
Abstract. Background: Aldehyde dehydrogenase-1 (ALDH1)
has been shown to be a potential cancer stem cell marker in
different types of cancer. However, the role of its expression in
tumor cells and the microenvironment in different types of
cancer is still controversial. Materials and Methods: ALDH1
protein was immunohistochemically investigated and analyzed
in 157 samples of surgically dissected esophageal squamous
cell carcinoma (ESCC) tissues. Results: ALDH1 protein
expression in ESCC tumor cells was significantly associated
with poor differentiation (p<0.05) and strongly positive
ALDH1 expression in tumor cells was related with shorter
overall survival (p<0.05), while the expression of ALDH1 in
ESCC stromal cells had no significant relationship with
clinicopathological features (p>0.05). Conclusion: High
expression of cancer stem cell marker ALDH1 in ESCC cells
may thus portend a poor prognosis. However, its expression in
the tumor microenvironment did not appear to have a role in
ESCC behavior. More studies are warranted to find out the
mechanisms to explain this.

Esophageal squamous cell carcinoma (ESCC) is a highly
malignant lesion and is the fourth-leading cause of cancer-
associated death in China (1). Despite improved surgical
standards and the application of adjuvant treatment for
resectable tumors, survival rates in esophageal cancer remain
low (2). More powerful prognostic biomarkers are needed to
define the risk profiles of patients with ESCC and new
therapies that target chemo- and radioresistance are needed
in order to improve the survival rate.

Many studies have repeatedly confirmed the existence of
cancer stem cells (CSCs) (3-5). CSCs represent only a small
proportion of all tumor cells and are not treatable by current
chemotherapy or radiotherapy. They have been implicated in
tumorigenesis, relapse, and metastasis of cancer (6, 7).
Hence, identifying CSC markers in ESCC samples may
provide important information regarding patient prognosis
and response to therapy (8, 9). 

The aldehyde dehydrogenase (ALDH) family, a large
superfamily of proteins, catalyzes dehydrogenation of
aldehydes to their corresponding carboxylic acids, and can
be found in the cytosol, nucleus, and endoplasmic reticulum
(10). One of these family members, ALDH1, consists of six
subtypes, three of which (ALDH1A1, ALDH1A2 and
ALDH1A3) catalyze the oxidation of retinaldehyde to
retinoic acid, an important regulator of gene expression (11).
ALDH1 takes part in regulating cell differentiation,
proliferation and motility. Its regulatory role is through the
retinoid signaling pathway. Li et al. reported that inhibiting
ALDH1-mediated retinoid signaling impairs human fetal
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islet cell differentiation and survival (12), indicating that
ALDH1 may be involved in cancer genesis and development.

Studies have shown that ALDH1 is a marker for CSCs in
a variety of adult cancer types, including breast,
gastrointestinal, ovarian and lung among others (13-18). CSC
markers have been associated with increased aggressiveness
in some tumor types. The predictive role of ALDH1 in
cancer is unclear, with some studies showing ALDH1
expression being associated with poor overall survival and
others showing contrasting results (14, 15, 18-20). 

In the present study, we immunohistochemically examined
the expression of ALDH1 in the tumor and stromal cells of
human ESCC tissue and explored its relationship with
conventional clinicopathological characteristics in a series of
157 patients with ESCC (Anyang, China) with long-term
follow-up. 

Materials and Methods

Patients. In total, 157 patients, including 95 men and 62 women,
were included in this retrospective study. All patients underwent
surgery with curative intent after a diagnosis of ESCC between 1989
and 1994 at the Anyang Tumor Hospital, Henan, China. All patients
were followed-up from the confirmed diagnosis date until death or
31 May 2004, except for 19 patients, who were lost to follow-up
(Table I). Tumors were classified according to the 2003 standards
established by the Union for International Cancer Control (21). The
157 surgically removed samples were routinely fixed in formalin,
processed, and embedded in paraffin blocks for diagnosis and
research use. This project was completed at Anyang Tumor Hospital
and the Norwegian Radium Hospital. The Ethics Committee of
Anyang Tumor Hospital and Anyang Hygiene Bureau approved this
study. All involved patients gave written consent for participation in
this research, and all consent forms were filed at the Anyang Tumor
Hospital, Henan, China.

Immunohistochemistry. The Dako EnVision™ Flex+ (K8012; Dako,
Glostrup, Denmark) was applied for immunohistochemical staining.
De-paraffinization and unmasking of epitopes were performed in PT
link with low pH target retrieval solution (Dako), followed by

blocking peroxidase for 5 min with DAKO blocking buffer. The
slides were then incubated with the following reagents: mouse
antibody to human ALDH1 (1:3000, 83 ng IgG1/ml, Clone 44; BD
Transduction Laboratories™ Oslo, Norway) at 4˚C overnight,
EnVisionTM Flex+ mouse linker for 15 min and EnVision™
Flex+HRP for 30 min at room temperature. All sections were
stained with 3, 3’-diaminobenzidine tetrahydrochloride for 5 min
and counterstained with hematoxylin. Finally, all slides were
dehydrated and mounted in Richard-Allan Scientific Cyto seal XYL
(Thermo Scientific, Waltham, MA, USA). Human liver tissue is
always positive for ALDH1 staining, was therefore used as a
positive control in this study; negative controls were performed
using the same concentration of non-immune mouse IgG instead of
mouse anti-human ALDH1.

Immunohistochemical scoring system. Immunostaining was
evaluated by two pathologists from the Norwegian Radium Hospital,
Oslo University Hospital, Oslo, Norway, and they were blinded to
clinical information. A third observer re-evaluated and confirmed
the slides that had discordant diagnoses. Semiquantitative evaluation
of immunohistochemical staining was used for evaluating ALDH1
expression levels in the ESCC samples. Specimens were reviewed
for staining intensity and staining extent. The intensity of the
immunohistochemical staining was measured on a scale of 0 to 3.
Staining extent was rated according to the percentage of positively
stained cells in the field. Samples with no staining of cells were
rated as 0, those with <25% of cells stained as 1, those with 25 to
50% of cells stained as 2, >50% of cells stained were rated as 3.
The sum of the intensity score and the extent score was expressed as
a total score (Table I). The slides were grouped as negative or
weakly positive (–), moderately positive (+) and strongly positive
(++) when the total score was 0, 1 to 4, and 5 to 6, respectively. 

Statistical analysis. Statistical analysis was performed using SPSS
statistical software package, Version 17.0 (SPSS, Chicago, IL USA).
Chi-square tests (Pearson and linear-by-linear as appropriate) were
performed to analyze the associations between ALDH1 expression
and clinicopathological features. Survival curve was plotted through
the Kaplan–Meier method and compared with the use of the two-
sided log-rank test. The Cox proportional regression hazard model
was used in multivariate analysis to identify the significant factors
that were correlated with prognosis. For all analyses, a p-value less
than 0.05 was regarded as statistically significant. 
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Table I. The criteria of the Allred scoring system (47) used for evaluating aldehyde dehydrogenase-1 expression in esophageal squamous cell
carcinoma cells and stromal cells in our study.

1. The criteria of the intensity scoring system
Intensity score 0 1 2 3
Staining intensity Negative Weak Moderate Strikingly positive at low magnitude
2. The criteria of percentage scoring system
Percentage score 0 1 2 3
Stained cells 0 <25% 25%-50% >50%
3. 
Total scorea 0 1-4 5-6

(−) (+) (++)

aThe total score was obtained by adding the percentage score to the intensity score. It ranges from 0 to 6.



Results

ALDH1 was variably detected in esophageal squamous cell
carcinoma specimens. Immunoreactivity to ALDH1 was
variably detected in both tumor and stromal cells in all the
ESCC samples (Figure 1). Immunostaining was limited to
the cytoplasm and cell membrane. Out of the total 157
samples, 62 cases (39.49%) were negative, 42 (26.75%) were
moderately positive, and 53 (33.76%) were strongly positive
for ALDH1 in tumor cells (Table II). Compared to tumor
cells, ALDH1 expression in the stromal cells was generally
rather strong. Negative, moderately positive, and strongly
positive expression of ALDH1 in the stromal cells was
observed in 16 (10.19%), 53 (33.76%), and 88 (56.05%)
cases, respectively (Table III).

Clinicopathological variables in 157 cases of esophageal
squamous cell carcinoma. The association between ALDH1
protein expression in tumor cells and stromal cells and the
clinicopathological features is summarized in Table II.
ALDH1 expression in ESCC tumor cells was significantly

positively associated with differentiation grade (p<0.05).
Strong ALDH1 staining was noted in 25/53 (47%) poorly
differentiated ESCC samples, 22/48 (46%) moderately
differentiated samples, but only in 6/62 (10%) well-
differentiated samples. However, no significant association
was found between ALDH1 protein expression and clinical
parameters such as age, sex, tumor size, and TNM stage. As
summarized in Table III, there was no significant difference
between ALDH1 expression in stromal cells according to
clinicopathological features of ESCC.

Survival analysis. As 19 patients were lost to follow-up, our
survival analysis included a total of 138 cases. The median
overall survival was 90 months with a 95% confidence
interval (CI) of 61.197 months to 118.803 months. For the
138 patients, ALDH1 expression in tumor cells was negative
in 53 cases, moderate in 39 cases, and strong in 46 cases.
Kaplan–Meier survival curves and the log-rank test
demonstrated that tumor ALDH1 expression in ESCC was
significantly associated with poor overall survival (p=0.039;
Figure 2A). The median overall survival for the tumor
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Figure 1. Immunohistochemical staining of aldehyde dehydrogenase-1 (ALDH1) in esophageal squamous cell carcinoma. The typical diffuse
cytoplasmic staining of the protein can be seen in esophageal squamous cell carcinoma. A: ALDH1 negativity; B: weak ALDH1 positivity; C: strong
ALDH1 positivity (magnification ×200).

Figure 2. Correlation between aldehyde dehydrogenase-1 (ALDH1) expression and prognosis of patients with esophageal squamous cell carcinoma.
A: Survival plot shows that high ALDH1 expression in tumor cells in esophageal squamous cell carcinoma is associated with poorer overall survival
than low and negative expression (p<0.05, Kaplan–Meier). B: The expression level of ALDH1 in stromal cells in esophageal squamous cell carcinoma
has no significant association with overall survival probability (p>0.05, Kaplan–Meier). 



ALDH1-negative, moderate, and strong expression groups
were 139, 118, and 65 months, respectively. 

Out of the 138 cases available for survival analysis,
ALDH1 expression in stromal cells was negative, moderate,
and strong in 14, 46, and 78 cases, respectively. The median
overall survival in the stromal ALDH1-negative,  moderate
and strong expression groups were 122, 98, and 76 months,
respectively. ALDH1 expression in stromal cells was not
significantly associated with overall survival by statistical
analysis (p=0.142; Figure 2B). 

Multivariate analysis was performed using the Cox
Regression method based on the above clinicopathological
parameters and ALDH1 expression in tumor and stromal
cells (Table IV). Increasing age at diagnosis, TNM stage,
differentiation grade and ALDH1 expression in stromal cells
were independent risk factors for poorer overall survival in
ESCC (p<0.05), while other variables such as tumor size,
sex, and ALDH1 expression in tumor cells did not
independently contribute to overall survival (p>0.05).

Discussion

In ESCC, as in other types of cancer, many factors play a
role in treatment failure, including chemoresistance,
radioresistance, relapse after surgery, and metastasis. CSCs
were determined to be the cause of these issues, with
increasing interest in CSCs in the past decade. CSCs
represent only a small percentage of tumor cells but are
equipped with the properties of tumor-initiation, self-renewal
and differentiation (22). Additionally, they are resistant to
both conventional chemotherapy and ionizing radiation, and
are thus a major factor involved in tumor relapse, invasion,
and metastasis (23, 24). Examining CSC populations in
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Table II. Clinicopathological information of patients with esophageal
squamous cell carcinoma and their relationship with expression of
aldehyde dehydrogenase-1 (ALDH1) in tumor cells.

Variable Total ALDH1 expression p-Value

(–) (+) (++)

Age (years) 0.640
<50 41 15 11 15
50-60 57 24 13 20
>60 59 23 18 18

Gender 0.983
Male 95 38 25 32
Female 62 24 17 21

Tumor size (mm) 0.383
<30 35 15 7 13
30-60 107 38 32 37
>60 15 9 3 3

TNM stage 0.293
I/II 105 44 29 32
III/IV 52 18 13 21

Differentiation grade 0.000
Well 58 31 21 6
Moderate 48 15 11 22
Poor 51 16 10 25

Negative or mildly positive (–), moderately positive (+) and strongly
positive (++).

Table III. Clinicopathological information of patients with esophageal
squamous cell carcinoma and their relationship with expression of
aldehyde dehydrogenase-1 (ALDH1) in stromal cells.

Variable Total ALDH1 expression p-Value

(–) (+) (++)

Age (years) 0.524
<50 41 5 9 27
50-60 57 5 23 29
>60 59 6 21 32

Gender 0.406
Male 95 9 30 56
Female 62 7 23 32

Tumor size (mm) 0.640
<30 35 1 16 18
30-60 107 15 32 60
>60 15 0 5 10

TNM stage 0.392
I/II 105 9 36 60
III/IV 52 7 17 28

Differentiation grade 0.813
Well 58 7 16 35
Moderate 48 6 17 25
Poor 51 3 19 29

Negative or mildly positive (–), moderately positive (+) and strongly
positive (++).

Table IV. Multivariate analysis of overall survival in a total of 138
patients with esophageal squamous cell carcinoma.

Variable RR 95% CI p-Value

ALDH1 in tumora 1.174 0.882-1.562 0.272
ALDH1 in stromaa 1.548 1.078-2.222 0.018
Age groupb 1.345 1.006-1.798 0.045
Differentiation gradec 1.381 1.043-1.828 0.024
TNM 1.699 1.047-2.758 0.032
Sized 1.482 0.969-2.266 0.690
Gender 1.371 0.850-2.211 0.196

RR: Relative risk; 95% CI: 95% confidence interval; ALDH1: aldehyde
dehydrogenase-1. aALDH1-negative/weak group versus moderate
expression group versus strong expression group; bage<50 years versus
50-60 years versus >60 years; cwell-differentiated versus moderately
differentiated versus poorly differentiated; dsize <30 mm versus 30-60 mm
versus >60 mm.



individual patients could predict for metastatic progression
and clinical outcome. Targeting CSCs should improve the
survival of patients with cancer. Previous research has shown
that the CSC phenotype may combine both its cell of origin
and the oncogenic transforming events (25, 26). Therefore,
focusing on conserved stem and progenitor cell functions is
one approach in the search for shared CSC markers. ALDH1,
responsible for the oxidation of intracellular aldehydes, has
been put forward as a potentially reliable CSC marker.

ALDH1 is involved in regulating stem cell differentiation
and proliferation, particularly through the retinoid signaling
pathway (12, 27, 28). ALDH1 expression has been observed
in healthy stem cells such as human hematopoietic and neural
stem and progenitor cells (29, 30). Deng et al. reported that
ALDH1 is variably expressed in normal tissues, for instance,
it is absent or only moderately expressed in breast and lung
tissue, somewhat weakly expressed in colonic and gastric
epithelia, and strongly expressed in liver and pancreatic tissue
(31). Yoshitaka et al. reported no expression of ALDH1 in
normal oral squamous epithelial cells (32). However, no
studies have reported on the expression of ALDH1 in
esophagus epithelial cells to our knowledge.

ALDH1 has been shown to be related to the CSC
phenotype. When Ginestier et al. implanted a very small
number of ALDH1-positive cells into the fat pad of nude
mice, a breast tumor formed (33). ALDH1 was later
considered as a CSC marker in other types of human solid
tumors, including ovarian (34, 35), lung (17, 36) and rectal
cancer (37). The presence of cancer cells with such a stem
cell marker was associated with a worse outcome. In some
types of cancer, ALDH1 has been linked to chemoresistance
and proposed as a potential therapeutic target (38, 39).
However, the expression patterns of ALDH1 in malignant
tumors are inconsistent. ALDH1 expression was associated
with worse clinical outcomes in patients with breast cancer,
while related to higher tumor grade in some other studies
(40, 41). Liu et al. reported an association between ALDH1
expression and aggressive pathological features in
gallbladder adenocarcinoma (18). Reports about ovarian
cancer have been contradictory, with some studies showing
ALDH1 expression to be related to poor overall survival (31)
and others showing contrasting results (20). The mechanism
responsible for such variations in ALDH1 expression in
malignant tumors needs further investigation.

In the present study, we examined the ALDH1 expression
patterns in a series of 157 ESCC samples. We found that
ALDH1 protein expression in tumors was significantly
related to poor histological differentiation, however, no
significant association was found between the ALDH1
protein expression and other clinical parameters such as age,
sex, tumor size, or TNM stage. Among the 138 ESCC cases
available for overall survival analysis, strongly positive
staining of ALDH1 protein in ESCC cancer cells was

associated with shorter overall survival times. These findings
are consistent with previous studies. Ajani et al. investigated
ALDH1 expression in 167 cases of esophageal
adenocarcinoma and squamous cell carcinoma and reported
high ALDH1 expression to be associated with therapy
resistance and aggressive phenotype (42). Minato et al.
examined 152 patients with ESCC and found that ALDH1
expression was a predictor of postoperative recurrence and
prognosis (43). In a study of 79 cases of ESCC, Wang et al.
found ALDH1 expression to be correlated with poor
histological differentiation and poor 5-year OS compared to
those for the negative group (44). In our study, there was no
significant difference in ALDH1 expression by TNM staging.
However, owing to the very limited number of stage I and
stage IV samples in our study, we separated samples into two
TNM groups: I/II and III/IV. This may explain why there is
no clinical stage correlation with ALDH1 expression, which
is in contrast with the findings reported by Wang et al. (44).

Previous studies have reported frequent and strong intra-
stromal expression of ALDH1 in both non-malignant and
tumor-associated stromal cells. However, the potential role
of ALDH1 expression in the tumor microenvironment
remains unclear. For example, some breast cancer
researchers hold the opinion that high ALDH1 expression in
tumor-related stromal cells predicts a better clinical outcome
(13, 45), while others believe that ALDH1 expression in
stromal cells is not associated with any clinical parameters
(14, 46). In our study, we observed high expression levels of
ALDH1 in ESCC stromal cells but determined that these
levels had no significant association with the noted clinical
parameters.

In summary, our results confirm that strong positive
expression of ALDH1 is related to poor survival in ESCC.
Moreover, the expression of ALDH1 is inversely correlated
with histological differentiation. Our study also showed that
there is no relationship between intra-stromal ALDH1
expression and standard clinical parameters. However, more
studies are warranted to verify both the role of ALDH1 and
the molecular mechanisms involved in the progression of
ESCC. 

Acknowledgements
This study was supported by the National Natural Science
Foundation of China (81272824), The Norwegian Radium Hospital
Research Foundation, and China Scholarship Council.

References

1 Jemal A, Bray F, Center MM, Ferlay J, Ward E and Forman D:
Global cancer statistics. CA Cancer J Clin 61(2): 69-90, 2011.

2 Hottenrott C: Predictive medicine and esophageal cancer
response to preoperative chemotherapy. Surg Endosc 27(1): 347-
348, 2013.

Ji et al: ALDH1 Expression in Esophageal Squamous Cell Carcinoma

347



3 Schepers AG, Snippert HJ, Stange DE, van den Born M, van Es
JH, van de Wetering M and Clevers H: Lineage tracing reveals
Lgr5+ stem cell activity in mouse intestinal adenomas. Science
337(6095): 730-735, 2012.

4 Driessens G, Beck B, Caauwe A, Simons BD and Blanpain C:
Defining the mode of tumour growth by clonal analysis. Nature
488(7412): 527-530, 2012.

5 Chen J, Li Y, Yu TS, McKay RM, Burns DK, Kernie SG and
Parada LF: A restricted cell population propagates glioblastoma
growth after chemotherapy. Nature 488(7412): 522-526, 2012.

6 Sachlos E, Risueño RM, Laronde S, Shapovalova Z, Lee JH,
Russell J, Malig M, Malig M, McNicol JD, Fiebig-Comyn A,
Graham M, Levadoux-Martin M, Lee JB, Giacomelli AO, Hassell
JA, Fischer-Russell D, Trus MR, Foley R, Leber B, Xenocostas
A, Brown ED, Collins TJ and Bhatia M: Identification of drugs
including a dopamine receptor antagonist that selectively target
cancer stem cells. Cell 149(6): 1284-1297, 2012.

7 Visvader JE and Lindeman GJ: Cancer stem cells: current status
and evolving complexities. Cell Stem Cell 10(6): 717-728, 2012.

8 Clarke MF, Dick JE, Dirks PB, Eaves CJ, Jamieson CH, Jones
DL, Visvader J, Weissman IL and Wahl GM: Cancer stem
cells–perspectives on current status and future directions: AACR
Workshop on cancer stem cells. Cancer Res 66(19): 9339-9344,
2006.

9 Eyler CE and Rich JN: Survival of the fittest: cancer stem cells
in therapeutic resistance and angiogenesis. J Clin Oncol 26(17):
2839-2845, 2008.

10 Sladek NE: Human aldehyde dehydrogenases: potential
pathological, pharmacological, and toxicological impact. J
Biochem Mol Toxicol 17(1): 7-23, 2003. 

11 Marchitti SA, Brocker C, Stagos D and Vasiliou V: Non-P450
aldehyde oxidizing enzymes: the aldehyde dehydrogenase
superfamily. Expert Opin Drug Metab Toxicol 4(6): 697-720,
2008.

12 Li J, Feng ZC, Yeung FS, Wong MR, Oakie A, Fellows GF,
Goodyer CG, Hess DA and Wang R: Aldehyde dehydrogenase 1
activity in the developing human pancreas modulates retinoic
acid signalling in mediating islet differentiation and survival.
Diabetologia 57(4): 754-64, 2014.

13 De Brot M, Rocha RM, Soares FA and Gobbi H: Prognostic
impact of the cancer stem cell-related markers ALDH1 and
EZH2 in triple-negative and basal-like breast cancers. Pathology
44(4): 303-312, 2012.

14 Ohi Y, Umekita Y, Yoshioka T, Souda M, Rai Y, Sagara Y, Sagara
Y, Sagara Y and Tanimoto A: Aldehyde dehydrogenase 1
expression predicts poor prognosis in triple-negative breast
cancer. Histopathology 59(4): 776-780, 2011.

15 Vogler T, Kriegl L, Horst D, Engel J, Sagebiel S, Schäffauer AJ,
Kirchner T and Jung A: The expression pattern of aldehyde
dehydrogenase 1 (ALDH1) is an independent prognostic marker
for low survival in colorectal tumors. Exp Mol Pathol 92(1):
111-117, 2012. 

16 Wang YC, Yo YT, Lee HY, Liao YP, Chao TK, Su PH and Lai
HC: ALDH1-bright epithelial ovarian cancer cells are associated
with CD44 expression, drug resistance, and poor clinical
outcome. Am J Pathol 180(3): 1159-1169, 2012.

17 Corominas-Faja B, Oliveras-Ferraros C, Cuyàs E, Segura-
Carretero A, Joven J, Martin-Castillo B, Barrajón-Catalán E,
Micol V, Bosch-Barrera J and Menendez JA: Stem cell-like
ALDH(bright) cellular states in EGFR-mutant non-small cell

lung cancer: a novel mechanism of acquired resistance to
erlotinib targetable with the natural polyphenol silibinin. Cell
Cycle 12(21): 3390-3404, 2013.

18 Liu DC, Yang ZL and Jiang S: Identification of musashi-1 and
ALDH1 as carcinogenesis, progression, and poor-prognosis
related biomarkers for gallbladder adenocarcinoma. Cancer
Biomark 8(3): 113-121, 2010-2011.

19 Kahlert C, Bergmann F, Beck J, Welsch T, Mogler C, Herpel E,
Dutta S, Nimeietz T, Koch M and Weitz J: Low expression of
aldehyde dehydrogenase 1A1 (ALDH1A1) is a prognostic
marker for poor survival in pancreatic cancer. BMC Cancer 11:
275, 2011.

20 Chang B, Liu G, Xue F, Rosen DG, Xiao L, Wang X and Liu J:
ALDH1 expression correlates with favorable prognosis in
ovarian cancers. Mod Pathol 22(6): 817-823, 2009. 

21 Sobin LH and Wittekind C: UICC: TNM Classification of
Malignant Tumors. 6th edition. New York: John Willey and
Sons, 2002.

22 Al-Hajj M and Clarke MF: Self-renewal and solid tumor stem
cells. Oncogene 23(43): 7274-7282, 2004.

23 Dean M, Fojo T and Bates S: Tumour stem cells and drug
resistance. Nat Rev Cancer 5(4): 275-284, 2005.

24 Rich JN: Cancer stem cells in radiation resistance. Cancer Res
67(19): 8980-8984, 2007.

25 Jamieson CH, Ailles LE, Dylla SJ, Muijtjens M, Jones C,
Zehnder JL, Gotlib J, Li K, Manz MG and Keating A: Keating A
Granulocyte-macrophage progenitors as candidate leukemic stem
cells in blast-crisis CML. N Engl J Med 351(7): 657-667, 2004.

26 Kelly LM and Gilliland DG: Genetics of myeloid leukemias.
Annu Rev Genomics Hum Genet 3: 179-198, 2002.

27 Moreb JS, Baker HV, Chang LJ, Amaya M, Lopez MC, Ostmark
B and Chou W: ALDH isozymes down-regulation affects cell
growth, cell motility and gene expression in lung cancer cells.
Mol Cancer 7: 87, 2008.

28 Ginestier C, Wicinski J, Cervera N, Monoille F, Finetti P,
Bertucci F, Wicha MS, Birnbaum D and Charafe-Jauffret E:
Retinoid signaling regulates breast cancer stem cell
differentiation. Cell Cycle 8(20): 3297-3302, 2009.

29 Hess DA, Meyerrose TE, Wirthlin L, Craft TP, Herrbrich PE,
Creer MH and  Nolta JA: Functional characterization of highly
purified human hematopoietic repopulating cells isolated
according to aldehyde dehydrogenase activity. Blood 104(6):
1648-1655, 2004.

30 Hess DA, Wirthlin L, Craft TP, Herrbrich PE, Hohm SA, Lahey
R, Eades WC, Creer MH and Nolta JA: Selection based on
CD133 and high aldehyde dehydrogenase activity isolates long-
term reconstituting human hematopoietic stem cells. Blood
107(5): 2162-2169, 2006.

31 Deng S, Yang X, Lassus H, Liang S, Kaur S, Ye Q, Li C, Wang
LP, Roby KF, Orsulic S, Connolly DC, Zhang Y, Montone K,
Bützow R, Coukos G and Zhang L: Distinct expression levels
and patterns of stem cell marker, aldehyde dehydrogenase
isoform 1 (ALDH1), in human epithelial cancers. PloS One 5(4):
e10277, 2010.

32 Michifuri Y, Hirohashi Y, Torigoe T, Miyazaki A, Kobayashi J,
Sasaki T, Fujino J, Asanuma H, Tamura Y, Nakamori K,
Hasegawa T, Hiratsuka H and Sato N: High expression of
ALDH1 and SOX2 diffuse staining pattern of oral squamous cell
carcinomas correlates to lymph node metastasis. Pathol Int
62(10): 684-689, 2012. 

ANTICANCER RESEARCH 36: 343-350 (2016)

348



33 Ginestier C, Hur MH, Charafe-Jauffret E, Monville F, Dutcher
J, Brown M, Jacquemier J, Viens P, Kleer CG, Liu S, Schott A,
Hayes D, Birnbaum D, Wicha MS and Dontu G: ALDH1 is a
marker of normal and malignant human mammary stem cells
and a predictor of poor clinical outcome. Cell Stem Cell 1(5):
555-567, 2007.

34 Mizuno T, Suzuki N, Makino H, Furui T, Morii E, Aoki H,
Kunisada T, Yano M, Kuji S, Hirashima Y, Arakawa A, Nishio
S, Ushijima K, Ito K, Itani Y and Morishige K: Cancer stem-like
cells of ovarian clear cell carcinoma are enriched in the ALDH-
high population associated with an accelerated scavenging
system in reactive oxygen species. Gynecol Oncol 137(2): 299-
30 5, 2015. 

35 Yasuda K, Torigoe T, Morita R, Kuroda T, Takahashi A,
Matsuzaki J, Kochin V, Asanuma H, Hasegawa T, Saito T,
Hirohashi Y and Sato N: Ovarian cancer stem cells are enriched
in side population and aldehyde dehydrogenase bright
overlapping population. PLoS One 8: e68187, 2013. 

36 Kim IG, Kim SY, Choi SI, Lee JH, Kim KC and Cho EW:
Fibulin-3-mediated inhibition of epithelial-to-mesenchymal
transition and self-renewal of ALDH+ lung cancer stem cells
through IGF1R signaling. Oncogene 33(30): 3908-39 17, 2014.

37. Hessman CJ, Bubbers EJ, Billingsley KG, Herzig DO and Wong
MH: Loss of expression of the cancer stem cell marker aldehyde
dehydrogenase 1 correlates with advanced-stage colorectal
cancer. Am J Surg 203(5): 649-653, 2012.

38 von Eitzen U, Meier-Tackmann D, Agarwal DP and Goedde
HW: Detoxification of cyclophosphamide by human aldehyde
dehydrogenase isozymes. Cancer Lett 76(1): 45-49, 1994.

39 Tanei T, Morimoto K, Shimazu K, Kim SJ, Tanji Y, Taguchi T,
Tamaki Y and Noguchi S: Association of breast cancer stem cells
identified by aldehyde dehydrogenase 1 expression with resistance
to sequential paclitaxel and epirubicin-based chemotherapy for
breast cancers. Clin Cancer Res 15(12): 4234- 4241, 2009.

40 Nalwoga H, Arnes JB, Wabinga H and Akslen LA: Expression
of aldehyde dehydrogenase 1 (ALDH1) is associated with basal-
like markers and features of aggressive tumours in African breast
cancer. Br J Cancer 102(2): 369-375, 2010.

41 Tsang JY, Huang YH, Luo MH, Ni YB, Chan SK, Lui PC, Yu
AM, Tan PH and Tse GM: Cancer stem cell markers are
associated with adverse biomarker profiles and molecular
subtypes of breast cancer. Breast Cancer Res Treat 136(2): 407-
417, 2012.

42 Ajani JA, Wang X, Song S, Suzuki A, Taketa T, Sudo K,
Wadhwa R, Hofstetter WL, Komaki R, Maru DM, Lee JH,
Bhutani MS, Weston B, Baladandayuthapani V, Yao Y, Honjo S,
Scott AW, Skinner HD, Johnson RL and Berry D: ALDH-1
expression levels predict response or resistance to preoperative
chemoradiation in resectable esophageal cancer patients. Mol
Oncol 8(1): 142-149, 2014.

43 Minato T, Yamamoto Y, Seike J, Yoshida T, Yamai H, Takechi H,
Yuasa Y, Furukita Y, Goto M, Bando Y and Tangoku A:
Aldehyde dehydrogenase 1 expression is associated with poor
prognosis in patients with esophageal squamous cell carcinoma.
Ann Surg Oncol 20(1): 209-217, 2013.

44 Wang Y, Zhe H, Gao P, Zhang N, Li G and Qin J: Cancer stem
cell marker ALDH1 expression is associated with lymph node
metastasis and poor survival in esophageal squamous cell
carcinoma: a study from high incidence area of northern China.
Dis Esophagus 25(6): 560-565, 2012.

45 Reaetkova E, Reis-Filho JS, Jain PK, Mehta R, Thorat MA,
Nakshatri H and Badve S: Prognostic impact of ALDH1 in
breast cancer: a story of stem cells and tumor microenvironment.
Breast Cancer Res Treat 123(1): 97-108, 2010.

46 Woodward WA, Krishnamurthy S, Lodhi A, Xiao L, Gong Y,
Cristofanilli M, Buchholz TA and Lucci A: Aldehyde
dehydrogenase1 immunohistochemical staining in primary breast
cancer cells independently predicted overall survival but did not
correlate with the presence of circulating or disseminated tumors
cells. J Cancer 5(5): 360-367, 2014.

47 Phillips T, Murray G, Wakamiya K, Askaa J, Huang D, Welcher
R, Pii K and Allred C: Development of standard estrogen and
progesterone receptor immunohistochemical assays for selection
of patients for antihormonal therapy. Appl Immunohistochem
Mol Morphol 15(3): 325-331, 2007.

Received October 21, 2015
Revised November 26, 2015
Accepted December 2, 2015

Ji et al: ALDH1 Expression in Esophageal Squamous Cell Carcinoma

349




