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Cellular DNA content (ploidy) and proliferation activity (e.g., S-phase fraction) measured by flow cytometry have been usually
related to the biologic aggressiveness of various neoplasms. In this study, these parameters were analyzed in paraffin-embedded
tumor specimens from 43 cases of resected non-small-cell lung cancer (NSCLC). Additionally, the correlation of them with both
prognosis and a variety of clinic-pathological features were investigated. The stage and the appearance of both local recurrence
and metastasis were related to overall survival of patients. Twenty-two tumors (51.2%) had a diploid DNA distribution, while 21
were aneuploid (48.8%). The mean of aneuploidy was 1.6% + 0.3%. A correlation was found between ploidy and survival as well as
with the appearance of local recurrence and/or metastasis. The mean values of S-phase fraction of diploid and aneuploid tumors
were 16.7 + 11.3% and 32.9 + 12.1%, respectively, which were significantly different (P = 0.0022). Similar results were obtained
analyzing the proliferation index (sum of cells in S and G,/M phases of cell cycle) (P = 0.0040). However, no correlation between
these parameters and both overall survival of patients and clinicopathological features was observed. Our results could suggest the
potential use of ploidy analysis as a useful complement of TNM stage in NSCLC.

1. Introduction clinic-pathological indicators, and genetic alterations have
been assessed in NSCLC for identifying patients with a poor
prognosis and for a better guide of treatment strategy [4].

It is known that the development of malignant neoplasm
occurs through a multistep genetic evolution process which

often is accompanied by chromosome instability [5, 6].

Lung cancer is one of the most frequently occurring neo-
plasms and is the leading cause of death by cancer worldwide
[1]. There are two main variants of the disease, non-small-
cell lung cancer (NSCLC) and small cell lung cancer (SCLC).

However, NSCLC represents more than 80% of all lung
carcinomas [2].

Usually patients with NSCLC have a poor prognosis
because most of them present with advanced or metastatic
diseases at the time of diagnosis. It has been estimated
that only 10-15% of the patients will ultimately be cured
[3]. In patients with NSCLC, some genetic and regulatory
aberrations have been considered responsible for the tumor
survival advantage. For that reason, several tumor markers,

Chromosomal instability of tumors leads to cell clones and to
numerical and structural chromosome abnormalities. These
changes in the number of whole chromosomes (aneuploidy)
can stimulate oncogenes and cause amplification and over-
expression of them [7].

Some investigations regarding the prognostic value of
DNA content (ploidy) and S-phase fraction (percentage of
cells in S-phase of cell cycle) have been greatly facilitated by
the application of flow cytometry using nuclei isolated from



paraffin-embedded tissues [8]. In this sense, flow cytometry
permits a rapid, accurate, and quantitative evaluation of DNA
content in large numbers of individual nuclei isolated from
solid human neoplasms [9].

Ploidy status and S-phase fraction (SPF) analyzed by
flow cytometry have been established as useful indicators
for the biologic aggressiveness of various neoplasms [10, 11].
However, in NSCLC patients the values of ploidy and SPF as
reliable biomarkers still remain controversial [5, 12-14]. The
aim of this study was to evaluate the relationship between
DNA ploidy, SPE, proliferation index (sum of cells in S and
G,/M phases), and some clinicopathological parameters as
well as their impact in the overall survival of NSCLC patients.

2. Materials and Methods

2.1. Tissue Specimens. A number of 43 routinely-processed,
formalin-fixed, and paraffin-embedded archival samples with
diagnosis of NSCLC were received from the pathology
department of both Hermanos Ameijeiras General Hospital
and the National Institute of Oncology and Radiobiology
after the approved consent by the institutional ethical com-
mittees.

2.2. Pathological Features. The evaluation of some morpho-
logical parameters such as histopathological classification,
grade of differentiation, degree of cell pleomorphism, and
necrosis index was performed for an expert pathologist
(Charles E. Rengifo) in each tumor tissue using hematoxylin
and eosin (H/E) staining as it was previously described in [15].
Briefly, differences in some cytomorphologic characteristics
such as cell and nuclear sizes, cellular shape, chromatin
pattern, nucleoli, and amount of cytoplasm were considered
to express the degree of cell pleomorphism which was
scored as follows: low, moderate and high cell pleomorphism.
Concerning the degree of tumor necrosis (necrosis index),
a low-power field with 100x magnification (10x ocular, 10x
objective) of each section was evaluated and it was scored
subjectively as follows: low (less than 50% of necrosis areas
per field) and high (more than 50% of necrosis areas per
field). All analyses were performed using an Olympus BX51
brightfield microscope.

2.3. Quality Evaluation of Sample Preparation. Before nuclei
isolation from formalin-fixed and paraffin-embedded sec-
tions, regions of tissues with an abundant number of tumor
cells were carefully chosen using a conventional light micro-
scope (Olympus BX51) based on hematoxylin and eosin
staining. Tissue areas with abundant tumor necrosis and/or
lack of habitual morphology were selected and marked in
each histological slide, transferred to the corresponding
paraftin block, and removed from it.

After nuclei isolation and propidium iodide staining
(see Section 2.4), each final preparation (nuclei suspension)
was checked under a conventional fluorescent microscope
(Leica DMRXA). Samples with clumping or excess debris,
presence of abundant cytoplasmic remnants attached to
nuclei, and/or an elevate number of nuclei with morpho-
logical appearance of nontumoral were eliminated and these
samples were reprepared.
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2.4. DNA Content, S and G,/M Phases Measurements. The
flow cytometry methodology using nuclei isolated from
formalin-fixed and paraffin-embedded tissues, as was pre-
viously described [16] with some modifications, was used.
Briefly, two or three 50 ym sections from each tissue block
were dewaxed in xylene, rehydrated in ethanol, and finally
washed in distilled water. Afterward, the tissues were treated
with 0.2% citrate acid pH6 solution for 2h at 80°C and then
with 0.5% pepsin solution (Sigma P7012) (pH 1.5) at 37°C
for 10 minutes. Single-cell suspensions were filtered through
50 ym nylon mesh and routinely washed. Dissociated nuclei
were adjusted to a final concentration of 1x10° nuclei/mL and
were then stained with propidium iodide (Sigma P4170) at a
final concentration of 40 yum/mL. A number of 10.000 nuclei
were acquired for each sample, at a low flow rate, using an
Ortho Cytoron Absolute flow cytometer (Ortho Diagnostic
Systems, Tokyo, Japan) equipped with a 15 MW argon laser.
The data obtained was analyzed using the ModFit LT software
(DNA Modeling System) version 2.0 (Verity Software House,
Inc.) and single parameter histograms.

Histogram was considered unsuitable for interpretation if
its variation coefficient CV (breadth of the fluorescence signal
for normal cell population in G,/G, phase at the middle of its
height) exceeded 10%. A sample was considered DNA diploid
if, on the histogram, there was a single peak in the G,/G,
phase. DNA aneuploidy was defined if there was at least one
separate second G,/G,; population to the right of the first
G,/G, peak. The ploidy of each tumor was characterized by
the DNA index (DI: DNA tumor cells/yDNA control cells)
and the type of DNA content histogram (diploid: DI = 1,
aneuploid: DI< or >1). Tetraploid and multiploid histograms
were classified into the aneuploid group.

The SPF and the percentage of cells in G,/M phase were
calculated from each DNA histogram. In case of aneuploid
histograms, percentage of cells in S and G,/M phases was only
shown for aneuploid population. The SPF values were divided
into two groups; a low-SPF group defined as having SPF less
than 25% of proliferating cells and a high-SPF group with SPF
greater than 25%. The proliferation index [12] was calculated
as the sum of cells in S and G,/M phases of cell cycle and was
scored as it was previously described for SPE

2.5. Statistical Analysis. GraphPad Prism 5 software (2007
GraphPad Software Inc., La Jolla, CA, USA) was used for data
analysis. Where appropriate, the data were expressed as mean
+ standard deviation (SD). Survival distribution was esti-
mated by the Kaplan-Meier method. Two-sided log-rank tests
were performed to compare overall survival (OS) distribution
according to DNA content, SPE, proliferation index, as well
as the clinic-pathological features. Chi-square and Fisher’s
exact tests were used to compare groups and parameters. The
correlation between SPF and proliferation index was assessed
by Spearman ranks correlation coeflicients. For all tests, the
criterion for statistical significance was P < 0.05.

3. Results

3.1. Patient Description and Pathological Features. Tables 1
and 2 showed a summary of patient characteristics and some
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TABLE 1: Patients characteristics.

TABLE 3: Distribution of S-phase fraction and proliferation index
according to DNA content status.

Features No. (%) (n = 43)
Gender

Female 15 (34.9)

Male 28 (65.1)
Age (years)

<60 31 (72.1)

60-70 9 (20.9)

>70 3(7.0)
Tumor stage

I 22 (51.2)

i} 8 (18.6)

A 5 (11.63)

B 1(2.3)

v 7 (16.3)
Tumor size (cm)

<3 10 (23.3)

>3 33 (76.7)
Recurrence

Yes 8 (18.6)

No 35 (81.4)
Metastasis”

Yes 15 (36.6)

No 26 (63.4)
Overall survival

Alive 29 (67.4)

Dead 14 (32.6)

Median (months) 58.4
No.: number of cases; %: percentages; “n = 41.

TaBLE 2: Tumor characteristics.

Features No. (%) (n = 43)
Histopathological type

Squamous cell carcinoma 14 (32.5)

Adenocarcinoma 16 (37.2)

Large cell carcinoma 7 (16.3)

Other 6 (14.0)
Grade of differentiation

Well 8 (18.6)

Moderate 15 (34.9)

Poor 20 (46.5)
Degree of cell pleomorphism

Low 17 (39.5)

Moderate 16 (37.2)

High 10 (23.3)
Necrosis index

<50% 31(72.1)

>50% 12 (27.9)

No.: number of cases; %: percentages.

pathological features. The gender ratio was close to 2:1 in
favor of males, with a mean age of 56.9 years (range 45-
76 years). Indistinctly, lymph node and other site metasta-
ses were evidenced in 15/41 (36.6%) patients and 26/41
(63.4%) of them have not shown any metastatic site. In

All patients
(n = 43)

Diploid
(n=22)

Aneuploid

Pval
(n =21) value

Factor

S-phase fraction
(SPF)

Low 23 17
High 20 5 15

Proliferation
index

Low 16 13
High 27 9 18

SES: cell in S-phase of cell cycle, proliferation index: cells in both S and G,/M
phases of cell cycle, low: less than 25% of proliferating cells, high: more than
25%.

0.0022

0.0040

general, 14/43 (32.5%) patients died, and the median overall
survival of the population was 58.4 months (ranged from 1.0
to 91.3).

3.2. Stage of the Disease, Local Recurrence, and Occurrence of
Metastasis Were Significantly Predictive of Survival Outcome.
The stage (I-IIIA versus IIIB-IV) was found to be associated
with the overall survival of NSCLC patients (P = 0.0002;
log-rank test) (Figure 1(a)). In addition, the appearance of
both recurrence and metastasis was related to overall survival
of patients (P = 0.0044 and P = 0.0002, respectively,
log-rank test) (Figures 1(b) and 1(c)). Differences in sex,
age at diagnosis, tumor size, histopathological type, grade of
differentiation, degree of cell pleomorphism, and index of
tumor necrosis were not significantly predictive of survival
outcome.

3.3. Aneuploidy Was Found in about the Half of NSCLC. Ade-
quate DNA histograms were evidenced in all samples with a
mean coefficient of variation of 7.5 + 2.2%. DNA diploidy
was detected in 22 (51.2%) tumors and DNA aneuploidy
(including tetraploidy and multiploidy) was detected in 21
tumors (48.8%). The mean of DNA aneuploidy was 1.6% +
0.3% (Table 3). Median overall survival of the population was
66.5 months (ranged from 23.0 to 91.3) for patients with
diploid tumors and 49.9 months (ranged from 1.0 to 90.5) for
patients with aneuploid tumors. The aneuploid DNA content
status was found to be associated with a poor overall survival
of NSCLC patients (P = 0.0390; log-rank test) (Figure 1(d)).

3.4. Aneuploid Tumors Displayed Both Higher S-Phase Frac-
tion and Proliferation Index. Low SPF and proliferation index
were found in 23/43 (53.5%) and 16/43 (37.2%) tumors;
respectively, while 20/43 (46.5%) and 27/43 (62.3%) samples
displayed higher SPF and proliferation index, respectively.
Opverall, the mean of SPF of the tumors was 24.6 + 14.2%. But,
the mean values of SPF of the DNA diploid and aneuploid
tumors were 16.7 + 11.3% and 32.9 + 12.1%, respectively,
which was significantly different (P = 0.0022; Fisher’s exact
test) (Table 3) (Figure 2). Concerning proliferation index,
the mean values were 26.3 + 12.1% and 40.1 + 14.2% for
diploid and aneuploid tumors, respectively, which was also
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FIGURE 1: Comparison of overall survival of patients according to stage of the disease (a), local recurrence (b), lymph node and/or other site
metastasis (c), and DNA content (d). Survival distribution was estimated by the Kaplan-Meier method, and two-sided log-rank tests were

performed. The criterion for statistical significance was P < 0.05.

significantly different (P = 0.0040; Fisher’s exact test).
A significant correlation was detected when the SPF and
proliferation index of tumors were compared (P < 0.0001,
rs = 0.7178; Spearman test). However, no correlation
between the both parameters and the overall survival of
patients was observed.

3.5. DNA Ploidy Correlates with the Appearance of Local
Recurrence and/or Metastasis. In the group of patients with
aneuploid tumors, the appearance of local recurrence and/or
metastasis was significantly more frequent (9/21; 42.8%) than
that in patients with diploid tumors (6/22; 27.3%) (P =
0.0169; Fisher’s exact test). There were no differences in the
frequencies of DNA content status, SPF, and proliferation
index when gender, age of patients, pathologic stage, tumor
size, recurrence, occurrence of metastasis, histopathological
type, grade of differentiation, degree of cell pleomorphism,
and index of tumor necrosis were considered.

4. Discussion

Disease stage and performance status at time of diagnosis
have been considered the two most noticeable prognostic

factors in patients with NSCLC [3]. The TNM (tumor, node,
and metastasis) staging system also leads the clinicians to the
selection of a more appropriate conventional treatment (e.g.,
surgery, radiation, or chemotherapy) for NSCLC patients
[17]. In this study, we showed an increased overall survival
of patients at stages I-IIIA as compared with that of the
group of patients at stages IIIB-IV, as well as that in patients
with absence of metastasis (lymph node and other sites) and
local recurrence. Nevertheless, the pathology-based TNM
stage classification has been considered to provide imprecise
information about the survival rates [18]. In consequence,
numerous studies are currently focusing on the evaluation
of other biological and molecular prognostic factors as a
potential complement of TNM staging system [12, 19, 20].

The biological behavior of a lung carcinoma is affected
primarily by genetic abnormalities of the malignant cells
[5]. The aberrations in the number of whole chromosomes
(aneuploidy) and imbalances induced by chromosomal insta-
bility have been considered an important factor in lung
carcinogenesis, responsible for tumor progression [21]. In
lung cancer, DNA content abnormalities have been described
as a heterogeneous spectrum in DNA histogram patterns of
impaired tumor cell [22]. Aneuploid DNA content has been
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FIGURE 2: DNA content (ploidy) analysis in non-small-cell lung carcinoma samples measured by the flow cytometric profile and analyzed by
ModFit LT software. Cells prepared by the Hedley method [16] and stained with propidium iodide. (a) DNA histogram of diploid tumor. Note
that a single G,/G, population. (b) DNA histogram of aneuploid tumor. Observe the appearance of one separate second G,/G; population to
the right of the first G,/G, peak. The percentage of cells in S-phase of cell cycle was calculated from each DNA histogram. In case of aneuploid
histograms, percentage of cells in S-phase was only shown for aneuploid population. Note that DNA aneuploid tumors have higher SPF than

DNA diploid tumors do (P = 0.0022; Fisher’s exact test).

found between 44.5-84.8% of NSCLC using flow cytometric
analysis from archival formalin-fixed and paraffin-embedded
specimens [12, 14, 23, 24].

In the present work, we observed the aneuploid DNA
content in about half of the NSCLC samples. Similar to other
reports, no differences between DNA content and gender, age
of patients, pathologic stage, tumor size, grade of differentia-
tion, degree of cell pleomorphism, and index of tumor necro-
sis were obtained [23, 25]. Nevertheless, the aneuploidy was
found to be associated with a poor overall survival of NSCLC
patients, not depending on the histopathological subtype of
tumor. It is known, aneuploidy has been usually related to an
aggressive biological behavior of many malignant tumors [26]
including lung cancers [12, 21, 23, 25]. In previous reports,
other authors have obtained significant differences dependent
on ploidy in both overall survival and disease-free survival in
NSCLC [12, 23]. However, in the majority of these studies,
only squamous cell carcinoma was included, probably to
avoid the potential impact of histologic type of the tumor on
the survival rate [23, 25] or this subtype predominated in the
series [12].

In aneuploid NSCLC, a greater tendency to displayed
local recurrence, lymph node and/or distant metastasis was
noted as compared with diploid tumors. In similar reports,
more patients with aneuploid cancers died from distant
metastasis, whereas local cancer recurrence was more fre-
quent in patients with diploid tumors [23]. Additionally, in
aneuploid NSCLC, a greater tendency to invade lymphatic
vessels and more metastasis in regional lymph nodes were
evidenced [12]. The appearance of local recurrence and/or

metastasis in aneuploid tumors seems to be related to the
substantial worse overall survival of these patients. In pre-
vious works, substantial differences in survival expectancy
were observed in relation to the occurrence of metastasis in
regional lymph nodes and local recurrence [23, 25].

At present, more research efforts are focusing on the
evaluation of a variety of molecular disorders (e.g., proto-
oncogene activation or mutations of suppressor and mutator
genes) in order to determine the genetic profile connected
with a high risk of recurrence of the disease after a radical
surgical treatment than on DNA content analysis [23]. It
could be related to the fact that the importance of DNA
content status as a reliable prognostic marker in NSCLC still
remains controversial [5, 12-14]. The substantial divergence
of opinion concerning the prognostic value of DNA ploidy
has been related to many causes such as the existence of
diploid and aneuploid regions within a single-sample (tumor
heterogeneity), nonstandard conditions of ploidy assessment
and poor quality of tumor tissue for the cytometric analysis
[23].

Here, hematoxylin and eosin staining permitted to select
potential low-quality regions of each sample and/or paraffin
blocks from several ones by the pathologist on the basis of
histological slides, transferring these areas to each paraffin
block and removed. This procedure allows the selection
of regions with higher number of tumor cells, minimizing
the possibility of significant mixture of nonepithelial cells
and necrotic areas and, therefore, enhancing the quality of
samples preparation. Similar technique in order to improve
the quality of DNA analysis was previously reported by other



authors [12]. However, the use of a bivariate flow cytometric
measure combining cytokeratin and DNA staining to exclude
nonepithelial cells from DNA analysis should be evaluated by
our group.

In the present study, it was found that non-small-cell
lung carcinomas with aneuploid DNA have higher prolifer-
ative activities than DNA diploid tumors, measured by flow
cytometry. Aneuploid tumors displayed a significantly higher
proportion of cells in SPF of cell cycle and, correspondingly,
a lower proportion of G,/G, phase cells than those displayed
by tumors with DNA diploidy, similar to previous reports
[27-30]. Moreover, in DNA aneuploid tumors the sum
of cells in S and G,/M phases of cell cycle (proliferative
activity index) was also significantly higher as compared with
diploid tumors. In previous works, the relationship between
DNA content and distributions of the cell cycle phases has
been demonstrated. Furthermore, an association between
DNA content and Ki-67 expression has been reported [31].
However, Ki-67 is an antibody that recognizes the nuclear
antigen not expressed during the G, phase, but this Mab is
reactive during the resting (G,, S, G,, and M) phases of the
cell cycle. Consequently, the proliferative activity index used
in this study could offer a more precise piece of information
about the factions of cells in S and G,/M phases of cell cycle.
However, other studies found that there were no differences
in proliferative activity between the DNA ploidy patterns
[14, 32-34].

In previous studies, the percentage of cells in S phase of
cell cycle had been considered an independent, unfavorable
prognostic factor in patients with squamous cell lung car-
cinoma [12] and adenocarcinoma [24]. However, here, we
obtained no differences in the prognosis of patients with high
and low cell proliferation neither with tumor size nor with
the ability of these tumors to develop local recurrence and
metastasis. These results could suggest that the increasing
proliferative activity of tumors is probably not the only factor
related to a major risk of recurrence and metastasis in NSCLC
patients. In line with our results, the significance of SPF
as a reliable predictor of recurrence has been questioned
despite its correlation with the tumor growth rate [26]. In
addition, it has been also suggested that SPF is not directly
associated with the ability of a tumor to metastasize [26].
Nevertheless, to support whether there is any difference in
the proliferative activity between DNA diploid and aneuploid
tumors, as well as to assess the potential relation between
proliferative activity and tumor size and local recurrence and
metastasis, a large-scale study will be necessary.

Although flow cytometry is considered a powerful,
rapid, and cost-effective technique for the identification and
monitoring of diverse human diseases, nowaday this high-
throughput technology has not been widely used except in
a minority of specialized research institutions. However, the
analysis of cellular DNA content measured by flow cytometry
is a relatively easy test [25] and it has the potential to
provide benefits through improved understanding of disease
pathogenesis, identification of a subpopulation of NSCLC
patients with both poor overall survival [12, 23] and high
risk of recurrence and/or metastasis and in the development
and design of specific therapies [23, 25]. These piece of
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evidences, together, make the evaluation of ploidy status
and proliferative activity of solid tumors by flow cytometry
feasible to use as a routine laboratory procedure, not only
in large medical centers but also in medium-sized hospitals
and other professional reference centers. In spite of the fact
that flow cytometers are generally instruments expensive
to purchase and maintain, our results could suggest the
potential use of DNA ploidy as a valuable complement of
TNM stage in NSCLC as well as the introduction of this
analysis into standard clinical practice [12, 23].

5. Conclusions

In summary, we reported the DNA aneuploid content in
NSCLC patients using flow cytometric analysis from archival
formalin-fixed, paraffin-embedded specimens. The quality
of DNA analysis was improved on the basis of histological
slides using optical microscopy. The correlation of aneu-
ploidy with poor prognosis of patients as well as with the
appearance of local recurrence and/or metastasis was also
demonstrated. Additionally, we showed that DNA aneuploid
tumors have both higher SPF and proliferative activity index
than DNA diploid tumors. However, no correlation between
these parameters and the overall survival of patients nor with
the rest of the clinic-pathological features was obtained. Our
results could suggest the potential use of DNA ploidy analysis
as a valuable complement of TNM stage in NSCLC as well
as the introduction of this analysis into standard clinical
practice. A bivariate flow cytometric measure combining
cytokeratins and DNA staining and a large-scale study are
recommended.
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