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Abstract

Objective: To detect the expression of fibrinogen like protein-1 (FGL-I) in laryngeal cancer and
evaluate its effect on tumor proliferation, metastasis, and antitumor immunity.

Methods: ELISA and immunohistochemistry were performed to detect FGL-I expression in
laryngeal cancer. The effects of FGL-|1 knockdown on the proliferation, cell cycle progression,
apoptosis, migration, and invasion of laryngeal cancer cells were evaluated by the CCK-8, colony
formation, flow cytometry, Transwell migration, and western blot assays. We detected changes in
tumorigenesis and drug response in vivo following FGL-1 knockdown as well as the effects of anti-
LAG3 immunotherapy. Immunohistochemistry was performed to determine CD8 and LAG-3
expression in mouse tumor tissues.

Results: FGL-1 was highly expressed in the plasma and tumor tissues of laryngeal cancer
patients. FGL-1 knockdown suppressed the proliferation of TU-686 cells and inhibited the migra-
tion and invasion of laryngeal cancer by blocking epithelial-to-mesenchymal transition. Moreover,
silencing FGL-1 inhibited tumorigenicity in vivo and synergized with anti-LAG3 immunotherapy.

Conclusions: We confirmed the high expression of FGL-1 in laryngeal cancer and identified
FGL-I as a potential marker for immunotherapy in laryngeal cancer.
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Introduction

Laryngeal squamous cell cancer is the
second most common subtype of head and
neck squamous cell cancer (second only to
oral squamous cell cancer), with 184,615
new cases and 99,840 deaths reported annu-
ally worldwide.! Common treatments for
laryngeal cancer include surgery, radiother-
apy, and chemotherapy, with combination
treatment strategies involving surgery being
the first choice treatment for advanced
laryngeal cancers.” However, patients lose
the opportunity for surgery when laryngeal
tumors invade the carotid artery, skull base,
and/or anterior vertebral muscles.’
Immunotherapy achieves long-lasting
antitumor effects by activating the host’s
immune  system.*  Immunosuppressive
receptor molecules including programmed
cell death protein 1 (PD-1), cytotoxic
T lymphocyte antigen 4 (CTLA-4), lympho-
cyte activating gene 3 (LAG-3), and T cell
immunoglobulin mucin 3 (TIM-3), which
combine with their corresponding ligands
to exert immunosuppressive effects, have
all been successfully targeted for anticancer
therapy. Targeting these molecules can
reverse immunosuppressive effects and acti-
vate antitumor immunity.>® Nivolumab
and pembrolizumab, which are monoclonal
antibodies against PD-1, were the first
immunotherapies approved by the FDA
for the treatment of platinum-refractory
head and neck squamous cell cancer.”®
However, immunotherapies still have limi-
tations in clinical application such as pseu-
doprogression, hyperprogression, primary

or adaptive drug resistance, and side
effects.”'* Therefore, it is important to
find new immunotherapy targets to
improve the efficacy of immunotherapy.

LAG-3 is an inhibitory co-receptor that
is structurally similar to CD4 and plays
a crucial role in immunotolerance.'*
Additionally, LAG-3 cooperates with
PD-1 to exert immunosuppression in auto-
immunity, tumor immunity, and infection.
Previous studies have concluded that major
histocompatibility complex II (MHC II) is
the canonical ligand for LAG-3;">"'¢ how-
ever, a recent study demonstrated fibrino-
gen like protein-1 (FGL-1) to be a novel
high-affinity ligand of LAG-3."7

FGL-1 is a member of the fibrinogen
family that is mainly expressed in the
liver, pancreas, and blood plasma. In phys-
iological conditions, FGL-1 is primarily
involved in liver repair, hepatocyte regener-
ation, and glucose and fat metabolism. In
pathological conditions such as acute hepa-
titis, there is elevated FGL-1 expression in
the blood plasma.'® Additionally, FGL-1
binds to LAG-3 to exert immunosuppres-
sive effects in non-small cell lung cancer
and melanoma mouse models.'*%°
However, the expression and mechanism
of FGL-1 in laryngeal carcinoma remains
unclear.

In this study, we evaluated the expres-
sion of FGL-1 in the tumor tissue and
blood plasma of laryngeal cancer patients.
We also investigated the role of FGL-1 in
the proliferation and metastasis of laryn-
geal cancer cells. Importantly, our in vivo
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data show a synergistic antitumor effect of
inhibiting FGL-1 with LAG-3 blockade in
tumor-bearing mice.

Materials and methods

Ethics statement

The use of clinical specimens in this study
was approved by the Ethics Committee of
The Eye and ENT Hospital Affiliated to
Fudan University, Shanghai, China. A
signed informed consent form was obtained
from each patient. All animal experiments
were reviewed and approved by the Ethics
Committee of The Eye and ENT Hospital
Affiliated to Fudan University (No.
2022076). Mice were housed in laminar
flow cabinets at The Department of
Laboratory Animal Science of The Eye
and ENT Hospital Affiliated to Fudan
University. All mouse surgeries were per-
formed under ketamine/xylazine-induced
anesthesia.

Patients and tissue samples

All surgical tissue specimens were obtained
from laryngeal squamous cell carcinoma
patients or patients with vocal cord polyps
who underwent surgery at The Fudan
University Eye and ENT Hospital between
January 2017 and December 2017. None of
the patients had received prior chemother-
apy or radiotherapy. All blood plasma sam-
ples were obtained from patients with
laryngeal squamous cell carcinoma, vocal
cord polyps, or vocal cord leukoplakia
who had undergone surgery at The Fudan
University Eye and ENT Hospital between
January 2019 and December 2019.

Cell culture

The human laryngeal squamous cancer cell
line TU-686 was purchased from The
Chinese Academy of Sciences Cell Bank
(Shanghai, China) and cultured in

high-glucose  DMEM (Gibco, Thermo
Fisher Scientific, Waltham, MA, USA) sup-
plemented with 10% fetal bovine serum
(FBS; Gibco). The murine squamous
cancer cell  line SCC7 (RRID:
CVCL_V412) was obtained from The
ENT National Laboratory of The Fudan
Eye and ENT Hospital and cultured in
RPMI 1640 media (Gibco, Thermo Fisher
Scientific) supplemented with 10% FBS
(Gibco). Cells were cultured in a humidified
thermostatic incubator at 37°C with 5%
CO,, and the medium was replaced every
other day.

Reverse transcription-quantitative
PCR (qPCR)

Total RNA was extracted using TRIzol
(Invitrogen; Thermo Fisher Scientific) in
accordance with the manufacturer’s proto-
col, and cDNA was generated using
PrimeScript RT Master Mix (RRO036A,
Takara Bio Inc., Kusatsu, Japan). The pro-
tocol included incubation at 37°C for
15 minutes, followed by 85°C for 5s, and
then termination at 4°C. Real-time PCR
assays were performed using SYBR
Premix Ex Taq™ (RR420A, Takara Bio
Inc.) in accordance with the manufacturer’s
protocol (initial denaturation for 15 minutes
at 95°C, followed by 40 cycles of denatur-
ation at 94°C for 30 s, annealing at 56°C for
30s, and extension at 72°C for 30s, with
a final extension at 72°C for 5 minutes).
Sequences of the primers used are listed in
Supplementary Table S1. All results were
analyzed by the 272" method.

FGL-1 knockdown lentiviral vector
construction and infection

FGL-1 shRNA constructs were cloned into
the PGMLV-SCS5 vector. A FGL-1 knock-
down cell line was developed by lentivirus-
mediated shRNA infection. Briefly, the
plasmid was transfected into 293T cells
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using HG transgene reagent (Genomeditech,
Shanghai, China). Then, media containing
transfection  reagents were removed
18 hours later, and the 293T cells were cul-
tured in DMEM + 10% FBS for 48 hours.
The cell culture medium was collected and
centrifuged at 4500 x g for 5 minutes. The
virus was syringe-filtered through a
0.45-pm nylon filter, and then concentrated
to 5x10°TU/mL. Lentivirus-containing
medium was then added onto TU-686 and
SCC7 cells. After 48-hour infection, the
virus-containing medium was replaced
with fresh medium. The stably expressing
shRNA cell line with FGL-1 knockdown
was established after puromycin selection.
Western blot and qPCR assays were per-
formed to verify the knockout effect.

Enzyme-linked immunosorbent assay
(ELISA)

FGL-1 expression levels in plasma speci-
men were detected using a human FGL-1
ELISA Kit (CUSABIO, Wuhan, China).
Briefly, diluted plasma samples were
co-incubated for 2 hours at 37°C in a
microwell plate pre-coated with anti-
FGL-1 antibody. Then anti-biotin antibody
was added into the microwell and incubated
for 1 hour at 37°C. Following a washing
step, horseradish peroxide (HRP)-avidin
was added into the microwell and incubated
for 1 hour at 37°C. After stopping the enzy-
matic reaction, results were generated by
measuring the optical density of the solu-
tion in the well at 450 nm.

Immunohistochemistry

Slices of paraffin-embedded tumor and
vocal cord polyp tissues were deparaffinized
with xylene, rehydrated with a graded series
of ethanol solutions, rinsed with phosphate-
buffered saline (PBS), and treated with 3%
hydrogen peroxide and goat serum to inac-
tivate endogenous peroxidases. Then tissue

sections were probed with recombinant
anti-FGLI antibody [EPR24018-27]
(ab275091, Abcam, Cambridge, UK) at
4°C overnight. After washing, sections
were incubated with goat anti-rabbit sec-
ondary antibody (1:250 dilution; cat no.,
BA1003, Wuhan Boster Biological
Technology, Ltd., Wuhan, China) for
1 hour at room temperature. The tissue sec-
tions were washed with TBST, and then
3,3/-diaminobenzidine  (DAB;  Wuhan
Boster Biological Technology, Ltd.) was
added onto sections as the chromogen
and incubated at room temperature for
5 minutes. Images were captured with a
fluorescence  microscope  (DMI4000b,
Leica, Wetzlar, Germany) and evaluated
by two pathologists. The evaluation criteria
were as follows: the percentage of positive
expression was evaluated as: 0, 0% positive
cells; 1, 1% to 10% positive cells; 2, 11% to
50% positive cells; 3, >50% positive cells;
the staining intensity was evaluated as fol-
lows: 0, negative; 1, weak; 2, moderate; 3,
high. The final score was the sum of the
percentage and intensity scores. Together,
cases with 0 to 3 total points were consid-
ered negative and cases with 4 to 9 total
points were considered positive. The immu-
nohistochemistry methods for murine
tumor tissues were the same as above. The
primary antibodies used were as follows:
anti-CD8 antibody (ab209775, Abcam)
and anti-LAG-3 antibody (ab209238,
Abcam). The Image-Pro Plus 6.0 (Media
Cybernetics, Silver Springs, MD, USA)
image analysis system was used for quanti-
tative analysis.

Cell proliferation assay

TU-686 (RRID: CVCL_4916) cells with
FGL-1 knockdown were cultured in
96-well microwell plates at a density of
1 x 10 cells/well. The cells were divided
into 5 groups according to the number of
days in culture (1-5 days). CCK-8 was used
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to detect cell proliferation. Briefly, CCK-
8 reagent was added to the microwells and
incubated at 37°C for 2.5 hours. The absor-
bance of each well at 450 nm was evaluated
using a microplate reader (Bio-Rad 680; Bio-
Rad Laboratories, Inc., Hercules, CA, USA).

Colony formation assay

TU-686-FGL1-sh and TU-686-NC-sh cells
were placed into 6-well plates at 200 cells
per well. The medium was replaced every
3 days for 2 weeks. After staining with
crystal violet, ImagelJ software was used
to determine the number of colonies.
Statistical analysis was performed with the
independent-samples Student’s T test.

Apoptosis and cell cycle analyses

TU-686 cells were digested with trypsin and
washed with PBS. Then a portion of the
cells was incubated with Annexin-V and
propidium iodide (PI) (Invitrogen; Thermo
Fisher Scientific). Rates of apoptosis were
evaluated by flow cytometry, and the
results were analyzed using FlowJo v10
software (FlowJo LLC, Ashland, OR,
USA). Another portion of the cells was
fixed with ethanol at 4°C overnight,
washed with PBS, and stained with PI.
Flow cytometry was used to evaluate the
proportion of cells in each phase of the
cell cycle.

Transwell invasion assay

A 24-well plate containing an 8-pm pore
insert (Corning Incorp., Corning, NY,
USA) was used to assess tumor cell migra-
tion and invasion. For the invasion assay,
the membrane was coated with Matrigel to
form a matrix barrier, and 2 x 10° cells were
placed into the upper chamber. For migra-
tion assays, only 5x 10% cells were seeded
into the upper chamber. After gently load-
ing 200 pL of cells in serum-free RPMI 1640
medium into each filter element (upper

chamber), 600 uL. of RPMI 1640 medium
containing 10% FBS was added to each
lower chamber. Then the plates were incu-
bated at 37°C 18 or 24 hours, for migration
and invasion assays, respectively. Next, the
filter element was removed from the cham-
ber, and the migrated or invaded cells were
fixed and stained with hematoxylin for
20 minutes. A Nikon Ti-E inverted micro-
scope (Nikon, Tokyo, Japan) was used to
count and image the number of cells that
had migrated or invaded.

Western blot

TU-686 cell lysates were prepared using
RIPA lysis buffer (Beyotime Institute of
Biotechnology, Shanghai, China). The pro-
tein concentrations were determined using
the BCA assay (Beyotime Institute of
Biotechnology). For electrophoresis, equal
amounts of cell lysates (30 pg) were separat-
ed by SDS-PAGE, and then transferred
to polyvinylidene fluoride membranes
(Beyotime Institute of Biotechnology).
Primary antibodies were incubated with
the membranes in 5% milk/TBST overnight
at 4°C. Membranes were probed with the fol-
lowing antibodies: anti-FGL-1 (ab275091,
Abcam), anti-E-cadherin, anti-N-cadherin,
anti-Snail, and anti-Vimentin (Epithelial-

to-Mesenchymal Transition [EMT]
Antibody Sampler Kit, #9782, Cell
Signaling Technology, Danvers, MA,
USA), and anti-GADPH (Beyotime
Institute of Biotechnology). Bound anti-
bodies were detected with HRP-
conjugated secondary antibodies and

visualized with enhanced chemiluminescent
substrates (Beyotime Institute of
Biotechnology).

In vivo drug response and tumor
growth assays

SCC7-FGL1-sh cells were transplanted into
5-week-old C57BL/6 mice by subcutaneous
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injection into the right flanks (5 x 10° cells/
mouse). Mice were treated weekly with
LAG-3 antibody (IP0070, BioXcell,
Lebanon, NH, USA) or isotype control
(BE0088, BioXcell) starting at the first
week after subcutaneous injection (200 pg/
mouse/week). Tumor  volumes were
recorded weekly. After 4 weeks, mice were
sacrificed by cervical dislocation, and
tumors were surgically removed, weighed,
photographed, and stored in the formalin
at room temperature for histological
analysis. Detailed immunohistochemistry
methods are described above, and the
expression of CD8 and LAG-3 were
evaluated.

Statistical analysis

All experiments were performed three times
independently. The chi-square test was used
to analyze immunohistochemistry results.
A two-tailed Student’s t-test was used to
analyze all other results. SPSS version 20
(IBM Corp., Armonk, NY, USA) and
GraphPad Prism 7 (GraphPad Software,
Inc., San Diego, CA, USA) were used to
perform statistical analyses and generate
graphs. P <0.05 was the cutoff to indicate
a statistically significant difference.

Results

FGL-1 was highly expressed in the
plasma and tumor tissues of laryngeal
cancer patients

To determine FGL-1 expression levels in
plasma and tumor samples of laryngeal
cancer patients, we performed ELISA and
immunohistochemistry, respectively. We
collected blood samples from 62 patients
with laryngeal cancer, 28 with vocal cord
polyps, and 17 with vocal cord leukoplakia
from The Fudan ENT Hospital, and
ELISA was performed to investigate
FGL-1 expression. The results are shown

in Table 1. We found significantly higher
FGL-1 expression in the plasma of laryn-
geal cancer patients than in those with vocal
polyps (p<0.01) or precancerous lesions
(p<0.01); however, there was no signifi-
cant difference between FGL-1 expression
in patients with vocal polyps or precancer-
ous lesions (Figure 1a). To further explore
the relationship between plasma FGL-1
levels and the clinical characteristics of
laryngeal cancer patients, FGL-1 plasma
expression was compared between patients
with various clinical stages, pathological
stages, tumor sites, tumor sizes, lymphatic

Table 1. FGL-1 levels in the plasma of laryngeal
cancer patients.

FGL-I
Sample Concentration
size  (ng/mL) P-value
Diagnosis
Laryngeal cancer 62 14999.8804 0.001
Vocal leukoplakia 17 10652.96659
Vocal polyps 28 10414.33396

Clinical stage

Sl 20 12943.9235  0.041

n-v 42 15978.9076
Pathological stage

| 21 14398.53523 0.541

1] 41 15307.88653
Tumor site

Glottis 29 13718.3852  0.085

Supraglottis 33 16126.0429
Lymphatic metastasis

Yes 30 16262.6754  0.079

No 32 13816.01016
Tumor size

>2cm 42 15932.4566  0.052

<2cm 20 13041.4705
Smoking history

Yes 50 15886.7508  0.008

No 12 11304.5873
Drinking history

Yes 34 16762.5614 0.008

No 28 12859.4822

Two-tailed Student’s t-tests were used to analyze the data.
ELISA, Enzyme-linked immunosorbent assay.
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metastasis, and smoking and drinking his-
tories (Figure la). The results showed that
FGL-1 expression was higher in patients
with later clinical stages (p=0.04) and his-
tories of smoking (p<0.01) and drinking
(p<0.01) but was not associated with
tumor site, tumor size, pathological stage,
or lymphatic metastasis.

To detect FGL-1 expression in laryngeal
cancer tissues, 20 vocal cord polyp tissues
and 78 laryngeal cancer tissues were stained
by immunohistochemistry (Figure 1b). The
results are shown in Table 2. Among the 20
vocal cord polyp tissues, 16 cases were neg-
ative for FGL-1 and four showed positive
expression. Among laryngeal squamous cell
carcinoma samples, there were 25 cases neg-
ative for FGL-1 expression and 53 showing
positive expression. Thus, the rate of posi-
tive FGL-1 expression in laryngeal carcino-
ma tissues was significantly higher than that
in vocal cord polyp tissues (p=0.019).
However, FGL-1 expression showed no
statistically significant differences when
laryngeal squamous cell carcinoma patients
were divided by sex, age, tumor site, lym-
phatic metastasis, tumor size, or pathologi-
cal grade.

FGL-1 knockdown suppressed the
proliferation of TU-686 cells by
preventing them from entering S phase
of the cell cycle

The FGL-1 knockdown cell line was
constructed by  lentiviral  infection
(Supplementary figure 1A). Western blot
and qPCR were performed to confirm the
knockdown efficiency  (Supplementary
figure 1B-C). CCK-8 and colony formation
assays were then performed to investigate
the effect of FGL-1 knockdown on the pro-
liferation of TU-686 cells. The results
showed that the proliferative capacity of
FGL-1 knockdown cells was significantly
reduced compared with that of the sh-NC

cells, showing statistically significant differ-
ences from the third day (p=0.04) to the
fifth day (p<0.01) of cell -culture
(Figure 2a). In colony formation assays,
cells with FGL-1 knockdown also showed
decreased cell proliferation capacity com-
pared with the control group (p<0.01)
(Figure 2b—c). Cell cycle and apoptosis
analyses were conducted by flow cytometry
to examine the effect of FGL-1 knockdown
on TU-686 cells. The apoptosis assay was
performed by staining cells with Annexin V
and PI, and the results showed that the
average apoptosis rate of FGL-1 knock-
down cells was 3.266% =+ 0.061%, whereas
the rate in the control group was 3.420% +
0.05%, which revealed that there was no
significant difference in the apoptosis rate
between FGL-1 knockdown cells and con-
trol cells (Figure 3a, 3¢). However, cell cycle
analysis showed more FGL-1 knockdown
cells accumulating in the GO and Gl
phases (p=0.005), with fewer in S phase
compared with the control group
(p=0.007) (Figure 3b, 3d).

FGL-1 knockdown inhibited the migration
and invasion of laryngeal squamous cell
carcinoma cells

Transwell assays were conducted to investi-
gate the migration and invasion of FGL-1
knockdown TU-686 cells (Figure 4a).
Compared with the control group, FGL-1
knockdown decreased the number of cells
that migrated (p=0.003) (Figure 4b) and
invaded (p<0.001) (Figure 4c¢) through
the Transwell inserts. To further investigate
the relationship between FGL-1 and tumor
cell EMT, we assessed the expression of
EMT-related proteins by western blot.
The results showed that compared with
the control group, E-cadherin was upregu-
lated, while N-cadherin, Snail and Vimentin
were downregulated in the FGL-1-sh
group, suggesting that silencing FGL-1
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Figure |. FGL-I expression in laryngeal cancer. The expression of FGL-1 in plasma samples of laryngeal
cancer patients divided by different clinical characteristics including diagnosis, clinical stage, pathological
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*p < 0.05, *p < 0.01; two-tailed Student’s t-test. Inmunohistochemical stanning of FGL-| in laryngeal cancer
tissues and vocal cord polyp tissues (control) (b). Scale bars, 100 um.
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Table 2. FGL-| expression in the tumor tissue of
laryngeal cancer patients.

Total
cases Negative Positive P-value

Age (years)

<60 45 19 26 0.94
>60 53 22 31

Sex
Male 93 37 56 0.19
Female 5 4 |

Diagnosis
LSCC 78 25 53 <0.01
Healthy 20 16 4

control

Tumor Site
Supraglottic 32 8 24 0.26
Glottic 46 17 29

Metastasis
NO 54 20 34 0.15
NI, 2 24 5 19

Clinical Stage
-l 54 20 34 0.15
-1v 24 5 19

Histological grade
SCC1 14 6 8 0.33
SCC Il 64 19 45

Smoking history
Yes 76 32 44 0.92
No 22 9 13

Drinking history
Yes 31 10 21 0.19
No 67 3l 36

Tumor Size
<2cm 41 12 29 0.57
>2cm 37 13 24

The chi-square test was used to analyze all results.

blocks EMT progression in laryngeal

cancer cells (Figure 4d).

Silencing FGL-1 inhibited the
tumorigenicity of SCC7 cells in vivo

To study the effect of silencing FGL-1 on
the tumorigenic ability of laryngeal cancer

cells in vivo, we inoculated FGL-1-sh SCC7
cells into C57BL/6 mice by subcutaneous

transplantation; FGL-1 knockdown was
verified by qPCR (Supplementary figure
2). After 4 weeks, tumor growth curves
for each group of mice were recorded, and
differences in the volumes of transplanted
tumors between the FGL-1-sh and control
groups were analyzed (Figure 5a). The
results showed that the tumor growth rate
of the FGL-1-sh group was decreased from
the third week compared with the control
group; tumor volumes were significantly
reduced in the fourth week (4372.13+
589.30mm’  vs.  2807.83+£202.21 mm’,
p=0.01) (Figure 5b). Similarly, the weights
of transplanted tumors in mice of the FGL-
1-sh group were significantly lower than of
those in the control group (3.34 £0.55g vs.
1.714+0.43 g, p=0.04) (Figure 5c).

Silencing FGL-1 synergized with
anti-LAG-3 immunotherapy

To test the effect of FGL-1 on anti-LAG-3
immunotherapy, we treated tumor-bearing
mice with anti-LAG-3 monoclonal anti-
body (Figure 6a). The results of the tumor
growth curve showed that the volumes of
transplanted tumors in the FGL-1-sh
group were significantly smaller than those
in the NC-sh group (1064.91 -+ 379.94 mm?
vs. 2307.63 £469.70mm>, p=0.04) from
the third week of treatment (Figure 6b).
Similar to tumor volumes, tumor weights
of the FGL-1-sh group were significantly
lower than of the NC-sh group (0.80+
0.18g vs. 1.67+0.23 g, p=0.02) (Figure 6c).
These results indicated that silencing
FGL-1 synergized with anti-LAG-3 immu-
notherapy. Immunohistochemistry was
used to further verify the altered immunity
states of tumor tissues in tumor-bearing
mice after FGL-1 silencing and anti-LAG-
3 treatment (Figure 7a-b). The results
showed that after receiving anti-LAG-3 tar-
geted therapy, there was increased CDS
expression in tumor tissue compared with
the untreated group (p < 0.05); additionally



10 Journal of International Medical Research
(@) Tu-eee (b)
2.01 -+ sh-NC e
-8 sh-FGL-1 500~ =
1.61
g § 400-
2 404 o S 3004 =
5 1.0 g 2
< 5 200-
0.54 - .g
. 3 100-
RS T T SR S -
Day(s) sh-FGL-1 sh-NC
(c) sh-FGL-11 sh-FGL-1 2 sh-FGL-1 3

sh-nc 1

LAG-3 expression was confirmed to be
downregulated (p <0.01). In the treatment
groups, CDS8 expression was higher in the
FGL-1-sh group than in the NC-sh group
(p<0.05), and LAG-3 expression was also
downregulated (p<0.01) (Figure 7c—d).
These results suggested that silencing FGL-
1 synergized with anti-LAG-3 to increase the
number of CD8+ T cells and reduce T lym-
phocyte exhaustion in tumor tissues.

sh-nc 2

Figure 2. The effect of silencing FGL-I on the proliferation of TU-686 cells. The proliferation curves of
cells before and after transfection using the CCK-8 assay (a). The number of cell colonies formed during
colony formation assays (b) and Images of colony formation assays (c). *p < 0.05, **p < 0.01; two-tailed

Student’s t-test.

Discussion

Although anti-PD-1/PD-L1 immunothera-
py has shown efficacy in various tumors,
acquired or primary resistance still limits
its further application.?>** A deeper under-
standing of the mechanisms of immuno-
therapy treatment strategies and the
search for new immunotherapy targets
and biomarkers are particularly important.
A previous study confirmed that FGL-1 is
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and propidium iodide staining were used for the apoptosis assay, and cells were detected by flow cytometry
(2). Cell cycle progression was evaluated by flow cytometry (b). The apoptosis rates between the FGL-1-sh
group and the control group (c) and Differences in cell cycle progression between the FGL-1 knockdown
group and the control group (d). *P < 0.05; two-tailed Student’s t-test.

the major ligand for LAG-3 for synergizing obscure. In this study, we identified FGL-
with PD-L1/PD-1 in immunosuppression.'’ 1 to be highly expressed in laryngeal squa-
However, the expression and mechanism of ~ mous cell carcinoma in both plasma and
FGL-1 in Ilaryngeal cancer remained tumor tissues. We confirmed that increased
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Figure 4. Silencing FGL-| suppressed invasion, migration, and the epithelial-to-mesenchymal transition
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invasion abilities between the FGL-1-sh group and the NC-sh groups (c) and The expression of EMT-related
proteins was detected by western blot (d). *p < 0.05; two-tailed Student’s t-test; scale bars, 10 um.

FGL-1 expression promoted the prolifera-
tion, invasion, and migration of laryngeal
cancer cells and participated in the process
of tumor EMT. Additionally, we confirmed
that FGL-1 was involved in the immune
regulation of tumor cells, as the number
of CDS cells in tumor tissues was increased
in FGL-1 knockdown tumors, while
exhaustion of tumor infiltrating lympho-
cytes was reduced. These effects represent
the mechanisms through which FGL-I1

knockdown synergistically enhanced the
antitumor efficacy of anti-LAG3 treatment.

Under physiological conditions, FGL-1
is concentrated in the liver and pancreas.
In the event of acute hepatitis, increased
plasma FGL-1 expression is detected.'®
At the same time, FGL-1 expression in
plasma is also related to energy metabolism.
For example, increased plasma FGL-1 is
detected under the condition of insulin
resistance.”* Under pathological conditions,
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Figure 7. CD8 and LAG-3 immunohistochemistry in murine tumor tissues with FGL-I silencing treated
with anti-LAG-3 immunotherapy. CD8 immunohistochemistry in murine tumor tissues (a). LAG-3 immu-
nohistochemistry in murine tumor tissues (b). The proportion of CD8+ cells in murine tumor tissues with
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FGL-1-sh and +anti-LAG-3 (d). Arrows indicate positive cells. *p < 0.05, **p < 0.01; two-tailed Student’s
t-test.
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plasma FGL-1 expression can predict the
severity of certain chronic diseases such as
rheumatoid arthritis and dengue fever.?> ¢
Wang et al.'” found higher plasma FGL-1
levels in non-small cell lung cancer patients
than in healthy donors, and high expression
was associated with a worse overall survival
rate in patients treated with anti-PD-1/PD-
L1 therapy both in melanoma and lung
cancer. Consist with their study, we first
confirmed high expression of FGL-1 in
the plasma of laryngeal cancer patients
who had been excluded from chronic dis-
eases such as diabetes and chronic liver dis-
ease, which can influence the expression of
FGL-1. However, the relationships between
overall survival rate, immunotherapy, and
FGL-1 expression were not found, and the
cause of elevated plasma FGL-1 levels in
cancer patients remains unknown. Thus,
more research will be needed to reveal
these mechanisms.

By analyzing the expression of FGL-1 in
a pan-cancer dataset from The Cancer
Genome Atlas, it was concluded that
FGL-1 expression was significantly higher
in tumor tissues including head and neck
squamous carcinoma, lung adenocarcino-
ma, prostate adenocarcinoma, and stomach
adenocarcinoma than in adjacent control
tissues, while in cholangiocarcinoma,
breast invasive carcinoma, kidney chromo-
phobe, and liver hepatocellular carcinoma,
FGL-1 expression was decreased in tumor
tissues compared with adjacent controls
(Supplementary figure 3). Studies in breast
cancer,”’ hepatocellular carcinoma®® and
lung adenocarcinoma (LUAD)* are consis-
tent with the results of The Cancer Genome
Atlas dataset. We found that FGL-1 was
upregulated in tumor tissues compared
with vocal polyp tissues; however, more
paired samples are needed to confirm this
conclusion.

The effect of FGL-1 on tumor prolifera-
tion varies across tumor types. Previous
studies have confirmed that FGL-1 can
inhibit the proliferation of hepatocellular
carcinoma by suppressing the AKT-
mTOR pathway.>* 3! However, FGL-1
knockdown significantly inhibited the pro-
liferation of PC9/GR lung cancer cells with
gefitinib treatment,>® and in gastric cancer,
knocking out FGL-1 decreased the prolifer-
ation of SGC-7901 cells.*® Consist with the
results in lung and gastric cancers, we found
that the proliferation of TU-686 laryngeal
cancer cells was inhibited after silencing
FGL-1. However, the mechanism through
which FGL-1 affects the proliferation of
laryngeal squamous cell carcinoma cells
remains to be determined.

Tumor cell EMT plays an important role
in tumor metastasis by reducing epithelial
cell polarity and increasing cell invasive
and migratory abilities. FGL-1 had been
verified to be related to tumor EMT in pre-
vious studies. In lung cancer, E-cadherin
expression was downregulated, while
N-cadherin and vimentin expression were
elevated after silencing FGL-1.* Zhang
et al.¥ also confirmed that FGL-1 knock-
out resulted in decreased tumor invasion
and migration in gastric cancer. Consistent
with the research in gastric cancer, we
found that silencing FGL-1 inhibited the
invasion and migration of laryngeal squa-
mous cell carcinoma cells. Moreover, west-
ern blot results showed that E-cadherin

expression was increased after FGL-1
silencing, while levels of N-cadherin,
Vimentin, and Snail were decreased.

Therefore, we believe that FGL-1 acceler-
ates tumor invasion and migration by
promoting tumor cell EMT in laryngeal
cancer.

Previous studies have shown that the
combination of LAG-3 and FGL-1 plays
an important role in tumor immunity.
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In addition to the synergistic effects of LAG-
3 with PD-1 to inhibit tumor immunity,**3°
LAG-3 also has PD-1-independent immu-
nosuppressive effects. Blocking the binding
site of FGL-1 and LAG-3 can increase the
activity of tumor-infiltrating T lymphocytes
and promote their proliferation in vivo."”
Consistent with these findings, we con-
firmed that silencing FGL-1 sensitized
laryngeal cancer cells to the antitumor
effects of anti-LAG-3 immunotherapy by
increasing the activity of cytotoxic T lym-
phocytes and decreasing T cell exhaustion.
These results indicated that FGL-1 could be
a potential target for laryngeal cancer treat-
ment. However, clinical trials for FGL-1
targeted small molecules in cancer are insuf-
ficient. Wang et al.'” reported that high
plasma FGL-1 levels were associated with
poor outcomes in patients who received
anti-PD-1 therapy. However, the relation-
ship between plasma FGL-1 levels and the
prognosis of anti-PD-1/PD-L1 immuno-
therapy in laryngeal cancer remains
unknown. Therefore, we need to spend
more effort uncovering the mechanism of
FGL-1 in immunosuppression and the clin-
ical significance of immunotherapy for
laryngeal squamous cell carcinoma.

In conclusion, FGL-1 was highly
expressed in both the plasma and tumor
tissues of laryngeal cancer patients, and
FGL-1 knockdown decreased the prolifera-
tion, invasion, and migration of laryngeal
cancer cells. Finally, silencing FGL-1 sensi-
tized laryngeal cancer cells to the antitumor
effects of anti-LAG-3 immunotherapy.
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