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Abstract Colorectal carcinoma (CRC) stands as one of the most prevalent malignant neoplasms,
carrying significantmorbidity andmortality implications.Within colorectal carcinogenesis,
cancer stemcells are recognized as key contributors, infusing tumorswith aggressive traits,
including chemoresistance. A group of enzymes known as ALDH1 exhibits stem cell
properties, potentially playing a role in colorectal neoplasms. This study aims to evaluate
ALDH1 expression in colonic neoplasms and its correlation with clinicopathological
parameters. The research encompasses 50 consecutive cases, involving CRC (30) and
colorectal adenoma (20), gatheredprospectively fromSeptember 2019 to August 2021, as
well as archived cases from January 2018 to August 2019. Histological examination was
conducted on CRC cases to assess tumor type, grade, lymphovascular invasion, perineural
invasion, mitosis, and necrosis, while colorectal adenomas were subjected to histological
grading. ALDH1 immunohistochemistry was performed on both CRC and adenoma
specimens. Statistical analysis utilized SPSS 20 software, employing the chi-squared test
and Fischer’s exact test. A higher count of adenoma cases displayed positive staining
(p¼0.0005) and greater expression (p¼0.036) in comparison to carcinoma cases. The
other clinicopathological parameters didn’t demonstrate notable associations. Adenomas
with low-grade dysplasia exhibited a higher frequency of positive ALDH1 staining and
expression than thosewith high-grade dysplasia. Inmalignant cases, a higher proportion of
positive staining was observed in lower-stage disease compared to higher-stage disease.
The heightened staining and expression outcomes of ALDH1 in adenomas versus carcino-
mas, as well as their presence in lower-stage carcinomas, suggest the potential acquisition
of novel mutations and the proliferation of distinct clonal stem cell subsets during
disease progression. The absence of ALDH1 in adenoma/carcinoma could indicate a
poorer prognosis and an increased likelihood of disease progression to a higher stage.
Comprehensive multi-institutional and validation studies are needed to enhance our
understanding of ALDH1’s role in colorectal oncogenesis, as well as its viability as a
targeted or personalized therapy option.
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Introduction

Cancer is a major public health problem worldwide that
poses much more significant impact on low- and middle-
income countries because of the paucity of screening ser-
vices, health care access, resources, and advanced stage at
presentation.1,2 Colorectal carcinoma (CRC) ranks third in
terms of incidence and second in terms of mortality, global-
ly.2 In India, there is a consistent rise in the incidence of CRC
ranging from 20 to 124% per year.3 The incidence of CRC is
currently 15.2 per 100,000 population in India, making it the
seventh most common cancer as of year 2021.4

Cancer stem cell hypothesis has been postulated to play a
significant role in the development of CRC and has gathered
significant attention. Better understanding of this hypothesis
may prepare the oncologists to deliver personalized therapy
to CRC patients,5 which has prompted an extensive cancer
stem cell research. The tumor cells themselves are heteroge-
nous in morphology, metabolism, and proliferation rate.
Stem cells are a very small population of cells among these
tumor cells with the properties of self-renewal, therapeutic
resistance, andmost importantly cancer recurrence,which is
achieved by their pluripotent nature and thus they form the
most important target for targeted and personalized thera-
py.6,7 Several stem cell markers have been studied in CRCs
including CD44, CD133, EpCAM, and ALDH1.5,8 Aldehyde
dehydrogenases are a group of critically important class of
nicotinamide adenine dinucleotide phosphate–positive
(NADPþ ) dependent enzymes that help by catalyzing the
conversion of various endogenous and exogenous aldehydes
to their corresponding carboxylic acid through oxidation,
thus protecting them against oxidative stress and acting as a
detoxifying enzyme. They also help in biosynthesis of mol-
ecules like retinoic acid, γ-aminobutyric acid, and betaine,
which help in maintaining homeostasis of the cells9–13 and
are primarily located within the cytoplasm of the cells.13

ALDH1 has been studied as a stem cell marker in various
organs like the lung,14,15 breast,16,17 and ovary.18,19 Various
studies on the expression of ALDH1 in CRC have shown
variable results.9,20–30 Colorectal adenoma has been estab-
lished as a precursor to CRC31 and according to the most
popular theory of colorectal pathogenesis, that is the adeno-
ma-carcinoma sequence, CRCs are thought to develop from
preformed adenomatous polyps.32 A literature search
revealed only two studies that have explained an increased
expression of ALDH1 and its isoform like ALDH1A1when the
pathology progresses from adenoma to carcinoma.31,32

With this background, we intend to study the staining and
expression of ALDH1 in CRCs as well as in adenomas in an
Indian cohort of patients and to understand its role as a
potential therapeutic target. To the best of our knowledge,
this is the first such study in the Indian population.

Materials and Methods

The present study was an ambispective study, conducted in
the Department of Pathology of a tertiary health care center
for patients who attended the Surgical Oncology clinics

during the period from September 2019 to August 2021.
Archived blocks for CRC cases were also retrieved from the
Department of Surgical Pathology from the year January
2018 to August 2019. Our study comprised 30 cases of CRC
and 20 cases of adenoma. Demographic data included age
and gender of the patients. The site of the tumors was also
recorded. Histopathology evaluation included tumor type,
grade, lymphovascular invasion (LVI), perineural invasion
(PNI), T stage, lymph node status, and pathological stage. The
type of dysplasia was also noted for adenoma cases along
with correlation of age in adenoma with low-/high-grade
dysplasia.

Immunohistochemical evaluation: The evaluation of
ALDH1was done by the secondary labeling technique on
formalin-fixed paraffin-embedded tissue sections (4–5 µm
thick) mounted on poly-L-lysine-coated slides. The mono-
clonal antibody used was ALDH1 (clone: EP168). Kidney
sections were used as positive control. For negative control,
the addition of primary antibody was skipped.

ALDH1 evaluation of staining: The assessment of stain-
ing of ALDH1 was done by two senior pathologists indepen-
dently along with a resident. In the cases where the
observations differed, consensus was reached by observing
the cases together. The staining for ALDH1 in adenomas,
carcinomas, and in adjacent uninvolved epithelium was
evaluated. The cytoplasmic expression of ALDH1 was
recorded. The intensity and percentage of staining was
performed as explained previously.8 For evaluation of stain-
ing, we divided our cases into two groups by adding the
intensity and percentage score; a cumulative score of 0 to 2
was recorded as negative staining and a score of 3 to 7 was
recorded as positive staining. Multiplication of intensity and
percentage score helped in obtaining low (<100) and high
(>100) expression data.

Statistical analysis:Analysis was performedwith SPSS 20
software. To check the association between two categorical
variables, chi-squared test and Fisher’s exact test were used.
For all statistical tests, a p-value less than 0.05 was consid-
ered significant.

Observations and Results

Clinicopathological Parameters in Carcinoma Cases
Our study population comprised 50 consecutive colorectal
neoplasms, which included 30 cases of CRC and 20 cases of
colorectal adenoma. As tabulated in►Table 1, out of 30 cases
of CRC, 17 were males and 13 were females. The male-to-
female ratio was 1.3:1. The age of our patients with CRC
ranged between 29 and 85 years; the average age was
62.7�12.5 years. The size of the tumor ranged from 2.5 to
10 cm, with an average size of 5 cm. The left colon was more
commonly involved. The majority of the cases belonged to
stage III disease (60%).

ALDH1 Staining and Expression in Carcinomas and
Correlation with the Clinicopathological Parameters
Out of the total CRCs cases, 26.7% showed positive staining
(►Fig. 1a, b) and 20% showed high expression with ALDH1.
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The majority of the cases either were negative or demon-
strated low expression. As tabulated in ►Table 1, there was
no statistical significance between various clinicopathologi-
cal parameters andALDH-1 in CRCs. Caseswith a higher stage
including stages II and III predominantly showed the absence
of ALDH1 staining.

Staining and Expression of ALDH1 in Adenoma and Its
Correlation with Carcinoma
Our study included 20 cases of adenomas, of which 13 were
low grade and 7 were high grade. The age range of patients
with adenomas was 24 to 84 years, with a mean age of
58 years. Five of 7 (71%) patients with high-grade dysplasia

Table 1 ALDH1 staining and expression: correlation with clinicopathological parameters

Variables Staining p-value Expression p-value

Negative, N (%) Positive, N (%) <100 (low), N (%) >100 (high), N (%)

Age (y)

�60 (N¼ 13) 9 (69.2) 4 (30.8) 0.340 9 (69.3) 4 (30.7) 0.121

>60 (N¼ 17) 13 (76.5) 4 (23.5) 15 (88.2) 2 (11.8)

Gender

M (N¼17) 14 (82.4) 3 (17.6) 0.119 15 (88.3) 2 (11.7) 0.121

F (N¼13) 8 (61.5) 5 (38.5) 9 (69.2) 4 (30.8)

Tumor size

�5cm (N¼ 19) 14 (73.7) 5 (26.3) 0.954 15 (78.9) 4 (21.1) 0.850

>5cm (N¼ 11) 8 (72.7) 3 (27.3) 9 (81.8) 2 (18.2)

Tumor site

Left colon (N¼16) 12 (75) 4 (25) 0.236 14 (87.5) 2 (12.5) 0.096

Right colon (N¼ 11) 9 (81.8) 2 (18.2) 9 (81.8) 2 (18.2)

Rectum (N¼3) 1 (33.3) 2 (66.7) 1 (33.3) 2 (66.7)

Histological grade

I (N¼ 21) 16 (76.2) 5 (23.8) 0.241 18 (85.7) 3 (14.3) 0.103

II (N¼8) 6 (75) 2 (25) 6 (75) 2 (25)

III (N¼1) 0 (0) 1 (100) 0 (0) 1 (100)

AJCC stage

I (N¼ 4) 2 (50) 2 (50) 0.520 3 (75) 1 (25) 0.819

II (N¼8) 6 (75) 2 (25) 7 (87.5) 1 (12.5)

III (N¼18) 14 (77.8) 4 (22.2) 14 (77.8) 4 (22.2)

LVI

Present (N¼16) 11 (68.7) 5 (31.3) 0.544 12 (75) 4 (25) 0.464

Absent (N¼ 14) 11 (78.6) 3 (21.4) 12 (85.7) 2 (14.3)

PNI

Present (N¼9) 7 (77.8) 2 (22.2) 0.719 7 (77.8) 2 (22.2) 0.842

Absent (N¼ 21) 15 (71.4) 6 (28.6) 17 (80.9) 4 (19.1)

LN metastasis

Present (N¼18) 14 (77.8) 4 (22.2) 0.500 14 (77.8) 4 (22.2) 0.709

Absent (N¼ 12) 8 (66.7) 4 (33.3) 10 (83.3) 2 (16.7)

Mitosis (/10 hpf)

�30 (N¼ 16) 12 (75) 4 (25) 0.825 13 (81.2) 3 (18.8) 0.855

>30 (N¼ 14) 10 (71.4) 4 (28.6) 11 (78.6) 3 (21.4)

Necrosis

Present (N¼20) 14 (70) 6 (30) 0.556 15 (75) 5 (25) 0.333

Absent (N¼ 10) 8 (80) 2 (20) 9 (90) 1 (10)

Abbreviations: AJCC, American Joint Committee on Cancer; hpf, high power field; LN, lymph node; LVI, lymphovascular invasion; PNI, perineural
invasion.
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were younger than 58 years. Staining and expression of
ALDH1 in adenoma did not show any association with the
age of the patient (►Table 2).

As depicted in ►Table 3, adenomas showed positive
staining in 75% cases (►Fig. 1c, d). A higher number of
adenomas with low-grade dysplasia (66.7%) were positive
for ALDH1 as compared to those with high-grade dysplasia
(33.3%). Adenomas more frequently showed low expression
(55%); high expression, when present, was noted more
frequently in adenomas with low-grade dysplasia as com-
pared to adenomas with high-grade dysplasia (55.6 vs. 45%).

When we compare these results with CRC, carcinomas
were positive in only 26.7% cases. This difference was highly
statistically significant (p¼0.0005). Similarly, 45% adenomas
showed high expression as compared to 20% cases of carci-
noma with high expression and this difference was also
statistically significant (p¼0.036)

Staining of Adjacent Uninvolved Epithelium
Adjacent uninvolved mucosa was included in 20 of the 30
CRC cases. The uninvolved mucosa showed absent to mini-
mal staining of ALDH1 in the surface epithelium and the

Fig. 1 Staining and expression of ALDH1. (a) Mild intensity and low expression in a case of colorectal carcinoma (ALDH1; 20X). (b) Strong
intensity and high expression in a case of carcinoma (ALDH1; 40X). (c) Moderate intensity and high expression in a case of adenoma (ALDH1;
40X). (d) Strong intensity and high expression in a case of adenoma (ALDH1; 40X).

Table 2 Staining and expression of ALDH1 in Adenoma with low/high-grade dysplasia and correlation with age

Age ALDH1

Staining Expression

Positive Negative p-value High Low p-value

�58 7 (70%) 3 (30%) 0.60 4 (40%) 6 (60%) 0.65

>58 8 (80%) 2 (20%) 5 (50%) 5 (50%)
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superficial crypts in contrast, adenomas showed the pres-
ence of staining up to the surface. The intensity and propor-
tion of staining increased in the deeper crypts and was
maximum at the base of the crypts (►Fig. 2). Positive
staining was seen in 55% of cases.

Discussion

CRC is one of the leading causes ofmorbidity andmortality in
theworld.28,33Although, there has been significant improve-
ment in its diagnosis and subsequent treatment, themajority
of the patients still experience poor prognosis, which is
attributable to drug resistance, metastasis, and recur-
rence.30,34 It is postulated that cancer stem cells are respon-
sible for its development, metastasis, drug resistance, and
recurrence. Therefore, multiple studies have been performed
to identify specific cancer stem cells that can be targeted to
improve the prognosis of the affected patients.30,33,35–37 In
spite of many studies from different countries over the years,
controversies still exist in identification of CRC biomark-
ers.18,28,30,38,39 A literature search yielded few studies that
analyzed the role of ALDH1 in CRC with variable results.
However, to the best of the authors’ knowledge, there has
been no study from India, and only a few studies have
included colorectal adenoma. Therefore, we studied the

role of ALDH1, an emerging cancer stem cell marker in
colorectal neoplasms including colorectal adenoma.

In our study, most of the carcinoma cases showed negative
staining (73.3%) and lowexpression (80%)withALDH1. Rezaee
et al30 and Kim et al24 also reported similar results, unlike the
studies by Hou et al,22 Holah et al,26 and Mohamed et al,27

which showed high expression in about 60 to 70% of cases.
As mentioned in ►Table 2, our study did not observe

significant association of ALDH1 staining and expression
with any of the clinicopathological parameters. In the age
group of�60 years, therewas positive staining in 30.8% cases
compared to 23.5% cases in patients older than 60 years. A
higher expression of ALDH1 was also noted in patients �60
years. Rezaee et al30 and Holah et al26 also observed high
expression in the cases belonging to the younger age group.
However, their results were also not statistically significant.

In our study, we observed that most cases in the rectum
showed positive staining and higher expression (66.7; 66.7)
respectively, followed by the left colon (25%; 12.5%) and the
right colon (18.2%; 18.2%). These findings were similar to the
study conducted byMohamed et al27 and Li et al10; they also
observed that ALDH1 expression was highest in the cases
located in the rectum. Although their results were also
similar to our study, the difference did not reach statistical
significance in their studies.

Fig. 2 Staining of ALDH1 in adjacent uninvolved epithelium. (a) Surface epithelium and the superficial crypts show absence of staining (40X). (b)
Staining of moderate intensity is noted in few cells in the middle portion of the crypts (40X). (c) Staining of strong intensity in most of the cells in
the deeper crypts (40X).

Table 3 Comparison of staining of ALDH1 between adenoma and carcinoma

Diagnosis Negative
staining, N (%)

Positive staining,
N (%)

p-value Low expression,
N (%)

High expression,
N (%)

p-value

Adenoma
(N¼ 20)

5 (25%) 15 (75%) 0.0005 11 (55%) 9 (45%) 0.036

3 LGD 2 HGD 10 LGD 5 HGD 8 LGD 3 HGD 5 LGD 4 HGD

Carcinoma
(N¼ 30)

22 (73.3%) 8 (26.7%) 24 (80%) 6 (20%)

Total 27 23 35 15

Abbreviations: HGD, high-grade dysplasia; LGD, low-grade dysplasia.
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Our study showed that the cases with a higher stage had
negative staining or lowexpression. Only 22.2% cases of stage
III showed positive stain compared to 25% of stage II cases
and 50% of stage I cases. This result was similar to the study
conducted by Kim et al.29

Out of the 30 carcinoma cases studied, adjacent unin-
volved epithelium was identified in 20 cases, of which 11
cases (55%) showed patchy positive staining. The intensity of
staining was mild and moderate in 27.3% each and strong in
45.4% of the positive cases. To the best of the authors’
knowledge, a search of the English literature yielded only
one study by Zhu et al that demonstrated ALDH1 expression
in adjacent uninvolved epithelium in 6.9% cases only.25

Also, in our study 75% adenoma showedpositive staining as
compared to 26.7% cases of CRC. This difference was highly
statistically significant (p¼0.0005); similarly, the expression
of ALDH1 was higher in low-grade adenomas as compared to
high-grade adenomas and carcinoma. This differencewas also
again statistically significant (p¼0.036). Variable results of
ALDHA1 expression in adenoma subsets have also been
explained in a study that included adenomas and subsequent
developmentofmetachronousadenomaspostulatingALDHA1
as a putative biomarker in colorectal neoplasia.31 To thebest of
authors’ knowledge, only one study has explained the expres-
sion of ALDH1 in adenomas and carcinomas, but unlike our
study, their study observed higher staining and expression in
carcinomas compared to adenomas.32

Conclusion

Most of the cases of CRC showed negative staining and/or low
expression with ALDH1 with none of the clinicopathological
parameters showing statistically significant correlation with
staining and expression. We also observed low expression in
higher stage carcinomas. Interestingly, staining and expres-
sion were found to be highly statistically significant in
adenomas, with increased chances of staining and expres-
sion in adenomas as compared to carcinoma. Thus, its
absence not only suggests the role of alternate stem cells
or other genetic events in neoplastic progression but perhaps
also suggests better clinical outcome in patients who are
positive for ALDH1. Larger studies might help validate our
results and possibly help in the identification of ALDH1 as an
important predictive biomarker. Negative staining and ex-
pression in a significant number of cases of CRC might
suggest that it is not an ideal and reliable CRC stem cell
marker and perhaps also not suitable for targeted therapy.
However, multi-institutional studies with a larger number of
cases are needed for further validation of our results.
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