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Background: The expression of aldehyde dehydrogenase 1A1 (ALDH1A1) is increased in several human tumors, including
colorectal carcinoma (CRC). The aim of this study was to compare the expression ALDH1A1 in CRC tumor tissue
compared with non-tumor adjacent tissue (NAT), using immunohistochemistry (IHC), and to determine wheth-
er the expression of the ALDH1A1 protein was associated with prognostic factors in CRC.

Material/Methods: Formalin-fixed paraffin-embedded (FFPE) tissue from 424 patients diagnosed with CRC, and 196 matched NATs
were used to prepare tissue microarrays (TMAs). IHC was performed using an immunoperoxidase method with
a primary polyclonal rabbit anti-ALDH1A1 antibody. The IHC scores by light microscopy were the staining in-
tensity (scored from 0-3) multiplied by the percentage area of positive immunostaining within the visual field
(scored from 0-4). Associations between tumor expression levels of ALDH1A1 and patient clinicopathological
characteristics, including tumor grade, size, and TNM stage at surgery were analyzed.

Results: ALDH1A1 protein expression was significantly increased in CRC tissues compared with matched NATSs. In pa-
tients with CRC, increased expression of the ALDH1A1 protein was significantly associated with the presence of
lymph node metastasis: 64.28% in NO cases; 75.49% in N1 cases; and 82.14% in N2 cases, (P=0.002). Univariate
and multivariate analysis showed that ALDH1A1 expression was an independent prognostic marker for CRC
(P<0.001).

Conclusions: Using IHC, the expression of the ALDH1A1 protein in CRC tissues was significantly associated with the pres-
ence of lymph node metastases and might be a potential prognostic marker in patients with CRC.
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Material and Methods

Colorectal cancer (CRC) is a common and malignant tumor of
the gastrointestinal tract. In China, CRC is among the five most
common cancers and is the fifth leading cause of cancer-re-
lated death [1]. The main treatment for CRC is surgery com-
bined with systemic or local chemotherapy and radiotherapy.
However, tumor recurrence in patients with CRC is common.
The key to reducing mortality and improving the survival rate
for patients with CRC is early detection, early diagnosis, and
early treatment. Therefore, molecular studies of the expression
of novel genes, and their protein products, which are associat-
ed with CRC may lead to improved diagnostic and prognostic
biomarkers, or provide novel targets for treatment.

Previous studies have shown that aldehyde dehydrogenase
(ALDH) can serve as a molecular marker for normal or can-
cer stem cell [2]. Further studies have shown that an isoform
of ALDH, aldehyde dehydrogenase 1A1 (ALDH1A1), shows in-
creased expression in bone marrow-derived hematopoietic
progenitor cells and neural stem cells, and could be the key
member of the ALDH family that can be used to identify stem
cell populations [3]. ALDH1A1 is produced mainly by human
liver tissue. Retinoic acid, a main product of ALDH1A1, can en-
ter the nucleus to modulate gene transcription, thereby reg-
ulating cell proliferation and differentiation, and might also
regulate cancer stem cell proliferation and differentiation [4].

Previously published studies have shown that detection of
expression of the ALDH1A1 protein can be used as a cancer
stem cell marker for CRC, breast cancer, lung cancer, and oth-
er malignant tumors [2,5-7]. However, the clinicopathological
significance of expression of the ALDH1A1 protein in human
cancer remains unclear.

Therefore, the aim of this study was to evaluate the expres-
sion of the ALDH1A1 protein in human CRC tissues, and com-
pare the expression with non-tumor adjacent tissue (NAT), also
known as normal tissue adjacent to the tumor, using immu-
nohistochemistry (IHC), and to determine whether ALDH1A1
might be a potential prognostic biomarker in CRC. The study
used tissue samples from a cohort of 424 patients with CRC
and 196 matched NATSs, prepared as tissue microarrays (TMAs).
The study also aimed to investigate whether there were any
associations between ALDH1A1 expression and patient clin-
icopathologic features and with any independent prognostic
factors affecting long-term patient survival in CRC.

Ethical approval and patient consents

This study was approved by the Ethics Committee of The
First Affiliated Hospital of Jinzhou Medical University, China.
Informed consent was obtained from all patients who partic-
ipated in the study.

Patients and tissue samples studied

Colorectal tumor tissue samples were obtained from surgical
resection specimens removed during radical surgery for the
treatment of colorectal cancer (CRC), including regional lymph
node dissection. All patients included in the study were gen-
eral surgery patients who were treated at The First Affiliated
Hospital of Jinzhou Medical University, China, from June 2008
to November 2011, with the approval of the Science and
Education Department of the hospital and the consent of the
Director of the Pathology Department.

Experimental tissue samples were selected from formalin-
fixed paraffin-embedded (FFPE) specimens from 424 patients
who were diagnosed with CRC, with 196 cases of non-tumor
adjacent tissue (NAT), which were taken more than 2 cm be-
yond the tumor margin and were selected as study controls.
All specimens and tissue sections were examined by an ex-
perienced histopathologist who confirmed the diagnosis of
CRC in the samples and confirmed that the NAT tissue sam-
ples were tumor-free.

None of the patients included in the study had undergone
chemotherapy or radiotherapy before surgical resection.
Clinicopathological data collected for each patient in the
study included age, gender, tumor location, tumor grade, tu-
mor size, and tumor, node, metastasis (TNM) stage at surgery.
The TNM staging was undertaken according to the American
Joint Committee on Cancer (AJCC) staging manual (eighth edi-
tion). Patients who were included in the study had postoper-
ative follow-up, and the details and dates of any postopera-
tive recurrence of CRC, morbidity, or mortality were recorded.

Preparation of tissue microarrays (TMAs)

Tumor sections were screened by two pathologists and paired
tissue blocks were selected, as previously described by Hedberg
et al. [8]. A manual tissue array instrument was used to ar-
range tumor tissues and matched NAT control samples. The
tissue microarrays consisted of 424 primary CRC tissue sam-
ples and 196 matched NAT samples.
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Immunohistochemistry for aldehyde dehydrogenase 1A1
(ALDH1A1)

Tissue sections were obtained from the prepared TMAs. The
expression of aldehyde dehydrogenase 1A1 (ALDH1A1) pro-
tein was detected using immunohistochemistry. Tissue sec-
tions were deparaffinized and rehydrated using xylene and
alcohols, and incubated in 3% diluted hydrogen peroxide to
block endogenous peroxidase. Antigen retrieval was performed
using an autoclave method, followed by incubation with the
primary antibody overnight at 4°C in a high humidity cabinet.
The primary rabbit anti-ALDH1A1 polyclonal antibody (clone
No. ab52492) (Abcam, Cambridge MA, USA) was used at a di-
lution of 1: 400 in phosphate-buffered saline (PBS). The sec-
ondary horseradish peroxidase (HRP)-conjugated antibody
(Zhongshan Jingiao Biotechnology Co., Ltd., Beijing, China) was
used according to the manufacturer’s instructions. Negative
controls used included replacing the primary antibodies with
PBS. After washing with PBS, tissues were incubated for 30
minutes at room temperature (37°C). The chromogen used
was 3,3’-diaminobenzidine (DAB) (brown) (Zhongshan Jingiao
Biotechnology Co., Ltd., Beijing, China). Tissue sections were
lightly counterstained with hematoxylin, washed, and mount-
ed with glass coverslips, ready for evaluation using light mi-
croscopy and photomicroscopy.

Evaluation of ALDH1A1 protein expression by IHC staining

The expression of the ALDH1A1 protein in colorectal tissue sec-
tions was scored using a visual coring system. The IHC scores
were obtained by light microscopy as the staining intensity
(scored from 0-3) multiplied by the percentage area of posi-
tive immunostaining within the visual field (scored from 0-4).
Two experienced pathologists independently scored the im-
munostaining light microscopy. A third pathologist scored the
slide if the initial two scores did not match. Immunostaining
for the intensity of ALDH1A1 protein expression was scored as:
0 (no staining); 1 (weak staining); 2 (moderate staining); or 3
(strong staining). The percentage area of positive immunostain-
ing, within the visual field, were scored as: 0 (<5%); 1 (5-25%);
2 (26-50%); 3 (51-75%); or 4 (>75%). The cut-off value for
high versus low expression of the ALDH1A1 protein was de-
termined using receiver-operating characteristic (ROC) curve
analysis and SPSS statistical software, defining a final immu-
nostaining score of >3.5 as ‘high’ ALDH1A1 protein expression.

Statistical analysis

All data were analyzed using SPSS version 20.0 software
(Chicago, IL, USA). The Mann-Whitney U test was used for
comparisons between the two groups, and the Kruskal-Wallis
test was used to compare multiple groups. ROC curves were
used to estimate the diagnostic accuracy of the tumor marker.
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Survival curves were assessed using the Kaplan-Meier meth-
od. By constructing a Cox regression model, survival analysis
was performed to calculate hazard ratios (HRs) and the asso-
ciated 95% confidence interval (Cl). Multivariate survival anal-
ysis was performed on the variables shown to be significant
in the univariate analysis to identify the most significant inde-
pendent prognostic factors for predicting survival. A P-value of
<0.05 was considered to be statistically significant.

Results

Expression levels of aldehyde dehydrogenase 1A1
(ALDH1A1) in colorectal cancer (CRC) tissues and non-
tumor adjacent tissue (NAT)

Immunohistochemistry (IHC) analysis of the tissue microar-
rays (TMAs) showed that the expression of the aldehyde dehy-
drogenase 1A1 (ALDH1A1) protein was significantly increased
in tissues containing colorectal cancer (CRC) when compared
with non-tumor adjacent tissue (NAT). As shown in Figure 1,
cytoplasmic immunostaining of ALDH1A1 protein with various
intensities was observed, from negative in normal tissues to
strongly positive in CRC tumor tissues. Table 1 shows that the
expression of the ALDH1A1 protein, using the light microscop-
ic scoring system, was significantly increased in CRC tumor tis-
sue samples compared with NAT (P <0.001).

Correlation of between clinicopathological variables in
patients with CRC and the expression of the ALDH1A1
protein in tumor tissues

Following IHC immunostaining and scoring of staining intensi-
ty, the association between ALDH1A1 protein expression and
the clinicopathological features of patients with CRC who pro-
vided tumor tissues are presented in Table 2. In patients with
CRC, increased expression of the ALDH1A1 protein was sig-
nificantly associated with the presence of lymph node metas-
tasis: 64.28% in NO cases; 75.49% in N1 cases; and 82.14%
in N2 cases, (P=0.002). No statistically significant correlation
was found between increased ALDH1A1 protein expression
and other clinicopathologic factors (P>0.05).

Univariate and multivariate survival analysis associated
with expression levels of the ALDH1A1 protein in tumor
tissue from patients with CRC

Patients with CRC with high expression of the ALDH1A1 pro-
tein in the CRC tumor tissue had a significantly reduced overall
survival (OS) (P<0.001) (Figure 2). Univariate survival analysis
assessed the prognostic value of clinicopathological features
and ALDH1A1 protein expression (Table 3). Following univari-
ate analysis, increased expression of the ALDH1A1 protein in
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Figure 1. Photomicrographs showing the immunohistochemical expression of the aldehyde dehydrogenase 1A1 (ALDH1A1) protein
in colorectal cancer (CRC) tissues and non-tumor adjacent tissue (NAT). (A) Negative immunostaining for aldehyde
dehydrogenase 1A1 (ALDH1A1) protein expression is shown in normal colorectal tissue, or non-tumor adjacent tissue
(NAT). (Magnification x200). (B) Negative immunostaining for ALDH1A1 protein expression is shown in normal colorectal
tissue or NAT. (Magnification x400). (C) Weak immunostaining for ALDH1A1 protein expression is shown in colorectal
carcinoma (CRC) tissue. (Magnification x200). (D) Weak immunostaining for ALDH1A1 protein expression is shown in
CRC tissue. (Magnification x400). (E) Moderate immunostaining for ALDH1A1 protein expression is shown in CRC tissue.
(Magnification x200). (F) Moderate immunostaining for ALDH1A1 protein expression is shown in CRC tissue. (Magnification
x400). (G) Strong immunostaining for ALDH1A1 protein expression is shown in CRC tissue. (Magnification x200). (H) Strong
immunostaining for ALDH1A1 protein expression is shown in CRC tissue. (Magnification x400).
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Table 1. The expression of of aldehyde dehydrogenase 1A1 (ALDH1A1) in colorectal carcinoma (CRC) tissue compared with non-tumor

adjacent tissue (NAT), using immunohistochemistry (IHC).

Variable N Mean SD P-value
CRC tissues 424 4.87 2.555
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— <0.001*
NATs 196 2.40 1.855

Mean expression score (staining intensity multiplied by the percentage of tumor-positive area) for ALDH1A1. Standard deviation (SD).

* P-value <0.05.

CRC tumor tissue correlated with the prognostic factors of tu-
mor differentiation (grade), T status, N status, and M status.
Multivariate analysis further confirmed that expression of the
ALDH1A1 protein by CRC tumor tissue was an independent
prognostic marker for patients with CRC (P<0.001) (Table 3).
ALDH1A1 expression levels were not found to differ significant-
ly based on patient age, gender, tumor location, or tumor size.
Further analysis between subgroups was undertaken to deter-
mine whether ALDH1A1 expression was a prognostic mark-
er for subgroups of the patients with CRC (Figure 3). Patients
stratified according to lymph node metastasis status (N sta-
tus) at surgery showed that high ALDH1A1 expression was as-
sociated with poor prognosis in patients with no lymph node
metastasis (NO). However, there was no significant correla-
tion between ALDH1A1 protein expression and prognosis for
patients presenting with lymph node metastasis (N1 and N2).

Discussion

Patient survival in colorectal cancer (CRC) requires early diag-
nosis, which depends on finding more sensitive and reliable
diagnostic and prognostic biomarkers. Therefore, the aim of
this study was to evaluate the expression of aldehyde dehy-
drogenase 1A1 (ALDH1A1), in CRC tumor tissue compared with
non-tumor adjacent tissue (NAT), using immunohistochemis-
try (IHC). The findings of this study showed that the expres-
sion of the ALDH1A1 protein might have potential as a bio-
marker for predicting lymph node metastasis and prognosis
in patients with a histological diagnosis of CRC.

The findings of the present study are supported by a study
published in 2014, by Xu and colleagues, who studied the ex-
pression of ALDH1A1 in CRC using IHC, real-time polymerase
chain reaction (PCR), and Western blot [9]. This previously pub-
lished study showed that the R, , defined as a ratio of ALDH1A1
expression levels in adjacent normal tissue to ALDH1A1 ex-
pression levels in tumor tissue, reflected tumor invasion and
metastasis, as patients with CRC tumors with R, <1 had sig-
nificantly increased tumor invasion and metastasis compared
with patients with R, 21 [9]. The findings of this study indi-
cated that R, was a potential predictive biomarker for prog-
nosis in patients with CRC [9].

However, other studies have found that the ALDH1A1 protein
showed heterogeneous expression patterns using IHC stain-
ing of CRC tissues. Huang et al. found that the expression of
ALDH1A1 was negative in some CRC tissues and positive in
29.3% of CRC tissues and that the cytoplasmic expression pat-
tern of ALDH1A1 was highly variable, ranging from no staining
to strong staining [10]. In this previously published study, ap-
proximately 20-50% of tumor cells were positive for any lev-
el of cytoplasmic ALDH1A1 expression [10]. In another large
study, Deng et al. examined 1,287 CRC cases for ALDH1A1 ex-
pression by IHC, and showed that 987 (76.7%) of the tumor tis-
sues were negative for cytoplasmic ALDH1A1 expression, and
overexpression of ALDH1A1 (>25% positive tumor cells) was
observed in the remaining 300 cases (23.2%) [11].

Some previously published studies have shown that a small
subset of patients with CRC tissues that showed nuclear ex-
pression of ALDH1A1 was associated with a significantly re-
duced OS when compared with patients with CRC tissues
with cytoplasmic staining [5,12]. In the present study, no nu-
clear ALDH1A1 protein expression was found, which is a find-
ing supported by other studies, including that of Xu et al. [9].
This finding of the different intracellular localization of immu-
nostaining may be due to differences in primary antibodies
used, differences in tissue fixation and antigen retrieval meth-
ods or from the limited number of samples used in the pres-
ent study. Therefore larger and more detailed further studies
are required on the mechanism of expression of the ALDH1A1
protein in CRC.

Previously published studied have shown that ALDH1A1 over-
expression was associated with poor clinical outcome in sever-
al types of tumor [2,5-7,11]. While the increased expression of
the ALDH1A1 protein in CRC tissues has previously been shown
to relate to clinicopathologic parameters such as tumor inva-
sion depth, the prognostic value of ALDH1A1 expression re-
mains controversial [11,13,14]. Lugli et al. studied tissues from
1,420 CRC tumors and showed that ALDH1A1 expression in
CRC tumor tissues was not related to a significant difference
in OS [15]. In the previously published study by Langan et al.,
increased expression of the ALDH1A1 protein showed a trend
towards decreased patient survival, but this relationship did
not show statistical significance (P=0.16) [13].
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Table 2. Correlation between clinicopathologic variables and expression of aldehyde dehydrogenase 1A1 (ALDH1A1) protein in
colorectal carcinoma (CRC) tumor tissue using immunohistochemistry (IHC).

ALDH1A1 expression

Characteristic Mean 1SD P-value

Total 424 130 294 5.098+2.5122

4 41 15 26 5.244+2.8942

Mean expression score (staining intensity multiplied by the percentage of tumor-positive area) for ALDH1A1. Standard deviation (SD).
* P-value <0.05.
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Figure 2. Kaplan-Meier overall survival (OS) curves, stratified

Kaplan-Meier curve of ALDH1AT according to the status of aldehyde dehydrogenase
1.0 1A1 (ALDH1A1) protein expression.
0.8 L In this study, the expression level of the ALDH1A1 protein in
H tumor tissue was also significantly associated with the pres-
ence of lymph nodes metastasis in patients with CRC. Lymph

0.6 _‘_‘1‘—\_‘ . . . .
— node status is an important determinant of patient progno-

sis and survival. This relationship supports the view that high

Accumulative survival rate

04 ALDH1A1 protein expression in CRC might be related to the
development and progression of CRC. Further stratified anal-
021 ) ysis showed that there was a significant correlation between
_r Low expression of ALDH1A1 . . K
— High expression of ALDH1A1 ALDH1A1 overexpression and shorter overall survival time for
0.0+ atients with CRC with no lymph node metastasis. AIDH1A1
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was also found to be significantly correlated with tumor lymph
node metastasis, indicating that this may be a critical predictor
of metastasis in patients with CRC. Accurate tumor lymph node
metastatic status is essential for successful surgical outcome,
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Table 3. Univariate and multivariate analysis of prognostic variables in patients with colorectal carcinoma (CRC).

Univariate Cox analysis Multivariate Cox analysis
Characteristic
95% Cl P-value
Location 0.409
"""" Rightcolon 1 0898
"""" leftcoon 0847  0555-1292 0441
"""" Rectum 0844  0599-1190 0333
Gender 1.274 0.945-1.717 0.112
"""" Age 1010 0997-1.023 0131
 Differentiation 0006
"""" Wel 1 0003 1 o016
"""" Moderate 0951  0390-2321 0913 0838  0339-2073 0702
"""" Poor 1853 07234750 0199 1276  0485-335 0622
Tumorsize 0986 0914-1063 0713
T o003
"""" T 1 o009 1 o100
"""" 2 083% 02632673 0766 0953  0297-3065 0936
"""" 3 1284 0423-3900 0659 0984  0318-3043 0978
"""" 4 2068 07665582 0151 1646 06014507 0332
N Qo001
"""" o 1 @00t 1 oo’
"""" 1 1791 1279-2509 0001 1481 1042-2104 0028
"""" 2 2395  1622-353 <0001 1320  0857-2031 0207
S M(MivsMO) 5117 3519-7440  <0.001* 4378 2958-6478 - 0001"
_ ALDHIAI (highvs. low) 2696 1820-3.993 0001 2577 1727-3846 0001"

HR - hazard ratio; Cl — confidence interval; ALDH1A1 — aldehyde dehydrogenase 1A1; TNM — tumor, node, metastasis staging.
* Indicates a P-value <0.05. Age is a continuous variable. Tumor size is a continuous variable.
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Figure 3. Kaplan-Meier overall survival (OS) curves, stratified according to lymph node metastasis (NO and N1-N2).

and so tumor tissue ALDH1A1 levels may have important clin-
ical implications for selecting the optimal method of surgery
for patients with CRC.

The Wnt/B-catenin signaling pathway plays a vital role in tu-
mor invasion, metastasis and differentiation, most notably in
CRC[16-18]. Following Wnt activation, B-catenin translocates
to the nucleus and works with coactivators in the T-cell and
lymphoid enhancer (TCF-LEF) family to transcriptionally target
genes [16,18]. B-catenin is used as a supplemental biomark-
er in stratifying expression profiles of genes such as CD44,
CD133, CD166, and ALDH1AI in patients with CRC [19-22].
Xu et al. found that significant nuclear translocation of f-
catenin was present in CRC tissues with high ALDH1A1 pro-
tein expression [9]. ALDH1A1 is known to synthesize retino-
ic acid and regulate its signaling [32]. Cross-talk between the
Wnt/B-catenin signaling pathway and the retinoic acid signal-
ing pathway has been previously reported [24-30]. Therefore,
it may be assumed that the expression of the ALDH1A1 pro-
tein might affect tumor invasion and metastasis via the Wnt/
[-catenin signaling pathway to influence the prognosis of CRC.
However, this hypothesis requires evaluation by future studies.

This study had several limitations. The cut-off values used
to define a high level of ALDH1A1 protein expression using
IHC, when light microscopy rather than image analysis meth-
ods are used, vary between studies and may contribute to
the observed differences in the findings of the present study
and those of other studies. The evaluation of immunostain-
ing and defining and detecting the cut-off for high and low
expression using IHC are required. Future studies should be
undertaken to confirm the preliminary findings of this study,

using molecular techniques such as real-time PCR, and also
with Western blots, for both CRC tissues and adjacent nor-
mal colorectal tissue, or using a combination of tissue micro-
array and automated quantitative assessment of immunoflu-
orescence (TMA-AQUA), which measures the level of protein
in the cells by immunofluorescence.

In the present study, the prognostic value of expression of the
ALDH1A1 protein was investigated using a single polyclonal
antibody in a single IHC method in CRC tissues. The ALDH1A1
protein was highly expressed in 294 of 424 (69.34%) of CRC
tumor tissues, and the Cox regression model showed that in-
creased ALDH1A1 expression was an independent factor in
predicting overall survival (OS) time for patients with CRC. The
findings of this preliminary study support the need for further
studies to evaluate the role of ALDH1A1 as a prognostic or pre-
dictive biomarker of the clinical outcome for patients with CRC.

Conclusions

The findings of this study, using immunohistochemistry (IHC),
showed that aldehyde dehydrogenase 1A1 (ALDH1A1) pro-
tein overexpression was significantly correlated with colorec-
tal carcinoma (CRC) metastasis to regional lymph nodes and
that ALDH1A1 overexpression was an independent prognos-
tic factor for patients with CRC, especially in patients with no
lymph node metastases.
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