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Renal cancer is the 13th most common malignancy globally. Cancer stem cells display progenitor cell
properties such as self-renewal and ability to re-establish tumors that explain the tumor of origin.
Aldehyde dehydrogenase 1 (ALDH1) has been known as a general marker of both normal stem cells
and cancer stem cells.
To evaluate the immunohistochemical (IHC) expression of cancer stem cell markers ALDH1 in renal
cell carcinomas (RCCs).
A study was designed that included 70 paraffin blocks of renal cell carcinoma tissues obtained from
patients who underwent nephrectomy. The control group included 30 samples of normal renal
tissue of autopsy cases from the Forensic Medicine Institute. From each two sections of 5 µm
thickness were taken, one section was stained with Hematoxylin and Eosin (H&E) and the other
section was immunohistochemically stained for ALDH1A1 (an isoform of ALDH1 that is expressed in
the renal epithelium).
The difference in the IHC expression of ALDH1 is highly significant between RCC cases and control
group (p<0.001). ALDH1 expression was increased in high tumor grade of RCC cases (p= 0.007) and
also its high expression was noted in advanced tumor stage (p= 0.002), and with tumor size >4cm
(p=0.023). RCC cases with renal vein invasion revealed high expression of ALDH1 (p=0.003), also
ALDH1 expression increased in cases with perinephric fat invasion (p=0.014).
ALDH1 showed higher expression in RCC tissues than normal renal tissues and it is associated with
clinicopathological variables (tumor grade, tumor size, tumor stage, renal vein invasion, and
perinephric fat invasion). This may reflect the role of ALDH1 in disease progression and poor
prognosis of RCC.
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Introduction
he National Cancer Institute has defined
renal cell carcinoma (RCC) as the most
common type of malignant tumors in
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the kidney, which arises from lining of the
kidney renal tubules (1).
Renal cancer is the 13th most common
malignancy globally (2). Iraqi cancer registry
recorded 386 cases in year 2010 with male to
female ratio is about 1.4:1 (3). The peak
incidence exists in the sixth and seventh
decades of life (4,5). The histological
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classification of RCC is very important,
considering the significant effects of the
subtypes in the prognosis and treatment of this
tumor. The most common histological subtypes
are clear cell renal cell carcinomas, papillary
renal cell carcinomas, and chromophobe renal
cell carcinomas. These three subtypes
composed more than 90% of all RCCs (6).
Cancer stem cells (CSCs) display progenitor cell
properties such as self-renewal, clonogenic
ability and multipotency which are responsible
for initiation and maintenance of cancer. Renal
CSCs may have a significant role in tumor
establishing, progression, and recurrence for
their resistant to chemo and radio therapy (7).
Aldehyde dehydrogenase 1 (ALDH1) has been
known as a general marker of both normal
stem cells and CSCs. It was reported that
ALDH1 expression is associated with nuclear
grade of tumor cells in RCC. ADLH1 positive
cells have greater ability in tumor development
than ALDH1 negative cells and also are
resistant to conventional therapies for RCC (8).
The objectives of this study was to evaluate the
IHC expression of cancer stem cell markers
ALDH1A1 in renal cell carcinomas.
Methods
A case control study was designed that
included 70 paraffin blocks of RCC tissues
obtained from patients who underwent
nephrectomy, which were collected from
Teaching Laboratory of Al-Imamein Alkadhimein
Medical
City,
Pathology
Departments of Ghazi Al- Harreri Surgical
Specialties Teaching Hospital and private
laboratories for the period from January 2012
to April 2016. The control group included 30
samples of normal renal tissue of autopsy cases
from the Forensic Medicine Institute with their
relative consent for the period from December
2015 to February 2016. These specimens were
processed and paraffin embedded in the
Pathology Department in the Medical College
of Al-Nahrain University. So, the total number
of
samples
was
100
cases.
The
clinicopathological parameters were taken

from patients’ admission case sheets and
pathology reports.
From each block, two sections of 5µm
thickness were taken, one section was stained
with Hematoxylin and Eosin for the
histopathological diagnosis revision and the
other section was deparafinized and
dehydrated. Antigen target retrieval solution
(DAKO, Denmark) (ready to use) (pH 6.0, 20
minutes in microwave) was used. ALDH1A1 (an
isoform of ALDH1 that is expressed in the renal
epithelium) was used in this study. Monoclonal
ALDH1A1 rabbit antibodies, clone (EP1933Y)
(Abcam, United Kingdom) (dilution 1:100) were
incubated overnight. After that sections were
treated with ab80436 – EXPOSE Mouse and
Rabbit Specific Streptavidin and Di-aminobenzidine
chromogen
Detection
immunohistochemical (IHC) Kit (Abcam, United
Kingdom),
and
counterstained
with
hematoxylin. Technical negative control was
obtained by omission of primary antibody.
Interpretation of ALDH1 IHC staining and
quality control
Brown membranous and/or cytoplasmic
staining pattern of epithelial cells even if
staining was focal in tumor cell (9). Positive
control is the human liver tissue. Technical
negative control was obtained by omission of
primary antibody.
The results of IHC expressions of ALDH1 were
scored semi-quantitative through assessing
both staining intensity and percentage of
stained cells (staining ratio) concerning the
total number of cells and as following (10):
Staining intensity
Score 0: negative staining intensity,
Score 1: weak staining intensity,
Score 2: moderate staining intensity,
Score 3: severe staining intensity.
Proportion of positive cells
Score 0: negative,
Score 1 positive in <25%,
Score 2 positive in 25-50%,
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Score 3 positive in 51-75%,
Score 4 positive >75%.
Then the two scores were multiplied for each
case, and the expressions were graded as:
Score 0: was negative,
Score 1-4: was low expression grade,
Score 5-12: was high expression grade
Statistical analysis
The statistical analysis of this case control
study was performed with the statistical
package for social sciences (SPSS) 21.0 and
Microsoft Excel 2013. Numerical data were
described as mean and standard error.
Independent t-test was used for comparison
between groups. While, categorical data were
described as count and percentage, and Chisquare test was used to estimate the
association between variables. The lower level
of accepted statistical significant difference is
below 0.05.
Results
According to ALDH1 grading score, 36 (51.43%)
cases were considered high expression grade,
and 34 (48.57%) cases were considered low
expression grade. All control cases had shown
low expression grade. The difference in the IHC
expression of ALDH1 is highly significant
between RCC cases and control group (p<
0.001) (Table 1).

ALDH1 expression displayed non-statistical
significant association with age, sex, and
histopathological types of RCC (p>0.05) (Table
2).
High expression grade of ALDH1 was recorded
in 24 out of 47 cases of clear cell type (Figure
1), 5 out of 10 cases of papillary type (Figure 2),
3 out of 5 cases of sarcomatoid type (Figure 3),
2 out of 5 cases of chromophobe type, 1 out of
2 cases of granular type, and in the only one
case of collecting duct RCC (Figure 4).
High expression grade of ALDH1 recorded high
percentage in tumors with high nuclear grade
and advanced stage, tumors that measure
more than 4 cm, and in RCC cases that have
renal vein invasion and/or perinephric fat
invasion. So that expression of ALDH1 showed
significant association with tumor grade, tumor
size, tumor stage, renal vein invasion,
perinephric fat invasion of RCC cases with p
value
(p=0.007),
(p=0.023),
(p=0.002),
(p=0.003), (p=0.014) respectively (Table 2).
Discussion
In the present study, high expression of ALDH1
marker was recorded in 51.43% of RCC cases,
which is higher than in normal tissue of control
group that is parallel to Wang et al. (10) study in
which, high expression was shown in 55.8% of
RCC cases. A Turkish study done by Ozbek et al.
(11) recorded higher expression of ALDH1 in
cancerous tissue than in normal tissue.

Table 1. IHC expression of ALDH1 in RCC cases and control group according to expression grade
Score

ALDH1 grade

Low
(1-4)
High
(5-12)

Total
p value
** High statistically significant (P<0.001)
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Count
%
Count
%
Count
%

Study groups
Control
RCC cases
30
34
100%
48.57%
0
36
0.00%
51.43%
30
70
100%
100%
<0.001**

Total
64
64.00%
36
36.00%
100
100%
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Table 2. ALDH1 expressions in RCC cases
Total
Parameter
Sex
Age group (years)
Tumor grade

TNM staging of
tumor

Histopathological
types of RCC

Tumor size
Renal vein invasion
Perinephric fat
invasion

N=70

Female
Male
<50
≥50
Grade 2
Grade 3
Grade 4
Stage-I
Stage-II
Stage-III
Stage-IV
Clear cell
Papillary
Chromophobe
Sarcomatoid
Granular RCC
Collecting duct
≤ 4cm
> 4cm
Absent
Present
Absent
Present

26
44
23
47
50
14
6
27
17
23
3
47
10
5
5
2
1
13
57
62
8
41
29

(ALDH1A1 expression)
Low
High
N=34
N=36
11
15
23
21
11
12
23
24
30
20
2
12
2
4
20
7
8
9
6
17
0
3
23
24
5
5
3
2
2
3
1
1
0
1
10
3
24
33
34
28
0
8
25
16
9
20

P value
0.644 NS
0.999 NS
0.007*

0.002*

0.928 NS

0.023*
0.003*
0.014*

NS: non-statistical significance (p>0.05), *statistically significant

Furthermore, all apparently normal renal tissue
samples in the present study showed low
expression of ALDH1 marker, while in Wang et
al. (10) study 79.3% of samples exhibited low
expression while about 21.7% showed high
expression.
This variance may be due to technical
differences; such as the type of antibody,
different methodology of IHC, and may be in
the mode of selecting samples because the
present study used autopsy samples, while
Wang et al. study used biopsy samples from
areas adjacent to non -tumor tissues that may

lead to higher detection of enzymes and
antibodies.
Ma et al. (12) revealed that ALDH1 enzymatic
activity was recognized as a marker of both
normal stem cells and CSCs. Furthermore, it
was observed that ALDH1 distribution patterns
in normal tissues were dissimilar, and were
classified into three types: tissues with absent
or limited expression, tissue with relatively
weak expression, and tissue with high
expression which is not used as s a CSC marker
(13).
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Figure 1. Clear cell RCC (grade 2, stage III) showing high IHC expression (score 6) of ALDH1A1
with brown membranous staining (arrows)(40X)

Figure 2. Papillary type RCC (grade 3, stage III) showing high IHC expression grade (score 6) of
ALDH1A1 with brown membranous and cytoplasmic staining (arrow) (40X)
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Figure 3. Sarcomatoid type RCC (grade 3, stage III) showing (score 12) ALDH1A1 IHC brown
membranous and cytoplasmic staining (arrows) (40X)

Figure 4. Collecting duct type RCC (grade2, stage III) showing high IHC expression grade (score 9)
of ALDH1A1 with brown membranous and cytoplasmic staining (arrows) (40X).
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ALDH1 has been recently introduced as a
possibly reliable CSC marker and it has a role in
RCC pathophysiology (9,11). ALDH1 was
expressed in non-cancerous and cancerous
renal tissues and located in the cytoplasm and
cytomembrane (10). Some studies have
reported that high expression of ALDH1 was
associated with drug resistance due to cellular
protection against cytotoxic drugs that
exhibited poor prognosis (12).
The frequency of cases with high expression of
ALDH1 in patient <50 years was 52% which is
slightly higher than that of patient ≥50 years
(51%). These findings are parallel to Wang et al.
study (10).
The higher frequency of ALDH1 expression in
young age group may be attributed to the
intermediate tumor size (4-12 cm), which is
associated with poor prognosis and rapid
metastasis (14).
In present study, the low expression of ALDH1
was more frequently seen in stage I and II,
while cases in stage III and IV were associated
with higher frequency of high expression. The
frequency of low expression of ALDH1 was
increased in low grade (2), while high
expression frequency was increased in high
grade (3,4). There is a significant relation of
ALDH1 expression with tumor stage and with
tumor grade that is parallel to Ozbek et al. (11)
and Wang et al. study. This association may
reflect that high expression of ALDH1 is
associated with poor prognosis cases (15) with
high tumor grade and advanced stage (16,17).
Abourbih et al. (9) have found discordant results
to the current study which may be due to
different sample size or method of selection as
well as the using of old sample from 1985 to
2006 in which the antigens may be presented
at low levels to be detected efficiently by
monoclonal antibody.
In the current work, expression of ALDH1 is
increased when tumor size is more than 4cm in
present study. There is significant relation
between ALDH1 expression and tumor size that
is parallel to Wang et al. (10) study.
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In present study, high expression of ALDH1 was
higher in cases with renal vein invasion that is
parallel to Wang et al. (10) study.
Tumors with renal vein invasion has worse
prognosis and become more aggressive (18,19)
when show higher ALDH1 expression (10).
Current work showed that non-statistical
significant relation between the ALDH1
expression and histopathological types of RCC.
The only one case (100%) of collecting duct
type in the current research exhibited high
ALDH1 expression may be due to this case
presented
with
renal
vein
invasion.
Furthermore, sarcomatoid type recorded high
ALDH1 expression (60%) followed by clear,
papillary, granular, then chromophobe. This
result parallel to literature which stated that
sarcomatoid type has worst prognosis followed
by clear cell type, papillary and lastly
chromophobe type (20).
In conclusion, ALDH1 showed higher
expression in RCC tissues than normal renal
tissues
and
it
is
associated
with
clinicopathological variables (tumor grade,
tumor size, tumor stage, renal vein invasion,
and perinephric fat invasion). This may reflect
the role of ALDH1in IHC expression could act a
necessary role in disease progression and poor
prognosis of RCC.
Acknowledgments
Authors are deeply thankful to the staff of
Laboratory of Pathology Department in the
Medical College of Al-Nahrain University for
their valuable support and advice, and also to
all Doctors & staff of the Histopathology
Department in the Teaching Laboratories in AlImamein Al-kadhimein Medical City.
Authors contributions
Dr. Hassan collected the cases, performed IHC
test and analyzed the results. Dr. Qasim helped
in study design and supervising the work. Dr.
Musa participated collection of cases and
revision of histopathological sections.

Iraqi JMS 2017; Vol. 15(2)
Conflict of interest
The authors have no conflicts of interest
Funding
This research was funded by College of
Medicine/Al-Nahrain University
References
1. Matak D, Szymanski L, Szczylik C, et al. Biology of
renal tumour cancer stem cells applied in medicine.
Contemp Oncol (Pozn). 2015; 19(1A): A44-A51. doi:
10.5114/wo.2014.47128.
2. Qu Y, Chen H, Gu W, et al. Age-dependent
association between sex and renal cell carcinoma
mortality: a population-based analysis. Sci Rep. 2015;
5: 9160-6. doi:10.1038/srep09160.
3. Iraqi Cancer Registry (Ministry of Health).; 2010.
4. Ng CS, Wood CG, Silverman PM, et al. Renal cell
carcinoma: diagnosis, staging, and surveillance. Am J
Roentgenol.
2008;
191:
1220-32.
doi:
10.2214/AJR.07.3568.
5. Ljungberg B, Bensalah K, Bex A, et al. Guidelines on
Renal Cell Carcinoma. Eur Assoc Urol. 2014; 2: 1-70.
6. Muglia VF, Prando A. Renal cell carcinoma:
histological classification and correlation with
imaging findings. Radiol Bras. 2015; 48(3): 166-74.
doi: 10.1590/0100-3984.2013.1927.
7. Bussolati B, Dekel B, Azzarone B, et al. Human renal
cancer stem cells. Cancer Lett. 2013; 338(1): 141-6.
doi: 10.1016/j.canlet.2012.05.007.
8. Marcato P, Dean CA, Giacomantonio CA, et al.
Aldehyde dehydrogenase its role as a cancer stem
cell marker comes down to the specific isoform. Cell
Cycle.
2011;
10(9):
1378-84.
doi:
10.4161/cc.10.9.15486.
9. Abourbih S, Sircar K, Tanguay S, et al. Aldehyde
dehydrogenase 1 expression in primary and
metastatic
renal
cell
carcinoma:
an
immunohistochemistry study. World J Surg Oncol.
2013; 11: 298. doi: 10.1186/1477-7819-11-298.
10. Wang K, Chen X, Zhan Y, et al. Increased expression
of ALDH1A1 protein is associated with poor prognosis
in clear cell renal cell carcinoma. Med Oncol. 2013;
30: 574. doi: 10.1007/s12032-013-0574-z.
11. Ozbek E, Calik G, Otunctemur A, et al. Stem cell
markers aldehyde dehydrogenase type 1 and nestin
expressions in renal cell cancer. Arch Ital Urol Androl.
2012; 84(1): 7-11.

12. Ma I, Allan AL. The role of human aldehyde
dehydrogenase in normal and cancer stem cells.
Stem Cell Rev Reports. 2011; 7(2): 292-306. doi:
10.1007/s12015-010-9208-4.
13. Deng S, Yang X, Lassus H, et al. Distinct expression
levels and patterns of stem cell marker, aldehyde
dehydrogenase isoform 1 (ALDH1), in human
epithelial cancers. PLoS One. 2010; 5: 1-11. doi:
10.1371/journal.pone.0010277.
14. Nguyen MM, Gill IS. Effect of renal cancer size on the
prevalence of metastasis at diagnosis and mortality. J
Urol.
2009;
181(3):
1020-7.
doi:
10.1016/j.juro.2008.11.023.
15. Hampshire DJ, Abuzenadah AM, Cartwright A, et al.
Identification and characterisation of mutations
associated with von Willebrand disease in a Turkish
patient cohort. Thromb Haemost. 2013; 110(2): 26474. doi: 10.1160/TH13-02-0135.
16. Ueda K, Ogasawara S, Akiba J, et al. Aldehyde
dehydrogenase 1 identifies cells with cancer stem
cell-like properties in a human renal cell carcinoma
cell line. PLoS One. 2013; 8: 1-10. doi:
10.1371/journal.pone.0075463.
17. Su Y, Qiu Q, Zhang X, et al. Aldehyde dehydrogenase
1 A1-positive cell population is enriched in tumorinitiating cells and associated with progression of
bladder cancer. Cancer Epidemiol Biomarkers Prev.
2010; 19(2): 327-37. doi: 10.1158/1055-9965.EPI-090865.
18. Ball MW, Gorin MA, Harris KT, et al. Extent of renal
vein invasion influences prognosis in patients with
renal cell carcinoma. BJU Int. 2015; 118(1): 112-7.
doi: 10.1111/bju.13349.
19. Kim HL, Zisman A, Han K-R, et al. Prognostic
significance of venous thrombus in renal cell
carcinoma. Are renal vein and inferior vena cava
involvement different? J Urol. 2004; 171(2): 588-91.
doi: 10.1097/01.ju.0000104672.37029.4b.
20. Amin MB, Amin MB, Tamboli P, et al. Prognostic
impact of histologic subtyping of adult renal
epithelial neoplasms: an experience of 405 cases. Am
J Surg Pathol. 2002; 26(3): 281-91.

Correspondence to Dr. Ahmed M. Hassan
E-mail: drahmedmousa12@gmail.com
Received Nov. 28th 2016
Accepted Mar. 19th 2017

213

