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Aim. To investigate the expression levels of PPMIM and PRICKLE?2 in clear-cell renal cell carcinomas
(ccRCC) and propose a mechanism leading to the expression changes in tumor. Methods. Analysis of GEO data,
quantitative PCR (Q-PCR), bisulfite sequencing, methylation-specific PCR, deletion search. Results. We found
that the PRICKLE? expression was down-regulated in 83 % of samples. Decreased expression of PPM1M was
shown in 33.3 % of ccRCC samples. The promoters of PPM1M and PRICKLE?2 were not methylated, and no de-
letions were found in their sequences. Conclusions. Our data suggest that PRICKLE2 and PPMIM might be
candidates for the tumor suppressor genes in ccRCC.
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Introduction. Kidney cancer is a malignant tumor main-
ly of epithelial origin and is derived from the cells of pro-
ximal convoluted tubule. Clear-cell renal cell carcino-
ma (ccRCC) accounts 70-80 % of all renal cancer cases
and is characterized by chemo- and radio-resistance
[1]. According to the Notl-microarrays, the PPMIM
and PRICKLE? genes showed the presence of methy-
lation/deletion more than in 20 % of ¢ccRCC tumor
samples [2]. We performed an analysis of the GEO data
base for the PPMIM and PRICKLE? genes (http://www.
ncbi.nlm.nih.gov/geoprofiles/) and investigated their
expression in ccRCC. An exact physiological role and
function of PPMIM and PRICKLE? in human’s car-
cinogenesis is not known for now. It is known, how-
ever, that encoded proteins are the members of cancer-
related pathways. PPMIM inhibits the IL-1-NF-kap-
paB signaling pathway by selective dephosphorylation
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of IKKbeta [3]. PRICKLE? is involved in the WNT/
planar cell polarity (PCP) signaling pathway that cont-
rols tissue polarity and cell movement [4]. These genes
are tumor suppressor candidates in cervical cancer,
non-small cell lung cancer and ovarian cancer [5-7]. It
is possible, that these two genes might be potential tu-
mor-suppressor genes in ccRCC as well. The present pa-
per is devoted to a detailed study on the PPMIM and
PRICKLE? gene expression in ccRCC.

Materials and methods. Tissue samples. Surgical-
ly removed tumors and surrounding rim of normal tis-
sue were obtained from Kyiv National Urological Cen-
ter (Ukraine). All tumor specimens were assessed accor-
ding to the WHO International System of Clinico-Mor-
phological Classification of Tumors (TNM). All samp-
les were obtained according to the guidelines of the Ethi-
cal Committee of IMBG.

Isolation of DNA and total RNA. DNA samples we-
re isolated, using GeneJET Genomic DNA Purification
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Kit («Fermentas», Lithuania). Total RNA was isolated,
using RNeasy Mini Kit («QIAGEN», USA). cDNA
was synthesized, using RevertAid First Strand cDNA
Synthesis Kits («Fermentasy). All procedures were per-
formed according to the manufacturer’s recommen-
dations.

Analysis of gene expression levels. The analysis of
relative expression of PPMIM and PRICKLE?2 genes
was performed with the help of Q-PCR, using Master
mix SYBR Green («Fermentas») and 1Q5 Cycler («Bio
Rad», USA) [8]. The primers were designed, using the
Primer3 (http://frodo.wi.mit.edu/primer3/) and IDT
(http://eu.idtdna.com/site) programs (Table 1). TBP was
used as a reference gene [9].

Methylation status analysis. The analysis of methy-
lation status of the PPMIM and PRICKLE?2 promoter
regions was performed by methyl specific PCR as was
described previously [10].

Deletion search for the PPMIM and PRICKLE?2
genes was performed, using PCR with primers for de-
letion search from NCBI database (Table 1) and sub-
sequent analysis of products length in denaturing
PAAG electrophoresis. PCR was performed under the
standard conditions [10].

Statistical analysis was performed as described
previously [8].

Results and discussions. In the current study 19
samples of ccRCC at the stage 1-4 and corresponding
«normal» tissues were analyzed. The mean age of
patients was 56 £ 3.75 (in the range of 46—69 years),
with a male-to-female ratio of 58 % and 42 % respec-
tively (Table 2). The samples were grouped according
to the stage of tumor development and arranged in
order of increasing atypia (Fig. 1, 2, Table 2).

The relative PPMIM gene expression analysis by
Q-PCR allowed us to separate the tumor samples into
three groups — with low, unchanged, and a high gene ex-
pression. The increased PPM 1M expression was detec-
ted in 50 % of the samples (9 of 18). The expression of
PPM 1M was decreased in 33.3 % (6 out of 18) samples.
In 16.7 % of cases (3 out of 18) statistically significant
changes were not found.

PRICKLE? was downregulated in the majority of
samples (83 %, 15 out of 18). No correlation between
age, sex, or stage of atypia was observed for both
studied genes. (Fig. 2, Table 2).
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In order to explain the gene expression changes,
promoter methylation was investigated, using MSP
PCR. No correlation between the gene expression level
and PPMIM promoter methylation status was found.
Moreover, there were no CpG islands in the promoter
area of the PRICKLE? gene.

To study the putative deletions as one of the reasons
of expression changes, we chose two pairs of primers
(D3S1287, D3S4182) for PRICKLE? using NCBI da-
tabase. No homozygous deletions were identified. Four
pairs of primers for the PPMIM gene (A002C09,
MARC 15661, RH76369, RH12810) were also selec-
ted (Table 1). No homozygous deletions were identifi-
ed. Further, primers for sequence that contained CA re-
peats were selected independently. All samples were
homozygous for the indicated loci; that means that a stu-
dy on heterozygous deletions was not possible. No ho-
mozygous deletions were identified.

As aresult of our work no deletions or promoter me-
thylation of PPMIM and PRICKLE?2 were found. This
corresponds to a low percentage of methylation/deletion
changes in the microarray analysis of these genes [2].

The PRICKLE? gene encodes the prickle-like 2 pro-
tein that is one of the essential proteins in the Wnt-path-
way, determining planar cell polarity (PCP). Thee prick-
le-like protein 2 participates also in the remodeling of
cytoskeleton, change of cellular adhesion and mobility
[11]. In this study we showed down-regulation of
PRICKLE?. This may be associated with dedifferentia-
tion processes and loss of the typical morphology of
cells in the malignant transformation.

The PPMI1M gene encodes a protein with phospha-
tase activity. A function of this protein was studied on-
ly in mice. However, it is known, that Ppm1m partici-
pates in the IL1-induction pathway by NF-kB. The
PpmIm dephosphorylates IkB that blocks activation of
NF-«B, preventing the induction of inflammation-
related proteins [3]. Therefore, the highly expressed
PPMIM gene might be involved in the formation of ac-
tive inflammatory lesion that surrounds neoplasm. Our
data show that the PPMIM expression in ccRCC can
be reduced as well as increased or remain unchanged,
that might indicate a variety of ways to block NF-«xB in
tumors.

The absence of correlation between the expression
decrease and methylation or deletions suggests that the
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Table 1
Primers for target and reference genes to study expression levels, deletion search and methylation analysis

Primer’s title Primer’s title

Primer’s sequence Primer’s sequence
(name) (name)

for 5'-GATGTACTGTCCAACGAGCAG-3'

PPMIM rev 5-TGTCTTCCTTTICCCTGTGTG-3 MARC_1566 for 5'-CTGGGAACACTGGCTGTCTC-3
(expression) 1 rev 5'-GTAGGACACCTGCCCTTCCT-3'
PRICKLE2 for 5'- TGCCCTATTGAGGAGAAGGA-3' RHT6360 for 5'-TTGAGATGGATGTGTGTTGAGG-3'
(expression) rev 5-TAATGGTTGTGATGGAGGAAT-3' rev 5'-GAAGGGCAGGTGTCCTACG-3'

TBP for 5'-GAACCACGGCACTGATTTTC-3' RH12810 for 5-GTTGGGGCATCAGACCAG-3'rev
(expression) rev 5'-CACAGCTCCCCACCATATTC-3' 5-GGGTAGAGCACAAGGGACAA-3'
for 5~ATAACACAACAAGCAAGCCTATGGT-3' for 5'-“CAGCACCTTATCCCCA-3'

D3S1287 PPM1M-CA

rev 5“-GAGTGACATTTGCCCCTTTG-3' rev 5-TGGGATGACTTGCTGTGT-3'

D3S4182 for 5~AAGTGTTCAGAACAGTCTCTGGC-3' | PPMIM-MS for 5-CGT GTT TTA TCG ACG GTT TC-3'rev

rev 5-AACAAAACCTCAAAGGGCCT-3' P Met 5'-AAC GTA CGT CCT CGT ACG AA-3'
A002C09 for 5'-GTTAAGAGGCAGGCTACTAC-3' PPM1M-MS for 5'-AGT TTTGTGTTTTATTGATGGTTTT-3'
rev 5'-CTGAAAAGAGACCAGTTC-3' P Unmet rev 5'-CCAAAATAACATACATCCTCATACA-3'
Table 2

Clinical characteristics and relative expression level (RE) of PPMIM and PRICKLE? genes in ccRCC patients

Sample N Sex Stage of atypia ‘ Age TNM classification PPMIM, RE PRICKLE2, RE

1 F 1 49 T2NOMO 0,367 + 0,062 No signal

2 M 1 57 T2NOMO 3,11+ 0,437 0,549 = 0,001
3 M 1 49 T2NOM1 2,353+ 0,012 0,442 + 0,017
4 M 1 57 T2NOMO 0,177 + 0,014 2,667 + 0,045
5 F 1 57 T2NOMO 4,116+ 0,272 0,632 = 0,033
6 F 1 73 T2NOMO 0,521 = 0,003 1,613 + 0,090
7 M 1 61 T2NOMO 0,991 + 0,031 0,340 = 0,035
8 M 1 50 T2NOMO 1,747 + 0,009 0,514+ 0,031
9 F 1 57 T2NOMO 1,062 + 0,033 0,453 + 0,080
10 F 2 69 T2NOMO 6,299 + 0,078 0,102 = 0,002
11 F 2 50 T2NOMO 0,279 + 0,121 0,213 = 0,007
12 M 2 55 T2NOMO 0,048 + 0,010 0,118 = 0,052
13 F 2 66 T2NOMO 0,919+ 0,114 1,882 + 0,484
14 M 2 49 T2NOMO 2,028 + 0,020 0,141 = 0,003
15 M 2 49 T2NOMO No signal 0,630 + 0,094
16 M 3 46 T3NOMO 1,86 + 0,265 0,508 = 0,020
17 M 4 51 T2NIMI 1,318 £ 0,147 0,618 + 0,014
18 M 4 58 T3NOMO 4,173 + 0,605 0,205 + 0,014
19 F 4 61 T3NOMO 0,715 + 0,073 0,025 = 0,005
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changes in PPMIM and PRICKLE? gene expression in
ccRCC might be achieved by other mechanisms. It is
possible that miRNAs or other proteins might be invol-
ved in regulation of mRNA expression.

Conclusions. For the first time the PPMIM and
PRICKLE? genes expression has been analyzed in
c¢cRCC by the Q-PCR method. In the present work, we
have found, that the PPM 1M expression is increased in
50 % of'the samples. The expression of PRICKLE2 was
downregulated in 83 % of samples. Neither deletions
nor methylation were a reason for a decline of the
PPMIM and PRICKLE? expression. This indicates that
another mechanism, that is not associated with DNA,
aberrations is involved in the expression changes. Ta-
king into consideration the functions of proteins, that
are encoded by the PPMIM and PRICKLE? genes, we
can suggest their involvement in the kidney carcinoge-
nesis. Based on obtained results, the PRICKLE?2 gene
might be a candidate for a tumor suppressor gene. Fur-
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ther studies are required to explain the mechanisms of
detected changes in the PPMIM and PRICKLE? e-
xpression.
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PPMIM i PRICKLE? six TOTEHLiiHI T€HH — CYIPECOPH Ty XJIUH y

CBITJIOKJIITHHHINA KaPIUHOMI HUPKH JFOAUHHI

€. €. Pynenxo, I'. B. I'epamenko, 0. B. Jlanceka, C. O. Bo3iaHos,
10. M. 3ronnuk, B. I. Kamry6a

Pestome

Mema. /locnioumu pisens excnpecii PPMIM i PRICKLE?2 y ceimio-
KkaimunHux kapyurnomax Hupku (ccRCC) i 3anpononysamu mexanism,
wWo npu3z600ums 00 3MiH ekcnpecii 2enig y nyxaunax. Memoou. Ananiz
6a3 oanux GEO, kinvxicna IIJIP (Q-I1JIP), 6icynvpimne cexgenysan-
Hs, memun-cneyugpiuna I1JIP, nowyk deneyiii. Pesynemamu. Mu suseu-
au, wo excnpecis eena PPMIM 3uuscena y 33,3 % 3paskie ccRCC, y
moii yac six eena PRICKLE2 —y 83 % 3paskie ccRCC. Memuntoganms
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npomomopHoi 3ouu i 0eneyii 6 cenax PPMIM i PRICKLE? ne gusigne-
no. Bucnoexku. Hawi oani ekazyroms na me, wjo PRICKLE2 i PPMIM
Modcyms Oymu kanoudamamu 6 2eHu-cynpecopu 0is ccRCC.

Knrouosi cnosa: c8imaoknimunna KapyuHoma HUpKY, 2eHemuyna i
enieenemuyna peeyaayis, kinvkicna IIJIP y pearvnomy uaci, oeneyii,
cmamyc Memuno8aHHs.

PPMIM w PRICKLE? xak NOTEHILMAJIbHBIE T€HBI — CYIPECCOPBI

OHyXOHCﬁ B CBETJIOKJIETOUHOMN KapIUHOME ITOYKH YCIIOBCKa

E. E. Pyznenko, A. B. I'epamenko, 0. B. Jlanckas, C. A. Bo3uanos,
10. M. 3ronnuk, B. 1. Kamryba

Pestome

Lens. Uccneoosams yposenv sxcnpeccuu PPMIM u PRICKLE? 6
ceemaoknemounvix kapyurnomax noyxku (ccRCC) u npeonoscumo mexa-
HU3M, 8e0VUWUL K USMEHEHUSM IKCHpeccu 2eHo8 6 onyxosax. Memoowt.
Ananuz 6a3 dannvix GEO, konuuecmeennas I1L[P (Q-11L[P), 6ucyio-
@umnoe cexgenuposanue, memui-cneyuguyeckas I[P, nouck oene-
yuul. Pesynemamut. Mot evisigunu, umo sxcnpeccus cena PPMIM chu-
orcena 6 33,3 % obpasyoe ccRCC, mozoa kax eena PRICKLE2 —6 83 %
obpasyos ccRCC. Memunuposanue npomMomopHol 30Hbl U Oejeyull 6
eenax PPMIM u PRICKLE?2 ne oonapyoicenvl. Boieoowt. Hawu oan-
note nokazvieaiom, umo PRICKLE2 u PPMIM moeym 6vime kanouoa-
mamu 6 2envi-cynpeccopwl 011 ccRCC.

Knrouesvle cnosa: c6emaokaiemounas KapyuHoma nodex, cenemu-
yeckas u snueeHemuyeckas peeyiayus, konuvecmeennas ILP 6 pean-
HOM 6pemeHu, Oeneyuu, CImamyc Memuiupo6aHus.
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