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Abstract

Adenoid cystic carcinoma (ACC) is one of the most common malignant salivary gland
tumors. ACC is composed of myoepithelial and epithelial neoplastic cells which grow
slowly and have a tendency for neural invasion. The long term prognosis is still relatively
poor. Although several gene abnormalities, such as fusions involving MYB or MYBL1
oncogenes and the transcription factor gene NFIB, and overexpression of KIT have been
reported in ACC, their precise functions in the pathogenesis of ACC remain unclear. We
recently demonstrated that the elevated expression of Semaphorin 3A (SEMAS3A),
specifically expressed in myoepithelial neoplastic cells, might function as a novel
oncogene-related molecule to enhance cell proliferation through activated AKT signaling
in 9/10 (90%) ACC cases. In the current study, the patient with ACC whose tumor was
negative for SEMAS3A in the previous study, revisited our hospital with late metastasis of
ACC to the cervical lymph node eight years after surgical resection of the primary tumor.
We characterized this recurrent ACC, and compared it with the primary ACC using
immunohistochemical methods. In the recurrent ACC, the duct lining epithelial cells, not
myoepithelial neoplastic cells, showed an elevated Ki-67 index and increased cell
membrane expression of C-kit, along with the expression of phosphorylated ERK. Late
metastasis ACC specimens were not positive for B-catenin and lymphocyte enhancer
binding factor 1 (LEF1), which were detected in the nuclei of perineural infiltrating cells
in primary ACC cells. In addition, experiments with the GSK-3 inhibitor revealed that -
catenin pathway suppressed not only KIT expression but also proliferation of ACC cells.
Moreover, stem cell factor (SCF; also known as KIT ligand, KITL) induced ERK
activation in ACC cells. These results suggest that inactivation of Wnt/B-catenin signaling

may promote C-kit-ERK signaling and cell proliferation of in metastatic ACC.



1. Introduction

Adenoid cystic carcinoma (ACC) is a slow-growing and relentless salivary gland
malignant tumor composed of epithelial and myoepithelial neoplastic cells?.
Immunohistochemically, C-kit (also known as CD117) is typically restricted to duct lining
epithelial cells, and p63 and smooth muscle actin (SMA) to peripheral myoepithelial
cells?. Those neoplastic cells form various patterns, including tubular, cribriform and solid
forms!. The annual incidence of ACC is approximately 2 cases per 100,000 population,
but ACC exhibits malignant potential, including unpredictable growth, extensive
perineural invasion, high rates of metastasis and low survival rates® #. Since ACC is
thought to be an important cancer of submandibular salivary gland (SMG) clinically,
given with its malignant potential, new anticancer therapies based on the molecular
mechanisms underlying ACC tumorigenesis are needed.

Several gene abnormalities, such as fusions involving MYB or MYBL1
oncogenes and the transcription factor gene NFIB, and overexpression of KIT and EGFR,
and their involvement in the etiology and pathogenesis of ACC have been reported® 4.
We have recently demonstrated that an axonal guidance factor Semaphorin 3A
(SEMA3A)’, is specifically expressed in myoepithelial neoplastic cells and its elevated
expression activates AKT signaling, resulting in enhanced cell proliferation of ACC cells®.
SEMAG3A expression was detected in 9/10 (90%) ACC cases. In contrast, the expression
of SEMAS3A was hardly detected in the specimen derived from one patient, suggesting
that other unknown molecular mechanisms may be involved in ACC pathogenesis and
malignancy. Eight years after the surgical resection, this patient revisited our hospital

with late metastasis of ACC to the cervical lymph node.



It has been suggested that there could be mechanistic similarities between
epithelial morphogenesis and carcinogenesis®. A recent report showed that Wnt/B-catenin
signaling increases the expression of Myb to suppress C-kit expression, regulating the
early stage of SMG development®. Currently, the effect of Wnt/B-catenin signaling on
the expression of C-kit in ACC remains unknown.

In the present report, we characterized a case of ACC with late metastasis to
the cervical lymph node using pathological specimens from the metastatic and primary
tumors and demonstrated the role of Wnt/p-catenin-C-kit axis in ACC using an ACC cell

line.



2. Material and methods

2.1. Immunohistochemistry

The protocol for this study was approved by the ethical review board of the Local Ethical
Committee of Kyushu University, Japan (#2022-50). All specimens were fixed in 10%
(v/v) neutral buffered formalin solution and embedded in paraffin blocks. Subsequently,
the paraffin-embedded specimens were sliced into 4-pum-thick sections, stained with HE,
and examined by 3 experienced pathologists to confirm the diagnoses.
Immunohistochemical staining was performed on 4-um-thick paraffin sections. Antigen
retrieval, elimination of the endogenous peroxide activity, and blocking were carried out
as previously described! 12, The sections were then incubated with each primary antibody
(used at 1:100 for Ki-67, used at 1:5 for AE1/AE3, used at 1:100 for p63, used at 1:400
for C-kit, used at 1:100 for phospho-ERK1/2, used at 1:200 for p-catenin'?, used at 1:100
for LEF1'3, used at 1:100 for phospho-AK T, used at 1:300 for SEMA3AS, used at 1:10
for EMA) at 4°C overnight. The details of the antibodies used are mentioned below. The
sections were incubated with secondary antibody (Histofine Simple Stain MAX PO,
Nichirei, Tokyo, Japan) for 1 h at room temperature. The immunoreactivity was
visualized with a DAB substrate solution (Nichirei). Subsequently, the sections were

counterstained with hematoxylin.

2.2. Cell lines, reagents and antibodies

Human ACC cells, UM-HACC-2A%, and human pleomorphic adenoma (PA) cells, SM-
AP1 were used in this study. UM-HACC-2A cells were maintained in PriGrow Il
(Applied Biological Materials Inc. (abm), Richmond, BC, Canada) with 10% fetal bovine

serum (FBS) (Invitrogen, Carlsbad, CA, USA), 2 mM L-glutamine, 0.4 pg/ml



Hydrocortisone (FUJIFILM Wako, Osaka, Japan), 20 ng/ml EGF (abm), 5 pg/ml insulin
(abm) and contained 100 1U/ml penicillin and 100 mg/ml streptomycin (Invitrogen)®®.
SM-AP1 cells were maintained in D-MEM (Invitrogen) with 10% FBS (Invitrogen) and
contained 100 1U/ml penicillin and 100 mg/ml streptomycin (Invitrogen)!®. When
necessary, CHIR99021 (FUJIFILM Wako) was added?’.

Anti-Ki-67 (M7240) (for immunohistochemistry), anti-AE1/AE3 (IR053) (for
immunohistochemistry), anti-C-kit (A4502) (for immunohistochemistry) and anti-EMA
(E29) (for immunohistochemistry) antibodies were obtained from Dako (Carpentaria, CA,
USA). Anti- SEMA3A (ab199475) (for immunohistochemistry) and anti-p63 (ab735) (for
immunohistochemistry) antibodies were obtained from Abcam (Cambridge, UK). Anti-
phospho-ERK1/2 (Thr202/Tyr204) (4370S) (for immunohistochemistry and western
blotting), anti-ERK1/2 (4695S) (for western blotting), anti-LEF1 (2230) (for
immunohistochemistry) and anti-phospho-AKT (4060S) (for immunohistochemistry)
antibodies were purchased from Cell Signaling Technology (Beverly, MA, USA). Anti-
B-catenin (610153) (for immunohistochemistry) and anti-p-actin (A5441) (for western
blotting) antibodies were from BD Biosciences (San Jose, CA, USA) and Sigma-Aldrich

(St. Louis, MO, USA), respectively.

2.3. RNA extraction and Quantitative RT-PCR

RNAs were extracted from an ACC pathological formalin fixed paraffin embedded
(FFPE) tissue specimen, involving a biopsy and surgical resection of tongue and lymph
node, as described previously*®. Briefly, tumor lesions were identified by pathologists and
were taken for RNA extraction by microdissection. RNAs were extracted using RNeasy

FFPE Kit (QIAGEN, Venlo, Netherlands) according to the manufacturer’s protocols. And



the first-strand cDNA was synthesized using ReverTra Ace gPCR RT Master Mix
(TOYOBO, Osaka, Japan) according to the manufacturer’s instructions. Then, the cDNA
was used for PCR analysis as described previously* %21, Forward and reverse primers
were as follows: human Kit, 5-TGCTCTGCTTCTGTACTGCC-3° and 5’-
AGGGTGTGGGGATGGATTTG-3’; human AXin2, 5’-
CTGGCTCCAGAAGATCACAAAG-3’ and 5’-CATCCTCCCAGATCTCCTCAAA-3’;

human MYB (for quantitative RT-PCR), 5>-GGACAGCAGACACAGAACCA-3’ and

5’-GGAGTGGAGTGGTGTTCTCC-37; human MYB (exonlb), 5’-
AATACCCAACTGTTCACGCA-3’; human MYBL1 (exon6), 5’-
TCATATGCAAACCCAGAATCAG-3’; human NFIB (exonll), 5’-
CCTCACTGGTACTGGGGTAT-3’; human NFIB (exon12), 5’-

TGGACATTGGCCGGTAAGAT-3’; human NFIB (3’UTR (untranslated region)): 5’-
TCTGCTTGAAGGAAAGGTTCTC-3’; human GAPDH, 5’-

GCACCGTCAAGGCTGAGAAC-3’ and 5’-TGGTGAAGACGCCAGTGGA-3".

2.4. Statistical analysis
Significant differences were determined using one-way ANOVA with post hoc Tukey

test. P value of < 0.05 or 0.01 was considered statistically significant.



3. Results

3.1. Clinical features and histological findings

A T71-year-old male visited at the Department of Oral and Maxillofacial Surgery at
Kyushu University Hospital (Fukuoka, Japan) with a bite wound 2 year ago and mass
showing gradual growth in the right anterior of the tongue. An oral examination revealed
that about 20x28-mm tumor mass was hard-elastic and well-circumscribed without
induration, and the overlying mucosal surface showed normal texture (Fig. S1A). Based
on the examinations, including contrast-enhanced computed tomography (CT), positron
emission tomography (PET)-CT and ultrasonography (data not shown), the lesion was
clinically diagnosed as a malignant tumor. No distant metastasis, including cervical
lymph node, was evident in clinical findings using PET-CT or abdominal ultrasonography
(data not shown).

A biopsy was performed. HE-stained sections showed an invasive carcinoma
tissue with cribriform pattern and low Ki-67 index (2.4% at the hot spot) (Fig. 1A; upper
panels). Based on these histological and immunohistochemical findings, the lesion was
diagnosed as an ACC. Two months after the biopsy, a surgical resection was carried out
(Fig. S1B) and HE-stained sections showed an invasive growth of carcinoma cells with
cribriform and/or strand patterns into the muscular layer as well as subepithelial layer and
low Ki-67 index (1.7% at the hot spot) (Fig. 1A; lower panels). Furthermore, perineural
invasion of the carcinoma cells was found in the lesion (Fig. 1B) but not in the right
lingual nerve (data not shown). The patient underwent a regular follow-up without local
recurrence or metastasis.

Eight years after the surgical resection, late metastasis to the left cervical lymph

node was suspected in the regular follow-up and detected by ultrasonography and contrast



CT (data not shown). The supraomohyoid neck dissection was performed. HE-stained
sections showed tumor lesion with strand and tubular structures in the lymph nodes (Fig.
1C). Duct-like structures with two-cell pattern were noted in the tumor nest and the cancer
cells showed high Ki-67 index (13.7% at the hot spot), which was higher than those of
the primary tumor biopsy and the surgical resection of the tongue (P < 0.0001) (Fig. 1C;
upper panels). Notably, Ki-67 positive signals were mainly detected in eosinophilic duct
lining cells (Fig. 1C; lower panels). Based on these histological and
immunohistochemical findings, the lesion was diagnosed as a recurrence of ACC with
late metastasis to the cervical lymph node. PET-CT also indicated a distant metastasis in

upper lobe of left lung (data not shown) as well as in the cervical lymph node.

3.2. Characterization of the adenoid cystic carcinoma by an immunohistochemical
analysis

We have recently demonstrated that the elevated expression of SEMAS3A might function
as a novel oncogene-related molecule to activate AKT signaling, resulting in enhanced
cell proliferation in ACC8, In this report, the SEMAS3A expression was detected in the
peripheral myoepithelial cells of 9/10 (90%) ACC cases, while its expression was hardly
detected in the specimen derived from the current patient. Indeed, the expression of
SEMAZ3A and phosphorylated AKT was hardly detected in any of the specimens - primary
tumor biopsy, surgical resection of tongue and lymph node metastasis (Fig. S2A). ACCs
have been reported to harbor the key genomic alterations, such as a t(6;9) chromosomal
translocation or more rarely a t(8;9) translocation, resulting in fusions involving the MYB
or MYBL1 oncogenes and the transcription factor gene NFIB!. However, the current

pathological specimens did not show genomic rearrangements consisting of MYB-NFIB

10



or MYBL1-NFIB (MYB (exonl5)-NFIB (exonll), MYB (exonl5)-NFIB (exonl2),
MYBL1(exon6)-NFIB (3’UTR) or MYBL1 (exon12)-NFIB (3’UTR)?* 2! (Fig. S2B).
These results indicated that an uncharacterized signaling pathway, except for SEMA3A-
AKT signaling or MYB/MYBL1 activations, may be involved in tumorigenesis as well as
metastasis to the lymph nodes.

To clarify the characterization of the current ACC, further immunohistochemical
analyses were carried out. The analyses showed that the pseudo-lumen lining epithelial
cells were strongly positive for p63, faintly positive for AE1/AE3 and negative for EMA
(Fig. 2A and Fig. S3A). Importantly, strong C-Kkit-positive signals were frequently
detected in the cell membrane of AE1/AE3-positive duct lining cells of late metastasis
lymph nodes, while its expression was faintly detected in the cytoplasm of tongue surgical
resection (Fig. 2A). To compare the expression of KIT, RNA was extracted by
macrodissection from the pathological specimens®®. Quantitative RT-PCR analysis
demonstrated that the expression of KIT in the surgical resection of tongue and lymph
nodes was higher than in the primary tumor biopsy (Fig. 2B). Among the specimens, the
expression of KIT was highest in late lymph node metastasis, which is consistent with the
immunohistochemical analyses. Importantly, phosphorylated ERK, the expression of
which appeared to be co-localized with Ki-67, was specifically detected in the AE1/AE3-
positive duct lining cells of late lymph node metastasis (Fig. 2A and Fig. S3B). These
results suggested that higher proliferation of the AE1/AE3-positive duct lining cells of

lymph nodes might result from C-kit-ERK signaling.

3.3. The expression of S-catenin in adenoid cystic carcinoma cells

11



To further profile the ACC, additional immunohistochemical analyses were performed.
Whnt/B-catenin signaling has been reported to be involved in the developmental processes,
organ homeostasis and disease pathogenesis?®. Previous reports demonstrated the
activation of Wnt/p-catenin in ACC cells, evident as nuclear expression of B-catenin
and/or mutations of p-catenin gene (CTNNB1)?® 24, but the precise functions of Wnt/p-
catenin pathway in the pathogenesis of ACC are poorly understood.

Immunohistochemically, B-catenin was focally localized in the nucleus of ACC
cells in the surgical resection of tongue, but in the cell membrane of ACC cells in the late
lymph node metastasis (Fig. 3A). Importantly, the expression of 3-catenin and lymphoid
enhancer binding factor 1 (LEF1, a target gene of the Wnt/B-catenin pathway?> 26) were
detected in the perineurally invading cells (Fig. 3B) in the surgical resection of tongue.
The ratio of AE1/AE3-positive duct lining cells and p63-positive myoepithelial cells did
not show significant differences in perineural invasive lesions and metastatic lesions,
respectively (Fig. 3C). These results suggest that Wnt/B-catenin signaling is focally
activated in ACC cells of the surgical resection of tongue, while Wnt/B-catenin signaling
is inactivated in ACC cells of the late lymph node metastasis. Since Wnt/p-catenin
signaling has been reported to be involved in perineural invasion of tumor cells?” %8, it is
possible that activation of Wnt/p-catenin signaling may be involved in perineural invasion
of ACC cells.

A recent report demonstrated that Wnt/B-catenin signaling induces the
expression of the transcriptional regulator Myb?® to suppress C-kit expression at the early
stage of SMG development?®. Intriguingly, our current immunohistochemical analysis
demonstrated activation of Wnt/B-catenin signaling and low expression of C-kit in the

surgical resection of tongue, and conversely, inactivation of Wnt/p3-catenin signaling and

12



high expression of C-kit in the late lymph node metastasis, suggesting that Wnt/p-catenin

may regulate C-kit expression in ACC.

3.4. Wnt/p-catenin signaling-dependent expression of KIT is involved in human adenoid
cystic carcinoma cell proliferation

To examine the role of Wnt/B-catenin signaling in human ACC cells, UM-HACC-2A
cells were treated with the GSK-3 inhibitor, CHIR99021, which is an activator of the [3-
catenin pathway®*3!. The treatment suppressed the proliferation of UM-HACC-2A cells
(Fig. 4A), suggesting that the B-catenin pathway might function as a negative regulator
of ACC cell proliferation.

Consistent with a previous report'®, CHIR99021 dramatically reduced KIT
expression, but promoted Axin2 (a direct target gene of the Wnt/B-catenin pathway) and
MYB expression (Fig. 4B). In contrast, CHIR99021 treatment promoted Axin2 expression
but did not affect the expression of MYB and KIT in human pleomorphic adenoma cells,
SM-AP1 cells!® (Fig. S4), suggesting that the B-catenin-dependent regulation of
MYB/KIT expression is specific to UM-HACC-2A ACC cells. In addition, stem cell
factor (SCF; also known as KIT ligand, KITL) induced ERK activation in UM-HACC-
2A cells (Fig. 4C), demonstrating that KIT activation can lead to increased activity of
ERK in ACC cells. Collectively, these results suggest that Wnt/B-catenin signaling

regulates MYB/KIT expression and ACC cell proliferation.
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4. Discussion
ACC occurs most frequently in major salivary glands, but more than one third of cases
occur in minor salivary glands in the oral cavity, sinonasal tract or rarely other sites?. In
addition, a recent report showed that most malignant salivary grand tumors of the tongue
were located at the base of the tongue®2. The primary ACC in this report arose from minor
salivary glands of the anterior of the tongue (see Fig. S1A), which is an extremely rare
entity. Further studies are needed to examine whether the malignancy might differ
depending on the site of occurrence. Our present study demonstrated that ACC, which
lately metastasized to the cervical lymph node, exhibited malignant potential with
increased expression of C-kit, phosphorylation of ERK and an elevated Ki-67 index.
Our immunohistochemical analyses showed that the duct lining epithelial cells
in the lymph node metastasis exhibit higher proliferative index, and this was associated
with high C-kit expression and ERK activation, suggesting that C-kit may drive the
proliferation of these tumor cells (See Fig. S3B). In contrast, in the primary tumor, we
observed activation of the Wnt/B-catenin signaling, but low expression of C-kit. The
treatment of ACC cells with the Wnt/B-catenin signaling agonist CHIR99021 activated
Wht/B-catenin signaling®, suppressed the expression of KIT and the growth of ACC cells
(see Fig. 4). These results suggested that Wnt/B-catenin signaling might control ACC cell
proliferation via regulation of C-kit. On the other hand, since Wnt/p-catenin signaling is
involved in perineural invasion of prostate cancer cells and colorectal cancer cells?” 28,
the activation of Wnt/B-catenin signaling in the primary tumor specimen might be
involved in perineural invasion of ACC cells, and thus in the metastatic capacity of ACC.
The cell composition of AE1/AE3-positive cells and p63-positive myoepithelial cells

shows no significant difference in content in the perineural regions and metastatic lesions,
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respectively (see Fig. 3C). On the other hand, the detailed mechanisms of whether Wnt/f3-
catenin signaling activation in which cell or both cells are required for the perineural
invasion are unclear. Although the direct data connecting perineural invasion with lymph
node metastasis is lacking at present, perineural invasion could potentially facilitate
lymph node metastasis because of the close anatomical location of neural tissues and
lymphatic vessels.

As our immunohistochemical analyses showed sparse nuclear expression of -
catenin in the primary tumor cells, it is possible that the sporadic ectopic expression of
Whnt ligands might be activated Wnt/p-catenin signaling. Considering present results, the
activation of Wnt/B-catenin signaling could play a pivotal role in the pathogenesis of ACC,
although it might be difficult to examine the expression of all Wnt ligands, consisting of
19 members®, in the pathological specimens. It is intriguing to speculate that the
evaluation of the amounts of C-kit expression and its expression patterns, such as in cell
membrane or in cytoplasm, would be a novel marker to predict the prognosis of ACC.
Although the mechanism to regulate the expression pattern of C-kit needs to be clarified,
the expression C-kit in cell membrane is thought to be advantages to function as a receptor
tyrosine kinase (RTK).

We recently reported that SEMA3A-positive myoepithelial neoplastic cells
exhibit high proliferative capabilities through AKT activation®. In the current study, C-
kit-positive duct lining epithelial cells demonstrated higher cellular growth through ERK
activation. Further studies should assess the association of these signal transduction
pathways to clinical long-term worse prognosis of ACC using large ACC patient cohort.

In summary, we characterized a case of recurrent ACC with late metastasis to

the cervical lymph node 8 years after the surgical resection of tongue primary tumor. We

15



propose that activation of Wnt/p-catenin signaling and C-kit-ERK signaling might relate

to the poor prognosis of ACC (Fig. 4D).
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Figure legends

Figure |. Histological findings of the adenoid cystic carcinoma.

(A) HE staining of the biopsy (upper panels) and surgical resection (lower panels) of
tongue. The boxes are enlarged images. The white arrows indicate the adenoid cystic
carcinoma lesion. These sections were stained with anti-Ki-67 antibody and hematoxylin
(right panels). Ki-67 index was shown in the upper left. (B) HE staining of the surgical
resection of lymph nodes. The box is enlarged image. N; nerve bundle. (C) HE staining
of the late metastasis of lymph nodes. The box is enlarged image. The white arrows
indicate the adenoid cystic carcinoma lesion. The section was stained with anti-Ki-67
antibody and hematoxylin (right panels). Ki-67 index was shown in the upper left. Scale

bars, 500 um (A, C; left panels), 50 um (A, C; middle and right panels, B).

Figure 2. Characterization of the adenoid cystic carcinoma by an
immunohistochemical analysis.

(A) The adenoid cystic carcinoma lesion was stained with anti-AE1/AE3, anti-p63, anti-
C-kit and anti-phospho-ERK antibodies as well as hematoxylin. Insets are further
enlarged images. (B) KIT mRNA levels were measured in a biopsy, surgical resection of
the tongue and the late metastasis lymph node lesion. KIT mRNA levels were normalized
by GAPDH and expressed as fold-changes compared with levels in a biopsy. Scale bars,

50 pum.

Figure 3. The expression of p-catenin in adenoid cystic carcinoma cells.
(A) The adenoid cystic carcinoma lesions of tongue and lymph nodes were stained with

anti-p-catenin antibody as well as hematoxylin. Insets are further enlarged images. (B)
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The adenoid cystic carcinoma lesion in the surgical resection of tongue was stained with
anti-p-catenin, anti-LEF1 and anti-C-kit antibodies as well as hematoxylin. The boxes
show enlarged images. (C) The adenoid cystic carcinoma lesions of tongue and lymph
nodes were stained with anti-AE1/AE3 or anti-p63 antibody as well as hematoxylin.
Results are expressed as the percentage of AE1/AE3 or p63 positively stained cells

compared with total cells (n = 4,906). Scale bars, 50 um.

Figure 4. Wnt/p-catenin signaling-dependent expression of KIT is involved in
human adenoid cystic carcinoma cell proliferation.

(A) UM-HACC-2A cells were cultured with or without 5 uM CHIR99021 in the presence
of 10% FBS for indicated numbers of days, and cell numbers were counted. (B) UM-
HACC-2A cells were cultured with or without 5 uM CHIR99021 for 24h. AXIN2, MYB
and KIT mRNA levels were measured by quantitative RT-PCR. Relative AXIN2, MYB and
KIT mRNA levels were normalized by GAPDH and expressed as fold-changes compared
with levels in control cells. (C) UM-HACC-2A cells were cultured with or without 100
ng/ml SCF for 24h. Cell lysates were probed with anti-phospho-ERK1/2 and anti-ERK 1/2
antibodies. (D) Schematic model of stepwise activation of Wnt/B-catenin signaling and
C-kit-ERK signaling in poor prognosis of ACC. Results are shown as means * s.d. of

three independent experiments. *P<0.05, **P<0.01.
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