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Abstract 
Background: Colorectal cancer (CRC) is the third most common cause of cancer-related 
death in the US. One out of four patients presenting with conventionally staged node negative 
disease (AJCC Stage I and II), and over 50% of patients with Stage III disease will develop local 
recurrence and/ or metastases. Across all stages, approximately 30% of patients will develop 
distant metastases. Once metastases become clinically evident prognosis is often fatal. 
Biomarkers capable of predicting progression, risk stratification and therapeutic benefit are 
needed. CRCSC markers will identify a group of patients at high risk for progression. ALDH1 
has been reported as a cancer stem cell marker in pancreatic, breast, prostate, and lung cancer, 
multiple myeloma and leukemia. By IHC analysis, human ALDH1B1 was found to be expressed 
at high levels in the small intestine, liver, and pancreas, and at lower levels in the lung and colon. 
This study aims to investigate ALDH1B1 expression in different types of colorectal carcinoma 
and correlate this expression with different clinicopathological parameters. 
 Materials and Methods: ALDH1B1 immunostaining was studied in 50 specimens of 
colorectal carcinoma using avidin-biotin peroxidase method. Results: ALDH1B1 was strongly 
expressed in 12/50 (58%) of cases of colorectal carcinoma, moderately expressed in 31/50 (36%) 
of cases and weekly expressed in 7/50 (6%) of cases. ALDH1B1 expression in colorectal 
carcinoma was significantly positively correlated with tumor size (p= 0.021), tumor grade (p= 
0.035) where the highest expression levels were associated with moderately or poorly 
differentiated tumors and positive regional lymph node status (p= 0.038).  
Conclusion: The up-regulation of ALDH1B1 with increasing grade of colorectal carcinoma and 
presence of LN metastases indicates that ALDH1B1 might play a role in carcinogenesis and 
tumor progression.  
Keywords: Colorectal cancer, stem cell marker.  
Abbreviation: Aldehyde dehydrogenase 1B1 (ALDH1B1), Colorectal cancer stem cell 
(CRCSC) markers, Immunohistochemistry (IHC).  
 

Introduction 
   Colorectal cancer (CRC) is the third 
most common cause of cancer-related 
death in the US. Across all stages, 
approximately 30% of patients will 
develop distant metastases (Siegel et al., 
2011).  
 Biomarkers capable of predicting 
progression, risk stratification and 
therapeutic benefit are needed. Cancer 
stem cells are thought to be responsible 
for tumor initiation, dissemination and 

treatment failure. Therefore, CRC stem 
cell (CRCSC) markers will identify a 
group of patients at high risk for 
progression (Manfredi et al., 2006). 
ALDH1A1 and ALDH1B1 belong to the 
family 1 of ALDH superfamily (Stagos 
et al., 2010). The ALDH superfamily of 
enzymes catalyze the NAD (P)+-
dependent oxidation of wide varieties of 
endogenous and exogenous aldehyde 
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substrates to their corresponding acids 
(Vasiliou et al., 2004).  
High ALDH1 activity is detected in stem 
and progenitor cells of various lineages. 
Enhanced ALDH1 expression was found 
in areas where epithelial progenitor cells 
localize within normal breast, colon, 
liver, pancreas and stomach (Deng et al., 
2010). 
In the colon, the expression of 
ALDH1B1 appeared to be confined to a 
small number of undifferentiated cells 
that are consistent with being the stem 
cell compartment. However, it is 
expressed at higher levels than 
ALDH1A1 in colonic adenocarcinomas 
(Chen et al., 2011) 
Patients and methods 
Tissue samples 
Fifty specimens of colectomy for 
colorectal carcinoma, sent to Pathology 
Laboratory of Sohag University Hospital 
from Department of Surgery through the 
period from January 2015 to December 
2017, were included in the present study. 
The colorectal carcinoma was graded in 
accordance with the WHO grading 
criteria according to (Hamilton et al., 
2010).  
Pathological stage of the tumor (depth of 
invasion) and lymph node status were 
also evaluated according to AJCC 
(Weisenberg E, 2018)   

Immunohistochemistry 
After evaluating (H&E) stained slides. 
Serial sections from each block were 
used for immunohistochemistry. A 
dilution of 1:500 from Rabbit polyclonal 
antibody against human ALDH1B1 
(Catalog # GTX107279, GENE TEX 
INTERNATIONAL, Corporation, 
Fremont, USA) was used. Sections from 
squamous cell carcinoma of skin were 
used as a positive control for ALDH1B1.  
Scoring of immunoreactions and 
statistical analyses  
ALDH1B1 protein expression appeared 
as brownish cytoplasmic staining. The 
immunoreactive score (IRS) was 
determined by multiplying an estimate 
of the percentage of the immunoreactive 
cells (quantity score; QS) with an 
estimate of the staining intensity 
(intensity score; IS) according to Zlobec 
et al., (2009). Staining quantity is scored 
as follows: No staining = 0, 1-10% of 
cells stained = 1, 11-50% of cells stained 
= 2, 51-80% of cells stained = 3, 81-
100% of cells stained = 4. Staining 
intensity is scored on a scale of 0-3 
where: No staining = 0, Weak = 1, 
Moderate = 2, Strong = 3. An IRS of 0-4 
was considered weak, 6-8 was moderate, 
and 9-12 was considered strong. 

 

Results 
The age range of the patients included in this study was 29- 80 years, with a mean ± 

SD and a median of 56.2 ± 13.5 and 57.5 years respectively. Males were 27/50 (54%) and 
females were 23/50 (46%). Regarding tumor size, 21/50 (16%) cases were ≤5 cm and 
29/50 (84%) cases were > 5cm. 31/50 (62%) cases were left sided tumors whereas 19/50 
(38%) cases were right sided.    
The representative H&E stained sections of the collected 50 specimens of colorectal 
carcinoma were evaluated according to the WHO classification (Hamilton et al., 2010), 
into the following histological types: 
• Thirty four 34/50 (68%) cases were conventional adenocarcinoma  
• Twelve 12/50 (24%) cases were mucinous adenocarcinoma  
     •    Four 4/50 (8%) cases were signet ring carcinoma  
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LVI were evaluated histopathologically. TNM pathological classification and lymph node 
status were carried out according to the AJCC (Weisenberg 2018).  

Colorectal carcinoma was graded in accordance with the WHO grading criteria 
(Hamilton et al., 2010) based on the percentage of glandular differentiation in the 
tumor into: 

• Nineteen cases (19/50; 38%) were grade I; well differentiated tumor > 95% gland 
forming. 

• Twenty five cases (25/50; 50%) were grade II; moderately differentiated tumor 50- 
95% gland forming. 

• Six cases (6/50; 12%) were grade III; poorly differentiated tumor < 50% gland 
forming. 

• Signet ring cell carcinoma were considered to be grade III 
    ALDH1B1 protein expression appeared as brownish granular cytoplasmic staining.  It 

showed variation in its expression among different types and grades of colorectal 
carcinoma.  

ALDH1B1 was strongly expressed in 12/50 (58%) of cases of colorectal carcinoma from 
them 8/12 (66.67%) cases were conventional adenocarcinoma. ALDH1B1 was 
moderately expressed in 31/50 (36%) of cases and weekly expressed in 7/50 (6%) of 
cases.  
Among the cases strongly expressing ALDH1B1 6/12 was grade II and 4/12 was grade 
III tumor. 
  Among the studied parameters; ALDH1B1 showed significant correlation with tumor 
size (p= 0.021), tumor grade (p= 0.035), and lymph node status (p= 0.038) as shown in. 
However, statistical evaluation of ALDH1B1 expression according to age, sex, tumor 
location, histologic type, depth of tumor invasion and LVI showed no significance. 
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Table 1: Correlation between ALDH1B1 expression and the studied Clinico-pathological Parameters 
Clinico-pathological 
Parameter 

NO of 
cases 
(50 
cases) 

 
ALDH1B1 expression 
 

P value 

Weak 
IRS 
(7 cases) 

Moderate 
IRS 
(31 cases) 

Strong 
IRS 
(12 cases) 

Age 
 ≤50 years 
 >50 years 

 
17 
33 

 
3(17.65%) 
4 

 
11(64.70%) 
10 

 
5(29.41%) 
7 

 
0.895 (NS) 

Sex 
 Males 
 Females 

 
27 
23 

 
3(11.11%) 
4(17.39%) 

 
15(55.55%) 
16(69.56%) 

 
9(33.33%) 
3(13.04%) 

 
0.238 (NS) 

Tumor size 
 ≤5 cm 
 >5 cm 

 
21 
29 

 
3(14.58%) 
4(13.79%) 

 
17(80.95%) 
14(48.27%) 

 
 1(04.76%) 
11(37.93%) 

 
0.021* 

Tumor location  
 Right 
 Left 

 
19 
31 

 
3(15.79%) 
4(12.90%) 

 
11(57.89%) 
20(64.52%) 

 
5(26.31%) 
7(22.58%) 

 
0.895 (NS) 

Tumor grade 
 I 
 II 
 III 

 
19 
25 
6 

 
7(36.84%) 
0 
0 

 
10(52.63%) 
19(76.00%) 
2(33.33%) 

 
2(10.53%) 
6(24.00%) 
4(66.67%) 

 
 
0.001* 

Histologic type   
 Conventional adenocarcinoma 
 Mucinous carcinoma 
 Signet ring carcinoma 

 
34 
12 
4 

 
6(17.65%) 
0 
1(25.00%) 

 
20(58.82%) 
8(66.67%) 
3(75.00%) 

 
8(23.54%) 
4(33.33%) 
0 

 
0.412 (NS) 

Depth of tumor invasion (T)  
 T1 
 T2 
 T3 

 
6 
19 
25 

 
0 
4(21.05%) 
3(12.00%) 

 
  3(50.00%) 
11(57.89%) 
17(68.00%) 

 
3(50.00%) 
4(21.05%) 
5(20.00%) 

 
 
0.427 (NS) 

Surgical resection margin  
 Free 
 Positive 

 
42 
8 

7(16.67%) 
0 

27(64.28%) 
  4(50.00%) 

8(19.05%) 
4(50.00%) 

 
0.120 (NS) 

Lymph node status 
 N0 
 N1 
 N2 

 
23 
14 
13 

 
4(17.39%) 
1(07.14%) 
2(15.38%) 

 
13(56.52%) 
13(92.86%) 
5(38.46%) 

 
6(26.09%) 
0 
6(46.15%) 

 
 
0.038* 

LVI 
 Present 
 Absent 

 
8 
42 

 
1(12.50%) 
6(14.28%) 

 
  5(62.50%) 
26(61.90%) 

 
   2(25%) 
10(23.81%) 

 
0.990 (NS) 

P- Value was calculated by Chi-square test, *=Significant, NS= Non-Significant 
  

Table 2: Correlation between ALDH1B1 expression and age of the studied patients 
Parameter Age  

r P-value 
ALDH1B1 0.096 0.507 
r = Spearman's correlation coefficient 
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Graph (1): Correlation between ALDH1B1 expression and the grade of tumor 
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Graph (2): Correlation between EPCAM expression and lymph node status 
 

A  B  

C  D  
Figure (29): A) Adenocarcinoma grade I with very weak ALDH1B1 expression (X200). B) Adenocarcinoma 
grade I with very weak ALDH1B1 expression (X400). C) Moderate ALDH1B1 expression in adenocarcinoma 
grade II (X200). D) Adenocarcinoma grade III with strong ALDH1B1 expression (X400). 

Discussion 
Our study included 50 specimens of 
colorectal carcinoma removed by 
colectomy. These tumors were 
investigated for the expression of 
ALDH1B1 glycoprotein. The IRS of 
ALDH1B1 was defined in tumor tissue 
and was correlated with some clinico-
pathological variables (age, sex, tumor 
size, tumor location, tumor grade, depth 
of tumor invasion, surgical resection 
margin, LVI and lymph node status). 
The age range of the studied patients 
was 29-80 years, with the highest age 
incidence was between 50-59 years, with 
mean ± SD was 56.2 ± 13.5 years, the 

median age was 57.5 years. The male to 
female ratio was 1.3: 1. 
Immunohistochemical findings: 
Current study showed that ALDH1B1 
was expressed in all cases (100%) of 
colorectal carcinoma. It was strongly 
expressed in 12/50 (24%), moderately 
expressed in 31/50 (62%), and weakly 
expressed in 7/50 (14%) case. These 
findings are similar to those reported by 
Langan et al., (2012) and Langan et al., 
(2013) who found that all cases (100%) 
of CRC were positive for ALDH1B1. 
While Chen et al., (2011) found that 
97.5% of cases of CRC showed 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


SOHAG MEDICAL JOURNAL                             Immunohistochemical Expression of Cancer Stem Cell marker  
Vol. 22 No.3 October  2018                                                     Amira AA Ahmed 
 

114 
 

ALDH1B1 positivity. In contrast Lugli 
et al., (2010) found that only 79% of 
CRC cases showed ALDH1B1 
positivity, this difference may be due to 
difference in methodology and certainly 
the choice of cutoff scores for the 
definition of positive staining or staining 
intensity.  
Our study showed that ALDH1B1 
expression in colorectal carcinoma was 
significantly positively correlated with 
tumor grade (p= 0.001) where the 
highest expression levels were 
associated with moderately or poorly 
differentiated tumors. Similar results 
were found by Lugli et al., (2010), Chen 
et al., (2011), Langan et al., (2012) and 
Langan et al., (2013). 
ALDH1B1expression was significantly 
correlated with lymph node status (p= 
0.038) where expression of ALDH1B1 
increases with increasing node stage 
(from N0 to N2) in accordance with 
Chen et al., (2011) , Langan et al., 
(2012) and Fitzgerald et al., (2014). 
This study showed significant 
association between ALDH1B1 
expression and tumor size (p= 0.021) 
where it increases in tumors more than 5 
cm in greatest dimension. To the best of 
our knowledge, no previous studies 
discuss this correlation. 
Furthermore, we found that ALDH1B1 
expression in cases of colorectal 
carcinoma was not correlated with 
patients’ age, sex, depth of tumor 
invasion, pathological type, LVI or 
surgical resection margin. Our results 
went in agreements with the results of 
Lugli et al., (2010), Chen et al., (2011), 
Langan et al., (2012), Langan et al., 
(2013) and Fitzgerald TL et al., (2014).  
Conclusion 
• The up-regulation of ALDH1B1 with 

increasing grade of colorectal 
carcinoma and/or presence of LN 

metastases indicates that ALDH1B1 
might play a role in carcinogenesis 
and tumor progression.  

• Our results suggest that 
overexpression of ALDH1B1 may 
represent unfavorable prognostic 
factor in CRC. 

• These findings may lend themselves 
to a new strategy of individualized 
adjuvant therapy selection and post-
treatment surveillance aimed at 
identifying patients with the highest 
likelihood of disease recurrence or 
progression. 

Recommendations 
1. Studying the expression of 

ALDH1B1 on a large number of 
cases and different varieties of CRC. 

2. Prospective studies properly powered 
based on this study should be 
undertaken to determine the 
significance of these early findings; 
follow up of patients and getting 
enough information about distant 
metastasis to emphasize the 
correlation between ALDH1B1 
expression and the patient survival 
and disease outcome. 
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