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Beedenue. Ceemaoknemounutii noueuno-kaemounniii pax nouxu (ck IIKP) xapaxmepusyemces evicokoii uacmomoii (30—40 %) cayuaes ae-
MAAbHbIX UCX0008, Komopas npu memacmazuposaruu docmuzaem 90 %. Omcymemeue 3pgexmuenoil OUazHOCMUKY HA PAHHUX CMAOUSX
3a601e6aHUA YKA3bI6aem HA He00X00UMOCMb NOUCKA HOBbIX MapKepos cKITKP.

Ileav paGomot — onpedenenue poau Memuauposanus epynnut 2enog cynpeccoprvix mukpoPHK (muPHK) ¢ namoeenese u npoepeccuposanuu
ck[IKP u udenmughuxayus mapxepog oasn duaenocmurxu ck [IKP u npoenoza memacmaszuposanusi.

Mamepuaavt u memoodovt. Memodom 6ucyavgumnoii koneepcuu JITHK ¢ nocaedyroweit memuicheyu@uuHoli noAumMepasHoll yenHoil peaxKuyu-
eli onpedenero usmenenue cmamyca memuauposarus 10 eenoe muPHK 6 oopazuax JIHK onyxoau u napuwix eucmonoeu4ecku HeusmMeHeHHbIX
mxansax 70 6oavhbix ck [IKP, a makace 6 oopasyax JITHK mkaneil nouxu 19 ymepuux om neonkosoeuveckux 3aboreeanuii. Memuauposanue
eenoé MIR-107, -130b u -148a npu cx IIKP 6 danroii pabome uccaedogaro enepevie.

Pesyavmamut. [lokazano, umo 8 eenoé muPHK (MIR-9-1/3, -34b/c, -124a-1/2/3, -129-2, - 130b) memunuposansi 6 onyxoaax ck [IKP
¢ docmogepHo bojee blCOKOU Yacmomoil, YeM 8 NAPHOU 2UCMOA0UHeCKU HeU3MEeHeHHOU MKAHU NOYKU. YcmaHoeneHa 3HaYUMas césn3b
memuauposanus 4 eenog muPHK (MIR-107, -124a-3, -129-2, - 130b) ¢ noxazamensmu npoepeccuposanus ck [IKP (cmadus, pazmep ony-
Xoau, cmeners dugpepenuyuposxu), 6 mom uucae oas eenoé MIR-107 u -129-2 — ¢ memacmasupoganuem 6 aumgpamuueckue y3avl Uau om-
danennvie opeannl. Cesa3b memuauposanus 2enoé MIR-107 u -130b ¢ npoepeccuposanuem 3abonresanus noxkazana énepsvie. Cocmaegnervt
NOMEHUUANbHbIE CUCHeMbl MapKepos 0 duaenocmuku ck [IKP na ochoge 6uoncuiinoeo mamepuana; no danuvim ROC-ananuza 2 cucmembi
maprepoe uz 4 u 5 eenoe (MIR-9-1, -34b/c, -124a-3, -129-2; u ¢ dobasnenuem MIR-130b) xapaxmepusyromes KAUHUYECKOU YYECMBU-
mensHocmoio 90 % u cneuugpuunocmoro 94 % (naouadb nod ROC-kpusoii 0,93 u 0,94 coomeemcmeenHo).

3axarouenue. [lonyuennvie pe3yromamol 6 0anvHeliulem As2ym 6 0CHO8Y paspabomku memooda HeuneazusHoli ouaznocmuxu ck [IKP. Taxum
00pazom, NOKA3aHA CE513b MemUAUposanus psoa eenoé muPHK ¢ namoeenezom u npoepeccuposanuem ck IIKP u ux nomenyuanvroe duae-
HOcmuteckoe 3HaveHue.

Karoueente caoea: ceemnoxiemounulii nowewno—memoqﬂbtﬁpalc, Mmemuauposarnue, eeH MMKpOPHK Memacmasupoeanue, cucmema mapkepoe
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Methylation of 10 miRNA genes in clear cell renal cell carcinoma and their diagnostic value
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Introduction. Clear cell renal cell carcinoma (ccRCC) is characterized by the high (30—40 % of cases) frequency of lethal outcomes which at
metastasis reaches 90 %. Lack of efficient diagnostics at early stages of a disease indicates the need of searching on new ccRCC markers.
Objective: for definition of methylation role of some tumor suppressor microRNA (miRNA) genes in ccRCC pathogenesis and progression and
marker identification for ccRCC diagnostics and metastasis predictions.

Materials and methods. The alterations of methylation status of 10 miRNA genes were determined by methylation specific polymerase chain
reaction in tumor DNA samples and matched histologically unchanged tissues from 70 patients with ccRCC, as well as in DNA samples of kid-
ney tissues from 19 post-mortal individuals without cancer history. Methylation of MIR MIR-107, -130b and - 148a genes in ccRCC was
studied for the first time.

Results. It was shown that 8 miRNA genes (MIR-9-1/3, -34b/c, -124a-1/2/3, -129-2, - 130b) were methylated in ccRCC tumors with sig-
nificantly higher frequency than in the matched histologically unchanged kidney tissues. It was established the association of methylation
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of 4 miRNA genes (MIR-107, -124a-3, -129-2, - 130b) with cc RCC progression (stage, tumor size, differentiation grade), including metas-
tasis in the lymph nodes or distant organs, revealed for MIR-107 and -129-2. The association of MIR-107 and - 130b methylation with
progression of ccRCC is shown for the first time. Potential marker systems are made for ccRCC diagnostics using tumor biopsy; according
to the ROC analysis, systems from 4 and 5 genes (MIR-9-1, -4b/c, - 124a-3, - 129-2/with addition of MIR-130b) are characterized by high
clinical sensitivity of 90 % and specificity of 94 % (area under ROC curve 0.93 and 0.94).

Conclusion. The received results will form the basis of noninvasive ccRCC diagnostics further development. To conclude, it is shown the as-
sociation of methylation of 9 miRNA genes with cc RCC pathogenesis and progression and its potential diagnostic value.

Key words: clear cell renal cell carcinoma, methylation, microRNA gene, metastasis, marker system

Background

Renal cell carcinoma (RCC) accounts for over 90% of
renal malignancies and has the highest mortality rate
among genitourinary cancers [1]. Approximately 270,000
new cases of RCC are diagnosed annually worldwide, to-
gether with 116,000 deaths [2]. The most common histo-
logical type of RCC is the clear cell RCC (ccRCC), which
represents around 75—80% of all RCC cases. This type of
carcinomas is characterized by a more aggressive course
(compared to the papillary and chromophobe histological
types) and high frequency of metastases (25—30%), reach-
ing 50% in patients after surgery [3]. Metastatic ccRCC is
highly resistant to therapy: only 10% of patients respond to
chemotherapy, radiotherapy, or immunotherapy [4]. The
five-year survival rate in patients with distant metastases
does not exceed 9% [4]. In the Russian Federation, the
one-year mortality after diagnosis is 16% (as of 2015) [5].
The lack of effective diagnostic tools for early stages of
RCC, high mortality rate, and resistance to therapy neces-
sitate the search for new biomarkers for early diagnosis of
c¢cRCC and identification of metastasis.

Hypermethylation of CpG islands located in the pro-
moter of protein-encoding tumor suppressor genes is often
detected in malignant tumors and is associated with gene
suppression [6]. Hypermethylation of these genes is con-
sidered as one of the pivotal genetic alterations in cancer
development and as the earliest molecular biomarker for
cancer.

MicroRNAs (miRNAs) are a class of small (19—25
nucleotides) single-strand non-coding RNAs involved in
the post-transcriptional regulation of protein-encoding
genes. The miRNA genes can also be methylated, like any
protein-encoding genes [7]. The proportion of miRNA
genes regulated through CpG methylation is assumed to be
5—10 higher than that of structural genes [8]. Hypermeth-
ylation of genes encoding suppressor miRNA, resulting in
their inactivation, was detected in both hematological and
solid cancers, including acute myeloid leukemia, melano-
mas, lung cancer, colon cancer, stomach cancer, breast
cancer, etc. [9, 10]. As shown earlier, hypermethylation
patterns of miRNA genes can be used as potential biomark-
ers for diagnosis and prognosis of various cancers [11—14].
However, hypermethylation of miRNA genes in ccRCC was
analyzed in very few studies [14—16].

2

Objective: to analyze hypermethylation patterns of 10
tumor-suppressor miRNA genes in ccRCC using a repre-
sentative sample and to assess diagnostic and prognostic
values of hypermethylated miRNA genes.

Material and methods

All ccRCC tissue samples were examined in the N.N.
Blokhin Russian Cancer Research Center. We analyzed
tumor and matched control (non-malignant) tissue samples
collected from 70 patients with ccRCC and 19 kidney tis-
sues specimens from people died for reasons other than
cancer (referred to as donors). Specimen collection was
performed according to an earlier described procedure [15].
Clinical and histological characteristics of patients (includ-
ing TNM grading) are shown in the Table 1. We used the
phenol-chloroform extraction method to isolate high-mo-
lecular-weight genomic DNA from tissue samples.

The study was conducted in accordance with the ethi-
cal principles (participation was voluntary and all the infor-
mation collected was kept confidential) and Russian Public
Health Legislation. The study protocol was approved by the
Ethics Committee of N.N. Blokhin Russian Cancer Re-
search Center. All patents signed an informed consent be-
fore being enrolled.

DNA bisulfite conversion and methyl-specific poly-
merase chain reaction (MS-PCR) were performed accord-
ing to an earlier described protocol [18]. The primers for
the genes analyzed and MS-PCR conditions were adopted
from [15, 19—21]. Three to six CpG dinucleotides were
analyzed for each gene. MS-PCR was performed using a
T100 Thermal Cycler (Bio-Rad, USA) according to the
following cycling protocol: 5 min at 95°C, followed by 35
cycles of 10 sec denaturation at 95°C, 20 sec annealing,
and 30 sec extension at 72°C, followed by 3 min at 72°C.
False positive results associated with incomplete bisulfite
conversion of DNA were avoided by using appropriately
designed primers (checked by the absence of MS-PCR
products with non-bisulfite converted DNA). The CpG
methylated human genomic DNA (#SD1131, Thermo
Scientific, USA) was used as a positive control for methyl-
ated alleles, whereas the human genomic DNA (#G1471,
Promega, USA) served as an unmethylated allele control.
The PCR products were analyzed by 2% agarose gel-elec-
trophoresis.
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Tabmua 1. Ob600uwerHble danHble NO KAUHUMECKUM XaPaKmepucmukam
001bHbIX C8EMAOKACMOYHBIM NOHEUHO-KACMOYHbIM PAKom nouku (n = 70)
Table 1. Pooled data on clinical characteristics of patients with clear cell
renal cell carcinoma (n = 70)

XapakTepucTHKA n %
Knunuueckast ctanusi 3a00JieBaHUS
Clinical stage of the disease:
| 27 39
11 14 20
111 21 30
v 8 11
CreneHb nuddepeHINPOBKI OITYXOJIH:
Tumor grade:
G, 18 26
G, 32 46
G, 20 28
Pasmep omyxonu no TNM:
Tumor size according to the TNM:
Tl 30 43
T2 18 26
T3/T4 22 36
MeracTa3bl:
Metastases:
NOMO 50 71
N1-2/M1 20 29

Ilpumeuanue. N — memacmas3ei 6 pecuonapHsie aumgamuye-

ckue y3nvl; M — omoanenHvie memacmasol.
Note: N — regional lymph node metastases; M — distant metastases.

Statistical analysis included Fisher's exact test
performed using the AtteStat software. Differences were
considered significant at P < 0.05. Optimal biomarkers were
identified using receiver operating characteristic (ROC)
curve analysis with the Youden index performed at http://
www.biosoft.hacettepe.edu.tr/easyROC/.

Results

Hypermethylation pattern of miRNA genes in ccRCC
and its association with disease progression. The results of
MS-PCR analysis of 10 miRNA genes (miR-9-1, miR-
9-3, miR-34b/c, miR 107, miR-124a-1, miR-124a-2,
miR 124a-3, miR-129-2, miR-130b, miR-148a) in
ccRCC are shown in Table 2. We observed increased
methylation of 9 out of 10 miRNA genes (except for
miR-148a) in tumor tissue compared to non-malignant
tissue from the same patients and healthy tissue from do-
nors. The differences were statistically significant for 8
genes, except for miR-107 and miR-148a (p < 0.05 with
Benjamini-Hochberg correction for multiple compari-
sons, Table 2). In donor tissues, the frequency of meth-
ylation was 0—10% for the majority of miRNA genes
(0—2 samples out of 19).

The results of methylation analysis of 9 selected genes
(except for miR-148a) in 70 ccRCC tumor tissue samples
were compared with clinical and histological characteristics
of the tumor. We found a significantly increased frequency
of methylated miR-34b/c, miR-107, miR-124a-2, miR-
129—2, and miR-130b in patients with more advanced
stages of cancer compared to those with stages I or II (p <
0.05) (Figure 1). There was a trend toward a correlation
between the clinical stage and the frequency of MIR-
124a-3 gene methylation (Figure 1). However, after correc-
tion for multiple tests using the Benjamini-Hochberg
method, methylation in only 3 miRNA genes (miR-107,
miR-129-2, miR-130b) remained significantly associated
with stage III-1V RCC.

A significant negative correlation was found between
the frequency of miR-107 and miR-124a-3 methylation
and the tumor differentiation grade; a trend towards such
correlation was observed for MIR-130b gene (Figure 2).
The level of miR-124a-2 and miR-130b methylation was
significantly associated with tumor size (Figure 3), where-
as the methylation status of miR-107 and miR 129-2 genes
correlated with regional lymph node metastases and distant
metastases (Figure 4). We also revealed a trend towards an
increase of miR-130b gene methylation in patients with
regional lymph node metastases and distant metastases
(Figure 4). However, after the adjustment of the false dis-
covery rate using the Benjamini-Hochberg procedure, sev-
eral correlations failed to reach statistical significance.
However, some of them remained significant, including an
association between methylated miR-124a-3 and low dif-
ferentiation grade, miR-130b and tumor size, and miR-107
and miR-129-2 and metastasis.

Potential diagnostic panels of markers for ccRCC. Ana-
lyzing methylation statuses of 8 miRNA genes in 70 ccRCC
tissue samples and 19 donor samples, we compiled
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Puc. 1. Accoyuayus memunruposarus eenoe mukpoPHK c kaunuueckoii cma-
duell cema0KAeMOYH020 NOHeUHO-KAemouH020 paka: cmaduu 1/11 — benviii
npsamoyeonvHuk, I11/1V — cepuiil

Fig. 1. Association of microRNA gene methylation with the clinical stage
of clear cell renal cell carcinoma: stage 1/11 is shown by a white rectangle;
stage I11/1V is by a gray rectangle
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Tabmua 2. Yacmoma memuauposanus 10 eenoe mukpoPHK npu ceemaoknemoynom noueuHo-Kaemo4HoMm pake

Table 2. Frequency of methylation of 10 miRNA genes in clear cell renal cell carcinoma

Hons (%) o6pa3uoB, B KOTOPbIX AaHHbIi reH MUKpoPHK meTniamposan,
OT 00IIEro KOJHYECTBAa 00pPA3I0B

Jlokanuzanus
I'en MuxkpoPHK B FeHOMeE P
OnyxoneBasi Ye/10BHO HOPMAJIbHAS TkaHb NOYKH JOHOPOB
TKaHb (n = 70) TKaHb (n = 70) (n=19)

MIR-9-1 1922 3,2x10°° 29 (41) 7 (10) 0 (0)
MIR-9-3 15926.1 0,0031 30 (43) 13 (19) 1(5)
MIR-34b/c 11q23.1 1,1 x10-8 43 (61) 10 (14) 1(5)
MIR-124a-1 8p23.1 0,001 32 (46) 13 (19) 2 (10)
MIR-124a-2 8ql12.3 0,0003 34 (49) 13 (19) 1(5)
MIR-124a-3 20q13.33 3,2x10°° 27 (39) 4 (6) 0(0)
MIR-148a 7pl5.2 >0,05 25 (36) 37 (53) 9 (47)
MIR-129-2 11p11.2 2,6 x 1010 31 (44) 1(1) 0(0)
MIR-130b 22q11.2 0,016 16 (23) 5(7) 0(0)
MIR-107 10g23.31 >0,05 15 (21) 6(9) 1(5)

Ilpumenanue. Yci06H0 HOPMAALHOU MKAHU COOMBEMCMEYEM 2UCMOA0UMECKU HeUIMEHEHHAsI MKAHb NOYKU OM meX Jice NauUeHmos.
JloHopbt — ymepuiue om HeoHKO0A02UHeCKUX 3abonresanuil. Cmamucmuyecku 3HavuMble 3Ha4eHus p ¢ yuemom nonpasku bendywcamunu—

Xoxbepea na MHOMCeCMBEHHOE CPABHEHUE 8bl0eNCHbL ICUPHBIM UUPUDMOM.
Note. Histologically unchanged kidney tissue from the same patients corresponds to apparently intact tissue. “Donors” are those dying of non-cancer
diseases. The statistically significant p-values adjusted using the Benjamini— Hochberg procedure for multiple comparison are bold.
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Puc. 2. Accoyuayus memunuposarus zeroe muxpoPHK co cmenensio dug- Puc. 3. Accoyuayus memunuposanus eenos muxpoPHK ¢ pazmepom onyxonu
hepeHyupoKY OnyxXonu C6emAOKAEMOHHO20 NOYEHHO-KAEMOYHO20 PaKA: CBeMAOKAeMOUHO20 houeuHo-Kaemouroeo paka no TNM-kaaccupurkayuu:
8bICOKO~ U ymepennodupgepenyuposannviil, G; + G, — Oenviil npamoyzons- T1 — Genvtii npamoyeonvhuk; T2 — cepotit; T3/T4 — uepnbii
Huk; Huskooupgeperyuposannsiil, G ; — cepolii Fig. 3. Association of microRNA gene methylation with the size of clear cell
Fig. 2. Association of microRNA gene methylation with clear cell renal cell renal cell carcinoma according to the TNM classification: T1 — a white rec-
carcinoma grade: low- and moderate-grades, G, + G, — a white rectangle; tangle; T2 — a gray rectangle; T3/T4 — a black rectangle

high-grade, G; — a gray rectangle
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Puc. 4. Accoyuayus memuauposanus eernoe mukpoPHK ¢ memacmasuposa-
HUeM C6emA0KAEeMOUHO20 NOYEHHO-KAEMOYHO20 PAKA: Hem Memacmasos,
NOMO — 6enviii npamoyeonrvruk; N1—2/M1 — cepuwiii (N — memacmas3sbvl
6 pecuoHapHvle aumpamuueckue y3rvl, M — omdanennvie memacmaswt)
Fig. 4. Association of microRNA gene methylation with metastases of clear
cell renal cell carcinoma according to the TNM classification: NOM0 —
a white rectangle; N1—2/M 1 — a gray rectangle (N — regional lymph node
metastases; M — distant metastases)

diagnostic panels consisting of 4—5 miRNA genes that can
be potentially used for the detection of ccRCC. Diagnostic
parameters of four gene panels, assessed using ROC-anal-
ysis, are shown in the table 3.

These diagnostic panels allow diagnosing ccRCC by
detecting at least one methylated miRNA gene (cutoff

criteria 1/4 or 1/5). The sets of 4 or 5 miRNA genes (miR-
9-1, miR-34b/c, miR-124a-3, miR-129-2, and miR-130b)
have a 90% sensitivity and 94% specificity (the area under
the curve (AUC) was 0.93 and 0.94 respectively); therefore,
they appear optimal for the diagnosis of ccRCC.

The results of ROC analysis (not provided) suggest that
metastasis was strongly associated with miR-107 and miR-
129-2 hypermethylation. These miRNAs are highly sensi-
tive, but less specific diagnostic marker for predicting me-
tastasis.

Discussion

We analyzed methylation status of 10 miRNA genes
(miR-9-1, miR-9-3, miR-34b/c, miR-107, miR-124a-1,
miR-124a-2, miR-124a-3, miR-129-2, miR-130b, and
miR-148a) in a representative sample comprised of tumor
and matched healthy tissue samples collected from 70 pa-
tients with ccRCC and 19 kidney tissues specimens from
donors. The methylation status of 7 miRNA genes (miR-
9-1, miR-9-3, miR-34b/c, miR-124a-1, miR-124a-2,
miR-124a-3, and miR-129-2) was earlier assessed in a
smaller sample of patients with ccRCC [15, 16], whereas
methylation of miR-107, miR-130b, and miR-148a genes
in ccRCC was evaluated for the first time. The role of hy-
permethylation in these genes was earlier assessed in other
types of cancer. For example, miR-148a was found to be
hypermethylated in nasopharyngeal carcinoma, hepatocel-
lular carcinoma, and gastric cancer [21—23]. Epigenetic

Tabmuna 3. [lomenyuanvhsle duacHocmuyecKue cucmemvl MApKepos Ha 0CHOGe OAHHbIX 0 Memuauposanuu 6 eenog mukpoPHK

Table 3. Potential diagnostic systems of markers based on methylation of 6 miRNA genes

Cpeniee :;';ggme T —— ITonoxurens- OTpunaresb-
HaGop renos nno;t;a;n 1o ~KpHBOH epmii YyscTBH- Cnemu-  MO€TDEICKa-  HOE MpencKa-
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silencing of miR-130b was observed in ovarian cancer [20];
miR-107 was silenced in pancreatic cancer [19]. However,
no epigenetic silencing was found in lung cancer and breast
cancer [11, 12].

An increased frequency of methylation in the majority
of 10 miRNA genes evaluated in this study indicates that
these miRNAs function as tumor suppressors in ccRCC.
The absence of significant changes in the methylation sta-
tus of miR-148a gene in ccRCC suggests that its expression
is not regulated by methylation. This assumption is sup-
ported by evidence showing the suppressor role of miR-
148a in ccRCC pathogenesis [24, 25].

Comparing the results of methylation analysis with
clinical and histological characteristics of ccRCC samples,
we identified four miRNA genes, which methylation was
associated with ccRCC progression: miR-107, miR-
124a-3, miR-129-2, and miR-130b. Our findings on the
relationship between miR-124a-3 and miR-129-2 meth-
ylation and cancer progression are consistent with the re-
sults obtained by us earlier [15, 16]. In this study, we re-
vealed a significant correlation between miR-107
methylation and advanced clinical stages and metastasis of
¢cRCC, and an association between miR-130b methylation
and advanced clinical stages and increased tumor size.

A significantly increased frequency of methylation in
cancer tissue compared to healthy tissue allowed us to iden-
tify effective biomarkers for the diagnosis of ccRCC. Two
panels of biomarkers that include 4 or 5 miRNA genes
(miR-9-1, miR-34b/c, miR-124a-3, miR-129-2, and miR-
130b) have a 90% sensitivity and 94% specificity (AUC of
0.93 and 0.94 respectively).

An association between a set of hypermethylated miR-
NA genes and 11 types of cancer has earlier been reported,
but it did not include renal cancer [9]. The possibility of
using methylation statuses of 7 miRNA genes (miR-9-1/3,
miR-34b/c, miR-124a-1/2/3, miR-129-2) in cancer diag-
nostics was already discussed in our previous publications
[15, 16]. The newly developed panels of biomarkers (as-
sessed in this study) has higher sensitivity and specificity
than the system proposed earlier [16]. Some authors de-
scribed diagnostic systems based on the detection of spe-
cific miRNAs in serum to diagnose cancer (including
ccRCC). Combination of miR-378 and miR-451 enabled
identification of RCC with the sensitivity of 81%, specific-
ity 83%, and AUC = 0.86 [26]. A panel of five serum miR-
NAs (miR-193a-3p, miR-362, miR-572, miR-28-5p, and
miR-378), tested on 79 specimens, demonstrated 80% sen-
sitivity and 71% specificity (AUC ~ 0.8) [27]. Using a
panel of two serum miRNAs (miR-141 and miR-1233)
ccRCC can be diagnosed with a 100% sensitivity and 73.3%
specificity [28]. We identified two panels of miRNAs char-
acterized by quite high sensitivity and specificity (90% and
94% respectively) and AUC over 0.9.

Conclusion

Thus, we recommend further validation of the de-
scribed panels of miRNAs on larger samples to develop a
method for early diagnostics of ccRCC using biopsy ma-
terial, which is widely used for identification of small
renal tumors in foreign countries [29]. Our findings can
be used for the development of noninvasive diagnostic
methods.
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