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ABSTRACT

Introduction: Colorectal Carcinoma (CRC) is the third most
commonly diagnosed cancer in males. Stem Cells (SC) may be
involved in tumour growth, including colon cancer. Aldehyde
Dehydrogenase 1 (ALDH1) is a detoxifying enzyme that might
modulate SC proliferation.

Aims: To evaluate the immunohistochemical expression of
ALDH1 as stem cell marker in the pathogenesis of colorectal
carcinoma.

Materials and Methods: This retrospective study included 71
colorectal specimens (49 colorectal carcinoma, 13 adenoma
and 9 normal cases) that were collected from Pathology
Department, Faculty of Medicine, Menoufia University during
the period from 2011 to 2015. All cases were stained by ALDH
1 antibody. Survival data were available for 31cases.

Results: There was a statistical significant association between
epithelial positivity of ALDH1 and younger age (p=0.003), right
sided tumour (p=0.038), presence of lymph node invasion (p=
0.04), ulcerating gross picture (p=0.01) and presence of vascular
invasion (p=0.05). Moreover, there was statistical significant
association between stromal positivity of ALDH1 and smaller
tumour size (p=0.03) and inverse association between stromal
expression of ALDH1 and grade of tumour (p=0.000) and
perineural invasion (p= 0.05). Furthermore, there was an inverse
significant relation between CD44 and ALDH1 expression
(p=0.001). Univariate recurrence free survival analysis revealed
the bad prognostic impact of high grade (p=0.03) and female
sex (p=0.02) on patient outcome.

Conclusion: Epithelial expression of ALDH1 might be associated
with poor prognosis while its stromal expression might be
associated with good prognosis.
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INTRODUCTION

Colorectal Carcinoma (CRC) is the third most prevalent type of
cancer in the world with the disease incidence rising with advanced
age [1]. CRC represents the second leading cause of cancer death
in western societies [2]. In Egypt, the prevalence of CRC is 2.27%
and that of rectal carcinoma is 2.08% [3].

In the Cancer Stem Cell (CSC) paradigm, cancers originate from
uncommon cells that show pluripotency and self-renewal. CSC
was first identified in leukemias and in solid tumours [4].

A promising new marker for CSC is aldehyde dehydrogenase 1
(ALDH1) which is a member of a family of intracellular enzymes that
are involved in cellular proliferation, differentiation, detoxification,
and drug resistance through the oxidation of cellular aldehydes
[5].

The heterogeneity of ALDH-1 expression in CRC is still
controversial [6]. So the aim of this study was to evaluate the
immunohistochemical expression of ALDH1 as stem cell marker
in the pathogenesis of CRC in Egyptian patients.

MATERIALS AND METHODS

This retrospective study is complementary to a study done by
the same authors on CD44 and previously accepted in Menoufia
medical journal [7]. The current study included 71 cases divided
into 49 CRC, 13 adenoma and 9 normal cases (obtained from
cases diagnosed as Hirschsprung disease). The cases were
collected from the Pathology Department, Faculty of Medicine,
Menoufia University, during the period from 2011 to 2015. The
clinicopathological data were collected from patients’ records
and survival data were available for 31 out of 49 of the studied
colorectal carcinoma cases.
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Histopathological Evaluation

The Haematoxylin and Eosin (H&E)-stained sections were evaluated
for histological type, according to Hamilton et al., [8]. Tumour
grading was assessed based on gland formation, either low grade
(>50% gland formation) or high grade (<50% gland formation) [9].
The mitotic figures in tumour cells were counted in 10 randomly
selected high-power fields [10]. Similarly, apoptosis was counted in
10 high-power fields [11]. Lymphovascular invasion was assessed
[12]. Pathologic staging of the tumour was performed according
to TNM American Joint Committee on Cancer-Union International
Center [13], as well as modified Dukes’ staging system [14].

Immunohistochemical Staining

One section, 4um in thickness, from each case was stained for
ALDH1. Negative control slide (omitting the primary antibody) and
positive tissue control (normal kidney) were included in each run
of staining.

The method used for immunostaining was streptavidin-biotin
amplified system. The primary antibody used was rabbit polyclonal
antibody against ALDH 1 (Biotechnology, Cambridge, ab50581
UK, CA), with a dilution of 1:200.

The detection Kit used was Ultra Vision LP detection system anti-
polyvalent HRP/DAB (catalog #TP-015-HD) (Lab vision, USA). In
this system, two reagents were utilized: The biotinlated secondary
anti-immunoglobulin which is a purified goat polyvalent anti-mouse
IgG capable of binding to both the primary antibodies and the
streptvidin-biotin enzyme complex.

The reaction was visualized by
Diaminobenzidine, (DAB) reagent.

substrate/chromogen
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ALDH 1 Immunostaining Interpretation Ve lsEs Ny Percentage
ALDH1 expression was assessed in tumour cells, stromal cellsand [ pge
normal gells. Cytoplqsmc expression is requweq to assign p05|t|\{e VeanzSD 530721357
expression. The staining was scored according to cytoplasmic
L . Range 23-75
staining of the cancer cells. The degree of staining was evaluated
. . . 0,
using a four-score grading system. Cases with <5% ALDH1- <45 I 28:6%
positive cells were given a score of 0, those with 5-20% ALDH1-  |[>45 35 714%
positive cells were given a score as 1, those with 20-50% positive Sex
cells were scored as 2 and those with >50% positive cells were Male 19 38.8%
scored as 3 [15]. Female 30 61.2%
For statistical analysis, cases were divided into two groups: Low M:F: 0.6:1
expression (with scores of O or 1) and high expression (with scores Size
of 2 or 3) [15]. Mean=SD 6+3.14
The proportion of cells that stained were multiplied with their <5 o7 55.1%
corresponding staining intensity, then summated for the total [ g 20 44.9%
H-score (maximum 300) [16]. H-score was applied as per the Site
intensity of antibody staining (0 =no staining, 1 =minimal staining,
- . - . Left 24 49%
2 =moderate staining, 3=intense staining). Stromal expression of
i (o)
ALDH1 was evaluated as positive or negative [17]. Right 25 51%
Gross picture
Overall Survival Data Fungating 26 53.1%
Data about overall survival and disease free survival were available Ulcerating 20 40.8%
for 31 out of 49 patients (63.3%). Overall survival was calculated Annular 3 6.1%
for the data of diagnosis till last visit or death of patient. Recurrence | 1ype
free survival was calculated for the data of surgery till the last visit [ A onocarcinoma 40 81.6%
orrecurrence. Mucoid carcinoma 9 18.4%
Grade
STATISTICAL ANALYSIS | 1 -
Data were collected, tabulated and statistically analyzed in terms 2
of mean+SD, percentages, Chi- square test (x2- test), Fisher's- | 39 79.6%
exacts test (F), Kruskal wallis test (K), Mann-Whitney test (U) I 9 18.4%
and Kaplan—-Meier test by using SPSS “statistical package for Vascular invasion
the social science” program for windows, version 21, SPSS, Present 7 14.3%
INC., Chicago, lllinois, USA. p<0.05 was considered to indicate Absent 40 85.7%
statistical significance in all tests. NeGrosis
Present 24 49%
RESULTS
L . - Absent 25 51%
The clinicopathological characteristics of adenoma and colorectal - ——
carcinoma patients are shown in [Table/Fig-1,2]. Perineural invasion
Present 7 14.3%
Immunohistochemical Results of ALDH1 Absent 42 85.7%
Immunohistochemical results in non-malignant and malignant Lymph node invasion
group have been shown in [Table/Fig-3-5]. There was no statistical Present 21 42.9%
significant association between immunohistochemical expression Absent o8 57.1%
of ALDH1 and clinicopathological factors of studied adenoma  [g o8 571%
cases. N1 13 26.5%
Variables | Number (Percentage)
N2 8 16.3%
Age
Stage
Mean+SD 55.38+10.75 - ] %
=45 8(23.1%) T2 11 22.4%
>45 10(76.9%) T3 %5 51%
Sex T4 12 24.5%
Male 9(69.2%) Modified Dukes stage
Female 4(30.8%) A 1 29%
M:F 1:.0.4 B1 4 8.2%
Type B2 22 44.9%
Tubular 9(69.2%) C1 10 20.4%
Villous 3(23.1%) c2 12 24.5%
Tubulovilllous 1(7.7%) Mitotic count
Dysplasia Mean+SD 8.53+4.45
Low grade 7(53.8%) Apoptotic count
High grade 6(46.2%) Mean+SD 4.31+£3.65

[Table/Fig-1]: Clinico-pathological data of the studied adenoma cases.

[Table/Fig-2]: Clinico-pathological data of the studied colorectal carcinoma cases.
M: F= male to female ratio, SD= Standard deviation.

M: F=male to female ratio, SD= Standard deviation.
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Variables ALDH?1 expression Expression of ALDH1 Test of
Variables = = ionifi p-value
Low (score 0-1) | High (score 2-3) Positive Negative SIS
Normal mucosa (9 cases) 9(100%) 0(0%) Age
Normal mucosa adjacent CRC (18 cases) 13(72.2%) 5(27.8%) Mean+SD 50.51£12.41 62.17.£13.7 u=96.5 0.003™
0, 0 —
Adenoma (13 cases) 11(84.6%) 2(15.38%) <45 12(85.7%) 2(14.3%) FE=1.11 0.4
i ) ) ) ; ; > 45 25(71.4%) 10(28.6%)
[Table/Fig-3]: Immuno-histochemical expression of ALDH1 in non- malignant group. s
ex
Variables Number (Percentage) Male 15(78.9%) 4(21.1%) FE=1.98 0.74
ALDH1 expression Female 22(73.3%) 8(26.7%)
Positive 37(75.5%) .
Size
Negative 12(24.5%)
: Mean+SD 6.43+3.44 4.75+1.73 u=171.5 0.24
Score of expression
0 12(24.5%) <5 18(66.7%) 9(33.3%) ¥x2=2.54 0.11
1 4(8.2%) >5 19(86.4%) 3(13.6%)
2 6(12.2%) Site
3 27(55.1%) Left 15(62.5%) 9(37.5%) ¥2=4.31 0.03*
ALDH1 expression Right 22(88%) 3(12%)
. _ 0
Low expression (0-1) 16(32.7%) Gross
High expression (2-3) 33(67.3%) F " 23(88.5%) 3(11.5%) 5.00 0.08
ungatin . . —5. .
ALDH1 H. score gating > > x
1 0, 0
Mean<SD 105.31298.07 Ulcerating 12(60%) 8(40%)
Median 100 Annular 2(667%) 1(333%)
Range 0-300 Type
Stromal expression Adenocarcinoma 29(72.5%) 11(27.5%) FE=1.07 0.42
Positive 3(8.12%) Mucoid carcinoma 8(88.9%) 1(11.1%)
Negative 46(93.8%) Grade
[Table/Fig-4]: Immunohistochemical expression of ALDH1 in Colorectal Carcinoma | 1(100%) 0(0%) 12=1.49 0.48
CHC cases. I 28(71.8%) 11(28.2%)
Il 8(88.9%) 1(11.1%)
Vascular invasion
Present 6(85.7%) 1(14.3%) FE=0.46 0.67
Absent 31(73.8%) 11(26.2%)
Necrosis
Present 16(66.7%) 8(33.3%) %2=1.99 0.19
Absent 21(84%) 4(16%)
Perineural invasion
Present 6(85.7%) 1(14.3%) FE=0.46 0.67
Absent 31(73.8%) 11(26.2%)
Lymph node
invasion
Present 19(90.5%) 2(9.5%) ¥%2=4.45 0.03*
Absent 18(64.3%) 10(35.7%)
NO 18(64.3%) 10(35.7%) %2=4.51 0.10
N1 12(92.3%) 1(7.7%)
N2 7(87.5%) 1(12.5%)
Stage
™ 1(100%) 0(0%) %2=1.56 0.67
T2 7(63.6%) 4(36.4%)
T3 19(76%) 6(24%)
T4 10(83.3%) 2(16.7%)
Modified Dukes
stage
A 1(100%) 0(0%) x2=3.54 0.47
B1 3(75%) 1(25%)
g 5 B2 14(63.6%) 8(36.4%)
; 2 S c 9(90%) 1(10%)
ﬁ : \‘ ‘ "l W o N c? _ 10(83.3%) 2(16.7%)
[Table/Fig-5]: a) normal colonic epithelium showing low expression of ALDH1 Mitotic count
(IHCx200); b) A case of moderately differentiated CRC showing high expression of Mean+SD 8.68+4.56 8.1+4.23 U=201.5 0.63
ALDH1 in tumour cells and low expression in adjacent normal epithelium (IHCx100); N
¢) A case of tubulovillus adenoma showing high expression of ALDH1 (IHCx100); d) A Apoptotic
case of tubular adenoma showing low expression of ALDH1 (IHCx200); e) A case of Mean+SD 3.29+2.61 4.05.+3.54. U=186.5 0.41

moderately differentiated CRC showing low epithelial expression of ALDH1 (IHCx200);
f) A case of moderately differentiated CRC showing high epithelial expression of
ALDH1 (IHCx200); g) A case of moderately differentiated CRC showing high epithelial
and stromal expression of ALDH1 (IHCx200); h) A case of moderately differentiated
CRC showing high stromal expression and negative epithelial expression of ALDH1
(IHCx200).
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[Table/Fig-6]: Relationship between immunohistochemical expression of ALDH1
and clinicopathologic factors in the studied colorectal carcinoma.

SD: standerd deviation FE: Fisher's Exact 32=Chi-Squares U= Mann-Whitney *=significance **=
highly significance
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There was a statistically significant association between positivity
of ALDH1 and younger age (p=0.003), right sided tumour (p=0.03)
and presence of lymph node invasion (p= 0.03) [Table/Fig-6].

X Expression of ALDH1 Test of
Variables Lo p-value
Positive Negative significance
Age
Mean+SD 55.94+13.37 | 48.06+12.76 u=167 0.04*
<45 8(57.1%) 6(42.9%) FE=0.93 0.5
> 45 25(71.4%) 10(28.6%)
Sex
Male 11(567.9%) 8(42.1%) 12=1.26 0.26
Female 22(73.3%) 8(26.7%)
Size
Mean+SD 5.5+2.6 7.09+3.87 U=206.5 0.22
<5 20(74.1%) 7(25.9%) y2=1.24 0.27
>5 13(59.1%) 9(40.9%)
Site
Left 17(70.8%) 7(29.2%) 12=0.26 0.61
Right 16(64%) 9(36%)
Gross
Fungating 14(53.8%) 12(46.2%) 12=8.4 0.01*
Ulcerating 18(90%) 2 (10%)
Annular 1(33.3%) 2(66.7%)
Type
Adenocarcinoma 26(65%) 14(35%) FE=0.55 0.7
Mucoid carcinoma 7(77.8%) 2(22.2.8%)
Grade
I 1(100%) 0(0%) x?=0.5 0.78
Il 26(66.7%) 13(33.3%)
Il 6(66.7%) 3(33.3%)
Vascular invasion
Present 7(100%) 0(0%) 1?=3.96 0.04*
Absent 26(61.9%) 16(38.1%)
Necrosis
Present 16(66.7%) 8(33.3%) x2=0.01 0.92
Absent 17(68%) 8(32%)
Perineural invasion
Present 5(71.4.9%) 2(28.6%) FE=0.06 1
Absent 28(66.7%) 14(33.3%)
Lymph node
invasion
Present 14(66.7%) 7(33.3%) %2=0.008 0.93
Absent 19(67.9%) 9(32.1%)
NO 19(67.9%) 9(32.1%) x2=0.11 0.95
N1 9(69.2%) 4(30.8%)
N2 5(62.5%) 3(37.5%)
Stage
T 1(100%) 0(0%) x2=1 0.8
T2 7(63.6%) 4(36.4%)
T3 16(64%) 9(36%)
T4 9(75%) 3(25%)
Modified Dukes
stage
A 1(100%) 0(0%) 1?=0.76 0.94
B1 3(75%) 1(25%)
B2 14(63.6%) 8(36.4%)
C1 7(70%) 3(30%)
c2 8(66.7%) 4(33.3%)
Mitotic count
Mean+SD 7.9+4.33 9.8+4.32 U=183.5 0.08
Apoptotic
Mean+SD 4.6+3.73 3.63+3.48 U=220 0.34

[Table/Fig-7]: Relationship between score of immunohistochemical expression of

ALDH1 and clinicopathologic factors in the studied colorectal carcinoma cases.
FE: Fisher's Exact x2=Chi-Squares U= Mann-Whitney SD: standard deviation

www.jcdr.net

Regarding score of immunohistochemical expression of ALDH1,
there was a statistically significant association between high
expression of ALDH1 and older age (p=0.04), ulcerating gross
picture (p=0.01) and presence of vascular invasion (p= 0.04)
[Table/Fig-7].

Furthermore, there was a statistically significant association
between H-score values and presence of vascular invasion
(p=0.02).

Positive stromal expression of ALDH1 was significantly associated
with smaller tumour size (p=0.03). Furthermore, stromal expression
of ALDH1 was inversely associated with grade of tumour (p=0.000)
and perineural invasion (p=0.05).

There was a highly statistical significant difference between
studied normal mucosa and that adjacent to CRC and CRC cases
regarding ALDH1 expression (p=0.000 and 0.004 respectively).

ALDH1 expression Test of
Variables ianifi p-value
Positive Negative SlighliieEves
CD44 expression 21(100%) 0(0%) ¥2=11.92 0.001**
Negative Positive 16(57.5%) 12(42.5%)

[Table/Fig-8]: Comparison between immunohistochemical expression of CD44
and ALDH1.

**= Highly significant. x2= Chi-Square
Note: The results for CD44 have been taken from a previous study published by the authors on
same sample”

Also, a highly statistical significant difference was seen between
adenoma and colorectal carcinoma cases regarding ALDH1
expression in favor of it (p =0.001).

There was an inverse relationship between CD44 expression and
ALDH1 expression as all studied colorectal carcinoma cases that
were negative for CD44 were positive for ALDH1 (p=0.001). The
results for CD44 have been taken from a previous study published
by the authors on same sample [Table/Fig-8] [7].

Survival Analysis [Table/Fig-9-12]
The survival ranged between 2 and 40 months with a mean+SD
of (15.8+10.1) months and a median of 14 months. Nine out of 31
CRC cases died with offending disease.

Survival Functions

Sex

—Male

I IFemale
~+-Male-censored
~+- Female-censored

0.8

0.6+

Cum Survival

0.4

0.2

0.0

00 500 10,00 1500 20,00 2500
Distant recurrence-free survival
[Table/Fig-9]: Kaplan-Meier distant recurrent free survival for CRC patients with

different sexes (p=0.02"significant", Log rank= 5.12).

Univariate recurrence free survival analysis revealed the bad
prognostic impact of high grade (p=0.03) and female sex (p=0.02)
on patient outcome.

But no statistical significance was observed between overall
survival and clinicopathological data nor immunohistochemical
expression of ALDH1.
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Hazard Function

Sex
1.2+ [ hale

‘Female
+~Male-censored ‘
+-Female-censored L

Cum Hazard
° c
3

Cum Survival

024 [—T——
0.0 00

Grade Grade
_ [
" )
[
—+—l.censored
+ lcensored
I-censored

|+ l-censored
i I-censored
ll-censored

Cum Hazard
g

T T T T T T T T
00 5.00 10.00 1500 2000 2500 00 500 10.00
Distant recurrence-free survival

Distant recurrence-free survival

T T T
15.00 2000 2500 00 500 10000 1500 2000 2500
Distant recurrence-free survival

[Table/Fig-10]: Hazard function curve of distant recurrent free survival for CRC patients with different sexes indicating that female patients were more hazardous.

[Table/Fig-11]: Kaplan-Meier distant recurrent free survival for CRC patients with different grades (p=0.03"significant", Log rank= 6.83). [Table/Fig-12]: Hazard function curve
of distant recurrent free survival for CRC patients with different grades indicating that patients had high grade were more hazardous.

DISCUSSION

Inthe present study, ALDH1 showed mainly cytoplasmic localization
similar to previous studies in different tumours [18-20].

All the studied cases of normal non-neoplastic colonic epithelium
showed low cytoplasmic ALDH1 immunoreactivity and this agreed
with Zhou et al., who found that ALDH1 immunohistochemistry
was identified in a small sub-population of cells (<5%) localized to
the bottom of normal crypts where SC reside [21].

In the current study, 77.2% of normal mucosa adjacent to CRC
cases showed cytoplasmic ALDH1 immunostaining. This result
agreed with Xu et al., who found that expression of ALDH1A1 was
detected in CRC samples including both the tumour tissue and
the corresponding adjacent mucosa [6]. This might be explained
as ALDH1 expression can represent an early event in the process
of cancer cell transformation as a result of field cancerization.

In the current study, 84.6% of studied adenoma cases showed
ALDH1 positivity and this agreed with Huang et al., who explained
this by increasing number of colonic SC over the course of
colon cancer progression [22]. However, there was no statistical
significant association between immunohistochemical expression
of ALDH1 and clinicopathological factors of studied adenoma
cases and this was similar to Bartley et al., [23].

ALDH1 positivity was observed in 75.5% of studied CRC cases
and this result was near to Hou et al., who found that 76.5% of the
studied cases showed positive expression of ALDH1 [24].

There was a highly statistical significant association between
epithelial positivity of ALDH1 and younger age (p=0.003). This
result agreed with Goossens-Beumer et al., which might explain
the poor prognosis of CRC in younger age patients [25]. In contrast
Timothy et al., found no significant relationship between ALDH1
expression and the age [26].

In the present study, there was a statistically significant association
between epithelial ALDH1 positivity and right sided tumours
(p= 0.038) and this agreed with Goossens-Beumer et al., who
found that high ALDH1 expression was associated with colonic
tumour rather than rectal tumour [25]. Meguid et al., found that
right-sided colon cancers had a worse prognosis than left-sided
colon cancers due to differences in embryologic origin, genetic,
environmental factors and fecal exposure [27]. This might predict
that increased ALDH1 expression in right side might be associated
with poor prognosis.

Moreover, the present study showed a statistical significant
association between epithelial ALDH1 positivity and lymph node
invasion (P=0.04). This agreed with Hou et al., and Chen et al.,,
and also agreed with Hessman et al., who found that 52.9% of
cases with nodal metastasis showed positive expression of ALDH1
[24,28,29]. Similar result had been reported in cervical cancer with
association to poor prognosis [30]. On the contrary, Zhou et al.,
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found that no association was identified between lymph node
metastasis and ALDH1 expression [21].

The current study showed that high epithelial expression of
ALDH1 was significantly associated with ulcerating gross picture.
No previous studies found significant relationship between ALDH1
expression and ulcerating gross picture of tumour. This result
might add evidence that ulcerating gross picture is associated
with poor prognosis.

Moreover, in the present study there was a statistically significant
association between high epithelial expression of ALDH1 and
presence of vascular invasion (p=0.05). This result was similar to
Hiroshi et al., who found that ALDH1 had significant association
with vascular invasion in breast cancer [31]. ALDH1 acts as a
promoter, inducing Epithelial-Mesenchymal Transition (EMT) in
cancer cells [32]. EMT can contribute to invasive and metastatic
tumour growth. This process is considered to promote cancer cell
progression through the basement membrane and invasion into
the surrounding micro-environment, such as the lymph and blood
vascular systems [28,31].

In contrast positive stromal expression of ALDH1 had a statistically
significant association with small tumour size (p-value =0.03).
Also there was a highly significant association between negative
stromal expression of ALDH1 and high grade tumour (p=0.000)
and presence of perineural invasion (p=0.05). These results
were similar to Bednarz-Knoll et al., who found that stromal
ALDH1 staining was correlated with favorable prognosis in breast
cancer [33]. ALDH1 staining in stromal cells might result from
the presentation of ALDH1 protein by dendritic cells known to
attenuate tumour outgrowth [33]. Also, it might be reasoned that
ALDH1expressed in different types of cells was involved in different
molecular pathways. It can be suspected that ALDH1 (+) stromal
cells might synthesize and secrete retinoic acid into the tumour
micro-environment [34]. In turn, stromal cell-derived retinoic acid
might induce tumour cell differentiation, inhibit proliferation directly
or via regulation of other immune cells which is finally, decreased
the aggressiveness of the tumour [35]. These findings suggest
that, ALDH1 (+) stromal cells might act as local guardians of
tumour cells reducing tumour progression [33].

The current study showed statistically significant difference
between ALDH1 expression in normal colonic tissue, adjacent
normal mucosa and colon carcinoma passing through adenoma
(p=0.004, 0,000 and 0.001). These results agreed with Zhou et al.,
Huang et al., Lugli et al., and Hou et al., [21,22,36,37]. This might
be explained as the expression of stem cell population leads to
expansion of the proliferating cell population during the stepwise
progression to colon carcinoma [38].

In addition, ALDH1A1 is responsible for the synthesis of Retinoic

Acid (RA) from retinal and is crucial in regulating RA signaling
[39]. The RA generated by ALDHs initiates transcription of genes
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which thereby regulate a variety of biological processes such as
proliferation, differentiation, and apoptosis [40].

Anti-aldehyde dehydrogenase therapeutic strategies are planned
in different preclinical settings [41]. However, Bednarz-Knoll et
al., suggested that such drugs might exert adverse effects if the
tumour contains ALDH1 (+) stromal cells [33].

The present study showed inverse significant association between
CD44 (this marker was used in a previous study by the same authors
[7]) and ALDH1 expression (p=0.001). This result was similar to
Koukourakis et al., in head and neck tumours and showed that
high CD44 and low ALDH1 expression had the poorest prognosis
[42]. Examination of ALDH1 and CD44 together in one CRC
Patient-Derived Tumour Xenograft (PDTX) models to determine
the tumourigenic properties of CD44+ cells [43]. Despite ALDH+/
CD44+ cells showing some tumourigenic growth, ALDH+/CD44-
cells exhibited a higher incidence and faster growing tumours. On
the other hand this result was against that of Keymoosi et al.,
Dacruz Paula et al., Erfani et al., who found that, there was positive
correlation between CD44 and ALDH1 in breast carcinoma,
urothelial carcinoma and skin tumours respectively and associated
with poor prognosis [43-45].

Survival analysis was performed for single-marker expression and
for the combination of the two markers. There was no significant
relationship between ALDH1 and overall survival. This result was
similar to Kahlert et al., and Lugli et al., [17,36] but was opposite to
Goossens-Beumer et al., who found that over-expression of ALDH1
was associated with poor prognosis [25]. Finally we concluded
that epithelial expression of ALDH1 might be associated with poor
prognosis while its stromal expression might be associated with
good prognosis.

LIMITATION

The limitations that we faced in the current study were the small
number of colorectal carcinoma cases as they were 49 cases only,
also short duration of follow up that enable us to get significant
results in overall survival.

CONCLUSION

Epithelial expression of ALDH1 might be associated with poor
prognosis as positivity of ALDH1 was associated with right
sided tumour and presence of lymph node invasion, also score
of immunohistochemical expression of ALDH1 was associated
with older age, ulcerating gross picture and presence of vascular
invasion while its stromal expression might be associated with
good prognosis as it was significantly associated with smaller
tumour size. Furthermore, it was inversely associated with grade
of tumour and Perineural invasion.

REFERENCES

[1] Bodalal Z, Bendardaf R. Colorectal carcinoma in a Southern Mediterranean
country: The Libyan scenario. World Journal of Gastrointestinal Oncology.
2014;6:98-108.

Buhmeida A. Stage Il colorectal cancer: lack of prognostic model. The Libyan
Journal of Medicine. 2007;2:19-20.

Mokhtar N, Gouda I, Adel |. Cancer pathology registry 2003-2004 and time
trend analysis. In: Mokhtar N., editor; Gouda |., editor; Adel I., editor. Malignant
digestive system tumours. NCI, Elsheraa Press; 2007, CairoCh 1, 21.

Baccelli I, Trumpp A. The evolving concept of cancer and metastasis stem cells.
The Journal of Cell Biology. 2012;198:281-93.

Singh S., Brocker C., Koppaka V, Chen Y, Jackson BC, Matsumoto A, et al.
Aldehyde dehydrogenases in cellular responses to oxidative/electrophilic stress.
Free radical biology & medicine. 2013;56:89-101.

Xu SL, Zeng DZ, Dong WG Ding YQ, Rao J, Duan JJ, et al. Distinct patterns
of ALDH1A1 expression predict metastasis and poor outcome of colorectal
carcinoma. International Journal of Clinical and Experimental Pathology.
2014,;7(6):2976-86.

Holah NS, Aiad HA, Asaad NY lasheen AG, Elkhouly EAB. Evaluation of the role of
CD44 as a cancer stem cell marker in colorectal carcinoma: Immunohistochemical
study. Pan Arab Journal of Oncology. 2016;9(2).

Hamilton SR, Bosman FT, Boffetta P, et al. Carcinoma of the colon and rectum.
In: Bosman FT, Carneiro F, Hruban RH, Theise ND, editors. WHO classification

[
[31

[4]
[s]

[61

[71

(8l

[9]

[10]

1]

M2]

[13]

[14]

[18]

[16]

[7]

8]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

www.jcdr.net

of tumours of the digestive system. 3rd volume. 4" ed. Lyon: IARC Press; 2010:
134-146.

Washington MK, Berlin J, Branton P, Burgart LJ, Carter DK, Fitzgibbons PL, et al.
Protocol for the examination of specimens from patients with primary carcinoma
of the colon and rectum. Arch Pathol Lab Med. 2009;133(10):15639-51.

Miracco C, de Santi M, Pacenti L Schirfeld K, Laurini L, Pirtoli L, et al.
Telomerase activity, Ki67, Cyclin D1 and A expression, and apoptosis in solitary
fibrous tumours: additional features of a predictable course? Pathol. Res. Pract.
2001;197(7):475-81.

Garrity M, Burgart J, Riehle L, Hill EM, Sebo TJ, Witzig T. Identifying and quantifying
apoptosis: Navigating Technical pitfalls. Mod. Pathol. 2003;16(4):389-94.

Chen CN, Sung CT, Lin MT, Lee PH, Chang KJ. Clinicopathologic association of
cyclooxygenase 1 and cyclooxygenase 2 expression in gastric adenocarcinoma.
Ann Surg. 2001;233(2):183-88.

Sobin L, Gospodarowicz M, Wittekind C, et al. editors. TNM Classification
of malignant tumours. 7" edition. New Jersey: Wiley SBN 978; 2001, 4443-
3241-4.

Astler VB, Coller FA. The prognostic significance of direct extension of carcinoma
of the colon and rectum. Ann Surg. 1954;139(6):846-51.

Chang B, Liu G, Xue F, Rosen DG, Xiao L, Wang X, et al. ALDH1 expression
correlates with favorable prognosis in ovarian cancers. Mod Pathol. 2009;22:817-
23.

Abourbih S, Sircar K, Tanguay S, Kassouf W, Aprikian A, Mansure J, et al.
Aldehyde dehydrogenase 1 expression in primary and metastatic renal cell
carcinoma: an immunohistochemistry study. World J Surg Oncol. 2013;11:298.
Kahlert C, Gaitzsch E, Steinert G, Mogler C, Herpel E, Hoffmeister M, et al.
Expression analysis of aldehyde dehydrogenase 1A1 (ALDH1A1) in colon and
rectal cancer in association with prognosis and response to chemotherapy. Ann
SurgOncol. 2012;19(13):4193-201.

Dylla SJ, Beviglia L, Park IK, Chartier C, Raval J, Ngan L, et al. Colorectal cancer
stem cells are enriched in xenogeneic tumours following chemotherapy. PLoS
One. 2008;3(6):e2428.

Huang R, Li X, Holm R, Trope CG, Nesland JM, Suo Z. The expression of aldehyde
dehydrogenase 1 (ALDH1) in ovarian carcinomas and its clinicopathological
associations: a retrospective study. BMC Cancer. 2015;15:502.

Zheng R, Wang J, Wu Q, Wang Z, Ou Y, Ma L, et al. Expression of ALDH1 and
TGFB2 in benign and malignant breast tumours and their prognostic implications.
International Journal of Clinical and Experimental Pathology. 2014;7(7):4173-83.
Zhou F, Mu YD, Liang J, Liu ZX, Chen HS, Zhang JF. Expression and prognostic
value of tumour stem cell markers ALDH1 and CD133 in colorectal carcinoma.
Oncology Letters. 2014;7:507-12.

Huang EH, Hynes MJ, Zhang T, Ginestier C, Dontu G, Appelman H, et al.
Aldehyde Dehydrogenase 1 Is a marker for normal and malignant human colonic
stem cells (SC) and Tracks SC Overpopulation during Colon Tumourigenesis.
Cancer research. 2009;69:3382-89.

Bartley AN, Parikh N, Hsu CH, Roe DJ, Buckmeier JA, Corley L, et al. Colorectal
adenoma stem-like cell populations: associations with adenoma characteristics
and metachronous colorectal neoplasia. Cancer Prev Res (Phila). 2013;6:1162-
70.

Hou VY, Liu YY, Zhao XK. Expression of aldehyde dehydrogenase 1 in colon
cancer. Asian Pac J Trop Med. 2013;6:574-77.

Goossens-Beumer |J, Zeestraten EC, Benard A Christen T, Reimers MS,
Keijzer R, et al. Clinical prognostic value of combined analysis of Aldh1,
Survivin, and EpCAM expression in colorectal cancer. British Journal of Cancer.
2014;110:2935-44.

Fitzgerald TL, Partis WJ, Starr S, Sigounas G. Association of increased levels of
stem cell marker ALDH1 with overall survival in metastatic colon cancer. J Clin
Oncol. 2013;31:614635.

Meguid RA, Slidell MB, Wolfgang CL Chang DC, Ahuja N. Is there a difference
in survival between right- versus left-sided colon cancers? Ann Surg Oncol.
2008;15:2388-94.

Chen J, Xia Q, Jiang B, Chang W, Yuan W, Ma Z, et al. Prognostic value of cancer
stem cell marker ALDH1 expression in colorectal cancer: A systematic review
and meta-analysis. PLoS One. 2015;10(12):e0145164.

Hessman CJ, Bubbers EJ, Bilingsley KG Herzig DO, Wong MH. Loss
of expression of the cancer stem cell marker aldehyde dehydrogenasel
correlates with advanced stage colorectal cancer. American journal of surgery.
2012;203649-53.

Chen C, Wei Y, Hummel M, Hoffmann TK, Gross M, Kaufmann AM, et al.
Evidence for epithelial-mesenchymal transition in cancer stem cells of head and
neck squamous cell carcinoma. PLoS One. 2011;6(1):e16466.

Kitamura H, Torigoe T, Hirohashi Y, Asanuma H, Inoue R, Nishida S, et al.
Prognostic impact of the expression of ALDH1and SOX2 in urothelial cancer of
the upper urinary tract. Mod Pathol. 2013;26(1):117-24.

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 8; 2013, e75463.

Bednarz-Knoll N, Nastaty P, Zaczek A, Stoupiec MG, Riethdorf S, Wikman H, et
al. Stromal expression of ALDH1 in human breast carcinomas indicates reduced
tumour progression' Oncotarget. 2015;6(29):26789-803.

Tang XH, Gudas LJ. Retinoids, retinoic acid receptors, and cancer. Annu Rev
Pathol. 2011;6:45-64.

Guan J, Zhang H, Wen Z, Gu Y, Cheng Y, Sun Y, et al. Retinoic acid inhibits
pancreatic cancer cell migration and EMT through the down regulation of IL-6 in
cancer associated fibroblast cells. Cancer Lett. 2014;345:132-39.

Journal of Clinical and Diagnostic Research. 2017 Jan, Vol-11(1): EC17-EC23



www.jcdr.net

Nanis Shawky Holah et al., Expression of ALDH1 in Colorectal Carcinoma

[36] Lugli A, lezzi G, Hostettler I, Muraro MG, Mele V, Tornillo L, et al. Prognostic pharmacology, mechanism of action, substrate specificity, and clinical application.
impact of the expression of putative cancer stem cell markers CD133, CD166, Pharmacol Rev. 2012;64:520-39.

CD44s, EpCAM, and ALDH1 in colorectal cancer. British Journal of Cancer. [42] Koukourakis MI, Giatromanolaki A, Tsakmaki V, Danielidis V, Sivridis E. Cancer
2010;103:382-90. stem cell phenotype relates to radio-chemotherapy outcome in locally advanced

[37] Hou Y, Liu YY, Zhao XK. Expression of aldehyde dehydrogenase 1 in colon squamous cell headac “neck cancer. British Journal of Cancer. 2012;106:846-
cancer. Asian Pacific Journal of Tropical Medicine. 2014;6:574-77. 53.

[38] Marchitti SA, Brocker C, Stagos D, Vasiliou V. Non-P450 aldehyde oxidizing [43] Keymoosi H, Gheytanchi E, Asgari M, Shariftabrizi A, Madjd Z. ALDH1 in
enzymes: the aldehyde dehydrogenase super family. Expert Opin Drug Metab combination with CD44 as putative cancer stem cell markers are correlated with
Toxicol. 2008;4:697-720. poor prognosis in urothelial carcinoma of the urinary bladder. Asian Pac J Cancer

[39] Langan RC, Mullinax JE, Ray S, Raiji MT, Schaub N, Xin HW, et al. A Pilot Study Prev. 2014;15:2013-20.

Assessing the Potential Role of non-CD133 Colorectal Cancer Stem Cells as [44] Dacruz Paula A, Marques O, Rosa AM, DE Fatima Faria M, Réma A, Lopes C.
Biomarkers. Journal of Cancer. 2012;3:231-40. Co-expression of stem cell markers ALDH1 and CD44 in non-malignant and

[40] Perraud A, Nouaille M, Akil H, Petit D, Labrousse F, Jaubrteau M-O, et al. neoplastic lesions of the breast. Anticancer Res. 2014;34:1427-34.

Retinoid acid receptors in human colorectal cancer: An unexpected link with [45] Erfani E, Roudi R, Rakhshan A, Sabet MN, Shariftabrizi A, Madjd Z. Comparative
patient outcome. Experimental and Therapeutic Medicine. 2011;2:491-97. expression analysis of putative cancer stem cell markers CD44 and ALDH1A1 in

[41] Koppaka V, Thompson DC, Chen Y Ellermann M, Nicolaou KC, Juvonen RO, various skin cancer subtypes. Int J Biol Markers. 2016;31(1):e53-61.
et al. Aldehyde dehydrogenase inhibitors: a comprehensive review of the

PARTICULARS OF CONTRIBUTORS:

1. Department of Pathology, Faculty of Medicine, Menoufia University, Shebien EIKom, Menoufia, Egypt.

2. Professor, Department of Pathology, Faculty of Medicine, Menoufia University, Shebien EIKom, Menoufia, Egypt.
3. Professor, Department of Pathology, Faculty of Medicine, Menoufia University, Shebien EIKom, Menoufia, Egypt.
4. Department of Oncology, Faculty of Medicine, Menoufia University, Shebien EIKom, Menoufia, Egypt.

5. Department of Pathology, Faculty of Medicine, Menoufia University, Shebien EIKom, Menoufia, Egypt.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Nanis Shawky Holah,

M.D, Department of Pathology, Faculty of Medicine, Menoufia University, Shebien EIKom, Menoufia, Egypt.

E-mail: shawkyholah@yahoo.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Journal of Clinical and Diagnostic Research. 2017 Jan, Vol-11(1): EC17-EC23

Date of Submission: Jul 12, 2016
Date of Peer Review: Sep 20, 2016
Date of Acceptance: Oct 14, 2016
Date of Publishing: Jan 01, 2017



