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Abstract

ACKGROUND: Colorectal cancer remains a serious health problem due to its high incidence and mortality
rate each year. Histopathological grades and tumor-infiltrating lymphocytes (TILs) are associated with patient’s
outcome. Fibroblast growth factor receptor 2 (FGFR2) overexpression is correlated with a worse prognosis in
colorectal adenocarcinoma patients. Unfortunately, there are not many studies investigating the relationship between FGFR2
with histopathological grade and TILs in Indonesia. This study was conducted to analyze the correlation between FGFR2
expression with histopathological grade and TILs grade in colorectal adenocarcinoma.
METHODS: Immunohistochemistry examination using FGFR2 rabbit polyclonal antibody was performed on 94 paraffin-
embedded colorectal adenocarcinoma blocks and its expression was examined using a light microscope. The relationship
between FGFR2 expression with histopathological grade and TILs grade in colorectal adenocarcinoma was statistically
analyzed.
RESULTS: Of the 94 samples examined, low grade adenocarcinoma was more common (n=76), of which 60.5% showed
high FGFR2 expression. While in high grade adenocarcinoma, 83.3% of the samples showed high FGFR2 expression. In low
grade TILs (n=30), 80% showed strong FGFR2 expression. While in high grade TILs (n=17), 64.7% showed weak FGFR2
expression. Based on statistical analysis, there was a significant correlation between FGFR2 expression and TILs grade
(p=0.008). However, there was no significant association with histopathological grade (p=0.127).
CONCLUSION: The significant correlation between FGFR2 expression and TILs grade suggests that FGFR2 may be used
as a prognostic and predictive marker in colorectal adenocarcinoma.
KEYWORDS: FGFR2, Colorectal adenocarcinoma, TILs, Histopathological grade
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factors, family and personal history of previous diseases,

Introduction environmental factors, and an imbalance of gut flora.(3-5)

There are several pathogenesis of colorectal carcinoma.

Colorecta cancer isone of the most prevalent malignancies,
whose incidence is increasing each year. GLOBOCAN
data from 2022 revealed an increase in the incidence of
colorectal cancer compared to previous data from 2020.
(1,2) It is due to several factors, including lifestyle, dietary
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These include chromosomal instability (CIN), microsatellite
instability (MSI), and CpG island methylator phenotype
(CIMP).(6-8) Chromosomal instability represents the most
prevalent pathogenesis of colorectal cancer, with recurrent
mutations in the adenomatous polyposis coli (APC), Kirsten
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rat sarcoma viral oncogene homolog (KRAS), and tumor
protein p53 (TP53) genes being a notable feature.(9)

Despite advances in diagnosis and treatment, the
prognosis for patients with colorectal cancer remains
variable.(10,11) It depends on several factors, including
the stage of the disease when the patient is first diagnosed,
histopathological grade, and the anti-tumor immune
response.(12,13)

Fibroblast growth factor receptor 2 (FGFR2) is a
tyrosine kinase receptor consisting of 3 domains. They
are the extracellular, transmembrane, and intracellular
domain.(14,15) The comprises
three immunoglobulin-like domains, designated D1, D2,
and D3. This is the point at which FGFR2 binds to its
ligand, fibroblast growth factor (FGF).(14) The binding
between FGFR2 and FGF will cause FGFR2 activation.
Activation of this receptor will result in the initiation of a

extracellular domain

cascade of signaling pathways, including the Ras/mitogen-
activated protein kinase (RAS/MAPK), the extracellular
signal-regulated kinase/protein kinase B (ERK/AKT), the
phospholipase C gamma (PLC y) and the Janus kinase/
signal transducers and activators of transcription (JAK-
STAT) pathway. These signaling pathways ultimately lead
to the processes of proliferation, differentiation, survival,
migration, and angiogenesis.(16-18) Point mutations,
amplifications, gene fusions, and gene rearrangements can
lead to FGFR2 overexpression. FGFR2 overexpression
plays a role in the development of various malignancies
including gastric cancer, lung cancer, urothelial cancer,
cholangiocarcinoma, colorectal cancer, and others.(17,19)
FGFR2 overexpression is associated with a worse
prognosis in colorectal adenocarcinoma patients.(20) In
colorectal cancer, FGFR2 and some other growth factors,
such as epidermal growth factor receptor (EGFR), are
known for their contribution to tumor growth, but the key
difference is that FGFR2 is less frequently mutated or
amplified in colorectal cancer compared to EGFR, indicating
that it might be a more specific marker for colorectal
cancer.

In accordance with the World Health Organization
(WHO)  Classification ~ System  for  Colorectal
Adenocarcinoma 2019, the histopathological grade is based
on the degree of tumor cells differentiation and is divided
into two grades: low grade and high grade. Low grade if the
glandular formation of tumor cells is 50% or more and high
grade if the glandular formation of tumor cellsis less than
50%.(6) The histopathological grade of a tumor is closely
related to the prognosis of the patient, with a higher grade
tending to indicate a worse prognosis.(6)
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Tumor-infiltrating lymphocytes (TILs), are defined as
lymphocytes that can be found in and around cancer cells
and play a role in tumor-fighting defense mechanisms.
(21,22) TIL is one of the prognostic markers in colorectal
adenocarcinoma.(23) High TILs counts are associated with
better prognosis in colorectal adenocarcinoma, whereas
low TILs counts are associated with a less favourable
prognosis.(23,24) Many recent studies have concentrated on
examining TILs specifically in colorectal adenocarcinoma.
Not only to determine the prognosis of patients but also
closely related to the development of immunotherapy which
is promising in colorectal cancer treatment in addition to
other conventional therapies.(25)

There are many studies evaluating TILs in different
types of cancer using various methods, however studies
using the method suggested by the International TILs
Working Group in breast cancer 2014 are rarely used
before. This method allows to assess the prognostic utility
of TILs on Hematoxylin-Eosin (HE) stained sections in
colorectal cancer, similarly to the approach employed in
breast cancer. Moreover, it standardizes the methodology
for evaluating TILs.(26) The aim of this study was to
ascertain the correlation between FGFR2 expression and
histopathological grade, as well as TILs grade, in colorectal
adenocarcinoma.

Methods

Study Design and Data Collection

This study was an analytical observation study with cross-
sectional design to determine FGFR2 expression in primary
tumor preparations of colon and/or rectal adenocarcinoma.
The number of samples examined was 94 samples of paraffin
block preparations from resection surgery of colon and/or
rectal tumor tissue that met the inclusion criteria, and were
taken from January 2021 to May 2024 from the Anatomical
Pathol ogy L aboratory of Dr. Wahidin SudirohusodoHospital,
Universitas Hasanuddin Hospital, and Makassar Pathology
Diagnostic Centre. The Ethics Committee of the Faculty of
Medicine has approved this study (Protocol #UH24060469
— Registry No. 607/UN4.6.4.5.31/PP36/2024).

Subjects’ Inclusion and Exclusion Criteria

Paraffin blocks preparations of colon or rectal tumors with
lymph nodes, from colon or rectal tissue resection surgery
with examination results showing the diagnosis of colon
or rectal adenocarcinoma with or without lymphovascular
invasion and with or without lymph node metastasis, through
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HE staining that has been examined by two anatomical
pathologists. Meanwhile, the paraffin block preparations of
colon or rectal tumors that are depleted or damaged during
processing were excluded from the study.

Evaluation of Histopathological Gradeand TILs Grade
The histopathological grade was the degree of tumor cell
differentiation, based on glandular formation, divided into a
low grade (if glandular formation is >50%) and a high grade
(if glandular formation is <50%).(6) TILs are the presence
of lymphocytes among the tumor stroma which can be
assessed by histopathological examination. The percentage
score of TILs was categorized into three groups based on the
International TILs Working Group (ITWG): Low (0-10%),
Intermediate (15-50%), and High (55-100%).(26)

Based on Tumor, Node, and Metastasis (TNM) staging
of digestive system tumors in the 5" edition of the WHO
Classification, the depth of invasion is measured based on
how deeply the tumor cells invade the lining of the colon
or rectum: pTis if the tumor cells invade the lamina propria;
pT1 if the tumor cells invade up to the submucosa; pT2 if
the tumor cells invade up to the muscularis propria; pT3 if
the tumor cells invade into the subserous layer or into non-
peritonealized pericolic or perirectal tissues; and pT4 if the
tumor cells directly invade other organs or structures and/or
perforates the visceral peritoneum.(6)

FGFR2 Immunohistochemistry (IHC) Examination
Slides for IHC examination were prepared from paraffin
blocks, which were cut to a thickness of 3 pum, then
deparaffinised. The blocks were stained with FGFR2 rabbit
polyclonal antibody (Cat. No. E-AB-60590; Elabscience,
Wuhan, China), using a dilution of 1:200. FGFR2 has
membranous and cytoplasm reactivity, and its expression
was assessed using a light microscope at 200x magnification.
The expression was analyzed by two pathologists who were
not informed of the subjectss clinical data.

FGFR2 expression was obtained by multiplying the
intensity score and proportion score which will result in a
total immunostaining score (TIS) (score 1-12). The intensity
score is divided into 0: not stained, +1; weakly and faintly
stained, +2: moderately stained, +3: strongly stained. The
proportion score 0: Stained 0-5%; 1: Stained 6-25%; 2:
Stained 26-50%; 3: stained 51-75%; 4: stained 76-100%.
(27) In the double-blind method, five high visual fields were
randomly selected to read the results sequentially, and the
average of the five fields scores was used as the final score.
FGFR2 expression was classified as weak if TIS<6, and
strong if TIS>6.
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Statistical Analysis

Statistical analysis was performed using SPSS 27 software
(IBM Corporation, Armonk, NY, USA). The data were
presented univariately, as frequencies and distribution
tables of clinicopathological characteristics, and
bivariately to analyze the association of FGFR2 expression
with histopathological grade, TILs grade, and other
clinicopathological data. Chi-square, Mann-Whitney, and
Kruskal-Wallis tests were used to analyze the data, with a
p<0.05 indicating a statistically significant result.

Results

Characteristics of Colorectal Adenocarcinoma Subjects
The distribution of colorectal adenocarcinoma subjects
according to age, sex, tumor location, histopathological
grade, TILs grade, depth of invasion and FGFR2 expression
were presented in Table 1. From 94 subjetcs' samples
examined, based on age, subjects with age categories
under 50 years were 28.7%, while subjects above the
age of 50 years were 71.3%. Based on gender, colorectal
adenocarcinoma was more common in males (55.3%) than
females (44.7%).

The most common tumor location was the distal
colon (37.2%), followed by the rectum (29.8%) and
proximal colon (25.5%). For histopathological grade, low-
grade colorectal adenocarcinoma was found in 76 subjects
(80.9%), while high-grade colorectal adenocarcinoma was
found in 18 subjects (19.1%). For the depth of invasion,
most subjects were belong in pT2 (55.3%), followed by pT3
(41.5%) and pT1 (3.2%) (Figure 1). Based on the grading
of TILs, intermediate grade TILs were found in 50% of
subjects, followed by low grade (31.9%) and high grade
(18.1%) TILs. FGFR2 with weak expression was found in
33 subjects (35.1%) and strong expression was found in 61
subjects (64.9%).

FGFR2 Expression was Correlated with TILs Grade in
Colorectal Adenocarcinoma

Table 2 showed that age, sex, tumor location, and depth
of invasion did not have any significant association with
FGFR2 expression (p>0.05). In 76 low grade colorectal
adenocarcinoma subjects, weak FGFR2 expression was
found in 30 subjects (39.5%) and strong FGFR2 expression
was found in 46 subjects (60.5%). In 18 high grade colorectal
adenocarcinoma subjects, weak FGFR2 expression was
found in 3 subjects (16.7%) and strong FGFR2 expression
was found in 15 subjects (83.3%).
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Table 1. Characteristics of subjects.

Characteristics n (%)

Age

<50 years 27 (28.7)

> 50 years 67 (71.3)
Gender

Male 52 (55.3)

Female 42 (44.7)
Tumor Location

Proximel 24 (25.5)

Distal 35(37.2)

Rectum 28 (29.8)

Rectosigmoid 7(7.4)
Histopathological Grade

Low 76 (80.9)

High 18(19.1)
TILs Grade

Low 30(31.9)

Intermediate 47 (50.0)

High 17 (18.1)
Depth of Invasion (pT)

pTis 0(0)

pT1 3(32)

pT2 52 (55.3)

pT3 39 (41.5)

pT4 0(0)
FGFR2 Expression

Weak 33(35.1)

Strong 61 (64.9)
Total 94 (100)

In low grade TILs, weak FGFR2 expression was
found in 6 subjects (20.0%) and strong FGFR2 expression
was found in 24 subjects (80.0), in intermediate grade TILs,
weak FGFR2 expression was found in 16 subjects (34.0%)
and strong FGFR2 expression was found in 31 subjects
(66.0%). And in high grade TILs, weak FGFR2 expression
was found in 11 subjects (64.7%) and strong FGFR2
expression was found in 6 subjects (35.3%).

The relationship between FGFR2
grade and TILs
evaluated. The results demonstrated that there was no

expression
with histopathological grade was
significant relationship between FGFR2 expression and
histopathological grade (p=0.127 and p=0.115). A significant
association was observed between FGFR2 expression and
TILs grade, with p=0.008 and p=0.039, respectively.

FGFR2 Intensity Score and Grading of TILs

In Figure 2, FGFR?2 intensity score could be assessed in the
membrane and cytoplasm of tumor cells, where tumor cells
with strong FGFR2 intensity score (+3) are stained dark
brown, moderate intensity score (+2) is stained light brown/
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yellowish, and weak intensity score (+1) is stained weakly
and faintly. A score of negative (0) indicates no staining at
all. In this study, 47 subjects showed strong intensity, 42
subjects showed moderate intensity, and 4 subjects showed
weak intensity and 1 subject showed no color (negative).

The TILs grade in colorectal adenocarcinoma was
assessed in the stroma surrounding the tumor, where 30
subjects showed low TILs, 47 subjects showed intermediate
TILs, and 17 subjects showed high TILs (Figure 3).

FGFR2 Expression was Significantly Correlated with
TILsGrade

Spearman rank coefficient test was performed to examine
the correlation between FGFR2 expression and TILs using

Figure 1. Depth of invasion in colorectal adenocarcinoma.
A: pT1; B: pT2; C:pT3. Blue arrows: the depth of invasion. Black
bar: 20 pm.
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Table 2. Relationship of FGFR2 expression with histopathological gradeand TILsgrade.

FGFR2 Expression
_— [n (%)] ) a TISFGFR2 :
Characteristics n p-value [Mean+SD] p-value
Weak Strong
Age (yrs)
<=50 27 10(37.0) 17 (63.0) 0,992 5.74+2.23 0.962°
> 50 67 23(34.3) 44 (65.7) 5.75+2.13
Sex
-+
Male 52 20(38.5) 32(61.5) 0,589 5.56+2.06 0.395°
Female 42 13(31.0) 29 (69.0) 5.98+2.25
Tumor Location
Proximal 24 8(33.3) 16(66.7) 6.00+2.13
Distal 35 12(34.3) 23 (65.7) 0,942 5.80+2.31 0.900°
Rectum 28 11(39.3) 17 (60.7) 5.50+2.03
Rectosigmoid 7 2(28.6) 5(71.4) 5.57+2.15
Histopathol ogical Grade
+
L(.)W 76 30(39.5) 46 (60.5) 0127 5.59+2.20 0.115°
High 18 3(16.7) 15(83.3) 6.39+1.79
TILs Grade
Low 30 6 (20.0) 24 (80.0) 6.17+1.74
Intermedi ate a7 16(34.0) 31 (66.0) 0.008* 5.85+2.30 0.039+°¢
High 17 11(64.7) 6(35.3) 4.71+2.11
Depth of Invasion (pT)
pT1l 3 2(66.7) 1(33.3) 4.67+1.15
pT2 52 20(38.5) 32(61.5) 0.304 5.48+1.95 0.200°
pT3 39 11 (28.2) 28 (71.8) 6.18+2.39

3Analyzed with Chi-square; PAnalyzed with Mann-Whitney; Analyzed with Kruskal-Wallis; *Significant if p<0.05.

—/ —

Figure2. FGFR2intensity in colorectal adenocarcinoma. A: Strong (+3); B: Moderate (+2); C: Weak (+1); D: Negative (0). Red arrows:
FGFR2 Expression in membrane and cytoplasm. White bar: 100 pm.
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quantitative data from the FGFR2 TIS and TILs score. The
results demonstrated a negative correlation between FGFR2
TIS and TILs score (r=-0.270). It means that the higher the
FGFR2 expression, the lower the TILs grade, with p=0.008.

Discussion

The study about FGFR2 has been growing rapidly lately.
This is because FGFR2 is proven to play an important role
not only in various normal body mechanisms but also in the
process of oncogenesis in various malignancies including
colorectal cancer.(14) Furthermore, currently, several FGFR
inhibitorshavebeentestedinaclinical trial phase, somehave

Figure 3. TILs grade in colorectal adenocarcinoma. A: Low
(score 1) ; B: Intermediate (score 2); C: High (score 3). (Black
arrows: TILs. Black bar: 100 um.
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even been approved by the Food and Drug Administration
(FDA) as targeted therapy in cancer, making research on
FGFR even more interesting.(17)

TILs are lymphocytes found among tumor cells,
including Cytotoxic T cells (CD8" T cells), Helper T
cells (CD4* T cells), B cells, natural killer cells (NK
cells), regulatory T cells (Tregs).(21) CDS8* cytotoxic
T cells are a subset of T cells that play a crucial role in
immune responses. They are the primary agents in fighting
intracellular pathogens, including tumor cells. These cells
directly eliminate cancer cells by recognizing specific
antigens on the surface of cancer cells.(21) Some of the
substances produced by CD8* T cells include perforin,
granzyme, granulysin, Fas ligand, and tumor necrosis
factor a (TNF-a), which are responsible for the process
of cytotoxicity.(21) CD4* helper T lymphocytes assist in
organizing the immune response by activating cytotoxic T
cells and B cells.(21) These cells then develop into Th1, Th2,
Th17 subsets, follicular helper T cells (Tth), and regulatory
T cells (Treg).(21)

NK cells represent a component of innate immunity.
They are capable of playing a role in the early stages of
cancer development, whereby they can kill cancer cells
without the need to recognize specific antigens.(21) B cells
represent a component of the body's adaptive humoral
immunity, whereby they produce antibodies that can target
pathogens. However, their role in killing cancer cells
remains a topic of contention and is currently undergoing
further investigation.(21) The presence of TILs is closely
associated with the host's immune response against the
tumor.(23) A number of studies have demonstrated that
TILs are an important prognostic factor in patients with
colorectal adenocarcinoma.(28,29)

In this study, we analyzed the relationship between
FGFR2 expression with histopathological grade, depth
of invasion and TILs grade. Based on Chi-square test and
Mann-Whitney test, there was no significant association
between FGFR2 expression and histopathological grade and
depth of invasion. However, there is a trend that the higher
the histopathological grading and the deeper the invasion of
tumor cells, the higher the FGFR expression.

This result is different from previous studies
that showed a significant relationship between FGFR2
expression with histopathologic grade and depth of invasion.
The difference in results of this study with the results of
previous studies can be caused by the presence of intratumor
heterogeneity and dynamic tumor microenvironment
factors. Intratumor heterogeneity refers to the genetic,
phenotypic, and functional diversity among cancer cells
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within a single tumor. This diversity makes tumors highly
complex and have behaviors that are difficult to predict.
Tumor microenvironments are the highly complex and
dynamic surroundings of cancer cells. This environment
consists of various interacting components including blood
vessels, immune cells, stromal cells, extracellular matrix,
and the presence of other proteins that interact and influence
each other.(30)

Based on TILs grade, Chi-square test and Kruskal-
Wallis test showed a statistically significant correlation
between FGFR2 expression and TILs grade. This can
be explained by the fact that FGFR2 overexpression will
activate a number of different signaling pathways, including
the RAS/MAPK, the phosphatidylinositol 3-kinase/protein
kinase B (PI3K/AKT), the JAK/STAT3 and the PLC y
pathway.(13,17,18)

The increased of programmed cell death ligand 1
(PD-L1) expression on the tumor cell membrane will
then bind to its receptor, programmed cell death protein 1
(PD-1), which is located on the surface of T cells.(31-33)
Under normal circumstances, the binding between PD-
L1 and PD-1 represents a physiological mechanism that
serves to maintain the homeostasis of the immune system.
Their bonding reduces autoimmune attacks into the body
itself.(34) However, tumor cells exploit this mechanism
for their own benefit, allowing them to evade the host
immune response and continue to grow, survive, invade and
metastasis.(31,34)

The binding of PD-L1 to PD-1 will result in the
inhibition of T cell activation, a reduction in proliferation and
survival of T cell, and a decrease in the secretion of cytotoxic
substances.(35) PD-L1 binding to PD-1 on T cells triggers
a series of intracellular events that ultimately inhibit T cell
activation. When PD-L1 binds to PD-1, phosphorylation of
tyrosine residues within the immunoreceptor tyrosine-based
switch motif (ITSM) in the intracellular domain of PD-1
occurs.(36) This phosphorylation creates a binding site
for the protein tyrosine phosphatases Src homology region
2 domain-containing phosphatase (SHP)-1 and SHP-2.
Subsequently, SHP-1 and SHP-2 bind to the phosphorylated
PD-1.(34,36) SHP-1 and SHP-2 dephosphorylate key
molecules in the T cell receptor (TCR) and CD28 co-
stimulator signaling pathways including Zeta chain of TCR,
CD3, zeta-chain-associated protein kinase 70 (ZAP-70),
PI3K.(34,36)

Dephosphorylation of these molecules inhibits
the activation of downstream signaling pathways that
are crucial for T cell activation, including the PI3K/
AKT pathway, MAPK pathway, and PLC y pathway. The
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inhibition of these signaling pathways ultimately decreases
the activation of transcription factors such as nuclear factor
of activated T cells (NFAT), activator protein-1 (AP-1), and
nuclear factor kappa-B (NF-kB). This results in a reduction
in the production of essential cytokines such as interleukin
(IL)-2 and interferon (IFN)-y, as well as effector molecules
such as perforin and granzyme B that are required for T cell
cytotoxic function. In addition, PD-1 signaling can also
increase the expression of pro-apoptotic proteins such as
Bim, which contributes to T cell death.(36) The binding of
PD-L1 to PD1 has the ability to inhibit T cell activation and
cause T cell apoptosis.(25) As a consequence, the number
of T cells will be reduced. Histopathologically, this can be
observed as a low number of TILs.(28)

Therefore, this mechanism can explain how high
FGFR2 expression can lead to low TILs grading, which
is statistically shown as a significant relationship between
FGFR2 expression and TILs grading where there is anegative
relationship between the two. High FGFR2 expression
correlate with low TILs grade, and low FGFR2 expression
correlate with high TILs grade. To prove this hypothesis,
the Spearman correlation test was conducted, where it
was found that there was a significant negative correlation
(r=-0.270) between total FGFR2 immunostaining score
(TIS) and TILs score with p=0.008. Based on the results, we
conclude that FGFR2 expression can be used as a prognostic
and predictive biomarker in terms of its ability to influence
TILs grade in colorectal adenocarcinoma.

In this study, TILs as a mechanism of immune
response to tumors was only evaluated by HE examination.
Future studies should add other markers involved in the
mechanism of immune response to tumors using IHC
examination. These proteins include PD-L1, PD-1, CDS8*,
CD4", and others, in order to gain a more comprehensive
understanding of the host immune response in influencing
tumor development, invasion and metastasis in colorectal
adenocarcinoma. Analysing the correlation between
tyrosine kinase inhibitors and immune checkpointsinhibitor
(ICI) might also necessary to obtain more comprehensive
mechanism related to FGFR2 and its role in cancer
treatment.

Conclusion

There is a significant relationship between FGFR2
expression and TILs grade where high FGFR2 expression
shows low TILs grade and conversely weak FGFR2
expression correlated with high TILs grade. However, there
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was no significant relationship between FGFR2 expression
and histopathological grade. The significant association
between FGFR2 expression and TILs grade suggests that
FGFR2 may be used as a prognostic and predictive marker
in colorectal adenocarcinoma.
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