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ABSTRACT

Background: One of the benign tumors of the salivary glands is Warthin’s Tumor (WT), which consists of cystic bilayer papillary
epithelial cells accompanied by the presence of a lymphoid stroma. Several cases have been reported to turn malignant. One of the
markers developed to identify tumor proteins is fibrinogen-like protein 1 (FGLI). Along with lymphocyte-activation gene 3 (LAG-3),
FGLI establishes an immune checkpoint pathway that plays a role in the mechanism of tumor immune escape. Not much has been
reported regarding FGLI expression in WT, but some studies have reported that its expression is associated with tumor growth. Purpose:
This study aims to analyze the location of FGLI expression in WT and its relation to the mechanism of tumor immune release through
the interaction between FGLI and LAG-3. Methods: Cases of WT (n = 11) and breast cancer (n = 1) were used as positive controls.
All cases were stained with hematoxylin-eosin and Recombinant Anti-FGLI antibody. The FGLI expression was observed in the cell
membrane, cytoplasm, and lymphoid stroma. The results are presented in the form of figures. Results: All cases of WT expressed
FGLI in the cell membrane, cytoplasm, and lymphoid stroma. Its expression in the cell membrane and cytoplasm is possibly related
to the process of tumorigenesis and the increasing size of the lesion. Additionally, its expression is seen in the lymphoid stroma, which
is closely related to immune escape by inhibiting lymphocytes against tumor cells. Conclusion: Warthin’s tumor cells express FGLI,
and this expression plays a role in tumor immune escape mechanisms and tumor growth.
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INTRODUCTION changes in WT toward malignancy by examining the

immune checkpoint pathway.!""'2 However, some highly

Warthin’s Tumor (WT) is the second most frequently
identified benign salivary gland tumor.!> These tumors
often present with large lesion diameters, high pain
intensity, high recurrence rate, and often occur in old age.'
Additionally, WT can transform into malignancy, and the
pathogenesis of this transformation remains unknown.>™>
Several studies have shown the transformation of
WT into malignant tumors, such as squamous cell
carcinoma, mucoepidermoid carcinoma, adeno squamous
carcinoma, and Merkel cell carcinoma.®™ This malignancy
presents negative manifestations, including speaking and
swallowing dysfunctions, pain, facial deformities, and even
death.”'? Hence, biomarkers are necessary to determine

expressed proteins of the immune checkpoint, such as
lymphocyte-activation gene 3 (LAG-3), inhibit immune
cells and indirectly support tumor growth.'>!# Previous
research conducted by Qotrunnada et al.'> showed the
expression of cytotoxic T-lymphocyte antigen 4 in the
solid components and germinal center lymphoid stroma of
WT, which is related to T cell activity inhibition against
tumor cells.

Fibrinogen-like protein 1 (FGL1) was recently
discovered as the main LAG-3 ligand forming the immune
checkpoint pathway.!®!® This pathway is crucial in the
mechanism of immune escape or the ability of tumor cells to
evade immune cells.'®!” The interaction between FGL1 and
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LAG-3 inhibits activation and weakens T-cell cytotoxicity,
making it difficult for tumor cells to be destroyed."”

Under normal conditions, FGL1 is physiologically
secreted by hepatocyte cells.!*>” However, FGL1 was also
highly expressed in various tumors such as lung, prostate,
melanoma, colorectal, breast, and brain tumors.'®'” This
high expression of FGL1 in tumor cells contributes to
the growth and development of neoplasms causes host
lymphocyte cells (Tumor Infiltrating lymphocytes) to
become cell exhausted, a condition in which lymphocytes
lose their ability to kill tumor cells. Therefore, monoclonal
antibody inhibitor FGL1 (anti-FGL1) immunotherapy was
developed by blocking the interaction of FGL1 with LAG-3,
stimulating T cell activation and restoring the antitumor
response. '8

Based on the above description, the aim of this research
is to analyze FGL1 expression in WT, determine its location
of expression, and clarify its pathogenesis related to the
immune escape mechanism and tumor growth. In addition,
FGL1 expression and its relationship with immune escape
have not been widely reported or published in tumors of
the salivary gland, especially in WT.

MATERIALS AND METHODS

This research is an analytical observational study using a
cross-sectional design and has obtained approval from the
ethics committee with No. 1654/UN25.8/KEPK/DL/2022
from the Dentistry Faculty of Universitas Jember. The
research sample comprised paraffin blocks of WT patients
from 2015 to 2022 at the Laboratory of Anatomical
Pathology of Dr. Soebandi General Hospital, Jember, East
Java. A purposive total sampling technique was employed
in the sample selection, obtaining 11 cases of WT and 1
case of breast cancer, which was used as a positive control
for antibodies. All paraffin-embedded tissue blocks were
cut to a thickness of 4 um using a sliding microtome for

hematoxylin-eosin staining and immunohistochemistry
(IHC) staining.

Standard procedures were followed in IHC staining.
Tissue slides were deparaffinized, rehydrated, and washed
with phosphate-buffered saline (PBS). They were then
immersed in citrate buffer (pH 6) for antigen retrieval and
autoclaved for 15 minutes at 121°C, followed by cooling at
room temperature for 30 minutes. Subsequently, all slides
were rinsed with PBS. All sample slides were prevented
from nonspecific binding between antibodies and tissue
by dripping hydrogen peroxide onto the tissue slide and
incubating it for 30 minutes at room temperature, followed
by rinsing with PBS. Next, the protein block was incubated
for 24 hours at 4°C to block nonspecific background
staining and rinsed with PBS afterward. The tissue slide
surfaces were covered with primary antibody Recombinant
FGL1 antibody (EPR24018-27) (ab275093) (Abcam Inc.,
Cambridge, UK) at a ratio of 1:500 and then incubated for
24 hours at 4°C and rinsed with PBS. Biotinylated Goat
Anti-Rabbit IgG (ab64256) (Abcam Inc., Cambridge, UK)
was applied as secondary antibodies to the tissue slides
for 10 minutes at room temperature, which was followed
by rinsing with PBS. Streptavidin peroxidase was then
added for 10 minutes at room temperature. A drop of 3,3
diaminobenzidine (DAB) substrate kit (ab64238) (Abcam
Inc., Cambridge, UK) solution was added to cover the
surface of the tissue section and incubated for 10 minutes
at room temperature. Counterstaining of sample slides
was performed using Mayer’s Hematoxylin (MHS32)
(Sigma-Aldrich, Merck, Darmstadt, Germany) for one
minute, and then cleaning and mounting took place. This
research utilized qualitative data. The immunopositive
expression of FGL1 was determined by the appearance
of immunopositivity on cell membranes, cytoplasm, and
lymphoid stroma. Two observers conducted the observation
using a binocular microscope at 100x, 400x, and 1000x
magnification. The images were digitally scanned using
Optilab (Miconos®, Yogyakarta, Indonesia).

Figure 1. Warthin’s tumor (WT) cells on hematoxylin-eosin staining. Pictures A-C are the histological appearance of WT cells on
hematoxylin-eosin staining with magnifications of 40x, 100x, and 400x, respectively. The histopathological images show
the structure of WT, characterized by finger-shaped bilayer epithelial cells surrounding the cystic space, or the so-called
papillary cystic (black arrow), and lymphoid stroma consisting of a solid lymphoid component (yellow arrow) and germinal

center (red circle).
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RESULTS

Initial histopathological observations using HE staining
revealed that all samples (100%) were WT and characterized
by the presence of papillary cystic epithelial cells arranged
in a bilayer. These cells consisted of columnar cells
in the inner layer surrounded by basaloid cells, along
with lymphoid tissue containing germinal centers in the
tumor stroma (Figure 1). Based on the results of IHC
staining using anti-FGLI1, the positive control expressed
FGLI1, which was indicated by the presence of a brown

color in the cytoplasm of grade III breast cancer cells
(Figure 2).

All samples of WT tissues using IHC staining with
the FGL1 antibody were immunopositive for FGL1 on
epithelial cells (100%), both on the membrane and in the
cytoplasm (Figure 3). In the lymphoid stroma, 7 out of 11
samples (63%) exhibited immunopositivity in the solid
lymphoid component, while 10 out of 11 samples (91%)
showed immunopositivity in the germinal center (Figure
4). Thus, it is evident that WT is immunopositive for FGL1
expression (Table 1).

Figure 2. Pictures A-C depict fibrinogen-like protein 1 (FGL1) expression in the cytoplasm of grade III breast cancer, serving as
the positive control, on hematoxylin-eosin staining with magnifications of 100x, 400x, and 1000x, respectively. Pictures
A’-C’ show FGL1 immunopositive expression in the cytoplasm of tumor cells at magnifications of 100x, 400x, and 1000x,

respectively.
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Figure 3. Pictures A-C show fibrinogen-like protein 1 (FGL1) expression in epithelial cells from three cases of Warthin’s tumor on
hematoxylin-eosin staining at 1000x magnification. Pictures A’-C* show FGL1 in Warthin tumor epithelial cells at 1000x
magnification. FGL1 expression appears immunopositive, both in the epithelial cell membrane (black arrow) and the
cytoplasm of epithelial cells (blue arrow).

Figure 4. Fibrinogen-like protein 1 (FGL1) expression in Warthin’s tumor (WT) lymphoid stroma (Pictures A-C). The appearance of
Warthin’s tumor on hematoxylin-eosin staining, at 400x, 100x, and 1000x magnification. Picture A’ shows FGL1 expression
in the lymphoid stroma, which is composed of a solid lymphoid component and a germinal center at 400x magnification.
Picture B’ shows FGL1 expression in the solid lymphoid component at 1000x magnification. Picture C* depicts FGL1
expression in the germinal center at 1000x magnification. In the immunohistochemistry staining, FGL1 expression appears
immunopositive. FGL1 expression is seen in the solid lymphoid component (yellow arrow) and the germinal center (red circle).
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Table 1. Results of anti-FGL1 immunohistochemistry staining analysis in Warthin’s tumors
Sample Histopathologic — FGL1 Expression .
numbers Diagnosis Tumor Epithelium : : Lymphoid Stroma :
Membrane Cytoplasm Solid Lymphoid Component Germinal Center
1 Warthin’s tumor + + + +
2 Warthin’s tumor + + + +
3 Warthin’s tumor + + - +
4 Warthin’s tumor + + - +
5 Warthin’s tumor + + + +
6 Warthin’s tumor + + + +
7 Warthin’s tumor + + + +
8 Warthin’s tumor + + - +
9 Warthin’s tumor + + - +
10 Warthin’s tumor + + + +
11 Warthin’s tumor + + + +
DISCUSSION The presence of FGL1 expression in the lymphoid tissue

The results of IHC anti-FGL1 staining on 11 samples
identified as WT tissue showed FGL1 expression in all
tumor epithelial and stromal cells. This staining, with
a positive control for comparison, confirms that WT
expresses FGL1. Normally, FGL1 is secreted by hepatocyte
cells of the liver.'”?° However, it is possible that WT cells
also produce FGL1.'% According to Qian et al.,'® the gene
that produces FGL1 is located on human chromosome
8p22 and is present in all human somatic cells, although
normally only hepatocyte cells express it. The FGL1
gene functions as a protective factor to promote growth
as cells regenerate. However, the IHC staining revealed
FGL1 expression in the membrane and cytoplasm of WT
cells, suggesting that these cells may produce FGL1 in a
soluble form and can float freely in the cytoplasm or be a
component of cell membranes. This is in accordance with
the research of Wang et al.,'® which state that FGL1 was
detected in dissolved form.

The strong expression of FGL1 in WT epithelial
cells is associated with an important role of FGLI in
tumorogenesis.'® According to Qian et al.,'® in some
tumors, FGLI1 is involved in regulating proliferation,
apoptosis resistance, sensitivity to radiation, supporting
epithelial-mesenchymal transition (EMT) processes,
neovascularization, metastasis, immune regulation, and drug
resistance, all of which are closely associated with tumor
growth. Tumor cells may express high amounts of FGL1
because FGL1 is necessary for proliferation, facilitating the
expansion and enlargement of the lesion. This is consistent
with the study of Chan et al.,' which state that the diameter
of the WT lesion is larger than other salivary gland tumors.
In addition, FGL1 affects apoptosis resistance, causing
WT cells to continue dividing uncontrollably and making
them difficult to stop. FGL1 also supports the process of
EMT, neovascularization, and metastasis, which may be
the cause of WT cells transforming into malignancy, as
observed in several cases.'® The many important roles of
FGL1 are thought to cause a high expression of FGL1 in
WT epithelial cells. However, further research needs to be
done to determine the exact mechanisms involved.

of WT stroma may be related to the mechanism of immune
escape or the ability of tumor cells to evade immune cells.
According to Kuzenko et al.,’ the lymphoid stroma is
composed of B lymphocytes, T lymphocytes, and natural
killer cells. FGL1 expression in the lymphoid stroma is
thought to play a role in the immune escape mechanism
because FGL1 is the main ligand of LAG-3.''® Normally,
LAG-3 inhibits immune cells’ work so that autoimmunity
does not occur.'*?! However, the higher the expression
of FGLI, the higher the probability that the amount of
LAG-3 can bind. The high LAG-3, activated by binding
to FGL1, causes the lymphocytes it hosts to experience
cell exhaustion, a condition in which lymphocytes lose
their ability to kill tumor cells.?> Tumor cells that are not
killed will continue to proliferate. Thus, FGL1 expressed
in the lymphoid stroma of WT may play a role in the
mechanism of pathogenesis of immune escape. However,
further research is needed to confirm the presence of LAG-3
expression in the lymphoid stroma of WT using the double
staining immunohistochemistry method, namely IHC
staining using two different sets of antibodies.

Moreover, four out of eleven samples did not express
FGLI in the solid lymphoid component of WT. Several
possibilities can cause the non-expression of FGLI.
The first possibility is associated with the constituent
components, namely T lymphocyte cells. According to
Ruffo et al.,”> LAG-3 in resting T cells (resting T cells) is
degraded and stored in the lysosomal compartment. This
degradation process is a step to limit the LAG-3 expression
on the surface of T cells. The lack of expression of FGL1
could be that T cells are dormant or inactive, which prevents
FGLI1 from binding to LAG-3. The second possibility is
related to the suspected stop codon mutation in WT cells
so that they cannot produce FGL1. This possibility is
likely the cause of FGL1 not being expressed in the four
WT samples. Further research is necessary, as this study
was unable to explain the gene mutations associated with
FGL1 overexpression and the inability of tumor-infiltrating
lymphocytes to transform WT into malignancy.

In conclusion, the expression of FGL1 in the cytoplasm
and epithelial cells membrane may be necessary for
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proliferation and apoptosis inhibition, while FGL1
expression in the lymphoid stroma, both in the solid
lymphoid component and the germinal center of WT,
likely plays important roles in immune escape by inhibiting
lymphocyte activity against tumor cells. This mechanism
occurs due to the overexpression of FGL1 binding to
LAG-3.
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