Role of CD44 and CDS8 in Colorectal Adenocarcinoma Metastatic
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Abstract: Colorectal adenocarcinoma is one of the most prevalent malignancies
worldwide. The presence of regional lymph node metastases is an important
prognostic indicator in colorectal adenocarcinoma. CD44 is a transmembrane protein
and a cancer stem cell biomarker that plays a role in tumor proliferation, metastasis,
and recurrence. The tumor microenvironment has a vital role in the stage of tumor
development. CD8 is one of microenvironment's component which kills the tumor cells.
This study aimed to analyze the expression of CD44 and CD8 and investigated their
association with colorectal adenocarcinoma metastatic. This study's benefit is that the
resulting study can be used as a prognostic factor in colorectal adenocarcinoma. This
study included 56 paraffin blocks of patients diagnosed as colorectal adenocarcinoma
during January 2017-December 2018 in Anatomic Pathology Laboratory Dr. Soetomo
Hospital Surabaya. The paraffin blocks were sliced and stained with
immunohistochemistry for CD44 and CD8. The parameters were a positive percentage
of tumor cell and lymphocyte immunoreactivity against CD44 and CD8 antibodies. The
percentage of CD44 is higher in the metastatic group, and the percentage of CDS8 is
higher in the non-metastatic group. There was a significant negative correlation
between CD44 and CD8 expression in regional lymph nodes metastatic. These results
indicated that CD44 and CD8 have a vital role in the incidence of metastasis.
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INTRODUCTION

Colorectal carcinoma is the third most common malignancy globally, with an
increased incidence in the elderly. Every year, colorectal carcinoma is diagnosed by
more than 940,000 people, and around 500,000 people die from this cancer (Holah et
al., 2017). It estimated that there are 1.23 million new cases globally, which is about
9.7% of all new cases of malignancy. This malignancy is placed third in males after
lung, prostate, and gastric malignancies (Hamilton et al., 2010; Rawla et al., 2019).

The data gathered in the Anatomy Pathology laboratory Dr. Soetomo Surabaya
show an increase in the number of new diagnoses of colorectal carcinoma cases each
year, namely 104 cases in 2012, 143 cases 2013, and then 169 cases in 2014.

The role of cancer stem cells within tumor development began to be widely
studied; CD44 is a marker of stem cells in colorectal adenocarcinoma. CD44 is a
transmembrane protein which is also part of cell adhesion molecules that plays a role
in cell-to-cell communication and interactions with the extracellular matrix and has a
role in tumor development, proliferation, and metastasis in which affect the prognosis
and survival (Chen et al., 2018; Holah et al., 2017).

Cancer stem cells are characterized by their resistance to anti-cancer therapy

and trigger tumor metastases and recurrence. Radiation and chemotherapy can
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currently kill most cancer cells but often do not eliminate cancer stem cells protected
by specific resistance mechanisms (Magee et al., 2012).

CD44 is a transmembrane glycoprotein. The expression of CD44 is also
regulated in the sub-population of cancer cells. It is recognized as a molecular marker
for cancer stem cells, one of which is in colon cancer (Chen et al., 2018). Previous
studies have shown that CD44 expression can be influenced by the degree of
differentiation. A low degree of differentiation indicates that a positive CD44
percentage will be higher. Likewise, with its expression related to lymph node
metastasis, high CD44 expression has a worse prognosis (Ma et al., 2019; Zhao et
al., 2015).

The tumor cells' ability to express CD44 to metastasize is influenced by the
micro-environment around the tumor, including stromal cells, extracellular matrix,
blood vessels, and immune cells. Immune cells are one part of the micro-environment.
One of the immune cells that play a role in tumor development is CD8, which functions
as a cytotoxic T lymphocyte (CTL) that will kill tumor cells. The low density of CD8 will
affect the risk of recurrence, metastasis, and survival in colorectal adenocarcinoma
(de Vries et al., 2016).In previous research shows that there is a correlation between
high frequency of CD8 positive lymphocyte infiltration and lack of lymph node
involvement in rectal cancer (Daster et al., 2014).

Previous research involving these two markers has not been conducted. Thus,
this research is vital to comprehend the role of both markers in the metastatic process
in colorectal adenocarcinoma.

MATERIALS AND METHOD

This study had approved by the Health Research Ethics Committee of Dr.
Soetomo General Hospital, Surabaya (Ethical Clearance no. 1561/KEPK/X/2019).
This study was an analytic observational study with a cross-sectional approach, using
paraffin-embedded from the operating tissue of patients with colorectal
adenocarcinoma, which were established based on histopathological features in the
Anatomical Pathology Installation of Dr. Soetomo Surabaya period January 2017 -
December 2018. The total sample of 56 samples consisted of 2 groups, namely
colorectal adenocarcinoma with regional lymph node metastases and colorectal
adenocarcinoma without regional lymph node metastases. Thus, the total sample of
each group was 28 paraffin-embedded.

This tissue was cut into 4um sections, deparaffinized three times with xylol for
5 minutes each, and rehydrated through graded alcohol. Antigen retrieval was
achieved by microwave treatment in sodium citrate buffer (pH 6,0) for 10 minutes.
These tissue sections were then incubated with monoclonal antibodies for HCAM
(DF1485: sc-53534; dilution 1:250; Santa Cruz Biotechnology) and CD8 (4B11;
dilution 1:50; Leica Biosystems) followed by the secondary antibody for 10 minutes at
room temperature. The section was then counterstained with hematoxylin and
dehydrated with alcohol.

The study used CD44 and CD8 immunohistochemistry in adenocarcinoma
colorectal paraffin blocks with and without regional lymph node metastases. CD44 was
examined with which was positively stained on the membrane and cytoplasm of tumor
cells. CD8 was examined with which was positively stained on the lymphocyte cell
membrane.

CD44 expression was assessed by calculating the mean percentage in the five
densest fields of view by dividing the number of tumor cells stained brown on the
membrane and cytoplasm by the number of tumor cells in the field of view.
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%CD44 (one field of view) = number of tumor cells stained brown X 100%
Total number of tumor cells

Assessment of CD8 expression in each sample group was done by calculating
the mean percentage in the five densest fields of view by dividing the number of
lymphocyte cells stained brown on the membrane by the number of lymphocyte cells
in that field of view.

%CDS8 (one field of view) = number of lymphocyte cells stained brown X 100%
Total number of lymphocyte cells

RESULTS AND DISCUSSION

Data analysis used to determine differences in CD44 and CD8 expression with
regional lymph node metastasis status in colorectal adenocarcinoma is an
independent T-test. To find out the correlation between CD44 and CD8, the study uses
the Pearson correlation test. The statistical test was significant if p<0.05.

CD44 expression in this study is reflected in the membrane and cytoplasm of
tumor cells (Figure 1). The data obtained from this study showed that the mean CD44
expression in the metastatic group was 61.8+26.7, while in the non-metastatic group,
it was 41.8+27.4. The differences between the two groups were then analyzed using
an independent T-test. The statistical analysis results showed a significant difference
between CD44 expression in colorectal adenocarcinoma with metastases and without
regional lymph node metastases with p=0,008 (p<0.05). These data showed a higher
expression of CD44 in colorectal adenocarcinoma with metastases than without
regional lymph node metastases (Table 1).

The correlation between CD44 expression and colorectal adenocarcinoma
metastatic status statistically tested using the Spearman correlation test. The analysis
showed a significant correlation where the Spearman correlation coefficient was 0.348
with p=0.003 (p<0.05). These results indicate that the higher the expression of CD44
is in line with the increase in regional lymph node metastasis status (Table 2).

Figure 1. Expression of
Streaked Brown on the Membrane and Cytoplasm of Tumor Cells Magnification 200x

Table 1. CD44 Expression in Colorectal Adenocarcinomas

Metastatic status Mean SD Min Maks p
Metastatic 61,8 26,7 6,57 91,72 0,008
Non-metastatic 41,8 27,4 2 90,69
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Tabel 2. Association between CD44 Expression with Metastatic Status

CD44 expression
Metastatic status s 0,348
p 0,003
n 56

CD8 expression in this study was reflected in the lymphocyte cell membrane
(Figure 2). This study showed that the mean CD8 expression in the metastatic group
was 30.8+13.1, while the non-metastatic group was 45.3+11.9. The differences
between the two groups were then analyzed using an independent T-test. The
statistical analysis results showed a significant difference between CD8 expression in
colorectal adenocarcinoma with metastases and without regional lymph node
metastases with p=0,01 (p<0.05). These data showed that CD8 expression in
colorectal adenocarcinoma with metastases is lower than its expression in the area
without regional lymph node metastases (Table 3).

The correlation between CD8 expression and metastatic status in colorectal
adenocarcinoma statistically tested using the Spearman correlation test. The analysis
showed a significant correlation where the Spearman correlation coefficient was -
0.544 with p=0.001 (p<0.05). These results indicate that the higher the expression of
CD8 is in line with the decrease in the metastatic status of regional colorectal
adenocarcinoma lymph nodes (Table 4).

The Pearson correlation test results showed a significant relationship between
CD8 and the metastatic status of regional lymph nodes (p=0.001) with a correlation
coefficient of -0.508. These results indicate that the higher CD8 expression is in line
with the decreased status of regional lymph node metastases.

in 70% of the Lymphocyte Cell Membrane within Tumor Cells. 400x Magnification

Table 3. CD8 Expression in Colorectal Adenocarcinomas

Metastatic status  Mean SD Min  Maks p
Metastatic 30,8 13,1 4,77 60,37 0,001
Non-metastatic 45,3 11,9 4,1 60,94
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Tabel 4. Association between CD8 Expression with Metastatic Status

CD8 expression

Metastatic status s -0,544
p 0,001
n 56

The correlation between CD44 and CD8 expression in colorectal
adenocarcinoma with and without regional lymph node metastases statistically tested
using the Pearson correlation test. The analysis showed that there was a significant
correlation where the Pearson correlation coefficient was -0.316 with a p-value=0.018
(p<0.05), which means that the higher the CD44 expression, the lower the CD8
expression (Table 5).

Tabel 5. Correlation CD44 and CD8 Expressions

CD8 expression

CD44 expression r -0,316
p 0,018
r 56

This study's results are consistent with several previous studies, which stated
a significant correlation between CD44 expression and lymph node metastasis status
in colonic adenocarcinoma, a higher CD44 expression obtained in tumor cells with
lymph node metastasis (Holah et al., 2016). Research by Zhao et al. also showed a
correlation of CD44 expression with lymph node metastasis and TNM stage in
colorectal carcinoma, where the higher stage N showed higher CD44 expression in
primary tumors (Zhao et al., 2015).

Another study conducted by Li et al. looked at the expression of CD44 with
CD44 variant exon 6, where there was a significant relationship between both
expression and lymph node metastasis, degree of differentiation, stage of Dukes, and
survival rate of 5 years. This study shows that colorectal carcinoma patients with high
CD44 have a 5-year life expectancy of 52.78%, while those with negative CD44 show
a better life expectancy of 80.9% (Li et al., 2013; Ma et al., 2019). Another study on
breast carcinoma by Ma and Jiang showed a higher CD44 expression in breast
carcinomas with lymph node metastases than without metastases (Ma and Jiang,
2013).

Several previous studies have shown different results that high CD44
expression is not associated with the incidence of lymph node metastasis and shows
better expression in colorectal carcinoma (Du et al., 2008). Research by Chen et al.
showed no significant relationship between CD44 expression and grade, stage, and
prognosis (Chen et al., 2011). The difference in this study results could be due to
differences in the isoform variant of CD44 and also influenced by its binding to the
extracellular matrix components (Ma et al. 2019). Other factors can be due to
differences in the type of antibody, the number of samples, the staining process, and
immunohistochemical reporting (Chaitra et al., 2018).

The role of CD44 in cancer progression is influenced by the microenvironment
around the tumor, including immune cells, fibroblasts, vascular endothelial cells,
extracellular matrix components, and various cytokines and chemokines. Various
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cytokines that affect the action of CD44 include IL-8, G-CSF which play a role in tumor
proliferation, angiogenesis, and metastasis, and TGF-, which is involved in the EMT
mechanism associated with tumor cell invasion and metastasis. One of the chemokine
molecules that affect the action of CD44 is CXCL12. The interaction between CXCL12
and CXCR4 will affect the role of CD44 in metastasis of colorectal carcinoma.
Inhibition of the CXCL12-CXCR4 interaction will reduce the expression of CD44 in
tumor cells (Chen et al., 2018; Ma et al., 2019). CD44 through CXCR4 can also affect
the immune system around tumor cells. CXCR4 protein will attract dendritic cells to
come into the environment around the tumor. Dendritic cells can suppress anti-tumor
immunity through cytotoxic T-lymphocytes inactivation(Xu et al., 2015).

CD44 is a receptor located in the cell membrane, which then binds with
hyaluronan acid (HA) as a ligand located on the extracellular matrix (Chen et al., 2018).
The interaction between CD44 and HA modifies the extracellular matrix component
(ECM) to trigger tumor cell invasion by stimulating the production of MMP2 and MMP9.
Furthermore, MMP2 can degrade type IV collagen as the main component that forms
the structure of cell membranes. If the barrier can be passed, the tumor cells will
develop metastasis to lymph nodes and distant organs. MMP9 can also trigger
metastasis by triggering TGF activity through interactions with CD44. TGF( / SMAD
signals induce EMT so that metastases can occur (Ma et al., 2019).

The role of CD44 in cancer progression is influenced by the micro-environment
surrounding the tumor, including immune cells, fibroblasts, vascular endothelial cells,
extracellular matrix components, and various cytokines and chemokines [29]. Various
cytokines that affect the work of CD44 include IL-8, G-CSF, which role is affecting
tumor proliferation, angiogenesis, and metastasis, and also TGF-3, which participate
in the EMT mechanism associated with invasion and metastasis of tumor cells. One
chemokine molecule that affects CD44's action is CXCL12 (Ma et al., 2019).

Cytotoxic T Lymphocytes (CTL) are lymphocytes that can induce damage and
kill infected cells or tumor cells (Abbas et al., 2015). CD8 (Cluster of Differentiation 8)
is a glycoprotein that functions as a co-receptor for T Cell Receptors, mainly expressed
on cytotoxic T-cells' surface. Some studies state that the infiltration of CD8* T cells in
tumors and their environment will provide a better prognosis (Barnes & Amir, 2017,
West et al., 2015; Ziai et al., 2018). The infiltration of CD8" T cells in tumors itself
happens at the intertumoral location (between tumor cells) or stromal (between tissues
and blood vessels around the tumor) (Ziai et al., 2018).

Immune cells are part of the tumor microenvironment, which influences the
development of tumor cells. CD8" T-cells are a component of immune cells that cause
tumor cells' death through an apoptotic mechanism by releasing granzymes and
perforin (Barnes and Amir., 2017; Jackute et al., 2015).

A study by ldos et al. demonstrated an association between CD8" T lymphocytes'
presence and the survival of colorectal cancer patients. The high number and density
of CD8* T-lymphocytes have better survival (Idos et al., 2020).

Research conducted by West et al. examined that the presence of CD8" is
associated with improved patient life expectancy compared to low infiltration from
CD8*. This condition depends on the number of cytotoxic T cells in primary tumors
associated with reduced likelihood of metastasis and increasing life expectancy of
colorectal cancer patients (Iseki et al., 2018; West et al., 2015).

A study conducted by Kedr et al. stated that a significant decrease in CD8" T
cell was associated with a poor prognosis with increased tumor development and
metastatic events (Khedr et al., 2016).
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The literature reviews show that differences in mutation loads cause differences
in CD8 expression in colorectal carcinoma. These high mutation loads can produce
high antigenicity by regulating antigens recognized by the immune system. Colorectal
carcinomas with MSI phenotype show increased immunogenicity compared to
colorectal carcinomas with MSS mutations. This is indicated by the presence of more
dominant CD8* cytotoxic T cells found in colorectal carcinomas with higher
immunogenicity (de Vries et al., 2016).

This study found a significant negative correlation between CD44 expression
and CD8 expression in colorectal adenocarcinoma. Considering some studies, CD44
expression positively correlates with FOXP3, where FOXP3 is one of the T regulator
markers. T regulator is an immunosuppressive whose function is to regulate the
immune reaction's balance and maintain tolerance of the antigen itself. In certain
circumstances, T reg will suppress the ability of CD8 cytotoxic T cells against tumor
cells. This situation involves TGF3 and IL10 (Chen et al., 2005; Peng et al., 2019).

The immune response is a very complex system, and it is difficult to explain
how many immune factors greatly influence the presence of stem cells and cancer
cells. The initial phase is the elimination phase, where the innate and adaptive immune
systems work to destroy cancer cells. This requires a balance of anti-tumor immune
responses such as CD8 T cells, CD4 T cells, and NK cells. In the equilibrium phase,
there is a balance between anti-tumor and pro-tumor factors with CD8 selection, where
T reg plays a role in inhibiting APC, CD8, NK cells, and CD4 cells. This process will
inhibit recognition and destruction by immune cells so that carcinoma cells will be
released and develop in the final phase. In a continuous and prolonged activity, CD8
T cells will experience fatigue, then CTLA-4 and PD1 on CD8 will provide inhibitory
signals that cause a decrease in CD8 (Dushyanthen et al., 2015).

The body's immune response can have anti-tumor and pro-tumor roles. Tumor
cells, in this case, cancer stem cells, will activate macrophages by releasing IL-10.
Macrophages have a role in adaptive immunity by producing cytokines, namely IL-1,
which triggers Th1 to produce IFNy (Abbas et al., 2015). Effective anti-tumor immunity
is thought to be driven mainly by interferon-y (IFNy). Dendritic cells express
costimulatory molecules and inflammatory cytokines such as IL-12, 1L-23, and IL-1
that trigger the response of CD4* T cells secreting IFNy and cytotoxic T lymphocytes
(Wang et al. 2017).

CD4* T-cells can recognize and bind to MHC 1l on APC, while CD8* with MHC
I, which plays a role in tumor cells' death through apoptosis by releasing granzyme
and perforin. NK cells, with the help of APC and CD4*, are also able to recognize and
eliminate tumor cells. CTL's role in killing tumor cells is often not able to eliminate the
cancer stem cells so that they can continue to develop and the occurrence of
metastases (Magee et al., 2012). NK cells recognize molecules expressed by tumor
cells and will be activated if the target cells do not have MHC class | molecules.
Therefore NK cells have a mechanism to kill - negative MHC class | (class | MHC-
negative tumors) (Abbas et al., 2015).

TAM influences the process of migration and metastasis through the
extracellular matrix. TAM produces proteases and Matrix Metalloproteinase (MMP),
which cause degradation of ECM and basement membrane. Besides, the presence of
epithelial-mesenchymal transition (EMT) has a role in metastasis, resulting from the
interaction of tumor cells with TAM. TAM also plays a role in forming a premetastatic
niche (Yang et al., 2017).

Colorectal carcinoma with the MSI phenotype showed more CD8" cytotoxic T
lymphocyte (CTL) infiltration. CTL induces cancer cell death by relying on the bonds
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between the Fas-Fas ligands. CTL expresses ligands so that Fas on the surface of
tumor cells will bind to ligands on CTL to undergo apoptosis. The CD44 molecule
functions to bind Fas to prevent the interaction between Fas and Fas ligands (Ma et
al., 2019).

This study indicates that an increase in CD44 expression in tumor cells and a
decrease in CD8 expression in lymphocytes around the tumor are associated with an
increased incidence of metastases in colorectal adenocarcinoma. This research is
expected to be useful as a prognostic, predictive factor, and progression of colorectal
cancer and subsequent immunotherapy development. This study's drawback is that
the data used are limited to tumor cells with regional lymph node metastases only, not
examining distant organ metastases.

CONCLUSION

The expression of CD44 and CDS8 is an important marker for determining the
incidence of metastasis in colorectal carcinoma to be used as a prognostic factor for
cancer development. This research can be used as a reference for future research
regarding the role of cancer stem cells and microenvironment components.
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