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Introduction

Aim. To identify common and specific genetic/epigenetic changes of human chromosome 3,
using the data of Notl-microarrays in seven types of epithelial cancers. Methods. We used
descriptive statistics for the comparative analysis of Notl-microarray data from seven types of
epithelial cancers. Results. The analysis of the Notl-microarrays showed significant changes
(deletion or methylation) in 74 genes/loci in seven different epithelial cancers, namely colo-
rectal, ovarian, renal, lung, breast, cervical and prostate. Five genes from the 3p14-3p24 region
(FOXPI, LRRC3B, NKiRAS1, RBSP3, ZIC4) were altered in all cancer types. For fifteen genes
deletion/methylation was found in a majority of tumors. For example, /TGAY9, GORASPI,
I0SECI, CGGBPI1, NBEAL?2 and VHL are localized in the 3p12-3p26 region, PPP2R3A,
FGF12, ALDHILI, GATA2 and PLCL? are localized on the 3q13-3q28 region. Twenty-two
genes out of 74 studied showed alterations specific for a single type of tumor. The largest
number, 13 genes/loci was found in the prostate cancer. This suggests specific mechanisms of
prostate cancer development. Conclusions. Notl-microarrays for human chromosome 3 al-
lowed to identify several common genetic/epigenetic alterations and also tumor-specific
changes in seven types of epithelial cancer.

Keywords: Notl-microarray, colorectal cancer, ovarian cancer, renal cancer, lung cancer,
cervical cancer, breast cancer, prostate cancer, TSG, methylation, deletion, human chromo-
some 3.

This method represents a comparative genome
hybridization technology (Karolinska Institute

E. Zabarovsky and V. Kashuba groups inves-
tigated genetic/epigenetic alterations in human
cancers by a large-scale method, named the
Notl-microarray, for more than fifteen years.

International Patent W0O02/086163 and PCT/
SE02/00788 [1]), based on hybridization of
the Notl-linking libraries, produced from tu-
mor and normal genomic DNA [2]. It makes
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possible, to determine both, the genetic (dele-
tions, amplifications) and epigenetic (methy-
lation, demethylation) changes in the genomic
DNA of the Notl-linked genes / loci, due to
the sensitivity of the Notl restriction enzyme
to a methylation status of CpG islands. Using
this technology, 181 Notl-linking clones from
different regions of human chromosome 3
were analyzed in more, than 250 malignant
tumor samples, derived from different organs
and tissues. [2, 3]. It is known that genetic and
epigenetic disturbances of chromosome 3 have
very important influence on carcinogenesis of
different human cancers [4—6]. On chromo-
some 3 several well-known and putative tumor
suppressor genes (TSG) as well as many can-
cer-associated genes are situated [3—7]. The
3p25-p26 region is harboring the well-known
TSG, such as VHL; 3p12-p14.2 region contains
the FHIT gene; 3p24 possesses the RARB gene
and 3p21-p22 region includes the RASSFIA
gene [8, 9]. However, a function and a role of
many other genes of chromosome 3, which
show alterations in different human cancer
types, were largely unknown, before the NotI-
microarray study.

The aim of the present work is to identify
common and specific genetic/epigenetic
changes of human chromosome 3, using the
data of Notl-microarrays in seven types of
epithelial cancer.

Materials and Methods

We have performed comparative analysis of
the Notl-microarray data for 7 types of epithe-
lial cancers [2, 10—18] using methods of de-
scriptive statistics. Fisher’s exact test and Chi-
square criteria were used for analysis of methy-
lation and/or deletion frequencies in groups of

304

tumors with different patho-morphological
characteristics [2, 10—18]. The cases with p-
value below 0.05 were considered statistically
significant. The Benjamini-Hochberg proce-
dure with false discovery rate (FDR) 0.20 was
used to correct p-value under multiple com-
parisons detection [19].

Results and Discussion

We have reviewed and summarized the data
from different cohorts and with different data
calculations for colorectal, ovarian, renal, lung,
breast, cervical and prostate cancers [2, 10—
18]. All the data represent epithelial tumors,
investigated by Notl-microarrays. A fragment
of Notl-microarray data is shown in Figure 1.

Notably, the greatest number of alterations
is hetero- and homozygous deletions or methy-
lation, in all reported data sets. Amplifications
and demethylation were quite a rare event in
epithelial tumors in comparison with leuke-
mia [20]. Hence, deletions and methylation
were in the focus of the present paper.
Altogether, we found that 74 genes / loci of
chromosome 3 exhibited significant changes in
seven types of epithelial tumors. These results
are presented in Table 1. It was found 40 genes/
loci with changes from 3p arm and 34 genes/
loci from 3q arm of chromosome 3. Five genes,
namely FOXPI, LRRC3B, NKIRASI, RBSP3
and Z/C4 altered in all seven studied tumor
types. They are located in the 3p14-3p24 region.

Five genes/loci, namely ITGA9, GORASPI,
IQSECI, CGGBPI and PPP2R3A4, showed
genetic /epigenetic changes in six various types
of tumor. Ten genes/loci — WNT7A, NBEAL?2,
VHL, LOC285205, FGF12, ALDHILI, GATA?2,
PLCL2, ABHD5/TOPAZI, EPHBI — had ge-
netic /epigenetic alterations in five cancer types.



Noti-microarrays alterations in seven cancer types

Spot No 1 stage 2 stage 3-4 stage Gene/loci | Location
Noti0029 NKIiRAST __|3p24.2
Noti0031 RARbetal___|3p24
Notl0126 FLJ44898 _ [3q21.1
Noti0090 CGGBP 3p12
Noti0040 ITGA9 3p21.3
Noti0001 MINT24 3p25-3p26
Noti0033 LRRC3B 3p24
Noti0050 LOC732138__|3P21.32
Noti0103 ROPN1 3g21.1
Noti0110 GATA-2 3921.3
Notl0079 PRICKLE2 __|3p14
Noti0105 ALDH1L1 __|3g21.2
Notio111 GATA? 3921.3
Noti0043 GORASP1__|3p22-p21.33
Noti0085 FOXP1 3p14.2
Noti0141 RAP2B 3925.2
Notl008 :H VHL 3p26-p25
Notl0055 NBEAL2 3p21.31
Noti0097 L0C285205_[3q13.12
Noti0106 CHST13 3921.2
Noti0074 BHLHB2 3p26
Noti0139 ZIC4 3924
Noti0028 UBE2E2 3p24.2
Noti0062 GNAI2 3p21
Noti0107 LOC650370 |3g21.2
Noti0121 TRH 3921.3
Noti0125 KY 3922.1
Noti0127 PPP2R3A___[3q21.1
Noti0166 FGF12 3928
Noti0019 WNT7A 3p25
Noti0012 RPL32 3p25.3
Noti0163 BCL6 3q27
Noti0142 GPR149 3925.2
Notl0149 SOX2 3926.3
Noti0180 THRB 3p24.3
Noti0026 PLCL2 3p24.3
Noti0041 RBSP3 3p21.33
Notl0048 SNRK 3p22.1a
Noti0054 TESSP2 3p21.31
Noti0091 MINA 3q11.2
Noti0169 C30RF21__ 3928
Notio177] | | | DHX30 3p21.31
Noti0003 H % LMCD1 3p26-p24
Notl0084 H H_ MITE 3p14.1
Noti0145 B3GALT3 __ |3q25
Noti0013 H_ | | | h T T 111 | IQSEC1 3p25.2

Fig. 1. A fragment of Notl-microarray data in breast tumors. Green and dark green with hatching squares: methylation/
deletion (< 0.85), red: amplification/demethylation (> 1.5), yellow: unchanged (> 0.85, < 1.5), and white: no info.
(grey and dark grey with hatching squares: methylation/deletion (< 0.85), black: amplification/demethylation (> 1.5),

light grey: unchanged (> 0.85, < 1.5), and white: no info)

Genes GORASPI, IQSECI, CGGBPI, NBEAL2
and VHL are localized in the 3p12-3p26 region;
genes PPP2R3A4, FGF12, ALDHILI, GATAZ2
and PLCL?2 are situated in the 3q13-3q28 re-
gion. A large number of genes with the same
changes in different epithelial tumors suggests

the common mechanisms of cancer develop-
ment and the function of these genes as putative
tumor suppressor genes.

Twenty-two genes out of 74 have alterations
only in the single type of tumor. The major
part of them (13 genes / loci) is found in pros-
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Table 1. Genes and loci of chromosome 3 with changes (deletion/methylation) in seven types of epithelial
cancers

Number of
Ne | localiza- Gene/locus Location OC | ColC | BC |CervC| LC [ccRCC| PC
tions

1 2 3 5 6 7 8 9 10 11
1 7 FOXPI 3pl3 #* % % # % # *
2 7 LRRC3B 3p24.1 * * % # % * *
3 T NKIRAST 3p24.2 * * * % * % %
4 7 RBSP3 (CTDSPL) 3p22.2 * * * * % % *
5 7 ZIC4 3q24 * * % * * * =
6 6 ITGAY 3p22.2 * * * * %* &
7 6 GORASPI 3p22.2 * * * % % *
8 6 I0SECT 3p25.2-p25.1 * * * & o *
9 CGGBPI 3pll.1 #* * * # % *
10 6 PPP2R3A 3q22.2-q22.3 * * * * * *
11 5 WNT7A 3p25.1 * * * * #
12 5 NBEALZ2 3p21.31 il * * * *
13 5 VHL 3p253 * % % % %

14 5 LOC285205 Ipl3l2 * # * * *
15 5 FGFI12 3q28-q29 * * * * %
16 5 ALDHIL1I 3q21.3 * * e * *
17 5 GATA2 3g21.3 * * * % =
18 3 PLCL2 3p24.3 B % % % %
19 5 ABHDS5/TOPAZI 3p21.33/3p21.31 * * &* % %
20 5 EPHBI 3g22.2 * * % ¥ ¥
21 4 NUDTI6P 3q22.1 % * * 7
22 4 ROPNI 3g21.1 ¥ * * ¥
23 - UBE2E2 3p24.3 * % * %
24 4 GNAI2 3p21.31 * 5 * *
25 4 PRICKLE2 3pl4.1 * * * #*
26 -+ RPL32 3p25.2 * * % *
27 4 THRB 3p24.2 * * * *
28 4 BCL6 3q27.3 * * * %
29 4 BHILHE40 3p26.1 * * % %
30 4 FGDs5 3p25.1 * * * *
31 4 LRRN1 3p26.2 * * % %
32 3 FBIN2 3p25.1 * * 3z
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Continued Table 1

1 2 3 4 10 11
33 3 |KY 3q22.2 *
34 3 |PPMIM 3p21.2 % *
35 3 |MINA 3q11.2 *
36 3 TRH 3q22.1
37 3 |LOC285375 3p25.1 *
38 2 MINT24 3p.26
39 2 RARB 3p24.2
40 2 LOC732138 3p.21.32
41 2 GPRI49 3q25.2 *
42 2 LMCDI 3p25.3
43 2 RAP2B 3q25.2 *
44 2 SOX2 3q26.33 *
45 2 PAQRY 3923
46 2 LOC650370 3q21.2
47 2 CHSTI3 3q21.3
48 2 SOX14 3q22.3 *
49 2 ANKRD28 3p25.1
50 2 FSTLI 3q13.33 *
51 2 PDZRN3 3pl3 *
52 1 FLJ44898 3q21.1
53 | B3GALNTI 3q26.1 *
54 1 EPHB3 3q27.1 "
55 1 KBTBDS 3pld.1 *
56 | LRRC58 3q13.33 *
57 | PARP3 3p21.2 *
58 1 TMEM45A4 3q12.2 *
59 | ACPL2 (PXYLPI) 323
60 | CHCHD6/C30rf46 3g21.3 X
61 1 CKLFSF6 3p22.3
62 1 CLASP2 3p22.3 *
63 | CMTMS 3p22.3 *
64 I DZIPIL 3q22.3 *
65 | HMGRBI1L5(Pseudo) 3p24.3 *
66 I |MANF 3p21.2 *
67 1 MITF 3pl3
68 1 USPI9 3p21.31 *
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Continued Table 1

1 2 3 4 6 7 8 9 10 11
69 1 MORBP 3p22.1
70 1 DCBLD? 3q12.1;3 *
71 1 FNDC3B 3926.31 *
72 1 C30RF21 (XXYLTI) 329 *
73 1 DHX30 3p21.31 *
74 1 ABTBI1/PODXI2 3q21 *

Notes: OC — ovarian cancer; ColC — colorectal cancer; BC — breast cancer; CervC — cervical cancer; LC — lung
cancer; ccRCC — clear cell renal cell carcinoma; PC — prostate cancer; * — genes / loci with significant differences

with FDR =0.2.

tate cancer. This may indicate specific mecha-
nisms of carcinogenesis of the prostate that are
different from other localizations.

Noteworthy, earlier many investigations
have been focused on studying the genes of
the 3p arm of the chromosome 3 [2, 5, 6],
whereas little attention has been paid to the
genes of the 3q arm. The results of Notl-
microarrays show the involvement of 3q arm
genes / loci in the carcinogenesis of epithelial
tumors of all seven localizations. For example,
the ZIC4 gene encodes the Zic family member
4 that is important in the development.

It participates in the regulation of transcrip-
tion by RNA-polymerase II, but it has very
low expression levels. It has deletion/methy-
lation changes in all seven tumor localization.
Our data are confirmed by other researchers
on another type of epithelial cancer (bladder
cancer) [21]. Importantly, these epigenetic
changes could be detected in biological fluids,
such as urine, while it is impossible to detect
the ZIC4 expression levels.

Another gene from 3q arm with deletion/
methylation changes in 6 tumor localizations
1s PPP2R3A. This gene encodes one of the
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regulatory subunits of the protein phospha-
tase 2, which is implicated in the negative
control of cell growth and division [22].
However, the genetic/epigenetic changes of
this gene in epithelial cancers were not known
until our studies.

Four genes from 3q arm, which have dele-
tion/methylation in 5 localizations of epithe-
lial tumors are FGF12, ALDHILI, GATA2,
EPHBI. FGF12 is a member of the FGF fam-
ily which is involved in a variety of biological
processes, including cell growth, morphoge-
nesis, tissue repair, tumor growth, and inva-
sion [23]. The methylation of FGFI2 in
colorectal cancers was shown [24]. Our study
has confirmed this type of the FGF12 epigen-
etic changes in prostate cancer [18]. It is re-
vealed as a putative biomarker in esophageal
cancer [25]. The ALDHILI gene encodes the
aldehyde dehydrogenase 1 family member L1.
Loss of function (epigenetic silencing) or ex-
pression of ALDHILI is associated with in-
creased cell motility, decreased apoptosis and
cancer progression [26]. On the other hand,
ALDHILI is the indicative gene of cancer cell
stemness and it is a biomarker in colon cancer,
which is associated with worth prognosis [27].
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GATA2 encodes a member of the GATA fam-
ily of zinc-finger transcription factors. It con-
ducts transcriptional signals in particular from
the androgen receptor [28]. GATA2 has a mul-
tifaceted function in prostate cancer aggres-
siveness and is a highly attractive target for
treatments of lethal prostate cancer [29]. The
GATA2 expression is associated with poor
prognosis in acute myeloid leukemia [30]. The
EPHBI gene encodes a transmembrane protein
which is a receptor for ephrin-B1. Loss of the
ephrin receptor (EphB1) expression may be
associated with aggressive cancer phenotypes
in acute myelogenous leukemia [31]. The tu-
mor suppressor function of EPHBI in breast,
colon and lung cancers was shown [32].
Noteworthy, the alterations of many genes
(ITGAY9, LRRC3B, FGFI12, GORASPI,
NKIRAS1, CTDSPL (RBSP3), GATA2,
SEMA3B, IQSECI, PPMIMI, PRICLE?2,
BHLHEA0 et al.), which were found by Notl-
microarrays, have been confirmed by other
methods, such as LOH, MSP, bisulfite sequenc-
ing, deletion analysis and expression studies
[10-18]. The TSG function for several genes
was confirmed in model systems (cell lines,
experimental animals), using transient and con-
stitutive expression of these genes [33-35].
Moreover, we have investigated genetic/
epigenetic changes and expression of some
genes, which have no Notl-site, from well-
known TSG RASSF1A 3p21.31 region. We have
shown deletion/methylation changes by Notl-
microarray in some tumor localization of genes
from this region (3p21.31) named NBEAL?2,
GNAI2, TOPAZ]I. Our study has confirmed ge-
netic/epigenetic changes and loss of expression
for GPX1 and SEMA3B in renal and lung can-
cers [35-37]. Data of other investigators have

revealed the down regulation of HYALI, HYAL?,
RASSF1A4 (3p21.31 region) in non-small cell
lung cancer [34]. These data indicate the mul-
tiple inactivation of TSG and potential TSG
clusters in human chromosome 3.

Conclusions

The analysis of the data, obtained with NotI-
microarrays for human chromosome 3, identi-
fied several common genetic/epigenetic al-
terations in seven types of epithelial cancer
and tumor-specific changes as well. These data
make a basis for the creation of special sets of
markers for early diagnostics, prediction of a
course of disease, and evaluation of efficacy
and a choice of therapy.
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I'eneTnuHi Ta enireHeTH4YHi NOpPyIIeHHS
XpoMOcoMH 3 JIIOAMHHU, BU3HAYEHI 32 J0II0OMOro10
Notl-mikponaneseii B ciMoX JToKamTizamiax
eniTeJiaJIbHUX 3JI0IKICHUX MYXJIUH

I'. B. I'epamenxko, B. B. l'opzitok, B. 1. Kamry6a

Merta: 3HaiiTi 3araibpHi Ta crienudidHi reHeTHyHi / erti-
TCHETHYHI 3MiHI XPOMOCOMH JTFOIUHHE 3, 32 JOTIOMOTOFO
Notl-mikponaneneli y emirTeniaTbHUX HOBOYTBOPEHHSIX
CeMH pI3HUX JIoKasi3alii. Meromu: Byno BHKOpuCTaHO
METONX JECKPUTITHBHOI CTATHCTUKH JUTS TTIOPIBHITEHOTO
aHanizy maanx Notl-MikpormaHeneii y ceMu JoKai3amisax
3M0sIKICHUX My XJinH. Pe3ynbraru. [TopiBHsIIBHMIT aHaTi3
nmaanx Notl-mikporiaHernei oka3aB 3Ha4HI 3MiHU / METH-
JyBaHHS 74 TeHiB / JIOKYCIB y CEMH JIOKAJI3aIlisIX PaKy
(TOBCTOI KHIIKH, SIEYHUKIB, HUPOK, JICTCHIB, MOJIOUHUX
3aJ103, IMAKWKH MaTKH, TIepeaMiXxypoBoi 3amo3n). [1°41e
TeHIB MalOTh 3MiHH y Beix 7 Tumnax paxy (FOXP1, LRRC3B,
NKiRASI, RBSP3, ZIC4). Bouu Oynu B OCHOBHOMY 3
3pl14-3p24 periony. [I’ITHAALATE TEHIB MAIOTh JCTICIIIO
/ MmeTrroBaHHS B 6 Ta 5 Jokamizamisx paky. Cepen HUX
TeHH/JIOKYCH pO3TalioBaHi npuommsHo y 3p12-3p26 peri-
oHi (ITGAY, GORASPI, IQSECI, CGGBPI, NBEAL?2,
VHL), 3q13-3q28 perioni (PPP2R3A4, FGF12, ALDHIL],
GATA2, PLCL2). JIBaausth 1Ba TeHU 3 74 MarOTh 3MIHH
TUTBKA B OIHIN JTOKai3arii paky. [lepeBakHa KUTBKICTB TX
(13 rewiB / 71OKycCiB) 3yCTpIi9a€eThCs IS PAKy IIEPEAMIXy-
poBoi 3ayt03u. L{e Moxke CBimuUTH PO crenugiyHi Mexa-
HI3MH KaHIIEPOTeHEe3y MepeaMiXypoBoi 3aJI03H, sIKi BiJl-
PI3HSIOTBCS BiJl IHIMX JIOKasTizamiid. BuUCHOBKH: AHai3
nannx Notl-mikponaneneii 3-1 XpOMOCOMH JIFOJIMHH BHSI-
BUB PsJI SK 3arajbHUX T€HCTHIHHX/CIITCHETUIHUX I10-
PYIIEHB, TaK 1 MyXJIUHO-CIICII(idHI 3MiHN.

Kawuosi caosa: Notl-mikponaneni, pak ToBCToi
KHIITKH, PaK SI€YHHUKIB, paK HUPKH, PaK JETEeHIB, paK IIHii-
KH MaTKH, paKk MOJIOYHOT 3aJI03H, PaK MepeaMixXypoBoi
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3aJ1034, T€HHU-CYNPECOPH POCTY MYXJIMH, METUITIOBAHHSI,
JIeNelist, XpoOMOCcoMa 3 JTFOIMHH.

T'eHeTHYECKHE M YNIUTeHEeTHYECKHE N3MEHEHHU
XpOMOCOMBI 3 yeJioBeKa, onpeaeéHHbIe ¢ TOMOIIbIO
Notl-MukponaHeseil B ceMHU JIOKAJIU3ALMAX
MUTETUATLHBIX 3JI0KAYeCTBEHHBIX OITyXO0JIei

A. B. I'epamenxo, B. B. Topauroxk, B. 1. Kamnry6a

Leanb: YcTaHOBHUTH OOIIHME U CIICHU(PUIHBIC JJTS OITyXOJIeH
TEHETUYCCKIE / SIMTUTCHETUICCKIEe H3MEHEHHS XPOMOCOMBI
3 yenoBeka ¢ oMot Notl-MuUKponaHenel B SIATeH-
AJIBHBIX HOBOOPA30BaHUSX MIPU CEMH PA3TMIHBIX JIOKATU-
3arusix. MeToapl: BeUTH HCITONTE30BaHBI METOABI JIeC-
KPUNTUBHOW CTaTUCTHUKH JUIA CPAaBHUTEIHFHOTO aHAIHM3a
naHHbIX Notl-MuKponaHenei B ceMH JJOKaJIU3aIusx 3710-
KauyecTBeHbIX omyxojel. Pesyabrarbl. Ananu3 Notl-
MUKpOTIaHEIIeH TToKa3al 3HAYUTEIbHBIC N3MEHEHHS JeTie-
UK / METUJIMPOBAHUS 74 TEHOB / JIOKYCOB B CEMH JIOKa-
TIF3AIHSX paka (TOJCTOM KHIIKH, SMIHUKA, TIOYCK, JIETKHUX,
TPYIH, IMEHKH MaTKH, TPeACTaTeIbHON Keme3bl). 1191
TeHOB MMEIOT M3MEHEHHs BO Beex 7 Tumnax paxa (FOXPI,
LRRC3B, NKiRASI1, RBSP3, ZIC4). Oru ObUTA B OCHOB-
HOM m3 peruoHa 3pl4-3p24. TIaTHaanare TeHOB UMEIOT
JICIICIUEO / METHIMPOBAHKE B 6 U 5 JIOKAIM3aIUsIX paKa.
Cpemu HuX ectb B pernoHe 3p12-3p26 (ITGA9, GORASPI,
I0SECI, CGGBPI, NBEAL2, VHL), B npenenax 3ql3-
3q28 peruona (PPP2R3A, FGF12, ALDHILI, GATA2,
PLCL2). JIBanuars 1Ba reHa U3 74 UMEIOT W3MEHEHHSI
TOJIBKO B OJTHOM JIOKanu3amuu paka. [Ipeobnanaromiee
yrcio U3 HuX (13 reHoB / JIOKYCOB) 0OHAPYKEHO ISl paka
MPECTaTEeIHHOM KeTIe3bl. DTO MOXKET YKa3bIBaTh HA KOH-
KpeTHBIE MEXaHW3MBI KaHIIEPOTeHe3a MPEACTaTeIbHON
JKeJe3bl, KOTOPhIE OTIIMYAIOTCS OT JPYTUX JIOKATH3AIHH.
BoiBoabl. Ananus ganabix Notl-mukponanenei 3-it xpo-
MOCOMBI YeJIOBEKa BBISIBIII PS KaK OOIIIX TEHETHUCCKIX/
SMUTCHETUYECKUX HAPYIIEHUH B CEMH JIOKTM3AIMSX paKa,
TaK U OITyXOIb-CIICIIU(PHICCKIEC N3MCHECHUSI.

KawueBbie cioBa: Notl-Mukponanenu, pak TojacTon
KHIIKH, PaK SIMYHUKOB, PaK TIOYKH, PaK JETKUX, paK MIek-
KM MaTKH, paK MOJIOYHOM KeJe3bl, paK MPeNCcTaTeIbHON
JKeJe3bl, TeHBI-CYTIPECCOPhI POCTa OIYXOJIeH, METUIMPO-
BaHUe, AeeNus, XpoMocoMa 3 4eloBeKa.
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