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Abstract: Adenocarcinoma is the most common histologic type of non-small cell lung carcinomas. The existence
of lung cancer stem cells (CSCs) and epithelial-mesenchymal transition (EMT) in human tissue is controversy. The
aim of this study is to investigate the expression and clinical significance of CSCs and EMT markers and evaluate
the correlation between the two in lung adenocarcinoma. A total of 97 cases comprise the tissue microarray from
surgical resection for primary lung adenocarcinoma. Immunohistochemistry for ALDH1 and CD44 as CSC markers
and E-cadherin, vimentin, fibronectin, SMA as EMT markers was performed. High ALDH1A1 expression was sta-
tistically associated with female gender (P=0.001), smoker (P=0.012), and high pT stages (P=0.046). High CD44
expression was statistically associated with female gender (P=0.008), non-smoker (P=0.000), and no pleural inva-
sion (P=0.039). High expression of ALDH1 was associated with good overall survival (P=0.021). High expression
of CD44 was correlated with both good overall survival (P=0.024) and disease-free survival (P=0.000). Vimentin
expression was associated with pT stage (P=0.001) and pleural invasion (P=0.028). E-cadherin, fibronectin and
SMA were not associated with clinicopathologic correlation and all EMT markers were not correlated with survival of
lung adenocarcinoma. CSC markers expression was not related to EMT. Our results showed that the expression of
CSCs was associated with a good prognosis in lung adenocarcinoma. The prognostic significance of EMT markers
was skeptical in this study. There is a need for more research about CSC, EMT, and the relation between these two
in human lung adenocarcinoma.
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Introduction (EGFR)-tyrosine kinase inhibitors, the overall
five-year survival rate for lung cancers is still
Lung cancer is the most lethal cancer in the below 15%; therefore, improvements in both
world, and despite significant therapeutic im- diagnostics and treatment are urgently needed
provements, its survival rate still remains low. [1, 3].

Regardless of the advances in diagnostics and

treatment that have been achieved in the last Recently, epithelial-mesenchymal transition (E-

two decades, the overall high mortality rate has
remained [1]. Adenocarcinoma of the lung is
the most common histological type of non-
small cell lung carcinomas, comprising about
60% of cases [2]. The incidence of adenocarci-
noma of the lung has increased significantly in
the past few decades. Despite continuous
efforts to improve therapeutic outcomes with
maintenance chemotherapy and targeted th-
erapy with epidermal growth factor receptor

MT) has been reported to be associated with
more aggressive tumor behavior and prognosis
in malignant tumors [4-6]. EMT is characterized
by a loss of cell adhesion and increased cell
mobility due to cells gaining a mesenchymal
phenotype. During the EMT process, tumor ce-
lls are expected to lose their epithelial pheno-
type and gradually and sequentially acquire a
mesenchymal phenotype [5]. Although the con-
cept of EMT in cancer is still controversial, EMT
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has been implicated in a number of epithelial
cancers and has been shown to correlate with
the metastatic potential of cancers [5, 6]. Most
studies about EMT in cancer have used in vitro
systems that employ cell lines and focus on the
detailed mechanism of EMT, identifying a num-
ber of the transcription factors and signaling
pathways that are involved [5].

Ample studies have suggested that EMT may
induce stemness properties in normal and
malignant cells [7, 8]. Also, activation of EMT
has been associated with decreased drug sen-
sitivity, and it has been found that it may even
contribute to a decreased efficacy of therapy
and resistance to tyrosine kinase inhibitors in
EGFR mutated non-small cell lung carcinomas
[9, 10], apparently through the acquisition of
stem cell-like properties by the tumor cells [11].
Therefore, cancer cells undergoing EMT may
indeed become metastatic drug resistant can-
cer cell progenitors, or even metastatic cancer
stem cells (CSCs) [12].

CSCs are a rare population of undifferentiated
tumorigenic cells responsible for tumor initia-
tion, maintenance, and spreading [13]. These
cells display unlimited proliferation potential,
the ability to self-renew, and the capacity to
generate a progeny of differentiated cells that
constitute the major tumor population [14].
According to the CSC hypothesis, most solid
tumors contain a small subset of phenotypical-
ly distinct cells with the properties of unlimited
self-renewal, innate chemoresistance, and en-
hanced clonogenic potential [15]. CSCs consti-
tute a subpopulation of cells that are highly
tumorigenic and that exhibit biological proper-
ties similar to those of normal tissue stem cells,
including an unlimited self-renewal capacity, an
extensive proliferative capacity, and a capacity
to generate differentiated progeny [12].

CSCs express specific molecules, termed CSC
markers. In vitro studies have confirmed that a
fraction of cells expressing CD133, CD44, nu-
clear B-catenin, and/or ALDH1 are exclusively
clonogenic and tumorigenic [16, 17]. These
molecules have been accepted to be represen-
tative markers for CSCs in different types of
cancers [18, 19]. Expression of ALDH1A1 (an
isoform of ALDH1), CD133 and CD44, is known
to be associated with poor survival in lung can-
cers in several studies [19-21].

The existence of human lung CSCs has not yet
been reported actively; however, indirect evi-
dence suggests the possible presence of CSCs
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in pulmonary tumors [14]. Stem-like cells have
been identified in trials with mouse lungs, such
as a cell population that is able to drive the
malignant transformation in experimentally in-
duced neoplasia [21]. Moreover, human lung
tumors sometimes show phenotypic heteroge-
neity, suggesting that they may originate from a
multipotent cell [22].

The aim of this study is to investigate the
expression and clinical significance of CSC and
EMT markers and evaluate the correlation be-
tween CSC and EMT in lung adenocarcinoma.
In this study, we evaluate the association of
prognostic significance with the expression
pattern of various EMT and CSC related pro-
teins in lung adenocarcinoma.

Material and methods

Tissue samples

We included a total of 97 formalin-fixed and
paraffin-embedded tumor samples from pa-
tients who underwent surgical resection for pri-
mary lung adenocarcinoma. All patients gave
written informed consent according to institu-
tional guidelines. Clinical and pathological re-
ports were reviewed to determine the status of
age, gender, smoking history, tumor size (pT),
nodal status (pN), distant metastasis (pM),
stage, lymphovascular invasion, and pleural in-
vasion. The pTNM classification and stage were
applied according to guidelines from the 2010
American Joint Committee on Cancer staging
manual.

Tissue microarray and immunohistochemistry

Hematoxylin and eosin (H&E) stained tissues
slides were reviewed to confirm the histological
diagnosis and to select representative areas
for immunostaining. Two cylindrical cores (2
mm in diameter) in one case were obtained
from formalin-fixed and paraffin-embedded tis-
sue blocks corresponding to the H&E slides to
construct the tissue microarray. Sectioning of
microarray blocks produced 4 um thick sec-
tions after completion of the tissue array.
Microslide tissue sections were deparaffinized
with xylene, hydrated using a diluted alcohol
series, and immersed in 0.3% H,0, in methanol
to quench endogenous peroxidase activity.
Sections were then microwaved for 15 min in
10 mM citrate buffer (pH 6.0) for antigen
retrieval. Each section was blocked with 4%
bovine serum albumin in PBS with 0.1% Tween
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Table 1. Association between ALDH1A1 and CD44 expression and clinicopathologic factors of lung

adenocarcinoma patients

ALDH1A1 No. (%)

CD44 No. (%)

Factors Total No. (%) - -
low high p-value low high p-value
Age (years)
<65 56 (57.7) 38 (60.3) 18 (52.9) 483 18 (60) 38 (56.7) .762
> 65 41 (42.3) 25 (39.7) 16 (47.1) 12 (40) 29 (43.3)
Sex
Male 42 (43.3) 35 (55.6) 7 (20.6) .001 19(63.3) 23(34.3) .008
Female 55 (56.7) 28 (44.4) 27 (79.4) 11 (36.7) 44 (65.7)
Smoking
<10 PY 59 (60.8) 32(53.3) 27 (79.4) .012 10(34.5) 49 (75.4) .000
> 10 PY 37 (38.1) 28 (46.7) 7 (20.6) 19 (65.5) 16 (24.6)
pT
1 42 (43.3) 22 (34.9) 20 (58.8) .046 9(30) 33(49.3) .193
2 41 (42.3) 31 (49.2) 10 (29.4) 14 (46.7) 27 (40.3)
3 9(9.3) 5(7.9) 4(11.8) 5 (16.7) 4 (6)
4 5(5.2) 5(7.9) 0(0) 2 (6.7) 3(4.5)
pN
0 61 (62.9) 36 (61) 25 (83.3) A77 16 (59.3) 45(72.6) .086
1 8(8.2) 7(11.9) 1(3.3) 1(3.7) 7(11.3)
2 19 (19.6) 15 (25.4) 4 (13.3) 10 (37) 9 (14.5)
3 1(1.0) 1(1.7) 0(0) 0(0) 1(1.6)
pM
0 88 (90.7) 56 (88.9) 32(94.1) 397  25(83.3) 63(94) .093
1 9(9.3) 7(11.2) 2 (5.9) 5 (16.7) 4 (6)
Stage
1 54 (55.7) 29 (46) 25 (73.5) .066 13(43.3) 41(61.2) .208
2 14 (14.4) 12 19) 2 (5.9) 4(13.3) 10 (14.9)
3 20 (20.6) 15 (23.8) 5(14.7) 8(26.7) 12 (17.9)
4 9(9.3) 7(11.2) 2 (5.9) 5(16.7) 4 (6)
Lymphovascular invasion
No 39 (40.2) 25 (39.7) 14 (41.2) .886 9(30) 30(44.8) .170
Yes 58 (59.8) 38 (60.3) 20 (58.8) 21 (70) 37 (55.2)
Pleural invasion
No 57 (58.8) 34 (54) 23 (67.6) 192 13 (43.3) 44 (65.7) .039
Yes 40 (41.2) 29 (46) 11 (32.4) 17 (56.7) 23 (34.3)

PY, pack years.

20 (PBST) for 30 min to reduce non-specific
staining. Sections were then incubated with
anti-fibronectin (dilution: 1:100, BD Bioscien-
ces, San Jose, CA, USA), anti-smooth muscle
actin (1:400, Sigma-Aldrich, Saint Louis, MO,
USA), anti-vimentin (dilution: 1:200, BD Bio-
sciences), anti-E-cadherin (1:200, BD Biosci-
ences), and anti-ALDH1A1 antibody (dilution:
1:50, Nobus Biologicals, Littleton, CO, USA) and
anti-CD44 antibody (dilution: 1:500, Nobus
Biologicals) in PBST containing 3 mg/ml goat
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globulin (Sigma) for 60 min at room tempera-
ture, followed by three successive washes with
a buffer. The sections were then incubated with
an anti-mouse/rabbit antibody (Envision plus,
Dako, Carpinteria, CA, USA) for 30 min at room
temperature. The chromogen used was 3,3™-
diaminobenzidine (Dako). The sections were
counterstained with Meyer’s hematoxylin. Omi-
tting the primary antibody provided negative
controls for immunostaining using normal mo-
use and rabbit serum.
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Table 2. Association between EMT markers and clinicopathologic factors of lung adenocarcinoma patients

E-cadherin No. (%) vimentin No. (%) fibronectin No. (%) SMA No. (%)
Factors preserve - - -
preserve loss p-value low high p-value low high p-value low high p-value
Age (years) <65 41(57.7) 15(57.7) .996 34(55.7) 22(61.1) .605 41(60.3) 15(51.7) .434 1(62.2) 5(33.3) .037
>65 0(42.3) 11(42.3) 7 (44.3) 14 (38.9) 27 (39.7) 14 (48.3) 31(37.8) 10 (66.7)
Sex Female 39 (54.9) 16(61.5) .561 38(62.3) 17 (47.2) .148 37 (54.4) 18(62.1) .486 8(58.5) 7(46.7) .394
Male 2 (45.1) 10 (38.5) 23 (37.7) 19 (52.8) 31(45.6) 11 (37.9) 4 (41.5) 8(53.3)
Smoking <10PY 41(60.3) 18(69.2) .423 39(66.1) 20(57.1) .385 38(57.6) 21(75) .110 49(62) 10(66.7) .733
>10PY 27 (39.7) 8(30.8) 20 (33.9) 15 (42.9) 28 (42.4) 7 (25) 30(38) 5(33.3)
pT 1 1(43.7) 11(42.3) .857 5(574) 7(19.4) .001 31(45.6) 11(379) .771 33(40.2) 9(60) .361
2 1(43.7) 10(38.5) 17 (27.9) 24 (66.7) 27 (39.7) (48 3) 36 (43.9) 5(33.3)
3 6 (8.5) 3(11.5) 5(8.2) 4(11.) 7(10.3) 2(6.9) 9 (11) 0 (0)
4 3(4.2) 2 (7.7) 4 (6.6) 1(2.8) 7 (10.3) 2 (6.9) 4 (4.9) 1(6.7)
pN 0 41 (64.1) 20(80) .240 40(71.4) 21(63.6) .227 45(71.4) 16(61.5) .349 53(70.7) 8(571) .538
1 8 (12.5) 0 (0) 3(5.4) 5(15.2) 6 (9.5) 2 (7.7) 7(9.3) 1(7.1)
2 14 (21.9) 5 (20) 13(23.2) 6(18.2) 12(19) 7 (26.9) 4(18.7) 5(35.7)
3 1(1.6) 0 (0) 0 (0) 1(3) 0 (0) 1(3.8) 1(1.3) 0 (0)
pM 0 62 (87.3) 26(100) .057 6(91.8) 32(88.9) .633 62(91.2) 26(89.7) .813 73(89) 15(100) .178
1 9 (12.7) 0 (0) 5(8.2) 4(11.) 6 (8.8) 3(10.3) 9 (11) 0 (0)
Stage 1 37 (52.1) 17 (65.4) .127 37(60.7) 17 (47.2) .336 40(58.8) 14 (48.3) .696 46(56.1) 8(53.3) .131
2 12 (16.9) 2(7.7) 6 (9.8) 8(22.2) 10 (14.7) 4 (13.8) 13(15.9) 1(6.7)
3 13(18.3) 7 (26.9) 13(21.3) 7(19.4) 12 (17.6) 8 (27.6) 14 (17.1) 6 (40)
4 9 (12.7) 0 (0) 5(8.2) 4(11.1) 6 (8.8) 3(10.3) 9(11) 0(0)
Lymphovascular invasion No 30(42.3) 9(34.6) .497 27(44.3) 12(33.3) .289 30(44.1) 9(31) 229 32(39) 7 (46.7) .b79
Yes 41 (57.7) 17 (65.4) 34 (55.7) 24 (66.7) 38 (55.9) 20 (69) 50 (61) 8(53.3)

Pleural invasion
No 45 (63.4) 12 (46.2) .127 41(67.2) 16(44.4) .028 39(57.4) 18(62.1) .666 46(56.1) 11(73.3) .212
Yes 26 (36.6) 14 (53.8) 20 (32.8) 20 (55.6) 29 (42.6) 11 (37.9) 36 (43.9) 4(26.7)

PY, pack years.
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Table 3. Relationships between EMT phenotype and clinicopathologic factors

Hybrid No. (%) Null No. (%) Wild No. (%) p-value

Factors Total No. (%) Complete No. (%)
Age (years)

<65 56 (57.7) 5 (55.6)

> 65 41 (42.3) 4 (44.4)
Sex

Male 42 (43.3) 7(77.8)

Female 55 (56.7) 2(22.2)
Smoking

<10 PY 59 (60.8) 8(88.9)

> 10 PY 37 (38.1) 1(11.2)
pT

1 42 (43.3) 3(33.3)

2 41 (42.3) 5 (55.6)

3 9 (9.3) 1(11.2)

4 5(5.2) 0(0)
pN

0 61 (62.9) 7(77.8)

1 8(8.2) 0(0)

2 19 (19.6) 2(22.2)

3 1(1.0) 0 (0)
pM

0 88 (90.7) 9 (100)

1 9(9.3) 0(0)
Stage

1 54 (55.7) 6 (66.7)

2 14 (14.4) 1(11.2)

3 20 (20.6) 2(22.2)

4 9 (9.3) 0(0)
Lymphovascular invasion

No 39 (40.2) 2(22.2)

Yes 58 (59.8) 7(77.8)
Pleural invasion

No 57 (58.8) 4(44.4)

Yes 40 (41.2) 5 (55.6)

24 (57.1) 10(58.8) 17(58.6) .998
18 (42.9) 7 (41.2) 1(41.4)
20 (47.6) 9 (52.9) 19 (65.5) 256
22 (52.4) 8 (47.1) 10 (34.5)
24 (58.5) 10 (58.8) 17 (63) .383
17 (41.5) 7 (41.2) 10 (37)
12 (28.6) 8 (47.1) 19 (65.5)  .148
23 (54.8) 5 (29.4) 8 (27.6)

5 (11.9) 2(11.8) 1(3.4)

2(4.8) 2(11.8) 1(3.4)
22 (59.5) 13(81.3) 19(70.4) .649
6(16.2) 0 (0) 2(7.4)

8(21.6) 3(18.8) 6 (22.2)

1(2.7) 0(0) 0(0)
36 (85.7) 17 (100) 26(89.7) .267
6 (14.3) 0 (0) 3(10.3)
18 (42.9) 11(64.7) 19(65.5) .369
9 (21.4) 1(5.9) 3(10.3)

9 (21.4) 5 (29.4) 4 (13.8)

6 (14.3) 0(0) 3(10.3)
16 (38.1) 7 (41.2) 14 (48.3) .556
26 (61.9) 10(58.8) 15 (51.7)
22 (52.4) 8 (47.1) 23(79.3) .058
20 (47.6) 9 (52.9) 6 (20.7)

PY, pack years.

Evaluation of inmunohistochemical staining
results and phenotyping of EMT

This study used two scoring methods. The first
was created by Alamgeer et al. [20] for scoring
of CSC expression. Scoring of ALDH1A1 and
CD44 was performed according to the staining
intensity at least 10% of tumor cells as flows:
0=no staining, 1+ =weak staining, 2+ =moder-
ate staining, and 3+ =strong staining. The score
0 and 1 were considered as negative, the score
2 and 3 were considered as positive. The sec-
ond technique was Sinicrope et al.’'s [23] scor-
ing method for EMT markers, which was used
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to evaluate both immunohistochemical staining
intensity and the proportion of stained epithe-
lial cells. Staining intensity was further classi-
fied as follows: (1) 1, weak, (2) 2, moderate, or
(3) 3, strong. Positive cells were quantified as a
percentage of the total number of epithelial
cells and assigned to one of the following five
categories: (1) O, < 5%, (2) 1, 5-25%, (3) 2,
26-50%, (4) 3, 51-75%, or (5) 4, > 75%. The per-
centages of epithelial cell positivity and stain-
ing intensity were multiplied to generate an
immunoreactivity score for each case. The pos-
itive cutoff point was 4. For example, if the
staining intensity was moderate (2 points) and

Int J Clin Exp Pathol 2015;8(8):8997-9009
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Table 4. Association between CSCs expression and EMT markers

method, and the signifi-

ALDH1A1 No. (%)

CD44 No. (%)

cance of differences bet-

low

ween survival curves was

Ecadherin low high palue hign _pvalue determined using the log
rank test (Figures 3 and
preserve 48 (67.6) 23 (32.4) .365 22(31) 49(69) .984 4). Comparison of the CSC
loss 15 (57.7) 11 (42.3) 8(30.8) 18 (69.2) markers and EMT pheno-
vimentin types was analyzed using
low 35(57.4) 26 (42.6) .042 17 (27.9) 44 (72.1) .396 a chi-square test. All tes-
high 28(77.8) 8(22.2) 13 (36.1) 23 (63.9) ts were two-sided, and a
fibronectin P-value of less than 0.05
low 44 (64.7) 24 (35.3) .939 23(33.8) 45 (66.2) .345 indicated statistical signifi-
high 19 (65.5) 10 (34.5) 7(24.1) 22 (75.9) cance. IBM SPSS 19.0 was
SMA used for analysis.
low 54 (65.9) 28 (34.1) .662 27 (32.9) 55(67.1) .319 Results
high 9 (60) 6 (40) 3(20) 12 (80)

the percentage of positive cells was 80% (4
points), then the immunoreactivity score was
calculated as 2 x 4=8, and judged as positive.
As a result, immunoreactivity score values ra-
nged from O to 12. Two pathologists, who were
blinded to patient outcomes, independently
examined and scored each lesion. Differences
in interpretation were resolved by consensual
agreement.

We were divided into the following four pheno-
types of EMT on the basis of the expression of
EMT related markers proposed by Sung et al.
[5]: (1) complete type, characterized by loss of
the epithelial phenotype with acquisition of the
mesenchymal phenotype; (2) incomplete type 1
(hybrid type), characterized by a tumor showing
both mesenchymal and epithelial phenotypes;
(3) incomplete type 2 (null type), defined by loss
of the epithelial phenotype without acquisition
of a mesenchymal phenotype; and (4) wild type,
characterized by a tumor with no evidence of
EMT.

Statistical analysis

A summary for the clinicopathologic factors
was performed using descriptive analysis, the
mean and standard deviation (SD) presented
for quantitative variables, and the frequency
and percentages for the qualitative variables.
Comparisons of the clinicopathologic factors
and each marker were analyzed using two sam-
ple t-tests for quantitative variables and a chi-
square test for qualitative variables (Tables
1-3). Comparisons of CSC expression and EMT
markers were analyzed using a chi-square test
(Table 4). Overall and disease-free survival
curves were estimated using the Kaplan-Meier
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Expression of the CSC
markers and association
of clinicopathologic factors

The expression levels of ALDH1A1 and CD44
were subdivided in four different score (Figure
1). Zero and 1+ were categorized as the low
expression group (negative), and 3+ and 4+
were categorized as the high expression group
(positive). A few cases also showed ALDH1A1
staining on normal bronchial epithelia at vari-
able intensity (data not shown). ALDH1A1 was
expressed in cytoplasm of tumor cells. CD44
was expressed in a small proportion of bron-
chial epithelia, but not in alveolar cells; neo-
plastic cells expressed it at various levels.
Obvious CD44 expression was defined as baso-
lateral membranous staining with a clear out-
line. Faint expression was defined as less sig-
nal intensity with an intermittent outline.

Clinicopathologic characteristics according to
ALDH1A1 and CD44 are summarized in Table
1. Thirty-four patients (35.1%) were high AL-
DH1A1 expressers, and 63 patients (64.9%)
were low ALDH1A1 expressers. High ALDH1A1
expression was statistically associated with
female gender (P=0.001), non- or light smoker
(P=0.012), and pT1 than higher pT stages
(P=0.046). Sixty-seven patients (69.1%) were
high CD44 expressers, and 30 (30.9%) were
low CD44 expressers. High CD44 expression
was statistically associated with female gender
(P=0.008), non- or light smoker (P=0.000), and
no pleural invasion (P=0.039) (Table 1).

Expression of EMT markers and association of
clinicopathologic factors

Representative cases of each EMT marker
(e.g., E-cadherin, vimentin, fibronectin, and

Int J Clin Exp Pathol 2015;8(8):8997-9009
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ALDH1

CD44

Figure 1. Expression feature of ALDH1 and CD44. The expression levels are subdivided into four categories: O and
1+ are categorized as the low expression group (negative) and 3+ and 4+ are categorized as the high expression
group (positive). ALDH1 is expressed in the cytoplasm and CD44 is expressed in the membrane.

SMA) expression are presented in Figure 2.
Clinicopathologic characteristics according to
each EMT marker are summarized in Table 2.
Loss of E-cadherin expression was present in
26 patients (26.8%). There was no statistically
associated significance with any clinicopatho-
logic factors. Positive vimentin expression was
observed in 36 of 97 cases (37.1%). Viment-
in expression was associated with pT stage
(P=0.001) and pleural invasion (P=0.028). The
high expression of other mesenchymal mark-
ers-fibronectin and SMA-was revealed in 19
(19.6%) and 15 (15.5%) patients, respectively.
SMA expression was statistically associated
with only age. Fibronectin did not correlate with
clinicopathologic factors.

Classification of EMT phenotype and associa-
tion with clinicopathologic factors and survival

The cases were subdivided into four pheno-
types according to expression of EMT markers:
complete, hybrid, null, and wild (Figure 2). CI-
inicopathologic characteristics according to
EMT phenotypes are summarized in Table 3. Of
the 97 cases, we identified 9 (9.3%) cases of
complete type, 42 (43.3%) cases of hybrid type,
17 (17.5%) cases of null type, and 29 (29.9%)
cases of wild type. EMT phenotypes did not cor-
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relate with patients’ clinicopathologic charac-
teristics, including age, gender, smoking histo-
ry, tumor size, histological tumor type, stage,
lymphovascular invasion, and pleural invasion
(Table 3).

Association of CSC expression and EMT

High ALDH1A1 expression was significantly
correlated with low expression of vimentin
(P=0.42) (Table 4). However, an association
between ALDH1A1 expression and E-cadherin,
fibronectin, and SMA expression was not iden-
tified. CD44 expression was not associated
with E-cadherin, vimentin, fibronectin, and SM-
A. There was no statistical significance between
ALDH1A1, CD44, and EMT phenotypes (data
not shown).

Impact of CSC expression on survival

Overall survival was not statistically related to
ALDH1A1 expression (P=0.641) (Figure 3A).
High expression of ALDH1A1 was associated
with good disease-free survival (P=0.021) (Fi-
gure 3B). High expression of CD44 was corre-
lated with both good overall survival (P=0.024)
and disease-free survival (P=0.000) (Figure 3C
and 3D).

Int J Clin Exp Pathol 2015;8(8):8997-9009



EMT in pulmonary adenocarcinoma
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Figure 2. Representative cases of EMT phenotype according to expression of EMT markers. The cases are subdi-
vided into four phenotypes: complete, hybrid, null and wild (Lo, loss; Pr, preserve; P, positive; N, negative).

To further analyze the prognostic value of CSC
expression in lung adenocarcinoma, overall
survival and disease-free survival rates were
worst in both negative cases, and best in both
positive cases (Figure 4). The overall survival
curve for both positive cases was similar to that
of either one of the positive cases, whereas
disease-free survival for both positive cases
was better than that of either one positive case,
although the difference was not statistically
significant (P=0.058). The overall survival and
disease-free survival rates were worse in cases
of both negative CSC markers (Figure 4). EMT
phenotypes were not associated with patients’
five-year overall survival and disease-free sur-
vival (data not shown).

Discussion

EMT is an embryonic key developmental pro-
gram that is often activated during cancer inva-
sion and metastasis [24]. It is a process in
which cells undergo a morphological switch
from the epithelial polarized phenotype to the
mesenchymal fibroblastic phenotype [25]. As a
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result of EMT, epithelial cells lose their defined
cell-cell/cell-substratum contacts and their
structural/functional polarity and become spin-
dle-shaped and morphologically similar to acti-
vated fibroblasts [26]. EMT has been docu-
mented in a large number of cancers. Most
studies have used in vitro systems that employ
cell lines and focus on the detailed mechanism
of epithelial-mesenchymal transition, identify-
ing a number of the transcription factors and
signaling pathways that are involved [5].

At the molecular level, EMT is defined by the
loss of cell-cell adhesion molecules; the down-
regulation of epithelial differentiation markers,
including cytokeratins and E-cadherin; and the
transcriptional induction of mesenchymal ma-
rkers such as vimentin, fibronectin, and N-
cadherin with a nuclear localization of B-catenin
[27]. Nuclear B-catenin induces a gene expres-
sion pattern favoring tumor invasion, and
mounting evidence indicates multiple recipro-
cal interactions of E-cadherin and B-catenin
with EMT-inducing transcriptional repressors to
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Figure 3. Survival curves of ALDH1 and CD44. High expression of ALDH1A1 was associated with good disease-free
survival but not associated with overall survival (A and B). High expression of CD44 was correlated with both good

overall survival and disease-free survival (C and D).

stabilize an invasive mesenchymal phenotype
of epithelial tumor cells [28]. We used E-
cadherin as an epithelial marker and vimentin,
fibronectin, and SMA as a mesenchymal mark-
er to detect EMT in the human tissue of resect-
ed lung adenocarcinoma. Loss of E-cadherin
expression is a well-documented condition for
invasiveness [29]; however, the results are
debatable [30]. Our work demonstrated that
the loss of E-cadherin itself may not be associ-
ated with invasive behavior, whereas tumors
with vimentin expression, regardless of E-ca-
dherin expression, showed aggressive behav-
ior, such as the tendency of high pT stage and
pleural invasion.

Some studies have shown that centrally locat-
ed tumor cells stained positively for epithelial
markers, but this was absent at the invasive
front of the tumor in lung cancer [31]. So, the
expression of EMT-related proteins that are
related to metastasis may better reflect and
predict the prognosis and survival in patients
with non-small cell lung carcinoma. Shi et al.’s
[32] study demonstrated that the expression of
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various EMT-related proteins is associated with
a poor prognosis in lung adenocarcinoma.
However, in our study, neither the expression of
EMT-related markers nor EMT phenotypes cor-
related with the factors associated with tumor
invasion and metastasis, such as lymph node
metastasis, lymphovascular invasion or distant
metastasis, and survival. The literature reports
various results regarding EMT of human can-
cers; it is difficult to conclude the role of EMT in
cancer as associated with clinicopathologic
features and survival from this study. Further
studies or evaluations about the validation of
EMT-related markers, tissue microenvironme-
nt, scoring system, and phenotyping in connec-
tion with survival or predictive factors are ne-
eded.

CSCs have been defined as “a cell within a
tumor that possesses the capacity to self-
renew and to cause the heterogeneous lineag-
es of cancer cells that comprise the tumor”
[33]. CSCs have been identified in a variety of
solid tumors, including glioblastomas [34],
breast cancer [35], and lung cancer [14]. The
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Figure 4. Association of CSC markers and survival. Overall survival and disease-free survival rates were worst in
both negative cases, and best in both positive cases.

immunohistochemical expression of potential like process and is associated with cancer pro-
CSC markers was investigated in a series of gression [43]. There were many previous re-
lung adenocarcinomas [36]. Among them, ports that indicated that the expression of vari-
CD133, CD44, ALDH1, and combinations the- ous EMT-related molecules was associated
reof had independent prognostic. Reviewing with neoplastic progression and poor survival
results of studies investigating CSC markers, in some malignancies [32]. Okudela et al. [36]
one finds several incomprehensible issues demonstrated the independent prognostic
[36]. Many in vitro studies have found that the value of CD133, CD44, and ALDH1 in lung ade-
proportion of CSCs is usually very small (0.01 to nocarcinomas. Studies have demonstrated a
1% of the population of cancer cell lines) [37]. prognostic value for these molecules in a vari-
In contrast, immunohistochemical studies exa- ety of cancers [19, 44, 45]. On the other hand,
mining various types of primary cancers have some have demonstrated the opposite results
reported remarkably high fractions of positive that CD133 had no prognostic value in non-
cells [19, 38]. small cell lung carcinomas [46].
ALDH1 is a cytosolic isoenzyme, a member of In our study, the expression of ALDH1A1 and
the aldehyde dehydrogenase family responsi- CD44 was statistically associated with gender,
ble for the oxidization of intracellular aldehydes smoking history, pT stage, and pleural invasion,
to carboxylic acids [20]. Increased ALDH1 activ- but it was not associated with lymph node
ity has been found in hematopoietic stem cells metastasis, distant metastasis, lymphovascu-
[24, 39] and has been reported as a surrogate lar invasion, and stage. At the survival curves of
marker of CSCs in several malignancies [40]. In our study, high ALDH1A1 expression showed
vitro experiments suggest that isolated lung good diffuse-free survival, and high CD44
cancer cells with high ALDH1 activity are asso- expression was associated with good overall
ciated with CSC characteristics, including ca- and diffuse-free survival. Tumors expressing
pacities of proliferation, self-renewal, and resis- both ALDH1A1 and CD44 were associated with
tance to chemotherapy [41]. Jiang et al. [41] the best disease-free survival. One or more
showed that ALDHZ1 overexpression is associ- positive patients of ALDH1A1 and CD44 expres-
ated with poor prognosis in stage 1 non-small sion showed better overall survival than both
cell lung carcinoma and that ALDH1 expression negative patients. Unlike many previous stud-
overlapped with CD133 in a small subset of ies showing that CSC expression was associat-
patients. Similarly, Sullivan et al. [42] reported ed with poor clinicopathologic features and sur-
that only ALDH1A1, but not CD133, is a marker vival, our study revealed that it was related to a
of poor prognosis in stage 1 non-small cell lung good prognosis. It is needed in order to evalu-
carcinoma [20]. ate the factors influencing CSC expression,
such as experimental environment and cancer
CD44 has been identified as a specific marker microenvironment. In addition, it should be
of CSCs. In addition, CD44 plays an important reconsidered regarding the definition and pres-
role in tumor cells that are undergoing an EMT- ence of CSC.
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Studies have suggested that CD133 and CD44
could participate in EMT, a key biological event
in the invasion process [47, 48]. Regardless of
their specificity as CSC markers, these mole-
cules seem to have biological activities that
promote malignant expansion [36]. We evalu-
ated the association between EMT and CSC.
There was no significant correlation between
ALDH1A1, CD44, and EMT markers such as
E-cadherin, fibronectin, and SMA exception.
Expression of vimentin was associated with low
ALDH1A1 expression.

In summary, we have used immunohistochemi-
cal staining of CSC and EMT markers on human
lung adenocarcinoma tissue to explore ALDH1
and CD44 as CSC markers and E-cadherin,
vimentin, fibronectin, and SMA as EMT mark-
ers. We studied whether these markers were
correlated with clinicopathologic factors and
survival at the tissue microarray of lung cancer.
Our results showed that the expressions of CSC
markers were correlated with female gender,
less smoking history, low pT, and no pleural
invasion. Increased expression of ALDH1A1
and CD44 resulted in good overall survival and
disease-free survival. These results showed
that most of the EMT markers were not associ-
ated with clinicopathologic correlation or sur-
vival of lung adenocarcinoma. Only vimentin
expression was associated with high pT stage
and pleural invasion. We strongly suggest that
CSC marker expression is not related to EMT in
lung adenocarcinoma. There is a need for more
research about CSC, EMT, and the relation
between the two in human lung cancer.
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