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KEYWORDS Abstract Background/purpose: Immune stimulation or escape are critical factors deter-
CD24; mining the survival of malignancies, including oral squamous cell carcinoma (0SCC) and head
Head and neck and neck SCC (HNSCC). CD24 (CD24A in mice) is a glycoprotein anchored to cell membranes,

carcinoma; modulating macrophages’ immune responses, cell interaction, tumorigenesis, and stemness.
Oral carcinoma; However, its roles in the OSCC pathogenesis are still controversial. The modulation of CD24
SEC14L2 on the oncogenicity and immunity of OSCC were investigated in this study.

Materials and methods: Knockdown approaches and the establishment of stable tet-off CD24
expression cell subclones were used in cell and mouse models for phenotypic and transcrip-
tomic analysis. Bioinformatic assessments were performed to specify the clinicopathological
implications.

Results: CD24 expression modulated the increase of migration and invasion and the upregula-
tion of phosphatidylcholine/phosphatidylinositol transfer protein Sec14 like lipid binding 2
(SEC14L2) expression. The syngeneic grafts of CD24 tet-off expressing murine OSCC cell sub-
clones exhibited modest changes of immune cell infiltration within tumors and were devoid
of immune profile disruption in the recipient’s neck lymph node and spleen. The shutdown
of CD24 with doxycycline treatment drastically suppressed the growth of CD24 tet-off tumors.
A correlation between CD24 expression and myeloid dendritic cell population was noted in
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murine and human OSCC tissue. Concordances in CD24 and SEC14L2 expression and oncogenic
induction were noted in murine tumors. SEC14L2 was upregulated in HNSCC/OSCC tumors, and
it was an unfavorable survival predictor.

Conclusion: This study’s elucidation of the oncogenic potential of the CD24-SEC14L2 axis may
signify the therapeutic efficacy of CD24 targeting for HNSCC/OSCC.

© 2026 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).

Introduction

Oral squamous cell carcinoma (OSCC) is one of the highly
prevalent malignancies in the world, accounting for a sig-
nificant proportion of head and neck cancers (HNSCC).'
OSCC primarily affects the epithelial cells lining the oral
cavity, including the lips, tongue, floor of the mouth, and
buccal mucosa. Despite advances in treatment, OSCC re-
mains a major global health concern due to its high mor-
tality rate and tendency for late-stage diagnosis.” Risk
factors for OSCC include areca chewing, tobacco use,
alcohol consumption, and infection with high-risk strains of
human papillomavirus (HPV).>> Aberrant expression of
oncogene molecules such as miR-31, miR-146a, and NEAT1
promote HNSCC/OSCC progression by targeting downstream
factors.* ® miR-146a is also a master immune/inflammation
regulator by activating NFkB pathways.’ Although risk fac-
tors and genetic abnormalities contribute to its develop-
ment, immune cell sighatures also define the progression of
tumors and disease outcomes.'®!"

CD24 (also named CD24A in the mouse genome) is a highly
glycosylated, GPl-anchored cell surface protein predomi-
nantly expressed on immune cells and specific epithelial and
neuronal cells.'” Studies have demonstrated that the over-
expression of CD24 in cancer cell lines enhances cell prolif-
eration and adhesion through integrin activation.'> CD24
expression is upregulated in many cancers, and research
suggests that CD24 functions as an oncogene, promoting cell
growth, migration, and invasion.'®"> Abrogation of CD24
expression in human cancer cells has been associated with
decreased cell growth and migration capabilities.'®~2° CD24
is also crucial in regulating tumor immune responses.*' In
the tumor microenvironment, CD24 on the surface of tumor
cells binds to Siglec-10 on macrophages, which misguides
macrophage recognition and prevents the initiation of
phagocytosis.'* %2 CD24 is often overexpressed in various
human cancers, including HNSCC/0SCC,">?*72° and its
expression is positively correlated with poor prognosis.?>%°
Animal studies have confirmed that anti-CD24 therapy re-
duces the growth of SCC grafts and stimulates T-cell re-
sponses in tumors.?’ However, a study has also shown the
downregulation of CD24 expression in OSCC. CD24 is a
favorable prognostic predictor of OSCC, and it hampers
myeloid-derived suppressor cell (MDSC) activity.?® A study
deciphered that higher CD24 levels in OSCC cells inactivate
AKT and attenuate B-catenin.?” The controversial roles of
CD24 in OSCC progression and immune modulation require
elucidation.

233

The SEC14L2 (Sec14 like lipid binding 2) gene encodes a
phosphatidylcholine/phosphatidylinositol transfer protein
involved in lipid transport . SEC14L2 plays an important role
in various cellular functions, especially in the liver, where
its expression is related to fat metabolism and cholesterol
synthesis.?® SEC14L2 can regulate lipid metabolic pathways
and inhibit the growth and proliferation of cancer cells.?’ In
hepatocellular carcinoma (HCC), expression of SEC14L2 is
associated with the effect of antiviral drugs on hepatocytes
and, in some cases, can enhance the therapeutic effect of
the drugs.®® The SEC14L2 expression was significantly
higher in OSCC and HNSCC than in adjacent normal tis-
sues.®’ Upregulation of SEC14L2 was associated with
advanced tumor stage, grade, and metastasis in cancer
patients. Besides, the neo-antigenic SEC14L2 peptide
identified from the breast cancer mediated the anti-tumor
T cell functions.®? The functional roles of SEC14L2 in HNCC/
OSCC remain obscure.

This study utilized CD24 knockdown and tet-off-CD24
overexpression systems in murine OSCC cell lines to further
explore the oncogenic role of CD24 in oral carcinogenesis
and its contribution to immune dysregulation.** Addition-
ally, we investigated the regulation of downstream effector
SEC14L2 and its involvement in CD24-mediated
oncogenesis.

Materials and methods
Cells

The murine OSCC cell lines MOC-L1 and MTCQ1 we estab-
lished were cultured as previously described.* 3¢ MOC-L1
and MTCQ1 were tumorigenic lines, and MTCQ1-GFP is a
subclone of MTCQ1 tagged with GFP. The cells were culti-
vated in complete DMEM medium (Thermo Scientific, Wal-
tham, MA, USA) containing 10 % fetal bovine serum
(Biological Industries, Kibbutz Beit Haemek, Israel), 1 %
pen-strep-amp antibiotics (Biological Industries), and
2 mM L-glutamine (Biological Industries).

Phenotypic assays

Cells were seeded into 96-well plates at a density of
2500 cells per well, and the cell proliferation over the
following 4 days was analyzed by MTT assay. The cell
migration and invasion assays were performed using 8 pm
24-well Transwell chambers (Merck Millipore, Billerica, MA,
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USA). For the migration assays, cells were collected and
seeded into the upper chamber of a Transwell at a density
of 1 x 10° cells per well. For the invasion assays, 50 ul of
10 % Matrigel (BD Biosciences, San Jose, CA, USA) was used
to coat each Transwell chamber, and then 2 x 10° cells
were seeded onto the Matrigel-coated Transwell. After
incubating at 37 °C for 48 h, the Transwell membranes were
fixed and stained with 10 pg/mL Hoechst 33258.3% 3¢ |m-
ages of the migrated or invading cells were captured using a
fluorescence microscope. The cell numbers in each picture
were counted and then normalized to allow the fold change
to be calculated.

siRNA

Pilot tests optimized that the treatment with 60 nM si-CD24
or si-SEC14L2 for 48 h rendered effective induction or
knockdown of expression. The reagents are described in
Table S1. TransFectin lipid reagent (BioRad, Hercules, CA,
USA) was used for transfection. Unless otherwise specified,
all other reagents were purchased from Sigma—Aldrich (St
Louise, MO, USA).

RNA extraction and qPCR analysis

Cells were collected in TriPure Isolation Reagent (Roche,
Basel, Switzerland) and disrupted using 1-bromo-3-
chloropropane. The lysate was collected, and the upper
aqueous phase containing the RNA was transferred to be
mixed thoroughly with isopropanol and then spun at
maximum speed to pellet the precipitated RNA. The
resulting pellet was washed and then dissolved in nuclease-
free water. The threshold cycle (C;) method was used for
qPCR analysis.” The primers or probes for qPCR analysis are
listed in Table S2. The resulting information was analyzed
using the —AAC; method, and values were calculated
relative to internal controls.

Western blot analysis

Western blot analysis followed the approach of previous
protocols.® Signals were revealed by Western Lightning
Chemiluminescence Reagent Plus kit (Thermo Scientific,
Waltham, MA, USA) and detected using a FUJIFILM LAS-4000
mini luminescent image analyzer (GE Life Sciences, Pis-
cataway, NJ, USA). The signals of CD24 were normalized
against GAPDH to designate the expression level.

Plasmid construction and stable cell subclone
establishment

A 55-bp multiple cloning site (MCS) fragment was engi-
neered into a tet-off lentiviral vector (pCW57.1, plasmid
#41393, Addgene, Watertown, MA, USA) to generate a 7470-
bp vector designated tet-off-MCS. An amplicon encom-
passing the 219-bp cDNA of murine CD24 coding sequence
was digested with Bam HI and EcoR | (Table S2) and ligated
into the tet-off-MCS. OSCC cell clones that stably express
CD24 were established after viral infection and blasticidin
selection and named TetOFF-CD24. The control cell clones
were TetOFF-VA.
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Tumor cell grafts

We inspected the infiltration of immune cells in primary
tumors, the host’s loco-regional lymph node, and the
spleen. 6 x 10° TetOFF-CD24 and TetOFF-VA cells were
injected into the buccal space of C57BL/6 mice (National
Laboratory Animal Center, Taipei, Taiwan). Cells were 1:1
mixed with Matrigel (BD Biosciences) to give a total volume
of 50 pl. Mice were sacrificed when their body weight loss
was >1/3 or when the estimated tumor size exceeded
0.8 cm. Autopsies were performed to sample the tumor, the
neck lymph node, and the spleen. The volume of the pri-
mary tumor and spleen were measured. RNAseq was per-
formed on the primary tumor samples to achieve the
transcriptome for immune state profiling and CD24 effector
identification. Flow cytometry analysis was performed on
node and spleen samples to investigate the changes in the
immune cell population.

To investigate the growth of tumors as affected by CD24,
107 TetOFF-CD24 cells were injected into the buccal space
of C57BL/6 mice. When the tumor masses became
discernible on the fifth day, the mice received daily doses
of intraperitoneal Doxycycline (Doxy, 100 pg/g) for six
consecutive days. The size of the tumor was recorded
periodically. Five days after the termination of Doxy in-
jection, mice were sacrificed, and tumors and adjacent
tissues were harvested, imaged, dissected, and processed
for RNA and protein analyses. The Institutional Animal Care
and Use Committee (IACUC) of National Yang Ming Chiao
Tung University approved the animal study.

Flow cytometry

The node and spleen tissues were cut into pieces and
placed in the tube for dissociation. Facilities and consum-
ables, including Tumor Dissociation Kit (MACS®, 130-096-
730), gentleMACS C Tubes (130-093-237), and gentleMACS™
Dissociator (130-093-235) supplied by Miltenyi Biotec (San
Jose, CA, USA) were used to convert node or spleen tissues
into single cells. After the dissociator was exposed to 37 °C
for 45 min, the liquid was extracted and transferred to
MACS SmartStrainers (70 pm) (130-098-462) to achieve sin-
gle cells. Aliquots of the cell suspension were evaluated to
ensure cell presence. Dissociated or cultivated cells were
resuspended in 2 mL of 0.1 % BSA for blocking, washing, and
stained with appropriate antibodies according to the man-
ufacturer’s recommendations (Table S3). The samples were
then processed on the flow cytometer (Beckman Coulter
Cytoflex, Brea, CA, USA) to sort the immune cell population
according to the flow chart listed in Table S4. The immune
cell populations, specifically CD8+ cytotoxic T cells, CD4+
helper T cells, Treg, M1 macrophages, M2 macrophages, and
MDSC, were assessed using flow cytometry.

HNSCC/OSCC transcriptional signatures

The patient information for HNSCC and normal tissue in-
formation was achieved from The Cancer Genome Atlas
(TCGA, https://portal.gdc.cancer.gov/). 100 OSCC tumors
(from 99 patients) and 33 noncancerous matched normal
tissue samples were collected at Taipei Mackay Memorial
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Hospital (Table S5). This study was approved by the ethics
reviewing committee with an approval number of
18MMHIS187e. Written informed consent was obtained from
patients prior to sampling. Qualified RNAs were subjected
to RNA-Seq. Transcripts per kilobase of transcript per
million (TPM) mapped reads designated the clean reads of
RNA-Seq.

RNA-Seq and in silico analysis

After homogenizing the murine tumor tissues under frozen
status, the qualified RNA was subjected to RNA-Seq using the
platforms established in the National Genomics Center for
Clinical and Biotechnological Applications in National Yang
Ming Chiao Tung University. The DESeq program was used to
retrieve differentially expressed transcripts. CIBERSOR-ABS,
EPIC, MCP counter, QUANTISEQ, TIMER, and XCELL algo-
rithms annotated the immune microenvironment.

Statistical analyses

The data were presented as means + SE. Mann—Whitney
tests, unpaired t-tests, two-way ANOVA tests, correlation
analysis, Cox regression analysis, and Kaplan—Meier sur-
vival analysis were used to compare the differences
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between the various groups of results. A P-value of less
than 0.05 was considered statistically significant.

Results

Knockdown of CD24 decreases the migration and
invasion of cells

MOC-L1 and MTCQ1 cell lines were treated with si-CD24 and
a scrambled control. Analysis of RNA and protein harvested
after transfection verified the knockdown of CD24 (Fig. 1A
and B, Lt and middle). Knockdown of CD24 did not influence
cell growth (Fig. 1A and B, Rt). However, it significantly
decreased cell migration (Fig. 1C and D) and invasion
(Fig. 1E and F).

Exogenous CD24 expression increases the
migration and invasion of cells

To evaluate the effect of CD24 overexpression on migration
and invasion, stable cell clones of MOC-L1 and MTCQ1-GFP
harboring the TetOFF vector system were established by
lentiviral infection and selection. The CD24 overexpression
in the cell lines was confirmed by qPCR and flow cytometry
analysis (Fig. 2A and B). In both cell lines, a significant
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Knockdown of CD24 expression. Cells are treated with 60 nM si-CD24 oligonucleotide or control oligonucleotide for 48 h

(A, C, E) MOC-L1 cell line. Triplicate analysis. (B, D, F) MTCQ1 cell line. Triplicate analysis. (A, B) Lt, CD24 mRNA expression;
middle, CD24 protein expression; Rt, growth curve revealed by MTT assay (Y axis, ratio of ODs7o reading). (C, D) migration assay. Lt,
quantification of migrated cell; Rt, a representative field of migrated cell on transwell membrane. x200x or x400. (E, F) invasion
assay. Lt, quantification of invaded cell; Rt, a representative field of invaded cell on transwell membrane. x200. Values below the
Western blot diagram denote normalized expression levels. *, ***, and ****, P < 0.05, P < 0.001, and P < 0.0001, respectively.
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Exogenous CD24 expression. MOC-L1 TetOFF and MTCQ1-GFP TetOFF cell subclones are analyzed. (A, C) MOC-L1 TetOFF-

CD24 and MOC-L1 TetOFF-VA. Triplicate analysis. (B, D) MTCQ1-GFP TetOFF-CD24 and MTCQ1-GFP TetOFF VA. Triplicate analysis.
(A, B) Lt, CD24 mRNA expression. Rt, fluorescent CD24 level revealed by flow cytometry. (C, D) Upper Lt and Upper Rt, quanti-
fication of migrated cells and invaded cells, respectively. Lower Lt and Lower Rt are representative fields of migrated and invaded
cells. x200 or x400. *, **, *** and ****, P < 0.05, P < 0.01, P < 0.001, and P < 0.0001, respectively.

increase in migration and invasion abilities was observed
(Fig. 2C and D). These findings signify the pronounced ef-
fects of CD24 on the migratory phenotype.

Tumors harboring CD24 expression exhibit
disrupted immune cell infiltration

TetOFF-CD24 and TetOFF-VA MOC-L1 cell clones were
orthotopically injected into the buccal space of C57BL/6
mice. Mice were sacrificed upon the growth of tumors to an
estimated size exceeding 0.8 cm, as illustrated by the
fluorescence image, or they lost one-third of their body
weight. The tumor tissue, lymph node, and spleen were
harvested for immune cell analysis. Although the tumor
burden of VA and CD24 clones of MOC-L1 were not different
(Fig. 3A), CD24 clones had a higher volume of spleen rela-
tive to VA controls (Fig. 3B). Due to the difficulties in
achieving sufficient immune cell fraction from dissociated
tumors for sorting, RNA-Seq was used to insight the tran-
scriptome of tumors and the immune cell population. The
immune cell population scores were analyzed using various
algorithms. QUANTISEQ modules showed the increased B
cell, NK cell, regulatory T cell (Treg), and Myleoid dendritic
cell (DC) population and decreased uncharacterized cells in
CD24 clones compared to controls (Fig. 3C). However, only
the enrichment of resting Myleoid DC and Treg were also
identified by other analytical modes (Fig. 3D and E). The
immune cell populations, including CD8+ T cells, CD4+
helper T cells, Treg, M1 macrophages, M2 macrophages, and
MDSC in the lymph node and spleen, were assessed using
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flow cytometry approaches. The representative sorting of
Treg and MDSC was also illustrated (Fig. 3F). After
normalizing with the mean percentage of cell population in
controls, no significant change of immune cell population in
the neck lymph node and spleen was noted in the mice
harboring MOC-L1 tumors overexpressing CD24 (Fig. 3G and
H).

In mice carrying the CD24 overexpression MTCQ1-GFP
grafts, the spleen also enlarged despite the tumor burdens
being equivalent to those of the controls (Fig. 4A and B).
The decreased plasma cells, follicular T helper cells, M2
macrophages, endothelial cells, and neutrophils, and the
increased memory T cells and NK cells resting were
retrieved by only a solitary module (Fig. 4C—E). The im-
mune cell population in the neck node and spleen of mice
grafted with MTCQ1-GFP tumors overexpressing CD24 is not
significantly different from controls (Fig. 4F and G).

The induced shutdown of CD24 expression
decreases the tumor growth

Doxy treatment shuts down the expression of genes in the
TetOFF vector. We optimized the dose and duration of Doxy
treatment in pilot tests. When the TetOFF-CD24 grafts
became discernible under fluorescence detection, Doxy
was administered to mice six times to evaluate the poten-
tial of CD24 in affecting tumor growth. Control mice
received PBS injections. The consecutive measurement of
tumor growth s indicated that tumors in mice receiving
Doxy injections were significantly smaller than controls



Journal of Dental Sciences 21 (2026) 232—243

D
A MOC-L1 TetOFF MOC-L1 TetOFF ¢ 080 MOC-L1 TetOFF MOCA1 TetOFF
15 0.8 [ 751 QUANTISEQ CIBERSORT-ABS
1 3 s o
' 0.65: >
< 10 - oe g 0.60 rli E 004
5 E 020
- 0.15 = g
§ 05 g 0.10 ﬁ . gon
2 02 0.05 e il
. % 00 0.00 Ny T ; ™ IT\I'EEL? ; I'T‘l " 000
! : BB DD DD DD D BB B DD DD DD B PP N y
VA cos Va  coas PREGALAEAR @;‘:Qﬁ*i%iﬁﬁf AL A ',:':{ /:"/o‘
ol 8 T f ,“f“;*' I I «:E}?é' S
5 <
F MOC-L1 TetOFF-CD24-lymph node-MDSC
XCELL % S e P e G MOG-L1 TetOFF H A
0.008: 52 3 ¥ = VA(n=9) s = vAr=9)
o o ;“ s = co24(n=9) ’ [ CD24(n=9)
§ ooee ® g 1 1.0
4 2 0 b
g » JoLu iy cupaym| o Jorura cranp 1) 3 8
o002 A W N Comio Econ s s
o N 05 0.5
0000 MOC-L1-TetOFF-CD24-spleen-Treg
® e - 0.0 0.0 " P
- S & & @ “&Q F & &3 &
g i Lymph node Spleen
Figure 3  Analysis of MOC-L1 TetOFF-CD24 and MOC-L1 TetOFF-VA tumors. (A). Tumor volume. (B) Spleen volume. (C—E) Algo-

rithmic analysis. QUNTISEL, a representative part of CIBERTSORT-ABS, and a representative part of XCELL, respectively. (A—E) Five
samples are in each group. (F) Representative flow cytometric analysis of MDSC in a lymph node (Upper) and Treg in a spleen from a
MOC-L1 TetOFF-CD24 mouse. (G, H) Lt, lymph node. Rt, spleen. Quantification of CD8, CD4, Treg, M1 macrophage, M2 macrophage,
and MDSC in MOC-L1 TetOFF tumors. Nine samples are in each group. The values of CD24 samples are normalized with the average
value of VA samples. *, and **, P < 0.05 and P < 0.01, respectively.

A B C
o4 MTCQ1-GFP TetOFF
MTCQ1-GFP TetOFF MTCQ1-GFP TetOFF
o, o o (CIBERSORT ABS)
a °©
’g §os 3
E 10 g
H gos
§ 05 § &
02
- DD PRI AN I D D D D DD DD DD DD D DDA DD
3 B AR AR LA A AR R R ;(i:\e;c}é;d;@:&}é\:p:bQE,OL@;Q’&@;O\@E@
00 00 . . Fo oo Sy ahe o o el W st .*b(f’# O @ e ‘b.‘b\\Qf\?\\
VA coas v oo B AR P O F A R R IR A PR
KSSERE ‘«g,,(",o",e'&.%f. yj}‘ &a:,e‘ﬁ'..iﬁ.\\ ';,oﬁi,o‘*i,éﬁ@;@:o"bo‘;o':&}"}‘;@’ “@
. RN AES G 0 G X AN ENE
ROCOCIE A *;4*0
A S 0K
D E F G
MTCQ1.GFP TetOFF MTCQ1-GFP TetOFF MTCQ1-GFP TetOFF
gumnsgq 2.01 3 VA(n=10) 15 = VA(n=10)
HTCQ‘I-E(:,I:(I:’TetOFF 3 CD24(n=10) [ CD24(n=10)
0.15 1.5
0.04 1.0
3 ]
Y 3
0.03 0.10 e s s
e g 0.5
§ 0.02 § 0.5
0.05
0.01 0.0 0.0
000 0.0 F & & & &S F & & ¢
VA cD24 VA CDM > A
Endothesial cell " Lymph node Spleen

Figure 4 Analysis of MTCQ1-GFP TetOFF-CD24 and MTCQ1-GFP TetOFF-VA tumors. (A). Tumor volume. (B) Spleen volume. (C—E)
Algorithmic analysis. CIBERTSORT-ABS, a representative part of EPIC, and a representative part of QUANTISEQ, respectively. (A—E)
Four samples were in each group. (F, G) lymph node, and spleen, respectively. Quantification of CD8, CD4, Treg, M1 macrophage,
M2 macrophage, and MDSC in MOC-L1 TetOFF tumors. Ten samples in each group. The values of CD24 samples are normalized with
the average value of VA samples. *, **, *** and ****, P < 0.05, P < 0.01, P < 0.001, and P < 0.0001, respectively.

237



S.-R. Chang, C.-H. Chou, C.-J.

A MOC-L1 TetOFF-CD24
251 » Doxy(n =10)
—E- 20] -+ PBS(=10)
E 15
1.0 /1—;
- 7(/,277\ I
lg 05 *
0.0 T T T T T T T T T
1 2 3 45 6 7 8 9 1
Days
c MOC-L1 TetOFF-CD24
PBS Doxy
E MOC-L1 TetOFF-CD24 MTCQ1-GFP TetOFF-CD24
15 15
& 10 g10
2 2
g 0.5 . 3 0.5
0. 0.0
PBS Doxy PBS Doxy
Figure 5

Liu et al.
B MTCQ1-GFP TetOFF-CD24
08 -= Doxy(n=5)
g_ 06 = PBS(=5)
5 0.4
g 02
s
0.0 d—pyipyy— P17
1 2 3 456 7 8 91
Days
D MTCQ1-GFP TetOFF-CD24
PBS Doxy
=
MOC-L1 TetOFF-CD24 MTCQ1-GFP TetOFF-CD24
PBS Doxy PBS Doxy
CD24 S —

144 117 0.62 0.28 1.85 1.57 1.02 0.20

CAPDH s ey S S’ S’ —"—

Tumorigenesis of TetOFF-CD24 cells and the induced shutdown of CD24 mediated by doxycycline. (A, C) MOC-LI TetOFF-

CD24 tumors. Ten mice are in each group. (B, D). MTCQ1-GFP TetOFF-CD24 tumors. Five mice are in each group. (A, B) Growth
curve. The green bar indicates the duration of the Doxy or PBS injection. (C, D) The fluorescence image of the harvested tumor and
the connecting neck tissue. (E, F) Lt, MOC-LI TetOFF-CD24 tumors, Rt, MTCQ1-GFP TetOFF-CD24 tumors. (E) CD24 mRNA expression
in tumors revealed by gqPCR. Two or three samples in each group. (F) CD24 protein in tumors revealed by Western blot analysis.
Values below the diagram indicate the normalized signals. Two samples in each group. *, ***, and ****, P < 0.05, P < 0.001, and

P < 0.0001, respectively. Doxy, doxycycline.

(Fig. 5A and B). Tumors and connecting neck tissues were
resected at the endpoint. Fluorescent imaging revealed the
tumor lesion in the specimen (Fig. 5C). Analysis of repre-
sentative tissues demonstrated the downregulation of CD24
mRNA expression and protein expression in tumors after the
Doxy induction (Fig. 5D and E).

SEC14L2 acts as a downstream effector of CD24

DEseq analysis of the transcriptomic data was performed to
retrieve 781 disrupted transcripts. Further dissection
identifies 26 co-upregulated transcripts and 69 co-
downregulated in MOC-L1 and MTCQ1-GFP tumors express-
ing CD24 in relation to controls (Fig. 6A, Table S6). Cox
regression analysis revealed that SEC14L2, Fst, and Nphp1
expression were associated with unfavorable overall sur-
vival. Only SEC14L2 expression was associated with unfa-
vorable disease-free survival in the TCGA HNSCC dataset
(Fig. 6B, Lt and middle). Kaplan—Meier analysis confirmed
SEC14L2 and Fst as poor survival predictors (Fig. 6B,Rt).
SEC14L2 was highly upregulated in TCGA HNSCC tumor co-
horts and our OSCC tumor cohorts compared to normal
controls (Fig. 6C). SEC14L2 expression was correlated with
CD24 expression in murine OSCC grafts (Fig. 6D and E).
MOCL-1 and MTCQ1 cells overexpressing CD24 showed a
concordant upregulation of SEC14L2 mRNA expression
(Fig. 7A and B). In this later passage batch of MOC-L1 cells,
we also identify that the CD24 mRNA expression becomes

238

much higher than in the early passage batch (Fig. 2A),
suggesting a potential clonal expansion advantage associ-
ated with CD24. Flow cytometry analysis also showed the
increased SEC14L2 cell fraction in MOCL-1 and MTCQ1-GFP
cells overexpressing CD24 (Fig. 7C and D). The decreased
CD24 mRNA expression induced by Doxy treatment in tumor
grafts was also associated with the decreased SEC14L2
expression (Fig. 7E and F).

Knockdown of SEC14L2 rescues the oncogenicity
induced by CD24

In the OSCC cells overexpressing CD24, the administration
of si-SEC14L2 knocked down SEC14L2 mRNA expression
(Fig. 8A). SEC14L2 knockdown did not change the growth of
cells (Fig. 8B), while it decreased the migration and inva-
sion of cells (Fig. 8C and D). The findings substantiated the
presence of the CD24-SEC14L2 oncogenic axis in OSCC.

The relevance of CD24 and SEC14L2 expression
with the immune cell population in tumors

The immune cell populations correlated with CD24 and
SEC14L2 expression in TCGA HNSCC tumors, and our OSCC
tumors were analyzed using multiple algorithms and sum-
marized as bubble plots. The analysis of TCGA HNSCCs
showed that CD24 had a positive correlation with CD8+T,
Tv3, monocyte, and myeloid progenitor and a negative
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Figure 6 Identification of SEC14L2. RNA-Seq data of TetOFF-CD24 and TetOFF-VA tumors are processed to retrieve each cell
line’s transcriptomic profile. Four or five samples are in each group. (A). Heatmap of positively correlated transcripts (Lt) and
negatively correlated transcripts as related to CD24 expression. (Rt). The gradient bar designates the r value. Red, positive; blue,
negative. The detailed data are integrated in Table S6. (B) Survival analysis using the TCGA HNSCC dataset. Lt, Cox representative
regression analysis of overall survival and disease-free survival. Rt, Kaplan—Meier plots for overall survival according to SEC14L2.
These assays identify SEC14L2 as a survival predictor of HNSCC. (C) The expression of SEC14L2 in normal tissue and tumor. Lt, TCGA
HNSCC dataset. Rt, our OSCC cohort. (D) Correlation of the TPM in MOC-L1 tumors (n = 10) and MTCQ1 tumors (n = 9). ***,
P < 0.0001. OS, overall survival; DFS, disease-free survival; N, normal; T, tumor.

correlation with NK, CD4+ helper T, endothelial cell, and prognosis.”®> Besides, targeting of CD24 attenuated the
M2 macrophage. SEC14L2 had a positive correlation with growth of SCC transplants and stimulated immune re-
macrophage, monocyte, neutrophil, and T cell NK and an sponses.”® To clarify the controversies, we have imple-
exclusively negative correlation with B cells (Fig. 9A). The mented knockdown and expression strategies on murine
analysis of OSCC tumors showed that CD24 had a positive models to elucidate the modulation efficacies of CD24 in
correlation with Myeloid DC cell and uncharacterized cell, oncogenesis and tumor immunity. The association between
and a negative correlation with NK, T cell NK, CD4-+ helper CD24 and tumor aggressiveness is ascertained by in vitro
T cell, and CAF cell. SEC14L2 had a positive correlation with functional approaches. The association is found between
macrophage, Mast cell, and CAF and a negative correlation the inducible CD24 shutdown and the slower syngeneic
with B cell, CD8+T, lymphocyte progenitor, and uncharac- orthotopic tumor growth, which further substantiates the
terized cells (Fig. 9B). Pronounced Myeloid DC population linkage of CD24 to tumor progression. The findings sub-
associating with CD24 expression and decreased B cell and stantiate the oncogenic roles of CD24 in OSCC, which are
enriched CAF associating with SEC14L2 expression are consistent with its upregulation in tumors and the poor
present in HNSCC/OSCC tumors. prognosis of patients.’? 2> Although the discrepancy in the
final tumor burden of control tumors and Doxy-induced
. . tumors in MOC-L1 is not so eminent, which might be due
Discussion to the growth of control tumors in the plateau phase or the
shortage of Doxy induction, targeting of CD24 using in-
The combination of immune therapy with the conventional hibitors or monoclonal antibodies could be a promising
regimens is a current strategy for the interception of strategy for OSCC interception.?’
advanced 0SCC.*” CD24 plays pluripotent roles in tumori- This study shows the diverse immune cell infiltration
genesis, stemness, and tumor immune escape.'®? %  related to CD24 expression across MOCL-1 and MTCQ1 tu-
Studies showed that CD24 mRNA expression is a favorable mors, most likely due to the variation in CD24 expression
prognostic predictor of OSCC, and CD24 null mice are more level or tumor microenvironment in grafts. A study shows
susceptible to oral carcinogenesis.”® However, contradic- that MDSC activity and expansion being impeded by CD24
tory findings showed the upregulation of CD24 protein expression underlie the slow development of 4NQO-induced
expression in OSCC, which defined a worse disease or orthotopically transplanted murine tongue SCC.%¢
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nificant correlation. Note the conspicuously positive correlation between CD24 and Myeloid DC and the negative correlation

between SEC14L2 and B cell series in tumors.

However, such an effect could be the pan-CD24 effect since
tumoral and immune cells have the same genetic back-
ground. Therefore, the solitary effects of tumor CD24 are
undefined. The blockage of CD24 by intratumor injection of
CD24mab attenuates the growth of subcutaneous SCC7
graft, a cell line established from the abdominal wall SCC of
C3H mouse. Increased CD4+ and CD8+ and decreased
tumor-associated macrophage infiltration in  post-
treatment tumors are noted.””> The consistent findings of
Myeloid DC and Treg immune evasion factors being enriched
in MOC-L1 tumors with CD24 overexpression may under-
score the neoplastic progression.*® We have established a
transcriptomic dataset encompassing 28 normal and 54
0SCC samples previously.®'® This dataset has been
expanded to include 33 normal and 100 OSCC samples in
this study. The Myeloid DC is the only cell population
repeatedly shown by multiple algorithms to positively
correlate with CD24 expression in both the human TCGA
HNSCC and the OSCC cohort. With the equivalent burden of
primary tumors, the crucial immune components in the
neck lymph node or spleen are not changed by the CD24
level. The findings raise concerns that the level of CD24 in
tumors is not sufficient for evoking regional or systemic
immune reactions. However, since the spleens of mice are
enlarged following the CD24 expression, the disruption in
immune or mesenchymal components in the node and
spleen requires precise definition.

SEC14L2 is a lipid transfer protein, and an enzyme for
lipid and cholesterol metabolism, which has been recently
found to be involved in neoplastic pathogenesis and drug
resistance.”® 3" This study provides fundamental cellular,
preclinical, and clinical clues demonstrating SEC14L2 as an
oncogenic downstream effector of CD24 in OSCC. The in-
crease of CAF-like components in OSCC tumors having high
SEC14L2 expression is substantiated by the knockdown
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experiments showing the modulation of SEC14L2 on migra-
tory phenotypes. The consistent decrease of the B cell
population found in HNSCC tumors exhibiting low CD24
expression appears intriguing. Although the signal networks
lying between CD24 and SEC14L2, such as those related to
Siglec-10 or metabolism, '®*° is unspecified in 0SCC, SEC14L2
neoantigen could be targetable.?? The impacts of B cell ac-
tivity on the immune responses of HNSCC/OSCC have raised
extraordinary awareness recently.’’ Since SEC14L2 is a
prognostic predictor of OSCC,*" further elucidating the mu-
tation profile of SEC14L2 and the metabolic disruption would
precisely define the associated B status and the targeting
strategy. miR-146a is one of the dogmas involved in tumor-
igenesis, stemness, and immune modulation of 0SCC.*®7-%27
The reciprocal regulation between miR-146a and CD24 de-
serves further elucidation.?” Testing miR-146a inhibitors in
murine preclinical models to insight the potential effects on
tumor immunity would enable clinical validity.

This study demonstrates that CD24 facilitates OSCC pro-
gression by upregulating SEC14L2 in cells, preclinical models,
and dataset analysis. The correlation between (D24
expression and increased Myeloid DC infiltration being found
in human OSCC tumors is in concert with the findings in the
MOC-L1 cell line. The ubiquitous decrease in the B cell
population associated with higher SEC14L2 expression found
in HNSCC tumors, which multiple algorithms have retrieved,
warrants future mechanistic approaches. The oncogenic
progression mediated by this newly identified CD24-SEC14L2
axis would be an intriguing target for OSCC intervention.
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