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Abstract

ACKGROUND: Colorectal carcinoma ranks as the second deadliest and third most prevalent cancer globally. The

depth of tumor invasion and the presence of tumor-infiltrating lymphocytes (TILs) are linked to survival rates in

this disease. Meanwhile, Snail expression is positively correlated with tumor grade, recurrence, metastasis and poor
prognosis in various tumors. However, not many studies discuss the correlation of Snail expression with invasion depth and
TILs in Indonesia. Therefore, this study was conducted to investigate the correlation between Snail expression and both the
depth of invasion and TIL scoring in colorectal carcinoma.
METHODS: A cross-sectional study was conducted to evaluate 70 paraffin-embedded blocks of colorectal carcinoma
patients. Snail expression was measured with immunohistochemistry using Snail rabbit polyclonal antibody. Stromal TILs
were assessed on a single full-face hematoxylin and eosin (H&E) slide, and classified into high, intermediate, and low TILs.
RESULTS: The results showed that the most invasion was to the muscularis propria (42.9%) and the least invasion was to the
submucosa (4.3%). In scoring TILs, the most samples with intermediate TILs (58.6%) and the least samples with low TILs
(4.3%). The analysis employing a Spearman Rank coefficient shows significant positive correlation between the expression
of Snail with depth of invasion (r=0.273; p=0.022) but there was no significant correlation with TILs scoring (p=0.892).
CONCLUSION: Even though, there is no significant correlation between Snail expression with TILs, there is, however, a
significant positive correlation between Snail expression with depth of invasion in colorectal carcinoma. Therefore, Snail
expression might be potentially used as a prognostic factor in colorectal carcinoma.
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most cases occurs in people over 50 years old. For colorectal

Introduction

Colorectal carcinoma is a malignant epithelial tumor
originating in the large intestine. The most common
colorectal carcinoma is adenocarcinoma which shows
mucinous

glandular or differentiation.(1) Colorectal

carcinoma can occur in young adults and teenagers, but
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carcinoma, the average age at diagnosis for men is 66 years
and for women is 69 years.(2,3) According to GLOBOCAN
2020, colorectal cancer is the second most deadly and the
third most prevalent cancer globally, with nearly 2 million
new cases and around 1 million deaths expected that year.
(4) Factors contributing to the development of colorectal
cancer include obesity, unhealthy lifestyles, consumption of
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red meat, and the use of alcohol and tobacco.(5) The rising
incidence of colorectal carcinoma in Indonesia is a growing
concern, with both new cases and death rates increasing
annually. GLOBOCAN data from 2020 revealed that there
were 33,427 new colorectal cancer cases in Indonesia,
representing approximately 8.4% of the total 396,914
cancer cases.(4) This cancer is the third most common in
the country, driven by dietary changes among Indonesians
due to rising prosperity and a shift toward a Western diet
that is high in fat and low in fiber.(6)

Clinical and pathological staging is very important
in determining the local and remote extent of the disease,
which in turn provides a framework for determining
prognosis and therapy in colorectal carcinoma.(7) The
depth of tumor invasion is one of the histopathological
findings that currently must be reported. Depth of invasion
is associated with an increased incidence of nodal and
distant metastases, as well as poorer 5-year survival.(8)
Tumor differentiation is related to estrogen receptor beta
(ERP) expression. Tumor invasion is associated with the
detachment of tumor cells from their host cells to move
elsewhere. This is caused by the loss of E-cadherin as an
intercellular adhesion molecule so that the bonds between
cells disappear and the cell is separated from its parent cell.
(9) The transcription factor is a repressor of E-cadherin
which functions as a cell adhesion molecule and plays an
important role in the formation and maintenance of integrity
complex tissue is Snail.(10) Snail expression is positively
correlated with tumor grade, recurrence, metastasis and
poor prognosis in various tumors.(11)

Another crucial factor in tumor development is immune
infiltration, which includes various lymphocytes (T cells, B
cells, and natural killer cells), neutrophils, dendritic cells
and macrophages, highlighting significant variability among
patients. The presence of tumor-infiltrating lymphocytes
(TILs) is recognized as a positive prognostic indicator in
several malignancies, including colorectal carcinoma.(12)
The immune response in colorectal cancer, particularly
involving effector memory T cells, correlates with the
cancer's histopathology and carries important prognostic
implications.(13) Patients with TIL levels exceeding 5%
tend to have significantly longer survival rates compared to
those with lower TIL counts.(14)

We previously studied the correlation of Snail
expression with colorectal adenocarcinoma, focusing on
the histopathological grading, tumor budding grading,
lymphovascular invasion and metastases ability of colorectal
carcinoma.(15) However, not many studies discuss the
correlation of Snail expression with invasion depth and
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TILs, especially in Indonesia. Based on the description
above, this study was conducted to analyze the correlation
of Snail expression with the depth of invasion and TILs in
colorectal carcinomas.

Methods

Study Design and Data Collection

This research was an analytical observational study using a
cross-sectional design conducted at the Anatomic Pathology
Laboratory of the Faculty of Medicine, Universitas
Hasanuddin, Makassar. Between January 2020 and June
2023, 70 paraffin block samples from patients diagnosed
with colorectal adenocarcinoma at the Anatomical Pathology
Laboratory of Dr. Wahidin Sudirohusodo Hospital and
Makassar Pathology Diagnostic Center were collected. The
Faculty of Medicine’s Ethics Committee waived informed
consent for this study (Protocol #UH23070526 — Registry
No. 621/UN4.6.4.5.31/PP36/2023).

Evaluation of TILs (TILs Scoring)

Stromal TILs were assessed on a single full-face hematoxylin
and eosin (H&E) slide according to the International TILs
Working Group 2014 guidelines.(16) TILs were analyzed
as a continuous variable and classified into three categories:
high TILs (>55%), intermediate TILs (15-50%), and low
TILs (£10%).

Snail Immunohistochemistry (IHC)

IHC staining with a Snail rabbit polyclonal antibody (Cat.
No. AF6032; Affinity Biosciences, Cincinnati, OH, USA)
was conducted on unstained slides. The sample was then
blocked and incubated with the primary antibody at 4°C
overnight. An HRP conjugated anti-rabbit antibody was used
as the secondary Ab. The paraffin blocks were sectioned to
create slides, which were then cut to a thickness of 3 um
using a microtome. The sections were taken from a water
bath onto poly-L-lysine-coated slides and subsequently
deparaffinized with the Snail rabbit polyclonal antibody for
staining. The expression of Snail in the nuclei or cytoplasm
of tumor cells was analyzed using a 400x light microscope.
Two pathologists, who were unaware of the clinical data and
outcomes, performed the assessment.

Snail expression was scored in a semiquantitative
manner based on the intensity and percentage of stained
tumor cells, resulting in a total immunostaining score
(TIS). This score ranges from 0 to 9 and is calculated by
multiplying the proportion score of the positively stained
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tumor area (0-3) with the intensity score of Snail staining
(0-3). The proportion scores are defined as follows: 0 for
none, 1 for <10% stained, 2 for 10-50% stained and 3 for
>50% stained. Snail intensity is categorized as uncolored
(O/negative), weak (+1), moderate (+2), or strong (+3). A
TIS of 6 or higher indicates strong Snail expression, while a
score below 6 indicates weak expression.

Results

Characteristics of the Sample

A total of 70 block samples were used in this study.
Most samples were found in the age category <55 years
(52.9%) and most samples were male (51.4%). Based
on location, the most tumors were found in the proximal
part (44.3%), followed by the distal part (40.0%). Based
on the invasion depth of the tumor, most samples were
classified into tumor invades muscularis propria (42.9%)
followed by tumor invades to lymph node (32.9%). Based
on histopathological grade, most samples were low-grade
colorectal adenocarcinoma (87.1%). Based on TILs scoring,
there were samples that mostly had intermediate TILs scores
(58.6%), followed by weak TILs scores (37.1%). Based on
Snail expression, most samples had weak Snail expression
(57,1%) (Table 1).

Snail Expression Intensity and TILs Scoring

Snail intensity could be seen in colorectal carcinoma
samples (Figure 1). Snail expression was seen in the nucleus
or cytoplasm of tumor cells. There were 17 samples with
strong Snail intensity, 37 samples with moderate Snail
intensity, 15 samples with weak Snail intensity and 1 sample
was colorless (negative).

The stromal area of TILs was assessed in the
peritumoral section of colorectal carcinoma subjects (Figure
2). There were 26 samples with high TILs, 41 samples with
moderate TILs and 3 samples with low TILs.

Correlation of Snail Expression with Depth of Invasion
and Scoring TILs

Results analysis of Spearman Rank coefficient test showed a
significant correlation between Snail expression with depth
of invasion (p=0.022). There was a positive correlation
between Snail expression with depth of invasion (r=0.273)
(Table 2). The deeper the invasion, the higher the Snail
expression. Meanwhile, the results analysis showed
that there was no significant correlation between Snail

expression with scoring TILs (»p=0.892), but there was a
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negative correlation between Snail expression with scoring
TILs (r=-0.017) (Table 3). The higher the TILs score, the
lower the Snail expression. Spearman Rank coefficient test
analysis also showed that there was no significant correlation
between depth of invasion with scoring TILs (p=0.075), but
there was a negative correlation between depth of invasion
with scoring TILs (r=-0.214) (Table 4). The deeper the
invasion, the lower the TILs score.

Discussion

Classification based on tumor, node, and metastasis (TNM)
is being used as a system for classifying malignancy. This
classification is mainly used in solid tumors and can be
used to assist in determining or predicting the prognosis of
patients with colorectal cancer.(16) In addition, this system
is also used to guide additional therapy after potentially
curative surgery and to classify patients who will participate
in clinical trials. This system has the basis for assessing
tumors, regional lymph nodes, and distant metastases
including colorectal carcinoma.(17)

Table 1. Characteristics of the sample.

Characteristics n (%)
Age (years old)
<55 37 (52.9)
>55 33 (47.1)
Gender
Male 36 (51.4)
Female 34 (48.6)

Tumor location

Right 31 (44.3)

Left 28 (40.0)

Rectum 11 (15.7)
Depth of invasion

pTis 5(7.1)

pT1 3(4.3)

pT2 30 (42.9)

pT3 9(12.9)

pT4 23 (32.9)
Histopathological grade

Low grade 61 (87.1)

High grade 9 (12.9)
Scoring TILs

Low 3(4.3)

Intermediate 41 (58.6)

High 26 (37.1)
Snail expression

Weak 40 (57.1)

Strong 30 (42.9)
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Tumor grading is a system used to describe the size
of a primary tumor and its spread to adjacent tissues. TO
indicates no tumor, while T1-T4 categorize tumors based
on their size and extent of invasion.(18) The grading
varies depending on the anatomic structure affected. In
colorectal cancer, for example, T1 indicates invasion into
the submucosa, while T4 indicates that the tumor has
extended through the entire colon and invaded the visceral
peritoneum or adjacent tissues.(19)

In this study, we assessed the correlation between
Snail expression and depth of invasion in colorectal
carcinoma. Research data shows that there is a positive
correlation coefficient between Snail expression and depth
of invasion, where when snail expression is high, the depth
of invasion is also high. Statistically, it shows that there is a
significant correlation between Snail expression and depth
of invasion. Snail is an important protein molecule in the
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Figure 1. Snail intensity in
colorectal carcinoma. A: Strong
(score 3); B: Moderate (score 2);
C: Weak (score 1); D: Negative
(score 0). Yellow arrows: Snail
expression in the cytoplasm.
Black bar: 100 pum.

epithelial mesenchymal transition (EMT) process and plays
an important role in tumor invasion and metastasis in many
types of cancer.(20)

Tumor differentiation in early-stage colorectal
carcinoma is linked to the expression of ER(.(21) The lack
of reliable biomarkers for early detection of the metastatic
process can hinder timely treatment for colorectal cancer.
Some potential biomarkers that have been proposed include
B-Catenin, E-Cadherin, and N-Cadherin.(21,22) E-cadherin
is a crucial protein for cellular adhesion and plays a
significant role in cell-to-cell contacts.(23) In malignant
tumors undergoing EMT, E-cadherin expression is often
downregulated or lost, leading to reduced adhesion among
tumor cells, which enhances their invasiveness, infiltration,
and metastatic potential. A lower level of E-cadherin
expression is associated with a poorer prognosis for
patients. Thus, the downregulation or loss of E-cadherin is
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Figure 2. Scoring TILs in colorectal carcinoma. A: Low (score 1); B: Intermediate (score 2); C: High (score 3). Red arrows: Stromal area

of TILs peritumoral section. Black bar: 100 pum.
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Table 2. Correlation between Snail expression with depth of
invasion.
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Table 3. Correlation between Snail expression with scoring
TILs.

Correlation

Correlation

Mean+SD Coefficient p-value Mean+SD Coefficient p-value
Snail expression 4.87+£3.106 0.273 0.022* Snail expression 4.87+3.106 -0.017 0.892
Depth of invasion 2.60+1.197 Scoring TILs 46.50+19.988

Spearman correlation test, *p<0.05 indicates statistical significance.

a characteristic feature of EMT.(24) The Snail transcription
factor is instrumental in producing the Snail protein, which
can inhibit E-cadherin transcription by binding to the
E-box region near the E-cadherin promoter. Because the
loss of E-cadherin is a hallmark of EMT, Snail is viewed
as a critical regulator of this process.(25) In colorectal
cancer, EMT is linked to invasive and metastatic behaviors.
(26) Transforming growth factor (TGF)-B1-induced EMT
facilitates invasion and metastasis by lowering E-cadherin
levels and increasing Vimentin levels while activating
the TGF-B1/Smads signaling pathway.(27) During EMT,
epithelial cells undergo polarization and differentiation,
acquiring a mesenchymal phenotype that enhances motility.
Snail family proteins play a key role in regulating this
EMT process. As a transcription factor, Snail governs the
expression of genes that influence the EMT phenotype and
contribute to neoplasm development.(10) Overexpression of
Snail is associated with heightened migration, greater depth
of invasion, and increased metastasis, often correlating with
more advanced malignancies and poorer prognoses.(28)
Assessment of the depth of tumor invasion can help
in establishing the diagnosis of colorectal lesions and
inform the therapeutic strategies that can be used.(29) This
research correlates with another study that states that Snail
plays a key role in promoting invasion and metastasis in
colorectal cancer by regulating its own expression and
that of E-cadherin. High levels of Snail expression serve
as a novel and effective prognostic marker for colorectal
cancer. In a separate study, Western blot analysis revealed
Snail expression in all layers of examined colorectal
cancers, correlating with increased migratory and invasive
capabilities of tumor cells. Furthermore, Snail expression
was associated with a stem cell-like, spindle-shaped
phenotype, typically seen with the loss of E-cadherin. As
tumor stages progressed, Snail expression also increased,
with a significantly higher rate of distant metastasis linked
to its presence, indicating that Snail is a marker for elevated
metastatic risk in colorectal carcinoma.(28) Other studies
confirmed that Snail expression was markedly higher in
patients with advanced tumor stages, as assessed by the

Spearman correlation test, p<0.05 indicates statistical significance.

depth of invasion. Additionally, Snail was identified as an
independent prognostic factor for overall survival, along
with lymph node metastases, which also emerged as an
independent prognostic indicator for survival outcomes.(30)

Snail is a crucial transcription factor that drives
EMT. Previous research in ovarian cancer using mouse
models examined Snail's impact on tumor immunity.(31)
Knockdown of Snail resulted in reduced tumor growth in
immunocompetent mice, which correlated with an increase
in tumor-infiltrating CD8" lymphocytes.(32) Additionally,
tumor-infiltrating lymphocytes, particularly those expressing
forkhead box P3 (FOXP3), were identified as significant
contributors to tumor immunity.(33) In current study, there
was no significant correlation between TILs and Snail
expression or the depth of invasion. However, there was
a negative correlation: higher TIL scores were associated
with lower Snail expression and reduced invasion depth.
Elevated levels of Twist, Slug, and Snail expression were
linked to high TIL counts. Conversely, the absence of TILs
or very high TIL levels correlated with shorter times to key
endpoints compared to groups with intermediate TIL counts.
Our findings suggest that TILs influence the prognosis of
colorectal cancer and highlight the specific nature of different
TIL subsets based on microsatellite instability (MSI) status.
Moreover, the tumor microenvironment can create a hypoxic
state, which has been shown to support tumor maintenance
and function through pathways involving hypoxia-inducible
factor 1-alpha (HIF-1a).(34)

Unfortunately, this study only uses one modality of
protein detection through IHC. Other modalities might
be needed to analyze the complexity of the relationship

Table 4. Correlation between depth of invasion and scoring
TILs.

Correlation
+ o
MeantSD Coefficient p-value
Depth of invasion 2.60+1.197 -0.214 0.075
Scoring TILs 46.50+19.988

Spearman correlation test, p<0.05 indicates statistical significance.
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between Snail and various other molecules involved in
regulating its expression, as well as its relationship with the
depth of invasion and TILs. Further cross-sectional studies
with larger samples may be needed to understand how
Snail or other transcription factors correlate with this
mechanism.

Conclusion

Even though, there is no significant correlation between
Snail expression with TILs, however, there is a significant
positive correlation between Snail expression with depth
of invasion in colorectal carcinoma. Therefore, Snail
expression might be potentially used as a prognostic factor
in colorectal carcinoma.
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