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In epithelial cells, Scribble forms cell-cell junctions and con-
tributes to cell morphology and homeostasis by regulating api-
cal-basolateral polarity in mammals and functions as a tumor
suppressor in many carcinomas. The initial diagnosis of oral
squamous cell carcinoma is important, and its prognosis is
poor when accompanied by metastasis. However, research on
the mechanisms of oral squamous cell carcinoma metastasis
is insufficient. Herein, we showed that Scribble regulates the
apical-basolateral polarity of oral squamous cell carcinoma
by regulating lethal giant larvae 1, Scribble module and
E-cadherin, the adhesion junction. The expression of lethal gi-
ant larvae 1 and E-cadherin decreased when the expression of
Scribble was knocked down and their localization was
completely disrupted in both the oral squamous cell carcinoma
cell line and in vivo model. In particular, the Scribble was
involved in oral squamous cell carcinoma metastasis via hsa-
miR-199b-5p, which is a microenvironmental factor of hypox-
ia. The disruption of Scribble localization under hypoxic
conditions, but its localization was maintained in miR-199b-
5p oral squamous cell carcinoma cell lines and in vivo.
These results suggest that Scribble functions as a tumor sup-
pressor marker mediated by miR-199b-5p in oral squamous
cell carcinoma.

INTRODUCTION
Oral cancer is the most common cancer worldwide and encompasses
all tumors that develop within the oral cavity, including the tongue,
mouth, floor, and palate.1 According to the 2019 Global Burden of
Disease study, approximately 400,000 new cases occur every year,
and 200,000 patients (50%) have oral cancer mortality worldwide.2

Oral squamous cell carcinoma (OSCC) accounts for more than
90% of all oral cancers, and its incidence is increasing in Asian coun-
tries.3,4 One of the key characteristics of OSCC is its propensity for
local invasion and lymph node metastasis; the 5-year survival rate
of patients with metastasis is less than 50%.5,6 Currently, there is no
specific clinical treatment available for metastasis7 because the
process of tumor metastasis involves dynamic changes in the
morphology of tumor cells, driven by intracellular signaling and
extracellular communication with the complex tumor microenviron-
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ment (TME).8–10 Therefore, understanding the mechanisms of OSCC
metastasis by diverse TME facilitates the identification of treatment
and prognostic factors and is critical for improving OSCC treatment.7

Cell polarity plays a pivotal role as an intracellular factor in the ma-
lignant progression of OSCC and other epithelial cell tumors.7,11,12

Scribbles, in conjunction with discs large (Dlg) and lethal giant larvae
(Lgl), play a critical role in establishing and maintaining the apical-
basolateral polarity (ABP) of cells, thereby influencing both the
normal epithelial cell structure and the dynamics of tumor
growth.13,14 In Drosophila, mutations in the Scribble protein have
been shown to disrupt cell polarity and promote the development
of neoplastic tumors, and metastasis cooperates with the Notch onco-
gene.15 In cancer studies, Scribble upregulation has been observed in
diverse cancer types, contributing to cancer cell proliferation and
metastasis.14,16 However, the expression of Scribble is not uniform
in diverse tumor types, and its functional roles remain controver-
sial.17 Edamana et al. showed that Scribble is downregulated in breast
tumor tissues, and its expression affects tumor size and metastasis
differently.18 Furthermore, in lung cancer, inhibition of Scribble
expression has been shown to suppress apoptosis through Nox2/
ROS signaling, promoting tumor growth.19 However, the impact of
Scribbles on OSCC progression and its underlying mechanisms
remain unexplored.

Hypoxia is themost common feature of solid tumors and a pivotal TME
that determines the behavior of tumor cells.20 In tumor cells exposed to
hypoxic conditions, epigenetic changes can affect cellular reprogram-
ming,21 which is initiated by the stabilization of hypoxia-inducible
factor-1 (HIF-1), triggeringmolecular events, such as epithelial-mesen-
chymal transition (EMT).22–24 Another epigenetic change under hyp-
oxic conditions was recently identified: hypoxia-inducible microRNA
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Figure 1. Scribble is downregulated in patients with OSCC and human OSCC cell lines

(A) Analysis of Scribble mRNA expression levels in adjacent non-tumorous tissues and tumor of OSCC (GEO-GSE37991). (B) Representative images of immunohisto-

chemistry staining of OSCC and tissues fromOSCCwithout or with lymph nodemetastasis. Scribble expression scores are shown in the dot plot. Normal and different grades

of OSCC tissues were matched and compared using a paired Student’s t test. n = 33. Original histology magnification,�20. Scale bar, 100 mm. (C) Western blot analysis of

Scribble, E-cadherin, and Lgl1 in protein extracts from human normal squamous cell and OSCC cells. GAPDH was used for loading control. (D–F) Immunofluorescence for

Scribble (red) with E-cadherin, Lgl1 and Dlg1 (green) in the SCC-9 cell line. The z stacks were analyzed in three confocal slices. Original histology magnification, �60. Scale

bar, 20 mm. Statistical significance was assessed by Student’s t test. ***p < 0.001, **p < 0.01.
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(HRM), a short non-codingRNA.25 In general, 6% of thesemicroRNAs
(miRNAs) contain putative hypoxia response elements in their pro-
moters, which are present in the promoters of hypoxia-inducible
genes.26,27 However, even if miRNAs interact directly with HIF-1, their
effects on tumor progression are not consistently observed.25 In addi-
tion, while studies have explored miRNAs linked to alterations in the
morphology of cancer cells in different cancer types,28–31 there remains
a need for more extensive research focused on HRMs that collaborate
with HIF-1 and a deeper understanding of their precise mechanisms.

In the present study, we have provided evidence that Scribble serves as
a prominent tumor suppressor, highlighting the inverse relationship
between HIF-1a and Scribble in both in vivo and in vitro experiments
of OSCC under hypoxia exposure. Hypoxia is a prominent factor in
solid TME and is closely associated with alterations in ABP in
OSCC. Our findings unveiled the miRNA-199b-5p/HIF-1a axis as a
key regulatory pathway induced by hypoxia, playing a pivotal role
in mediating hypoxia-induced ABP changes through interaction
with Scribble. Furthermore, additional research has demonstrated
2 Molecular Therapy: Nucleic Acids Vol. 35 December 2024
that the miRNA-199b-5p/HIF-1a axis contributes to essential biolog-
ical outcomes, including the growth and metastasis of OSCC.

RESULTS
Scribble forms a junction with Lgl1 in the OSCC cell line

To examine the expression of Scribble in OSCC, we initially analyzed
Scribble expression in OSCC using a public database. The mRNA
expression of Scribble was significantly lower in OSCC tissues than
in normal tissues (Figure 1A). Immunohistochemistry (IHC) and
western blotting analyses showed that Scribble protein levels were
downregulated in OSCC tissues compared with adjacent normal tis-
sues (Figures 1B and 1C). In addition, Scribble expression in OSCC
tissues correlated with tumor stage and lymph node metastasis
(Table S1). In general, Scribble is a constituent of ABP complexes,
and together with Dlg and Lgl, it serves as a pivotal protein in main-
taining the integrity of adherens junctions (AJs) at the cell-cell contact
area.32,33 Therefore, to verify the correlation among the three proteins
in OSCC cell lines, we first confirmed their localization. Our results
showed that Scribble co-localized with E-cadherin (Figure 1D), and
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both proteins were distributed within the AJs at the cell-cell region in
the SCC-9 cell lines (Figure 1D, z stack image). Furthermore, co-local-
ization of Scribble and Lgl1 was detected (Figure 1E), and they dis-
played localized expression within the AJs in SCC-9 cell lines (Fig-
ure 1E, z stack image). However, Scribble was mislocalized with
Dlg1, and the expression of Dlg1 was detected within the cytoplasm
(Figure 1F). These results suggest that the expression of Scribble is
negatively associated with OSCC progression and cooperates with
Lgl1 in AJs, but not Dlg1.

Scribble cooperatively regulates themetastatic and proliferative

properties of OSCC with Lgl1

To provide direct evidence that Scribble regulates the expression
and localization of AJs in cell-cell interactions, we knocked down
Scribble using small interfering RNA (siRNA) in SCC-9 and
HSC-2 cells, which are known for their aggressive capacity in previ-
ous studies.34 Following the knockdown of Scribble, the expression
of Lgl1 and E-cadherin was remarkably reduced compared with
that in the control (Figure 2A). Our co-immunoprecipitation studies
showed that the Scribble protein acts as a binding partner for Lgl1,
and this interaction was disrupted after Scribble knockdown in
both cell lines (Figure 2B). Furthermore, confocal microscopy re-
vealed that after Scribble knockdown, the expression of Lgl1 and
E-cadherin disappeared in the cell-cell contact area (Figures 2C,
2D, S1A, and S1B), disrupting the AJs compared with control cells
(Figure 2D, z stack image). We hypothesized that the disruption of
AJs by Scribble reduction may alter the metastatic properties
of OSCC cells. To conclude, the migration and invasion abilities of
SCC-9 and HSC-2 cell lines were compared with those of control
cell lines after Scribble knockdown. Our results demonstrated that
in both SCC-9 and HSC-2 cell lines, the number of cells migrating
and invading from the upper insert to the lower insert was signifi-
cantly reduced following treatment with siRNA-Scribble, in compar-
ison with the control cell lines (Figures 2E and 2F). In addition, EdU
assay results showed that the proliferation capacity of SCC-9 and
HSC-2 cell lines, following knockdown of Scribble, was significantly
reduced compared with that of control cells (Figures 2G and 2H).
Taken together, our results suggest that the Lgl1 is mediated by
Scribble, may play a crucial role in regulating ABP in OSCC cells,
and that these alterations, in turn, influence the metastatic and pro-
liferative properties of OSCC cells.

Hypoxiamodulates the localization of ABP in the OSCC cell lines

via Scrib/Lgl1

Cellular barriers such as tight junctions in carcinoma cells collapse in
response to hypoxic conditions, which are mediated by HIF-1a
expression.35 Hence, to explore whether OSCC cells cultured under
hypoxic conditions induce modifications in ABP mediated by the
Scribble protein, we investigated the co-localization between Scribble
and E-cadherin or Scribble and Lgl1 in OSCC cell lines under hypoxic
conditions. Immunofluorescence analysis revealed that the localiza-
tion of Scribble at ABP in OSCC cells was attenuated by hypoxic
incubation (Figures 3A and S2A), and the co-localization of
Scribble-Lgl1 was disrupted under hypoxic conditions compared
with normoxic conditions (Figures 3B and S2B). Furthermore, the
expression of Scribble and Lgl1 was decreased in both SCC-9 and
HSC-2 cell lines, whereas alterations in E-cadherin expression were
rare in the HSC-2 cell lines after hypoxic conditions (Figure 3C). In
our previous studies, we screened for miRNAs that were negatively
expressed in OSCC cultured under hypoxia and targeted HIF-1a.36

Among these miRNAs, miRNA-199b-5p, which exclusively targets
HIF-1a without affecting Scribble expression, was identified using
the public algorithm set (Figures S3A and S3B). The mRNA expres-
sion of miRNA-199b-5p was significantly reduced in SCC-9 and
HSC-2 cells under hypoxic conditions compared with that under nor-
moxic conditions (Figure 3D). Luciferase activity assay showed that
miRNA-199b-5p downregulated HIF-1a by binding to the predicted
target sites in the 30-UTR of HIF-1a (Figure 3E). Our findings indi-
cate that hypoxia disrupts ABP localization in OSCC cells via Scribble
expression.

miRNA-199b-5p suppresses the metastatic and proliferative

properties of OSCC via scrib/Lgl1

To investigate the miR-199b-5p effects on OSCC, we confirmed in the
mRNA public database that the expression of miR-199b-5p was
significantly decreased in OSCC tissues from paired OSCC tumors
and adjacent normal tissues (Figure S3C). In addition, the mRNA
of miR-199b-5p expression was significantly downregulated in
OSCC tissues compared with normal tissues (Figure S3D). Next, to
verify if miRNA-199b-5p impacts the ABP, we examined the expres-
sion of HIF-1a, Scribble, and Lgl1 using western blotting after
miRNA-199b-5p delivery. In both SCC-9 and HSC-2 cell lines, treat-
ment with the miRNA-199b-5p mimic decreased HIF-1a expression,
while the expression of Scribble and Lgl1 increased compared with
the control group. However, differences in E-cadherin expression
remain rare in HSC-2 cells (Figure 4A). Furthermore, in SCC-9 and
HSC-2 cell lines treated with themiRNA-199b-5pmimic, the Scribble
and Lgl1 proteins exhibited stronger binding than in the control
group (Figure 4B). Immunofluorescence results revealed that the
co-localization of Scribble and E-cadherin at the ABP was noticeable
after treatment with miRNA-199b-5p (Figures 4C and S4A). This
finding indicates that miRNA-199b-5p, which targets HIF-1a, indi-
rectly affects the arrangement of the ABP in OSCC cells by modu-
lating the interaction between Scribble and Lgl1 (Figures 4D and
S4B). The Boyden chamber assay showed that migration and invasion
abilities were significantly decreased in SCC-9 and HSC-2 cells
treated with miRNA-199b-5p compared with those in control cells
(Figures 4E and 4F). In addition, the proliferation capacity of
SCC-9 and HSC-2 cell lines following treatment with the miRNA-
199b-5pmimic was significantly reduced comparing with that of con-
trol cells (Figures 4G and 4H). These findings suggest that the HIF-1a
target miRNA-199b-5p enhances the stability of the ABP in OSCC
cells, thereby suppressing their metastatic properties.

Scribble deficiency promotes the tumor growth and metastasis

of OSCC in vivo

To explore whether Scribble-induced events in vitro were also
observed in vivo, SCC-9 cells transfected with siRNA-negative control
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Figure 2. Scribble inhibition induces cell mobility and proliferation in OSCC cell lines

(A) Western blot analysis of Scribble, Lgl1 and E-cadherin in protein extracts from OSCC cell lines. GAPDH was used for loading control. (B) Immunoprecipitation of Lgl1 for

the knockdown of Scribble in protein extracts from human OSCC cell lines. (C and D) Representative images of immunofluorescence for Scribble (red) with E-cadherin and

Lgl1 (green) by inhibition of Scribble in the SCC-9 cell line. The z stacks were analyzed in three confocal slices. Original histology magnification,�60. Scale bar, 20 mm. (E and

F) Representative images (left) and numbers (right) of migrated and invaded cells by inhibition of Scribble in SCC-9 and HSC-2 cell lines. Original histology magnification,�20.

Scale bar, 100 mm. (G and H) Representative images (left) and numbers (right) of EdU-positive cells (green) for proliferation analysis by inhibiting Scribble. The nuclei were

stained with DAPI (blue). Original histology magnification,�20. Scale bar, 20 mm. Statistical significance was assessed by Student’s t test. ***p < 0.001, **p < 0.01, *p < 0.05.
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Figure 3. Hypoxia suppresses Scribble, and miR-199b-5p binds directly to HIF-1a

(A and B) Immunofluorescence for Scribble with E-cadherin and Lgl1 in SCC-9 cells under hypoxic condition. The z stacks were analyzed in three confocal slices. Original

histology magnification, �60. Scale bar, 20 mm. (C) Western blot analysis of HIF-1a, Scribble, E-cadherin, and Lgl1 in protein extracts from OSCC cell lines under hypoxic

condition. GAPDH was used for loading control. (D) Relative mRNA expression level of miRNA-199b using real-time PCR in OSCC cell lines under hypoxic condition. (E)

Luciferase activity of miR-199b and HIF-1a was performed using a Dual-Glo Luciferase assay in OSCC cell lines under hypoxic condition. Relative luciferase activity (RLU) is

shown as mean ± SEM compared with four experimental repetitions. Statistical significance was assessed by Student’s t test. ***p < 0.001, **p < 0.01, *p < 0.05.
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or siRNA-Scribble were subcutaneously injected into BALB/c nude
mice. Three weeks after cell injection, the tumor size treated with
siRNA-Scribble increased noticeably compared with that in the con-
trol group (Figure 5A, left). Furthermore, tumor weight was signifi-
cantly increased in the siRNA-Scribble-treated tumor compared
with that in the control group (Figure 5A, right). qRT-PCR analysis
revealed that the mRNA expression of Lgl1 and E-cadherin was
significantly decreased in tumor tissues with Scribble knockdown
compared with control tumor tissues, and the reduction was depen-
dent on Scribble expression (Figures 5B–5D). Subsequently, to
examine whether alterations in AJs depend on Scribble in tumor tis-
sues, we assessed their localization. In the tumor tissues of the control
group, co-localization of Scribble and E-cadherin was observed in re-
gions of cell-cell contact (Figure 5E, upper panel). However, in the tu-
mor tissues of the siRNA-Scribble group, co-localization in cell-cell
contact regions was not observed (Figure 5E, lower panel). Addition-
ally, the expression of Lgl1 shifted from the cell-cell contact region to
the cytoplasm after Scribble knockdown, in contrast to the control
group (Figure 5F). To assess the impact of the Scribble expression-
dependent redistribution of ABP on OSCC metastasis, SCC-9 cells
were intravenously injected, and the hAlu repeat sequence in the
lung was analyzed. Analysis of Alu sequences is the preferred method
for assessing the biodistribution of injected cancer cells in xenogeneic
animal models.37 The expression of Alu sequences was notably higher
in the lungs of the siRNA-Scribble group than in the lungs of the con-
trol group (Figure 5G). Histopathological analysis showed that metas-
tasis of OSCC cells inhibited Scribble expression in the lungs more
frequently than in the control group (Figure 5H, left), and the size
of tumor colonies also significantly increased (Figure 5H, right).
These findings suggest that the loss of Scribble disrupts the apical-
basal junction in OSCC cells, resulting in OSCC tumor growth and
metastasis.

miR-199b-5p inhibits the growth andmetastasis of OSCC in vivo

Since our in vitro experiments demonstrated that miRNA-199b-5p
inhibited the proliferative and metastatic properties of OSCC cell
lines, we further investigated whether miRNA-199b-5p could inhibit
tumor growth andmetastasis in vivo. The size of the subcutaneous tu-
mors injected with miRNA-199b-5p was significantly reduced
compared with that in the control group (Figure 6A, left). Further-
more, the tumor weight in the miRNA-199b-5p treatment group
was remarkably lower than that in the control group (Figure 6A,
Molecular Therapy: Nucleic Acids Vol. 35 December 2024 5
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Figure 4. miR-199b-3p reduces cell mobility and proliferation in OSCC cell lines

(A) Western blot analysis of Scribble, E-cadherin, and Lgl1 in protein extracts from OSCC cell lines. GAPDH was used for loading control. (B) Immunoprecipitation of Lgl1

transfected bymiR-199b in protein extracts from humanOSCC cell lines. (C and D) Representative images of immunofluorescence for Scribble (red) with E-cadherin and Lgl1

(legend continued on next page)
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right). In addition, miRNA-199b-5p delivery significantly enhanced
the expression of Scribble, Lgl1, and E-cadherin compared with
that in the control group (Figures 6B–6D). Immunofluorescence re-
sults showed that miRNA-199b-5p strongly preserved the localization
of Scribble in the cell-cell region in tumors compared with that in the
control (Figure 6E), and the co-localization of Scribble and Lgl1 was
tightly maintained (Figure 6F). The results of hAlu sequence analysis
indicated that the expression of the hAlu sequence was significantly
downregulated in the lung tissues of the miRNA-199b-5p-overex-
pressing group compared with the control group (Figure 6G). Addi-
tionally, hematoxylin and eosin (H&E) staining revealed that, in
contrast to the Scribble knockdown experiment, there was a signifi-
cant reduction in OSCC metastasis to the lungs in the group overex-
pressing miRNA-199b-5p compared with that in the control group
(Figure 6H). Based on these findings, our results suggest that
enhanced expression of Scribble in the cell-cell region, mediated indi-
rectly by miRNA-199b-5p, effectively inhibits both the growth and
metastasis of OSCC.

DISCUSSION
In general, the integrity of cell junctions is important for maintaining
the cell-cell barrier and homeostasis, which are pathologically related,
such as in cancer or inflammation.38,39 These epithelia consist of tight
junction proteins and AJs, including zonula occludens-1, proteinase-
activated receptor 3, catenins, and cadherins, and disruption of these
genes has an important effect on the progression of various carci-
nomas.40,41 This loss of polarity and cell-cell adhesion can also lead
to infiltration andmetastasis of cancers of epithelial origin to adjacent
tissues, leading to adverse effects on progression and prognosis.42

There have been reports that the hypoxic environment has damaged
cell polarity in human breast epithelial cells, followed by tumor
growth factor-beta-mediated destruction in the Madin-Darby canine
kidney (MDCK) cell line,43 but studies on how hypoxia is associated
with cell polarity in relation to cell-cell contact in cancer are insuffi-
cient, especially in OSCC. In a previous study, we have shown that
hypoxic conditions modulate the localization and expression of the
tight junction and proteinase activator recptor3 (Par3), which
may play an important role in the progression and metastasis of
OSCC.34 Unlike tight junction proteins, the expression and localiza-
tion of AJs in our data was still ambiguous. To further investigate the
role of basolateral proteins, this study aimed to investigate the effects
of hypoxia on ABP in OSCC.

The most commonly linked pathway to metastasis is well known for
the EMT, which is strongly associated with hypoxia in epithelial
cells.22,44 EMT is a process in which the epithelial cells of a tumor
change into mesenchymal cells and is associated with tumor progres-
sion, invasion, and metastasis.45,46 Recent studies have shown that
EMT in various tumors does not have one characteristic but rather
(green) transfected by miR-199b in SCC-9 cell line. The z stacks were analyzed in three

Representative images (left) and numbers (right) of migrated and invaded cells transfecte

Scale bar, 100 mm. (G and H) Representative images (left) and numbers (right) of EdU-po

stained with DAPI (blue). Original histology magnification,�20. Scale bar, 20 mm. Statisti
mixed characteristics of epithelial and mesenchymal cells.47,48 These
hybrid epithelial/mesenchymal (hybrid E/M) cells co-express epithe-
lium (E-cadherin1 and epithelial cell adhesion molecule) and mesen-
chymal (vimentin, snail family transcriptional repressor 2, zinc finger
E-Box binding homeobox 1) markers and form circulating tumor cell
clusters that can move collectively and affect more lethal cell metas-
tases in various cancers.49–52 Therefore, at this hybrid E/M stage,
called partial EMT (pEMT), ABPs and adherens proteins are reduced,
resulting in increased mobility.53 In OSCC, epithelial and pEMT
markers are simultaneously overexpressed in tumor tissues, while
mesenchymal markers are underexpressed.54 Notably, the expression
of these conflicting markers is dependent on the location of the pri-
mary tumor: epithelial markers are located in the center of the pri-
mary tumor, and pEMT markers are located at the leading edge of
the primary tumor.55 In our previous study, we demonstrated that
HSC-2 cell lines are OSCC cells with characteristics of pEMT, ex-
pressing E-cadherin and exhibiting a mesenchymal phenotype.34

Therefore, in this study we analyzed the effect of hypoxia and
miRNA-199b-5p on ABP via Scribble in both the HSC-2 (pEMT)
and SCC-9 (epithelial like) cell lines.

As miRNAs have been studied as potential therapeutic targets, Zhao
et al. demonstrated that HRM can control angiogenesis and cancer
against HIF-1/vascular endothelial growth factor,56 and Winther
et al. demonstrated the possibility that miR-210-mediated HRM
in ESCC may be a potential marker of prognosis and treatment.57

Studies have shown that miR-198, miR-487-3p, and miR-199a
inhibit tumor growth, migration, and invasion58–60; however,
studies on the effect of HRM on the regulation of cell formation
and how they may be related are not yet sufficient. miRNAs have
secondary and tertiary effects through direct inhibition or indirect
targeting of mRNA targets.61,62 Therefore, the target mRNA for
miRNA should be supported by both experimental and bioinfor-
matics evidence. After confirming that HIF-1a and miR-199b-5p
showed significantly higher targeting using the miRDB, Targetscan,
and miRTarBase databases (Figure S1A), we investigated the activity
of HIF-1a in OSCC cells in the presence or absence of miR-199b-5p
treatment. In contrast to the increase in HIF-1a expression by hyp-
oxia, the results showed decreased luciferase activity by miR-199b-
5p and supported that miR-199b-5p binds directly to HIF-1a.
Furthermore, we confirmed that miR-199b-5p strengthened ABP
in OSCC, and cell mobility and cell proliferation were suppressed
in a Scribble-dependent manner. This was also confirmed in mice,
where miR-199b-5p increased the RNA expression of Scribble/
Lgl1/E-cadherin, affecting the reduction of tumor size and metas-
tasis. Our overall results suggest that miRNA-199b-5p, which is tar-
geted by HIF-1a, may indirectly regulate Scribble/Lgl1/E-cadherin
expression and may be a potential effector of tumor growth and
prognosis in OSCC.
confocal slices. Original histology magnification, �60. Scale bar, 20 mm. (E and F)

d by miR-199b in SCC-9 and HSC-2 cell line. Original histology magnification,�20.

sitive cells (green) for proliferation analysis transfected by miR-199b. The nuclei were

cal significance was assessed by Student’s t test. ***p < 0.001, **p < 0.01, *p < 0.05.
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Figure 5. Scribble induces cell proliferation and metastasis in vitro

(A) Representative image (left) and tumor weight (right) by inhibiting Scribble from BALB/c nude mice xenograft injection (n = 5). (B, C, and D) Relative mRNA expression level

of Scribble, Lgl and E-cadherin using real-time PCR from RNA extracts of mice xenograft tumor by inhibiting Scribble. (E and F) Representative images of immunofluo-

rescence for Scribble (red) with E-cadherin and Lgl1 (green) by inhibiting Scribble from frozen sections of mice tumors. The nuclei were stained with DAPI (blue). Original

histology magnification, �60. Scale bar, 10 mm. (G) Relative mRNA expression level of hAlu using real-time PCR from RNA extracts of mice xenograft tumors. (H) Repre-

sentative images (left) and graph of tumor area (right) of hematoxylin and eosin histologic staining in the mice lung from tail vein injection by inhibiting Scribble in OSCC cells.

Statistical significance was assessed by Student’s t test. ***p < 0.001, **p < 0.01, *p < 0.05.
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However, our current study also has several limitations. First, Dlg1,
which typically localizes at cell-cell contacts and regulates cell polarity
with Scribble, behaved differently in our observations. Second, there
is a lack of research on the direct molecular mechanisms by which
miRNA-199b-5p alters ABP. Third, although we supplemented our
study with epithelial-like HSC-4 cell lines, the bias of our cell polarity
and in vivo results toward SCC-9 cell lines is a limitation. This must be
investigated and resolved by improving the analytical techniques in
future studies.

In summary, our study shows that the Scribble stream is important
for maintaining ABP by forming a cell-cell barrier and modulating
the progression and metastasis of OSCC via Lgl1. In particular, this
stream suggests that it maybe indirectly regulated by miR-199b-5p,
which directly targets HIF-1a (Figure 7). Our study offers new in-
sights for therapeutic and diagnostic research by examining junction
morphology in relation to Scribble expression. It also lays a strong
foundation for developing new therapies targeting miRNA expression
to reduce OSCC development and metastasis, thereby enhancing the
potential of using miRNA and polarity proteins as a diagnostic
marker for improving the prognosis of OSCC patients in the future.
8 Molecular Therapy: Nucleic Acids Vol. 35 December 2024
MATERIALS AND METHODS
Clinical specimen and human tissue samples

A total of 33 paired OSCC patient tissues (tumor and adjacent normal
tissue) were obtained in accordance with the ethical procedures of the
Gangneung-Wonju National University Dental Hospital, Gang-
neung, Korea, and all patients agreed to participate. OSCC tissues
were histopathologically diagnosed by a pathologist. Our study was
approved by the Committee for Ethical Review of Research at
Gangneung-Wonju National University (institutional review board
no. GWNUIRB-2020-26-1). All tissues were prepared in advance
from paraffin tissue sections after surgery, and the tissues were scored
as described previously after immunohistochemical staining34

(Table S1). To identify differentially expressed genes in OSCC sam-
ples (GSE 37991) compared with non-cancerous samples, we applied
DEseq2 (https://www.bioconductor.org/). Differentially expressed
genes were filtered according to the criteria of adj.p < 0.001 and |
log2 (fold-change)| > 1.

Cell culture and transfection

SCC-9, HSC-2, and HSC-4 cell lines were obtained from the
American Type Culture Collection and the Japanese Collection

https://www.bioconductor.org/


Figure 6. miR-199b-5p reduces cell proliferation and metastasis in vitro

(A) Representative image (left) and tumor weight (right) by miR-199b from BALB/c nude mice xenograft injection (n = 5). (B, C, and D) Relative mRNA expression level of

Scribble, Lgl1 and E-cadherin using real-time PCR fromRNA extracts of mice xenograft tumor by inhibiting Scribble. (E and F) Representative images of immunofluorescence

for Scribble (red) with E-cadherin and Lgl1 (green) by miR-199b from frozen sections of mice tumors. The nuclei were stained with DAPI (blue). Original histology magni-

fication, �60. Scale bar, 10 mm. (G) Relative mRNA expression level of hAlu using real-time PCR from RNA extracts of mice xenograft tumor by inhibiting Scribble. (H)

Representative images (left) and graph of the tumor area (right) of hematoxylin and eosin histologic staining in themice lung from tail vein injection bymiR-199b in OSCC cells.

Statistical significance was assessed by Student’s t test. ***p < 0.001, **p < 0.01, *p < 0.05.
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of Research Bioresources Cell Bank. The SCC-9 cell line was
cultured in Dulbecco’s modified Eagle’s medium/F-12 (Gibco,
Ref# 11330-032) with 10% fetal bovine serum (FBS) and supple-
mented with 1% penicillin/streptomycin. HSC-2 cells were
cultured in high-glucose Dulbecco’s modified Eagle’s medium (In-
vitrogen, Ref# SH30022.01) with 10% FBS and supplemented with
1% penicillin/streptomycin. The OSCC cell lines were incubated at
37�C in a humidified atmosphere of 5% CO2 under normoxic con-
ditions or 5% CO2 and 1.5% O2 balanced with N2 under hypoxic
conditions in a HeracellTM 150i CO2 incubator (Thermo Fisher
Scientific).

For siRNA-Scribble transfection, SCC-9 and HSC-2 cell lines were
transfected with siRNA-negative control (Bioneer, Ref# SN-1001)
or 50 nM siRNA-Scribble (Bioneer, custom ordered) for 6 h using
Lipofectamine 2000 (Invitrogen, Ref# 11668-019) and Opti-MEM
(Gibco, Ref# 31985-070) according to the manufacturer’s instruc-
tions. For miRNA-199b-5p transfection, SCC-9 and HSC-2 cell lines
were transfected with miRNA-negative control (Bioneer, Ref# SMC-
2001) and 100 nM has-miR-199b-5p (Bioneer custom ordered) using
Lipofectamine RNAiMAX Transfection Reagent (Invitrogen, Ref#
13778030) and Opti-MEM (Gibco) for 6 h according to manufac-
turer’s instructions. Following transfection, all cells were incubated
at 37�C in a humidified atmosphere of 5% CO2 for 24 h. The se-
quences of the siRNA and miRNA mimic used were as follows:
siRNA-Scribble: 50-GUG AUG UUU GUA CAA CCA A-30 and
has-miR-199b-5p mimic: 50-CCC AGU GUU UAG ACU AUC
UGU UC-30.

Immunoblot assays

Total protein was extracted from SCC-9 and HSC-2 cell lines or
OSCC tissues using 1� RIPA buffer (Sigma-Aldrich, Ref#
R0278) containing a protease inhibitor cocktail (Roche Diagnos-
tics, Ref# 11697498001). Samples were incubated at 95 �C with
1� sodium dodecyl sulfate loading buffer for 5 min and loaded
onto 8%–10% of sodium dodecyl sulfate-polyacrylamide gels and
transferred onto nitrocellulose membranes. The membranes were
blocked with 5% bovine serum albumin in phosphate-buffered sa-
line with Tween (PBS-T) for 30 min at room temperature and
incubated with primary antibodies at 4�C overnight. The mem-
branes were probed with primary and secondary antibodies
(Table S2). Protein expression was detected using a FUSION
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Figure 7. A schematic model miRNA-199b-5p and HIF-1a induced by hypoxic conditions in OSCC
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Solo S imaging system (Vilber, Eberhardzell) with a chemilumines-
cent reagent (Millipore, Ref# wbluf0100).

Co-immunoprecipitation assays

After the indicated transfection, cell lysates were resuspended with
Pierce IP Lysis Buffer (Thermo Fisher Scientific, Ref# 87787) supple-
mented with a protease inhibitor cocktail (Roche Diagnostics) and
incubated 20 min on ice. The debris was cleared through centrifuga-
tion at 13,000� g for 10 min. The lysates were incubated with Protein
A Sepharose (Cytiva, Ref# 17078001) for 1 h at 4�C with rotation.
Aliquots of lysates (1 mg) were incubated with 4 mg/mL of mouse
anti-Scribble (1:1,000, Novus Biologicals, Ref #NBP2-29765) over-
night at 4�C. The samples were washed with immunoprecipitation
lysis buffer thrice for 5 min at 4�C with rotation. Immunoprecipitates
were subjected to immunoblotting with rabbit anti-LLGL1 antibody
(1:1,000, Abcam, Ref# ab183021).
10 Molecular Therapy: Nucleic Acids Vol. 35 December 2024
Transwell migration and invasion assays

For the migration assay, each of the SCC-9 cells (4 � 104) or
HSC-2 cells (8 � 103) were seeded in 24-well cell culture plates
with 8.0-mm-pore Transwell inserts (Corning Inc., Ref# 353097).
For the invasion assay, each of the SCC-9 cells (4 � 104) and
HSC-2 cells (1 � 104) were seeded in BioCoat Matrigel Invasion
Chambers with 8.0-mm-pore Transwell inserts (Corning Inc.,
Ref# 354480).Cells were transfected with siRNA-Scribble or
miRNA-199b-5p, as described above. For chemoattraction, the
lower chamber was filled with medium containing 10% FBS,
whereas the upper chamber was not filled with FBS for 48 h.
Transwell inserts were fixed with methanol for 20 min and stained
with Mayer’s hematoxylin histological staining reagent (Dako,
Ref# S3309) at room temperature for 20 min. After removing
the staining reagent, the inserts were mounted with a Mounting
Medium (Dako, Ref# S3023) and observed under an inverted
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microscope (Olympus, BX53). The number of migrated and
invaded cells was captured in seven randomly selected fields and
counted using the ImageJ software (National Institutes of Health).

EdU cell proliferation assay

For the EdU assay, Click-iT Plus EdU Alexa Fluor 488 Flow Cytom-
etry Assay Kit (Abcam, Ref# C10337) was used according to the man-
ufacturer’s instructions. Briefly, each of the SCC-9 cells (2� 105) and
HSC-2 cells (2 � 105) were cultured and transfected with siRNA-
Scribble or miRNA-199b-5p on coverslips, and then the cells were
incubated with 10 mM EdU at 37�C in a humidified atmosphere of
5% CO2 for 2 h. Coverslips were fixed with 4% paraformaldehyde
for 20 min and permeabilized with 0.5% Triton X-100 for 20 min
at room temperature. The coverslips were incubated with the click re-
action cocktail provided in the Click-iT kit in the dark at room tem-
perature for 40 min and mounted using Fluoroshield Mounting
Medium with DAPI (Abcam). Seven images were captured randomly
using a fluorescence microscope (Olympus), and EdU-positive cells
were counted using ImageJ software.

Cloning of the vector construct

The target genes of human miR-199b-5p were predicted through
bioinformatic analysis using the online database http://targetscan.
org. Genomic DNA was isolated from HSC-2 cells, and its concen-
tration and purity were examined using a Nanodrop (Thermo
Fisher Scientific). The 30-untranslated region (UTR) of human
HIF1A, containing a binding site for human miR-199b-5p, was
amplified using PCR using human genomic DNA. The PCR product
was purified using an AccuPrep PCR Purification Kit (Bioneer, Ref#
K-3037), digested with the restriction enzymes XhoI and NotI, and
cloned into the psiCHECK-2 vector (Promega). The vector
construct with 30-UTR of HIF1-a was transformed into Escherichia
coli, and then plasmid DNA was extracted from well-transformed,
ampicillin-resistant E. coli, using an AccuPrep Plasmid Mini Extrac-
tion Kit (Bioneer, Ref# K-3030). The sequences of the miR-199b-5p-
binding site of the 30-UTR of HIF1-a were confirmed using
sequencing analysis (Macrogen). The primer sequences used for
vector construction are listed in Table S3. A commercially available
pMirTarget vector cloned with 30-UTR of HIF1A transcript was
purchased (OriGene).

Luciferase reporter assay

SCC-9 cells (6 � 103) and HSC-2 cells (5 � 103) were cultured in
96-well plates and incubated in culture media without antibiotics at
37�C for 24 h. Both OSCC cell lines were transfected with a mixture
of pMirTarget or psiCHECK-2 vector constructs and either an miR-
199b-5p mimic (20 or 50 nM; AccuTarget human miR-199b-5p
mimic; Bioneer) or the same concentration of scrambled miRNA
(miRNA mimic negative control 1; Bioneer) as a negative control us-
ing Lipofectamine 3000 (Invitrogen, Ref# L3000001). After 30 h, the
cells were harvested and tested using a Dual-Glo Luciferase Assay Sys-
tem (Promega, Ref# E2920) according to themanufacturer’s protocol.
All the Renilla luciferase activity data were normalized to firefly lucif-
erase activity.
In vivo tumor growth and metastasis

Animal experiments were approved by the Ethics Committee on Ani-
mal Experiments of Gangneung-Wonju National University (Permit
number: GWNU-2020-36-1) and were performed in accordance with
the relevant guidelines. For the xenograft, SCC-9 cells (2 � 106) in
100 mL of Dulbecco’s PBS (DPBS) were injected subcutaneously into
5-week-old male BALB/c nude mice. The tumor size was monitored
every 3 days until a volume of approximately 1.5 mm3 by calculating
0.52 � width2 � length.63,64 Then, the mice were euthanized, and
the tumors were quickly frozen in liquid nitrogen for mRNA expres-
sion analysis or storage at �80�C with Tissue-Tek O.C.T Compound
(SAKURA Finetek, Ref# 4583) for frozen section immunofluorescence.

For metastasis, SCC-9 cells (2� 106) in 100 mL of DPBS were injected
into 8-week-old male BALB/c nude mice. After 5 weeks, the mice
were euthanized, and the lungs were formalin-fixed for H&E staining.
Parts of the lungs were quickly frozen in liquid nitrogen and analyzed
for hAlu mRNA expression.

Real-time PCR

Total RNA was isolated from xenograft tumors or lungs of BALB/c
nude mice using TRIzol reagent (Invitrogen, Ref# 15596026).
cDNA (500 ng) was synthesized using AccuPower RocketScript Cycle
RT PreMix (Bioneer, Ref# K-2101) according to the manufacturer’s
instructions. qPCR was analyzed using the CFX96 Touch Real-
Time PCR system (Bio-Rad) with SYBR AccuPower 2X GreenStar
qPCRMaster Mix (Bioneer, Ref# K-6251), and denaturation was per-
formed at 95�C for 15 s, followed by amplification at 62�C for 1min in
40 cycles. The glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was used to normalize mRNA expression level, and relative target
gene expression levels were calculated using the 2–DDCT method.
The sequences of the gene-specific primers were as follows: human
Scribble forward 50-AAA CAG GGC TGA AGA GGA AG-30 and
reverse 50-CAG GCT CTA TCA GCA GGT TAT T-30; Lgl1 forward
50-CCT CTT CCA GAC AGA CTG TGA G-30 and reverse 50-AGA
GCA ACC TTC TGC ACG CCA A -30; E-cadherin forward
50-GCC TCC TGA AAA GAG AGT GGA AG-30 and reverse
50-TGG CAG TGT CTC TCC AAA TCC G-30; GAPDH forward
50-CAA AGT TGT CAT GGA TGA CC-30 and reverse 50-CCA
TGG AGA AGG CTG GGG-30; hsa-miR-199b-5p forward 50-CCA
GTG TTT AGA CTA TCT G-30 and reverse 50-GAA CAT GTC
TGC GTA TCT C-30; U6 forward 50-CTC GCT TCG GCA GCA
CAT-30 and reverse 50-TTT GCG TGT CAT CCT TGC G-30; hu-
man-Alu forward 50- CAT GGT GAA ACC CCG TCT CTA-30 and
reverse 50-GCC TCA GCC TCC CGA GTA G-30.

Immunofluorescence

For in vitro experiments, SCC-9 cells (2 � 105) were cultured under
the aforementioned conditions. In the case of in vivo experiments,
7-mm cryosections of tumor tissue were obtained after the xenograft
model and then fixed with 4% paraformaldehyde for 20min. After be-
ing permeabilized with 0.5% Triton X-100 for 20 min at room tem-
perature, samples were washed with DPBS. Samples were incubated
for 1 h and probed with primary antibodies (Table S2) at room
Molecular Therapy: Nucleic Acids Vol. 35 December 2024 11

http://targetscan.org
http://targetscan.org
http://www.moleculartherapy.org


Molecular Therapy: Nucleic Acids
temperature. After washing three times with DPBS, the coverslips
were incubated with secondary antibodies labeled with Alexa Fluor
488 or Alexa Fluor 568 (Invitrogen, Ref# A32723) for an hour at
room temperature. After washing with DPBS, the samples were
mounted using Fluoroshield MountingMediumwith DAPI (Abcam).
All images were acquired as a series of z stack confocal images using a
STELLARIS 5 confocal microscope (�63 oil objective lens, Leica
Microsystems) and described with stack/maximum projection using
LAS X Science Microscope Software (Leica Microsystems).

Histological analysis

Tissue samples obtained from patients with OSCC or in vivo experi-
ments were subjected to IHC analysis and evaluated by two patholo-
gists. The tissues were sliced into 4-mm paraffin sections. The slides
were deparaffinized, rehydrated with xylene, and then rehydrated in
serial dilutions of ethanol. After incubation with 3% H2O2 for
30 min, the slides were incubated in antigen retrieval solution (so-
dium sulfate buffer, pH 6.0). To block the nonspecific binding, slides
were incubated with 4% bovine serum albumin, probed with primary
antibodies detailed in Table S2, and applied at 4�C overnight. After a
brief wash with PBS, the slides were incubated with biotinylated goat
anti-rabbit IgG (Cell Signaling Technology, Ref# 7074) for 1 h. Stain-
ing was developed using 3,30-diaminobenzidine (Abcam, Ref#
3236466), followed by H&E counterstaining. After dehydration
with serial dilutions of ethanol, the slides were mounted using Canada
balsam (DAEJUNG, Ref# 2525–4425). The images were captured us-
ing an invertedmicroscope with a DP74 camera (BX53; Olympus). To
quantify lung metastasis of OSCC, lung sections were stained with
H&E and quantified using the Measure Plugin of Cellsens software
(Olympus).

Statistical analysis

Each experiment was performed in triplicate, and all data are pre-
sented as the mean ± standard error of the mean. Statistical differ-
ences were analyzed using two-tailed unpaired Student’s t tests. Cor-
relations between clinicopathological parameters and tumor IHC
staining scores were analyzed using the Fisher’s exact test. Statistical
analyses were performed using SPSS software (version 20.0; SPSS
Inc.). Statistical significance was set at p < 0.05. All experiments
were performed at least in triplicate.
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