
Abstract. Background/Aim: Aldehyde dehydrogenase-1A1
(ALDH1A1) and CD133 have been identified as markers of
cancer stem cells (CSCs). We investigated the expression of
these markers and their clinical significance in lung
adenocarcinoma. Materials and Methods: An immuno-
histochemical analysis of ALDH1A1 and CD133 expression
of 92 lung adenocarcinomas was performed. The association
between the expression of both markers and cancer-related
death and recurrence was determined. Results: Cancer-
related death and tumor recurrence were observed in 15 and
17 cases, respectively. The expression of CD133, but not
ALDHA1A, was significantly associated with poorer overall
survival (p<0.0001) and shorter disease-free interval (DFI)
(p<0.0001). Multivariate analysis revealed that double
negativity was independently associated with increased
survival (hazard ratio(HR)=16.1, p=0.0004) and a longer
DFI (HR=9.5, p=0.0007). Conclusion: We propose that as a
functional marker, ALDH1A1 positivity may influence the
viability of CSCs. The findings suggest that it is important to
evaluate the expression of both markers.

Despite continuous efforts to improve therapeutic response,
lung cancer is the most common cause of cancer-related
deaths in Japan, with adenocarcinoma by far the most
common histology, accounting for nearly 70% of lung cancer

cases (1). Cancer stem cells (CSCs) have the ability for self-
renewal and multipotently differentiate (2). CSCs may be
highly resistant to chemotherapy and radiation, and be
responsible for tumor initiation, progression and metastasis
(3, 4). Accumulating evidence supports the existence of a
CSC phenotype in human lung cancer (3, 5-7). The metabolic
marker aldehyde dehydrogenase isoform 1A1 (ALDH1A1)
and the cell-surface marker CD133 are reported to be markers
of lung CSCs (3). We, therefore, investigated ALDH1A1 and
CD133 expression in a retrospective cohort of 92 patients
with lung adenocarcinoma. The objectives were to determine
the association between ALDH1A1 and CD133 expression in
lung adenocarcinoma, the relationship between their
expression and the clinichopathological parameters, and the
prognostic value of ALDH1A1 and CD133.

Materials and Methods 

Patient population and clinicopathological data. We examined a
series of 154 Japanese patients with lung adenocarcinoma who
underwent surgical treatment at Fukuoka-Wajiro Hospital,
Fukuoka, Japan from 2006-2012. Ninety-two out of 154 (59.7%)
patients were selected based on the following inclusion criteria:
(i) no chemotherapy or radiotherapy before surgery, and (ii) the
availability of an adequate paraffin block and clinicopathological
data for the analysis. Follow-up information was obtained from
the patients’ records. Routinely collected clinicopathological data
included age, gender, smoking history and pathological stage.
There were 49 males (53%) and 43 females (47%), with a
median age of 71 years (range=40-92 years) at the time of
surgery; 43 (47%) patients were <70 years and 49 (53%) were
≥70 years of age. Half of the patients (n=46) had a smoking
history. The pathological stages were: stage I, n=62 (67.4%);
stage II, n=14 (15.2%); stage III, n=12 (13.0%); and stage IV,
n=4 (4.4%) (TNM staging of lung cancer) (8). The median
follow-up period was 1,702 days (range=4-3679 days).
Recurrence was diagnosed by computed tomography alone or
combined with positron-emission tomography.
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Specimen characteristics. All tissue specimens were formalin-fixed
and paraffin-embedded according to routine diagnostic procedures.
Hematoxylin and eosin (H&E)-stained slides and medical records
were reviewed to confirm the diagnosis according to the new
International Association for the Study of Lung Cancer, American
Thoracic Society and European Respiratory Society International
Multidisciplinary Lung Adenocarcinoma Classification (9).

Evaluation of immunohistochemical staining. Immunohisto-chemical
(IHC) staining of the 92 lung adenocarcinoma sections for ALDH1A1
and CD133 was performed using a standard immunoperoxidase
technique by two investigators in a coded manner without previous
knowledge of the clinical or pathological parameters. In difficult cases,
the score was confirmed by two observers and a consensus was
achieved. The analysis was performed using direct light microscopy,
only staining specific to cancer cells was considered positive (staining
of stromal tissue, macrophages and cellular debris was considered non-
specific and was excluded). 

ALDH1A1 staining and scoring. ALDH1A1 staining was performed
on 4-μm-thick paraffin sections using a mouse monoclonal
antibody(anti-ALDH1; Abcam Inc., Tokyo, Japan) at 1:200 dilution
(Figure 1A). Normal human liver sections were used as positive
controls. Negative controls were made by replacing the primary
antibodies with Tris-buffered saline. ALDH1A1 immunoreactivity
was scored in the cytoplasmic compartment, but not on pericellular
membranes. The cytoplasmic staining intensity was scored based on
the immunoreactivity as: 0 (negative), 1 (weak), 2 (intermediate) or
3 (strong). The percentage of positively stained cells in the tumor
section was graded as 0-100% (at 10% intervals). The ALDH1A1
score was assigned to each case by multiplying the staining intensity
score by the percentage of stained cells as follows: ALDH1A1
score=(% of cells of intensity 1×1) + (% of cells of intensity 2×2)
+ (% of cells of intensity 3×3). ALDH1A1 positivity was defined
by an ALDH1A1 score of >100.

CD133 staining and scoring. CD133 staining was performed on 4-
μm-thick paraffin sections using a mouse monoclonal antibody (anti-
CD133; Millipore Inc., Temecula, CA, USA) at 1:200 dilution (Figure
1B). The CD133 expression was defined as the proportion of cells in
the tumor section with strong membranous staining within the
neoplastic epithelial component. The percentage of positively stained
cells was graded as 0-100% (at 5% intervals). When ≥10% of the
tumor was stained it was considered CD133-positive. CD133 antigen
was used as a positive control. Negative controls were made by
replacing the primary antibodies with Tris-buffered saline.

Statistical analysis. All data were analyzed using the statistical
software StatView (SAS Institute Inc. Cary, NC, USA). The
correlation between ALDH1A1 score, CD133 expression and the
clinicopathological parameters was evaluated using unpaired t-tests for
statistical significance. Relationships between the ALDH1A1/CD133
phenotype and the clinicopathological parameters were evaluated using
unpaired t-tests for statistical significance.

Overall survival (OS) was defined as the duration (in days) between
surgery and cancer-related death (in-hospital death within 30 days
after surgery and non-cancer-related deaths were excluded). The
disease-free interval (DFI) was defined as the duration (in days)
between surgery and the first recurrence of cancer. Patients who

survived with or without recurrence were censored on the date of the
last follow-up examination. The OS and DFI curves were calculated
by using the Kaplan–Meier method and were examined by using the
log-rank test. Univariate and multivariate analyses were also
performed using Cox’s proportional hazards model to determine the
factors that significantly influenced survival and DFI. p-Values of
0.05 or less were considered to indicate statistical significance.

Results
Patient characteristics. Fifteen (16.3%) cancer-related deaths
occurred (pathological stage I-IV: 5/62, 4/14, 3/12, 3/4,
respectively) and tumor recurrence was observed in 17
(18.4%) cases (pathological stage I-IV: 6/62, 4/14, 4/12, 3/4)
among the 92 patients with lung adenocarcinoma. Male sex,
being a current or former smoker, and pathological stage II-
IV disease were associated with shorter OS than the female
sex, never smoking and pathological stage I disease
(p=0.0233, p=0.044 and p=0.0021, respectively; data not
shown). Patients with pathological stage II-IV disease had a
significantly higher recurrence rate than those with
pathological stage I disease [p=0.0018; pathological stage I:
6/62 (9.6%), II-IV:11/30 (36.6%)].

Relationship between the ALDH1A1 score, clinical parameters
and expression of CD133. The mean ALDH1A1 score of the
92 patients was 52.1; there were therefore 20 (21.7%)
ALDH1A1-positive cases. No significant relationships were
observed between ALDH1A1 positivity, clinicopathological
parameters and expression of CD133 (data not shown).
ALDH1A1 positivity was not related to clinicopathological
parameters or CD133 expression (data not shown).

There was no significant difference in the curves for OS
(p=0.1529) or DFI (p=0.3156) by ALDH1A1 status (Figure
2A and B). A multivariate analysis that included ALDH1A1
status, CD133 expression and pathological stage revealed
that ALDH1A1 status had no significant impact on OS
(p=0.8077) or DFI (p=0.7652) (Table I).
Relationship between the expression of CD133 and clinical
parameters. The median CD133 staining percentage was
3.52%. There were 18 (19.5%) CD133-positive cases. The
rate of CD133 positivity in patients with pathological stage
II-IV disease was significantly higher rate than those with
pathological stage I [p=0.0040; pathological stage I: 7/62
(11.2%), II-IV: 11/30 (36.6%)]

Figure 2C and D show the OS and DFI curves for CD133-
negative and -positive cases. CD133 positivity had a
significant impact on both OS (p<0.0001) and the DFI
(p<0.0001). A multivariate analysis that included the
ALDH1A1 score, the expression of CD133 and the
pathological stage revealed that CD133 positivity was
independently associated with decreased survival (p<0.0001,
HR=20.0) and a decreased DFI [hazard ratio (HR)=13.6,
p<0.0001] in patients with lung adenocarcinoma (Table I).
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Combined analysis of the ALDH1A1/CD133 status. The
patients were divided into four categories/three groups based
on their ALDH1A1 and CD133 expression levels:

ALDH1A1−/CD133− (n=59; double-negative group);
ALDH1A1+/CD133− (n=15) and ALDH1A1−/CD133+
(n=13; any-positive group); and ALDH1A1+/CD133+ (n=5;
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Figure 1. The validation of immunohistochemical staining of aldehyde dehydrogenase-1A1 (ALDH1A1) (A) and CD133 (B). A: The intensity of
cytoplasmic staining of ALDH1A1 was scored based on immunoreactivity as 0 (negative), 1 (weak), 2 (intermediate) or 3 (strong). Intensity score
and the percentage of positivity stained cells were then multiplied to give the final score. Upper row, ALDH1A1 score=0 (intensity 0×0% positive
cells). Middle row, ALDH1A1 score=90 (intensity 2×30% positive cells + intensity 3×10% positive cells). Lower row, ALDH1A1 score=270 (intensity
3×90% positive cells). B: Example of CD133 expression: 10% staining. CD133 staining was defined as the proportion of cells with strong
membranous expression (i.e. 0-100%).  Magnification: 100× (left column) and 200× (right column).



double-positive group). There was no relationship between
the ALDH1A1 score and the expression of CD133
(p=0.4886; data not shown). The combined analysis of the
clinicopathological parameters of the four categories was
performed. In patients with ALDH1A1−/CD133− disease,
74.2% had pathological stage I, which was significantly
higher than the percentage in the ALDH1A1−/CD133−
category (43.3%) who were mainly classified as having
pathological stage II-IV (p=0.0038; date not shown).

Most patients were classified into the double-negative
group, which had a significantly better prognosis according to
the OS and DFI curves (Figure 2E and F) (both p<0.0001). In
contrast, the double-positive group had a significantly worse
prognosis than the other groups (p=0.0096 and p=0.0345,
respectively) (data not shown). The multivariate survival and
DFI analyses revealed that double-negativity was also
independently associated with improved OS (p=0.0004,
HR=16.1) and DFI (p=0.0007, HR=9.5) (Table I).
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Figure 2. The Kaplan–Meier analysis of overall survival (A, C, E) and disease-free interval (DFI) (B, D, F) in patients with lung adenocarcinoma
according to aldehyde dehydrogenase-1A1 (ALDH1A1) (A, B), CD133 (C, D) and combined ALDHA1/CD133 (E, F) expression. ALDH1A1 positivity
was defined as an ALDH1A1 score of >100 (median was 52.1). CD133 positivity was defined as ≥10% cells with strong membranous expression.



Discussion

The human ALDH enzyme family comprises of 19 members
(10). ALDH, which has several isoforms (mainly ALDH1A1,
ALDH1A2, and ALDH1A3), is a marker of normal tissue
SCs and CSCs, in which it is involved in self-renewal,
differentiation and self-protection (10). ALDH1 is expressed
in putative lung epithelial SC niches and is overexpressed in
tumors in comparison to normal lung (11). The ALDH1
isoforms (including ALDH1A1) play a role in retinoic acid
formation through the oxidation of all-trans-retinal and 9-
cis-retinal, which are involved in retinoid signaling, which
is related to the stemness of CSCs and normal tissue SCs
(10-13). ALDH1A1 activity also has a known role in drug
resistance (10, 14) and radioresistance (15).

The biological behavior of isolated ALDH-positive lung
cancer cells was observed to be highly tumorigenic and
clonogenic in comparison to their ALDH-negative
counterparts and the cells were capable of self-renewal (5,
16, 17). A recent meta-analysis showed that the increased
expression of ALDH1A1 is associated with poor OS and
disease-free survival in lung cancer (5, 16-19).

Although we assumed that ALDH1A1 was associated with
a poor prognosis in lung adenocarcinoma, ALDH1A1
positivity had no significant impact on OS and DFI in our
study. We hypothesize that two factors affected this result.
Firstly, our ALDH1A1 score was determined by multiplying
the intensity score by the percentage of stained cells (similarly
to other researchers) (19). The cut-off level of our ALDH1A1
scoring system was 100; this was chosen because it was
approximately double the median ALDH1A1 score (52.1).
There is therefore room for considering use of a different cut-
off level. Secondly, our study population was small, which
might have prevented some results from reaching significance.
Further studies in larger cohorts are needed.

The CD133 antigen is a pentaspan transmembrane
glycoprotein (120 kDa) of 865 amino acids and is the product
of a single-copy gene on chromosome 4 (4p15.33) in humans
(3, 20). Its biochemical function has gradually been clarified.
When cells or tissues are damaged by chemical, physical or
mutational causes, CD133-positive progenitor or SCs are
activated to self-renew, proliferate and differentiate to repair
the damage. CD133-positive CSCs are responsible for tumor
metastasis, chemoresistance, radioresistance and recurrence
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Table I. Univariate and multivariate analyses using a proportional hazards model to investigate the parameters associated with overall survival
(OS) and the disease-free interval (DFI) in patients with lung adenocarcinoma (n=92). Univariate and multivariate analyses were carried out to
determine survival according to aldehyde dehydrogenase-1A1 (ALDH1A1) and CD133 expression, and pathological stage. Bold typeface indicates
statistical significance (p<0.05).

                                                                                                                           Univariate analysis                                    Multivariate analysis

Parameter                                               Subgroup                      n            HR             95% CI             p-Value           HR               95% CI            p-Value

OS                                                                                                                                                                                                                                     
Model 1            ALDH1A1                   Negative                      72            1                                                                 1                                                
                                                               Positive                        20           2.1         0.157-1.365           1.629             0.8            0.362-3.691          0.8077
                          CD133                         Negative                      74            1                                                                 1                                                
                                                               Positive                        18          24.3        0.013-0.134         <0.0001          20.0           0.013-0.191         <0.0001
                          Pathological stage       I                                    62            1                                                                 1                                                
                                                               II-IV                             30           4.5         0.076-0.653          0.0062            1.7            0.173-1.908          0.3658
Model 2            ALDH1A1/CD133      Double-negative         59            1                                                                 1                                                
                                                               Other                            33          20.8         0.011-0.216         <0.0001          16.1           0.013-0.290          0.0004
                          Pathological stage       I                                    62            1                                                                 1                                                
                                                               II-IV                             30           4.5         0.076-0.653          0.0062            2.0            0.161-1.498          0.2114
DFI                                                                                                                                                                                                                                   
Model 1            ALDH1A1                   Negative                      72            1                                                                 1                                                
                                                               Positive                        20           1.6         0.208-1.675          0.3212            0.8            0.388-3.622          0.7652
                          CD133                         Negative                      74            1                                                                 1                                                
                                                               Positive                        18          16.6        0.020-0.175         <0.0001          13.6           0.022-0.237        <0.0001
                          Pathological stage       I                                    62            1                                                                 1                                                
                                                               II-IV                             30           4.3         0.084-0.617          0.0036            2.1           0.160 -1.391         0.1731
Model 2            ALDH1A1/CD133      Double-negative         59            1                                                                 1                                                
                                                               Other                            33          12.3        0.023-0.282         <0.0001           9.5            0.029-0.387          0.0007
                          Pathological stage       I                                    62            1                                                                 1                                                
                                                               II-IV                             30           4.3         0.084-0.617          0.0036            2.2            0.160-1.275          0.1333

HR: Hazard ratio; CI: confidence interval. 



(21). The expression of CD133 is dynamic and responds to
changes in the cell microenvironment. CD133 is involved in
diverse cellular processes, including the uptake of glucose
and transferrin, autophagy, membrane–membrane interaction,
and matrix metalloproteinase functions (21). The expression
of CD133 on the cell surface was shown to be a specific
marker for CSCs in a number of malignancies, including lung
cancer (6, 22). Although several landmark studies have
revealed that isolated CD133-positive lung cancer cells
exhibited in vitro CSC-like features and in vivo
tumorigenicity, subsequent studies showed similar
tumorigenic potential of both CD133-positive and CD133-
negative lung cancer cells both in vitro and in vivo (6, 23). In
previous studies, the expression of CD133 was correlated
with a poor prognosis in lung cancer (24). Similarly to other
reports (24, 25), our analysis indicated that CD133-positive
tumors were associated with significantly worse outcomes in
comparison to CD133-negative tumors. We therefore consider
CD133 to be an appropriate CSC marker. 

Previous studies investigated the relationship between
ALDH1A1 and CD133 (18, 26, 27). The results of these
studies differed. Although the ALDH1A1 score and the
expression of CD133 were unrelated in our analysis, the
double-negative group had the best prognosis based on the

OS and DFI curves (Figure 2E and F). Furthermore, the
multivariate analyses confirmed that double-negativity was
independently associated with improved OS and DFI (Table
I). Although there is room for debate regarding the direct
relationship between ALDH1A1 and CD133, with regard to
the measurement of the viability of CSCs, the findings
suggest that it is important to evaluate both CD133 as a
surface marker of CSCs and ALDH1A1 as a functional
marker. Figure 3 illustrates the clinical significance of
ALDH1A1 and CD133 as CSC markers in lung
adenocarcinoma. ALDH1A1 and CD133 can both be
considered as novel diagnostic and therapeutic markers for
targeted lung adenocarcinoma therapy.
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