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Introduction: Lung cancer is one of the most common cancers in the world, causing over
1.7 milion deaths in 2018. Thus far, no effective treatments against lung cancer for
advanced stages have been found. For early stages, although surgery is considered the
gold standard treatment, 30-55% of patients develop recurrence within the first 5 years of
surgery. Our aim is to assess whether cancer stem cells (CSC) display overexpression of a
pool of genes that were previously identified for adenocarcinoma recurrence in patients
with early and locally advanced stages of non-small cell lung cancer (NSCLC).

Methods: This cross-sectional study was carried out by harvesting surgical tumor
specimens obtained from patients harboring early (I-1l) and locally advanced (llIA) stages
of NSCLC. For each patient, cell sorting was performed to identify and isolate the
ALDH"" (CSC) and ALDH®" (cancer cells) populations. The mRNA expressions of 31
recurrence-related genes (target genes) in both ALDH™" and ALDH°" populations were
then assessed and compared.

Results: Surgical specimens were obtained from 22 patients harboring NSCLC. Sixteen
(51.6%) out of 31 recurrence-related genes were significantly overexpressed in ALDH""
cells in the early stages and 9 (29.0%) were overexpressed in the locally advanced stages
of NSCLC. Overall, the relative mRNA expressions for these recurrence-related genes
were higher in early-stage patients. The average fold change, considering all 31
recurrence-related genes together, was 4.5 (95% CI = 3.1-6.3) in early-stage patients
and 1.6 (95% Cl = 1.2-2.2) in locally advanced-stage patients.

Conclusions: Our study represents the first attempt toward identifying genes associated
with recurrence that are overexpressed in cancer stem cells in patients with early and
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locally advanced stages of NSCLC. This finding may contribute to the identification of new
target therapies tailored for NSCLC stages.

Keywords: gene expression, target therapy, cancer stem cells, non-small cell lung cancer (NSCLC), early and

advanced stage

INTRODUCTION

Lung cancer is one of the most common cancers in the world. In
2018, there were over 2 million new cases of lung cancer, and over
1.7 million deaths were attributed to lung cancer (1). In addition to
traditional treatments, targeted therapy has emerged as an
important means of disease management for patients with non-
small cell lung cancer (NSCLC) (2). In particular, an improvement
in NSCLC prognosis has been driven by immunotherapy alone or
in combination with chemotherapy in both early and advanced
stages, although a fraction of patients is still not responding with
relevant issues in metastatic and, more recently, in early adjuvant
settings (3-7). However, surgery is considered the gold standard
for patients in the early-stages of lung cancer, even if 30-55% of
patients develop recurrence within the first 5 years of surgery (1, 2,
8). The most updated guidelines in the eighth edition of the tumor,
node, metastasis (TNM) staging system for lung cancer (9) defined
early stages and operable locally advanced stages based on tumor
dimensions and the number of lymph nodes and stations involved.
Currently, no target treatment exists to prevent recurrence in
early-stage cancer patients, and patients who have undergone lung
resection have usually had a follow-up period of at least 5 years
after surgery (8). Although adjuvant chemotherapy is often
preferred in routine clinical practice, surgery may be delayed to
a point that it is no longer feasible because of rapid tumor
progression (10-12). On the other hand, neoadjuvant
chemotherapy seems to offer several advantages, including, but
not limited to, the ability to cure micrometastatic disease early,
more effective drug delivery and tolerability, the ability to assess

Abbreviations: ALDH, aldehyde dehydrogenase; ASF1B, anti-silencing function
1b histone chaperone; ASPM, assembly factor for spindle microtubules; BIRC5,
baculoviral inhibitor of apoptosis repeat-containing 5; BUB1, budding uninhibited
by benzimidazoles 1; CCP score, cell cycle proliferation; CDCA5, cell division
cycle-associated gene 5; Cl8orf24, Chromosome 18 open reading frame 24;
CDC20, cell-division cycle protein 20; CDCA3, cell division cycle-associated
protein 3; CDCAS8,cell division cycle associated 8; CDKI,cyclin-dependent
kinase 1; CDKNS3, cyclin-dependent kinase inhibitor 3; CENPF, centromere
protein F; CENPM, centromere protein M; CEP55, centrosomal protein of 55;
CSC, cancer stem cell; DLGAP5, disks large-associated protein 5; DTL, Diode-
transistor logic; FACS, fluorescence-activated cell sorting; FC, fold change; FDR,
false discovery rate; FOXMI, forkhead box protein M1; KIAA0101, PCNA-
associated factor; KIF11, kinesin family member 11; KIF20A, kinesin-like
protein 20A; LMM, linear mixed models; MCM10, protein MCM10 homolog;
NSCLC, non-small cell lung cancer; NUSAP1, nucleolar and spindle associated
protein 1; ORC6L, origin recognition complex subunit 6; PBK, lymphokine-
activated killer T-cell-originated protein kinase; PLK1, Polo-like kinase 1; PRC1,
protein regulator of cytokinesis 1; PTTGI, protein regulator of cytokinesis 1;
RAD51, DNA repair and recombination protein RAD51-like; RAD54, DNA repair
and recombination protein RAD54-like; RRM2, Ribonucleoside-diphosphate
reductase subunit M2; RT-PCR, real time PCR; TKI, Thymidine kinase 1;
TNM, tumor, node, metastasis; TOP2A, DNA topoisomerase 2-alpha.

sensitivity to treatment, and the acquisition of prognostic
information based on whether a major pathologic response has
occurred (13-15). As a result, neoadjuvant chemotherapy should
be regarded as an option for early-stage, operable NSCLC, as
acknowledged by NCCN guidelines stating that “after surgical
evaluation patients likely to receive adjuvant chemotherapy may
be treated with induction chemotherapy as an alternative” (16, 17).

In recent years, medical oncologists have witnessed a revolution
in the treatment of advanced NSCLC owing to the introduction of
highly effective therapies, such as immunotherapy, for clinical use
(18). Immunotherapy reverts the immune self-tolerance pathways
through which a tumor avoids immune recognition and
destruction. Currently, immune checkpoint inhibitors (ICIs) are
widely used monoclonal antibodies in this field.

The success of immunotherapy in advanced NSCLC has
prompted investigation of its use in earlier stages of the disease. In
fact, possible challenges before or after surgery are under
consideration in current clinical trials, although for the moment,
the guidelines do not consider the introduction of immunotherapy as
a neoadjuvant treatment for early stages (19, 20).

With regard to advanced stages, several clinical trials are
attempting to establish new-generation target therapies (21, 22),
although sufficient clarification has not been provided regarding
which genes may be involved differently in early and advanced
stages. We believe that this aspect is especially important and may
represent a pillar for setting future lung cancer guidelines,
including the discovery of molecular gene signatures (23) able to
drive diagnostic and therapeutic approaches for both early and
advanced stages. In addition, and just as importantly, recent
scientific literature has focused on cancer stem cells (CSCs) (24),
a class of pluripotent cells that has been observed in most types of
solid and hematologic cancers involved in tumor growth, cell
proliferation, and cancer cell dissemination for their self-renewal
ability (25). This class of cells is also considered one of the main
causes of resistance to standard medical treatments as
chemotherapy and radiotherapy (24, 26), inducing “stemness” in
cancer cells with a poor response to these therapeutic approaches
(24, 26). Indeed, probably because of the difficulty of identifying
and targeting CSCs, no study of lung cancer patients has tested the
connection between these cells and recurrence. However, in recent
decades, the scientific community has made a strong effort to
identify the genes involved in recurrence of lung cancer cells (24).
This research has been driven by scientists’ conviction that the
ability to identify patients with a high rate of recurrence is crucial
to reduce mortality from NSCLC (22, 27-29). The genes involved
in lung cancer recurrence were identified several years ago in early
genomic studies in NSCLC, showing an association between
patient survival and gene expression profiles (23, 30-33). In
addition, a signature of gene proliferation, derived from a meta-
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analysis on breast cancer data, was successfully translated to lung
cancer (34). Park and colleagues demonstrated in 2012 that this
prognostic signature has a strong component related to the cell cycle
(35). In 2013, Wistuba et al. showed a prognostic signature of cell-
cycle genes in adenocarcinoma of the lung. The cell-cycle
proliferation (CCP) score was first applied to prostate
adenocarcinoma, demonstrating its role as a strong predictor of
death (36, 37). This score was tested retrospectively in three large
independent cohorts of patients who had undergone surgery for
lung cancer, testing 31 cell-cycle genes normalized by an average of
15 housekeeping genes. The combination of molecular and clinical
data established that the CCP score has been shown as a reliable
prognostic marker in the early stages of lung adenocarcinoma (28).
Although the CCP signature is a superior prognostic tool in prostate
cancer (36, 37), it is not surprising that many signatures lack
robustness when applied to additional datasets. For that reason,
other studies specifically in lung cancer patients have been carried
out. In particular, in 2015, Raphael Bueno et al. (23), in
collaboration with Myriad Genetics Inc., validated the CCP
molecular expression signature in a large population. This
confirmed that the signature could identify patients with a higher
risk of cancer-related death after surgical resection of early-stage (I-
II) lung adenocarcinoma (23). The researchers combined the CCP
score and the pathological stage to predict deaths related to lung
cancer. The genes selected and validated were those most involved
in lung cancer relapse (23). This molecular prognostic score was
then confirmed in a 2016 pilot study by Aramini B. and Myriad
Genetics Inc. on 318 patients who underwent surgery for early-stage
adenocarcinoma of the lung (29). The results confirmed the ability
to stratify early-stage, resected lung cancer patients at risk of distant
recurrence with the possibility of informing treatment and
surveillance decisions (28, 29). However, this study focused on
recurrence genes in human lung cancer cells. Considering the
important role of CSC in recurrence (38-42), we decided for the
first time to identify and extract cancer stem cells from human lung
cancer patients who had undergone surgery for early or locally
advanced NSCLC cancer, analyzing the same genes of recurrence
previously studied in human lung cancer cells (23). The choice to
use these genes derived from the fact that they have been previously
validated in a larger cohort of patients (23).

In summary, the aim of this study was to assess whether cancer
stem cells show overexpression of these recurrence-related genes,
which were previously identified for adenocarcinoma recurrence
(23), in patients with early and locally advanced stages of NSCLC.

We also believe that identifying genes that are expressed
differently in early and advanced stages may be crucial to
establish new target therapies and driving new diagnostic and
treatment approaches; these approaches could be used both in
early stages to better stratify patients and prevent recurrence and in
locally advanced stages to employ targeted anti-CSC treatment for
more effective cures.

METHODS

The study was conducted by harvesting surgical tumor specimens
obtained from 22 patients harboring early (I-II) and locally

advanced (IITA) stages of NSCLC. For each patient, cell sorting
was performed to identify and isolate the ALDH"#" (CSC) and
ALDH"" (cancer cells) populations. The mRNA expressions of 31
recurrence-related genes (target genes) in both ALDH"®" and
ALDH"" populations were then assessed and compared.

ALDH"®¢" and ALDH™" quantification was measured as the
percentage of viable cells according to cytofluorimetric analysis,
and the expression of target genes was measured as a Ct value
obtained by RT-PCR experiments.

Study Design and Data

The present study was a cross-sectional study carried out in
accordance with the guidelines for Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) (43). The
outcomes were the mRNA expressions of 31 target genes in
ALDH"®" and ALDH™" cell populations. The experimental RT-
PCR data used for this research was deposited in the Gene
Expression Omnibus public repository (https://www.ncbi.nlm.
nih.gov/geo/) with access number GSE157427.

Study Population

Patients who underwent major lung resection by lateral
thoracotomy at the Division of Thoracic Surgery of Modena
University Hospital (Italy) for stage I, II, or IIIA non-small cell
lung cancer (tumor, node, metastasis (TNM) staging system,
eighth edition) between October 2017 and September 2019 were
included in the study. Inclusion criteria were ages between 18 and
85; RO resection; availability of formalin-fixed, paraffin-embedded
surgery specimens from the primary tumor; and availability of
fresh surgical specimens for cytofluorimetric analysis. Exclusion
criteria were incomplete resection; unknown tumor, node, and
metastasis status; synchronous tumors; and previous lung cancer.

Primary Cells Isolated From Human

Lung Cancer

Surgical specimens were retrieved 1 to 2 h after surgery, washed in
50 mL sterile Falcon with Dulbecco’s phosphate-buffered saline
(D-PBS) (L1825-BC—Merck Millipore, Italy), and mechanically
minced into small pieces (2 mm to 4 mm). Samples were digested
for 60 min at 37 °C in a gentle MACS Octo dissociator according
to the manufacturer’s instructions, with Milteny tumor
dissociation in a MACS"™ C-Tube (Miltenyi Biotec, Italy). The
cell suspension was then filtered through 70-pum sterile cell
strainers, centrifuged at 300 x g for 5 min, and resuspended in a
DMEM and HAM’S F12 media mixture (2:1) (Gibco) containing
50 IU/mL penicillin-streptomycin and 4 mM glutamine. Viable
cells were counted using an optic phase-contrast microscope.

Cell Sorting and Cytofluorimetric Analysis

The ALDH"®" and ALDH™" cell populations were isolated through
cell sorting. The protocol followed the instructions of the
manufacturer (STEMCELL Technologies, Vancouver, BC).
Primary tumor cell suspension from the surgical specimens was
resuspended in ALDEFLUOR buffer containing BODIPY-
aminoacetaldehyde at a concentration of one million cells/ml.
Two tubes were labeled as “sample” and “control,” each
containing 5 pl diethylamino-benzaldehyde (DEAB), which is a
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specific inhibitor of ALDH. Both control and test samples were
incubated for 45 min at 37°C, protected from light. Following
incubation, the cells were spun at 300 x g for 5 min. The cell pellet
was resuspended in 1 ml ALDEFLUOR assay buffer. Following
incubation, cell morphology was evaluated using side scatter (SSC)
and forward scatter (FSC). Cell sorting and cytofluorimetric
analysis were performed using a BD FACSAria III (Becton
Dickinson, Franklin Lakes, NJ). The results were analyzed using
fluorescence-activated cell sorting (FACS) Diva software (Becton
Dickinson). The gating strategy included the ALDH"®" gate, which
was set at least one log apart from the ALDH"" gate. Sorted cells
were promptly lysed for gene expression analysis.

RNA Isolation and Retro Transcription

In accordance with the manufacturer’s instructions, RNA was
extracted from both ALDH"8" and ALDH"™" cells using the
RNeasy Mini Kit (Qiagen). Total RNA (500 ng) was reverse
transcribed using the RevertAid"" First Strand cDNA Synthesis
Kit (Thermo Scientific).

Gene Expression Analysis

Gene expression analysis was performed on ALDH"¢" and
ALDH™" cDNA samples using custom gene expression array
on TagMan low-density array (TLDA) cards. The cDNA was
pre-amplified in duplicate. The pre-amplified cDNA samples
and a control sample were diluted with Tris-EDTA (TE) buffer
and combined with TagMan Universal PCR Master Mix
(ThermoFisher Scientific, Waltham, Massachusetts, USA). The
resulting sample was loaded onto the array cards. The custom
TaqManTM gene expression assays (20X) (ThermoFisher
Scientific) were pooled and diluted to 0.2X with Teknova TE
(ThermoFisher Scientific). Gene expression was analyzed
through different runs with one control for each run. Analysis
of the pre-amplified cDNA was performed using ThermoFisher
scientific custom TaqMan gene expression array cards
(ThermoFisher Scientific) run on a QuantStudioTM 12K Flex
Real-Time PCR system. Expression data were recorded as the
cycle threshold (Ct) value, the PCR cycle at which the
fluorescence intensity exceeds a predefined threshold.

The gene panel used for the analysis contained 31 target genes
(36) (Table 1) and three housekeeping genes: RPL13A, RPL4,
and RPS29. Of the 31 target genes, 20 (64.5%) were related to the
cell cycle biological process, according to UniProt.

GO Enrichment Analysis

GO analysis was used to identify characteristic biological
processes (BP) for a large number of genes (39). The Reactome
Pathway Browser (https://reactome.org/) and the Search Tool for
the Retrieval of Interacting Genes (STRING, https://string-db.
org/) were used to investigate enriched BP terms for all the genes
that had differential relative mRNA expression in CSCs,
comparing early and locally advanced NSCLC stages.

PPI Network Construction and a Panel

of Certified Gene Analysis

Protein-protein interactions (PPI) were assessed (44). These
interactions can include direct (physical) and indirect

(functional) associations. They arise from computational
prediction, knowledge transfer between organisms, and
interactions aggregated from other (primary) databases. Data
were derived from five main sources: genomic context
predictions, high-throughput laboratory experiments,
conserved co-expression, automated text mining, and results of
previous studies. STRING v. 11 was used to explore the
interactive relationships of all the genes that had differential
relative mRNA expression in CSCs, comparing early and locally
advanced NSCLC stages. These relationships were reported as a
PPI network. The number of edges in the network and the PPI
enrichment p-value were calculated.

Statistical Analysis

Continuous variables were described as mean * standard
deviation (SD) and range or as the median and interquartile
range (IQR). Categorical variables were expressed as absolute
and percentage frequencies. Correlations between target gene
expressions were assessed by using Spearman’s rank correlation
coefficient. A comparison of the observed correlations of gene
expressions in ALDH"®" or ALDH'" cell populations was
conducted by using the Wilcoxon rank-sum test for all pairs of
target genes.

Undetermined Ct values obtained from RT-PCR experiments
were imputed. When one of the two duplicates had an
undetermined Ct value, it was set as equal to the Ct of the other
replicate. The remaining Ct values were then imputed as the
maximum observed value for the specific target gene (45, 46).
This was done only for patients who had at least one valid Ct
value for that gene in ALDH™S" or ALDH'"" cells.
Normalization of mRNA expression was performed by
considering the expressions of three housekeeping genes
(RPL13A, RPL4, and RPS29).

The relative mRNA expression of each of the 31 target genes
was assessed, comparing ALDH"#" to ALDH'"Y cell populations,
by using linear mixed models (LMM) (47). The main analysis
was carried out separately for patients with early-stage (I-II)
NSCLC and locally advanced-stage (IIIA) NSCLC. Moreover, a
secondary analysis was carried out by considering patients
harboring adenocarcinoma or squamous cell carcinoma. The
dependent variable in LMM was the Ct value, and the
independent variables were ALDH (high vs. low), gene (target
gene compared to the average of housekeeping genes), ALDH "
gene interaction, histotype (adenocarcinoma or squamous cell
carcinoma), and stage (early or locally advanced). The models
also included a random intercept and a random ALDH'" gene
interaction term that was specific for each patient, to account for
correlations in individual Ct values. LMMs were estimated for
each gene on those patients who had at least one available Ct
value for that target gene in ALDH"&" or ALDH"" cells. The
results of LMMs were reported as fold changes (FC) and
normalized differences in cycle thresholds (AACt equal to -log2
FC) with 95% confidence intervals (95% CI). As a summary
measure, using the same statistical methodology, we also
calculated the average relative mRNA expression considering
all target genes together. This latter analysis aimed at measuring
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TABLE 1 | List of target genes and associated biological processes.

Official Official Full name Biological processes (UniProt)
symbol
ASF1B Anti-Silencing Function 1B Histone Differentiation, Spermatogenesis, Transcription, Transcription regulation
Chaperone
ASPM Assembly Factor For Spindle Cell cycle, Cell division, Mitosis
Microtubules
BIRC5 Baculoviral IAP Repeat Containing 5 Apoptosis, Cell cycle, Cell division, Chromosome partition, Mitosis, Transcription, Transcription regulation
BUB1B Mitotic Checkpoint Serine/Threonine  Apoptosis, Cell cycle, Cell division, Mitosis
Kinase B
C18orf24 Spindle And Kinetochore Associated  Cell cycle, Cell division, Mitosis
Complex Subunit 1
CDC20 Cell Division Cycle 20 Cell cycle, Cell division, Differentiation, Mitosis, Neurogenesis, Ubiquitin-like conjugation pathway
CDCA3 Cell Division Cycle Associated 3 Cell cycle, Cell division, Mitosis, Ubiquitin-like conjugation pathway
CDCA8 cell division cycle associated 8 Cell cycle, Cell division, Mitosis
CDKA1 Cyclin Dependent Kinase 1 Cell cycle, Cell division, DNA damage, DNA repair, Meiosis, Mitosis
CDKN3 Cyclin Dependent Kinase 3 Cell cycle
CENPF Centromere Protein F Cell cycle, Cell division, Differentiation, DNA synthesis, Mitosis, Myogenesis
CENPM Centromere Protein M Assembly of kinetochore proteins, mitotic progression and chromosome segregation
CEP55 Centrosomal Protein 55 Cell cycle, Cell division, Mitosis
DLGAPS DLG Associated Protein 5 Cell cycle
DTL Denticleless E3 Ubiquitin Protein Biological rhythms, DNA damage, DNA replication, Ubiquitin-like conjugation pathway
Ligase Homolog
FOXM1 Forkhead Box M1 Cell cycle, DNA damage, DNA repair, Transcription, Transcription regulation
KIAAO101 PCNA-associated factor DNA damage, DNA repair
KIF11 Kinesin Family Member 11 Cell cycle, Cell division, Mitosis
KIF20A Kinesin Family Member 20A Protein transport, Transport
MCM10 Minichromosome Maintenance 10 DNA damage, DNA replication
Replication Initiation Factor
NUSAP1 Nucleolar And Spindle Associated Cell cycle, Cell division, Mitosis
Protein 1
ORC6L Origin Recognition Complex, Subunit  DNA replication
6 Homolog-Like
PBK PDZ Binding Kinase Mitosis
PLKA1 Polo-like Kinase 1 Cell cycle, Cell division, Mitosis
PRC1 Protein Regulator Of Cytokinesis 1 Cell cycle, Cell division
PTTG1 PTTG1 Regulator Of Sister Chromatid ~ Cell cycle, Cell division, Chromosome partition, DNA damage, DNA repair, Mitosis
Separation
RAD51 RAD51 recombinase DNA damage, DNA recombination, DNA repair
RAD54L Recombination Protein RAD54-like DNA damage, DNA repair
RRM2 Ribonucleotide Reductase Regulatory  DNA replication
Subunit M2
TK1 Thymidine Kinase 1 DNA synthesis
TOP2A DNA Topoisomerase Il Alpha Biological rhythms, Mitotic cell cycle G2/M transition decatenation checkpoint, Response to genotoxic stress, Up

regulation of apoptosis, Activation of transcription from RNA polymerase Il promoter

the unweighted difference between the average expression of the
31 target genes and the average expression of the 3 housekeeping
genes; this calculation is similar to the calculation of the CCP
score in (23).

A difference in relative mRNA expression was taken into
account when the same target gene analyzed in both early stages
and locally advanced stages showed an absolute value in AACt
greater than 2. The same method was applied to compare target
genes in both adenocarcinomas and squamous cell carcinomas.

To correct for multiple testing, the Benjamini-Hochberg false
discovery rate (FDR) correction also was applied. Both raw and
FDR-corrected p-values were reported for relative mRNA
expression measures.

All statistical analyses were performed with R 3.4.3 software
(The R Foundation for Statistical Computing, Wien) at a
significance level of p < 0.05.

RESULTS

Characteristics of Patients and Specimens
There were 22 patients with NSCLC who met the inclusion
criteria (Table 2). Of them, 17 (77.3%) had adenocarcinoma, and
5 (22.7%) had squamous cell carcinoma. The average age was
70.0 + 9.3 years (range = 52 - 84), 14 (63.6%) patients were males,
and all were smokers or former smokers. Overall, clinical-stage
IITA (45.5%) was more frequent than stage I (31.2%) or stage II
(22.7%). Furthermore, stage IIIA was observed in 8 (47.1%)
adenocarcinomas and 1 (20%) squamous cell carcinoma.

Cancer Stem Cells Isolation
Cancer cells from lung surgical tumor specimens were efficiently
isolated, as proven by the FSC and SSC values during
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TABLE 2 | Characteristics of patients.

Characteristics of patients

Age Years mean +SD  70.0 +9.3
median 70 (63 - 75)
(IQR)
Gender Male n (%) 14 (63.6%)
Smoker' Yes n (%) 22
(100.0%)
Stage | n (%) 7 (31.2%)
Il n (%) 5 (22.7%)
A n (%) 10 (45.5%)
Histotype Adenocarcinoma n (%) 17 (77.3%)
Squamous Cell Carcinoma n (%) 5 (22.7%)
ALDH™" frequency % mean+SD  4.0=+3.4
Tumor dimension mm mean +SD  51.6 £ 23.4
Type of resection Pneumonectomy n (%) 3 (13.6%)
Lobectomy n (%) 19 (86.4%)
Surgical approach Lateral Thoracotomy n (%) 15 (68.8%)
Video Assisted n (%) 7 (31.2%)
Thoracoscopy
Diagnostic Flexible Bronchoscopy n (%) 11 (50.0%)
procedure Endobronchial Ultrasound n (%) 11 (50.0%)

SD, standard deviation; IQR, interquartile range; 'including former smokers.

morphology evaluation at cytofluorimetric analysis. The
viability of the samples was good based on 7-AAD staining.
The CSCs were physically isolated by FACS from the bulk
parental tumor cell population and recovered according to the
gating strategy described by Masciale et al. (48). An ALDH"¢"
subpopulation was identified in all samples; on average, this
subpopulation was 4.0% + 3.4% (range 0.4%-12.5%) of all
viable lung cancer cells.

Descriptive Analysis of RT-PCR Data
There were 980 valid Ct values for target genes from the RT-PCR
analyses. An additional 192 undetermined Ct values were
imputed as being equal to their duplicate values, and 252 were
imputed as the maximum observed Ct value for the specific gene.
A high correlation was found among the Ct values of the
target genes in ALDH™E" cells, with a median Spearman’s
correlation coefficient equal to 0.86 (IQR = 0.81-0.90). In
ALDH"" cells, the median Spearman’s correlation coefficient
was 0.72 (IQR = 0.58-0.80). This was significantly lower than that
of ALDHM8" cells (p <.0001 by Wilcoxon test) (Figure 1). The
genes that were less correlated to the other genes in ALDH™"
cells were CDC20, KIAA0101, and PBK.

Relative mRNA Expression of Target
Genes in Early and Locally Advanced
Stages of NSCLC

The relative mRNA expression, comparing ALDH™®" to
ALDH"" cell populations in early and locally advanced stages
of NSCLG, is shown in Figure 2. The results showed that 28
(90.3%) genes in the early stages of NSCLC and 11 (35.5%) genes
in locally advanced stages of NSCLC were overexpressed in
ALDH™®" cells with FC > 2, regardless of statistical

significance. Furthermore, 16 (51.6%) target genes were
significantly overexpressed in ALDH"®" cells in the early
stages (PTTG1, TOP2A, CEP55, BIRC5, TK1, ASPM, CDK1,
PRC1, CDKN3, DLGAP5, FOXM1, NUSAP1, CENPM, CDCAS,
DTL, and CENPEF), and 9 (29.0%) genes in locally advanced
stages of NSCLC were overexpressed (PTTG1, KIF20A, PLKI,
CDK1, C18orf24, ASF1B, CDCAS8, FOXM1, and CDCA3).
Overall, the relative mRNA expressions for these latter genes
were higher in early-stage patients. Indeed, the FC values ranged
from 16.3 for PTTGI to 4.2 for CENPF in early-stage patients
and from 4.3 for PTTGI to 1.9 for CDCA3 in locally advanced-
stage patients (Figure 2). The average FC, considering all 31
target genes together, was 4.5 (95% CI = 3.1-6.3, p-value <.0001)
in early-stage patients and 1.6 (95% CI = 1.2-2.2, p-value = .0010)
in locally advanced-stage patients; the difference between them
was statistically significant (p-value of the interaction term
<.0001). When the FDR correction was applied for multiple
comparisons, the number of overexpressed genes declined to 15
(48.4%) in the early stages and 3 (9.7%) in locally advanced
stages. To describe the internal consistency within the early-stage
subgroup, we also compared the AACt values between stage I and
stage II patients. The average AACt in stage I patients was -1.60
(95% CI = -1.02; -2.17, p-value <.0001) and -2.64 (95% CI =
-1.90; -3.38, p-value <.0001) in stage II patients; their difference
was slightly not statistically significant (p-value of the interaction
term = 0.0550). Finally, there were 10 target genes that had a
differential relative mRNA expression (difference in AACt > 2)
comparing patients with early and locally advanced stages of
NSCLC were compared (ASPM, BIRC5, TOP2A, TK1, ORC6L,
DLGAP5, KIAA0101, PRC1, CEP55, and DTL) (Figure 2). All of
these genes showed higher relative mRNA expression in early-
stage NSCLC.

Relative mRNA Expression of Target
Genes in Adenocarcinoma and Squamous
Cell Carcinoma

The relative mRNA expression in all stages of adenocarcinoma
and squamous cell carcinoma is shown in Figure 3. On average,
the relative expression measures did not differ greatly between
the two subgroups, in which only two target genes had AACt that
differed by more than 2 Ct (CENPM and TK1). The estimates for
squamous cell carcinoma were less precise because of the smaller
sample size.

GO Enrichment Analysis
All 10 proteins derived from the 10 differentially overexpressed
genes in CSCs were analyzed, and early and locally advanced
NSCLC stages were compared. The PPI network contained 10
nodes and 41 edges with a PPI enrichment p-value <.0001. This
indicated that these proteins were involved in the same biological
processes (Figure 4), except for ORC6L, which was not as closely
related to the other proteins.

When patients with early and locally advanced stages of
NSCLC (Table 3) were compared with regard to these 10
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FIGURE 1 | Correlation between mRNA expression of target genes in ALDH"" and ALDH " cells in non-small cell lung cancer. (A) correlation in ALDH™" cells;
(B) correlation in ALDH" cells. The Spearman’s correlation coefficient for Ct values is reported for each pair of target genes by using a circle. The color and the
diameter of the circles are proportional to the intensity of the correlations, as reported in the color palette. Blue indicates a highly positive correlation, white indicates
no correlation, and red indicates a highly negative correlation.
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FIGURE 2 | Relative mRNA expression of target genes in ALDH™" cells compared to ALDH®" cells in early and advanced stages of non-small cell lung cancer. The plots
show relative mRNA expression measures of 31 recurrence genes, comparing ALDH™" to ALDH®" cells populations. The red color of boxes indicates a higher expression
in ALDH™" cells, whereas the blue color indicates a higher expression in ALDH" cells. (A) early NSCLC stages (-1l); (B) advanced NSCLC stages (llIA). Ct = cycle
thresholds. AACt = Delta Delta Ct (normalized difference in Ct). The mid-points of the boxes are the punctual estimates and the boxes represent the 95% confidence
intervals (not adjusted for multiple comparisons). The level of statistical significance is reported as red (p < 0.01) or orange (p < 0.05) circles next to the boxes. Small circles
represent raw p-values, whereas large circles represent Benjamini-Hochberg-corrected p-values (i.e. with false discovery rate (FDR) correction). There were 16 (51.6%)
target genes that were significantly overexpressed in the early stages and 9 (29.0%) genes significantly overexpressed in the advanced stages of NSCLC. When the FDR
correction was applied for multiple comparisons, the number of overexpressed genes declined to 15 (48.4%) in early stages and 3 (9.7%) in advanced stages.
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(29.0%) in squamous cell carcinoma.

proteins differentially overexpressed in CSCs, all of these
proteins were found to be involved in the cell cycle and cell
cycle regulation (Table 3).

DISCUSSION

Cancer stem cells are amongst the most debated causes of
recurrence and resistance to anti-cancer treatments (26, 38-
41). However, difficulties in identifying these cell populations in
human tissue caused several limitations, especially for testing
new drugs. Recently, Masciale et al. have suggested that there is a
subpopulation of cells CD44+/EpCAM+ with a high correlation
with ALDH"®" cell populations (49) which were previously
shown to be cancer stem cells in NSCLC patients (48). A
marker like ALDH for cancer stem cells has also been
identified and described by many scientists (50-52).
Additionally, the subject of NSCLC recurrence has been a
source of significant interest because there is no effective
treatment for lung cancer, and the five-year survival rate
for lung cancer is 56% for cases detected when the disease is
still localized (within the lungs) (53, 54). However, only 16%
of lung cancer cases are diagnosed at an early stage. For distant

Squamous Cell Carcinoma
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FIGURE 3 | Relative mRNA expression of target genes in ALDH™" cells compared to ALDH°" cells in all stages of adenocarcinoma and squamous cell carcinoma.
The plots show relative mRNA expression measures of 31 recurrence genes, comparing ALDH™" to ALDHY cells populations. The red color of boxes indicates a
higher expression in ALDH™" cells, whereas the blue color indicates a higher expression in ALDH°" cells. (A) all stages adenocarcinoma; (B) all stages squamous
cell carcinoma. Ct = cycle thresholds. AACt = Delta Delta Ct (normalized difference in Ct). The mid-points of the boxes are the punctual estimates and the boxes
represent the 95% confidence intervals (not adjusted for multiple comparisons). The level of statistical significance is reported as red (p < 0.01) or orange (p < 0.05)
circles next to the boxes. Small circles represent raw p-values, whereas large circles represent Benjamini-Hochberg-corrected p-values (i.e. with false discovery rate
(FDR) correction). There were 12 (38.7%) target genes that were significantly overexpressed in adenocarcinoma and 6 (19.4%) genes overexpressed in squamous
cell carcinoma. When the FDR correction was applied for multiple comparisons, the number of overexpressed genes declined to 9 (29.0%) in adenocarcinoma and 9

tumors (spread to other organs), the five-year survival rate is
only 5% (53).

The latest TNM guidelines (VIII Ed.) described the different
stages for NSCLC based on tumor dimension (T), lymph node
involvement (N), and other organ disseminations (M or
metastasis) (9). At present, patients in the early stages are
usually enrolled for surgical treatment with 5 years’ follow-up
without medical therapies (9). The major problem is that early
stages develop recurrence rather quickly, and more than 80% of
recurrences occur within the first 2 years after resection (55).
This aspect is one of the most crucial points in studies of
recurrence that have been conducted in recent decades (56,
57). Since 2010, scientists have attempted to define a
prognostic score to prevent recurrence in patients with early-
stage adenocarcinoma of the lung. This is the most frequent
histotype, occurring in 80%-85% of NSCLC (54-57).

In 2015, Bueno et al. from Brigham and Women Hospital
(BWH) in collaboration with the Edinburgh College and Myriad
Genetics Inc., isolated and validated a pool of genes mostly
correlated with recurrence in a large population of patients
harboring lung adenocarcinoma. They defined a prognostic
score for early-stage adenocarcinoma (23). The possibility of
applying this score for the early stages of lung cancer is highly
promising, and it may be considered a milestone for new
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FIGURE 4 | Protein annotations of genes with differential relative mRNA expression in early- and advanced-stage non-small cell lung cancer stem cells. (A) STRING
diagram representing a protein interaction pathway derived from 10 genes identified as overexpressed in lung CSCs (https://string-db.org/). The network was made
by 41 edges with a protein-protein interaction enrichment p-value < 0.0001. (B) Gene co-expression analysis revealed that in Homo Sapiens, all the genes were
highly co-expressed except for the ORCEL gene. In the triangle matrix, the color indicates the level of co-expression of pairs of proteins in Homo sapiens. The co-
regulation map can be explored at www.proteomeHD.net.

TABLE 3 | GO enrichment analysis.

GO:Term Description Count in gene set p-value'
G0:0022402 cell cycle process 8 of 890 0.0000
G0:1903047 mitotic cell cycle process 6 of 564 0.0000
G0:0000280 nuclear division 5 of 268 0.0000
GO:0051726 regulation of cell cycle 7 of 1129 0.0000
G0:0051302 regulation of cell division 4 0of 179 0.0001

G0:0051301 cell division 5 of 483 0.0001

GO:1901992 positive regulation of mitotic cell cycle phase transition 3 of 65 0.0003
GO:0007059 chromosome segregation 4 of 253 0.0003
G0:0007017 microtubule-based process 5 of 605 0.0003
GO:0000910 cytokinesis 3of 71 0.0003
G0:0071897 DNA biosynthetic process 3 0f 95 0.0005
G0:0006259 DNA metabolic process 50f 773 0.0007
GO:0051782 negative regulation of cell division 2 of 16 0.0010
GO:0007051 spindle organization 3of 123 0.0010
G0:0000819 sister chromatid segregation 3 of 123 0.0010
G0:0000226 microtubule cytoskeleton organization 4 of 393 0.0010
GO:0140014 mitotic nuclear division 3 of 136 0.0011

G0:0000075 cell cycle checkpoint 3 0of 193 0.0027
G0:0006260 DNA replication 3 of 203 0.0028
GO:0007346 regulation of mitotic cell cycle 4 of 608 0.0036
G0:0019985 translesion synthesis 2 of 41 0.0042
G0:0010564 regulation of cell cycle process 4 of 684 0.0052
G0:0045840 positive regulation of mitotic nuclear division 2 of 54 0.0056
GO:0030071 regulation of mitotic metaphase/anaphase transition 2 of 49 0.0056
G0:0000281 mitotic cytokinesis 2 of 50 0.0056
G0:0033044 regulation of chromosome organization 30of 313 0.0066
G0:0051225 spindle assembly 2 of 70 0.0076
G0:0007052 mitotic spindle organization 2 of 70 0.0076
G0:0051303 establishment of chromosome localization 20of 72 0.0077

GO analyses were performed using STRING (https://string-db.org/). 'Benjamini-Hochberg-corrected p-value. Only the 30 most significant GO terms were reported.
Summary of the biological processes of GO terms of the 10 target genes that showed differential relative mRNA expression in lung CSCs comparing early stages (I-ll) with advanced stages
(IA) NSCLC.
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approaches for preventive treatments against recurrence in both
short- and long-term periods. Supporting this scenario, Aramini
et al. in 2016 confirmed that the CCP score was effective for
predicting recurrence in patients who underwent surgery for
early-stage adenocarcinoma of the lung (29).

This aspect has been recently discussed within a proposal of a
new grading system for invasive pulmonary adenocarcinoma of
the lung (58).

In light of the importance of CSC as a cause of recurrence and
drug resistance, and supported by the knowledge of the pool of
genes involved in recurrence (23), we designed our study to
analyze 22 consecutive patients who underwent surgery for stage
I, 11, or IITA NSCLC. From the surgical samples, we isolated the
cancer stem cells (ALDH™8" cells) and the cancer cells (ALDH™*"
cells) which had been recently studied by our group for
adenocarcinoma and squamous cell carcinoma of the lung (48).

The main result of this research was that the pool of the
previously validated cell cycle genes was highly overexpressed in
ALDH"" cells when compared with ALDH™" cells in the early
stages of NSCLC, whereas overexpression was lower in locally
advanced stages of NSCLC. Regarding the higher expression of
target genes in early stages (stage I/II), these genes are cell cycle-
related and CSCs are characterized by self-renewal ability and
uncontrolled proliferation, mainly responsible for the
development of tumor initiation and progression (59).
Together, these two conditions explain the higher level of gene
expression in early stages, since a high proliferation rate is
required, especially during the initial phase of progression, to
sustain tumorigenesis and establish cellular heterogeneity within
the primary tumor (60). According to our results, attention
should be paid to the cell division pathway, particularly
including PTTG1, TOP2A, CEP55, BIRC5, TK1, and ASPM
genes that showed high overexpression in CSC (FC > 8).
Moreover, our results indicated that other genes associated
with the cell cycle (CDK1, PRC1, ASF1B, CDKN3, DLGAPS5,
FOXM1, KIAA0101, CDCA3, KIF20A, NUSAP1, CENPM,
PLK1, CDCAS8, DTL, and CENPF) were overexpressed (FC >
4) in lung cancer stem cells compared to in cancer cells.
Although the cell cycle has been studied extensively at the
molecular level since the end of the 20th century (61, 62), and
because any perturbation in the expression of cell-cycle genes
may lead to apoptosis or cancer (61), we did not focus on the
mechanism of the cell-cycle genes. Rather, we aimed to
determine if the dysregulation of those genes would also be
present in cancer stem cells, representing the main cause of
tumor relapse (63). Identifying overexpression of these genes in
cancer stem cells could represent a significant opportunity for the
treatment of lung cancer, both in the early and locally advanced
stages. This may offer researchers the chance to block the specific
gene or the regulated downstream processes that occurred in in
vitro studies on prostate carcinoma, blocking PLK1 (64).
Moreover, CDCA5 which was overexpressed in hepatocellular
carcinoma (65), has been silenced with the consequent inhibition
of the progression of tumors. Indeed, gene targeting is becoming
a significant therapeutic modality with an increasing number of
short interfering RNA drug approvals by the United States FDA.

Nevertheless, there has been no attempt to silence genes in lung
cancer stem cells as human HIF-20. was silenced in glioblastoma
cancer stem cells (66).

In addition, even for locally advanced NSCLC, we identified a
smaller pool of genes that were significantly overexpressed in
ALDH"" cells. The study of these overexpressed genes could be
helpful for the development of new target therapies, even in
patients with locally advanced disease. Similarly, the resulted
data on the overexpression in CSC of the cell cycle related genes
may pave the way to new treatments ensuring a better prognosis
in terms of tumor regression and survival for NSCLC patients.

Another interesting result from our study, although observed
on a small number of patients, was that some genes showed
differential overexpression in adenocarcinoma and squamous
cell carcinoma of the lung. This aspect suggests a new approach
for future treatments against cancer stem cells of each
specific histotype.

Limitations

The results of this study are limited in part by its observational
design, making it impossible to rule out the possibility of
selection bias or confounding bias. Moreover, the number of
enrolled patients was mainly based on tissue and resource
availability; therefore, it did not represent the optimal sample
size. However, the analysis of paired NSCLC human tissues
(ALDH"®" and ALDH"") should have reduced the probability
of a relevant confounding bias, and the selection bias should have
been tempered by including all eligible cases in the considered
period. Furthermore, this is the first study assessing the
expression of CSC in human NSCLC tissue and its relationship
with previously validated recurrence-related genes. It is also
important to emphasize that the extraction, sorting, and
mRNA analysis involved a multidisciplinary team and a
significant amount of work. Nevertheless, the generalizability
of our results is limited by the sample size; further studies in
larger populations of early and locally advanced stage
adenocarcinomas and squamous cell carcinomas are necessary
to confirm our findings. Moreover, the direct relationship
between the expression of these genes in CSC and the overall
survival and relapse-free survival of NSCLC patients still needs to
be assessed.

Another limitation relates to the use of ALDH as a marker for
CSCs. Isolation of CSC has been challenging since the beginning,
and several methods were used for their isolation. One of the
most commonly used is flow cytometry (FCM) employing CSC-
specific cell surface markers, like CD133 and CD44, and the
ALDHIALI, which is the most used and described marker for
lung cancer stem cells (67).

Finally, other limitations are that the pool of target genes
analyzed was relatively small and that it was previously identified
only for adenocarcinoma, while in this study we also assessed the
target genes’ relative mRNA expression in squamous cell
carcinoma. However, we observed similar results for these two
histotypes, which may suggest a relevant role of the recurrence-
related genes in patients harboring squamous cell carcinoma
as well.
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CONCLUSION

Our study represents the first attempt towards identifying the
genes associated with recurrence that are overexpressed in cancer
stem cells in patients with early and locally advanced stages of
NSCLC. Our results highlight the importance of overexpressed
genes in cancer stem cells, which may be considered for new
target therapies selected for NSCLC stages. In particular, basic
experiments of CSC culture may be necessary for further studies
to show the effectiveness of new treatment for targeting genes
associated with the cell cycle (68). The future settings and
development of new targeted drugs, using the most expressed
genes in cancer stem cells for early or locally advanced stages,
may represent a vital new approach to reduce recurrence, as well
as to more effectively treat lung cancer patients.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: NCBI Gene
Expression Omnibus, https://www.ncbi.nlm.nih.gov/
geo/ (GSE157427).

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by this Study, involving human subjects, human
material, and human data, has been performed in accordance
with the Declaration of Helsinki and has been approved by the
Ethics committee at University Hospital of Modena, MODENA,
Italy, on 17 March 2017, Prot. N. 914/C.E. Further information
and documentation to support this is available to the Editor on
request. The patients/participants provided their written
informed consent to participate in this study.

REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. A Cancer J Clin (2018) 68:394-424.
doi: 10.3322/caac.21492

2. Yuan M, Huang LL, Chen JH, Wu J. Xu Q.The emerging treatment landscape
of targeted therapy in non-small-cell lung cancer. Signal Transduct Targeted
Ther (2019) 4:61. doi: 10.1038/541392-019-0099-9

3. Owen D, Chaft JE. Immunotherapy in surgically resectable non-small cell lung
cancer. ] Thorac Dis (2018) 10(Suppl 3):5404-11. doi: 10.21037/jtd.2017.12.93

4. Sambi M, Bagheri L, Szewczuk MR. Current Challenges in Cancer
Immunotherapy: Multimodal Approaches to Improve Efficacy and Patient
Response Rates. ] Oncol (2019) 2019:4508794. doi: 10.1155/2019/4508794

5. Bai R, Li L, Chen X, Chen N, Song W, Cui J. Neoadjuvant and Adjuvant
Immunotherapy: Opening New Horizons for Patients With Early-Stage
Non-small Cell Lung Cancer. Front Oncol (2020) 10:575472. doi: 10.3389/
fonc.2020.575472

6. Carrizosa DR, Gold KA. New strategies in immunotherapy for non-small cell
lung cancer. Transl Lung Cancer Res (2015) 4(5):553-9. doi: 10.3978/
jissn.2218-6751.2015.06.05

AUTHOR CONTRIBUTIONS

The idea for the manuscript was conceived in September 2016 by
BA and MD and was further developed by VM, GG, FB, RD’A,
AM, AS, and AM were involved in histopathological diagnosis.
BA, VM, and FB wrote the first draft of the manuscript. BA and
UM have been involved in surgery and tissue collection. VM and
GG performed laboratory experiments, whereas FB and RD’A
performed the statistical analysis. BA, VM, FB, MD, RD’A, AM,
and UM all reviewed the manuscript and were involved in its
critical revision before submission. All authors contributed to the
article and approved the submitted version.

FUNDING

The Project has been supported in part by funds from the
Division of Thoracic Surgery of the University Hospital of
Modena and from the Laboratory of Cellular Therapy of the
University of Modena and Reggio Emilia, from unrestricted
grant from Myriad Inc. (US) and from the Italian Ministry of
Education, University and Research: Departments of
Excellence 2017.

ACKNOWLEDGMENTS

The Authors thank Myriad Genetics Inc, and in particular
Susanne Wagner and Robin Riley for their support.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2021.613198/
full#supplementary-material

~

. Nguyen-Ngoc T, Reck M, Tan DSW, Peters S. Immunotherapy and targeted
therapies in the treatment of non-small cell lung cancer. Eur Oncol Haematol
(2017) 13(1):35-52. doi: 10.17925/EOH.2017.13.01.35

. Zappa C, Mousa SA. Non-small cell lung cancer: current treatment and future
advances. Transl Lung Cancer Res (2016) 5(3):288-300. doi: 10.21037/tlcr

9. Rami-Porta R, Bolejack V, Giroux DJ, Chansky K, Crowley J, Asamura H,

et al. The IASLC Lung Cancer Staging Project: The New Database to Inform

the Eighth Edition of the TNM Classification of Lung Cancer. ] Thorac Oncol

(2014) 9:1618-24. doi: 10.1097/JT0O.0000000000000334

Burdett S, Pignon JP, Tierney J, Tribodet H, Stewart L, Le Pechoux C, et al.

Adjuvant chemotherapy for resected early-stage non-small cell lung cancer.

Cochrane Database Syst Rev (2015) 2(3):CD011430. doi: 10.1002/

14651858.CD011430

NSCLC Meta-analysis Collaborative Group. Preoperative chemotherapy for

non-small-cell lung cancer: a systematic review and meta-analysis of

individual participant data. Lancet (2014) 383:1561-71. doi: 10.1016/S0140-
6736(13)62159-5

Lim E, Harris G, Patel A, Adachi I, Edmonds L, Song F. Preoperative versus

postoperative chemotherapy in patients with resectable non-small cell lung

cancer: systematic review and indirect comparison meta-analysis of randomized
trials. J Thorac Oncol (2009) 4:1380-8. doi: 10.1097/JTO.0b013e3181b%ecca

o

10.

11.

12.

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 613198


https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
https://www.frontiersin.org/articles/10.3389/fonc.2021.613198/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.613198/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.1038/s41392-019-0099-9
https://doi.org/10.21037/jtd.2017.12.93
https://doi.org/10.1155/2019/4508794
https://doi.org/10.3389/fonc.2020.575472
https://doi.org/10.3389/fonc.2020.575472
https://doi.org/10.3978/j.issn.2218-6751.2015.06.05
https://doi.org/10.3978/j.issn.2218-6751.2015.06.05
https://doi.org/10.17925/EOH.2017.13.01.35
https://doi.org/10.21037/tlcr
https://doi.org/10.1097/JTO.0000000000000334
https://doi.org/10.1002/14651858.CD011430
https://doi.org/10.1002/14651858.CD011430
https://doi.org/10.1016/S0140-6736(13)62159-5
https://doi.org/10.1016/S0140-6736(13)62159-5
https://doi.org/10.1097/JTO.0b013e3181b9ecca
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Masciale et al.

Cancer Stem Cells Gene Signature

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Felip E, Rosell R, Maestre JA, Rodriguez-Paniagua JM, Moran T, Astudillo J,
et al. Preoperative chemotherapy plus surgery versus surgery plus adjuvant
chemotherapy versus surgery alone in early-stage non-small-cell lung cancer.
J Clin Oncol (2010) 28:3138-45. doi: 10.1200/JC0O.2009.27.6204

Chaft JE, Dunphy M, Naidoo ], Travis WD, Hellmann M, Woo K, et al.
Adaptive neoadjuvant chemotherapy guided by (18)F-FDG PET in resectable
non-small cell lung cancers: the NEOSCAN trial. ] Thorac Oncol (2016)
11:537-44. doi: 10.1016/j.jtho.2015.12.104.

Hellmann MD, Chaft JE, William WN Jr, Rusch V, Pisters KM, Kalhor N,
et al. Pathological response after neoadjuvant chemotherapy in resectable
non-small-cell lung cancers: proposal for the use of major pathological
response as a surrogate endpoint. Lancet Oncol (2014) 15:e42-50.
doi: 10.1016/S1470-2045(13)70334-6

Chiari R, Sidoni A, Metro G. Early stage resectable non-small cell lung cancer:
is neoadjuvant immunotherapy the right way forward? ] Thorac Dis (2018) 10
(Suppl 33):53890-4. doi: 10.21037/jtd.2018.10.22

Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman J, Chirieac LR, et al.
Non-Small Cell Lung Cancer, Version 5.2017, NCCN Clinical Practice
Guidelines in Oncology. J Natl Compr Canc Netw (2017) 15(4):504-35. doi:
10.6004/jnccn.2017.0050

Toschi L, Rossi S, Finocchiaro G, Santoro A. Non-small cell lung cancer
treatment (r)evolution: ten years of advances and more to come.
Ecancermedicalscience (2017) 11:787. doi: 10.3332/ecancer.2017.787
Doroshow DB, Sanmamed MF, Hastings K, Politi K, Rimm DL, Chen L, et al.
Immunotherapy in Non-Small Cell Lung Cancer: Facts and Hopes. Clin
Cancer Res (2019) 25(15):4592-602. doi: 10.1158/1078-0432.CCR-18-1538
Uprety D, Mandrekar SJ, Wigle D, Roden AC, Adjei AA. Neoadjuvant
Immunotherapy for NSCLC: Current Concepts and Future Approaches.
J Thorac Oncol (2020) 15(8):1281-97. doi: 10.1016/j.jtho.2020.05.020
Lopez-Chavez A, Thomas A, Rajan A, Raffeld M, Morrow B, Kelly R, et al.
Molecular profiling and targeted therapy for advanced thoracic malignancies:
a biomarker-derived, multiarm, multihistology phase II basket trial. J Clin
Oncol (2015) 33(9):1000-7. doi: 10.1200/JCO.2014.58.2007

Garon EB, Abarca PA, Strunck JL, Nameth D, Neumann C, Wolf B, et al.
Clinical Trials in Non-Small Cell Lung Cancer with Biomarker Driven
Treatment Allocation: Ready or Not, Here We Come. Crit Rev Oncog
(2015) 20(5-6):339-47. doi: 10.1615/CritRevOncog.v20.i5-6.70

Bueno R, Hughes E, Wagner S, Gutin AS, Lanchbury JS, Zheng Y, et al.
Validation of a Molecular and Pathological Model for Five-Year Mortality
Risk in Patients with Early Stage Lung Adenocarcinoma. J Thorac Oncol
(2015) 10:67-73. doi: 10.1097/JT0O.0000000000000365

Chang JC. Cancer stem cells Role in tumor growth, recurrence, metastasis,
and treatment resistance. Medicine (2016) 95:S1. doi: 10.1097/MD.
0000000000004766

Afify SM, Seno M. Conversion of Stem Cells to Cancer Stem Cells:
Undercurrent of Cancer Initiation. Cells (2020) 9:563. doi: 10.3390/
cells9030563

Phi LTH, Sari IN, Yang YG, Lee SH, Jun N, Kim KS§, et al. Cancer Stem Cells
(CSCs) in Drug Resistance and their Therapeutic Implications in Cancer
Treatment. Stem Cells Int (2018) 2018:5416923. doi: 10.1155/2018/5416923
Wang Y, Wang Y, Wang Y. Zhang Y.Identification of prognostic signature of
non-small cell lung cancer based on TCGA methylation data. Sci Rep (2020)
10:8575. doi: 10.1038/s41598-020-65479-y

Wistuba II, Behrens C, Lombardi F, Wagner S, Fujimoto J, Raso MG, et al.
Validation of a Proliferation-Based Expression Signature as Prognostic
Marker in Early Stage Lung Adenocarcinoma. Clin Cancer Res (2013) 19
(22):6261-71. doi: 10.1158/1078-0432.CCR-13-0596

Aramini B, Casali C, Stefani A, Bettelli S, Wagner S, Sangale Z, et al. Prediction
of distant recurrence in resected stage I and II lung adenocarcinoma. Lung
Cancer (2016) 101:82-7. doi: 10.1016/j.lungcan.2016.09.005

Shao W, Wang D, He J. The role of gene expression profiling in early-stage
non-small cell lung cancer. J Thorac Dis (2010) 2(2):89-99.

Zhu CQ, Ding K, Strumpf D, Weir BA, Meyerson M, Pennell N, et al.
Prognostic and predictive gene signature for adjuvant chemotherapy in
resected non-small-cell lung cancer [published correction appears in J Clin
Oncol. 2010 Dec 1;28(34):5126] [published correction appears in J Clin Oncol.
2014 Feb 1;32(4):365]. J Clin Oncol (2010) 28(29):4417-24. doi: 10.1200/
JCO.2009.26.4325

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Custodio AB, Gonzalez-Larriba JL, Bobokova ], Calles A, Alvarez R, Cuadrado
E, et al. Prognostic and predictive markers of benefit from adjuvant
chemotherapy in early-stage non-small cell lung cancer. ] Thorac Oncol
(2009) 4(7):891-910. doi: 10.1097/JTO.0b013e3181a4b8fb

Feng N, Ching T, Wang Y, Liu B, Lin H, Shi O, et al. Analysis of Microarray
Data on Gene Expression and Methylation to Identify Long Non-coding
RNAs in Non-small Cell Lung Cancer. Sci Rep (2016) 6:37233. doi: 10.1038/
srep37233

Wirapati P, Sotiriou C, Kunkel S, Farmer P, Pradervand S, Haibe-Kains B,
et al. Meta-analysis of gene expression profiles in breast cancer: toward a
unified understanding of breast cancer subtyping and prognosis signatures.
Breast Cancer Res (2008) 10:R65. doi: 10.1186/bcr2124

Park YY, Park ES, Kim SB, Kim SC, Sohn BH, Chu IS, et al. Development and
validation of a prognostic gene-expression signature for lung
adenocarcinoma. PloS One (2012) 7:e44225. doi: 10.1371/journal.pone.
0044225

Cuzick J, Swanson GP, Fisher G, Brothman AR, Berney DM, Reid JE, et al.
Prognostic value of an RNA expression signature derived from cell cycle
proliferation genes for recurrence and death from prostate cancer: A
retrospective study in two cohorts. Lancet Oncol (2011) 12:245-55.
doi: 10.1016/S1470-2045(10)70295-3

Cuzick J, Berney DM, Fisher G, Mesher D, Moller H, Reid JE, et al. Prognostic
value of a cell cycle progression signature for prostate cancer death in a
conservatively managed needle biopsy cohort. Br J Cancer (2012) 106
(6):1095-9. doi: 10.1038/bjc.2012.39

Peitzsch C, Tyutyunnykova A, Pantel K, Dubrovska A. Cancer stem cells: The
root of tumor recurrence and metastases. Semin Cancer Biol (2017) 44:10-24.
doi: 10.1016/j.semcancer

Ayob AZ, Ramasamy TS. Cancer stem cells as key drivers of tumour
progression. | BioMed Sci (2018) 25:20. doi: 10.1186/s12929-018-0426-4
Sullivan JP, Minna JD, Shay JW. Evidence for self-renewing lung cancer stem
cells and their implications in tumor initiation, progression, and targeted
therapy. Cancer Metastasis Rev (2010) 29(1):61-72. doi: 10.1007/s10555-010-
9216-5

Zakaria N, Satar NA, Abu Halim NH, Ngalim SH, Yusoff NM, Lin J, et al.
Targeting Lung Cancer Stem Cells: Research and Clinical Impacts. Front
Oncol (2017) 7:8. doi: 10.3389/fonc.2017.00080

Zakaria N, Yusoff NM, Zakaria Z, Lim MN, Baharuddin PJ, Fakiruddin KS,
et al. Human non-small cell lung cancer expresses putative cancer stem cell
markers and exhibits the transcriptomic profile of multipotent cells. BMC
Cancer (2015) 15:84. doi: 10.1186/512885-015-1086-3

von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP,
et al. The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting observational
studies. J Clin Epidemiol (2008) 61(4):344-9. doi: 10.1016/
j.jclinepi.2007.11.008

Szklarczyk D, Morris JH, Cook H, Kuhn M, Wyder S, Simonovic M, et al. The
STRING database in 2017: quality-controlled protein-protein association
networks, made broadly accessible. Nucleic Acids Res (2017) 45(D1):D362—
8. doi: 10.1093/nar/gkw937

Xiao Y, Feng M, Ran H, Han X, Li X. Identification of key differentially
expressed genes associated with non-small cell lung cancer by bioinformatics
analyses. Mol Med Rep (2018) 17:6379-86. doi: 10.3892/mmr.2018.8726

de Ronde MW, Ruijter JM, Lanfear D, Bayes-Genis A, Kok MGM, Creemers
EE, et al. Practical data handling pipeline improves performance of qPCR-
based circulating miRNA measurements. RNA (2017) 23(5):811-21.
doi: 10.1261/rna.059063.116

Steibel JP, Poletto R, Coussens PM, Rosa GJ. A powerful and flexible linear
mixed model framework for the analysis of relative quantification RT-PCR
data. Genomics (2009) 94(2):146-52. doi: 10.1016/j.ygeno.2009.04.008
Masciale V, Grisendi G, Banchelli F, D’Amico R, Maiorana A, Sighinolfi P,
et al. Isolation and Identification of Cancer Stem-Like Cells in
Adenocarcinoma and Squamous Cell Carcinoma of the Lung: A Pilot
Study. Front Oncol (2019) 9:1394. doi: 10.3389/fonc.2019.01394

Masciale V, Grisendi G, Banchelli F, D’Amico R, Maiorana A, Sighinolfi P,
et al. CD44+/EPCAM+ cells detect a subpopulation of ALDH"®" cells in
human non-small cell lung cancer: A chance for targeting cancer stem cells?
Oncotarget (2020) 11(17):1545-55. doi: 10.18632/oncotarget.27568

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 613198


https://doi.org/10.1200/JCO.2009.27.6204
https://doi.org/10.1016/j.jtho.2015.12.104.&nbsp;
https://doi.org/10.1016/S1470-2045(13)70334-6
https://doi.org/10.21037/jtd.2018.10.22
https://doi.org/10.6004/jnccn.2017.0050
https://doi.org/10.3332/ecancer.2017.787
https://doi.org/10.1158/1078-0432.CCR-18-1538
https://doi.org/10.1016/j.jtho.2020.05.020
https://doi.org/10.1200/JCO.2014.58.2007
https://doi.org/10.1615/CritRevOncog.v20.i5-6.70
https://doi.org/10.1097/JTO.0000000000000365
https://doi.org/10.1097/MD.0000000000004766
https://doi.org/10.1097/MD.0000000000004766
https://doi.org/10.3390/cells9030563
https://doi.org/10.3390/cells9030563
https://doi.org/10.1155/2018/5416923
https://doi.org/10.1038/s41598-020-65479-y
https://doi.org/10.1158/1078-0432.CCR-13-0596
https://doi.org/10.1016/j.lungcan.2016.09.005
https://doi.org/10.1200/JCO.2009.26.4325
https://doi.org/10.1200/JCO.2009.26.4325
https://doi.org/10.1097/JTO.0b013e3181a4b8fb
https://doi.org/10.1038/srep37233
https://doi.org/10.1038/srep37233
https://doi.org/10.1186/bcr2124
https://doi.org/10.1371/journal.pone.0044225
https://doi.org/10.1371/journal.pone.0044225
https://doi.org/10.1016/S1470-2045(10)70295-3
https://doi.org/10.1038/bjc.2012.39
https://doi.org/10.1016/j.semcancer
https://doi.org/10.1186/s12929-018-0426-4
https://doi.org/10.1007/s10555-010-9216-5
https://doi.org/10.1007/s10555-010-9216-5
https://doi.org/10.3389/fonc.2017.00080
https://doi.org/10.1186/s12885-015-1086-3
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1093/nar/gkw937
https://doi.org/10.3892/mmr.2018.8726
https://doi.org/10.1261/rna.059063.116
https://doi.org/10.1016/j.ygeno.2009.04.008
https://doi.org/10.3389/fonc.2019.01394
https://doi.org/10.18632/oncotarget.27568
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Masciale et al.

Cancer Stem Cells Gene Signature

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Clark DW, Palle K. Aldehyde dehydrogenases in cancer stem cells: potential as
therapeutic targets. Ann Transl Med (2016) 4(24):518. doi: 10.21037/
atm.2016.11.82

Xu X, Chai S, Wang P, Zhang C, Yang Y, Yang Y, et al. Aldehyde
dehydrogenases and cancer stem cells. Cancer Lett (2015) 369(1):50-7.
doi: 10.1016/j.canlet

Muralikrishnan V, Hurley TD, Nephew KP. Targeting Aldehyde Dehydrogenases
to Eliminate Cancer Stem Cells in Gynecologic Malignancies. Cancers (Basel)
(2020) 12(4):961. doi: 10.3390/cancers12040961

Howlader N, Noone AM, Krapcho M, Miller D, Brest A, Yu MR, et al. eds. SEER
Cancer Statistics Review, 1975-2016, National Cancer Institute. Bethesda, MD,
based on November 2018 SEER data submission, posted to the SEER web site,
April 2019. Available from: https:/seer.cancer.gov/csr/1975_2016.

Zappa C, Mousa SA. Non-small cell lung cancer: current treatment and future
advances. Transl Lung Cancer Res (2016) 5(3):288-300. doi: 10.21037/tlcr
Sasaki H, Suzuki A, Tatematsu T, Shitara M, Hikosaka Y, Okuda K, et al.
Prognosis of recurrent non-small cell lung cancer following complete
resection. Oncol Lett (2014) 7(4):1300-4. doi: 10.3892/01.2014.1861

Saisho S, Yasuda K, Maeda A, Yukawa T, Okita R, Hirami Y, et al. Post-
recurrence survival of patients with non-small-cell lung cancer after curative
resection with or without induction/adjuvant chemotherapy. Interact
Cardiovasc Thorac Surg (2013) 16(2):166-72. doi: 10.1093/icvts/ivs450
Uramoto H, Tanaka F. Recurrence after surgery in patients with NSCLC. Transl
Lung Cancer Res (2014) 3(4):242-9. doi: 10.3978/j.issn.2218-6751.2013.12.05
Moreira AL, Ocampo PSS, Xia Y, Zhong H, Russell PA, Minami Y, et al. A
Grading System for Invasive Pulmonary Adenocarcinoma: A Proposal from
the International Association for the Study of Lung Cancer Pathology
Committee [published online ahead of print, 2020 Jun 17]. J Thorac Oncol
(2020) 15(10):1599-610. doi: 10.1016/j.jth0.2020.06.001

Bao B, Ahmad A, Azmi AS, Ali S, Sarkar FH. Overview of cancer stem cells (CSCs)
and mechanisms of their regulation: implications for cancer therapy. Curr Protoc
Pharmacol (2013) Chapter 14:Unit 14.25. doi: 10.1002/0471141755.ph1425s61
Han J, Won M, Kim JH, Jung E, Min K, Jangili P, et al. Cancer stem cell-
targeted bio-imaging and chemotherapeutic perspective. Chem Soc Rev (2020)
49(22):7856-78. doi: 10.1039/d0cs00379d

Grant GD, Brooks L3, Zhang X, Mahoney JM, Martyanov V, Wood TA, et al.
Identification of cell cycle-regulated genes periodically expressed in U20S

62.

63.

64.

65.

66.

67.

68.

cells and their regulation by FOXM1 and E2F transcription factors. Mol Biol
Cell (2013) 24(23):3634-50. doi: 10.1091/mbc.E13-05-0264

Caglar HO, Biray Avci C. Alterations of cell cycle genes in cancer: unmasking
the role of cancer stem cells. Mol Biol Rep (2020) 47:3065-76. doi: 10.1007/
s11033-020-05341-6

Otto T, Sicinski P. Cell cycle proteins as promising targets in cancer therapy.
Nat Rev Cancer (2017) 17(2):93-115. doi: 10.1038/nrc.2016.138

Gheghiani L, Shang S, Fu Z. Targeting the PLK1-FOXO1 pathway as a novel
therapeutic approach for treating advanced prostate cancer. Sci Rep (2020) 10
(1):12327. doi: 10.1038/s41598-020-69338-8

Wang J, Xia C, Pu M, Dai B, Yang X, Shang R, et al. Silencing of CDCA5
inhibits cancer progression and serves as a prognostic biomarker for
hepatocellular carcinoma. Oncol Rep (2018) 40(4):1875-84. doi: 10.3892/
or.2018.6579

Nusblat LM, Tanna S, Roth CM. Gene silencing of HIF-2a disrupts
glioblastoma stem cell phenotype. Cancer Drug Resist (2020) 3:199-208.
doi: 10.20517/cdr.2019.96

Sullivan JP, Spinola M, Dodge M, Raso MG, Behrens C, Gao B, et al. Aldehyde
dehydrogenase activity selects for lung adenocarcinoma stem cells dependent
on notch signaling. Cancer Res (2010) 70(23):9937-48. doi: 10.1158/0008-
5472

Chu DT, Nguyen TT, Tien NLB, Tran DK, Jeong JH, Anh PG, et al. Recent
Progress of Stem Cell Therapy in Cancer Treatment: Molecular
Mechanisms and Potential Applications. Cells (2020) 9:563. doi: 10.3390/
cells9030563

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Masciale, Banchelli, Grisendi, D’Amico, Maiorana, Stefani,
Morandi, Dominici and Aramini. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 613198


https://doi.org/10.21037/atm.2016.11.82
https://doi.org/10.21037/atm.2016.11.82
https://doi.org/10.1016/j.canlet
https://doi.org/10.3390/cancers12040961
https://seer.cancer.gov/csr/1975_2016
https://doi.org/10.21037/tlcr
https://doi.org/10.3892/ol.2014.1861
https://doi.org/10.1093/icvts/ivs450
https://doi.org/10.3978/j.issn.2218-6751.2013.12.05
https://doi.org/10.1016/j.jtho.2020.06.001
https://doi.org/10.1002/0471141755.ph1425s61
https://doi.org/10.1039/d0cs00379d
https://doi.org/10.1091/mbc.E13-05-0264
https://doi.org/10.1007/s11033-020-05341-6
https://doi.org/10.1007/s11033-020-05341-6
https://doi.org/10.1038/nrc.2016.138
https://doi.org/10.1038/s41598-020-69338-8
https://doi.org/10.3892/or.2018.6579
https://doi.org/10.3892/or.2018.6579
https://doi.org/10.20517/cdr.2019.96
https://doi.org/10.1158/0008-5472
https://doi.org/10.1158/0008-5472
https://doi.org/10.3390/cells9030563
https://doi.org/10.3390/cells9030563
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	New Perspectives in Different Gene Expression Profiles for Early and Locally Advanced Non-Small Cell Lung Cancer Stem Cells
	Introduction
	Methods
	Study Design and Data
	Study Population
	Primary Cells Isolated From Human Lung Cancer
	Cell Sorting and Cytofluorimetric Analysis
	RNA Isolation and Retro Transcription
	Gene Expression Analysis
	GO Enrichment Analysis
	PPI Network Construction and a Panel of Certified Gene Analysis
	Statistical Analysis

	Results
	Characteristics of Patients and Specimens
	Cancer Stem Cells Isolation
	Descriptive Analysis of RT-PCR Data
	Relative mRNA Expression of Target Genes in Early and Locally Advanced Stages of NSCLC
	Relative mRNA Expression of Target Genes in Adenocarcinoma and Squamous Cell Carcinoma
	GO Enrichment Analysis

	Discussion
	Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 false
  /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 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 0.40
    /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 false
  /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 0.40
    /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 false
  /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 <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


