oncocytomas com-
pared to RCC, whereas for I\/ISTlRup and
MST1R . methylation levels, MST1R _ ex-
pression levels and MSTlRIong/total ratio, no sig-

nificant differences were found.

During follow-up [median (range): 60 months
(2-392 months)], 12 (13%) patients died from
RCC and 17 (19%) developed metastatic
disease. Among molecular parameters, only
MST1R expression levels associated with

total
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Table 3. Prognostic value of pathological stage, histological subtype and MST1R expression in renal
cell carcinomas, following multivariable analysis using Cox-regression model

Prognostic Factor

Multivariable Analysis

Hazard 95% Cl for  Cox regression

Ratio (HR) HR p value

Disease Specific Survival®

- Stage lll/Stage IV (vs Stage I/Stage Il) 38 5.4-269 <0.001

- pRCC (vs ccRCC) 22 3.1-157 0.002

- High MST1R, . expression level (vs low MST1R,  expression level) 10 1-96 0.046

- Stage lll/Stage IV (vs Stage I/Stage Il) 26 4.4-153 <0.001

- pRCC (vs ccRCC) 14.6 2.2-99 0.006

-Low MST1R, /MSTI1R,  ratio (vs high MSTIR, /MSTIR,  ratio) 4.9 1.2-20 0.025
Disease Free Survival®

- Stage lll/Stage IV (vs Stage |/Stage Il) 14 3.5-59 <0.001

-Low MST1R, g/MSTlRm, ratio (vs high MSTIR, /I\/ISTltha, ratio) 3.2 1.19.5 0.038

Only ccRCC and pRCC were included due to insufficient events in chRCC. Cl: Confidence Interval; ccRCC: clear cell renal cell
carcinoma; pRCC: papillary renal cell carcinoma. Adjusted for patient age. PAdjusted for patient age and histological subtype;
MST1R __ expression level did not attained statistical significance in multivariable analysis for disease free survival.

total

development of metastasis during follow-up
(p=0.049). Patients with a low RCC MSTIR,
expression displayed shorter DSS, and those
with high MST1R & total ratio presented shorter
DSS and DFS (Figure 4), which was statistically
significant in multivariable analysis, controlling
for stage, histological subtype and age (Table
3).

Discussion

Gene expression regulation by promoter meth-
ylation is a well described epigenetic mecha-
nism and its deregulation is considered an
early event in carcinogenesis [36]. Indeed,
aberrant promoter hypermethylation is associ-
ated with transcriptional repression [36, 37]
and, thus, gene re-expression after demethylat-
ing treatment has been widely used as a strat-
egy for identification of genes regulated by pro-
moter methylation, namely in RCC [38-42].
MST1R promoter had been previously reported
as hypermethylated in RCC in an area down-
stream of TSS [26, 27] and in the regions inves-
tigated by Angeloni and co-workers [22], but its
putative association with altered MST1R ex-
pression pattern was not further explored. Our
findings suggest that MST1R global expression
(MST1R,,) is predominantly modulated by pro-
moter methylation near TSS (MST1R.), be-
cause significantly lower MST1R, _ expression
was found in primary RCT with MST1R  hyper-
methylation, lower MST1R,__ expression was
found in ccRCC cell lines with higher MST1R.
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methylation levels (769-P and 786-0), and
MSTI1R, increased expression was observed

in those cell lines after demethylating treat-
ment.

It has been previously suggested that the pat-
tern of promoter methylation was associated
with the expression of different MST1R vari-
ants, specifically that the methylation of a par-
ticular promoter region upstream TSS - ‘island
1’ -was associated with lack of fIRON/IVISTlRIong
and an increase of sSfRON transcription, through
an alternative internal promoter, with a conse-
quent decrease in I\/ISTlRlong/total ratio [22]. By
bisulfite sequencing we found that not only the
region previously described as ‘island 1’ but
also its’ upstream region within the CpG island
were not methylated in RCTs, and thus we de-
signed primers slightly upstream ‘island 1’ to
further explore this MST1R promoter area. The
quantification of sfRON expression could pro-
vide additional information concerning the vari-
ation of expression of different transcripts, but
this was not possible due to the inability to
design primers specific for sSFRON. Surprisingly,
a higher MSTlRIong/total ratio was found in RCTs
with MST1R  hypermethylation (using a QMSP
primer set specific to ‘island 1’), although it did
not reach statistical significance.

Because MSTlRIong is under control of the clas-
sical MST1R promoter, we hypothesized that
transcription factors acting on MSTI1R in can-
cer cells might contribute to MSTIR, . expres-
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sion, overcoming the methylation inhibitory
effect. Since NF-kB has more predicted binding
sites in the MST1R promoter than HIF-1a and
Egr-1, NF-kB expression was determined in
RCTs and, indeed, we found that RCTs with
MSTlRup hypermethylation displayed a signifi-
cantly higher level of NF-kB expression, sug-
gesting that promoter methylation is not the
sole mechanism regulating MST1R expression.

Nevertheless, aberrant promoter methylation
seems to be a relevant cause of MST1R silenc-
ing, because in 769-P and 786-0 cells the
MSTIR, ¢/total ratio increased after demethylat-
ing treatment. Importantly, increase in fIRON
expression after demethylating treatment had
already been reported for other cell lines,
including TF1 (erythroleukemia) and lung can-
cer cell lines [22].

We have previously reported that promoter
methylation in a region downstream MST1R
identifies ccRCC with high sensitivity and speci-
ficity [26]. Similar diagnostic performance was
not demonstrated for methylation of MSTI1R |
or MST1R,, neither for MST1R, _ expression
or MST1R &/total ratio. Nevertheless, the pres-
ent study demonstrated that lower MST1R,
expression and higher MSTlRlong/total ratio inde-
pendently predict worse prognosis in ccRCC
and pRCC. Intriguingly, in urothelial carcinoma
of the bladder, MSTAR protein expression was
associated with a worse prognosis [18] and
MST1R overexpression is one of the mecha-
nisms for activation of MST1R signaling, which
seems to confer a more aggressive phenotype
to cancer cells. However, it should be taken in
account that in our series, MST1R overexpres-
sion is not a common alteration driving activa-
tion of signaling pathways that lead to cancer
cell proliferation, invasion and metastization in
RCC. On the contrary, we found significantly
lower MST1R, . expression in association with

total

MST1R . hypermethylation in RCTs. Indeed,
this contrasts with the more prominent role of
MSTI1R in other cancer models, including naso-
pharyngeal carcinoma (NPC), in which latent
membrane protein 1 (LMP1) stimulates NF-kB
binding to MST1R promoter, inducing EMT, a
finding that may explain the higher metastatic
potential of NPC with LMP1 overexpression
[19].

It should, however, be noted that the biological

interpretation of MST1R expression in RCT pri-
mary tumor is not straightforward. We explored
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the association of MST1R promoter methyla-
tion pattern and MSTlRmng/total ratio, and given
that sfRON is a constitutively active variant with
oncogenic potential, it would be expectable
that most aggressive tumors should display a
lower MST1R ratio. However, some MS-

long/total

TlRIong splicing variants have oncogenic poten-
tial, and even the overexpression of MST1R
could lead to the activation of cell signaling
pathways related to proliferation and metasti-
zation. The presence of such splicing variants,
although functionally relevant for the under-
standing of MST1R role in renal carcinogene-
sis, was not further explored mainly because all
are transcribed from the classical promoter
and the MSTlRIong primer set was unable to dis-
criminate splicing variants. Other MST1R acti-
vating mechanisms might also be relevant but
their relative contribution might be limited.
Indeed, the frequency of activating point muta-
tions for RCC reported in COSMIC dataset (can-
cer.sanger.ac.uk) is low (3/1474, 0.2%), and the
same holds true for the frequency of copy num-
ber variations (loss in 8/417, 1.9%) [27].

In conclusion, although promoter methylation
patterns seem to determine MST1R global
transcription regulation in renal cell carcinoma,
other mechanisms might contribute to deregu-
late MST1R variant expression in RCT. Never-
theless, MST1R, _ expression and MSTlRlong/
MSTI1R,, ratio modulate the biological and
clinical aggressiveness of renal cell carcinoma,
as depicted by its prognostic significance, a
finding that requires validation in a larger inde-
pendent series.
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