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Abstract

Background: Colorectal cancer progression is influenced by interactions between tumor cells and the stromal area. Nuclear factor
kappa B (NF-«B) and matrix metalloproteinase-9 (MMP-9) contribute to cancer expansion, while tumor-infiltrating lymphocyte
(TIL) density influences the host immune response. However, their complexity remains unclear. Therefore, this study aimed to
integrate an analysis of the correlation between NF-kB, MMP-9, and TIL density with TNM stage in colorectal cancer.

Methods and Results: Fifty colorectal cancer paraffin blocks were analyzed. NF-kB and MMP-9 expression were evaluated by
immunohistochemistry, while TIL density was assessed using hematoxylin-eosin (HE) staining. Correlations with TNM stage
and its components were analyzed using Spearman’s correlation test. NF-kB expression correlated positively with N stage (p =
0.013). MMP-9 expression had a positive correlation with T stage (p = 0.000), M stage (p = 0.036), and TNM stage (p = 0.001).
In contrast, TIL density showed an inverse correlation with T stage (p = 0.010), N stage (p = 0.003), and TNM stage (p = 0.001).
NF-xB expression correlated positively with MMP-9 (p = 0.021), but not with TIL density.

Conclusion: NF-kB and MMP-9 expressions contribute to progression, while TIL density contributes to the antitumor response in
colorectal cancer. An integrated analysis of the biomarkers showed a dynamic interaction between tumor molecular changes and
the host immune response.(International Journal of Biomedicine. 2026;16(2):163-168.)
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Introduction the TNM (tumor, lymph nodes, metastasis) stage established

by the American Joint Committee on Cancer (AJCC).22 The

Colorectal cancer is ranked second with the highest TNM stage reflects the biological and molecular conditions of

mortality rate worldwide.! Several examination variables can the tumor associated with the proliferation and progression of
be used to predict outcomes and therapy options, including cancer cells.*
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Nuclear factor kappa B (NF-kB) is a transcription factor
associated with the immune response, apoptosis regulation, and
progression of various cancers, including colorectal cancer.>¢
Its activation can trigger various molecules that enhance the
ability of cancer cells to migrate, invade, and metastasize.?
Among the kinds of molecules is matrix metalloproteinase-9
(MMP-9), which has matrix degradation capabilities and
facilitates tumor invasion.! Increased MMP-9 expression is
associated with advanced stage and high-grade tumors.?

In addition to influencing cancer progression, NF-
kB plays a crucial role in inflammation and the immune
response.”!? A component of the immune response in cancer is
tumor-infiltrating lymphocytes (TIL), which are discovered in
the tumor stroma.! Several studies have shown a relationship
between TIL density and clinicopathological characteristics
with survival rates in colorectal cancer patients.!#2

Although NF-kB activation, MMP-9 expression, and
TIL density have been studied individually in colorectal
cancer, an integrated analysis of their interrelationships and
correlations with clinicopathological characteristics remains
limited. The interaction between the inflammatory process
and cancer progression remains poorly understood. Therefore,
this study aims to evaluate the correlation between NF-kB,
MMP-9 expression, and TIL density with TNM stage in
colorectal cancer. Clarifying the associations may provide
a more comprehensive understanding of the interplay
between inflammation, invasion, and immune response in the
progression.

Materials and Methods

This observational analytical study used 50 colorectal
cancer paraffin blocks from the Anatomical Pathology
Laboratory of Dr. Soedarso General Hospital, Pontianak,
West Kalimantan, Indonesia, between 2020 and 2023.
Inclusion criteria included paraffin blocks from resection
specimens, a diagnosis of adenocarcinoma, and data on
depth of invasion (T stage), lymph node spread (N stage),
distant metastasis (M stage), and TNM stage. Observations
were conducted on hematoxylin-eosin (HE) slides and
by immunohistochemistry (IHC) using two blinded
pathologists. Ethical approval was obtained from the
Health Research Ethics Committee of Dr. Soedarso General
Hospital (No. 96/RSUD/KEPK/X1/2024).

Immunohistochemistry (IHC)

Paraffin blocks were sectioned at 4 um, deparaffinized
using xylene, and rehydrated with alcohol. Antigen retrieval
was performed at 95°C in a decloaking chamber with pH
9 for 30 minutes. Slides were then incubated with NF-xB
(Cat#BF0466, Affinity Biosciences, USA; dilution 1:200) and
MMP-9 primary monoclonal antibodies (IHC109, GenomeMe,
Canada; dilution 1:200) at room temperature for 60 minutes.
Washing was conducted twice with phosphate-buffered saline,
followed by polymer and 3,3’-diaminobenzidine for 5 minutes
each. Counterstaining was performed with hematoxylin. This
was followed by dehydration in graded alcohol concentrations
and clearing with xylene.

TIL Density Assessment

TIL density was assessed based on the percentage of
mononuclear cells (lymphocytes and plasma cells) in the entire
tumor stroma on HE slides. Observation criteria were based
on a modification of the TIL working group method." TIL was
observed at 10x objective magnification and classified into
three groups, namely low (0-10%), moderate (11-50%), and
high (51-100%).

NF-kB and MMP-9 Expression Evaluation

NF-kB and MMP-9 expression were examined using
IHC staining. NF-xB expression was observed in the nucleus,
while MMP-9 expression was observed in the cytoplasm of
tumor cells. NF-kB and MMP-9 expressions were assessed
using the semiquantitative H-Score method. This combined the
intensity and number of stained tumor cells across the entire
field of view. H-Score assessment results were categorized
as negative (0-49), weak (50-99), moderate (100-199), and
strong (200-300).12

Statistical Analysis

Observation data were presented as frequencies and
percentages. Furthermore, statistical analysis was performed
using SPSS 25 software. The Spearman’s correlation test
was used to assess the strength and direction of a monotonic
relationship between two variables. A p-value of < 0.05 was
considered statistically significant.

Results

The sample consisted of 50 colorectal cancer patients,
comprising 29 men and 21 women, with the majority aged 51-
60 (36%). The histopathological types were Adenocarcinoma
NOS (86%) and Mucinous Adenocarcinoma (14%), with the
most common grade being well-differentiated (58%). In this
study, the most common T Stage was T3 (64%), while the
most common N and M Stages were NO (54%) and MO (76%).
The most common TNM stage was Stage Il (26%) and III
(26%), with sample characteristics presented in Table 1.

The entire sample showed NF-kB expression, as
evidenced by nuclear staining in tumor cells (Figure 1). Most
of the expressions were moderate (56%) as detailed in Table 1.
There was a significant relationship between NF-kB expression
and N stage (p = 0.013) with a correlation coefficient (r) of
0.350. No significant relationship was observed between NF-
kB expression and T stage (p = 0.160), M stage (p = 0.468),
and TNM stage (p = 0.086) (Table 2).

This study showed that MMP-9 expression was
predominantly moderate (56%) (Table 1) and was observed
in the cytoplasm of tumor cells. Spearman’s correlation test
results showed a significant, positive correlation between
MMP-9 expression and T stage (r = 0.580, p =0.000), M stage
(r=0.298, p =0.036), and TNM stage (r = 0.446, p =0.001).
MMP-9 was not significantly correlated with N stage (p =
0.050) (Table 2).

Most TIL density in this study was in the moderate
category (76%) as detailed in Table 1. TIL was assessed
in the stromal area surrounding the tumor, as presented in
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Figure 1. TIL showed significant negative correlations with
T (r =-0.361, p = 0.010), N (r = -0.418, p = 0.003), and
TNM stage (r =-0.454, p=0.001). TIL was not significantly
correlated with M stage (p = 0.056) (Table 2).

Spearman’s test showed a positive correlation between
NF-«kB and MMP-9 (r = 0.325, p = 0.021). These results
suggest that increasing NF-kB expression is associated with
elevating MMP-9 expression. NF-kB was not significantly
correlated with TIL (r=-0.117, p =0.418) (Table 3).

Table 1.
Sample Characteristics
Parameters n (%)
Age (Years)
21-30 2 (4)
31-40 2 (4)
41-50 5(10)
51-60 18 (36)
61-70 14 (28)
>70 9 (18)
Sex
Men 29 (58)
Women 21 (42)
Histopathological type
Adenocarcinoma, NOS 43 (86)
Mucinous adenocarcinoma 7 (14)
T Stage
T1 3(6)
T2 10 (20)
T3 32 (64)
T4 5(10)
N Stage
NO 27 (54)
N1 12 (24)
N2 11 (22)
M Stage
MO 38 (76)
Ml 12 (24)
TNM Stage
I 12 (24)
I 13 (26)
11 13 (26)
v 12 (24)
NF-«B Expression
Negative 0(0)
Weak 12 (24)
Moderate 28 (56)
Strong 10 (20)
MMP-9 Expression
Negative 0(0)
Weak 19 (38)
Moderate 28 (56)
Strong 3(6)
TIL Density
Low 2 4
Moderate 38 (76)
High 10 (20)

Fig 1. Immunohistochemical staining of NF-xB and
MMP-9 (Objective, 40x) and hematoxylin-eosin staining
of TILs (Objective, 10x). (4) Weak expression of NF-kB;
(B) Moderate expression of NF-«kB; (C) Strong expression
of NF-xB; (D) Weak expression of MMP-9; (E) Moderate
expression of MMP-9; (F) Strong expression of MMP-9; (G)
Low TILs density; (H) Moderate TILs density, (I) High TILs
density.

Table 2.

Correlation between NF-kB, MMP-9, and TIL density with
clinicopathological parameters.

NF-kB (n=50) | MMP-9 (n=50 | TILs (n=50)
Parameters

p-value| r |p-value| r | p-value r
T Stage 0.160 | 0.202 | 0.000 [0.580| 0.010 |[-0.361
N Stage 0.013 | 0.350 | 0.050 [0.279| 0.003 |-0.418
M Stage 0.468 | 0.105 | 0.036 |0.298| 0.056 |-0.272
TNM Stage 0.086 | 0.245 | 0.001 |0.446| 0.001 [-0.454

Table 3.

Correlation between NF-xB with MMP-9 expression and TIL
density.

Parameters NF-«B " alue
Weak Moderate Strong p-vaiu
MMP-9
Weak 6 7 1
Moderate 3 18 9 0.325 0.021
Strong 1 3 2
TIL density
Low 0 3 2
Moderate 8 19 8 -0.117| -0.418
High 2 6 2
Discussion

The majority of the sample were male (58%) and aged
51-60 years (36%). The change from precancerous lesions
to colorectal cancer takes approximately 10-25 years, and
most incidents occur in people over the age of 50 years.l1612
Furthermore, men have a 20.4% higher risk of colorectal
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cancer than women. This is related to various factors such
as tobacco exposure, mutations of several tumor suppressor
genes linked to sex chromosomes, and a lower immune
response around the tumor.!#

The TNM stage is a classification system that assesses
tumor invasion, lymph node involvement, and distant
metastasis related to prognosis and therapy options in
colorectal cancer.*™ The five-year survival rate decreases with
increasing stage, from 0.85 in Stage I to 0.30 in Stage IV.2
Based on observation, most of the samples were T3 (64%),
NO (54%), and MO (76%). Tsabit et al. and Yao et al.2 also
showed that most tumors were T3. Patients with T3 tumors had
a 1.29 times greater risk of death compared to T1.2 Metastatic
colorectal cancer is related to several gene mutations, such as
KRAS, PIK3CA, BRAF, and ERBB2, which are associated
with a poor prognosis.?

The expression of NF-kB in this study shows a
positive correlation with N stage. This signified that NF-xB
expression increases with increasing lymph node metastasis.
The result is in line with studies conducted by Farhat et al.#
in patients with nasopharyngeal carcinoma and Berkovich et
al.Z in colonic cancer. A relationship was observed between
NF-xB overexpression and the occurrence of lymph node
metastasis. NF-xB plays an important role in tumor cell
invasion and migration by activating transcription factors in
epithelial-mesenchymal transition (EMT), such as TWIST1
and SNAIL.7? Furthermore, it can increase the degradation
of the extracellular matrix by upregulating various types of
degradation enzymes, including MMP-9.7826 The results of
this study support the above theory by obtaining a positive
correlation between NF-kB and MMP-9 expression, featuring
a biological relationship and signaling pathway between the
two molecules. The NF-kB and MMP-9 signaling pathways,
which influence tumor progression and metastasis, are related
to reactive oxygen species (ROS) as well as the PI3K and
AKT pathways.2

Matrix metalloproteinase-9 expression in this study
correlated with cancer progression. Its significant positive
correlation with tumor depth, distant metastasis, and TNM
stage emphasized the crucial role in both local invasion and
metastatic spread. The results are consistent with previous
studies showing a relationship between MMP-9 and various
clinicopathological factors in colorectal cancer.®?’ MMP-9
degrades gelatin and collagen, facilitating tumor cell passage
through the basement membrane and extracellular matrix to
other sites.2’#® It can influence vascular endothelial growth
factor (VEGF)inangiogenesis, thereby increasing the incidence
of metastasis.”® Tumor-infiltrating lymphocytes density
showed significant inverse correlations with tumor depth,
lymph node status, and TNM stage, suggesting a protective
role for antitumor immune responses in colorectal cancer.
The results are supported by several other studies that show
significant relationships between TIL and depth of invasion,
lymphovascular invasion, lymph node status, and grading.!2
The TIL components are mostly CD8+ T lymphocytes, which
can destroy tumor cells.’?? This destruction is mediated by
the secretion of perforin and granzyme and the production of
various pro-inflammatory cytokines, such as tumor necrosis

factor o (TNF-0) and interferon-y (IFN-y).! Additionally,
a subset of lymphocytes, namely CD4+ T lymphocytes,
enhances the immune response by activating B lymphocytes,
T lymphocytes, and macrophages.!*3°

Although NF-«B plays a crucial role in the inflammatory
process, this study discovered no significant association with
TIL density. The NF-kB-mediated antitumor immune response
in cancer is a complex process that involves various factors
in the tumor microenvironment (TME), including TILs,
dendritic cells (DCs), macrophages, natural killer (NK) cells,
and cytokines such as interleukin-6 (IL-6) and TNF-q.2263!
The nuclear factor can indirectly influence TIL by activating
DCs, which act as antigen-presenting cells (APCs), presenting
tumor antigens to CD8+ T lymphocytes.* Additionally,
activation of B and T lymphocytes by NF-kB is influenced
by activation of surface immune receptors such as the B-cell
receptor (BCR) and T-cell receptor (TCR).%

In conclusion, this study showed that tumor-promoting
signaling pathways were mediated by NF-kB and MMP-
9, and protective immune responses were reflected in TIL
density. The opposing correlations of MMP-9 expression
and TIL density with TNM stage supported the concept that
colorectal cancer progression is determined by the dynamic
interaction between molecular drivers of invasion and the host
immune response. This integrated analysis provided a more
comprehensive understanding of tumor behavior than the
assessment of individual biomarkers.
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