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Abstract
Background and Objectives: Cancer stem cells (CSCs) have been shown to be associated with initiation of some prostate tumors with redirection
towards cancer progression, metastasis and resistance to treatment. Therefore, evaluation of such markers for CSCs as aldehyde dehydrogenase
(ALDH1A1) and CD133 may help in improving treatment modalities and better survival rates. Current study aimed to explore the clinical
significance of expression levels of CSCs related markers: ALDH1A1 and CD133 in relation to other markers as androgen receptor (AR), prostate
specific antigen and clinicopathological parameters in series of prostate tumors. Materials and Methods: Eighty-four male patients with prostate
tumors recruited  in  this  study, they included [n = 35] benign prostatic hyperplasia (BPH), [n = 17] prostatic intraepithelial neoplasia (PIN) and
[n= 32] prostate cancer (PCa). Pre-operative blood samples examined for PSA by enzyme immunoassay and formalin-fixed paraffin-embedded
archival blocks were assessed by immunohisto-chemical for expression of ALDH1A1, CD133 and AR, using avidin biotin-peroxidase complex
method. Markers expression assessed microscopically and the data were analyzed and correlated with clinicopathological parameters. In addition,
Kaplan Meier survival analysis was used to estimate overall survival of the patients. Results: Expression of ALDH1A1 levels were significantly higher
in prostate cancer in comparison to both prostatic intraepithelial neoplasia and benign prostatic hyperplasia (p<0.001) while, CD133 expression
showed statistically significant difference in between the three studied groups (p = 0.001). None of benign prostatic hyperplasia cases showed
a high level of CD133 expression and (85.7%) of them showed negative expression of ALDH1A1. Expression of ALDH1A1 and CD133 showed
positive significant correlation with prostate specific antigen and most of the studied clinicopathological parameters of prostate cancer, however,
no correlation was found between CD133 expression and Gleason score. Joint expression of ALDH1A1 and CD133 had a significantly worse
prognosis than the other groups (p<0.001) and is predictive of short survival duration. Conclusion: Joint detection of ALDH1A1 and CD133 helps
in early diagnosis, prevention and improve predictions of prognosis for prostate tumors with better discrimination. 
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INTRODUCTION

Prostate cancer (PCa) is one of the most prevalent cancers
among men. It is considered the second leading cause of
cancer related death worldwide1. Early detection and
diagnosis of PCa is the best measure to improve outcomes
and decrease mortality rate among PCa patients1-3. A
considerable  group  of  patients  with  hormonal   resistant
PCa will have limited  treatment  options  and  may  have
faster  deterioration3.  The  presence of unique cancer stem
cells (CSCs) gives rise to more resistant, aggressiveness and
metastasis with higher risk of recurrence and less cure rate
with traditional therapy4,5. Recently, CSCs have been identified
in many tumors, including breast, liver, lung, pancreatic,
colorectal and brain tumors6-9. Many studies claim that a
percentage of PCa are in fact accumulated CSCs and had a
greater power of tumorigenesis compared to their progeny
cells10. 

Aldehyde dehydrogenase (ALDH) is a family of
isoenzymes involved mainly in detoxification of intracellular
aldehydes generated during metabolism by oxidizing them to
their corresponding carboxylic acids including retinoic acid,
detoxified reactive oxygen species and reactive aldehydes.
Furthermore, recent studies have shown that ALDH is involved
in protecting stem cells and in enhancing differentiation11-13.
Increased ALDH activity has been linked to profound
proliferation of stem cell population in a variety of diseases,
including cancer progression. Therefore, the application of
pharmacological antagonists or activators of ALDH
isoenzymes may provide a rational approach for treatment of
cancer12,14-16. ALDH1A1 has been identified as a CSCs marker in
many solid tumors, such as breast, lung, colorectal cancers and
lymphoma6,16-19.

CD133 is a glycoprotein with five transmembrane
domains expressed in various stem cells and is a highly reliable
CSC marker for many malignant tumors including lung
cancers, colorectal cancers and brain tumors20-23.
Accumulating evidence show that increased CD133
expression in PCa is an important CSC marker led to metastasis
and poor prognosis24. In PCa cells that express CD133 are more
likely, to be in the G2-phase of the cell cycle25.

Androgen receptor (AR) is a transcription factor and
member of the nuclear steroid receptor family. AR signaling
has a great role in cancer growth with critical point in the
development and progression of benign and malignant
prostatic lesions. The use of AR targeted therapy remains
crucial with evidence as an integral part of PCa26. AR was
activated by androgen hormones through transcription factor

entrance into the nucleus and interacts with several genes.
The main action of AR drug antagonists is to block this
interaction27.

Cancer CSCs may have a pivotal role in tumor relapse and
metastasis due to their abilities to self-renew, differentiate and
give rise to a new tumor in local or distant organs. Previous
reports have studied implications of stem cell related markers
as ALDH1A1 in prostate cancer outcome15 or therapeutic
resistance and bone metastasis28.

This study will have a unique point of view over the
previous studies15,29,30, first of all it was studied either ALDH1A1
or CD133 but never both of them, secondly it was studied any
of them in other distinctive tissue (lung cancer, pancreatic
cancer and PCa cell lines). Finally to the far of current
knowledge the early diagnostic, prognostic and predictive
impact of both markers were not studied before. The aim is to
evaluate the clinical implication of concomitant assessment
for ALDH1A1 and CD133 in three groups of prostate tumors:
BPH, PIN and PCa patients, in order to identify the values of
both markers in early pathological changes of PIN, which
could be of great benefit in early detection and decision
making especially inconclusive cases of PIN or BPH.

Upon this evidence, this study investigated the
immunohisto-chemical expression levels of CSC markers:
ALDH1A1 and CD133 in relation to other markers as androgen
receptor AR, PSA and clinicopathological parameters in
prostate tumors emphasizing their potential value for
prediction of outcome in prostate cancer. 

MATERIALS AND METHODS

Patient characteristics: This study comprised of 84 male
patients with prostate tumors who had a prostatic biopsy
collected from transurethral resection of prostate or from
open prostatectomy. Pre-operative blood samples and
formalin-fixed paraffin-embedded archival blocks of tissue
samples were obtained. The archival blocks presented to
Pathology Department, Faculty of Medicine, Minya University,
Egypt  between  2011  and  2016. Hematoxylin and Eosin slides
were examined in order to classify the patients into benign
prostatic hyperplasia (BPH) [n = 35], prostatic intraepithelial
neoplasia (PIN)[n = 17] and prostate cancer (PCa) [n= 32].
Patients’ clinical data were compared with histopathological
diagnosis. Grading of PCa was classified using Gleason score.
Patients with total Gleason score <7 were considered as low
Gleason grade. While patients with total Gleason score 8-10
were  considered  as  high  Gleason  grade31.  According  to
pre-operative    PSA    serum   levels,    the    included    patients
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were classified into three  groups:  group  one  (serum PSA
<4.0 ng mLG1), group two (serum PSA 4.0-10.0 ng mLG1) and
group three (serum PSA >10.0 ng mLG1). Patients who received
hormonal therapy or chemotherapy were excluded. 

Immunohisto-chemical staining: Immunostaining was
performed on 5 µm sections of formalin-fixed, paraffin-
embedded blocks using avidin biotin-peroxidase complex
method. Tissue sections were deparaffinized in xylene and
hydrated. After a rinse in PBS (137 mM NaCl, 2.7 mM KCl, 1 mM
KH2PO4 and 10 mM Na2HPO4; pH 7.4), endogenous peroxidase
activity was quenched by incubating the sections for 15 min
with 0.3% H2O2 in absolute methanol. After 10 min rehydration
in  PBS,  the  sections  were  heated  in a microwave oven for
3 min in 10 mM citrate buffer for antigen retrieval. Following
incubation with blocking serum (4% normal horse serum) for
30 min at room temperature, sections were incubated
overnight at 4EC with monoclonal antibodies, anti-ALDH1A1
(44/ALDH, 1:400, BD Biosciences), anti-CD133 (clone NCH-38,
dilution 1 200; Dako) and anti-AR (clone AR441,  dilution 1:100;
Dako). The sections  were  treated  with  biotinylated  goat
anti-mouse antibody for 15 min, washed with PBS and
incubated according to the manufacturer’s instructions for the
LASB kit. Sections were incubated with diaminobenzidine and
counterstained for microscopic evaluation.

Immunohisto-chemical scoring: Expression scored with blind
knowledge of clinicopathological data to obtain a consensus
agreement. Immunohisto-chemical staining of ALDH1A1 was
mainly localized to the cytoplasm of tumor cells and for CD133
expression was cytoplasmic membrane with regard to the
intensity of staining and percentage of stained tumor cells. An
overall score was assigned by multiplying the intensity score
by the percentage of stained cells. A final score of ALDH1A1
and CD133 expression was at three levels; negative (tumor
cells without any expression), low level (tumor cells with faint
staining, demonstrating <10% of positive cells) and a high
level (tumor cells with more than 10% overall score)15,32. For
nuclear AR expression, the cutoff was >1% AR positive tumor
cells. Brown staining intensity representing the level of AR
expression was classified as follows; negative (cells without
any expression of AR), low level (cells with faint staining),
moderate level (cells with moderate staining) and a high level
(tumor cells with strong brown staining) of AR27.

PSA assay: Assessment of PSA levels were carried according
to standard manufacture procedure as previously described33.
PSA assay was performed using Commercial kit from (Teco

Diagnostic Laboratory, USA). Enzyme immunoassay was based
on the principle that PSA molecule was sandwiched between
two solid phases: rabbit anti-PSA antibody and enzyme linked
antibodies (monoclonal anti-PSA conjugated to Horse raddish
peroxidise). About 5 mL of blood were drawn from each
patient pre-operatively in a plain tube and samples were left
to stand for about 30 min. Then, centrifugation was carried on
at 2500 rpm for 5 min. Serum  was  separated  and  stored at
-20EC until analysis.

Statistical  analysis: Statistical  analyses were performed
using SPSS-software 16 (Chicago, IL, USA). The analysis of
these results were assessed by using the Chi-square “x²” test
and z-test. The survival time analysis was performed by
Kaplan‒Meier analysis and differences were tested for
statistical significance with the log-rank test. The correlation
of various parameters was analyzed by Spearman's correlation
analysis while influence of various parameters was analyzed
with multivariate Cox proportional hazards regression
analyses. All p<0.05 were considered significant.

RESULTS

Characteristics of cases: This study included 84 cases of them;
35 cases belong to BPH, 17 to PIN and 32 to PCa. Among the
PCa cases; 18 had a Gleason score <7 and 14 had a Gleason
score 8-10. Patients had a mean age of 66.83 years at the
diagnosis, with a minimum age of 53 years and a maximum
age of 79 years. Serum PSA levels; group one (<4.0 ng mLG1)
included 35 patients (41.7%), group two (4.0-10.0 ng mLG1)
included31 (36.9%) and group three (>10.0 ng mLG1) included
18 (21.4%).

Immunoreactivity  of  ALDH1A1:  About  23   cases   (27.4%)
of total samples (n = 84) showed a high level of ALDH1A1
expression. In BPH 30/35 (85.7%) of cases were completely
negative for ALDH1A1 expression. Few ALDH1A1 cells
displayed low level of positive cytoplasmic staining, localized
to the basal cell layers of BPH cases 5/35 (14.3%), however, no
case of BPH shows a high level of ALDH1A1 expression.
Meanwhile 7/17 of PIN cases (41.2%) revealed negative
expression of ALDH1A1 and 4/17 (23.5%) showed high
ALDH1A1 expression. A high level of expression of ALDH1A1
was  observed in 19/32 (59.4%) of cases of prostatic carcinoma
and only 6/32 (18.8%) were negative (Fig. 1). Thus, a
statistically significant association in different levels of
ALDH1A1 expression between BPH, PIN and PCa (p<0.001)
was  found.  A  positive  trend  could  be  observed in ALDH1A1
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Fig. 1(a-j): Immunohisto-chemical expression of aldehyde dehydrogenase 1A1 (ALDH1A1) expression, (a) Benign prostate
hyperplasia (BPH) show negative expression, (b) Prostatic intraepithelial neoplasia (PIN) exhibit high level expression
of ALDH1A1, (c-d) High level with heterogeneous expression in low Gleason score, (e) Prostate cancer (PCa) with high
gleason score showed high level of ALDH1A1 expression, (f) CD133 expression in PIN, (g) Low gleason score of PCa,
(h) High Gleason score, (i) Androgen receptor (AR) expression in low Gleason score of PCa and (j) High gleason score
of PCa. All figures are with a magnification of 200X
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expression from low to high Gleason pattern (p = 0.01).
Among PCa, 85.7% of high  Gleason  score  cases  showed high

Table 1: Immunohisto-chemical expression of ALDH1A1 in 84 prostate cases
with clinicopathological characteristics

ALDH1A1
Total ------------------------------------------------------------

Characteristics (100%) Negative (%) Low (%) High (%)
Diagnosis
BPH 35 30(85.7) 5(14.3) 0(0.0)
PIN 17 7(41.2) 6(35.3) 4(23.5)
PCa 32 6(18.7) 7(21.9) 19(59.4)
Total 84 43(51.2) 18(21.4) 23(27.4)
p-Value 0.000
Gleason
1 18 5(27.8) 6(33.3) 7(38.9)
2 14 1(7.1) 1(7.1) 12(85.7)
Total 32 6(18.7) 7 (21.9) 19 (59.4)
p-value 0.028
PSA
1 35 32(91.4) 3(8.6) 0 (0.0)
2 31 7(22.6) 9(29.0) 15(48.4)
3 18 4(22.2) 6(33.3) 8(44.4)
Total 84 43(51.2) 18(21.4) 23(27.4)
p-value 0.000
Nodal
0 21 6(28.6) 6(28.6) 9(42.9)
1 11 0 (0.0) 1(9.1) 10(90.9)
Total 32 6(18.7) 7 (21.9) 19 (59.4)
p-value 0.027
Metastasis
0 23 6(26.1) 7(30.4) 10(43.5)
1 9 0 (0.0) 0 (0.0) 9(100.0)
Total 32 6(18.7) 7 (21.9) 19 (59.4)
p-value 0.014
Staging
1 4 1(25.0) 3(75.0) 0(0.0)
2 14 5(35.7) 3(21.4) 6(42.9)
3 6 0 (0.0) 0 (0.0) 6(100.0)
4 8 0 (0.0) 1(12.5) 7(87.5)
Total 32 6(18.7) 7 (21.9) 19 (59.4)
p-value 0.008
ALDH1A1: Aldehyde dehydrogenase 1 A1, BPH: Benign  prostate  hyperplasia,
PIN: Prostatic intraepithelial neoplasia, PCa: Prostate cancer. Chi-squared and
Fischer’s exact tests p-value<0.05 is considered significant

expression of ALDH1A1. A significant association between
ALDH1A1 expression and Gleason score was found (p = 0.02).
Correlation   between   ALDH1A1   expression  of  cells  and
pre-operative serum PSA level was statistically significant
(p<0.001). However, there was no significant association
between ALDH1A1 expression and patient’s age. Among PCa
cases, (90.9%) of them had high level of ALDH1A1 among the
group of positive local nodal invasion (p = 0.03). Among cases
that were positive for distant metastasis, all of them (100%)
had a high level of ALDH1A1 (p = 0.01). A low level of
expression of ALDH1A1 was observed in 3/4 (75%) cases of
prostatic carcinoma stage I with no case of this group showed
high expression of ALDH1A1. However, PCa stage IV cases
showed high expression of ALDH1A1 in 87.5% of cases and
only 12.5% were of low ALDH1A1 expression with statistically
significant difference in different stages of PCa (p = 0.008)
(Table 1).

Kaplan-Meier estimation performed on PCa patients
indicated that the patients with high ALDH1A1 expression
have shorter overall survival time than the patients with
negative and low ALDH1A1 expression who have nearly
similar curves (p = 0.001). Both groups of cases with low or
negative ALDH1A1have longer overall survival than the cases
with high expression of ALDH1A1. High ALDH1A1 expression
is predictive of poor prognosis in PCa patients (Fig. 2). In
addition, ALDH1A1 showed negative significant correlation
with AR positivity (r = -0.363*, p = 0.041) (Table 2).

Immunoreactivity of CD133: Thirty-seven (44%) of total
samples (n = 84) revealed completely negative CD133
expression. In BPH 23/35 (65.7%) were completely negative for
CD133 expression. Meanwhile, 6/17 of PIN cases (35.3%) of
them revealed low expression of CD133 and similar
percentage revealed high expression. A high level of
expression of CD133 was observed in 12/32 (37.5%) cases of
prostatic carcinoma and 11/32 (34.4%) were of low expression
(Fig. 1). A statistically significant association appear in different

Table 2: Spearman's correlation analysis table
ALDH1A1 CD133 AR
----------------------------------------- ------------------------------------------ ---------------------------------------

Characteristics r P r P r P
Staging 0.593** 0.000 0.762** 0.000 -0.220 0.227
Tumor 0.628** 0.000 0.626** 0.000 -0.294 0.103
Nodal 0.474** 0.006 0.670** 0.000 -0.154 0.400
Metastasis 0.500** 0.004 0.376* 0.034 -0.146 0.424
PSA 0.416* 0.018 0.421* 0.016 -0.232 0.201
Gleason 0.454** 0.009 0.225 0.216 0.147 0.421
ALDH1A1 1.00 - 0.331 0.064 -0.363* 0.041
CD133 0.331 0.064 1.00 - -0.200 0.271
AR -0.363* 0.041 -0.200 0.271 1.00 -
Spearman's correlation analysis of ALDH1A1, CD133 and AR (androgen receptor) with prognostic markers among prostate cancer patients (Total = 32). *p<0.05 is
considered significant, **p<0.001 is considered highly significant
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Fig. 2: ALDH1A1 high expression is predictive of poor
prognosis in prostate cancer patients. Kaplan-Meier
curves of patient 5 years  disease free survival
according to ALDH1A1 protein expression. Log-rank
(Mantel-Cox) tests were used to compare ALDH1A1
negative, low and high expression in prostate cancer
patients. Cases that showed high ALDH1A1 expression
had lower  disease  free  survival durations than those
in other groups. No difference in survival was found
between    negative   and   low   ALDH1A1  expression
(p = 0.001)

expression of CD133 between BPH, PIN and PCa (p = 0.001).
The high  expression  of  CD133  was  seen  in  12/32 (37.5%)
of cases belong to high Gleason. Among PCa, 8/14 (57.1%)
cases of high Gleason score showed high expression of CD133,
while  only  4/18 (22.2%)  of low Gleason score cases had a
high level of CD133. No significant  association between
CD133 expression and Gleason score was found (p = 0.06).
Correlation between CD133 expression and pre-operative
serum PSA was statistically significant (p<0.001). In positive
local nodal invasion group (90.9%) of the cases showed high
level of CD133 expression (p<0.001). In (77.78%) of positive
distant metastasis cases a high level of CD133 expression was
detected (p = 0.007). A statistically significant difference in
CD133 expression between different stages of PCa was
confirmed (p<0.001) (Table 3).

Kaplan-Meier estimation indicated that the patients with
CD133 high expression have shorter overall survival time than
the  patients   with   CD133   negative   and   low   expression
(p = 0.000). So high CD133 expression is predictive of shorter
survival duration (Fig. 3). Nearly significant positive correlation
was     found    between    CD133    and    ALDH1A1   expression
r = 0.331, p = 0.06) (Table 2).

Immunoreactivity of AR: Sixteen cases (88.9%) of total
samples (n = 18) that showed a high level of AR expression
were   PCa.   In   BPH  (85.7%)  of  them  displayed  low  level  of 

Table 3: Immunohistochemical expression of CD133 in 84 prostate cases with
clinicopathological characteristics

CD133
Total --------------------------------------------------------------

Characteristics (100%) Negative (%) Low (%) High (%)
Diagnosis
BPH 35 23(65.7) 12(35.3) 0(0.0)
PIN 17 5(29.4) 6 (35.3) 6 (35.3)
PCa 32 9(28.1) 11(34.4) 12(37.5)
Total 84 37(44.1) 29(34.5) 18(21.4)
p-value 0.001
Gleason
1 18 5(27.8) 9(50.0) 4(22.2)
2 14 4(28.6) 2(14.3) 8(57.1)
Total 32 9(28.1) 11(34.4) 12(37.5)
p-value 0.064
PSA
1 35 23(65.7) 12(34.3) 0(0.0)
2 31 10(32.3) 8(25.8) 13(41.9)
3 18 4(22.2) 9(50.0) 5(27.8)
Total 84 37(44.1) 29(34.5) 18(21.4)
p-value 0.000
Nodal
0 21 8(38.1) 11(52.4) 2(9.5)
1 11 1(9.1) 0 (0.0) 10(90.9)
Total 32 9(28.1) 11(34.4) 12(37.5)
p-value 0.000
Metastasis
0 23 7(30.4) 11(47.8) 5(21.7)
1 9 2(22.2) 0 (0.0) 7(77.8)
Total 32 9(28.1) 11(34.4) 12(37.5)
p-value 0.007
Staging
1 4 2(50.0) 2(50.0) 0(0.0)
2 14 7(50.0) 6(42.9) 1(7.1)
3 6 0(0.0) 3(50.0) 3(50.0)
4 8 0(0.0) 0(0.0) 8(100.0)
Total 32 9(28.1) 11(34.4) 12(37.5)
p-value 0.000
BPH:   Benign  prostate  hyperplasia,  PIN:  Prostatic  intraepithelial  neoplasia,
PCa: Prostate cancer. Chi-squared and Fischer’s exact tests p<0.05 is considered
significant

positive  nuclear  staining  of AR expression. Meanwhile 7/17
of  PIN cases (41.2%) revealed moderate  expression  of  AR
and only  2/17  (11.8%)  of  cases  showed   high   AR
expression  (Fig.  1).  A  statistically  significant  difference  in
AR expression  noticed  between  BPH,  PIN and PCa (p<0.001).
No significant difference was found between AR expression
and Gleason score. The group of highest PSA level had high
expression of AR in 33.3% of cases. Difference between AR
expression of cells  and pre-operative serum PSA was
statistically significant (p = 0.002). No significant correlation
was found between AR expression and nodal status,
metastatic status or tumor staging (Table 4). In contrast to
ALDH1A1, AR expression does not show any significant
correlation with any of the prognostic parameters. Although
negative     significant    correlation   was   found   between   AR
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Fig. 3: CD133 high expression is predictive of poor prognosis and short survival duration in prostate cancer patients. Kaplan-Meier
curves of patient 5 years disease free survival according to CD133 protein expression. Log-rank (Mantel-Cox) tests were
used to compare CD133 negative, low and high expression in prostate cancer patients. Cases of high CD133 expression
have lower disease free survival than that of the other groups. Nearly similar disease free survival I cases of low or no CD133
expression (p<0.001)

Table 4: Immunohisto-chemical expression of AR in 84 prostate cases with clinicopathological characteristics
AR

Total --------------------------------------------------------------------------------------------------------------------------------------------
Characteristics (100%) Negative (%) Low (%) Moderate (%) High (%)
Diagnosis
BPH 35 0 (0.0) 30(85.7) 5(14.3) 0 (0.0)
PIN 17 2(11.8) 6(35.3) 7(41.2) 2(11.8)
PCa 32 4(12.5) 4(12.5) 8(25.0) 16(50.0)
Total 84 6(7.1) 40(47.6) 20(23.8) 18(21.4)
p-value 0.000
Gleason
1 18 2(11.1) 4(22.2) 4(22.2) 8(44.4)
2 14 2(14.3) 0 (0.0) 4(28.6) 8(57.1)
Total 32 4(12.5) 4(12.5) 8(25.0) 16(50.0)
p-value 0.314
PSA
1 35 0(0.0) 24(68.6) 4(11.4) 7(20.0)
2 31 5(16.1) 13(41.9) 8(25.8) 5(16.1)
3 18 1(5.6) 3(16.7) 8(44.4) 6(33.3)
Total 84 6(7.1) 40(47.6) 20(23.8) 18(21.4)
p-value 0.002
Nodal
0 21 1(4.8) 3(14.3) 6(28.5) 11(52.4)
1 11 3(27.3) 1(9.1) 2(18.2) 5(45.5)
Total 32 4(12.5) 4(12.5) 8(25.0) 16(50.0)
p-value 0.326
Metastasis
0 23 1(4.3) 4(17.4) 6(26.1) 12(52.2)
1 9 3(33.3) 0 (0.0) 2(22.2) 4(44.4)
Total 32 4(12.5) 4(12.5) 8(25.0) 16(50.0)
p-value 0.11
Staging
1 4 0(0.0) 0(0.0) 0(0.0) 4(100.0)
2 14 1(7.1) 3(21.4) 3(21.4) 7(50.0)
3 6 2(33.3) 0(0.0) 4(66.7) 0(0.0)
4 8 1(12.5) 1(12.5) 1(12.5) 5(62.5)
Total 32 4(12.5) 4(12.5) 8(25.0) 16(50.0)
p-value 0.066
AR: Androgen receptor, BPH: Benign prostate hyperplasia, PIN: Prostatic intraepithelial neoplasia, PCa: Prostate cancer. Chi-squared and Fischer’s exact tests p<0.05
is considered significant
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Fig. 4: Double positive ALDH1A1 and CD133 is predictive of
poor prognosis and short survival duration in prostate
cancer patients. Kaplan-Meier curves of patient 5 years
disease free survival according to double positive
ALDH1A1 and CD133 protein expression. Log-rank by
(Mantel-Cox) tests, they had a significantly worse
prognosis than the other groups (p<0.001)

expression and ALDH1A1 (r = -0.363, p = 0.041). No correlation
was found between CD133 and AR expression (Table 2).

Joint analysis of the ALDH1A1/CD133 status and survival:
PCa cases were divided into three categories based on their
ALDH1A1  and CD133  expression  levels: ALDH1A1-/CD133-
(n = 1; double-negative category), ALDH1A1+/CD133- (n = 8)
and  ALDH1A1-/CD133+ (n = 5). Only one positive (n = 13:
any-positive category) and ALDH1A1+/CD133+ (n = 18;
double-positive category). The double-positive group had a
significantly worse prognosis than the other groups (p<0.001),
however all other groups show no significant difference with
survival (Fig. 4).

DISCUSSION

High activity of ALDH1A1 plays an important role in the
regulation of growth and differentiation of both normal and
cancer cells and is associated with more aggressive PCa34-36.

In this study, only 14.3% of BPH cases demonstrated a low
level of expression of ALDH1A1, that could be a strong
evidence for the stem cell character of ALDH1A1 positive cells
in benign tissues and add verification of benign stromal
ALDH1A1 cells6. In another study, BPH tissues displayed <10%
population of ALDH1A1 positive cells with weak staining37. The
low-level expression of ALDH1A1 in this study suggests the
presence of stem like cells in BPH samples. BPH could
eventually occur as a result of altered stem cell properties that
could subsequently lead to a clonal expansion of prostatic cell

populations38. Inhibition of stem cell proliferation may
minimize the risk of benign and malignant changes in the
prostate39. 

Increased risk of PIN and PCa was proposed on the
supporting role of hyperplasia associated with inflammation
and overgrowth40. In this study, it was found that 23.5% of PIN
cases showed a high level of expression. In another study,
ALDH1A1 was detected in multiple samples of PIN and 11.1%
of these samples showed a high level of expression of
ALDH1A137. In a similar study, ALDH1A1 expression was found
in 13% of samples of high-grade PIN. Although, ALDH1A1
expression is believed to be limited only to malignant glands,
interestingly, it was detected and expressed in some cases of
PIN10,41. 

Herein, 59.4% of cases of prostatic adenocarcinoma
showed high levels of expression of ALDH1A1. The finding is
consistent with other studies showing highly expressed
ALDH1A1 in about 60% population among PCa cases35,37,41.
Although ALDH1A1 has a critical role in normal and malignant
cell proliferation and differentiation, it also promotes tumor
cell survival through direct inactivation of DNA repair and
enhancement of the oxidative stress resistance response11,42,43.
Activation of ALDH1A1 had an ultimate role in tumor cells
metastasis, aggressiveness as well as continuous cellular
proliferation and plasticity of primary tumors11,44. Inhibition of
ALDH1A1 could leads the way to reverse the radio-resistant
phenotype of CSCs45. 

In current study, the level of expression of ALDH1A1
showed a statistically significant association with Gleason
grade (p = 0.02). Expression of ALDH1A1 was up regulated in
high-grade  prostatic  adenocarcinomas  in comparison to
low-grade adenocarcinomas12. Previous studies have
demonstrated a significant association between the level of
ALDH1A1 expression and tumor stage15,35,37,41. This indicated
the potential role of CSCs in PCa tumorigenesis and aggressive
behavior that could be a compatible promising candidate for
targeted therapy of high Gleason score PCa41. 

In line with the studies, correlation of PSA with ALDH1A1
expression has become an integral component in the
management of patients with PCa in either monitoring
treatment  outcome or in predicting survival rate and watchful
waiting41. This study showed a statistically significant positive
correlation between ALDH1A1 expression and serum PSA
levels (p<0.001). Even with limitation of a single PSA
measurement, its high sensitivity and specificity in detecting
PCa provides a more accurate analysis of PSA has need to be
associated with other parameters46,47. Men with an elevated
PSA  level,  low  Gleason score biopsy and low clinical stage are
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at a higher risk of worse outcomes when compared with men
with only low-risk features without high level of PSA48,49.
Additional associated markers are useful to increase PSA
specificity for screening PCa without reducing the sensitivity50.
PCa cells that possess low serum PSA express stem cell genes
and can undergo asymmetrical cell division to generate more
PSA positive cells. Eventually these generated cells with PSA
can initiate active aggressive tumor development and potent
resistance to androgen ablation in castrated hosts associated
with highly tumorigenic resistant PCa cells that can be
prospectively enriched using ALDH1A1 and other isoforms of
ALDH51. 

Furthermore, this study identify that the high ALDH1A1
expression inversely associated with 5 year survival of the
patients which in agreement with previous studies10,15,44,52,53. It
is mandatory to suppress CSCs to reach a complete tumor
eradication and prevent tumor recurrence54. Discriminating
patients with low risk of progression from those with lethal
PCa is imperative to avoid over treatment and improve
survival rate55.

It is important in prostate tumorigenesis to define specific
markers for normal prostate stem cells56. The current study
showed absence of high CD133 expression in BPH.
Tumorigenic potential did not emerge from positive CD133
stem cells but could be seen in the negative CD133
population57,58. High level of CD133 expression in PIN and PCa
revealed a significant difference, PCa cells with high level of
CD133 are more proliferative and AR pathway activation
within prostate cancer cells grown in vitro increase the
percentage of CD133 positive cells59. 

Herein, a high significant positive correlation has been
noticed in relation to tumor stage, positive local nodal
invasion and positive distant metastasis and through survival
analysis, a high CD133 expression affected patient survival
times. CD133 is significantly associated with higher stage,
worse prognosis, worse 5 year overall survival rate and disease
free survival rate in colorectal cancer60, gastric cancer61, glioma
patients62 and lung cancer30,63.

AR-signaling pathway can interact with a number of
additional oncogenic signaling pathways, including those
involved in promoting growth and resistance across PCa.
Eventually, targeting and inhibition of this AR signaling
pathway may have beneficial effects in PCa26. In this study, all
the prostatic lesions demonstrated variable intensity of AR
immunostaining. The staining intensity for AR was
heterogeneous specifically in cases of PCa27,64. The intensity of
AR staining in PCa reduces as the Gleason grade of the tumor
increases but it did not reach a significant level. AR target
genes  are  usually  expressed   even   in   men   progressing  on

androgen deprivation therapy, with AR pathway alterations
commonly observed in late stage26. AR could gain novel
growth-promoting functions during PCa development and
progression through multiple genetic and epigenetic
mechanisms65. An association observed between AR
expression and nuclear localization and cancer cell
proliferation in patients with advanced PCa resistance and
progression despite multiple AR targeted therapies59. AR
expression  showed  significantly  positive correlation with
pre-operative serum PSA. Recognition of hormone-activated
targets of the AR has been exaggerated by using useful
markers of PCa progression and PSA is widely used for
screening and tumor monitoring technique in diagnosis of
cancer prostate66. 

Despite using ALDH1 and CD133 as markers of CSCs and
being closely associated with the prognosis of cancer patients,
however, controversies about using single CSC marker to
identify CSCs is sufficient remains  an  important  point32,67. A
concomitant  positive  expression  of  both ALDH1A1+
CD133+ cells  demonstrated  potential  and  more  rapid
tumor generation than ALDH1A1+CD133-tumors, ALDH1A1+
CD133+ cells may identify a more aggressive tumor
phenotype. Expression of CD133 combined with ALDH
identifies a more aggressive CSC suggesting a potential
hierarchy of cells with distinct cancer growth potential68.
Although the ALDH1A1 score and the expression of CD133
were nearly significant in this analysis, the double-positive
group had the significant worse prognosis based on the
overall survival. Furthermore, a landmark study evaluates
CD133 and ALDH1A1 in lung adenocarcinoma considered
both as novel diagnostic and therapeutic markers for targeted
lung adenocarcinoma therapy30. AR may behave differently
within CD133 positive cells when compared to CD133
negative cells25. Although AR signals play important roles in
PCa tumorigenesis, many cases of PCa may progress to
resistant or metastasis. Detailed explanation remains
controversial but cancer stem cells and their progenitor may
be a key factor contribute to the metastasis development.
Targeting cancer stem cells like CD133 or ALDH1A1 with
androgen deprivation therapy has been suggested as a
potential novel therapy to suppress the PCa metastasis24. The
development of new target cancer treatment against CSC will
require careful clinical data and clinical trials with definite
criteria69.

So far, there is very little data regarding the comparison
of the expression of ALDH1A1 and CD133 in benign,
precancerous and prostate cancer. There is no sufficient
information regarding the role of these markers in the three
groups of prostate tumors. ALDH1A1 and CD133 expression in
early  pathological  changes of PIN could be of great benefit in
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early detection. However, such comparative analysis might
lead to better  characterization of stem cell function in
prostate diseases. Overall, the identification and functional
characterization of prostate CSCs have paved the way for
aiding PCa diagnosis and prognosis prediction. To date, PCa
can be identified by several markers assisting in PCa patient
stratification with the potential for personalized adjuvant
therapy. Various combinations of known markers may be of
value in identifying prostate CSCs since there is no single
marker being exclusively expressed by CSCs in PCa. Also,
androgen receptor expression status was included because
the hormone dependency of CSCs in PCa is unclear and
several findings suggest that at least a group of prostate
cancers stem cells express AR.

CONCLUSION

In conclusion, this study showed a formalistic difference
in cytoplasmic ALDH1A1 and CD133 expression between BPH
as a benign lesion, precancerous PIN and PCa. With respect to
previous studies, that could be of great benefit for decision
making  for  prostate  cancer.  A  novel aspect of findings in
this study is that, joint detection of ALDH1A1 and CD133
expression is suggested to help in diagnosis and predictions
for outcomes of PCa, which would be reflected upon the
overall successful management for patients with PCa.
Establishment and validation of the clinical utility of combined
promising PCa immunohisto-chemical markers, including AR,
ALDH1A1 and CD133 will lead to guidelines for cost-efficient
strategies for detection and treatment. The optimum results
from therapeutic modalities is to involve a combination of
targeted CSCs therapy and established agents targeted
androgen sensitive cells in PCa. Further clinical research is
required to consider these markers as targets of new
therapeutic strategies in PCa.

SIGNIFICANCE STATEMENT

This study reported detailed immunohisto-chemical
expression levels of CSC markers: ALDH1A1 and CD133 in
relation  to other  markers  as  androgen  receptor  AR,  PSA
and clinicopathological parameters in prostate tumors
emphasizing their potential value for prediction of outcome in
prostate cancer. The results indicated that joint detection of
ALDH1A1 and CD133 expression help in diagnosis and
predictions for outcomes of PCa, which would be reflected
upon the overall successful management for patients with
PCa.   Establishment   and   validation  of  the  clinical  utility  of

combined promising PCa immunohisto-chemical markers,
including AR, ALDH1A1 and CD133 will lead to guidelines for
cost-efficient strategies for detection and treatment.
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