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Abstract

BRCAI is a tumor suppressor gene and any alteration of its functions can contribute to cancer
development and progression. The loss of heterozigosity (LOH), meaning the loss of the normal
functional allele in a heterozygous locus of a tumor suppressor such as BRCAI gene, leads to wild-type
gene inactivation and can be correlated with cancer. The role of BRCAI LOH has already been
demonstrated in familial and sporadic breast cancer. Little is known about BRCAI LOH correlated
with other types of familial cancers such as prostate cancer, esophageal cancer or gastric cancer and
even less about BRCAl LOH correlations with the types of sporadic cancers. The aim of this study was
to investigate the correlation between distinct BRCAI alterations and tumor site or cancer progression
in Romanian patients with prostate, esophageal and gastric cancer. For this purpose polymerase chain
reaction (PCR)-based microsatellite analysis was used to detect LOH occurring in regions mapping for
BRCAI gene. From all the five analyzed microsatellites, three (D17S8855, D175856 and D1751322)
presented loss of heterozygosity in the DNA extracted from the tumor tissue of different patients. 28% of
all analyzed patients, presented loss of heterozygosity of at least one microsatellite marker
corresponding to BRCAI gene locus.
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Introduction

BRCAI (BReast CAncer type 1 gene) is a tumor suppressor gene situated on
chromosome 17g21 having a length of 100kb and encoding an 1836 amino acids protein [1,2].
It has been demonstrated that BRCAT1 protein plays an important role in cell cycle regulation
acting as a tumor suppressor [3]. BRCAI gene is involved in apoptosis, cell cycle control and
genome stability acting upon DNA repair and damage control [4-9]. The role of BRCAI in
DNA repair explains in fact its main function as a tumor suppressor gene. Any alteration of
BRCAI functions can contribute to cancer development and progression. However, the loss of
these important and fundamental functions of BRCAI cannot explain the tissue or gender
specificity of cancer risks [10]. Also, sporadic cancer is rarely associated with somatic
mutations of BRCA1 which are supposed to be involved in genome instability [11].

BRCAI was initially correlated with cancer susceptibility by MC King in a study on
hereditary breast cancer families [2]. It is shown that mutations in BRCA gene are correlated
with 50% of the breast cancers and 80-90% of the breast-ovarian cancers [2, 12, 13].

The development and progression of cancer is associated with some events that
include alteration of some genes which regulate cell growth and differentiation: activation of
oncogenes and inactivation of tumor suppressor genes. This is the reason why the loss of
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heterozigosity (LOH), meaning the loss of the normal functional allele in a heterozygous
locus of a tumor suppressor such as BRCAI gene, leads to wild-type gene inactivation and can
be correlated with cancer [14].

The role of BRCAI LOH has already been demonstrated in familial and sporadic
breast cancer. In this case the genotype and phenotype features shared by these two groups of
breast cancer are similar [15]. Little is known about BRCAI LOH correlated with other types
of familial cancers such as prostate cancer, esophageal cancer or gastric cancer and even less
about BRCA1 LOH correlations with the types of sporadic cancers.

Prostate cancer is the most frequent cancer in males and the second cause of cancer
death [16]. Tumor heterogeneity makes difficult the understanding of the complex molecular
genetic mechanisms that lead to the progression of prostate cancer [17]. A small number of
studies have revealed the specific allelic imbalances, especially the loss of heterozygosity in
the tumor associated DNA of prostate cancer patients [18-23]. LOH discovery in the 1721
chromosome region corresponding to BRCAI gene is associated with a three fold increased
risk of mortality caused by prostate cancer [24]. In the same study, BRCAI LOH was found in
44% of prostate tumors. Haplosufficiency of BRCAI gene is correlated with the presence of
circulating tumor cells in the peripheral blood of prostate cancer patients, so it might indicate
the metastatic stage of the disease [25].

Esophageal cancer stands among the ten most common cancers in the world and is a
fatal disease. The genetic modifications that lead to cancer development and progression are
not well understood [26]. LOH studies on esophageal cancer patients revealed a few tumor
suppressor genes, including BRCAI that are often lost in this type of cancer [27-31]. Also, the
LOH detected at 17q21 were significantly more frequent in the tumors of female than male
patients [27]. Previous studies also detected a very high incidence of LOH in Japanese and
Chinese patients [32].

Gastric cancer has been ranked as the second most common cancer in the 1990s [33].
Even if this cancer incidence is declining, its aggressiveness still leads to just 20% overall
survival rate after 5 years from the diagnosis [34]. The locus corresponding to BRCAI gene
stands among the most frequent five chromosomal loci where LOH is usually found in gastric
cancers. The previous LOH studies on young gastric cancer patients stated that BRCAI gene
could be responsible of an early onset of this disease [35]. Also, Semba et al. (1998), found
LOH in the region corresponding to BRCAI gene in 40% of the gastric cancer analyzed
patients [36].

The aim of this study was to investigate the correlation between distinct BRCAI
alterations and tumor site or cancer progression in Romanian patients with prostate,
esophageal and gastric cancer. For this purpose polymerase chain reaction (PCR)-based
microsatellite analysis was used to detect LOH occurring in regions mapping for BRCAI
gene. The results were statistically correlated with the clinical data for all the investigated
patients.

Materials and methods

Patients

Pairs of tumor tissue and blood samples were obtained from patients who underwent
surgery at the “Theodor Burghele” Clinical Hospital, Fundeni Clinical Institute, Emergency
Clinical Hospital and Emergency Universitary Hospital, all from Bucharest. Patients gave
informed consent according to institutional guidelines prior to surgery. All esophageal and
gastric tissue samples were diagnosed and staged according to TNM system classification and
prostate tissue samples were classified on Gleason and Mostofi system by the pathologists in
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the Pathological Department of Hospitals involved in the study. For each patient, data on age
at diagnosis, clinical stage, histological tumor type, stage of tumor were recorded. The
number of the patients involved in this study was 25, one female, 24 males, with a mean age
of 60 years (range: 40-77 years). Ten patients were diagnosed with prostate cancer, ten with
esophageal cancer, and five with gastric cancer.
DNA extraction

DNA from tumoral tissue samples was isolated with Wizard Genomic DNA
Purification Kit (Promega) and the DNA from peripheral blood separated from whole blood
samples was extracted with QIAmp®DNA Blood Minikit (Qiagen). The concentration and
quality of DNA was determined spectrophotometrically.
Multiplex PCR

The multiplex PCR was performed using GoTaq® Flexi DNA Polymerase Promega

kit on a Corbett Research Termocycler, for the amplification of five highly polymorphic
markers belonging to the region of chromosome 17q corresponding to the locus of BRCAl
gene (D17S250 with a length of 151bp, D17S800 which has 242bp, D17S855 which has
143bp, D17S856 with a length of 228bp, D17S1322 which has 130bp). Two types of
multiplex PCR were performed: a duplex PCR using two primer pairs corresponding to
D17S250 and D17S1322 markers and a multiplex using three primer pairs for D17S800,
D17S855, and D17S856. For the PCR amplification, all the forward primers were marked
with TET (green), 6-FAM (blue), or HEX (black) dye-labelled markers. Briefly 2 pl (approx.
20ng) genomic DNA from peripheral blood and tumor tissue in each case was mixed with 5x
Buffer, 1.5mM MgCl,, 0.4 mM dNTP mix, Taq DNA polymerase (lunit), 5pM primers and
water up to a final volume of 25 ul. The duplex PCR conditions were as follows: after an
initial 3 min denaturation step at 95°C, 30 amplification cycles were performed, each
consisting of a 30 s step at 95°C, a 30 s step at 55°C, and a 1 min elongation step at 72°C.
Amplification was completed with a final incubation step at 72°C for 20 min. For the
multiplex PCR using three different primer pairs the conditions were the same but using a
melting temperature of 60°C instead of 55°C.
Detection of LOH

PCR products were prepared for capillary electrophoresis with GeneScan-500 ROX
TM, used as a size standard marker, and analyzed by capillary gel electrophoresis with
fluorescent detection technique (ABIPrism 310 Genetic Analyser). Briefly, 12.5 ul deionized
formamide were combined with 0.6 pul GeneScan-500 ROX TM and 1 pl PCR product in a
Genetic Analyzer sample tube. Before loading on the Genetic Analyzer, the samples were
denaturated for 3 minutes at 95°C in a heat block. The results were visualized and analyzed
with GeneMapper 3 software.

Results and Discussions

The optimization of PCR conditions for each target DNA was accomplished using five
specific primer pairs marked with three dye-labelled markers (TET, 6-FAM, HEX), for the
five microsatellites of interest: D17S250, D17S800, D17S855, D17S856, D17S1322. The
amplification of the target DNA fragments was verified through agarose gel electrophoresis
(2%), and the optimal annealing temperature specific to each primer pair was established
(Fig. 1-3).

Two types of multiplex PCR were used in order to visualize simultaneously the
product of several regions, one duplex PCR for D17S1322 and D17S250, and one multiplex
PCR for D17S800, D17S855, D17S856. Figure 4 reveals the electrophoretic profile of the
amplified DNA fragments corresponding to the two types of multiplex PCR used in our study.
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Figure 1. Electrophoretic profile of gradient temperature
PCR for intragenic BRCA1 microsatellite D17S1322.
Lines1-6 — gradient amplified DNA fragments (60-55°C);
line 7- 100bp molecular mass marker

1234567

Figure 2. Electrophoretic profile of gradient temperature
PCR for intragenic BRCA1 microsatellites D17S800 and
D17S855. Lines1-6 — gradient amplified DNA fragments
of D17S800 (60-55°C); Lines8-13 — gradient amplified
DNA fragments of D17S855 (60-55°C); line 7- 100bp
molecular mass marker.

1234567 8910111213

Figure 3. Electrophoretic profile of gradient temperature

| I — PCR for intragenic BRCA1 microsatellites D17S856 and
D17S250. Lines1-6 — gradient amplified DNA fragments
of D17S856 (60-55°C); Lines8-13 — gradient amplified
' DNA fragments of D17S250(60-55°C); line 7- 100bp
molecular mass marker.

123 456738 810111213

Figure 4. The electrophoretic profile of the amplified
microsatellites D17S250, D17S800, D17S855, D17S856,
* D17S1322 through multiplex PCR. Line 1 - 100bp
molecular mass marker; line 2 — D17S1322 (130bp) and
— — D17S250 (151bp) DNA fragments amplified through
— — duplex PCR; line 3 - DNA fragments corresponding to
D17S855 (143bp), D17S856 (228bp), D17S800 (242bp)
oot microsatellites amplified through multiplex PCR; line 4 -
DNA fragment of D17S855 microsatellite (143bp); line 5
- DNA fragment of D17S856 (228bp) and D17S800
1 5 3 4 5 g 7 @ (242bp) microsatellites amplified through duplex PCR.

The amplified DNA fragments of interest were analyzed on ABIPrism 310 Genetic
Analyser. Loss of heterozygosity was detected based on the analysis made with GeneMapper
v3.1 software and the loss of alleles could be determined precisely by calculating the ratio of
the peak heights of normal and tumor alleles according to a previously described formula
[37]. LOH was correlated with the loss of a wild type allele in tumor DNA compared with the
allelic profile observed in peripheral blood DNA set as normal type.

(peak height of tumor allele 1) / (peak height of tumor allele 2)
LOH=

(peak height of normal allele 1) / (peak height of normal allele 2)

The ratio of the peak heights is calculated only for the heterozygous loci, where the
two alleles corresponding to the locus of interest are different in size, measured in base pairs
(bp). In case of homozygosity the two alleles have the same size, thus the corresponding
peaks have the same height and are overlapped (Fig. 5).
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Figure 5. The histogram showing the heterozygous (I) and homozygous allele profile (II) specific to
D17S1322 microsatellite locus. A — peripheral blood; B — tumor tissue. Ratio of the peak heights of normal
and tumor alleles in case of heterozygous profile = 1.02

From all the five analyzed microsatellites, three (D17S855, D17S856 and D17S1322)
presented loss of heterozygosity in the DNA extracted from the tumor tissue of different
patients. Seven patients (28%) out of 25 analyzed patients, presented loss of heterozygosity of
at least one microsatellite marker corresponding to BRCA1 gene locus. Also, seven patients
were heterozygous for all the analyzed loci, without presenting any LOH (Table 1).
Considering all the studied microsatellites, the number of determined heterozygous loci for all
patients was 99 (79.2%). LOH corresponding to BRCA1 region was found in 9 out of 99
heterozygous loci (9.09%). There were 26 (20.8%) homozygous loci, all set as non-
informative for the present study.

Table 1. Loss of heterozygosity corresponding to the investigated microsatellites in the region of BRCAI gene.

Patient | Tumor Sex Age | Tumor | D17 D17 D17 D17 D17
no. type (years) | stage S250 S800 S855 S856 S1322
1 M 54 v + + + + LOH
2 M 56 1IB ++ + ++ ++ +
3 £ M | 54 v ++ ++ ++ o ++
4 § M 50 1IB ++ ++ LOH + LOH
5 = M 59 IB ++ + ++ ++ ++
6 & | F 49 I ++ + + ++ ++
7 4 M 62 v ++ ++ ++ + +
8 2 M| 55 1A T T T T T
9 M 56 v ++ ++ ++ + ++
10 M 40 I ++ ++ LOH ++ +
Romanian Biotechnological Letters, Vol. 16, No. 5, 2011 6605
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11 M 58 II-111 ++ ++ ++ ++ ++
12 M 68 11 ++ ++ ++ + ++
13 @ M 63 111 ++ ++ ++ + ++
14 g M 69 HI-1v ++ + + LOH ++
15 2 M 59 11 ++ ++ ++ + +
16 % M 75 111 ++ ++ ++ + ++
17 & M | 66 111 ++ ++ ++ + ++
18 = M| 6 111 ++ + ++ + +
19 M 58 II ++ ++ LOH + ++
20 M 58 I1-111 ++ ++ ++ ++ ++
21 M 61 v ++ ++ LOH ++ ++
22 oz M 60 v ++ ++ LOH LOH ++
23 | 52 M | 64 A ++ ++ ++ ++ ++
24 2 [ M 70 v ++ ++ ++ ++ ++
25 M 77 111 ++ ++ ++ ++ ++

M — male; F — female; LOH — loss of heterozygosity; (++) — heterozygote; (+) — homozygote

The most affected microsatellite locus was D17S855 (Fig. 6), five patients presenting
LOH corresponding to this locus in their tumor tissue. Loss of heterozygosity corresponding
to this microsatellite locus was correlated with all types of investigated tumors. Two patients
were found with LOH for D17S856 (Fig. 7) and other two for D17S1322 (Fig. 8) in the tumor
tissue. Loss of heterozygosity corresponding to D17S1322 could be correlated only with
tumors of the esophagus.
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Figure 6. The histogram representing LOH | Figure 7. The histogram representing LOH
corresponding to the microsatellite locus D17S855. | corresponding to the microsatellite locus D17S856. A
A — peripheral blood; B — tumor tissue; ratio of the | — peripheral blood; B — tumor tissue; ratio of the peak
peak heights of normal and tumor alleles =0.6 heights of normal and tumor alleles =10.28
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Considering the three types of tumors, the highest number of LOH was found in the
group of gastric cancer patients (3 patients with LOH out of 5 patients, representing 60%),
followed by the esophageal cancer group with a frequency of 4 patients with LOH out of 10
(40%) and the prostate cancer group where LOH was observed in 2 out of 10 patients (20%),
(Table 2).

LOH found in BRCAI gene region could be correlated with an advanced tumor stage
only in patients with gastric cancer, where LOH was detected in patients with stage IV. Our
results correlate with those of Chen er a/ (2006), who revealed the association of higher
frequency of LOH in D17S855 locus with tumor stage III-IV for gastric cancer Chinese
patients [38]. Also, the patients with LOH had the lowest age considering the group of gastric
cancer patients. There are few studies on LOH corresponding to BRCAI region, the most
investigated microsatellite being D17S855. Semba et al. (1998), found that 40% of all the
investigated gastric cancer tumors had LOH in D17S855 locus [36]. Our study confirms their
results, we found that 40% of the studied patients have LOH in this locus, respectively.

Table 2. Correlation between the types of investigated cancers and loss of heterozygosity

Number of Age TNM Differentiation Number of
Type of cancer patients (years) Stage degree (Mostofi LOH
classification)
esophageal cancer 10 40-62 I-IV - 4
prostate cancer 10 58-75 - I-1v 2
gastric cancer 5 60-77 1I-IV - 3

Considering the group of patients with esophageal cancer, no correlation could be
done between LOH in BRCAI gene region and the stage of the tumors. The lack of any
correlation between LOH on BRCAI locus and lymph node metastasis or depth of tumor
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invasion was noticed also by Mori ef al. in 1994. They also found LOH even in tumors at an
early stage [27]. However, the detection of LOH slightly relates to the youngest studied
patients (40, 50 and 54 years old).

According to our study, prostate cancer is the least correlated with the existence of
LOH corresponding to BRCAI locus. LOH in this region of chromosome 17 is not a very
informative marker for the prediction of this type of cancer. From all 10 studied patients,
only 2 had LOH, one in D17S855 locus and one in D17S856 locus. Some previous studies
showed the same low proportion of LOH in BRCA1 region [13]. Other studies report a higher
percent of LOH in D17S855 and D17S856 microsatellite loci, and even in D17S250
microsatellite locus [24].

Conclusions

From all the patients analyzed in our study, seven patients (28%) presented loss of
heterozygosity of at least one microsatellite marker corresponding to BRCA1 gene locus.

LOH corresponding to BRCAI region was found in 9 out of 99 heterozygous loci
(9.09%).

The most affected microsatellite locus was D17S855, five patients presenting LOH
corresponding to this locus in their tumor tissue. Loss of heterozygosity corresponding to this
microsatellite locus was correlated with all types of investigated tumors.

The highest number of LOH was found in the group of gastric cancer patients (3
patients with LOH out of 5 patients, representing 60%).

The results of our study are preliminary, the three groups of cancer patients that were
investigated is small and this is why some precise comparisons between the three types of
cancer related to LOH frequency could not be made. These initial results will guide our
further extended studies.

Acknowledgments

This work was financially supported by PNII 42-105/2008 and PNCDI II 42-
096/2008. PhD Laura Buburuzan and PhD Catalina Luca also acknowledge the support of the
European Social Fund —Sectoral Operational Programme Human Resources Development
2007-2013, ,,Cellular and Molecular Biotechnologies for Medical Applications”, a
Postdoctoral Fellowship Programme FSE POSDRU/89/1.5/S/60746.

References

1. D.M. BARNES, Expression and function of BRCA1 and BRCA2 in familial and sporadic breast cancer.
Histopathology, 34, 170-174, (1999).

2. Y. MIKI, J. SWENSEN, D. SHATTUCK-EIDENS, P.A. FUTREAL, K. HARSHMAN, S. TAVTIGIAN, A
strong candidate for the breast and ovarian cancer susceptibility gene BRCA1. Science 266, 6671, (1994).

3. S. BOULTON, Cellular functions of the BRCA tumour-suppressor proteins. Biochem. Soc. Trans., 34, 633-
45, (2006).

4. Q. WANG, H. ZHANG, R. FISHEL, M.I. GREENE, BRCA1 and cell signaling. Oncogene, 19, 6152-6158,
(2000).

5. R. SCULLY, D.M. LIVINGSTON, In search of the tumour suppressor functions of BRCA1 and BRCA2.
Nature, 408, 429-432, (2000).

6. S. CHAREF-HAMZA, M. TRIMECHE, S. ZIADI, K. AMARA, N. GADDAS, M. MOKNI, B. SRIHA, T.
YACOUBI, S. KORBI, Loss of heterozygosity at the BRCA1 locus in Tunisian women with sporadic breast
cancer. Cancer Lett., 224(2), 185-91, (2005).

6608 Romanian Biotechnological Letters, Vol. 16, No. 5, 2011



Loss of heterozygosity at the BRCA/ locus in Romanian cancer patients

7. N. TURNER, A. TUTT, A. ASHWORTH, Hallmarks of ‘BRCAness’ in sporadic cancers. Nat. Rev. Cancer,
4, 814-819, (2004).

8. C. BEGER, M. RAMADANI, S. MEYER, G. LEDER, M. KRUGER, K. WELTE, F. GANSAUGE, H.G.
BEGER, Down-regulation of BRCA1 in chronic pancreatitis and sporadic pancreatic adenocarcinoma. Clin.
Cancer Res., 10, 3780-3787, (2004).

9. H. GRABSCH, M. DATTANI, L. BARKER N. MAUGHAN, K. MAUDE, O. HANSEN, H.E. GABBERT,
P. QUIRKE, W. MUELLER, Expression of DBA double-strand break repair proteins ATM and BRCA1 predicts
survival in colorectal cancer. Clin. Cancer Res.,12, 1494-1500, (2006).

10. Y. HU, BRCAL1, hormone, and tissue-specific tumor suppression. Int. J. Biol. Sci., 5(1), 20-27, (2009).

11. P.A. FUTREAL Q. LIU, D. SHATTUCK-EIDENS, C. COCHRAN, K. HARSHMAN, S. TAVTIGIAN,
L.M. BENNETT, A. HAUGEN-STRANO, J. SWENSEN, Y. MIKI, BRCA1 mutations in primary breast and
ovarian carcinomas. Science, 266, 120-122, (1994).

12. D. FORD, D.F. EASTON, M. STRATTON, S. NAROD, D. GOLDGAR, P. DEVILEE, D.T. BISHOP, B.
WEBER, G. LENOIR, J. CHANG-CLAUDE, H. SOBOL, M.D. TEARE, J. STRUEWING, A. ARASON, S.
SCHERNECK, J. PETO, T.R. REBBECK, P. TONIN, S. NEUHAUSEN, R. BARKARDOTTIR, J. EYFJORD,
H. LYNCH, B.A. PONDER, S.A. GAYTHER, M. ZELADA-HEDMAN, Genetic heterogeneity and penetrance
analysis of the BRCA1 and BRCA2 genes in breast cancer families. Am. J. Hum. Genet., 62, 676-689, (1998).
13. T. UCHIDA, C. WANG, T. SATO, J. GAO, R. TAKASHIMA, A. IRIE, M. OHORI, K. KOSHIBA,
BRCA1 gene mutation and loss of heterozygosity on chromosome 17g21 in primary prostate cancer. Int J
Cancer, 84(1), 19-23, (1999).

14. R.A. WEINBERG, Tumor suppressor genes. Science, 254, 1138-1146, (1991).

15. K. RHIEM, U. TODT, B. WAPPENSCHMIDT, A. KLEIN, E. WARDELMANN, R.K. SCHMUTZLER,
Sporadic breast carcinomas with somatic BRCA1 gene deletions share genotype/phenotype features with
familial breast carcinomas. Anticancer Res., 30(9), 3445-3449, (2010).

16. R.T. GREENLEE, T. MURRAY, S. BOLDEN, P.A. WINGO, Cancer statistics. CA Cancer J. Clin., 50, 7—
33, (2000).

17. AR. AZZOUZI, J.W. CATTO, I. REHMAN, S. LARRE, M. ROUPRET, K.M. FEELEY, O. CUSSENOT,
M. MEUTH, F.C. HAMDY, Clinically localized prostate cancer is microsatellite stable. BJU Int., 99(5), 1031-
1035, (2007).

17. J.T. DONG, Chromosomal deletions and tumor suppressor genes in prostate cancer. Cancer Metastasis Rev.,
20, 173-193, (2001).

19. J.T. DONG, J.C. BOYD, H.F. Jr. FRIERSON, Loss of heterozygosity at 13q14 and 13921 in high grade,
high stage prostate cancer. Prostate, 49, 166171, (2001).

20. R. VON KNOBLOCH, L. KONRAD, P.J. BARTH, H. BRANDT, S. WILLE, A. HEIDENREICH, R.
MOLL, R. HOFMANN, Genetic pathways and new progression markers for prostate cancer suggested by
microsatellite allelotyping. Clin. Cancer Res., 10, 1064—1073, (2004).

21. D.I. QUINN, S.M. HENSHALL, R.L. SUTHERLAND, Molecular markers of prostate cancer outcome. Eur.
J. Cancer, 41, 858-887, (2005).

22. I. MULLER, K. URBAN, K. PANTEL, H. SCHWARZENBACH, Comparison of genetic alterations
detected in circulating microsatellite DNA in blood plasma samples of patients with prostate cancer and benign
prostatic hyperplasia. Ann. NY Acad. Sci., 1075, 222-229, (2006).

23. M. BURGER, S. DENZINGER, C.G. HAMMERSCHMIED, A. TANNAPFEL, E.C. OBERMANN, W.F.
WIELAND, A. HARTMANN, R. STOEHR, Elevated microsatellite alterations at selected tetranucleotides
(EMAST) and mismatch repair gene expression in prostate cancer. J. Mol. Med., 84(10), 833-41, (2006).

24 X. GAO, A. ZACHAREK, A. SALKOWSKI, D.J. GRIGNON, W. SAKR, A.T. PORTER, K.V. HONN,
Loss of heterozygosity of the BRCA1 and other loci on chromosome 17q in human prostate cancer. Cancer Res.,
55(5), 1002-1005, (1995).

25. N. BEDNARZ, E. ELTZE, A. SEMJONOW, M. RINK, A. ANDREAS, L. MULDER, J. HANNEMANN,
M. FISCH, K. PANTEL, H.U. WEIER, K.P. BIELAWSKI, B. BRANDT, BRCAI loss preexisting in small
subpopulations of prostate cancer is associated with advanced disease and metastatic spread to lymph nodes and
peripheral blood. Clin. Cancer Res., 16(13), 3340-3348, (2010).

26. L. CHEN, N. MATSUBARA, T. YOSHINO, T. NAGASAKA, N. HOSHIZIMA, Y. SHIRAKAWA, Y.
NAOMOTO, H. ISOZAKI, K. RIABOWOL, N. TANAKA, Genetic alterations of candidate tumor suppressor
INGI in human esophageal squamous cell cancer. Cancer Res., 61(11), 4345-4349, (2001).

27.T. MORI, T. AOKI, T. MATSUBARA, F. IIDA, X. DU, T. NISHIHIRA, S. MORI AND Y. NAKAMURA,
Frequent loss of heterozygosity in the region including BRCA1 on chromosome 17q in squamous cell
carcinomas of the esophagus. Cancer Res., 54, 1638—1640, (1994).

28. T. MORI, A. YANAGISAWA, Y. KATO, K. MIURA, T. NISHIHIRA, S. MORI, Y. NAKAMURA,
Accumulation of genetic alterations during esophageal carcinogenesis. Hum. Mol. Genet., 3, 1969—1971, (1994).

Romanian Biotechnological Letters, Vol. 16, No. 5, 2011 6609



LAURA BUBURUZAN, CATALINA LUCA, MIHAELA TICA, VALERIA TICA, CAMELIA VRABIE,
VLADIMIR BOTNARCIUC, IRINEL POPESCU, MARIETA COSTACHE

29. 1. SHIBAGAKI, Y. SHIMADA, T. WAGATA, M. IKENAGA, M. IMAMURA, K. ISHIZAKI, Allelotype
analysis of esophageal squamous cell carcinoma. Cancer Res., 54, 29963000, (1994).

30. J.M. KO, C.P. WONG, C.M. TANG, K.W. LAU, M.L. LUNG, Frequent loss of heterozygosity on multiple
chromosomes in Chinese esophageal squamous cell carcinomas. Cancer Lett., 170(2), 131-138, (2001).

31. X. LIN, S.D. FINKELSTEIN, B. ZHU, B.J. UJEVICH, J.F. SILVERMAN, Loss of heterozygosities in
Barrett esophagus, dysplasia, and adenocarcinoma detected by esophageal brushing cytology and
gastroesophageal biopsy. Cancer, 117(1), 57-66, (2009).

32. K. ARAKI, B. WANG, K. MIYASHITA, Q. CUL S. OHNO, H. BABA, R.G. ZHANG, K. SUGIMACHI,
Y. MAEHARA, S. ODA, Frequent loss of heterozygosity but rare microsatellite instability in oesophageal
cancer in Japanese and Chinese patients. Oncology, 67(2), 151-158, (2004).

33. D.M. PARKIN, P. PISANI, J. FERLAY, Estimates of the worldwide incidence of eighteen major cancers in
1985. Int. J. Cancer, 54, 594-606, (1993).

34. J.R. BREAUX, W. BRINGAZE, C. CHAPPUIS, I. JR. COHN, Adenocarcinoma of the stomach: a review of
35 years and 1,710 cases. World J. Surg., 14, 580-586, (1990).

35. Y.H. SHIAO, D. BOVO, M. GUIDO, C. CAPELLA, M. CASSARO, G. BUSATTO, V. RUSSO, A.
SIDONI, A.R. PARENTI, M. RUGGE, Microsatellite instability and/or loss of heterozygosity in young gastric
cancer patients in Italy. Int J Cancer, 82(1), 59-62, (1999).

36. S. SEMBA, H. YOKOZAKI, W. YASUI, E. TAHARA, Frequent microsatellite instability and loss of
heterozygosity in the region including BRCA1 (17g21) in young patients with gastric cancer. Int. J. Oncol., 12,
1245-1251, (1998).

37. F. CANZIAN, R. SALOVAARA, A. HEMMINSKI, P. KRISTO, R.B. CHADWICK, L.A. ALTONEN, A.
DE LA CHAPELLE, Semiutomated assessment of loss of heterozygosity and replication error in tumors. Cancer
Res., 56, 3331-3337, (1996).

38. X.R. CHEN, W.Z. ZHANG, X.Q. LIN, J.W. WANG, Genetic instability of BRCA1 gene at locus D17S855
is related to clinicopathological behaviors of gastric cancer from Chinese population. World J. Gastroenterol.,
12(26), 4246-4249, (2006).

6610 Romanian Biotechnological Letters, Vol. 16, No. 5, 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


