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1 | INTRODUCTION

Oral squamous cell carcinoma (OSCC) is the most common malig-
nant neoplasm affecting oral cavity, accounting for more than 90%
of all oral cancers. Annually, over 300.000 cases are newly diag-
nosed, with a short-term survival rate of about 65% and a 5-year
survival rate still hovering around 50% (Mascitti et al., 2020, 2022;
Togni et al., 2022). Despite improvements in the knowledge of this
disease and recent progress made in radiotherapy (RT), chemother-
apy (CT) and conventional surgery, the overall survival (OS) has
not essentially increased in the last decades mainly due to a poor
response to standard anti-cancer treatments. Moreover, OSCC pa-
tients often experience notable complications related to treatment
resistance and disease recurrence. Finally, the lack of valuable bio-
markers that predict aggressiveness and recurrence risk together
with scarceness of therapeutical targets make this scenario even
more dismal (Zhang et al., 2019).

Hence, there is an urgent need to establish new therapies tai-
lored to specific targets or pathways involved in OSCC tumorigen-
esis and ADC has assumed a primary role in the targeted therapy
approach (Perrotti et al., 2021). In this context, the human lectin
galactoside-binding soluble 3-binding protein (LGALS3BP) has
emerged as an attractive target for a variety of cancers (Capone
et al., 2021) due to its abundant expression on tumour tissue and
its multifaced role as tumour-promoting factor. LGALS3BP (also
known as Gal-3BP, 90K or Mac2-BP) is a secreted multifunc-
tional glycoprotein expressed by several cancerous specimens,
while undetectable or poorly present in normal tissues (Capone
et al.,, 2020, 2021; Fornarini et al., 2000; Hee Lee et al., 2013;
Ozaki et al., 2004; Park et al., 2007; Ulmer et al., 2006; Zhang
et al., 2019). LGALS3BP is involved in immunity, angiogenesis, cel-
lular adhesion and migration and tumour microenvironment (TME)
crosstalk, influencing tumour growth and progression (Capone
et al., 2021). Recently, LGALS3BP has been indicated as one of the
most abundant glycoproteins on the surface of extracellular ves-
icles (EVs) derived from ovarian cancer, endometrial cancer, pan-
creatic ductal adenocarcinoma, glioblastoma and neuroblastoma
(Capone et al., 2020; Castillo et al., 2018; Dufrusine et al., 2023;
Escrevente et al., 2013; Nakata et al., 2017; Song et al., 2021) and
implicated in cargo delivery of these vesicles (Zhu et al., 2023),
proposing a functional specialization for vesicular LGALS3BP. In-
terestingly, LGALS3BP was previously shown to affect cell growth
and motility of OSCC cells by likely acting as an oncogene (Endo
et al., 2013; Weng et al., 2008; Zhang et al., 2019). In addition,
overexpression of secreted LGALS3BP in OSCC cell lines was de-
scribed (Fukamachi et al., 2018); more importantly, LGALS3BP
from both serum and tissue of OSCC patients was significantly
correlated with unfavourable prognosis (Weng et al., 2008), be-
sides its role as a disease biomarker in saliva of OSCC patients
(Singh et al., 2020; Yu et al., 2016).

Our group has recently developed a specific and potent maytan-
sine derivative-based ADC targeting LGALS3BP—named 1959-sss/
DM4—that has shown promising therapeutical efficacy in preclinical

models of melanoma, neuroblastoma and glioblastoma (Capone
et al., 2020; Dufrusine et al., 2023; Giansanti et al., 2019). This
compound was designed as a non-internalizing ADC able to target
secreted LGALS3BP which accumulates in the tumour extracellu-
lar milieu. The DM4 maytansinoid derivative is a tubulin polymer-
ization inhibitor characterized by lipophilic properties displaying a
potent cell-killing activity in the picomolar range. Indeed, the reduc-
ing conditions of the tumour microenvironment (TME) may lead to
the release of the cytotoxic payload (SH-DM4) which is site-specific
conjugated through a disulfide bond to the C-terminal cysteine resi-
due of each light chain of 1959sss antibody.

Interestingly, both naked and DM4-conjugated 1959 antibod-
ies showed the ability to act as radioimmunoconjugates for &Zr-
immunoPET, thus suggesting that both probes could play arole in the
clinical imaging of LGALS3BP-expressing malignancies (Keindnen
etal., 2023).

Given the urgency of developing novel therapeutic strategies
for OSCC treatment and given the LGALS3BP potential as a drug-
gable target, the purpose of the present study was to evaluate the
expression of LGALS3BP in a cohort of OSCC to explore any possi-
ble correlation with clinical-pathological characteristics. Moreover,
EVs-associated LGALS3BP expression was analysed in a panel of
available OSCC cell lines to assess its potential as a druggable target
for ADC-based therapy.

2 | MATERIALS AND METHODS
2.1 | Celllines

OSCC cell lines HSC3, HSC4 and HSC2 were cultured in E-MEM
(Eagle's Minimum Essential Medium, Gibco, Waltham, MA, USA);
HOC621 and CAL27 cell lines were cultured in DMEM (Dulbec-
co's Minimum Essential Medium, Gibco, Waltham, MA, USA); SAS
cell line was cultured in DMEM/F12 (Gibco, Waltham, MA, USA)
and A253 cell line was cultured in McCoy's 5A (Gibco, Waltham,
MA, USA). All the culture media were supplemented with 10%
heat-inactivated foetal bovine serum (FBS, Gibco, Waltham, MA,
USA), 100 units/mL penicillin and 100 pg/mL streptomycin (Sigma-
Aldrich Corporation, St. Louis, MO, USA). HSC2, HSC3, HSC4,
HOC621, CAL27 and SAS cell lines were a gift of Prof. Lorenzo
Lo Muzio (University of Foggia, Italy); A253 cell line was pur-
chased from American Type Culture Collection (ATCC #HTB-41,
Rockville, MD, USA). HSC3, HSC4, HOC621, CAL27 and SAS cell
lines derived from human tongue carcinoma, while HSC2 is from
mouth floor carcinoma and A253 is from salivary glands carci-
noma. Human gingival fibroblasts (hGF) were purchased from CLS
(#300703; GmbH) and cultured in DMEM/F12 supplemented with
heat-inactivated 5% FBS, 100 units/mL penicillin and 100 pg/mL
streptomycin (Sigma-Aldrich Corporation, St. Louis, MO, USA). All
cell lines were cultivated at most for 1 month and maintained at
37°C in a humified air with 5% CO,. All cell lines were tested for

mycoplasma contamination through PCR.
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2.2 | Patients

A cohort of randomly selected patients with OSCC was identified.
Patients' charts were retrospectively screened for clinic-pathological
information. Patients were originally treated at the Department of
Maxillofacial Surgery, ‘Ospedali Riuniti’ General Hospital (Ancona,
Italy) between 1990 and 2016. Surgical resection with curative in-
tent was performed in all patients. Diagnostic slides were retrieved,
and an assessment was performed to the updated staging system.
All patients were staged according to the 8th AJCC Tumon Node
Metastasis (TNM) Staging system. To be eligible for inclusion, the
following criteria had to be met:

1. Primary OSCC, such as International Classification of Disease-10
(ICD) codes 00, 02, 03, 04, 05 and 06;

2. Over 18years old at the time of diagnosis;

3. Absence of Human Papilloma Virus (HPV) infection.

Cases collected originally from relapsing, metastasizing or sec-
ondary primary tumours were excluded as well as those collected
just after neoadjuvant treatment. The study was approved and
reviewed by the Institutional Review Board of Regione Abruzzo
(richk5st2 of 21.4.2023). All patients provided written consent for
the use of their specimens for research purposes and the study was
conducted in accordance with the ‘Ethical Principles for Medical
Research Involving Human Subjects’ statement of the Helsinki Dec-
laration. The clinical endpoint examined was overall OS. Follow-up
was considered the time in months from the day in which the patient
underwent surgical excision to the last check-follow-up alive status
or death for any reason.

2.3 | Western blotting

A total of 5x10° OSCC cells and hGF were cultured in a complete
medium for 48 h, then they were harvested. Pellet cells were lysed
in RIPA buffer (50mM Tris/HCI pH 7.6, 150mM NaCl, 1% NP-40,
0.5% Na-Deoxycholate, 0.1% SDS, 1mM EDTA pH8) containing
a protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MI, USA), a
phosphatase inhibitor cocktail (Roche, Thermo-Fisher, Waltham,
MA, USA) and Na,VO, (Sigma-Aldrich, St. Louis, MI, USA). Lysates
were clarified by centrifugation at 13,000rpm for 30min at 4°C.
Equal amounts of protein lysates (20 ug per sample) were subjected
to 10% or 15% SDS-PAGE electrophoresis and then electrotrans-
ferred to nitrocellulose membranes for Western blot analysis. Mem-
branes were blocked for 1h at RT with 5% (g/v) non-fat dry milk
in PBS with 0.1% (v/v) Tween20. Membranes were then incubated
overnight at 4°C with the following primary antibodies: anti-human
LGALS3BP (goat polyclonal; 1:1000, #AF2226, R&D Systems, Min-
neapolis, MN, USA), anti-human lectin, mannose-binding 1 (LMAN1)
(rabbit monoclonal; 1:1000, EPR6979, ab125006, Abcam, Cam-
bridge, UK), anti-human Multiple Coagulation Factor Deficiency
2 (MCFD2) (#294301) (mouse monoclonal; 1:500, MAB-2357,

Resiag i st Minibeeiat W £ Mock Mastins

R&D Systems, Minneapolis, MN, USA), anti-human p-actin (mouse
monoclonal; 1:40000, A5441, Sigma-Aldrich, St. Louis, MI, USA).
After three washes in PBS-0.1% (v/v) Tween20, the membranes
were hybridized with horseradish peroxidase (HRP)-conjugated
secondary antibodies (goat, rabbit, or mouse; Biorad, Hercules, CA,
USA). Detection of signal bands was performed with Clarity West-
ern ECL substrate (#1705061; Biorad, Hercules, CA, USA) or with a
SuperSignal West Dura extended duration substrate kit (#34076;
Thermo Fisher Scientific). Images of membranes were acquired
with a UvitecFire reader (Cambridge, UK) and analysed with Alli-
ance Uvitec software (Cambridge, UK).

2.4 | Quantitative reverse transcription-PCR
(QRT-PCR)

A total of 5 x10° OSCC cells and hGF were cultured in a complete
medium for 48 h, then total RNA was isolated from collected cells by
RNeasy kit (#74136, Qiagen, Hilden, Germany). One microgram of
total RNA was reverse transcribed to cDNA by using a High-Capacity
cDNA Reverse Transcription kit (#4368814; Applied Biosystems,
Waltham, MA, USA), according to the manufacturer's instructions.
Real-time qPCR was performed with a CFX96 Touch Real-Time PCR
Detection system (Biorad, Hercules, CA, USA) using SsoAdvanced
Universal SYBR Green supermix (#1725271; Biorad, Hercules, CA,
USA), according to the manufacturer's instructions. The primers
used at a final concentration of 350nM were hLGALS3BP FOR 5'-
GAACCCAAGGCGTGAACGAT-3’, hLGALS3BP REV 5-GTCCCACA
GGTTGTCACACA-3, h-p-actin FOR 5-CAGCTCACCATGGATGA
TGATATC-3’ and h-p-actin REV 5-AAGCCGGCCTTGCACAT-3".
Each sample analysis was performed in triplicate. As a negative
control, a no template control was performed. The following PCR
program was used: 95°C for 30s, 40cycles of denaturation at 95°C
for 15s and annealing/extension at 57°C for 30s. In order to ver-
ify the specificity of the amplification, a melting curve analysis was
performed immediately after the amplification protocol. gRT-PCR
results were calculated using the AACt method, with B-actin used as

a housekeeping reference gene.

2.5 | Enzyme-linked immunosorbent assay (ELISA)

A total of 5 x10° OSCC cells and hGF were cultured in a com-
plete medium for 48h, then supernatants were collected. Sand-
wich ELISA for secreted LGALS3BP was performed as follows:
Maxisorp 96-well plates were coated with murine anti-LGALS3BP
antibody SP2 (Traini et al., 2014) [2 ug/mL] overnight at 4°C. After
blocking with 1% (g/v) BSA in PBS for 1h, 100 uL of supernatants
were added and incubated for 1h at RT. After three washes with
PBS-0.05% (v/v) Tween20, humanized anti-LGALS3BP antibody
1959 [1pg/mL] was incubated for 1h at RT. For the detection,
after three washes with PBS-0.05% (v/v) Tween20, anti-human
1gG-HRP (#A01070, Sigma-Aldrich, St. Louis, MI, USA) was added
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(1:5000) and incubated for 1 h at RT. After three washes, stabilized
chromogen was added for at least 10 min in the dark, before stop-
ping the reaction with the addition of 1N H,SO,. The resulting
color was finally read at 450 nm with an ELISA plate reader (Tecan,
Ménnedorf, Switzerland).

2.6 | Extracellular vesicles purification and analysis

Once reached the 80% confluence, OSCC cell lines were cul-
tivated for 48h in a serum-free medium. Around 100mL of cell
culture supernatant were collected, and differential ultracentrifu-
gation was performed for EVs isolation. Briefly, supernatants were
centrifuged at 300g, 20008 and 10,0009 for 10, 10 and 30 min,
respectively, at 4°C to remove dead cells and cellular debris. Then,
supernatants were ultracentrifuged at 100,000 g for 70 min at 4°C
in order to collect exosomes that were washed with PBS and re-
collected by another centrifugation at 100,000g for 70 min at 4°C.
Protein content of obtained exosomes was quantified by Brad-
ford assay (Biorad, Hercules, California, USA) in 96-well plates
that were read at 595nm prior to analysis by Western blotting,
besides whole-cell lysates previously lysed in RIPA lysis buffer as
previously described. Briefly, whole-cell lysates and isolated EVs
were prepared in a reducing or non-reducing sample buffer (with-
out 2-mercaptoethanol, for CD9 and CD63 immunoblotting) and
heated at 95°C for 10 min. Non-reduced blots were probed with
primary antibodies anti-human CD9 (ALB 6) (mouse monoclonal;
1:200, sc-59140, SantaCruz Biotechnology, Dallas, TX, USA) and
anti-human CD63 (RFAC4) (mouse monoclonal; 1:1000, #CBL553,
Merck Millipore, Burlington, Massachusetts, USA). Reduced
blots were probed with anti-human LGALS3BP antibody (goat
polyclonal; 1:1000, #AF2226, R&D Systems, Minneapolis, MN,
USA) and with anti-human f-actin (mouse monoclonal; 1:40000,
Sigma-Aldrich, St. Louis, MI, USA). All primary antibodies were
incubated overnight at 4°C; membranes were then probed with
HRP-conjugated secondary antibodies (goat or mouse; Biorad,
Hercules, CA, USA) for 1h at RT. Blots were developed with a

chemiluminescence system as previously described.

2.7 | Cytotoxicity assay

For cytotoxicity assay, CAL27 and HOC621 were cultivated into
24-well plates at a density of 9x 10%/well and 8 x 10%/well, respec-
tively, under standard growth conditions at 37°C in 5% CO,. After
24h, cells were treated for 72h with increasing doses of SH-DM4
(Cod. HY-12454, MedChemExpress, New Jersey, USA) (ranging from
0.0032nM to 50nM). At the end of the treatment period, cells were
incubated with  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo
lium bromide (MTT) solution (medium serum-free with 0.5mg/mL
of MTT) for 2h. After the removal of the MTT solution, dimethyl
sulfoxide (DMSO) was added to each well and then the absorption
value at 570 nm was measured using a multi-plate reader (Tecan). All

experiments were performed in triplicate and as three independent
experiments. IC. (Inhibition of Cellular Proliferation by 50%) values
were calculated by using GraphPad Prism 9.0 software (GraphPad
Software, Inc., San Diego, CA, USA).

TABLE 1 Characteristics of patients with oral squamous cell
carcinoma (OSCC) (n=98).

Variable Value (%)
Age at diagnosis (year)
Mean+SD 66.0+12.9
Median (range) 68.0 (26-88)
Gender
Male 79 (80.6)
Female 19 (19.4)
Tumour location
Tongue 63 (64.3)
Gingiva 2(2.0)
Mouth's floor 8(8.2)
Palate 1(1.0)
Cheek 24 (24.5)
Tumour stage
| 27 (27.6)
Il 22(22.4)
I 18 (18.4)
v 29 (29.6)
Unknown 2(2.0)
Tumour grade
1 24 (24.5)
2 47 (48.0)
3 25(25.5)
Unknown 2(2.0)
LVI
Absent 88(89.8)
Present 9(9.2)
Unknown 1(1.0)
DOI (mm)
<5 25(26.5)
5-10 20(20.4)
>10 5(5.1)
Unknown 48 (49.0)
WPOI
Grade 1 26 (26.5)
Grade 2 11 (11.2)
Grade 3 39 (39.8)
Grade 4 20 (20.4)
Grade 5 1(1.0)
Unknown 1(1.0)

Abbreviations: DOI, depth of invasion; LVI, lymphovascular invasion;
WPOI, worst pattern of invasion.
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2.8 | Immunohistochemistry (IHC)

OSCC tissue sections were stained with a goat polyclonal anti-
body raised against human LGALS3BP (goat polyclonal; 1:400 di-
lution; 60’ incubation; #AF2226, R&D Systems, Minneapolis, MN,
USA). Antigen retrieval was performed by microwave treatment at
750W (10min) in citrate buffer (pH6.0). The ABC kit was used for
signal amplification. DAB (3,3’-Diaminobenzidine) was used as the

chromogen.

2.9 | Statistical analysis

The chi-square test was used to investigate the relationships be-
tween LGALS3BP expression and the clinical-pathological param-
eters of patients. Based on the median value of expression of 83%
at IHC, patients were categorized in high and low expression for

VIL\RL U
Keatiog st Mitac

LGALS3BP. Kaplan-Meier analysis was performed to estimate OS
by log-rank test and represented by survival curves. Variables im-
pacting OS in univariate analysis (p-value <0.150) were considered
to build the multivariate model on Cox regression analysis.

3 | RESULTS

3.1 | Immunohistochemical evaluation of LGALS3BP
expression in oral squamous cell carcinoma

LGALS3BP protein expression in OSCC was evaluated by IHC in
98 cases. Patients and tumour characteristics are summarized in
Table 1. LGALS3BP was found in the cytoplasm of the tumour cells
(Figure 1a) and the distribution of LGALS3BP expression through-
out the analysed samples was predominantly high, with a median of
83% (Figure 1b). Therefore, tumours whose percentage of stained

(b)
100
80—
60—
%
40
P ; 20—
e =A%
SRR TN A 0—
LGALS3BP
(c) Overall survival
100 LGALS3BP
1 Low expression

80

60

40

Cumulative survival (%)

20

I High expression

80 100 120

Months

FIGURE 1 LGALS3BP expression in OSCC patient tissue samples. (a) Representative images of immunohistochemical LGALS3BP
expression in tumour samples from patients (n=98) affected by oral squamous cell carcinoma (OSCC). Scale bar=20pm. (b) Box-and-whisker
diagram of LGALS3BP distribution in OSCC cases (n=98). The upper and lower ends of the boxes represent the 75th and 25th percentiles,
respectively. The median value is shown with a solid line. (c) Kaplan-Meier analysis representing overall survival (OS) of OSCC patients in

relation to LGALS3BP low- or high-expressing subgroups.
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TABLE 2 LGALS3BP status according to the clinical-pathological
features of OSCC patients.

Lbasiog in D, Winlagin, Wi & Mach Madicine

LGALS3BP

Variable Low: n (%) High: n (%) p-value
Gender

Male 41 (51.9) 38(48.1) 0.610

Female 8(42.1) 11 (57.9)
Age

Young (<60years) 15 (46.9) 17 (53.1)

Old (>60years) 34 (52.3) 31(47.7) 0.615
Tumour location

Tongue 31(49.2) 32(50.8)

Gingiva 1(50.0) 1(50.0)

Mouth's floor 5(62.5) 3(37.5)

Palate 1(100.0) 0(0.0)

Cheek 11 (45.8) 13(54.2) 0.794
Tumour stage

| 16 (59.3) 11 (40.7)

1 13 (59.1) 9 (40.9)

11 8(44.4) 10 (55.6)

\% 11 (37.9) 18 (62.1) 0.312
Tumour grade

1 15 (62.5) 9(37.5)

2 25(53.2) 22(46.8)

3 9 (36.0) 16 (64.0) 0.164
LVI

Absent 46 (52.3) 42 (47.7)

Present 3(33.3) 6(66.7) 0.317
DOI (mm)

<5 13(52.0) 12 (48.0)

5-10 11 (55.0) 9 (45.0)

>10 2 (40.0) 3(60.0) 0.835
WPOI

Grade 1-3 44 (57.9) 32 (42.1)

Grade 4-5 5(23.8) 16 (76.2) 0.006*

Abbreviations: DOI, depth of invasion; LVI, lymphovascular invasion;
WPOI, worst pattern of invasion.
*Statistically significant.

cells was <83% were considered as low-expressing LGALS3BP,
while all the others were considered high-expressing LGALS3BP.
High LGALS3BP expression level was significantly associated with
aggressive behaviour of OSCC in terms of the worst pattern of
invasion (WPOI) (p=0.006) (Table 2). At Kaplan-Meier analysis,
LGALS3BP expression did not affect the OS of patients with OSCC
(Figure 1c). Multivariate Cox regression analysis for OS indicated as
independent statistically significant prognostic factors the overall
pattern of invasion (POI) and age. In particular, advanced POl was
associated with a decrease in OS (Hazard Ratio 3.82, 95% Confi-
dence Interval 1.628-8.971, p-value=0.002) as well as advanced

TABLE 3 Results from multivariate Cox regression analysis
related to overall survival (OS) of patients with oral squamous cell
carcinoma (OSCC).

95.0% CI
Hazard
p-value ratio Lower Upper
LGALS3BP—low 0.087 0.637 0.380 1.067

expression versus
high expression

Age—old versus young 0.045* 1.020 1.000 1.039
LVI—presence versus 0.085 2.488 0.883 7.006

absence

POl overall 0.021*

POI2 vs POI1 0.740 1.127 0.555 2.291
POI3 vs POI1 0.165 1.479 0.851 2.572
POI4 vs POI1 0.002* 3.822 1.628 8.971
T overall 0.114

T2vsT1 0.389 0.776 0.436 1.381
T3vsT1 0.103 1.810 0.888 3.692
T4 vs T1 0.591 1.250 0.554 2.824

Abbreviations: LVI, lymphovascular invasion; POI, pattern of invasion;
T, Tumoural dimensions.

*Statistically significant.

age (Hazard Ratio 1.020, 95% Confidence Interval 1.000-1.039,
p-value=0.045) (Table 3).

3.2 | In-vitro evaluation of LGALS3BP expression
in OSCC cell lines

Since the heterogeneous nature of OSCC, LGALS3BP expression
levels were analysed in a panel of OSCC cell lines generated from
diverse sites of the oral cavity, specifically from the tongue (HSC3,
HSC4, CAL27,HOC621, SAS), mouth floor (HSC2) and salivary glands
(A253) (Bierbaumer et al., 2018). Intracellular as well as secreted pro-
tein levels together with mRNA expression of LGALS3BP were evalu-
ated in OSCC cell lines and compared with hGF, a normal primary
gingival fibroblast cell line. While LGALS3BP was nearly undetectable
both at mRNA and protein levels in normal hGF cells (Figure 2a-d),
intracellular (Figure 2a,b) and secreted (Figure 2d) LGALS3BP dis-
played a heterogenous expression pattern among the different OSCC
cell lines, with the highest expression level detected in HOC621 and
CAL27 cell lines. Moreover, for each OSCC cell line, intracellular lev-
els of LGALS3BP positively correlated with secreted levels measured
in culture media (Figure 2b-d), suggesting that cytosolic LGALS3BP is
proportionally released into the extracellular milieu.

3.3 | LGALS3BP is present and highly enriched in
EVs derived from OSCC cells

We next analysed EVs-associated LGALS3BP in the same panel of
OSCC cell lines. To this scope, EVs were isolated from the culture
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FIGURE 2 Human LGALS3BP is heterogeneously expressed and secreted in a panel of oral squamous cell carcinoma (OSCC) cell lines.

(a) Western blot images showing LGALS3BP protein levels in hGF and OSCC cell lines. 20 pug of total cell lysates were loaded for each sample.
B-actin was used as a loading control. WB images are representative of three independent experiments. Arrows indicate the intracellular

(*, ~70kDa) and the glycosylated form (**, ~90kDa) of LGALS3BP. (b) Histograms representing protein quantification, obtained from
densitometry analysis of WB images, normalized to B-actin (loading control) of intracellular (*, ~70kDa) (left) and glycosylated (**, ~90kDa)
(right) LGALS3BP. Values are expressed as arbitrary units (A.U.) and are referred to means +standard deviation (SD) (n=3). (c) Histogram
representing LGALS3BP mRNA expression levels in human gingival fibroblast (hGF) and in a panel of OSCC cell lines. mRNA levels were
evaluated by qRT-PCR and gene expression values were normalized relative to p-actin expression levels. Values are the means+SD (n=3).
(d) Histogram representing secreted LGALS3BP levels (ng/mL) in hGF and OSCC cell culture supernatants evaluated by ELISA assay and
normalized for the total number of cells (x10%) harvested at the end of the experiment. Values are the means+SD (n=3).

supernatants of OSCC cell lines and analysis of LGALS3BP levels in
EVs was performed, besides their corresponding whole-cell lysates
(Figure 3a,b). As a confirmation of proper EVs isolation, CD63 and
CD9 tetraspanins together with p-actin levels were used as EVs
markers which resulted in differently enriched in OSCC-derived
EVs compared to corresponding intracellular levels (Figure 3a,b).
More importantly, these data showed that 90kDa-glycosylated
LGALS3BP was enriched in OSCC-derived EVs exhibiting a vari-
able expression among the different OSCC cell lines (Figure 3a). Of
note, EVs derived from HSC3, CAL27, HOC621 and HSC2 cell lines
showed higher LGALS3BP content compared to HSC4-, SAS- and
A253-derived EVs (Figure 3a).

Previously, it has been demonstrated that the proteins LMAN1/
ERGIC-53 and MCFD2 are involved in the intracellular trafficking of
LGALS3BP functioning as a transport complex crucial for LGALS3BP
extracellular secretion (Chen et al., 2013; Fukamachi et al., 2018).
In particular, it has been recently shown that LGALS3BP secretion
levels positively correlated with levels of both MCFD2 and LMAN1
proteins in OSCC (Fukamachi et al., 2018). Therefore, the occurrence
of a correlation between extracellular LGALS3BP and LMAN1/
MCFD2 levels in our cell models has been explored and, with this

aim, LMAN1 and MCFD2 protein levels in the same panel of OSCC
cell lines were evaluated (Figure 3c). Western blot did not show a
correlation between extracellular LGALS3BP and LMAN1/MCFD2
cytosolic levels; however, a positive correlation could be assumed
for HSC4 and HOC621 cell lines in which high levels of LMAN1 and
MCFD2 (Figure 3c) corresponded to a higher secretion of LGALS3BP
(Figure 2d).

3.4 | OSCC cells are sensitive to cytotoxic payload
employed in ADC-based target therapy

Our group has recently developed an ADC specifically targeting
LGALS3BP that showed potent therapeutical efficacy in differ-
ent tumoural contexts, as shown in our previous works (Capone
et al., 2020; Dufrusine et al., 2023; Giansanti et al., 2019). Given
the high expression of LGALS3BP even in OSCC, we tested the
potential applicability of the ADC therapy developed in our labo-
ratory on OSCC cellular models. In particular, we evaluated the
intrinsic sensitivity of CAL27 and HOC621, those OSCC cell lines
that showed the highest LGALS3BP expression, to the payload
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FIGURE 3 LGALS3BP is an EVs-associated protein and heterogeneously expressed in a panel of OSCC cell lines but its levels do not
directly correlate with its intracellular transporters, LMAN1 and MCFD2. Western blot images showing LGALS3BP protein levels in isolated
EVs (a) and corresponding whole-cell lysates (b) of OSCC cell lines. 2 ug of EVs and 20 ug of total cell lysates were loaded for each sample.
Glycosylated (**) LGALS3BP is enriched in isolated EVs (a), while both intracellular (*) and glycosylated (**) forms of LGALS3BP are present
in whole-cell lysates (b). CD63, CD9 and p-actin levels were evaluated as EV markers. Blot membranes stained with ponceau were reported
as loading controls. For each protein probed, protein bands were quantified through densitometry analysis of WB images and levels were
reported below each blot as raw arbitrary units (a) or normalized for p-actin levels (b). (c) Western Blot images of LMAN1 and MCFD2
protein levels in OSCC cell lines. 20 ug of total lysates were loaded for each sample. p-actin was used as a loading control. WB images are
representative of three independent experiments. Densitometry of LMAN1 and MCFD2 levels on WB images are reported below each

corresponding blot as arbitrary units normalized for -actin levels.

(a) CAL27 (b) HOC621 FIGURE 4 In vitro sensitivity to SH-
— 150+ — 150+ DM4 of high-expressing LGALS3BP OSCC
[ ° cell lines. (a) CAL27 and (b) HOC621
E ::E; cells were treated with increasing doses
3 1004 E 1004 T '|' '[ of SH-DM4 for 72 h and cell-killing
e ‘—LN e 1l 4 activity was evaluated by MTT assay.
_0 ‘_9 J_ J_ Means of percentages of survival over
S s \ - I control are represented +SD of three
s z I independent experiments (n=3). IC,
é IC5,=0.20 nM i\‘\‘-’ 92 IC5=0.31 nM I I values are reported for each graph and
S 0 y " " S 0 ‘ . ‘ were calculated using GraphPad Prism 9.0
10+ 1072 100 102 104 102 10° 102 software.
Log [DM4] (nM) Log [DM4] (nM)
of our ADC corresponding to SH-DM4 drug, which exerts its 4 | DISCUSSION

cytotoxic activity since it is a potent inhibitor of tubulin polym-
erization. As reported in Figure 4, OSCC cells showed a strong
sensitivity with IC, values of 0.2 and 0.3nM, respectively, as as-
sessed by MTT assay.

The development of novel therapeutic strategies for OSCC treat-
ment is an urgent need, and given the LGALS3BP potential as a
druggable target, in this work, we have evaluated tissue LGALS3BP
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expression levels in a cohort of OSCC patients as well as its intra-
cellular and EVs-associated expression patterns in a panel of avail-
able cell lines. Two general observations derive from these data:
LGALS3BP is highly expressed in OSCC promoting a more aggres-
sive phenotype, and EVs derived from OSCC cell lines are enriched
with LGALS3BP. The first consideration derives from the evidence
that more than 95% of the analyzed OSCC patients were positive
for LGALS3BP, though with variable expression. This is in line with
other observations from the literature in which LGALS3BP levels
are high in a wide variety of cancer tissues; instead, its expression
is minimal or undetectable in normal tissues (Capone et al., 2021;
Fukamachi et al., 2018; Giansanti et al., 2019; Ulmer et al., 2006).
We were able to dichotomize OSCC patients into low- and high-
expressing LGALS3BP groups. Multivariate Cox regression analy-
sis showed that LGALS3BP expression did not influence the OS;
however, we observed a trend for which high expression levels
of LGALS3BP correlated with better prognosis. Instead, in a simi-
lar previous study, Zhang et al. found that IHC expression was an
independent adverse factor for OS and relapse-free survival in a
cohort of 92 OSCC patients (Zhang et al., 2019). While more stud-
ies support a negative impact of LGALS3BP overexpression on
patients' outcomes and tumour characteristics (He et al., 2019;
lacobelli et al., 1994; Marchetti et al., 2002; Sun et al., 2013; Tinari
et al., 2009; Zeimet et al., 1996; Zhang et al., 2019), evidence for
which LGALS3BP is associated with favourable clinical outcome
was reported for colorectal carcinoma (Piccolo et al., 2015), pleural
mesothelioma (Strizzi et al., 2002) and Ewing's sarcoma (Zambelli
et al., 2010), suggesting that, likely due to the versatile multifunc-
tionality of this protein, LGALS3BP might have a controversial
prognosis-related role depending on the cancer type and spatial al-
location, in terms of cytoplasmatic, interstitial secretion and serum
delivering of this protein.

The second observation we brought in this work is the evidence
that LGALS3BP is highly and differently expressed in OSCC cells
and more importantly enriched in cancer-derived EVs, strengthen-
ing the notion of its specific functional role as a vesicular protein.
However, our results highlight that LGALS3BP expression levels
significantly changed among the cell lines. This phenomenon was
already observed in other types of cancer, such as neuroblas-
toma or glioblastoma as recently shown by our groups (Capone
et al., 2020; Dufrusine et al., 2023). Yet, heterogeneous pattern of
expression of LGALS3BP and mechanisms implicated in its expres-
sion and secretion is not fully understood. To date, some works
have proposed that LGALS3BP secretion might involve interac-
tion with LMAN1, an Endoplasmic Reticulum (ER)-Golgi trans-
porter molecule that recognizes high-mannose type N-glycans; this
means that N-glycosylation of LGALS3BP appears to be essential
for its secretion (Chen et al., 2013). In addition to this transmem-
brane protein, another LGALS3BP-interactor, named MCFD2,
allows in concert with LMAN1 the transport from the ER to the
Golgi where post-translational changes occur. Of note, Fukama-
chi et al. reported co-upregulation of LGALS3BP and MCFD2 in
OSCC, and patients harbouring this dysregulation were more likely

Resiag i st Minibeeiat W £ Mock Mastins

to develop lymph nodes metastasis (Fukamachi et al., 2018). In our
OSCC models, we did not observe a close correlation between in-
tracellular transporters LMAN1/MCFD2 and LGALS3BP levels, nor
with EVs-associated LGALS3BP content (Figure 3), indicating that
LGALS3BP of EVs compartment may not directly depend on the
LMAN1-MCFD2 intracellular transport complex along the secre-
tory pathway.

Given its overexpression in tumour tissue and its abundance
and accumulation in extracellular stroma also as EVs-associated
protein, LGALS3BP lends itself to being a promising druggable tar-
get, especially for antibody-based therapy with non-internalizing
ADCs (Capone et al., 2020, 2021; Choi et al., 2022; Dufrusine
et al.,, 2023; Giansanti et al., 2019; Hee Lee et al., 2013). In this
context, the most attractive feature of targeting extracellular
LGALS3BP with 1959-sss/DM4 in the tumour microenvironment
is that this strategy may induce a potent antitumour activity
through the direct killing of both cancer and stroma cells. Indeed,
this bystander effect is made possible by the lipophilic nature of
the cytotoxic payload, which enhances the passive uptake of the
drug by cancer cells as well as by TME-associated cells. However,
detailed molecular mechanisms of action beyond the effectiveness
of 1959-sss/DM4 ADC are still under investigation. Thus, in this
work, the emerged evidence from our results that LGALS3BP is
overexpressed in almost all OSCC patients and cell line models
lay the foundations for testing our ADC targeting this protein as a
novel therapeutic strategy for OSCC. To complete the favourable
picture, preliminary assays showed OSCC cell lines to be highly
susceptible to the payload loaded onto the anti-LGALS3BP ADC
(1959-sss/DM4) in the range of nanomolar scale (Figure 4) (Ca-
pone et al., 2020; Dufrusine et al., 2023; Giansanti et al., 2019)
suggesting that generation of OSCC pre-clinical models would be
the needed next step to further evaluate the therapeutic potential
of DM4-based anti-LGALS3BP ADC.

5 | CONCLUSIONS

LGALS3BP prognostic value and functional mechanism in OSCC are
still unclear. Further investigations will be crucial to better under-
stand the association between LGALS3BP levels and cancer pro-
gression even in OSCC to pave the way for the development and
translational application of innovative and more effective therapeu-
tic approaches. In sum, our data indicate that LGALS3BP is highly
expressed in OSCC and represents a potential target for ADC-based
therapy. Therapeutic studies are necessary to confirm LGALS3BP as

a promising target for cancer immunotherapy in OSCC.
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