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ARTICLE INFO ABSTRACT

Keywords: The development of innovative therapeutic strategies for head and neck squamous cell carcinoma (HNSCC) is a

Head and neck squamous cell cancer critical medical requirement. Antibody-drug conjugates (ADC) targeting tumor-specific surface antigens have

SLC.?’AZ . demonstrated clinical effectiveness in treating hematologic and solid malignancies. Our investigation revealed

:Btéb()dy'dr“g conjugates high expression levels of SLC3A2 in HNSCC tissue and cell lines. This study aimed to develop a novel anti-
SLC3A2 ADC and assess its antitumor effects on HNSCC both in vitro and in vivo. This study developed a
potent anti-SLC3A2 ADC (19G4-MMAE) and systematically investigated its drug delivery potential and antitumor
efficacy in preclinical models. This study revealed that 19G4-MMAE exhibited specific binding to SLC3A2 and
effectively targeted lysosomes. Moreover, 19G4-MMAE induced a significant accumulation of reactive oxygen
species (ROS) and apoptosis in SLC3A2-positive HNSCC cells. The compound demonstrated potent antitumor
effects derived from MMAE against SLC3A2-expressing HNSCC in preclinical models, displaying a favorable
safety profile. These findings suggest that targeting SLC3A2 with an anti-SLC3A2 ADC could be a promising
therapeutic approach for treating HNSCC patients.

Introduction Similar to various other cancer types, HNSCC develops in the context

Head and neck squamous cell carcinoma (HNSCC) is the sixth most
prevalent type of cancer globally, with over 830,000 individuals diag-
nosed and mortality rates ranging from 40% to 50% [1,2]. HNSCC ac-
counts for 90% of all head and neck cancers and encompasses a diverse
range of tumors originating from squamous epithelium at various
anatomical sites. Major risk factors associated with HNSCC include to-
bacco use, alcohol consumption, and human papillomavirus infection
[3,4]. Standard treatment options for HNSCC include surgery, chemo-
therapy, radiotherapy, and chemoradiotherapy. Importantly, efficient
multidisciplinary team management is pivotal in enhancing HNSCC
patients’ clinical outcomes and quality of life [5,6]. Despite significant
advancements in managing advanced or recurrent head and neck can-
cers, the 5-year survival rate remains suboptimal [7]. Given these
challenges, extensive research efforts are underway to investigate
promising novel therapies for HNSCC.

of immune suppression. The dysregulated immune system, particularly
in cancer immunosurveillance, promotes the development and pro-
gression of head and neck tumors. Consequently, immunotherapy has
emerged as a promising approach to managing patients with locally
advanced HNSCCI[8]. A therapeutic approach that has shown clinical
efficacy in HNSCC is the use of antibody-drug conjugates (ADC). These
ADCs employ a chemical linker to attach cytotoxic payloads to a
monoclonal antibody, aiming to enhance delivery to target cells while
minimizing exposure to normal cells [9]. ADC undergoes internalization
through antigen-mediated endocytosis after binding to the surface of
target tumor cells. Subsequently, the protein component is degraded in
lysosomes, releasing cytotoxic payloads, ultimately triggering cell
apoptosis and death [10]. Various payloads, including paclitaxel [11],
vinblastine [12], and epothilone [13], have been effectively utilized in
clinical settings. While some ADCs have demonstrated responses, their
overall efficacy falls short compared to immunotherapies used in
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hematological malignancies, partly due to the diverse antigen expres-
sion in solid tumors. Thus, the development of more targeted thera-
peutic agents is essential for enhancing the antitumor effectiveness and
expanding treatment options in HNSCC.

Solute carrier family 3 member 2 (SLC3A2) is the most typical
member of the SLC family, encoding the heavy chain of CD98 (CD98hc)
[14]. Together with the LAT1 (SLC7A5), the LAT1/CD98hc complex
facilitates the uptake of various amino acids such as isoleucine, leucine,
methionine, valine, histidine, tyrosine, and tryptophan. SLC3A2 shows
high expression levels in numerous malignant tumors, including
myeloma [15], renal cancer [16], lung cancer [17], breast cancer [18]
and head and neck squamous cell cancer [19], lymphoma [20] and
leukemia [21]. Its expression has been associated with the progression
and metastasis of several human carcinomas [22]. Importantly, Mil-
kereit et al. demonstrated that LAPTM4b can recruit LAT1-CD98hc to
lysosome [23], suggesting that SLC3A2 efficiently internalizes mole-
cules to reach the lysosomal compartment, enabling the delivery of
potent payloads to the cytosol and enhancing the efficacy of ADC ther-
apeutics. The SLC7A5/SLC3A2 interaction also involves processes such
as ferroptosis, apoptosis, and autophagy-driven cell death [24,25].
These characteristics position SLC3A2 as a promising candidate for
developing ADCs, making it a viable target for therapeutic intervention
in HNSCC.

This study developed a novel SLC3A2-targeting ADC, 19G4-MMAE,
which combines a humanized chemic SLC3A2 monoclonal IgG1 anti-
body (19G4) as the targeting component with a potent cytotoxic drug
MMAE as the payload component. The objective was to assess the effi-
cacy of the SLC3A2-targeted MMAE ADC in HNSCC cell lines and tumor
models. Both in vitro and in vivo experiments revealed a significant and
selective anti-tumor activity of the anti-SLC3A2 ADC against human
HNSCC cell lines and tumors. The findings suggest that this innovative
conjugate holds promise as a treatment option for SLC3A2-positive
HNSCC.

Materials and methods
Cell lines and cell culture

Human HNSCC cell lines FADU, SCC15, NPC/HK1, C666-1, SNU-46,
SNU-899 were purchased from ATCC. FADU, SNU-46 and SNU-899 were
cultured in DMEM (Gibco) containing 10% fetal bovine serum and 1.0
mmol/L penicillin-streptomycin combination (Hyclone). SCC15, NPC/
HK1, and C666-1 were cultured in 1640 medium added in 10% fetal
bovine serum. All cell lines were incubated in a humidified atmosphere
at 37 °C containing 5% COx.

Preparation of 19G4-MMAE, IGG-MMAE

Specific monoclonal antibody against SLC3A2 (clone 19G4) was
generated by our group using a standard hybridoma technique. The anti-
SLC3A2 monoclonal antibody, clone 19G4 and isotype control IgG
(human IgG; Bioss, Beijing, China) were used to construct ADC. 19G4 or
control IgG was diluted to a final concentration of 10 mg/mL. 10-fold
molar equivalents of tris(2-carboxyethyl) phosphine (TCEP) were
added to the antibody to liberate the thiol residues. The reaction mixture
was incubated at 37 °C for 3 h. The partially reduced 19G4 or control IgG
was diluted to 10 mg/mL with 20 mM Na2HPO4/NaH2PO4, 20 mM
NaCl, 1 mM EDTA pH 7.0 before conjugation with mc-PAB-MMAE. 10
mM mc-PAB-MMAE. In DMSO was added to 5-fold molar equivalents
and the conjugation reaction was proceed for 3 h at 25 °C fold. The crude
ADC was buffer exchanged into 20 mM Na2HPO4/NaH2P04, 50 mM
NacCl, pH 7.0 to remove unconjugated payloads.The drug-antibody ratio
(DAR) of 19G4-MMAE was confirmed by LC-MS (Chengdu SciMount
Pharmatech Co., Ltd) .
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Flow cytometry assays

Cell surface expression level of SLC3A2 were analyzed by flow
cytometry. Briefly, cells (FADU, SCC15, NPC/HK1, SNU-46, SNU-899,
C666-1) were collected by centrifugation and incubated with antibodies
specific to human SLC3A2 (BioLegend, San Diego, CA, USA) for 30 min
in the dark on ice. After washing twice with ice-cold flow cytometry
buffer, the cells were resuspended in 300 pL flow cytometry buffer
and analyzed the cells using FACS Fortessa (BD Biosciences). The
binding affinity of 19G4 to SLC3A2 positive HNSCC cell lines was also
determined by flow cytometry assay. 2 x 10° cells were incubated with
19G4-MMAE in PBS for 30 min on ice. Then cells were washed twice
with PBS and incubated with FITC-conjugated Affinipure Goat Anti-
human IgG(H+L) at 1:400 for 30 min on ice. After twice of wash, cells
were analyzed using FACS Fortessa (BD Biosciences). Each sample were
analyzed via FlowJo-V10 software(v.10.6.0; https://www.flowjo.com).

Internalization of 19G4-MMAE

To examined the inernalization of cell surface-bound 19G4-MMAE,
cells were incubated with 19G4-MMAE (10 pg/mL) in culture medium
at 4 °C for 30 min. After twice of wash, cells were incubated at 37 °C for
1 or 6 h to drive internalization. After washing twice with ice-cold PBS,
the cells were incubated with FITC-conjugated Affinipure Goat Anti-
human IgG(H+L) at 1:400 for 30 min on ice. After washing twice,
cells were analyzed by flow cytometry. The internalization of 19G4-
MMAE at each time point was determined by MFI:% internalized =
(total surface bound (4 °C) — total surface bound (37 °C))/total surface
bound (4 °C) x 100%.

Confocal microscopy

FADU, SCC15, NPC/HK1 cells were seeded on glass coverslips in 24-
well plates (1 x 10° cells per well) and cultured at 37 °C with 5% of co?
for 24 h. Cells were stained with the SLC3A2 primary antibody (Cell
Signaling Technology, CST, Danvers, MA, USA; D3F9D) for 60 min or 12
h at 4 °C then stained with a 594-conjugated secondary antobody
(Proteintech, Rosemont, IL, USA) and DAPI (Beyotime Institute of
Biotechnology, Shanghai, P. R. China). Thereafter, cells were washed,
fixed, and observed using confocal microscopy. For visualized inter-
nalization assay by confocal microscopy, cells were seeded at a 3 x 10*
cells/mL were treated with 10 pg/mL of 19G4-MMAE on ice. After
washing with PBS, cells were incubated at 37 °C for 0 or 6 h. 19G4-
MMAE was detected with FITC-conjugated Affinipure Goat Anti-
human IgG(H+L), lysosomes with rabbit monoclonal antibody against
LAMP-1 (Sino Biological, Beijing, China, 11,215-R107) followed by Cy3-
labeled goat anti-rabbit IgG (H+L) antibody. LC3 immunofluorescence
staining was accomplished as describe above, antibody were specific for
LC3 (Proteintech, Rosemont, IL, USA, 14600-1-AP).The images were
captured using confocal microscopy.

Western blotting

Briefly, Cells treated with different antibodies were collected and
lysed in RIPA buffer (beyotime), containing protease inhibitor cocktail
(Abcam), and incubated on ice for 1 h with an interval vortex. The ly-
sates underwent centrifugation at 12,000 rpm for 15 min at 4 °C. The
total protein concentrations in the resulting supernatant fractions were
determined using a BCA protein assay kit (beyotime). Then the equal
amounts of protein samples were boiled for 10 min and separated in a
10% SDS-PAGE gel and transferred to nitrocellulose filter membranes.
After blocking with 5% milk, the membranes were blotted with LC3
polyclonal antibody (Proteintech), Rabbit PAb (1:2000) and GAPDH
antibody (Servicebio), Rabbit PAb (1:3000) incubated in blocking so-
lution overnight at 4 °C, followed by incubation with horseradish
peroxidase (HRP)-conjugated goat anti-rabbit secondary antibody
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(1:3000) (Proteintech) and visualization with Chemiluminescent Re-
agent (Bio-Rad, USA).

Apoptosis assay

Cells were seeded in 24-well plates at a density of 2.5 x 10° cells/
well and exposed to 19G4-MMAE at various concentrations for 48 h. The
control group was incubated with medium alone. Then cells were
collected and stained with AnnexinV-FITC and 7AAD for apoptosis
analysis. The percentages of apoptotic cells (AnnexinV+/PI— and/
AnnexinV+/ PI+) were determined by flow cytometric analysis.

Reactive oxygen species (ROS) detection

The ROS detection assay was measured using 2',7'-dichlorofluorescin
diacetate (DCFDA) method by ROS assay kit (Beyotime). Briefly, cells
were incubated with 10 pM DCFDA in the dark for 1 hour at 37 °C. Then,
cells were exposed with different agent treatments at 37 °C for 10 h.
After washing, cells were added to glass slides, fluorescence signal in-
tensities indicating ROS levels were examined by flurorescence
microscopy.

In vitro cytotoxicity assays

The MTT assay was performed to determin the in vitro efficacy of the
19G4-MMAE ADC. Cells were seeded in 96-well plates at a density of
5000 cells/well for SCC15, NPC/HK1, FADU, C666-1 at 37 °C and 5%
CO4 overnight. Dilutions of PBS, 19G4, IgG-MMAE, and 19G4-MMAE
solutions were added to cells for 72 h incubation at 37 °C. Cell
viability were evaluated in triplicate by MTT assay. The ICso was
determined using Graphpad Prism version 9 (GraphPad Software, Inc.).

Efficacy of 19G4-MMAE in mouse xenograft tumor models

Experiments using Balb/c nude female mice were performed in
accordance with the Institutional Animal Care and use committee
approved protocols. Six to eight weeks old female BALB/c nude mice
(GemPharmtech, Jiangsu, China) were inoculated subcutaneously with
5 x 10° SCC15 cells in 100 pL of PBS on the right flank.When tumor
volumes reached approximately 150 mm?®, mice were randomized into
four treatment groups (n = 5). The different treatment groups included
vehicle PBS, 19G4, IgG-MMAE, and 19G4-MMAE (5 mg/Kg), repesc-
tively. Mice were administered three doses of treatment every 3 days
intravenously. Tumor volume [(length x widthz)/Z] was measured
using calipers every 3-4 days. Mice were weighted to evaluate the
toxicity of treatment. Animals were euthanized when tumor volumes
reached 2000 mm?,

Immunohistochemistry

Tumor tissue were analyzed for SLC3A2 expression. All samples were
fixed in 10% formalin and embedded in paraffin wax for staining with
commercial anti-SLC3A2-rabbit mAb (CST; 1:400). In brief, tumor tissue
sections were incubated at 65 °C for 2 h and then were deparaffinized in
xylene and rehydrated with decreasing grades of ehanol. After blocking
with PBS containing 10% normal goat serum (Boster, Wuhan, P. R.
China) for 1 h at room temperature, followed by incubation with anti-
SLC3A2 antibody 1:200 at 4 °C overnight. Following atwice of wash,
bound primary antibodies were incubated with goat anti-rabbit sec-
ondary antibodies, followed by DAB detection (ZSGB-BIO, Beijing, P. R.
China).

Statistical analysis

All statistical analyses were performed using GraphPad Prism 9.0
software (http://www.graphpad.com). Data are presented as the mean
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+ standard deviation (SD), Student’s t-test was performed to compare
statistical significance between two groups, p value < 0.05 were
considered to be statistically significant.

Results

SLC3A2 is highly expressed on the surface in tissues and cell lines of
HNSCC

The mRNA expression levels of SLC3A2 in various cancer types were
analyzed using The Cancer Genome Atlas database (TCGA; http://canc
ergenome.nih.gov). The results showed that SLC3A2 was expressed in
multiple cancer types, including HNSCC (Fig. 1A). Moreover, higher
expression of SLC3A2 was associated with poorer overall survival rates
in HNSCC patients, with a statistically significant correlation (p = 0.024)
(Fig. 1B). To determine the prevalence of SLC3A2 expression, HNSCC
tissue samples were subjected to IHC staining, revealing positive
SLC3A2 staining in 88% (44 out of 50) of HNSCC cancer samples.
Among these samples, 76% (38 out of 50) exhibited moderate to strong
expression of SLC3A2, scored as 2+ or 3+. In contrast, weak or absent
staining of SLC3A2 was detected in normal adjacent HNSCC tissue
(Fig. 1C). Additionally, the surface expression of SLC3A2 protein in a
human HNSCC cell line was assessed using flow cytometry. The results
indicated varied levels of SLC3A2 expression in five out of six tested
HNSCC cell lines, except for the C666-1 cell line which showed minimal
or no SLC3A2 expression (Fig. 1D). The cell surface expression of
SLC3A2 protein was further validated through immunofluorescence
staining in SCC15, NPC/HK1, and FADU cells (Fig. 1E), demonstrating
membranous localization of SLC3A2. (Fig. 1C, 1E) The IHC and immu-
nofluorescence staining findings suggest that targeting SLC3A2 could be
a promising strategy for HNSCC patient management.

Generation and characterization of the anti-SLC3A2 ADC

An anti-SLC3A2 monoclonal antibody (19G4) was produced from
female Balb/c mice immunized with the human SLC3A2-ECD-his pro-
tein using the traditional hybridoma technique. The affinity ability of
the candidate antibodies to SLC3A2 was measured using the Octet R8
(Sartorius) instrument. Based on the affinity of these antibodies, we
selected one mAD with higher affinity, clone 19G4, for further research.
We conjugate a MMAE to a SLC3A2-targeting monoclonal antibody
(19G4), f resulting in 19G4-MMAE (Fig. 2A), which showed a similar
affinity to SLC3A2 as the 19G4 mAb (KD=2.096 x 10-9 mol-L ~ Lys.
KD=1.693 x 10-9 mol-L™!) (Fig. 2B). The conjugates exhibited an
average (drug to antibody ratio) of 1.63, as detailed in the methods
section (Fig. 2C, Table.S1). The identities of the 19G4-MMAE were
validated through SDS-PAGE analysis (Fig. 2D). When subjected to non-
reducing conditions, 19G4-MMAE displayed multiple bands represent-
ing the distribution of drug-linked species. Reduction of intermolecular
chain disulfide bonds released free sulfhydryl groups, enabling the
linkers to bind to specific residues and create conjugated mixtures. The
binding of 19G4-MMAE to the extracellular domain and SLC3A2-
positive cell lines was further assessed through ELISA (Fig. 2D) and
FCM analysis (Fig. 2E), revealing that the binding efficacy of 19G4-
MMAE was comparable to that of 19G4 mAb. These findings demon-
strated the retention of a high affinity of 19G4-MMAE to SLC3A2, with
no significant impact from the MMAE conjugation.

Internalization of the 19G4-MMAE

Importantly, efficient antigen-mediated internalization of ADC by
target cells is crucial for delivering cytotoxic payload (MMAE) into
cancer cells. We conducted an immunofluorescence assay to confirm the
internalization and lysosomal targeting of 19G4-MMAE. NPC/HK1 and
SCC15 cells were exposed to 19G4-MMAE and incubated at 37 °C for 1
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Fig. 1. (A) Normalized mRNA levels of SLC3A2 in tumor and normal tissues using the online web server GEPIA. (B) Kaplan-Meier survival curves depicting Overral
Survival in HNSCC patients with high and low SLC3A2 expression. (C) Representative images of IHC staining for SLC3A2 expression in HNSCC tissues and normal
adjacent tissues (NAT), representing increasing intensity of staining. Scale bars, 50 pm. (D) Flow cytometry analysis of SLC3A2 cell surface expression in a panel of
HNSCC cell lines. (E) Immunofluorescence staining with SLC3A2 (red) in three HNSCC cell lines. Cells were incubated with SLC3A2 as the primary antibody and then

with the 594-conjugated secondary antibody. Scale bars, 20 pm.

and 6 h. Lysosomal-associated membrane protein 1 (LAMP1) was the
lysosome marker for correlating internalized antibodies with lysosomal
transport. Following 1-hour incubation, 19G4-MMAE primarily local-
ized to the plasma membrane. However, after 6 h, the cell surface
expression of SLC3A2 visibly decreased, with increased co-localization
observed with the lysosomal marker LAMP1, indicating the internali-
zation of 19G4-MMAE into NPC/HK1 and SCC15 cells (Fig. 3A-D). The

interaction with SLC3A2 subsequently facilitated transport to lyso-
somes, potentially leading to the release of the drug payload into the
cytoplasm.

SLC3A2 mAb induces autophagy in HNSCC

The expression levels of the protein LC3 are commonly used as an
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Fig. 2. (A) Structure illudion of 19G4-MMAE. (B) The affinity of 19G4 and 19G4-MMAE binding to SLC3A2-ECD-His recombinant protein was determined on an
Octet R8 (Sartorius) instrument. (D) Analysis of SDS-PAGE of the antibody-drug conjugates (19G4-MMAE) under non-reducing condition and reducing condition. (E)
Binding of 19G4-MMAE to SLC3A2 extracellular domain by ELISA. (F) A panel of HNSCC cells were incubated with 4 pg/mL 19G4-MMAE followed with FITC-labeled

goat anti-human IgG (H+L) polyclonal antibody.

autophagosome marker. In this study, immunofluorescence was
employed to assess the involvement of autophagy in SLC3A2 targeted
therapy to detect the expression of LC3. As shown in Fig. 4A, immuno-
fluorescence staining showed significant LC3 expression after 19G4 mAb
treatment. Additionally, western blot analysis was conducted to ascer-
tain the expression and conversion of LC3, revealing a marked increase
in LC3-II protein levels and a dose-dependent response of SLC3A2
expression in SCC15 cells treated with 19G4 mAb (Fig. 4B, C).
Furthermore, treatment with the 19G4 mAb decreased the LC3-1/LC3-11
ratio, indicating autophagic activation. The elevated levels of LC3-II
observed suggest that blocking autophagic degradation may result in
LC3-II accumulation [26]. To further investigate the impact of 19G4
mAb on LC3-II levels, the expression of LC3-II was assessed in the
presence or absence of chloroquine (CQ, Med Chem Express, Shanghai,
China)), a compound that blocks downstream autophagic processes.
Interestingly, the addition of CQ resulted in a further increase in LC3-1I
levels compared to cells exposed to 19G4 alone, confirming the induc-
tion of autophagic flux by 19G4 (Fig. S1A). These results indicated that
SLC3A2-targeted treatment may be associated with intracellular auto-
phagy in SCC15 cells.

SLC3A2 ADC exhibits specific cytotoxic activity in vitro

The in vitro cytotoxic activity of 19G4-MMAE was investigated using
a panel of SLC3A2-positive cell lines (SCC15, NPC/HK1, FADU) and a
low SLC3A2-expression cell line, C666-1. These cell lines were treated
with 19G4-MMAE, IgG-MMAE, 19G4, or cell medium alone at various
concentrations for 72 h. As shown in Fig. 3A, the IC50 values for SLC3A2
ADC in SCC15, NPC/HK1, FADU, and C666-1 cells were 2.02 nM, 205.1
nM, 235.4 nM, and 344.4 pM, respectively. Meanwhile, the isotype
control IgG-MMAE and unconjugated antibody 19G4 did not exhibit
significant cytotoxic activity. Furthermore, 19G4-MMAE did not show a
cell-killing effect on low SLC3A2-expressing C666-1 cells (Fig. 5A). The
specific antitumor effect of 19G4-MMAE on SCC15 cells at varying
concentrations is depicted in Fig. 5B, showing inhibition of SCC15 cell
growth across the concentration range tested. To assess the impact of
autophagy on the cytotoxic activity of 19G4-MMAE, SCC15 cells were
co-treated with 19G4-MMAE and the autophagy inhibitor CQ, then we
checked cell growth. We found that co-incubation of SCC15 cells with
19G4-MMAE and CQ resulted in comparable cytotoxicity to treatment
with either agent alone, indicating that blocking autophagy did not
significantly affect the cytotoxic activity of 19G4-MMAE (Fig. S1B).

Flow cytometry with annexin V-FITC / 7AAD labeling was utilized to
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calculate the apoptosis induction percentage in the 19G4-MMAE treat-
ment group (Fig. 5C, 5D). The analysis revealed the proportion of early
apoptosis cells (annexin V+/7-AAD—) in SCC15 cells treated with 19G4-
MMAE at varying concentrations, showing a concentration-dependent
increase in apoptosis induction compared to the control group. To
determine whether inhibition of apoptosis could increase the in vitro
survival of 19G4-MMAE treated cells, SCC15 cells were co-treated with
benzyloxycarbonyl-Val-Ala-Asp-fluoromethyl ketone (Z-VAD-FMK, 10
mg/mL) and 19G4-MMAE for 36 h, and we found that co-treated with Z-
VAD-FMK significant improves the viability of SCC15 cells, whereas Z-
VAD-FMK alone group were not significantly different compare with
control group (Fig. S1C). Given the significant role of ROS in cancer
therapy in triggering apoptosis, we assessed the total ROS levels in
SCC15 cells treated with 19G4, IgG-MMAE, and 19G4-MMAE. Treat-
ment with 19G4 notably elevated ROS levels in SCC15 cells (Fig. 5E).
These findings suggest that the antitumor effects 19G4-MMAE on
HNSCC may be attributed to the enhancement of ROS accumulation and
the promotion of apoptosis. Due to the SLC3A2 is also involved in fer-
roptosis [27], to assess the impact of ferroptosis on the cytotoxic activity
of the ADC, we co-treated the SCC15 cells with 19G4-MMAE and
ferrostatin-1(Med Chem Express, Shanghai, China). However, results in
the 19G4-MMAE and ferrostatin-1 co-treated group were not signifi-
cantly different compared with the 19G4-MMAE alone group.
(Fig. S1D).

In vivo xenograft experiments

In this study, we investigated the therapeutic efficacy of the 19G4-
MMAE conjugate in HNSCC cancer xenografts. The SCC15 cell line

was selected to establish mouse subcutaneous tumor models. Mice were
administered three doses of PBS, 19G4-MMAE, 19G4, or IgG-MMAE via
intravenous injection every three days. The treatment scheme is illus-
trated in Fig. 6A. Consistent with in vitro results, the conjugate (5 mg/
Kg) significantly reduced tumor burden and significantly increased
mouse survival rates (Fig. 6B, 6C). Treatment with the conjugate (2.5
mg/Kg) resulted in partial tumor growth inhibition, while higher doses
(5 or 10 mg/Kg) induced a noticeable delay in tumor progression. In
contrast, mice treated with PBS exhibited rapid tumor growth, with no
significant inhibition observed in the 19G4 and IgG-MMAE groups
(Fig. 6D). The effect of the 19G4-MMAE on the mitotic index (Ki67) in
SCC15 cells was detected by IHC staining (Fig. S1E, S1F). A significant
reduction in the Ki67 levels was observed after treatment with 19G4-
MMAE. To assess therapy-related nonspecific toxicity, we monitored
body weight and organ health throughout the study. As shown in
Fig. 6E, mice bearing SCC15 tumors did not experience significant
weight loss in the 19G4-MMAE treatment group, even at higher con-
centrations (5 or 10 mg/Kg) (Fig. 6F). Moreover, no significant patho-
logical damage was observed in any dose of the 19G4-MMAE group
compared to the vehicle group, as evidenced by H&E staining of the
organs (Fig. 6G).

Discussion

Novel therapeutic strategies are in high demand for the treatment of
HNSCC. ADC targeting tumor-specific surface antigens has demon-
strated clinical effectiveness in hematologic and solid malignancies
[28]. Our study discovered a significant upregulation of SLC3A2 in both
HNSCC tissue and cell lines. Subsequently, we engineered a robust



M. Zheng et al.

A

SLC3A2 LC3

Control

+19G4 mAb
10ug/mL

+19G4 mAb

20pg/mL
12h
IgG mAb 20pg/imL - + - -
19G4 mAb 10pg/mL - -  + -
19G4 mAb 20pg/mL - - -+
LC3-1 S .| LC3-1
——— —
LC3-II == ic3n
GAPDH | " «=s ssp @ | GAPDH
C mm CTRL 1 19G4 mAB-10
154 3 1gGmAb [ 18G4 mAb-20
s
Sx
%g 1.0
Q2
L=
23 0.5
E_l
&
0.0-

12H

48H 48H

Translational Oncology 45 (2024) 101981

DAPI

Merge

24h 48h
- + - - - + - -
- - - - - - + -
- - -+ - - -+

— __‘.‘ LC3-1 —— — —

== 3o —
- as e 9 |G /\DDH | G- o e e -
D mm CTRL = 16G4 mAb-10

04 = 1gG mAb = 18G4 mAb-20

. e Ax

Relative expression of
LC3uLC3Il
(=]
N
..

12H

24H 48H

Fig. 4. (A) Representative immunofluorescence staining of LC3 in the 19G4 mADb treated group. Scal bar: 20 pm. (B) Representative immunoblotting of LC3 in IgG-
mAb, 19G4 mAb (10 pg/mL, 20 pg/mL). (C) Quantification demonstrates that the level of LC3II were significant increase in 19G4 mAb group compared with IgG-
mAb group (p < 0.05). *** p < 0.001,** p < 0.01, and * p < 0.05 versus the IgG mAb group.

anti-SLC3A2 ADC (19G4-MMAE) that triggered ROS accumulation,
stimulated apoptosis in SLC3A2-positive HNSCC cells and demonstrated
potent antitumor effects derived from MMAE in preclinical models.
These findings propose that targeting SLC3A2 with an anti-SLC3A2 ADC
could represent a promising therapeutic avenue for the treatment of
HNSCC patients.

The efficacy of the ADC greatly depends on the expression of the
target antigen and the antibody internalization. Optimal antitumor ac-
tivity and minimal toxicity are achieved when the target antigen is
predominantly expressed in tumor cells instead of normal cells [8]. Our
findings revealed that SLC3A2 exhibited specific expression in HNSCC
tissue, while normal tissue displayed little to no SLC3A2 expression.
SLC3A2 upregulation was associated with tumor progression across
various human cancer types, such as melanoma, lung adenocarcinoma,

colorectal cancer, breast cancer, renal cell carcinoma, and hepatocel-
lular carcinoma [29]. Additionally, Sun et al. demonstrated that
elevated SLC3A2 levels on cell membranes promoted proliferation in
oral squamous cancer cells, whereas SLC3A2 knockdown inhibited
tumor cell migration and invasion [30]. Consistent with prior studies,
our research identified high SLC3A2 expression in HNSCC, with elevated
levels correlating with poorer prognoses. These characteristics position
SLC3A2 as a promising target for targeted and combination therapy in
HNSCC.

Efficient antibody-mediated internalization and lysosomal targeting
are crucial for ensuring the efficacy of ADCs. Milkereit et al. demon-
strated that LAPTM4b can recruit LAT1-CD98hc to the lysosome [23],
suggesting that SLC3A2 plays a pivotal role in the efficient internaliza-
tion and delivery of the potent payload to the cytosol, thus making it a
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promising candidate for ADC development. In our investigation, the
binding of antibodies to the extracellular domain of human SLC3A2
enabled us to investigate the internalization characteristics of
19G4-MMAE in HNSCC cell lines. Notably, the colocalization of SLC3A2
expression with the lysosomal marker LAMP1 confirmed the ability of
SLC3A2 to be directed to lysosomes, where 19G4-MMAE is processed
intracellularly [31], underscoring its potential as a crucial mediator of
lysosomal delivery and internalization. Furthermore, Parren et al.
developed a bispecific antibody-drug conjugate (bsADC) targeting a
lysosomal-delivered protein, demonstrating enhanced intracellular

delivery of ADCs [32]. Zhuang et al. engineered a novel bsADC targeting
HER2 and Sortilin-1 (SORT1) with robust internalization activity and
cytotoxicity against HER2-low-expression tumor cells [33]. Thus,
SLC3A2 could serve as a viable target for constructing bispecific ADCs to
enhance lysosomal targeting and internalization, potentially even with
tumor-specific antigens with poor internalization characteristics.
Besides, the SLC7A5/SLC3A2 is a heterodimeric bidirectional amino
acid transport that regulates the exchange of intracellular 1-glutamine
for extracellular l-leucine. Niklin et al. found that the reciprocal trans-
port of I-glutamine and essential amino acids (EAAs) regulates mTORC1
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signaling and autophagy [34]. Consistently, Digomann et al. demon-
strated that reducing SLC3A2 expression inhibits the mTOR pathway
and triggers autophagy [35]. Thus, this study investigated whether
targeting SLC3A2 could induce autophagy. Specifically, we assessed the
levels of LC3, a widely used autophagosome marker. Our findings
showed that treatment with the 19G4 monoclonal antibody induces
autophagy, as confirmed by immunofluorescence staining. Quantitative
western blotting revealed that 19G4 treatment enhances autophagic
activity by increasing LC3 expression. The conversion of LC3-I to LC3-II
proteins is a well-known indicator of autophagy. Following 19G4

treatment, we observed a decrease in the LC3-I/LC3-II ratio, indicative
of autophagy induction. Interestingly, blocking autophagy with chlo-
roquine did not significantly impact the cytotoxic effects of
19G4-MMAE. Additionally, treatment with the nude anti-SLC3A2 anti-
body did not notably affect the proliferation of the HNSCC cell line
tested. The role of autophagy in SLC3A2-targeted therapy warrants
further investigation. Although, autophagy inhibition did not significant
relieve the 19G4-MMAE induced growth inhibition of HNSCC cells.
Targeting SLC3A2 may trigger autophagy and therefore enhance cellular
radiosensitivity as a cellular stress response mechanism [17,34]. The
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expression of SLC3A2 in HNSCC cells plays a crucial role in regulating
tumor radiosensitivity. Integrating SLC3A2-targeted therapy with
radiotherapy may be a promise for translational research in clinical
settings.

We investigated the potential efficacy of 19G4-MMAE in treating
HNSCC. To evaluate its effectiveness, we examined the antitumor ac-
tivity of 19G4-MMAE in various HNSCC cell lines. Our findings
demonstrated that 19G4-MMAE exhibited a strong anti-proliferative
effect in SLC3A2-positive cell lines tested, contrasting with the lack of
significant antitumor activity of the nude anti-SLC3A2 (19G4) antibody
in vitro, indicating that the cytotoxic drug linked to the nude antibody is
responsible for the observed anti-proliferative effects. Conversely,
SLC3A2-negative HNSCC cells showed little response to 19G4-MMAE
treatment. Notably, SLC7A5 and SLC3A2 play essential roles in tumor
growth and the regulation of oxidative stress through amino acid
transport mechanisms [30]. Furthermore, we measured the total level of
ROS in SCC15 cells and observed a substantial increase in ROS accu-
mulation in SCC15 cells treated with 19G4-MMAE compared to those
treated with 19G4 or IgG-MMAE. Additionally, 19G4-MMAE treatment
induced apoptosis in an oxidative stress-dependent manner. Impor-
tantly, Z-VAD-FMK treatment improve the viability of 19G4-MMAE
treated SCC 15 cells. In this study, we also explore the impact of fer-
roptosis on cytotoxic activity of the ADC. However, results in the
19G4-MMAE and ferrostatin-1 co-treated group were not significant
different compared with the ADC group. The inefficiency of ferrostatin-1
to prevent 19G4-MMAE induced cell death in the present study may be
due to the fact that SLC3A2 mAb does not inhibit all I-glutamine intake
to the same extent. Taken together, it is speculated that 19G4-MMAE
treatment leads to heightened ROS levels and triggers apoptosis in
SLC3A2-positive HNSCC cells.

In assessing the antitumor effects 19G4-MMAE in SLC3A2-positive
cell line-derived mouse models, 19G4-MMAE demonstrated a strong
selective antitumor efficacy against the SLC3A2-positive mouse models
examined in our study. Safety is a critical aspect of evaluating an ADC.
Therefore, safety assessments were carried out in BALB/c nude mice,
revealing no signs of toxicity in the group receiving 19G4-MMAE. Our
results indicated that 19G4-MMAE was well-tolerated at therapeutic
dosages in BALB/c nude mice. Notably, severe cachexia was not
observed in the group treated with 19G4-MMAE compared to the control
group. The relationship between systemic changes affecting tumor
growth and the development of milder cachexia is likely to be variable
and, therefore, remains a topic of debate. The association between
tumor burden and cachexia is not fully understood and requires further
investigation [36,37].

This study has certain limitations. The anti-SLC3A2 antibodies
employed in the ADC generation target human SLC3A2 and do not
recognize the mouse counterpart. Therefore, interpretations regarding
the absence of toxicity should be approached with caution. Conducting
studies with immune-competent HNSCC mouse models treated with a
SLC3A2-targeted ADC that recognizes the murine protein may assist in
more accurately assessing drug-related toxicity and efficacy.

Our results revealed that anti-SLC3A2 ADC (19G4-MMAE) effec-
tively suppressed the proliferation of SLC3A2-positive HNSCC cells,
inhibited the growth of SLC3A2-positive HNSCC xenograft models, and
demonstrated favorable safety profiles in animal studies. The identifi-
cation of SLC3A2 internalization and lysosomal targeting properties,
combined with the anticancer efficacy of the ADC against SLC3A2,
suggest that anti-SLC3A2 ADC holds promise as a therapeutic candidate
for ADC therapy in treating HNSCC patients.
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