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Abstract
The implementation of early-detection technologies and
prognostic biomarkers are imperative, specifically in cities
highly exposed to environmental carcinogens, such as
PAHs and Arsenic. This study proposed to evaluate cfDNA
levels and determine CNAs in serum cfDNA in LC and PNL
patients. The study enrolled a total of 107 people, from
the Metropolitan (N=51) and Antofagasta (N=56) regions,
with medium or high LC risk. The cfDNA was isolated from
serum aliquots using Qiagen QIAamp DNA mini kit. HMMs
analysis in cfDNA, was used as a probabilistic model to
determine an unknown sequence and defined Minimal
Common Regions (MCRs) of recurring DNA gains and
losses. This study shows that cfDNA levels increased
during malignancy of LC but not significantly during premalignant lesions or pre-invasive stages. The cfDNA could
be used as a complementary tool to prognosis and
evolution of LC, with high precision (specificity of 87.3%
and PNV of 76.4%). Additionally, the cfDNA carry some
chromosomal aberrations related with the lung
tumorigenesis process that could be used to confirm a
suspected case of LC. Within these alterations our results
suggest the loss of specific chromosomic fragments,
contain genes related with inflammation response
(SERPING1), humoral immune response (IGCK), innate
immunity and epithelial integrity (CTNN1), tumor
suppressor (MAP2K4, DMTF1 and ABCB4), and response
to oxidative stress (COX10). In conclusion, these
biomarkers in cfDNA, could have a great potential as
screening methods in population with high risk for LC.
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Introduction
Early detection is one of the most important factors to
improve treatment and decrease the cancer mortality,
especially Lung Cancer (LC), which is highly mortal and
aggressive. The LC mortality has dramatically increased in spite
of several pharmacological and image technical advances [1,2].
The high incidence of LC has been associated with cigarette
smoking, however genetic diversity and environmental
pollution must also be considered as risk factors, especially in
those cities highly exposed to environmental carcinogens. In
Chile, LC has the second high mortality rate/100,000
population of cancer, after stomach cancer. During 2012, in the
country the LC incidence for males was 17.1 with a mortality of
17.0, while for females the incidence was a 10.2, with a
mortality of 8.8 [3]. In the same period, the Antofagasta region
(North of Chile), historically exposed to high levels of drinking
water Arsenic (dw-As), showed a mortality rate of 31.6 for
both genders, with a rate of 44.2 and 17.4, for men and
women, respectively [4-8]. The implementation of earlydetection technologies and prognostic biomarkers are
imperative, specifically in cities highly exposed to
environmental carcinogens, such as PAHs and Arsenic [9-13]. It
is extremely important to have complementary and noninvasive tools, to apply in asymptomatic population, especially
to individuals with high risk of LC. In this context, circulatingfree DNA (cfDNA) levels have been described as a potential
tool to detect cancer cases (lung, breast, colorectal, other
types of tumors) in comparison with controls [14-18].
However, not much is known in relation of cfDNA levels in
subjects with Pre-neoplastic Lesions (PNL). Additionally, Copy
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Number Alterations (CNAs) are amplified or deleted regions of
the genome, and have been described as key events in tumor
progression and identified in different LC subtypes [19-23].
This study proposed to evaluate cfDNA levels and determine
CNAs in serum cfDNA in LC and PNL patients, which have been
diagnosed according to various standard tests including
Computerized
Tomography
(CT),
Autofluorescence
Bronchoscopy (AFB), Automatic Quantitative Cytology (AQC)
and a tumor biomarker (Onko-sureTM) protocols, as previously
described by Adonis et al. [24].

Methods
Population
The study enrolled a total of 107 people, from the
Metropolitan (Santiago city, N=51) and Antofagasta (N=56)
regions, with medium or high LC risk, according to a LC Risk
Survey, as has been described in Adonis et al. [25]. The
enrolling process has been part of the INNOVA CORFO grants
(07CN13PBT-48 and 11IDL2-10634, 2012), that included a
survey of LC risk and different assays to evaluate the LC risk.
The survey included questions related with smoking habit,
hereditary cancer history, environmental pollutants exposure
and dietary habits. The voluntaries were males and females,
aged 40 years or older; with family history of LC, non-smokers
and ever smokers exposed naturally to environmental air
pollution (Santiago) or to dw-As (Antofagasta) for at least 10
years. According their clinical symptoms, thirty three (33) of
the volunteers enrolled were suspected of having LC, with the
final diagnosis completed in the study. These patients did not
have any treatment at the moment to be included in the study.
The voluntaries with medium or high risk of LC were invited to
evaluate the LC risk with AQC in induced sputum and with the
tumour marker DR70 in serum [24-28]. According to AQC and
DR70 results, the voluntaries were classified under three
categories of LC risk (low, medium and high). Participants with
medium and high LC risk, were invited to have an AFB, and
submitted to a CT. Endobronchial mucosal biopsies were taken
from all areas that were suspicious under WLB or AFB [29-31].
In addition, surveillance biopsies were taken from epithelium
with normal appearance in all subjects. In addition to CT,
pathology assays were conducted in the biopsies collected at
bronchoscopy. The final diagnosis was confirmed as normal,
pre neoplastic lesion (PNL) (metaplasia or dysplasia) or LC. All
the voluntaries signed an informed consent.

Serum cfDNA isolation and amplification
Peripheral blood was collected and the serum was carefully
separated centrifuging twice at 3,500 rpm for 10 min at room
temperature. The serum specimens were stored in 1mL
aliquots at -80°C until use for the DR70 assay and cfDNA
isolation. The cfDNA was isolated from serum aliquots using
Qiagen QIAamp DNA mini kit (Westburg, Leusden, The
Netherlands), according to the manufacturer's instructions for
blood and body fluids [32-34]. The amount of serum cfDNA
was determined in quadruplicate using qPCR, with TaqMan®
Copy Number Reference Assay RNase P (Applied BioSystems,
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Nieuwerkerk a/d IJssel, The Netherlands), according to Life
Technologies recommendations. This assay detects the
Ribonuclease P RNA component H1 (H1RNA) gene (RPPH1) on
chromosome 14, cytoband 14q11.2. The standard calibrator
curve was done with wg-DNA from the healthy volunteer
obtained with the same system of QIAamp DNA mini kit,
describe before. The purified products (cfDNA and wgDNA)
were amplified in triplicate with an isothermal method using
the Illustra GenomiPhi V2 DNA Amplification Kit (GE
Healthcare Life Sciences). The triplicate products were pooled
to reduce the allele bias and to avoid differential amplification
of particular segments of the genome [35,36]. Agarose gel
electrophoresis was done for the pooled samples digested
with DpnII according to the manufacturer’s instructions (New
England BioLabs). The fidelity of the amplification method was
confirmed by both allele and CNV specific polymorphism qPCR
assays. The AS3MT gene allele was analyzed in duplicate with
the TaqMan® SNP Genotyping Assay SNP (ID: rs11191439, Life
Technologies) while the CNV assays for DOCK and LMLN
(DOCK8 ID: HS02618091; LMLN ID: Hs04763841) were done in
quadruplicate according to the manufacturer’s instructions.
The RNase P TaqMan® Copy Number Reference Assay was used
as control (Life Technologies).

Microarray hybridization
According to the histopathologic analysis, 26 samples were
selected, matching cfDNA and gDNA, for the CNV assays by
CGH. The samples included 8 healthy voluntaries, 8 PNL
patients (6 Met, 2 Dys) and 10 LC patients (4 SqCC, 4 AdC, 2
SCLC). Each pair of samples was labeled with Cy5-dCTP (cfDNA)
and Cy3-dCTP (wg-DNA) using the Klenow fragment of DNA
polymerase I and co-hybridized onto HEEBO microarrays
(Microarrays Inc., USA). After hybridization, microarrays were
imaged using a Scan-Array Lite (Perkin Elmer, USA).
Fluorescence ratios for array elements were extracted using
GENEPIX PRO 6.0 software (Molecular Devices, USA), and were
normalized by print-tip Lowes intra and inter arrays with the
software DNMAD [37,38].

Determination of CNAs
Through of HMMs analysis, used as a probabilistic model to
determine an unknown sequence of states based upon a
sequence of observations [37-39], we defined Minimal
Common Regions (MCRs) of recurring DNA gains and losses.
The HMM algorithm is available at the ADaCGH server of
Asterias
(http://adacgh.bioinfo.cnio.es/).
Significant
differences in CNA frequency were evaluated using the Fisher’s
exact test. P-values were adjusted. An adjusted P-value 0.05
was used as a significance threshold [40]. Cytoband mapping
was
obtained
from
NCBI
MapViewer
(http://
www.ncbi.nlm.nih.gov/mapview/), using the Human genome
Build 38 (GRCh38) (annotation release 105). Gene content and
genomic locations at MCRs were obtained using the GeneCard
Platform (http://www.genecards.org/) [41]. A gene ontology
(GO) enrichment analysis of our gene list was done using
WebGestalt (http://bioinfo.vanderbilt.edu/ webgestalt/) and
GOEAST (http://omicslab.genetics.ac.cn/GOEAST/) [42-45], in
This article is available from: http://biomarkers.imedpub.com/archive.php

order to identify significant GO terms. Additionally, genes
defined were analyzed with Gene Prospector (http://
hugenavigator.net/HuGENavigator/
geneProspectorStartPage.do), for a comparative functional
analysis, in order to search evidence of genes related with
diseases and risk factors associated to cancer or lung cancer.

Statistical analysis
Median serum cfDNA levels between groups (Healthy, PNL
and LC), were analyzed with non-parametrical Krustal Wallis
testing. Additionally, the diagnostic cut-off value was
determined from ROC curve [46]. Sensitivity, specificity,
predictive values (both positive and negative) and the
Youden’s index were calculated with Epidat 3.1. The
performance of cfDNA was analyzed for the study threshold
and ROC area under the curve (AUC) was calculated by the
trapezoidal rule and the variance estimate as described Zhou
[40].

Results
cfDNA Levels: A total of 107 serum samples were used to
determine the cfDNA levels from Cancer Free (CF) volunteers
(63) and volunteers with diagnosis of PNL (11) (Met:9; Dis:2)
and LC (33) (SqCC, n=9; AdC, n=17; SCLC, n=2; Ind, n=5);
classified according to AQC, DR70, AFB and histopathology
assay.
The volunteers that were confirmed clinically with LC
showed significantly higher levels of cfDNA (average, 16.13
ng/mL; range 1.081-113.9 ng/mL) than Cancer Free volunteers
(CF) (p<0.01) (average 2.692 ng/mL; range 0.255-8.151 ng/mL)
and Pre Neoplastic Lesions (PNL) (p<0.001) (average 1.961
ng/mL; range 0.257-7.225 ng/mL). On the other hands, the
cfDNA levels were unable to discriminate with significance
between CF and PNL subjects. The cfDNA in CF subjects were
similar to subjects with PNL diagnosed previously by AQC,
DR70, AFB and histopathology assay (Figure 1).
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Box plot displaying cfDNA levels among CF subjects (n=63),
subjects with PNL (n=11) and LC (n=33) clinically confirmed.
Black lines within the box represent median values, and the
whiskers indicate the minimum and maximum values that lie
within 1.5x interquartile range. To stratify by region of
residence, the LC patients presented significant higher cfDNA
levels than the CF subjects either for Metropolitan and
Antofagasta region. LC subjects from Antofagasta region
showed a non-significant higher cfDNA levels than subjects
from the Metropolitan region. In this context, is important to
consider that in Antofagasta region a 73% (8) of the LC were
SqCC and 18% [2] were AdC. On the other hand, in the
Metropolitan region 19% (4) of the cases were SqCC and 67%
(4) were AdC. The rest of cases were distributed among SCLC
and NSCC-NOS. By stratifying histologically the samples, it was
possible to observe that the average cfDNA level for the total
sample for SqCC was 17.54 ng/mL while for AdC was 2.67
ng/mL.
Figure 2A shows the overall ROC performance for cfDNA in
LC and for PNL (Figure 2B). According to the Youden index, a
threshold of 6.075 represent an optimal value, with an
empirical specificity of 87.3% (95% IC: 76.5-94.4) and
sensitivity of 46.9% (95% IC: 29.1-65.3) for LC with a Predictive
Positive Value (PPV) and Predictive Negative Value (PNV), of
65.2% (95% CI: 42.7-83.6%) and 76.4% (95% CI: 64.9-85.6%),
respectively. For a more general measure of diagnostic
performance for LC, the ROC AUC resulted in a significant value
of 0.724 (p<0.0001) (95% CI: 0.623-0.811) (48). For PNL, the
test showed a specificity and sensitivity of 72.73% (95% CI:
39-94.0%) and 58.73% (95% CI: 45.6-71.0%); respectively,
considering a threshold of 1.5357 according to the Youden
index. On the other hand, for PNL the ROC AUC resulted nonsignificant, with a value of 0.604 (95% CI: 0.483-0.716)
(p=0.2388).

Figure 2: Receiver Operating Characteristic (ROC) curves for
cfDNA of subjects with LC (2A) and PNL (2B).

Figure 1: Comparisons of cfDNA levels among CF, PNL and
LC subjects.

© Copyright iMedPub

As shown in Figure 3, the CNA pattern of the LC samples
was quite different from that of the CF samples. Many CNAs
present in the LC samples were not found in the CF samples.
However, only four deletions detected in LC sample were
significant, respect to CF samples. These loosed regions were
located in the chromosomes 2, 7, 11, 17. These alterations
were not significantly observed for PNL.
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Table 1: Genes whose genomic changes are associated with LC
Citoband

Genes

Associated Functions

Referen
ces

2p11.2
(Ensembl)

IGKC

Immune response

[47,48]

DMTF1

Tumor suppressor

[49]

ABCB4

Xenobiotic transport

[50]

2p12
Gene)
CF

LC

LC

CF

LC

LC

(Entrez

7q21.12

Tumor suppressor in lung
cancer
CTNND1
CF

LC

LC

CF

LC

The significant losses related with LC were associated with
the cytobands 2p11.2-2p11.1, 7q21.2, 11q12.1 and
17p13.1-17p12 and were not associated with smoking habit
status or place of residence (Metropolitan or Antofagasta
region). The enrichment analysis (WebGestalt and GOEAST) in
addition to Gene Prospector, in order to search evidence of
genes related with diseases and risk factors associated to
cancer or LC, suggested that the genes associated with these
alterations are mainly related with immune response,
xenobiotic transport, DNA replication and cell proliferation,
tumor suppressor, regulation of cell adhesion and spreading
and inhibition of cell proliferation.

[51]

Epithelial integrity

LC

Figure 3: Copy Number alterations (CNA) profile of cfDNA
from Lung Cancer (LC) and Cancer Free (CF) patients. The
figure includes the patterns for Lung Cancer (LC) and Cancer
Free (CF) patients, for the chromosomes 2, 7, 11 and 17.
DNA gains and losses are represented to the right and left of
chromosome, respectively. The fluorescence rates (log2)
showed in green color and remarked with a red arrow,
represent losses in the cfDNA respect to gDNA. LC: Lung
Cancer, CF: Cancer Free.

Innate immunity

11q12.1

SERPIN
G1

Inflammatory response

[52]

17p12 -17p13.1

COX10

Response to oxidative stress

[53]

MAP2K4

Tumor suppressor

[54]

These results suggest that most of the fragments with ANC
contain genes associated to a variety of cellular processes such
as proliferation, differentiation, adhesion and immune
response, and xenobiotic detoxification (Table 1).

Discussion and Conclusion
The aims of this study were to evaluate the levels of cfDNA
in serum and their significant CNAs, in order to explore their
potential as biomarkers of malignance, in Lung Cancer (LC)
subjects, in individuals with Pre Neoplastic Lesions (PNL) and
in healthy people exposed to environmental pollutants and
high risk of LC.
According our findings, the cfDNA levels in serum increased
during malignancy of LC but not significantly during premalignant lesions or pre-invasive stages as reported previously
[33]. None of the subjects with pre-invasive lesions, either
metaplasia or dysplasia was discriminated from controls. LC
subjects showed significantly higher cfDNA levels than cancer
free subjects, as was previously described [33].

The ROC curve showed that the cfDNA provides significant
discrimination for LC over a wide range of score thresholds.
The threshold evaluated according to the Youden index
(6.075), showed a sensitivity and specificity of 46.9% and
87.3%, respectively. The PPV and PNV, were 65.2% (95% CI:
42.7-83.6%) and 76.4% (95% CI: 64.9-85.6%), respectively.
According to the results, cfDNA might would support in the
detection and confirmation of positive LC cases and especially
discard the presence of malignancy, with high precision
(specificity of 87.3% and PNV of 76.4%). According to the area
under the curve (AUC) of the cfDNA was 0.724 (95% CI:
Additionally, the comparative functional analysis has 0.623-0.811), suggesting a fair ability of cfDNA for LC
suggested the DMTF1 gene, located in the fragment 7q21.12 diagnosis.
and related with cellular proliferation and cell cycle, as a
Additionally, detection of cancer-related molecular
candidate gene associated to LC. The analysis also suggested to alterations in cfDNA may provide a complementary
the genes MAP2K4 located in the segments 17p13.1-17p12 advantageous tool for diagnosis of LC. We show evidence that
and CTNND1 for 11q12.1, both related with cell adhesion. the amplification procedure of cfDNA did not alter significantly

As is shown in the Table 1, the IGKC and SERPING1 genes
were significantly associated to the cytoband 2p11.2-2p11.
The IGKC gene codes for the Immunoglobulin Kappa Constant
and has been suggested as a prognostic marker for several
solid tumor types [50]. The product of the SERPING1 gene has
been associated with immune response and tumor
development. However, its role in cancer has not been clearly
defined. On the other hand, the genes COX10 and ABCB4 were
significantly associated with the cytobands in 17p12-17p13
and 7q21.12, respectively.
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the DNA copy number composition of cfDNA samples.
Therefore, our results suggest that the cfDNA from LC patients
contain specific genome alterations respect to the controls or
the healthy volunteers. Our analysis showed that candidate
genes associated to LC are located within the regions with
significant CNV, mainly deletions. The genes deleted and
associated with LC or with the tumorigenesis process, are
related mainly with immune response, inflammation and
cellular processes as well as proliferation, differentiation and
apoptosis.
Two of the candidate genes, IGKC and SERPING1, are
associated with immune response. The IGKC gene, has been
associated with a longer survival for LC, mainly for AdC [50],
suggesting that the humoral immune response plays an
important role in non-small cell lung cancer [47,48]. It has
been described that IGKC expression, is an adaptive humoral
immune response and its effect is host-dependent and might
be related with the capacity of the tumor cells to produce
immunoglobulin against tumor cells [48,49]. Most of the
studies of immune response against tumor cells have been
focused to cytotoxic response mediated by T cells, but not by
the B cells. It has been described that a suppressed cellular
immunity in a chronic inflammatory process could promote
risk to development several cancers [49,50]. The immune
system is an extremely complex system that is still not fully
understood, however, these findings might suggest a role of
the humoral anti-tumor response, showing that anti-bodies, as
IGKC, against tumor might takes place within the tumor. A
deletion of the IGKC gene could be related with a lower
survival of patients host and promote growth and survival of
tumor cells.
On the other hand, when the tissues are exposed to
chemical irritant or xenobiotic, inflammatory cells are
implicated in removing damaged cells promoting cell death
and phagocytic pathways as well as any metabolic process and
cell proliferation that allow tissue regeneration and damage
repair. Obviously, the inflammation process shall subside after
damage removing or tissue regeneration and not produce a
chronic inflammation process. Today, it is well accepted that an
inflammatory microenvironment is an essential component of
all tumors and many environments or cancer risk factors could
be associated with to promote some form of chronic
inflammation and contribute with the cancer development
[51,52].
On the other hand, CTNND1 (p120 catenin), has been
described as an important component of lung epithelial cells
(flat type I cells). The lungs are permanently exposed to
exogenous compounds requiring protection and defense
mechanisms. The p120 gene, has shown an important role
regulating cadherin stability and innate immunity [53-55] and
its deletion or depletion has been related with loss of the
alveolar epithelial integrity. A loss of epithelial integrity could
be related with absence of p120 that prevents the
internalization and degradation of E-cadherin. Then p120
deletion could induce a defective epithelial barrier that in
genotoxic or pathogens exposition might promotes a chronic
inflammation process. Additionally, p120 has an important
© Copyright iMedPub
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role in surfactant proteins production (Sp-B, Sp-C, and Sp-D),
that play a protective role against lung infection, allergy,
asthma, and inflammation by modulating host defense and
inflammation [56].
In this point of view, a deletion of SERPING1 (C1 inhibitor,
C1-INH) gene, that encodes a protein involved in the
regulation of the complement cascade (C1 inhibitor), could be
related with a major cancer risk. The complement needs a
strict control and the absence of SERPING1 conduces to a
spontaneous and permanent activation of C1, stimulating
vessel growth and a chronic inflammation or an altered
inflammatory response [57].
A deletion of SERPING1 leads to a loss of inhibition of C1s
action, inducing excessive levels of C3a and C5 and thereby an
increase of the vascular permeability. Additionally, the
absence of SERPING1 contributes to a permanent activation of
Kallikrein (KLK1) and XIIa coagulation factor (Hageman factor),
that promotes an excessive generation of bradykinin a potent
vasodilator peptide, activating the bradykinin B2 receptor.
KLK1 is consistently elevated in the bronchial alveolar lavage
fluid of individuals with asthma or chronic bronchitis,
particularly after stimulation by allergens or Broncho
obstructive agents [58,59].
A permanent activation of KLK1 means also an activation of
pro-epidermal growth factor (pro-EGF) in human airway goblet
cells to release mature EGF, which activates EGF receptor
(EGFR), resulting in mucus hypersecretion and goblet-cell
hyperplasia [59].
Additionally, our study suggests DMTF1 (Dmp1) as a
candidate gene associated to cfDNA and as tumor suppressor.
The DMTF1 is homozygous deleted in approximately 40% of
human non-small-cell lung cancer and has been proposed as a
potential prognostic and gene-therapy target for non-smallcell lung cancer [60]. The Dmp1 promoter is activated by the
oncogenic Ras-Raf-MEK-ERK-Jun pathway but is repressed by
overexpression of c-Myc, E2Fs, and by physiological mitogenic
signaling. Dmp1 prevents tumor formation by activating the
Arf-p53 pathway [61] and promoting apoptosis and cell cycle
arrest in primary cells. In the same context of tumor
suppressor, the MAP2K4 loss, has been described as a tumor
suppressor in lung adenocarcinomas and inhibits tumor cell
invasion by decreasing peroxisomal proliferator-activated
receptor γ (PPARγ2) levels, which has been associated with
different tumor models [62]. In conclusion, the Masp2k4
deletion could be related with an increased growth of lung
neoplasia, and promotion of invasion and metastasis in both
early and advanced stages of lung tumorigenesis.
In agreement with the suppressor role of the 7q21.12
segment in lung cancer, this study suggests that the ABCB4
gene (MDR3) could be related to LC. Although the exact
function of ABCB 4 in lung epithelial cells and LC has not been
well defined, would be possible since its function as a
transporter of a wide variety of substrates across biological
membranes, to hypothesize a crucial role in the protection
against xenobiotics. Additionally, it has been described that an
over-expression of ABCB4 significantly suppresses the
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formation and proliferation of lung cancer cells. A frequently
silenced ABCB1 in different cancers has been observed
suggesting that this gene may act as a tumor suppressor in
lung cancer [63].
Finally, COX10 (Cytochrome c oxidase), is the terminal
component of the mitochondrial respiratory chain and
catalyzes the electron transfer from reduced cytochrome c to
oxygen. It has been described that hypoxia occurs in most solid
tumors, and malignant progression and poor prognosis have
been related with a hypoxia state [64,65]. It has been
described that inside the primary tumor, the rapid
proliferation of cancer cells, frequently leave many tumor cells
in regions where the oxygen concentration is significantly
lower compared with normal tissues. To survive in this hypoxic
microenvironment, cancer cells need to change their intrinsic
gene expression, probably by inducing angiogenesis to provide
enough nutrients and oxygen [66].
As mentioned, tumor cell adapts their mitochondrial
metabolism regulation by increasing glycolysis and suppressing
the expression of iron-sulfur cluster scaffold homolog (ISCU)
and cytochrome c oxidase assembly protein (COX10) [67,68].
The COX deficiency or deletion has been described in
mitochondrial diseases, as response to oxidative stress [67].
In conclusion, cfDNA levels in serum increased during
malignancy of LC but not significantly during pre-malignant
lesions or pre-invasive stages. Our results support the idea that
cfDNA could be used as a complementary tools to prognosis
and evolution of LC, with high precision (specificity of 87.3%
and PNV of 76.4%) [69].
The small DNA fragments, called cfDNA, are released into
the circulation as a consequence of necrosis, apoptosis and/or
active secretion from cells in a tumorigenesis or inflammation
process [70-72]. These genomic fragments could be present in
cancer free patients, but in cancer patients a significant
fraction shall come from tumor cells [72]. Then, chromosomal
aberrations in cfDNA may reflect CNAs arising during the
tumorigenesis process, as has been described previously
[73,74].
This study suggests that cfDNA carry some chromosomal
aberrations related with the lung tumorigenesis process that
could be used to confirm a suspected case of LC, prior to
indicate more complex or expensive exams. Within these
alterations our results suggest the loss of specific
chromosomic fragments, contain genes related with
inflammation response (SERPING1), humoral immune
response (IGCK), innate immunity and epithelial integrity
(CTNN1), tumor suppressor (MAP2K4, DMTF1 and ABCB4), and
response to oxidative stress (COX10). Although, these genes
will need to be validated and confirmed, in order to evaluate
whether candidate genes and copy number alterations have a
real prognostic value, our results suggest that the cfDNA and
its chromosomal aberrations could have a potential as LC
diagnostic biomarkers.
These genomic markers could be used as complementary
tools in order to improve the diagnosis of LC and mainly
diminish the invasive or expensive procedures, allowing
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selecting the patients candidates to additional exams
[18,60,69]. Additionally, these biomarkers could have a great
potential as screening methods in population with high risk for
LC.

Acknowledgments
This work was supported by Grants from INNOVA-CORFO
Chile (07CN13PBT-48 and 11IDL2-10634, 2012). We also thank
all the volunteers that accepted to participate in these
projects. This work has been carried out with ethical
committee approval of the Faculty of Medicine of University of
Chile.

References
1.

Australian Institute of Health and Welfare (2017) Australian
Cancer Incidence and Mortality (ACIM) books: Lung cancer.
Canberra: AIHW.

2.

Zhi XY, Zou XN, Hu M, Jiang Y, Jia MM, et al. (2015) Increased
lung cancer mortality rates in the Chinese population from
1973-1975 to 2004-2005: An adverse health effect from
exposure to smoking. Cancer Special Issue: Lung Cancer in China
121: 3107-3112.

3.

http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx

4.

Lung Cancer in Chile (2004) World life expectancy

5.

Moya J, Galaz J (2011) Registry of the Congregation of
Antofagasta 2011. Gobierno de Chile.

6.

http://epi.minsal.cl

7.

http://www.es.scribd.com/doc/72206144/Registro-Poblacionalde-Cancer-Antofagasta-2011

8.

http://www.ineantofagasta.cl

9.

Adonis M, Martínez V, Marín P, Gil L (2005) CYP1A1 and GSTM1
genetic polymorphisms in lung cancer populations exposed to
arsenic in drinking water. Xenobiotica 35: 519-530.

10. Smith AH, Goycolea M, Haque R, Biggs ML (1998) Marked
increase in bladder and lung cancer mortality in a region of
Northern Chile due to arsenic in drinking water. Am J Epidemiol
147: 660-669.

11. Mostafa MG, McDonald JC, Cherry NM (2008) Lung cancer and
exposure to arsenic in rural bangladesh. Occup Environ Med 65:
765-768.

12. Hubaux R, Becker-Santos DD, Enfield KS, Rowbotham D, Lam S,
et al. (2013) Molecular features in arsenic-induced lung tumors.
Mol Cancer 19: 12-20.

13. Adonis M, Martínez V, Marín P, Berrios D, Gil L (2005) Smoking
habit and genetic factors associated with lung cancer in a
population highly exposed to arsenic. Toxicol Lett 159: 32-37.

14. Sozzi G, Conte D, Leon M, Cirincione R, Roz L, et al. (2003)

Quantification of free circulating DNA as a diagnostic marker in
lung cancer. J Clin Oncol 21: 3902-3908.

15. Gautschi O, Bigosch C, Huegli B, Jermann M, Marx A, et al.

(2004) Circulating deoxyribonucleic acid as prognostic marker in
non-small-cell lung cancer patients undergoing chemotherapy. J
Clin Oncol 22: 4157-4163.

This article is available from: http://biomarkers.imedpub.com/archive.php

16. Yoon K, Park S, Lee S, Kim J, Lee J (2009) Comparison of
circulating plasma DNA levels between lung cancer patients and
healthy controls. J Mol Diagn 11: 182-185.

17. Swarup V, Rajeswari M (2007) Circulating (cell fee) nucleic acids-

A promising, non-invasive tool for early detection of several
human diseases. FEBS Lett 58: 795-799.

18. Han X, Wang J, Sun Y (2017) Circulating tumor DNA as
biomarkers for cancer detection genomics, proteomics &
bioinformatics 15: 59-72.

19. Hanahan D, Weinberg RA (2000) The hallmarks of cancer. Cell
100: 57-70.

20. Martinez VD, Buys TPH, Adonis M, Benitez H, Gallegos I, et al.
(2010) Arsenic-related DNA copy-number alterations in lung
squamous cell carcinomas. Br J Cancer 103: 1277-1283.

21. Shaw JA, Page K, Blighe K, Hava N, Guttery D, et al. (2012)

Genomic analysis of circulating cell-free DNA infers breast
cancer dormancy Coombes. Genome Res 22: 220-231.

22. Powell CA, Spira A, Derti A, DeLisi C, Liu G, et al. (2003) Gene
expression in lung adenocarcinomas of smokers
nonsmokers. Am J Respir Cell Mol Biol 29: 157-162.

and

23. Gohagan JK, Marcus PM, Fagerstrom RM, Pinsky PF, Kramer BS,
et al. (2005) Lung screening study research group: final results of
the lung screening study, a randomized feasibility study of spiral
CT versus chest x-ray screening for lung cancer. Lung Cancer 47:
9-15.

24. Adonis M, Chahuan M, Zambrano A, Avaria P, Díaz J, et al. (2013)

Biomarkers Journal

2017

ISSN 2472-1646

Vol.3 No.2:12

33. Van Boerdonk R, Brokx H, Lee P, Kool C, Postmus P, et al. (2013)
Can quantifying free-circulating DNA in plasma be used to
identify subjects with high-grade pre-invasive endobronchial
lesions? Oncol Lett 5: 1591-1594.

34. Paci M, Maramotti S, Bellesia E, Formisano D, Albertazzi L, et al.
(2009) Circulating plasma DNA as diagnostic biomarker in nonsmall cell lung cancer. Lung Cancer 64: 92-97.

35. Rook MS, Delach SM, Deyneko G, Worlock A, Wolfe JL (2004)
Whole genome amplification of DNA from laser capturemicrodissected tissue for high-throughput single nucleotide
polymorphism and short tandem repeat genotyping. Am J
Pathol 154: 23-33.

36. Kim YH, Pollack JR (2009) Comparative geomic hibridization on
spotted oligonucleotide microarrays. microarray analysis of the
physical genome: methods and protocols. USA: Editorial
Humana Press pp: 21-32.

37. Vaquerizas JM, Dopazo J, Diaz R (2004) DNMAD: webbased
diagnosis and normalization for microarray data. Bioinformatics
20: 3656-3658.

38. Kruskal WH (1980) The significance of Fisher: A review of RA
Fisher. The life of a scientist, by Joan Fisher Box. JASA 75:
1019-1030.

39. Rueda OM, Diaz-Uriarte R (2010) Finding recurrent copy number
alteration regions: a review of methods. Curr Bioinform 5: 1-17.

40. Zhou XH, Obuchowski NA, McClish DK (2002) Statistical methods
in diagnostic medicine. Wiley, NY, USA.

Oncogenesis, inflammatory and parasitic tropical diseases of the
lung. Jean Marie Cayembe. Chapter 3 Relationship between
Toxicogenomic and Environment.

41. Eiser EL, Federico Innocenti F (2014) Hidden markov model-

25. Adonis MI, Díaz J, Miranda VR, Chahuan M, Zambrano A, et al.

42. Subramanian A, Tamayo P, Mootha V, Mukherjee S, Ebert B, et

26. Kemp RA, Reinders DM, Turic B (2007) Detection of lung cancer

43. Willenbrock H, Fridlyand JA (2005) Comparison study: applying

(2014) Biomarkers for screening of lung cancer and preneoplastic lesions in a high risk Chilean population. Biol Res 25:
47-62.
by automated sputum cytometry. J Thoracic Oncol 2: 993-1000.

27. Hatton MW, Southward SM, Ross BL, Clarke BJ, Singh G, et al.

(2006) Relationships among tumor burden, tumor size, and the
changing concentrations of fibrin degradation products and
fibrinolytic factors in the pleural effusions of rabbits with VX2
lung tumors. J Lab Clin Med 147: 27-35.

28. Antoniou D, Pavlakou G, Stathopoulos GP (2006) Predictive
value of D-dimer plasma levels in response and progressive
disease in patients with lung cancer. Lung Cancer 53: 205-210.

29. Lam S, Palcic B (1999) Autofluorescence bronchoscopy in the
detection of squamous metaplasia and dysplasia in current and
former smokers. J Natl Cancer Inst 91: 561-562.

30. Lam S, Kennedy T, Unger M, Miller YE, Gelmont D, et al. (1998)

Localization of bronchial intraepithelial neoplastic lesions by
fluorescence bronchoscopy. Chest 113: 696-702.

31. Bota S, Auliac JB, Paris C, Métayer J, Sesboüé R, et al. (2001)

based CNV detection algorithms for illumina genotyping
microarrays. Cancer Inform 13 (s7).

al. (2005) Gene set enrichment analysis: A knowledge-based
approach for interpreting genome-wide expression profiles.
PNAS 102: 15545-15550.

segmentation to array CGH data for downstream analyses.
Bioinformatics 21: 4084-4091.

44. Ramos G (2013) Perfil de expresión génica de cáncer de ovario
humano. Trabajo de titulación. Universidad de Antofagasta.

45. Sharp A, Cheng S, Eichler E (2006) Structural variation of the
human genome. Annu Rev Genomics Hum Genet 7: 407-442.

46. Cerda J, Cifuentes L (2012) Uso de curvas ROC en investigación

clínica. Aspectos teórico-prácticos. Using ROC curves in clinical
investigation. Theoretical and practical issues. Rev Chil Infect 29:
138-141.

47. Schmidt M, Micke P, Gehrmann M, Hengstler JG (2012)
Immunoglobulin kappa chain as an immunologic biomarker of
prognosis and chemotherapy response in solid tumors.
Oncoimmunology 1: 1156-1158.

48. Lorh M, Edlund K, Botling J, Hammad S, Rahnenfuhrer J, et al.

Follow-up of bronchial precancerous lesions and carcinoma in
situ using fluorescence endoscopy. Am J Respir Crit Care Med
164: 1688-1693.

(2013) The prognostic relevance of tumour-infiltrating plasma
cells and immunoglobulin kappa C indicates an important role of
the humoral immune response in non-small cell lung cancer.
Cancer Lett 333: 222-228.

32. Sozzi G, Conte D, Mariani L, Lo Vullo S, Roz L, et al. (2001)

49. Whiteside TL (2013) Regulatory T cell subsets in human cancer:

Analysis of Circulating Tumor DNA in Plasma at Diagnosis and
during Folow-Up of Lung Cancer Patients. Cancer Res 61:
4675-4678.

are they regulating for or against tumor progression? Cancer
Immunol Immunother 63: 67-72.

50. Qiu X, Zhu X, Zhang L, Mao Y, Zhang J, et al. (2003) Human

epithelial cancers secrete immunoglobuling with unidentified

© Copyright iMedPub

7

Biomarkers Journal

2017

ISSN 2472-1646

Vol.3 No.2:12

specificity to promote growth and survival of tumor cells. Cancer
Res 1: 6488-6495.

peroxisome proliferator-activated receptor γ2 expression. Mol
Cell Biol 31: 4270-4285.

51. Tan TT, Coussens LM (2007) Humoral immunity, inflammation

63. Kiehl S, Herkt SC, Richter AM, Fuhrmann L, El-Nikhely N, et al.

and cancer. Curr Opin Immunol 19: 209-216.

52. de Visser KE, Korets LV, Coussens LM (2005) De novo

(2014) ABCB4 is frequently epigenetically silenced in human
cancers and inhibits tumor growth. Sci Rep.

carcinogenesis promoted by chronic inflammation is B
lymphocyte dependent. Cancer Cell 7: 411-423.

64. Eales KL, Hollinshead KER, Tennant DA (2016) Hypoxia and

53. Chignalia AZ, Vogel SM, Reynolds AB, Mehta D, Dull RO, et al.
(2015) p120-catenin expressed in alveolar type II cells is
essential for the regulation of lung innate immune response. Am
J Pathol 185: 1251-1263.

65. Masson N, Ratcliffe PJ (2014) Hypoxia signaling pathways in
cancer metabolism: the importance of co-selecting
interconnected physiological pathways. Cancer Metab 2: 3.

54. Hu G (2012) p120-Catenin: A novel regulator of innate immunity
and inflammation. Crit Rev Immunol 32: 127-138.

metabolic adaptation of cancer cells. Open Oncogenesis 5: e190.

66. Zhang W, Liu L, Huo Y, Yang Y, Wang Y (2014) Hypoxia-pretreated
human MSCs attenuate acute kidney injury through enhanced
angiogenic and antioxidative capacities. Biomed Res Int.

55. Chignalia AZ, Vogel SM, Reynolds AB, Mehta D, Dull RO (2008)

67. Chen Z, Li Y, Zhang H, Huang P, Luthra R (2010) Hypoxia-

56. Wright JR (2005) Immunoregulatory functions of surfactant

68. Kiflemariam S, Ljungström V, Pontén F, Sjöblom T (2015) Tumor

Liu Y p120-catenin expressed in alveolar type II cells is essential
for the regulation of lung innate immune response. Am J Pathol
185: 1251-63.

proteins. Nat Rev Immunol 5: 58-68.

57. Murray-Rust TA, Kerr KK, Thomas AR, Wu T, Yongqing T, et al.

(2009) Modulation of the proteolytic activity of the complement
protease C1s by polyanions: implications for polyanionmediated acceleration of interaction between C1s and
SERPING1. Biochem J 422: 295-303.

58. O'Riordan TG, Weinstein MD, Abraham WM, Forteza R (2003)

regulated microRNA-210 modulates mitochondrial function and
decreases ISCU and COX10 expression. Oncogene 29:
4362-4368.

vessel up-regulation of INSR revealed by single-cell expression
analysis of the tyrosine kinome and phosphatome in human
cancers. Am J Pathol 185: 1600-1609.

69. Liu B, Chen D, Yang L, Li Y, Ling X, et al. (2010) A functional

variant (-1304T>G) in the MKK4 promoter contributes to a
decreased risk of lung cancer by increasing the promoter
activity. Carcinogenesis 31: 1405-1411.

Elevated tissue kallikrein activity in airway secretions from
patients with tracheobronchitis associated with prolonged
mechanical ventilation. Lung 181: 237-244.

70. Qin Z, Ljubimov VA, Zhou C, Tong Y, Liang J (2016) Cell-free

59. Prassas I, Eissa A, Gennadiy Poda AE, Eleftherios P, Diamandis EP

(2003) Increased plasma DNA integrity in cancer patients.
Cancer Res Jul 15 63: 3966-3968.

(2015) Unleashing the therapeutic potential of human kallikreinrelated serine proteases. Nat Rev Drug Discov 14: 183-202.

60. Sugiyama T, Frazier D, Taneja P, Morgan R, Willingham M, et al.
(2008) Role of DMP1 and its future in lung cancer diagnostics.
Expert Rev Mol Diagn 8: 435-447.

61. Sreeramaneni1 R, Asif Chaudhry A, McMahon M, Sherr CJ, Inoue

K, et al. (2005) Signaling Critically Depends on the Dmp1
Transcription Factor. Mol Cell Biol 25: 220-232.

62. Ahn YH, Yang Y, Gibbons DL, Creighton CJ, Yang F, et al. (2011)

Map2k4 functions as a tumor suppressor in lung
adenocarcinoma and inhibits tumor cell invasion by decreasing

8

circulating tumor DNA in cancer. Chin J Cancer 35: 36.

71. Wang BG, Huang HY, Chen YC, Bristow RE, Kassauei K, et al.

72. Roninson IB, Broude EV, Chang BD (2001) If not apoptosis, then

what? Treatment-induced senescence and mitotic catastrophe
in tumor cells. Drug Resist Updat 2001 4: 303-313.

73. Kohler C, Barekati Z, Radpour R, Zhong XY (2011) Cell-free DNA
in the circulation as a potential cancer biomarker. Anticancer
Res 31: 2623-2628.

74. Marzese DM, Hirose H, Hoon DS (2013) Diagnostic and

prognostic value of circulating tumor-related DNA in cancer
patients. Expert Rev Mol Diagn 13: 827-844.

This article is available from: http://biomarkers.imedpub.com/archive.php

