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Background: 
Colorectal cancer (CRC) is considered to be the fourth leading cause of cancer death worldwide. 
Objectives: This study aimed to investigate the Hairy and Enhancer of Split-1 (HES-1) expression in different types of colorectal 
polyps.

Materials and Methods:
In this analytical study, we included 100 patients with colorectal polyps who were referred to Tehran, Iran. HES-1 immunostaining 
was performed to evaluate nuclear and/or cytoplasmic staining for HES-1 in the specimens. Then, the data were analyzed in terms 
of age, sex, side location, and polyp type.

Results:
 Out of 100 subjects, 62 were men and 38 were women. The highest prevalence of polyps was observed in the rectum (34%), and 
the most common type of polyp was tubular adenoma (40%). HES-1 index was only positive in 22 cases. There was a significant 
relationship between HES-1 positivity and both polyp location (P<0.001), polyp type (P<0.001), and grade of dysplasia (P=0.019). 
However, there was no significant relationship between HES-1 positivity and adenomatous polyp type (P=0.52). The distribution 
of HES-1 positivity on the left side was significantly higher, and the relationship between HES-1 positivity and side location was 
significant (P=0.002). 

Conclusion: 
This study suggests that HES-1 can be useful in differentiating SSA/P and HP with high sensitivity and specificity.
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INTRODUCTION
Cancer is highly prevalent and causes numerous 
complications in patients. Complications of cancer include 
reduced life expectancy, increased stress and anxiety, 
decreased mental health, increased costs for patients, and 
the pressure of caregiving and disability (1-5). CRC is 
considered to be the fourth leading cause of cancer (6,7). 
CRC has high incidence rates among both sexes. Studies 
have suggested a significant association between various 
types of colorectal polyps and CRC (8,9). Recent studies 
in the United States have shown that the implementation 
of colonoscopy allows for the early detection and removal 
of precancerous polyps, which leads to a large decline in 
the incidence rate of colorectal malignancies. However, 
there is also abundant epidemiological evidence to suggest 
that the incidence rate of CRC is substantially increasing in 
Eastern Europe and Asia (8,10,11). 
Gastrointestinal (GI) tract cancer is reported as the third 
most common cancer in the Iranian population, and it 
appears to occur in younger generations. Although the 
studies on upper GI cancers in Caspian Littoral in Iran are 
appropriately investigated, the CRC studies were neglected 
due to lower incidence in the 1970s. Nevertheless, the shift 
in the direction of prevailing rates may be motivating for 
further evaluations (12,13).
The overall risk of the development of adenomas and CRC 
is influenced by both genetic and epigenetic alterations (13-
16). Adenomatous polyps have been known to ultimately 
go on to develop colorectal adenocarcinoma. It is estimated 
that the progression of these precursor lesions to malignant 
neoplasms takes 10 years on average (14,17). On the other 
hand, relying heavily upon morphology to differentiate 
Sessile serrated adenoma/polyp (SSA/P) from hyperplastic 
polyp (HP) could be challenging due to the reasons 
including size and orientation of the specimens in addition 
to other biopsy artifacts (18).
Immunohistochemistry (IHC) markers are generally one of 
the important factors in prognosis and survival (19, 20). 
Translation factor Hairy and Enhancer of Split-1 (HES-
1) is a protein encoded by the HES-1 gene (21), and it is 
one of seven members of the HES gene family that encode 
transcriptional repressor proteins(22, 23). HES-1 marker is 
the most characterized target of Notch molecular signaling 
pathways, which functions in intestinal development by 
regulating the differentiation of enterocytes (18). In fact, 
activation of the Notch pathway releases the Intracellular 
Domain and transfers it into the nucleus(24).
Based on a previous study done by Sail and colleagues in 
2013, a small molecule of compound 3 can induce HES-
1 expression. The authors concluded it can be studied 
further as a potential HES-1 modulator and anticancer 

chemotherapeutics (25). Gao and others also demonstrated 
that HES-1 could be recognized as a self-renewal marker in 
colon cancer. It showed some properties of stem-like cells, 
which leads to tumor formation in mice (26).
In 2017, Wu and co-workers showed the correlation of 
hypomethylation of HES-1 in intestinal stem and progenitor 
cells. They finally cultivate the idea that hypomethylation of 
HES-1 plays a critical role in the prognosis of CRC patients 
(27). Yuan and colleagues conducted an investigation 
on 320 CRC samples and determined that HES-1 
induces mesenchymal-epithelial transition, enhances the 
invasiveness of tumor cells, and promotes cancer metastasis 
(28). Weng and others proposed that HES-1 is a predictor 
of poor prognosis factors of CRC, and its overexpression 
can increase the invasion ability of CRC (29).
In another study conducted by Ahadi and others, IHC for 
HES-1 was performed on 2775 consecutive cases with 
colorectal adenocarcinomas. 36.1% of cases demonstrated 
cytoplasmic staining, while 17% of them were positive 
for nuclear staining. They concluded the latter group was 
significantly associated with factors such as female sex, 
older age, larger size of the tumor, and right-side location 
(30). Cui and colleagues evaluated the expression of HES-
1 in both HPs and SSA/Ps and found that the expression 
of HES-1 was present in all HPs compared with SSA/Ps. 
Therefore, they suggested HES-1 as a diagnostic tool that 
helps differentiate between these two types of polyps (18).
Several studies have demonstrated over-expression of 
HES-1 in human CRCs (18,20,21,24,25,26). Despite 
the remarkable progress made so far, there is still little 
information available on the nuclear expression of 
this marker in different types of polyps, particularly 
adenomatous polyps, as a well-defined risk factor for CRC 
(13) (31) .
Objectives This study aimed to investigate the HES-
1 expression in different types of colorectal polyps and 
determine their association with the clinicopathological 
status in patients with CRC.

MATERIALS AND METHODS
In this analytical study, we included the patients who 
underwent colonoscopy in the teaching hospitals affiliated 
with Shahid Beheshti University of Medical Sciences, 
Tehran, Iran. All colon polyp biopsy samples were gathered 
from April 2018 to April 2019. This research was carried 
out after the approval of the Ethics Committee of Shahid 
Beheshti University of Medical Sciences and the ethical 
standards were ensured throughout the procedures. A total 
of 100 patients were selected, and the required information 
was obtained, such as age, sex, side location, and polyp 
type. The exclusion criteria are as follows: invalidated 
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immunohistochemical assays, patients who have received 
chemo/radiotherapy beforehand, and their reluctance to 
take part in the study.
Formalin-fixed and paraffin-embedded tissue specimens 
were reviewed in the pathology department of Shohada 
Tajrish Hospital and Shahid Modarres Hospital, both 
located in Tehran, and then expression of HES-1 was 
evaluated by IHC on the included cases.
Paraffin blocks were initially cut into tissue sections and 
were kept at 37 °C for 24 hours. Then, the slides were 
washed with xylene and dehydrated ethanol, and the 
antigen was retrieved with retrieval PH 8 solution for 30 
minutes, followed by incubating in a microwave oven. 
Subsequently, we let the slides cool to room temperature, 
washed with DDW, and placed them in hydrogen peroxide 
solution for 10 minutes. We added 100 landaus of primary 
antibody to the slides and incubated them for 30 minutes 
at 37 °C, then we washed them with phosphate-buffered 
staining (PBS) solution, added secondary antibody, 
and incubated them for another 15 minutes at room 
temperature. After another round of washing, Horseradish 
Peroxidase (HRP) solution was added, and the slides were 
incubated for 30 more minutes. We washed the slides one 
more time, and 3,3′-Diaminobenzidine (DAB) was utilized 
in the staining procedure. After one more wash with DDW, 
we counterstained them with hematoxylin for 30 seconds 
and successive washes with ethanol and xylene, with each 
wash lasting 3 minutes. Finally, we mounted the dried 
slides and visualized them under the microscope. Statistical 
analysis was performed using SPSS software version 24 for 
Windows (IBM Inc, NY). 

RESULTS
This study was conducted on 100 patients (male: 62 and 
female:38) with CRC with a mean age of 59.13±13.64 years. 
The mean age of the men group was 61.40 ±13.30, and in 
the group of women, it was 55.42 ± 13.54. CRC was most 
seen in men aged 60-69 years (32.3%); among women, it 
was most common in the age group of 50-59 years (31.6%). 
There was a significant difference between the mean age 
of men and women in addition to the two sexes in terms 

of age group (P=0.034, P=0.023, respectively). Results 
demonstrated that HES-1 index was only positive in 22 
cases. The mean age of patients with HES-1 expression 
was 55.86±13.04, and in other patients was 60.05±13.75 
(P=0.19). HES-1 expression was not significantly different 
within two sex groups (P=0.28, Table 1). 
As shown in Table 2, the highest prevalence of polyps 
was observed in the rectum (34%), and the most common 
type of polyp was tubular adenoma (40%). A significant 
relationship was found between HES-1 positivity and the 
location of their types (P=0.001, P=0.001, respectively); 
however, there was no significant relationship between 
HES-1 positivity and adenomatous polyp type (P=0.52). 
Furthermore, HES-1 was expressed in 32.8% of cases with 
a left-side polyp, compared with 4% of cases with a right-
side polyp and no cases with polyps in the transverse colon. 
In addition, the analysis showed a significant relationship 
between HES-1 expression and the aspect of polyp (Table 
2). Table 3 shows HES-1 nuclear expression in both HP 
and SSA/P. Of the total 36 cases of SSA/Ps and HPs, 15 
polyps (41.6%) were SSA/Ps, and HPs comprised 21 cases 
(58.4%). All the cases were evaluated for HES-1 positivity 
afterward, and HES-1 expression was seemingly present in 
76.2% of the HP group. While on the contrary, no cases 
in SSA/P group were positive for HES-1. Regarding HES-
1 status in SSA/Ps and HPs, the P value could not be 
detected in the SSA/Ps due to the lack of HES-1 positive 
cases. Likewise, a significant relationship could not be 
found between HES-1 positivity and HPs either. However, 
16 out of 36 polyps (44.4%) were HES-1 positive in both 
SSA/P and HP groups, and the positivity of this marker was 
significantly related to SSA/Ps and HPs overall (P<0.001) 
(Table 3, Figure 1). We also calculated the sensitivity of 
76.2% and specificity of 100% in HES-1 expression as a 
diagnostic tool to differentiate between SSA/P and HP. 
HES-1 expression in patients with high-grade and low-
grade dysplasia yielded 28.6% and 4.1%, respectively. 
With regards to different types of adenomatous polyps, 
we found that HES-1 could not differentiate among them 
(P=0.52), yet the grade of dysplasia in these types of polyps 
and HES-1 positivity were significantly related (Table 4).

Table 1. Frequency of sex and HES-1 expression in different age groups of the patients

Variable
Age groups (years, N, %)

Total
Less than 40 40-49 50-59 60-69 More than 70

Sex
Male 6 (9.7) 4 (6.5) 15 (24.2) 20 (32.3) 17 (27.4) 62 (100)

Female 4 (10.5) 10 (26.3) 12 (31.6) 8 (21.1) 4 (10.5) 38 (100)

HES-1
Positive 2 (9.9) 5 (22.7) 7 (31.8) 5 (22.7) 3 (13.6) 22 (100)
Negative 8 (10.2) 9 (11.5) 20 (26.6) 23 (29.4) 18 (23) 78 (100)

Hairy and Enhancer of Split-1 Expression in Patients with Colorectal Polyps
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Table 2. HES-1 expression in terms of location, types, 
and aspects of the polyps
Variable HES-1 Total

Positive Negative
Location 
of polyps

Cecum 0 7 7
Transverse colon 0 11 11

Ascending colon 1 15 16
Rectum 15 19 34
Hepatic flexure 0 2 2
Sigmoid 6 11 17
Descending colon 0 13 13

Type of 
polyps

SSA(Sessile serrated 
adenoma)

0 15 15

HP(Hyperplastic 
polyp)

16 5 21

TA(Tubular 
adenoma)

5 35 40

VA(Villous 
adenoma)

0 6 6

TVA(Tubulovillous 
adenoma)

1 16 17

TSA(Traditional 
serrated adenoma)

0 1 1

SSA with dysplasia 0 1 1
Aspect 
of polyps

Right 1 24 25
Left 21 43 64
Transverse 0 11 11

Table 3. Distribution of HES-1 positive cases SSA/Ps 
and HPs in terms of polyp aspect

Variable
Aspect Total 

(%)Right Left Transverse

SSA/P HES-1
Positive 0 0 0 0 (0)

Negative 11 1 3
15 

(100)

HP HES-1
Positive 1 15 0

16 
(76.2)

Negative 1 3 1
5 

(23.8)

Total HES-1
Positive 1 15 0

16 
(44.4)

Negative 12 4 4
20 

(55.6)
 

Table 4. HES-1 expression in high/low-grade dysplasia 
in different types of adenomatous polyps
Variable Polyp type Total

TA 
(Tubular 
adenoma)

VA 
(Villous 
adenoma)

TVA 
(Tubulovillous 
adenoma)

Dysplasia High 
Grade

HES-1 
positive

3 0 1 4

HES-1 
negative

3 5 2 10

Low 
Grade

HES-1 
positive

2 0 0 2

HES-1 
negative

32 1 14 47

Total HES-1 
positive

5 0 1 6

HES-1 
negative

35 6 16 57

Nuclear staining of HES-1 is preserved in crypt cells of HP (C, 10× 
objective; E, 40× objective) while it is lost in crypts from SSA/P (D, 
F, 40× objective). A, B: Hematoxylin and eosin staining; C, D, E, and 
F: HES-1 immunohistochemistry. A, B, C: 10×objective. D, E, F: 40× 
objective.
Figure 1. HES-1 Expression in HP and SSA/P

DISCUSSION 
Colorectal polyps are known to have a risk of harboring 
cancer, and in some circumstances, diagnosis of these 

33

Kazeminezhad et al



Govaresh/ Vol.30/ No.1/Spring 2025

polyps could be challenging on morphology alone. 
Therefore, studying molecular mechanisms and identifying 
the prognostic factors associated with the progression of 
CRC is of great value (32). HES-1 is considered to be one 
of these factors, and of note, most studies have examined 
its role in the incidence of CRC, and only a few studies 
have investigated its prognostic effect. 
HES-1 positive cases were considered cell nucleus staining 
within the polyp, and the strong expression of HES-1 
ubiquitously presented in the nuclei of inflammatory cells 
in the lamina propria was considered positive control.
Out of 100 patients included in the study, 62% were men, 
38% were women, and HES-1 was found in 22 cases. 
Moreover, we found a significant relationship between the 
type of polyp and its location with HES-1 positivity. There 
was no association between HES-1 and adenomatous 
polyp type, but a significant relationship between the type 
of dysplasia and HES-1 positivity was shown earlier. The 
distribution of HES-1 positive cases on the left side was 
significantly higher, and the relationship between polyps 
and HES-1 positive cases was significant. Hyperplastic 
polyps were also related to HES-1 significantly. Regarding 
differentiating between SSA/P and hyperplastic polyp, 
sensitivity, specificity, PPV, and NPV were estimated at 
76.19%, 100%, 100%, and 75%, respectively. As a result, 
examining HES-1 could have a good diagnostic value. 
Our results showed only one case of SSA/P in the left side 
of colon which was not positive for HES-1. Although it 
is difficult to differentiate SSA/P and HP by morphologic 
features, left-sided polyps are mostly HPs (33). The study by 
Cui and colleagues showed that a small number of cases of 
colorectal polyps that are morphologically consistent with 
SSA/P are seen in the left colon, although, unlike our study, 
these cases were positive for HES-1. Therefore, unlike 
their study, the immunohistochemical study in our study 
showed the ability to detect SSA/P accurately.(18, 34).We 
studied 64 adenomatous polyps, including TA, VA, TVA, 
and TSA, in terms of HES-1 staining, and only six samples 
showed positive HES-1 nuclear staining, whereas the rest 
of the specimens were negative for HES-1. This result is 
seemingly different from the findings of the study executed 
by Cui and others in which TA and TSA polyps showed 
mixed positive and negative staining patterns for HES-1 
(18). We observed no significant relationship between 
HES-1 expression and adenomatous polyp types, although 
there was a significant relationship between dysplasia of 
polyp types and HES-1 expression, which aligns with the 
association revealed by the previous studies (26).
Since the present study is cross-sectional, longitudinal 
follow-up data were unfeasible, and dysplastic changes 
or alterations in the prognosis of the disease remained 

unknown. In some patients with a colonoscopy report, 
the biopsy specimens were missed due to small sizes or 
inability to take it properly due to coagulation disorders 
in patients. On the other hand, the relationship between 
symptoms and endoscopic findings has not been analyzed 
in the current study due to limited resources.
In conclusion, we observed a significant relationship 
between HES-1 expression and both types of colorectal 
polyps and their locations. We also showed a significant 
relationship between the expression of HES-1 and 
dysplasia of polyps, which is consistent with the earlier 
study (35). HES-1 can be used as a potential marker for 
differentiating between SSA/P and hyperplastic polyps 
with high sensitivity and specificity, and our findings 
suggest that HES-1 expression holds promise for the future 
development in early diagnosis and more effective therapy 
for CRC that supports the idea of previous studies (36, 37).

CONCLUSION
More extensive research will help us to unfold different 
tumorigenesis mechanisms. Recommendations regarding 
the utilization of these markers in routine approaches to 
CRC require more detailed clinical and molecular studies 
with larger samples.
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