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Abstract

The prevalence of circulating cell free DNA (cfDNA) in the peripheral blood of healthy persons and patients with
several different diseases is well known since decades. Especially in cancer patients high amounts of cfDNA can be
found because of the higher cellular turnover in cancer cells. CfDNA integrity reflects the ratio of longer to shorter
DNA fragments and therefore represents the relation between non-apoptotic and apoptotic cell death. For
calculation of cfDNA and cfDNA integrity different non-specific repetitive DNA sequences have been used.

In patients with breast cancer, several studies demonstrated the ability of cf DNA and cfDNA-integrity to
discriminate between healthy persons and patients with breast cancer. However it remains still unclear if the use of
non-tumour-specific cf DNA can be helpful in breast cancer diagnostic and monitoring of therapy. Next generation
sequencing for somatic tumour specific mutations like PI3K or TP53 gene mutations in circulating cf DNA has
successfully demonstrated to be accurate and feasible in patients with breast cancer. Tracking tumour- specific cf

DNA may become a valuable tool for monitoring therapy and residual disease in breast cancer patients.

Keywords: Cell free DNA; DNA integrity; Breast cancer; Tracking
tumour cells

Introduction

With over 1.3 million annually new diagnosed cases, breast cancer
is the most common diagnosed cancer in women worldwide [1,2].
Although enormous improvements in diagnostics and treatment of
early breast cancer during the last decades significantly improved the
outcome of patients, breast cancer still remains the most frequent
cause of cancer death in women. Approximately 500.000 women
worldwide die from breast cancer every year [1,2]. Whereas
radiological screening programs have been successfully applied in
detecting breast cancer in earlier stages, no valuable blood biomarkers
have been yet identified for that purpose [3,4].

The known tumour markers in clinical use are neither validated
systematically for detection of early relapses nor for monitoring of
neoadjuvant treatment in early breast cancer [4-6].

Whereas multiple studies demonstrated the efficacy of the
established tumour markers carcinoembryonic antigen (CEA) and
cancer antigen 15-3 (CA15-3) in monitoring disease dynamics in
metastatic breast cancer, there is still no evidence for the efficacy of
CEA and CA 15-3 in early stages [4].

The development of blood tests for monitoring of residual disease,
early detection at first diagnosis, local or distant recurrences and
monitoring of therapy especially in locally confirmed breast cancer
remains a major unsolved clinical problem. Several potential serum
and plasma glycoprotein biomarkers are under investigation [7-14].
However no blood based biomarker has been yet demonstrated to be

specific, sensitive and reliable enough to be used for clinical use in
early stage breast cancer [4,15].

On the other hand, there is a substantial progress in the
development of tissue based diagnostic, prognostic and predictive tests
based on the growing knowledge of molecular tumour biology.
Molecular testing e.g. for Her2 gene amplifications in Her2/Neu-IHC
indifferent cases is clinical standard. Furthermore especially multigene
Arrays like the Oncotype-DX™, the Endopredict™ and the
Mammaprint™ assay are going to become a widely accepted part of the
diagnostic repertoire for therapeutic decision making in early stage
breast cancer [16-18]. Therefore multiple efforts were made to transfer
methods of molecular testing in patients with solid tumours from
tissue to peripheral blood (liquid biopsy).

One potential source for the examination of DNA of solid tumours
from peripheral blood is the detection of circulating tumour cells
(CTC). Mainly FACS-based tests for CTC analysis are available. In
patients with metastasized breast cancer it could be demonstrated that
high pretherapeutic CTC counts as well as a persistent high number of
CTC after chemotherapy are associated with a shorter time to
progression and a worse overall survival [19]. However, hence the
isolation and identification of circulating tumour cells is difficult and
the reliability and reproducibility is problematic tests are still not
recommended for routine use.

Although in 2013 FDA approved the CellSearch™System for the
detection of CTC and estimation of prognosis in patients with
metastatic breast cancer, the assay could fail to detect cells that have
lost their epithelial surface markers [20].
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Another more easily accessible, reliable and reproducible source of
molecular information is free plasma or serum DNA (cf DNA).

Free DNA in the peripheral blood circulation

The existence of cell free DNA (cf DNA) circulation in the
peripheral blood is well known since over 60 years and studies dealing
with free DNA in the serum of cancer patients have been published
already in the 70th [21-22]. Cell-free extracellular nucleic acids are
usually forming complexes with proteins or membrane-bound
structures.

The majority of cell free plasma DNA in healthy persons belongs to
DNA repeat sequences including long and short interspersed
nucleotide elements. ALU-sequences are about 300 base pairs long and
belong to the class of short interspersed elements (SINEs) [23-26]. The
physiological release of DNA into plasma or serum is known to be
mainly of apoptotic origin. Other sources for cf DNA-release in
various disease states are necrosis, other cell death modes with mixed
morphological or biochemical properties of apoptosis and necrosis,
lysis of blood cells, viruses and bacteria [26-28].

Fragments resulting from apoptosis are usually 150-180 base pairs
ore a multiple thereof long whereas longer DNA fragments may result
mainly from necrosis [29,30]. Physiologically dying cells are normally
removed from circulation by phagocytosis. Therefore mean circulating
DNA levels in healthy persons are low. However, depending on the
method used, the variety of plasma cf DNA concentrations in healthy
persons is high and ranks from less than 10 ng/mL to more than 150
ng/ml [23,31].

Higher levels of ¢f DNA have been found in patients with
autoimmune diseases and cancer as compared with healthy individuals
[27,32].

Measuring cf DNA and calculating cf DNA integrity in
patients with cancer

Several methodical aspects of measuring cf DNA from peripheral
blood remain still unclear. There is no standard procedure defined.
One item is the optimal source of DNA isolation.

Usually plasma samples are preferred as compared to serum. It
could be demonstrated that during serum separation, the lysis of
cellular blood components may cause an artificial increase in cf DNA
integrity. Especially delayed blood sample processing resulted in
elevated cf DNA levels [24-26].

Several approaches have been used to measure cf DNA in plasma
and serum, including measurement of non-coding DNA sequences
like repetitive ALU sequences [33-37], or LINEI (long interspersed
nucleotide elements) [38] as a surrogate for whole cf DNA. These
repetitive DNA sequences are known to be distributed everywhere in
the genome, with approximately 1.4 million copies per genome for the
ALUs [32,39].

In order to develop a more robust and reliable method to measure
the ratio of longer to shorter DNA fragments (DNA-Integrity).
Umetani et al. [38] described primers and a quantitative PCR method
to measure ALU 115 and ALU 247. In this setting the smaller ALU 115
fragments were an integral part of the larger ALU 247 fragments
[34,37]. As mentioned before, during apoptotic cell death, DNA is
cleaved by specific endonucleases to nucleosomal or to
subnucleosomal fragments smaller than 180 bp, while during necrotic

cell death longer fragments are produced by a non- specific cleavage
[29,30]. Following this hypothesis, ALU 247 is then supposedly a
marker of necrotic cell death, while ALU 115 is associated with either
form of cell death.

As elevated cellular proliferation and, in parallel, elevated rates of
diverse forms of cell death are characteristic biological features of
tumor growth [24], elevated levels of ¢f DNA and a higher portion of
longer DNA fragments (DNA integrity) are supposedly useful blood
markers for cancer detection [30]. Concerning the so-called DNA
integrity that potentially mirrors the relation between the necrotic and
overall cell death rate, different calculations have been used. Umetani
et al.[35] calculated the ratio of the concentrations of longer DNA
fragments (ALU 247) to shorter DNA fragments (ALU 115) [34,37]
while Wang et al. [40] use a more sophisticated formula based on Cp
value differences. For the calculation of the DNA integrity index
according to Wang et al. [40](DNA), the difference between the Cp
value of a standard pool of human genomic DNA (which was
measured with every PCR plate) and the Cp value of each sample for
ALU 115 and for ALU 247 to obtain ACp 115 and ACp 247 was used.
These two ACp values were subtracted (ACp115-ACp247) to obtain
AACp. Subsequently, DNA integrity was calculated using the formula:
e (-AACp x In(2)) [40].

Both investigators demonstrated significantly higher portions of
long fragments in the plasma and the serum of cancer patients than in
healthy controls.

Elevated levels of circulating cell-free DNA (cf DNA) have been
detected in etiologically different diseases, like trauma, stroke, burns,
sepsis, autoimmune diseases, and finally also cancer [14,41-44].

This broad prevalence of diseases with elevated non-tumor-specific
cf DNA levels is a limitation for diagnostic specificity to a certain
extent [45]. Nevertheless cf DNA has been identified to be a highly
sensitive tool for cancer detection [34,38,46].

Multiple studies have indicated elevated absolute levels of cell-free
DNA (cf DNA) in breast cancer [34], colorectal cancer [34,28], lung
cancer [27,47], testicular cancer [48], prostate cancer [49], ovarian
cancer [45] and other solid tumors [50,51]. Data from those studies
suggest that altered or elevated cf DNA are present in more than 50%
of cancer patients [51]. In patients with colorectal cancer serum cf
DNA integrity was demonstrated to be significantly increased in
patients with stage III/IV disease as compared to patients with stage
I/II disease and healthy controls [37]. Persistent high c¢f DNA integrity
in patients with nasopharyngeal carcinoma after radiotherapy was
associated with reduced disease free survival [52].

Results from these studies suggest thatcf DNA and cf DNA integrity
might be valuable as diagnostic and predictive biomarker in cancer
treatment.

cf DNA in patients with breast cancer

Results from several studies revealing the diagnostic relevance of
free circulating DNA in patients with breast cancer are available.
However, reliability and comparability of these studies is problematic.

The number or patients included are relatively low (N = 30-283)
and most studies are limited to patients with locally defined breast
cancer. Furthermore the number of healthy persons as controls was
comparably low and either no or only few patients with benign breast
diseases were included. Furthermore the groups of patients with
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benign diseases were very heterogeneously (fibroadenoma,
mastopathia, and other benign breast diseases). Additionally, as
mentioned before, different methods for measuring c¢f DNA levels
were used. Some investigations based on serum [46] others on plasma
samples [53,54] or both [35]. Different DNA extracting methods were
used. In most studies material was stored at -20°C others
cryopreserved samples at -80° C [35].

Several different methods were used in order to quantify the
amount of circulation DNA.

Usually real-time quantitative PCR was used for the quantification
of repetitive or other ubiquitous gene sequencessuch as GAPDH-gene
[55], 3-globin-gene [46], hTERT [53], LINE1 [38] and ALU 115/ ALU
247 [34,35,56-57].

However results from all studies demonstrated significantly higher
cf DNA levels in patients with breast cancer than in healthy persons
[35,46,53-55,58,59]. The absolute DNA levels in patients are not
comparable due to the use of different methods and therefore differ
from 1.9 ng/mL (ALU247-method)[35] up to 63,0 ng/mL (£3-globin-
method)[46].

Some studies included an additional control group of patients with
non-malignant breast diseases. Kohler et al. [54] using the {3-globin-
primer based method were able to discriminate significantly not only
between breast cancer patients and healthy controls but also between
healthy controls and benign diseases and between breast cancer and
benign diseases (p<0.001). Hashad et al. [53] using the hTERT-based
method were also able to discriminate between all groups (p<0.001)
(healthy controls; benign diseases; breast cancer).

However in our study based on ALU 115/ALU 247 we did not see
relevant differences in ALU-levels of patients with locally defined
breast cancer and patients with benign diseases but interestingly
significant higher ALU 115/ALU 247 levels in patients with locally
confined breast cancer than in healthy controls [35,60]. Another study
based on using the GAPDH-gene primer also did not observe a
significant difference between malignant and benign breast lesions
[55]. This discrepant observation is probably due to the use of non-
tumor-specific DNA sequences as diagnostic tool. As described above
chronic inflammation is an alternative source of free circulation DNA
[33]. Potentially benign breast diseases might be associated with local
inflammatory processes. A further study on 20 patients with newly
diagnosed breast cancer and 17 healthy volunteers also revealed
significantly higher ¢f DNA levels in breast cancer patients but
additionally demonstrated that neither in premenopausal patients with
breast cancer nor in young healthy women menstrual cycle phase had
an influence on cf DNA levels [61].

Most studies were restricted to patients in early disease stages. Our
data revealed significantly higher ALU 247 but not ALU 115 levels in
patients with metastatic breast cancer as compared to patients with
locally confined breast cancer (p<0.0001) [35].

There is also an association of cf DNA level, tumor size and lymph
node involvement in locally confirmed breast cancer. Hashad et al.
[53] (hTERT-method) found a positive correlation between higher cf
DNA levels and tumor size, lymph node involvement and grading.
Agostini et al. [58] using the ALU-method confirmedthis finding
whereas two other studies only revealed an association of increasing cf
DNA and tumor size [38,54,55]. In our own study population there
was no clear correlation between cf DNA levels and TNM stage so far
[35]. Gal et al. reported comparable results [46].

Catarino et al.[60] described a strong decrease of cf DNA after
breast cancer surgery (105,2ng/mL versus 59 ng/mL, p=0-001) but
there are no clinical follow up data available [59].

With regard to the predictive and prognostic value there are no
prospective studies by now publishes demonstrating an association
between cf DNA level and overall survival.

In our study with 65 patients with locally confined breast cancer
under neoadjuvant chemotherapy treatment ALU 115 and ALU 247
was not able to identify to provide statistically significant information
for predicting response. However there was a stronger ALU 115
decrease in patients achieving a pathological complete remission than
in the other groups [57,60].

DNA integrity in patients with breast cancer

Umetani et al. [38] evaluated the DNA integrity in 51 healthy
females and 83 women with primary breast cancers. On behalf of
mean DNA-Integrity a significant discrimination between healthy
persons and patients with Stage II, III and IV breast cancer was
possible. Mean serum DNA integrity was positively correlated to size
of invasive cancer and significantly higher in patients with
lymphovascular invasion or lymph node metastasis [34].

Within our study population DNA Integrity was able to
differentiate between healthy controls and benign diseases and
between benign diseases and both LBC and MBC. Interestingly, the
DNA integrity of healthy individuals and of patients with malignant
diseases did not differ, which is in contrast to the findings of Umetani,
who reported a clear discriminative difference [34]. In our hands
similar results were obtained for the alternative formula for DNA
Integrity according to Wang et al. [40], presenting significant
differences between healthy controls with benign diseases as well as
between MBC withbenign breast diseases and locally confined breast
cancer. However, there was no or only a weak correlation with either
ALU 115 or ALU 247 on the one hand and DNA integrity on the other
hand. Interestingly, it was possible to differentiate between benign and
malignant diseases by use of both types of DNA integrities, a feature
which is an important criterion for diagnostic markers [35].

Recently a larger study with 283 patients with primary breast cancer
(N=82) and metastatic breast cancer (N=201) as well as 100 healthy
controls has been published [61,62]. For determination of cf DNA
integrity a different method measuring ALU and LINEI repetitive
DNA was used. cf DNA integrity was able to discriminate between
healthy controls, primary breast cancer and metastatic breast cancer.
There was also a positive correlation between cf DNA integrity and
progression free survival (p<0.0025) as well as overall survival
(p<0.0001).

Concerning the predictive value of DNA-integrity, there a data
available from our own study with breast cancer under neoadjuvant
chemotherapy [57]. DNA integrity calculated using both above
mentioned formulas did not show any correlation with therapeutic
response neither pretherapeutic values nor during the chemotherapy
[57,60].

The direct comparison of all cited studies remains difficult due to
the use of different methods to isolate and quantify cf DNA. Therefore
the value of use of cf DNA and cf DNA integrity as a biomarker for
breast cancer is still unclear.

Mol Biol
ISSN:2168-9547 MBL, an open access journal

Volume 4 « Issue 1 « 1000120



Citation:
120. d0i:10.4172/2168-9547.1000120

Stotzer OJ, Lehner J, Braun M, Holdenrieder (2014) Circulating Cell Free DNA as Blood Based Biomarker in Breast Cancer. Mol Biol 3:

Page 4 of 6

Thus, further clinical evaluations within prospective clinical studies
under standardized conditions are crucial to determine the relevance
of both cf DNA and DNA integrity as a diagnostic or predictive tool in
breast cancer.

Detecting and tracking of somatic breast cancer specific
mutations in circulating free DNA

Circulating cf DNA is carrying tumor-specific sequence alterations
respective tumor specific mutations corresponding to mutations of the
original tumor. Advances in targeted next generation sequencing
technology made a detection of tumor specific DNA from peripheral
blood recently possible [63].

First studies dealing with circulating tumor DNA in breast cancer
mainly focusing on PI3K, TP53 and Her2 gene mutations. Board et al
[64]. published a study with 46 patients with metastasized and 30
patients with localized operable breast cancer. PIK3K mutations were
detected in 13/46 patients with metastatic breast cancer. In 41 cases the
matched tumor and plasma concordance referring the same mutation
in tissue and plasma was 95%. Whereas PIK3K mutations were present
in 14 of 30 patients with localized breast cancer, no mutation was
detected in the corresponding plasma [63].

Dawson et al. [65] examined 30 women with metastatic breast
cancer with genomic alterations within the PIK3K or the TP53 gene
suitable for monitoring. Circulating Tumor DNA was successfully
detected in 20 of 30 women. The course of circulating tumor DNA
levels during therapy additionally demonstrated a more consistent
correlation to treatment response than CA15-3 measurement and
CTC count [64].

A further study presented at the ASCO annual meeting 2014
focused on the monitoring of PIK3K and TP53 mutations in ¢f DNA
in 20 patients with primary breast cancer receiving neoadjuvant
chemotherapy. Next generation sequencing identified at least one
mutation in 12 of 20 tumors. Five of 20 patients relapsed at a median
of 8.1 (5-16.6) months post-surgery. Tumor specific mutation was
detected in 9 of 12 cases in cf DNA samples at baseline. There was no
correlation between baseline tumor specific ¢f DNA and risk of
relapse. However all patients with detectable tumor specific cf DNA
during the first six months post-surgery follow-up relapsed. None of
the disease free patients had a detectable mutation in c¢f DNA post-
surgery indicating clearance by the primary treatment [65].

Interestingly two other studies investigating Her2 gene
amplification in c¢f DNA could not demonstrate a clear association
between tumor-specific DNA and disease status [66-68].

Other efforts to increase the rate of detectable tumour specific
mutations are under investigation. Klevebring et al. [69] e.g. recently
demonstrated that even exome sequencing on cell-free DNA is
possible and might be a potential tool for disease monitoring in
metastatic breast cancer [68].

However PCR based tracking of tumor specific cf DNA is feasible,
accurate and reproducible. ¢f DNA based monitoring of tumor-
specific somatic mutations may become a clinically relevant tool for
monitoring of residual disease and therapeutic response in patients
with breast cancer.

References

1. Jemal A, Bray F, Center MM, Ferlay ], Ward E, et al. (2011) Global cancer
statistics. CA Cancer J Clin 61: 69-90.

2. Greenlee RT, Murray T, Bolden S, Wingo PA (2000) Cancer statistics,
2000. CA Cancer J Clin 50: 7-33.

3. Berry DA, Cronin KA, Plevritis SK, Fryback DG, Clarke L, et al. (2005)
Effect of screening and adjuvant therapy on mortality from breast cancer.
N Engl ] Med 353: 1784-1792.

4.  Sturgeon CM, Duffy MJ, Stenman UH, Lilja H, Briinner N, et al. (2008)
National Academy of Clinical Biochemistry laboratory medicine practice
guidelines for use of tumor markers in testicular, prostate, colorectal,
breast, and ovarian cancers. ClinChem 54: e11-79.

5.  Laessig D, Nagel D, Heinemann V, Untch M, Kahlert S, et al. (2007)
Importance of CEA and CA 15-3 during disease progression in
metastatic breast cancer patients. Anticancer Res 27: 1963-1968.

6. Harris L, Fritsche H, Mennel R, Norton L, Ravdin P, et al. (2007)
American Society of Clinical Oncology 2007 update of recommendations
for the use of tumor markers in breast cancer. ] ClinOncol 25: 5287-5312.

7. Linder S (2007) Cytokeratin markers come of age. TumourBiol 28:
189-195.

8.  Stoetzer OJ, Fersching DM, Salat C, Steinkohl O, Gabka CJ, et al. (2013)
Circulating immunogenic cell death biomarkers HMGB1 and RAGE in
breast cancer patients during neoadjuvant chemotherapy. TumourBiol
34: 81-90.

9. Stoetzer OJ, Fersching D, Salat C, Steinkohl O, Holdenrieder S et al.
(2013) Prediction of response to neoadjuvant chemotherapy in breast
cancer patients by circulating apoptotic biomarkers: nucleosomes,
DNAse, cytokeratin-18 fragments and survivin. Cancer Letters, 226 :
140-8.

10. Stoetzer OJ, Wittwer C, Lehner J, Fahmueller YN, Kohles N, et al. (2012)
Circulating nucleosomes and biomarkers of immunogenic cell death as
predictive and prognostic markers in cancer patients undergoing
cytotoxic therapy. Expert OpinBiolTher 12 Suppl 1: $217-224.

11. Ueno T, Toi M, Tominaga T (1999) Circulating soluble Fas
concentration in breast cancer patients. Clin Cancer Res 5: 3529-3533.

12. Verjans E, Noetzel E, Bektas N, Schiitz AK, Lue H, et al. (2009) Dual role
of macrophage migration inhibitory factor (MIF) in human breast
cancer. BMC Cancer 9: 230.

13. Fersching DM, Nagel D, Siegele B, Salat C, Heinemann V, et al. (2012)
Apoptosis-related biomarkers sFAS, MIF, ICAM-1 and PAI-1 in serum
of breast cancer patients undergoing neoadjuvant chemotherapy.
Anticancer Res 32: 2047-2058.

14. Fersching DM, Nagel D, Siegele B, Salat C, Heinemann V, et al. (2012)
Apoptosis-related biomarkers sFAS, MIF, ICAM-1 and PAI-1 in serum
of breast cancer patients undergoing neoadjuvant chemotherapy.
Anticancer Res 32: 2047-2058.

15. Holdenrieder S, Stieber P (2009) Clinical use of circulating nucleosomes.
Crit Rev Clin Lab Sci 46: 1-24.

16. Duffy MJ, O'Donovan N, Brennan DJ, Gallagher WM, Ryan BM (2007)
Survivin: a promising tumor biomarker. Cancer Lett 249: 49-60.

17. Paik S, Tang G, Shak S, Kim C, Baker J, et al. (2006) Gene expression and
benefit of chemotherapy in women with node-negative, estrogen
receptor-positive breast cancer. ] ClinOncol 24: 3726-3734.

18. Dubsky P, Brase JC, Jakesz R, Rudas M, Singer CF et al. (2013) Austrian
Breast and Colorectal Cancer Study Group (ABCSG): The EndoPredict
score provides prognostic information on late distant metastases in ER+/
HER2-breast cancer patients. Br ] Cancer, 109: 2959-2964.

19. Mook, Van't Veer L], Rutgers EJ, Piccart-Gebhart M]J, Cardoso F (2007)
Individualization of therapy using Mammaprint: from development to
the MINDACT Trial. Cancer Genomics Proteomics 4: 147-155.

20. Cristofanilli M, Budd GT, Ellis MJ, Stopeck A, Matera J, et al. (2004)
Circulating tumor cells, disease progression, and survival in metastatic
breast cancer. N Engl ] Med 351: 781-791.

Mol Biol
ISSN:2168-9547 MBL, an open access journal

Volume 4 « Issue 1 « 1000120


http://www.ncbi.nlm.nih.gov/pubmed/21296855
http://www.ncbi.nlm.nih.gov/pubmed/21296855
http://www.ncbi.nlm.nih.gov/pubmed/10735013
http://www.ncbi.nlm.nih.gov/pubmed/10735013
http://www.ncbi.nlm.nih.gov/pubmed/16251534
http://www.ncbi.nlm.nih.gov/pubmed/16251534
http://www.ncbi.nlm.nih.gov/pubmed/16251534
http://www.ncbi.nlm.nih.gov/pubmed/19042984
http://www.ncbi.nlm.nih.gov/pubmed/19042984
http://www.ncbi.nlm.nih.gov/pubmed/19042984
http://www.ncbi.nlm.nih.gov/pubmed/19042984
http://www.ncbi.nlm.nih.gov/pubmed/17649806
http://www.ncbi.nlm.nih.gov/pubmed/17649806
http://www.ncbi.nlm.nih.gov/pubmed/17649806
http://www.ncbi.nlm.nih.gov/pubmed/17954709
http://www.ncbi.nlm.nih.gov/pubmed/17954709
http://www.ncbi.nlm.nih.gov/pubmed/17954709
http://www.ncbi.nlm.nih.gov/pubmed/17717426
http://www.ncbi.nlm.nih.gov/pubmed/17717426
http://www.ncbi.nlm.nih.gov/pubmed/22983919
http://www.ncbi.nlm.nih.gov/pubmed/22983919
http://www.ncbi.nlm.nih.gov/pubmed/22983919
http://www.ncbi.nlm.nih.gov/pubmed/22983919
http://www.ncbi.nlm.nih.gov/pubmed/22620489
http://www.ncbi.nlm.nih.gov/pubmed/22620489
http://www.ncbi.nlm.nih.gov/pubmed/22620489
http://www.ncbi.nlm.nih.gov/pubmed/22620489
http://www.ncbi.nlm.nih.gov/pubmed/10589768
http://www.ncbi.nlm.nih.gov/pubmed/10589768
http://www.ncbi.nlm.nih.gov/pubmed/19602265
http://www.ncbi.nlm.nih.gov/pubmed/19602265
http://www.ncbi.nlm.nih.gov/pubmed/19602265
http://www.ncbi.nlm.nih.gov/pubmed/22593487
http://www.ncbi.nlm.nih.gov/pubmed/22593487
http://www.ncbi.nlm.nih.gov/pubmed/22593487
http://www.ncbi.nlm.nih.gov/pubmed/22593487
http://www.ncbi.nlm.nih.gov/pubmed/22593487
http://www.ncbi.nlm.nih.gov/pubmed/22593487
http://www.ncbi.nlm.nih.gov/pubmed/22593487
http://www.ncbi.nlm.nih.gov/pubmed/22593487
http://www.ncbi.nlm.nih.gov/pubmed/19107649
http://www.ncbi.nlm.nih.gov/pubmed/19107649
http://www.ncbi.nlm.nih.gov/pubmed/17275177
http://www.ncbi.nlm.nih.gov/pubmed/17275177
http://www.ncbi.nlm.nih.gov/pubmed/16720680
http://www.ncbi.nlm.nih.gov/pubmed/16720680
http://www.ncbi.nlm.nih.gov/pubmed/16720680
http://www.ncbi.nlm.nih.gov/pubmed/17878518
http://www.ncbi.nlm.nih.gov/pubmed/17878518
http://www.ncbi.nlm.nih.gov/pubmed/17878518
http://www.ncbi.nlm.nih.gov/pubmed/15317891
http://www.ncbi.nlm.nih.gov/pubmed/15317891
http://www.ncbi.nlm.nih.gov/pubmed/15317891

Citation:

120. doi:10.4172/2168-9547.1000120

Stotzer OJ, Lehner J, Braun M, Holdenrieder (2014) Circulating Cell Free DNA as Blood Based Biomarker in Breast Cancer. Mol Biol 3:

Page 5 of 6

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Riethdorf S, Fritsche H, Miiller V, Rau T, Schindlbeck C, et al. (2007)
Detection of circulating tumor cells in peripheral blood of patients with
metastatic breast cancer: a validation study of the CellSearch system. Clin
Cancer Res 13: 920-928.

Leon SA, Shapiro B, Sklaroff DM, Yaros MJ (1977) Free DNA in the
serum of cancer patients and the effect of therapy. Cancer Res 37:
646-650.

Silva JM, Silva ], Sanchez A, Garcia JM, Dominguez G, et al. (2002)
Tumor DNA in plasma at diagnosis of breast cancer patients is a valuable
predictor of disease-free survival. Clin Cancer Res 8: 3761-3766.
Elshimali YI, Khaddour H, Sarkissyan M, Wu Y, Vadgama JV (2013) The
clinical utilization of circulating cell free DNA (CCF DNA) in blood of
cancer patients. Int ] MolSci 14: 18925-18958.

Jin Z, El-Deiry WS (2005) Overview of cell death signaling pathways.
Cancer BiolTher 4: 139-163.

van der Vaart M, Pretorius PJ (2008) A method for characterization of
total circulating DNA. Ann N 'Y AcadSci 1137: 92-97.

Gahan PB, Swaminathan R (2008) Circulating nucleic acids in plasma
and serum. Recent developments. Ann N'Y AcadSci 1137: 1-6.

Schmidt B, Weickmann S, Witt C, Fleischhacker M (2008) Integrity of
cell-free plasma DNA in patients with lung cancer and nonmalignant
lung disease. Ann N'Y AcadSci 1137: 207-213.

Agostini M, Pucciarelli S, Enzo MV, Del Bianco P, Briarava M, et al.
(2011) Circulating cell-free DNA: a promising marker of pathologic
tumor response in rectal cancer patients receiving preoperative
chemoradiotherapy. Ann SurgOncol 18: 2461-2468.

Giacona MB, Ruben GC, Iczkowski KA, Roos TB, Porter DM, et al.
(1998) Cell-free DNA in human blood plasma: length measurements in
patients with pancreatic cancer and healthy controls. Pancreas 17: 89-97.
Jahr S, Hentze H, Englisch S, Hardt D, Fackelmayer FO, et al. (2001)
DNA fragments in the blood plasma of cancer patients: quantitations and
evidence for their origin from apoptotic and necrotic cells. Cancer Res
61: 1659-1665.

Tsang JC, Lo YM (2007) Circulating nucleic acids in plasma/serum.
Pathology 39: 197-207.

Schwarzenbach H, Hoon DS, Pantel K (2011) Cell-free nucleic acids as
biomarkers in cancer patients. Nat Rev Cancer 11: 426-437.

Zeerleder S (2006) The struggle to detect circulating DNA. Crit Care 10:
142.

Umetani N, Giuliano AE, Hiramatsu SH, Amersi F, Nakagawa T, et al.
(2006) Prediction of breast tumor progression by integrity of free
circulating DNA in serum. J ClinOncol 24: 4270-4276.

Stotzer OJ, Lehner J, Fersching-Gierlich D, Nagel D, Holdenrieder S
(2014) Diagnostic relevance of plasma DNA and DNA integrity for breast
cancer. TumourBiol 35: 1183-1191.

Fleischhacker M, Schmidt B, Weickmann S, Fersching DM, Leszinski GS,
et al. (2011) Methods for isolation of cell-free plasma DNA strongly affect
DNA yield. ClinChimActa 412: 2085-2088.

Umetani N, Kim J, Hiramatsu S, Reber HA, Hines O], et al. (2006)
Increased integrity of free circulating DNA in sera of patients with
colorectal or periampullary cancer: direct quantitative PCR for ALU
repeats. ClinChem 52: 1062-1069.

Sunami E, Vu AT, Nguyen SL, Giuliano AE, Hoon DS (2008)
Quantification of LINEL1 in circulating DNA as a molecular biomarker of
breast cancer. Ann N'Y AcadSci 1137: 171-174.

Gu Z, Wang H, Nekrutenko A, Li WH (2000) Densities, length
proportions, and other distributional features of repetitive sequences in
the human genome estimated from 430 megabases of genomic sequence.
Gene 259: 81-88.

Wang BG, Huang HY, Chen YC, Bristow RE, Kassauei K, et al. (2003)
Increased plasma DNA integrity in cancer patients. Cancer Res 63:
3966-3968.

Chiu TW, Young R, Chan LY, Burd A, Lo DY (2006) Plasma cell-free
DNA as an indicator of severity of injury in burn patients. ClinChem Lab
Med 44: 13-17.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Zeerleder S, Zwart B, Wuillemin WA, Aarden LA, Groeneveld AB, et al.
(2003) Elevated nucleosome levels in systemic inflammation and sepsis.
Crit Care Med 31: 1947-1951.

Lam NY, Rainer TH, Wong LK, Lam W, Lo YM (2006) Plasma DNA as a
prognostic marker for stroke patients with negative neuroimaging within
the first 24 h of symptom onset. Resuscitation 68: 71-78.

Holdenrieder S, Eichhorn P, Beuers U, Samtleben W, Schoenermarck U,
et al. (2006) Nucleosomal DNA fragments in autoimmune diseases. Ann
N'Y AcadSci 1075: 318-327.

Holdenrieder S, Burges A, Reich O, Spelsberg FW, Stieber P (2008) DNA
integrity in plasma and serum of patients with malignant and benign
diseases. Ann N'Y AcadSci 1137: 162-170.

Gal S, Fidler C, Lo YM, Taylor M, Han C, et al. (2004) Quantitation of
circulating DNA in the serum of breast cancer patients by real-time PCR.
Br ] Cancer 90: 1211-1215.

Fournié GJ, Courtin JP, Laval F, Chalé JJ, Pourrat JP, et al. (1995) Plasma
DNA as a marker of cancerous cell death. Investigations in patients
suffering from lung cancer and in nude mice bearing human tumours.
Cancer Lett 91: 221-227.

Ellinger ], Wittkamp V, Albers P, Perabo FG, Mueller SC, et al. (2009)
Cell-free circulating DNA: diagnostic value in patients with testicular
germ cell cancer. ] Urol 181: 363-371.

Boddy JL, Gal S, Malone PR, Harris AL, Wainscoat JS (2005) Prospective
study of quantitation of plasma DNA levels in the diagnosis of malignant
versus benign prostate disease. Clin Cancer Res 11: 1394-1399.

Jung K, Fleischhacker M, Rabien A (2010) Cell-free DNA in the blood as
a solid tumor biomarker--a critical appraisal of the literature.
ClinChimActa 411: 1611-1624.

Gormally E, Caboux E, Vineis P, Hainaut P (2007) Circulating free DNA
in plasma or serum as biomarker of carcinogenesis: practical aspects and
biological significance. Mutat Res 635: 105-117.

Chan KC, Leung SF, Yeung SW, Chan AT, Lo YM (2008) Persistent
aberrations in circulating DNA integrity after radiotherapy are associated
with poor prognosis in nasopharyngeal carcinoma patients. Clin Cancer
Res 14: 4141-4145.

Hashad D, Sorour A, Ghazal A, Talaat I (2012) Free circulating tumor
DNA as a diagnostic marker for breast cancer. J Clin Lab Anal 26:
467-472.

Kohler C, Radpour R, Barekati Z, Asadollahi R, Bitzer J, et al. (2009)
Levels of plasma circulating cell free nuclear and mitochondrial DNA as
potential biomarkers for breast tumors. Mol Cancer 8: 105.
Zanetti-Dillenbach RA, Schmid S, Wight E, Holzgreve W, Ladewing A,
et al. (2007) Levels of circulating cell-free serum DNA in benign and
malignant breast lesions. Int J Biol Markers 22: 95-99.

Deligezer U, Eralp Y, Akisik EZ, Akisik EE, Saip P, et al. (2008) Effect of
adjuvant chemotherapy on integrity of free serum DNA in patients with
breast cancer. Ann N'Y AcadSci 1137: 175-179.

Lehner J, Stotzer OJ, Fersching D, Nagel D, Holdenrieder S (2013)
Circulating plasma DNA and DNA integrity in breast cancer patients
undergoing neoadjuvant chemotherapy. ClinChimActa 425: 206-211.
Agostini M, Enzo MV, Bedin C, Belardinelli V, Goldin E, et al. (2012)
Circulating cell-free DNA: a promising marker of regional lymphonode
metastasis in breast cancer patients. Cancer Biomark 11: 89-98.

Catarino R, Ferreira MM, Rodrigues H, Coelho A, Nogal A, et al. (2008)
Quantification of free circulating tumor DNA as a diagnostic marker for
breast cancer. DNA Cell Biol 27: 415-421.

Lehner ], Stoetzer O, Fersching D, Nagel D, Holdenrieder S (2013)
Plasma DNA integrity indicates response to neoadjuvant chemotherapy
in patients with locally confined breast cancer. Int J ClinPharmacolTher,
51:59-62.

Polcher M, Ellinger J, Willems S, El-Maarri O, Holler T, et al. (2010)
Impact of the menstrual cycle on circulating cell-free DNA. Anticancer
Res 30: 2235-2240.

Madhavan D, Wallwiener M, Bents K, Zucknick M, Nees J, et al. (2014)
Plasma DNA integrity as a biomarker for primary and metastatic breast

Mol Biol
ISSN:2168-9547 MBL, an open access journal

Volume 4 « Issue 1 « 1000120


http://www.ncbi.nlm.nih.gov/pubmed/17289886
http://www.ncbi.nlm.nih.gov/pubmed/17289886
http://www.ncbi.nlm.nih.gov/pubmed/17289886
http://www.ncbi.nlm.nih.gov/pubmed/17289886
http://www.ncbi.nlm.nih.gov/pubmed/837366
http://www.ncbi.nlm.nih.gov/pubmed/837366
http://www.ncbi.nlm.nih.gov/pubmed/837366
http://www.ncbi.nlm.nih.gov/pubmed/12473587
http://www.ncbi.nlm.nih.gov/pubmed/12473587
http://www.ncbi.nlm.nih.gov/pubmed/12473587
http://www.ncbi.nlm.nih.gov/pubmed/24065096
http://www.ncbi.nlm.nih.gov/pubmed/24065096
http://www.ncbi.nlm.nih.gov/pubmed/24065096
http://www.ncbi.nlm.nih.gov/pubmed/15725726
http://www.ncbi.nlm.nih.gov/pubmed/15725726
http://www.ncbi.nlm.nih.gov/pubmed/18837930
http://www.ncbi.nlm.nih.gov/pubmed/18837930
http://www.ncbi.nlm.nih.gov/pubmed/18837917
http://www.ncbi.nlm.nih.gov/pubmed/18837917
http://www.ncbi.nlm.nih.gov/pubmed/18837948
http://www.ncbi.nlm.nih.gov/pubmed/18837948
http://www.ncbi.nlm.nih.gov/pubmed/18837948
http://www.ncbi.nlm.nih.gov/pubmed/21416156
http://www.ncbi.nlm.nih.gov/pubmed/21416156
http://www.ncbi.nlm.nih.gov/pubmed/21416156
http://www.ncbi.nlm.nih.gov/pubmed/21416156
http://www.ncbi.nlm.nih.gov/pubmed/9667526
http://www.ncbi.nlm.nih.gov/pubmed/9667526
http://www.ncbi.nlm.nih.gov/pubmed/9667526
http://www.ncbi.nlm.nih.gov/pubmed/11245480
http://www.ncbi.nlm.nih.gov/pubmed/11245480
http://www.ncbi.nlm.nih.gov/pubmed/11245480
http://www.ncbi.nlm.nih.gov/pubmed/11245480
http://www.ncbi.nlm.nih.gov/pubmed/17454749
http://www.ncbi.nlm.nih.gov/pubmed/17454749
http://www.ncbi.nlm.nih.gov/pubmed/21562580
http://www.ncbi.nlm.nih.gov/pubmed/21562580
http://www.ncbi.nlm.nih.gov/pubmed/16719935
http://www.ncbi.nlm.nih.gov/pubmed/16719935
http://www.ncbi.nlm.nih.gov/pubmed/16963729
http://www.ncbi.nlm.nih.gov/pubmed/16963729
http://www.ncbi.nlm.nih.gov/pubmed/16963729
http://www.ncbi.nlm.nih.gov/pubmed/24018822
http://www.ncbi.nlm.nih.gov/pubmed/24018822
http://www.ncbi.nlm.nih.gov/pubmed/24018822
http://www.ncbi.nlm.nih.gov/pubmed/21861994
http://www.ncbi.nlm.nih.gov/pubmed/21861994
http://www.ncbi.nlm.nih.gov/pubmed/21861994
http://www.ncbi.nlm.nih.gov/pubmed/16723681
http://www.ncbi.nlm.nih.gov/pubmed/16723681
http://www.ncbi.nlm.nih.gov/pubmed/16723681
http://www.ncbi.nlm.nih.gov/pubmed/16723681
http://www.ncbi.nlm.nih.gov/pubmed/18837943
http://www.ncbi.nlm.nih.gov/pubmed/18837943
http://www.ncbi.nlm.nih.gov/pubmed/18837943
http://www.ncbi.nlm.nih.gov/pubmed/11163965
http://www.ncbi.nlm.nih.gov/pubmed/11163965
http://www.ncbi.nlm.nih.gov/pubmed/11163965
http://www.ncbi.nlm.nih.gov/pubmed/11163965
http://www.ncbi.nlm.nih.gov/pubmed/12873992
http://www.ncbi.nlm.nih.gov/pubmed/12873992
http://www.ncbi.nlm.nih.gov/pubmed/12873992
http://www.ncbi.nlm.nih.gov/pubmed/16375578
http://www.ncbi.nlm.nih.gov/pubmed/16375578
http://www.ncbi.nlm.nih.gov/pubmed/16375578
http://www.ncbi.nlm.nih.gov/pubmed/12847387
http://www.ncbi.nlm.nih.gov/pubmed/12847387
http://www.ncbi.nlm.nih.gov/pubmed/12847387
http://www.ncbi.nlm.nih.gov/pubmed/16325316
http://www.ncbi.nlm.nih.gov/pubmed/16325316
http://www.ncbi.nlm.nih.gov/pubmed/16325316
http://www.ncbi.nlm.nih.gov/pubmed/17108227
http://www.ncbi.nlm.nih.gov/pubmed/17108227
http://www.ncbi.nlm.nih.gov/pubmed/17108227
http://www.ncbi.nlm.nih.gov/pubmed/18837942
http://www.ncbi.nlm.nih.gov/pubmed/18837942
http://www.ncbi.nlm.nih.gov/pubmed/18837942
http://www.ncbi.nlm.nih.gov/pubmed/15026803
http://www.ncbi.nlm.nih.gov/pubmed/15026803
http://www.ncbi.nlm.nih.gov/pubmed/15026803
http://www.ncbi.nlm.nih.gov/pubmed/7767913
http://www.ncbi.nlm.nih.gov/pubmed/7767913
http://www.ncbi.nlm.nih.gov/pubmed/7767913
http://www.ncbi.nlm.nih.gov/pubmed/7767913
http://www.ncbi.nlm.nih.gov/pubmed/19010497
http://www.ncbi.nlm.nih.gov/pubmed/19010497
http://www.ncbi.nlm.nih.gov/pubmed/19010497
http://www.ncbi.nlm.nih.gov/pubmed/15746038
http://www.ncbi.nlm.nih.gov/pubmed/15746038
http://www.ncbi.nlm.nih.gov/pubmed/15746038
http://www.ncbi.nlm.nih.gov/pubmed/20688053
http://www.ncbi.nlm.nih.gov/pubmed/20688053
http://www.ncbi.nlm.nih.gov/pubmed/20688053
http://www.ncbi.nlm.nih.gov/pubmed/17257890
http://www.ncbi.nlm.nih.gov/pubmed/17257890
http://www.ncbi.nlm.nih.gov/pubmed/17257890
http://www.ncbi.nlm.nih.gov/pubmed/18593992
http://www.ncbi.nlm.nih.gov/pubmed/18593992
http://www.ncbi.nlm.nih.gov/pubmed/18593992
http://www.ncbi.nlm.nih.gov/pubmed/18593992
http://www.ncbi.nlm.nih.gov/pubmed/23143630
http://www.ncbi.nlm.nih.gov/pubmed/23143630
http://www.ncbi.nlm.nih.gov/pubmed/23143630
http://www.ncbi.nlm.nih.gov/pubmed/19922604
http://www.ncbi.nlm.nih.gov/pubmed/19922604
http://www.ncbi.nlm.nih.gov/pubmed/19922604
http://www.ncbi.nlm.nih.gov/pubmed/17549664
http://www.ncbi.nlm.nih.gov/pubmed/17549664
http://www.ncbi.nlm.nih.gov/pubmed/17549664
http://www.ncbi.nlm.nih.gov/pubmed/18837944
http://www.ncbi.nlm.nih.gov/pubmed/18837944
http://www.ncbi.nlm.nih.gov/pubmed/18837944
http://www.ncbi.nlm.nih.gov/pubmed/23916787
http://www.ncbi.nlm.nih.gov/pubmed/23916787
http://www.ncbi.nlm.nih.gov/pubmed/23916787
http://www.ncbi.nlm.nih.gov/pubmed/23011155
http://www.ncbi.nlm.nih.gov/pubmed/23011155
http://www.ncbi.nlm.nih.gov/pubmed/23011155
http://www.ncbi.nlm.nih.gov/pubmed/18694299
http://www.ncbi.nlm.nih.gov/pubmed/18694299
http://www.ncbi.nlm.nih.gov/pubmed/18694299
http://www.ncbi.nlm.nih.gov/pubmed/20651374
http://www.ncbi.nlm.nih.gov/pubmed/20651374
http://www.ncbi.nlm.nih.gov/pubmed/20651374
http://www.ncbi.nlm.nih.gov/pubmed/24838941
http://www.ncbi.nlm.nih.gov/pubmed/24838941

Citation:

120. doi:10.4172/2168-9547.1000120

Stoétzer OJ, Lehner J, Braun M, Holdenrieder (2014) Circulating Cell Free DNA as Blood Based Biomarker in Breast Cancer. Mol Biol 3:

Page 6 of 6

ISSN:2168-9547 MBL, an open access journal

cancer and potential marker for early diagnosis. Breast Cancer Res Treat  67. Page K, Hava N, Ward B, Brown ], Guttery DS, et al. (2011) Detection of
146: 163-174. HER2 amplification in circulating free DNA in patients with breast
64. Board RE, Wardley AM, Dixon JM, Armstrong AC, Howell S, et al. cancer. Br ] Cancer 104: 1342-1348.
(2010) Detection of PIK3CA mutations in circulating free DNA in  68. Bechmann T, Andersen RF, Pallisgaard N, Madsen JS, Maae E, et al.
patients with breast cancer. Breast Cancer Res Treat 120: 461-467. (2013) Plasma HER2 amplification in cell-free DNA during neoadjuvant
65. Dawson SJ, Tsui DW, Murtaza M, Biggs H, Rueda OM, et al. (2013) chemotherapy in breast cancer. ] Cancer Res ClinOncol 139: 995-1003.
Analysis of circulating tumor DNA to monitor metastatic breast cancer.  69. Klevebring D, Neiman M1, Sundling S1, Eriksson L1, DaraiRamqvist E2,
N Engl ] Med 368: 1199-1209. et al. (2014) Evaluation of exome sequencing to estimate tumor burden in
66. Turner NC (2014) Tracking tumor-specific mutations in circulating-free plasma. PLoS One 9: €104417.
DNA to predict early relapse after treatment of primary breast cancer.
JCO, 32 (Proceedings) #511.
Mol Biol

Volume 4 « Issue 1 « 1000120


http://www.ncbi.nlm.nih.gov/pubmed/24838941
http://www.ncbi.nlm.nih.gov/pubmed/24838941
http://www.ncbi.nlm.nih.gov/pubmed/20107891
http://www.ncbi.nlm.nih.gov/pubmed/20107891
http://www.ncbi.nlm.nih.gov/pubmed/20107891
http://www.ncbi.nlm.nih.gov/pubmed/23484797
http://www.ncbi.nlm.nih.gov/pubmed/23484797
http://www.ncbi.nlm.nih.gov/pubmed/23484797
http://www.ncbi.nlm.nih.gov/pubmed/21427727
http://www.ncbi.nlm.nih.gov/pubmed/21427727
http://www.ncbi.nlm.nih.gov/pubmed/21427727
http://www.ncbi.nlm.nih.gov/pubmed/23479212
http://www.ncbi.nlm.nih.gov/pubmed/23479212
http://www.ncbi.nlm.nih.gov/pubmed/23479212
http://www.ncbi.nlm.nih.gov/pubmed/25133800
http://www.ncbi.nlm.nih.gov/pubmed/25133800
http://www.ncbi.nlm.nih.gov/pubmed/25133800

	Contents
	Circulating Cell Free DNA as Blood Based Biomarker in Breast Cancer
	Abstract
	Keywords:
	Introduction
	Free DNA in the peripheral blood circulation
	Measuring cf DNA and calculating cf DNA integrity in patients with cancer
	cf DNA in patients with breast cancer
	DNA integrity in patients with breast cancer
	Detecting and tracking of somatic breast cancer specific mutations in circulating free DNA
	References


