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Salivary gland tumors are heterogeneous tumors with many

Background: Recent findings in molecular pathology suggest that genetic translocation and/or
overexpression of oncoproteins is important in salivary gland tumorigenesis and diagnosis. We
investigated PLAG1, SOX10, and Myb protein expression in various salivary gland neoplasm tissues.
Methods: A total of 113 cases of surgically resected salivary gland neoplasms at the National
Cancer Center from January 2007 to March 2017 were identified. Immunohistochemical staining
of PLAG1, SOX10, and Myb in tissue samples was performed using tissue microarrays. Results:
Among the 113 cases, 82 (72.6%) were benign and 31 (27.4%) were malignant. PLAG1 showed
nuclear staining and normal parotid gland was not stained. Among 48 cases of pleomorphic
adenoma, 29 (60.4%) were positive for PLAG1. All other benign and malignant salivary gland
neoplasms were PLAG1-negative. SOX10 showed nuclear staining. In normal salivary gland tissues
SOX10 was expressed in cells of acinus and intercalated ducts. In benign tumors, SOX10 expres-
sion was observed in all pleomorphic adenoma (48/48), and basal cell adenoma (3/3), but not in
other benign tumors. SOX10 positivity was observed in nine of 31 (29.0%) malignant tumors.
Myb showed nuclear staining but was not detected in normal parotid glands. Four of 31 (12.9%)
malignant tumors showed Myb positivity: three adenoid cystic carcinomas (AdCC) and one
myoepithelial carcinoma with focal AdCC-like histology. Gonclusions: PLAG1 expression is spe-
cific to pleomorphic adenoma. SOX10 expression is helpful to rule out excretory duct origin tumor,
but its diagnostic value is relatively low. Myb is useful for diagnosing AdCC when histology is
unclear in the surgical specimen.
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eration and differentiation.”

variable features including histological morphology, lineage,
and biological characteristics." Recently, specific fusions and
overexpression of oncoproteins have been reported in some salivary
gland tumors.”

Pleomorphic adenoma gene 1 (PLAG1) functions as an onco-
gene in several human tumors.” Overexpression of PLAG1 pro-
motes mitogenesis, proliferation, apoptosis, and insulin-like
growth factor 2 upregulation.’

SRY-related HMG-box 10 (SOX10) is known to play a crucial
role in the differentiation, maturation, and maintenance of
Schwann cells and melanocytes.” SOX10 is a potential marker
for acinar and intercalated duct differentiation in salivary gland
tumors.’

v-Myb is an oncogene homolog of the avian myeloblastosis
virus. It acts as a DNA-binding transcription regulator and is a
proto-oncogene that plays an important role in controlling prolif-
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In this study, we investigated PLAG1, SOX10, and Myb
protein expression in human salivary gland neoplasm samples
and evaluated the association between the expression profiles
and histological and clinical features.

MATERIALS AND METHODS

Patients

The files of 113 patients with surgically resected primary salivary
gland neoplasm who underwent operation at the National Cancer
Center from January 2007 to March 2017 were obtained. Three
adenoid cystic carcinoma cases reported between April 2017
and June 2018 were additionally obtained. Patient age, sex,
histologic type, size, and involved site were evaluated by review-
ing medical charts and pathological records. Histologic diagnosis
of one case (No. 72) was discussed and revised from adenocarci-
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noma, not otherwise specified (NOS) to adenoid cystic carcinoma.
This study protocol was reviewed and approved by the Institu-
tional Review Board (IRB) of the National Cancer Center
(NCC2018-0182). The need for informed consent was waived
by the IRB.

Tissue microarray

Tissue array blocks were prepared as described previously.®
Suitable areas for tissue retrieval from triplicate 2-mm-diameter
cores obtained from the tumor block were marked on standard
hematoxylin and eosin—stained sections, punched out from the
paraffin block, and inserted into a recipient block. Sections
(4-pm-thick) were cut from each tissue array block, deparaf-
finized, and dehydrated. An adequate case was defined as tumor
occupying more than 10% of the core area.

Immunohistochemistry

Immunohistochemistry (IHC) staining was performed using
an automatic immunostainer (Ventana, Tucson, AZ, USA)
according to the manufacturer’s instructions. The primary anti-
bodies used were as follows: mouse monoclonal anti-PLAG1
(clone 3B7, Novus, Littleton, CO, USA), rabbit monoclonal
anti-SOX10 (clone EP268, Bio SB, Santa Barbara, CA, USA),
and rabbit monoclonal anti-v-Myb+c-Myb (ab45150, Abcam,
Cambridge, UK). The stroma surrounding the tumor cells pre-
served the normal staining pattern, thereby serving as the internal
control. A case was considered positive if any of the cores were
stained with any intensity.

Statistical analysis

The chi-square test or Fisher exact test (two-sided) was used
to determine the correlations between parameters. Independent
sample t-test (continuous variable) and chi-square/Fisher exact
test (grouped variable) were conducted to determine the correla-
tions between parameters. The results were considered significant
when p-values were <0.05. Statistical analyses were conducted
using the SPSS ver. 19.0 statistical software program (SPSS Inc.,
Chicago, IL, USA).

RESULTS

Cohort characteristics
The 113 cases of resected major and minor salivary gland
neoplasms included 82 benign tumors and 31 malignant tumors.

The benign tumors consisted of 48 pleomorphic adenomas
(58.5%), 27 Warthin tumors (32.9%), three basal cell adenomas
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(3.7%), three cystadenomas (3.7%), and one oncocytoma (1.2%).
The malignant tumors consisted of six mucoepidermoid carcino-
mas, low grade (19.4%); three mucoepidermoid carcinomas,
intermediate grade (9.7%); three mucoepidermoid carcinomas,
high grade (9.7%); four salivary duct carcinomas (12.9%); three
squamous cell carcinomas (9.7%); three adenoid cystic carcino-
mas (9.7%); two adenocarcinomas, NOS (6.5%); and one each
of carcinoma ex pleomorphic adenoma (CA ex-PA), polymor-
phous low-grade adenocarcinoma, epithelial myoepithelial carci-
noma, myoepithelial carcinoma, acinic cell carcinoma, carcino-
sarcoma, and poorly differentiated carcinoma.

The clinical characteristics of all 113 cases are shown in Table
1. Benign tumors typically occurred in major salivary glands
(81 of 82 cases, 98.8%) whereas malignant tumors occurred in
major salivary glands (18 of 31 cases, 58.1%) and minor salivary
glands (13, 41.9%). The tumor size was not significantly different
between malignant and benign cases. The tumor lesion was
surgically completely resected in all 82 benign cases and 26 of
31 malignant cases (83.9%).

PLAG1 expression is specific for pleomorphic adenoma

Immunohistochemical staining revealed that PLAG1 protein
was expressed in the nucleus (Fig. 1B). Cells in the normal salivary
glands did not express PLAG1 (Fig. 1A). Among 113 cases, all
34 benign salivary gland neoplasms other than pleomorphic
adenoma were PLAG1-negative. Additionally, all 31 malignant
salivary gland neoplasms including one Ca ex-PA case were
PLAG1-negative (Fig. 1C).

Among the 48 cases of pleomorphic adenoma, PLAG1 protein
expression was observed in 29 (60.4%). Histologically, all of the
tumors were composed of epithelial and myoepithelial/stromal
components in a mixture of patterns. PLAG1 expression was
moderately to strongly positive in myoepithelial/stromal com-
ponents, regardless of its negativity and/or faint positivity in the
epithelial component (Fig. 1B).

Table 1. Characteristics of 113 salivary gland neoplasms

Benign (n=82) Malignant (n=31) p-value
Age (yr) 52+14 56+16 165
Sex
Male 48 (58.5) 18 (58.1) .964
Female 34 (41.5) 13 (41.9)
Site
Major 81(98.8) 18 (68.1) <.001
Minor 1(1.2) 13 (41.9)
Size (cm) 26+1.3 26+1.4 .661

Values are presented as meanzstandard deviation or number (%).
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(B)

Fig. 1. Representative images of PLAG1 protein expression. (A) PLAG1 expression is not observed in the normal salivary gland parenchyme.
(B) PLAG1 nuclear expression is observed in pleomorphic adenoma (myoepithelial cells). (C) PLAG1 expression is not observed in adenoid

cystic carcinoma.

Table 2. Clinicopathological characteristics according to PLAG1
protein expression status in 48 pleomorphic adenoma cases

PLAG1-negative

PLAG1-positive p-value

Total 19 (39.6) 29 (60.4)
Age (yr) 48+12 48+16 .985
Sex
Male 8 (40.0) 12 (60.0) .960
Female 11(39.9) 17 (60.7)
Size (cm) 25+1.0 26+1.4 622
Gland types
Minor 0 1(100) 1.000
Meajor 19 (40.4) 28 (59.6)
Parotid 18 (48.6) 19 (51.4) 0342
Submandibular 1(10.0) 9(90.0)

Values are presented as number (%) or mean + standard deviation.
Independent sample t-test (continuous variable) and chi-square/Fisher ex-
act test (grouped variable) were conducted.

aStatistically significant.

PLAGT positivity was not associated with age, sex, or tumor
size and was higher in submandibular gland pleomorphic ade-
nomas than in parotid gland pleomorphic adenomas (90.0% vs
51.4%, respectively); however, the difference was not significant
(Table 2).

The sensitivity of PLAG1 expression by IHC was found to be
60.4% (45.3%—74.2%) and specificity was 100% (94.4%—
100%). The positive predictive value was 100% and negative
predictive value was 77.1% (70.4%-82.7%).

SOX10 expression indicates cell of origin

SOX10 protein showed nuclear expression by IHC (Fig. 2).
In normal salivary gland tissue, SOX10 staining was positive in
intercalated ductal epithelial cells. Mucinous acinar cells were
SOX10 negative, whereas serous acinar cells were SOX10 posi-
tive (Fig. 2A). The intensity of SOX10 nuclear staining was
higher in salivary glands with atrophic change, and the intensity
of staining in serous acinar cells was lower than that in interca-
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lated ductal epithelial cells.

For the 82 benign salivary gland neoplasms, all 48 pleomorphic
adenoma cases and all three basal cell adenoma cases were SOX10-
positive. One pleomorphic adenoma showed scant positivity in
most (>50%) of the tumor cells, and we reclassified this case as
SOX10-positive. All 27 Warthin tumors, one oncocytoma, and
three cystadenoma cases were SOX10 negative. Although four
cases of Warthin tumors also contained weakly positive tumor
cells, the low proportion of positive cells (< 5%) was insufficient
for reclassification.

Among the 31 malignant salivary gland neoplasms, nine
(29.0%) tumors were SOX10-positive including three of three
adenoid cystic carcinoma, one of one CA ex-PA, one of one epi-
thelial-myoepithelial carcinoma, one of one myoepithelial carci-
noma, one of one poorly differentiated carcinoma, and one of
one polymorphous low-grade adenocarcinoma. Scant but diffuse
positivity was observed in one acinic cell carcinoma, and we added
this case to the SOX10-positive group. All 12 cases of muco-
epidermoid carcinoma and one carcinosarcoma were SOX10-
negative. Detailed results are provided in Table 3.

Myb expression is relatively common in salivary gland
neoplasms

Myb expression showed nuclear and cytoplasmic staining, and
the presence of nuclear staining was regarded as positive. Myb
expression was not observed in the normal salivary gland paren-
chyme (Fig. 3A). Nuclear Myb expression was restricted to ade-
noid cystic carcinoma cells of myoepithelial origin (Fig. 3B).

Among the 82 benign salivary gland neoplasms, 17 cases
(20.7%) were Myb-positive. Specifically, 16 of 48 pleomorphic
adenomas (33.3%) and one of three basal cell adenomas (33.3%)
were Myb-positive. In contrast, all 27 Warthin tumors, one onco-
cytoma, and three cystadenomas showed Myb negativity.

For the 31 malignant tumors with available tissue microarray,
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Fig. 2. Representative images of SOX10 protein expression. |

A) SOX10 staining is not found in mucinous acinar cells. (

B) SOX10 positivity is

observed in adenoid cystic carcinoma. (C) SOX10 staining is not observed in mucoepidermoid carcinoma, low grade.

Table 3. SOX10 expression in malignant salivary gland neoplasms with different histologic types

SOX10-positive (n=9)

SOX10-negative (n=22)

Correlative normal histology

Acinic cell carcinoma (n=1)

Adenoid cystic carcinoma (n=3)

Carcinoma ex pleomorphic adenoma (n=1)
Epithelial-myoepithelial carcinoma (n=1)
Myoepithelial carcinoma (n=1)

Polymorphous low grade adenocarcinoma (n=1)

- Acinus

- Intercalated duct
- Intercalated duct
- Intercalated duct
- Intercalated duct
- Intercalated duct

Mucoepidermoid carcinoma, high grade (n=3) Excretory duct
Mucoepidermoid carcinoma, intermediate grade (n=3) Excretory duct
Mucoepidermoid carcinoma, low grade (n=6) Excretory duct
Salivary duct carcinoma (n=4) Excretory duct
Adenocarcinoma, NOS (n=2) NA

Poorly differentiated carcinoma (n=1) - NA
Carcinosarcoma (n=1) NA
Squamous cell carcinoma (n=3) NA

NOS, not otherwise specified; NA, not applicable.

Fig. 3. Representative images of Myb protein expression. |

A) Myb expression is not observed in the normal salivary gland parenchyme. (B

Myb positivity is observed in adenoid cystic carcinoma. (C) Myb protein is not observed in acinic cell carcinoma.

five tumors showed Myb positivity including all three adenoid
cystic carcinomas, one myoepithelial carcinoma, and one salivary
duct carcinoma. Detailed results are provided in Table 4. All 12
cases of mucoepidermoid carcinomas, one acinic cell carcinoma,
one CA ex-PA, one carcinosarcoma, one epithelial-myoepithelial
carcinoma, one pootly differentiated carcinoma, and one poly-
morphous low grade showed Myb negativity.

http://jpatholtm.org/

One representative paraffin tumor block (‘whole section’) was
tested for Myb-positive cases. In three adenoid cystic carcinoma
cases and one myoepithelial carcinoma case, moderate-to-strong
nuclear staining of Myb was observed in a peripheral pattern.
One salivary duct carcinoma case did not show expression of
Myb in whole section staining. Three additional adenoid cystic
carcinoma specimens that were resected recently (less than one
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Table 4. Immunohistochemical expression pattern of Myb-positive malignant salivary gland neoplasms

Tissue microarray

Case No. Initial diagnosis

Final diagnosis

Nucleus  Cytoplasm No. of positive cores
37 Adenoid cystic carcinoma (AJCC) 2+/3 0 30f3 AdCC
15 Adenoid cystic carcinoma 0 0 0of 3 AdCC
72 Adenocarcinoma, NOS 3+/3 1+/3 20f3 AdCC
44 Myoepithelial carcinoma 3+/3 1+/3 30of3 Myoepithelial carcinoma with AdCC-like feature
27 Salivary duct carcinoma (SDC) 1+/3 1+/3 10f3 SDC

NOS, not otherwise specified.
aMyb positivity was observed in additional whole section staining.

year ago) were immunohistochemically tested and all three cases
showed Myb positivity with a peripheral pattern.

Relationships between markers

SOX10 expression and Myb expression were significantly cor-
related (p <.001). Only one case was Myb positive despite being
SOX10 negative in tissue microarray, but this case was reclassi-
fied as Myb-negative after additional whole section staining.
Finally, all Myb-positive cases showed SOX10 positivity.

In pleomorphic adenoma, 16 of 48 cases (33.3%) showed
Myb positivity. This trend was the same regardless of PLAG1
positivity or negativity (31.0% and 36.8%, respectively).

DISCUSSION

Salivary gland neoplasms exhibit extensive morphologic diver-
sity and overlapping characteristics. Until recently, the classifi-
cation of salivary gland tumors largely depended on histomor-
phological findings and cellular lineages.” Recent advances have
been made in salivary gland tumor pathology, particularly with
the development of methods for analyzing molecular tumorigenesis.
Previous studies showed that many subtypes of salivary gland
tumors can be defined by tumor-specific translocation.'’

Specific genetic rearrangements have been recognized as use-
ful diagnostic markers of salivary gland neoplasms. Most sectetory
carcinomas harbor a t(12;15)(p13;q25) translocation that results
in ETV6-NTRK3 fusion’: EWSR1-ATF1 fusion was detected
in nearly all cases of hyalinizing clear cell carcinoma, and ap-
proximately 80% of low-grade mucoepidermoid carcinomas
exhibited CRTCI-MAML?2 fusion.” MYB-NFIB fusion was re-
ported in 28%-86% of adenoid cystic carcinoma cases,” although
the proto-oncogene MYB could also have other fusion partners.
Fusion involving the PLAG]1 locus has been reported in 24%—
88% of pleomorphic adenomas and CA ex-PA."

Fluorescence 7 situ hybridization (FISH) is the gold-standard
method for evaluating chromosomal rearrangements. However,
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this detection method is costly, requires a fluorescence micro-
scope, and is time- and labor-intensive.'” Immunohistochemical
staining is a reasonable and more economical alternative. IHC
analysis is particularly advantageous in cases where oncoprotein
overexpression results from low-level amplification or alternative
mechanisms such as epigenetic pathways.

Several of the recognized cytogenetic alterations in pleomor-
phic adenoma are translocations involving 8q12 or 12q13-15.1
Researchers discovered that the oncogenes PLAGI (located at
8q12) and HMGA2 (located at 12q15) are present in those par-
ticular lesions.” In 2005, Martins ef a/.” reported that PLAG1
gene alterations were observed in 14 of 16 cases (87.5%) of sali-
vary gland pleomorphic adenoma using 7z situ hybridization.
Since then, five studies have reported PLAG1 immunopositivity
in salivary pleomorphic adenoma, with a rate of 92%-100%
positivity.'"*'” Katabi et a/."" compared PLAGI FISH and
IHC results in salivary pleomorphic adenoma with positivity
rates of 33% (5/15) and 96% (22/23), respectively. Matsuyama
et al."” reported the proportion of PLAG gene alteration in sal-
ivary pleomorphic adenoma as 24% (11/45) using reverse tran-
scription polymerase chain reaction whereas PLAG1 immunore-
activity was 100% (45/45). This discrepancy could be explained
by the existence of another mechanism for PLAG1 protein
expression other than PLAG]1 rearrangement. Matsuyama ez
al." reported that some PLAG1-immunopositive PA cases did
not exhibit PLAG1 rearrangements or express the HMGA2-
WIF]1 fusion transcript. Moreover, promoter swapping mecha-
nisms or low-level amplification of chromosome 8 result in
PLAG] overexpression in lipoblastoma.'® In human development,
HMGA?2 acts as a regulator of PLAG1 expression in the HM-
GA2-PLAG1-IGF2 pathway."” Overexpression of PLAG1 was
also reported in several other human tumors, such as lipoblastoma,
hepatoblastoma, and acute myeloid leukemia,” in the absence
of consistent genetic fusion including PLAG1. Hence, PLAG1
fusion accounts for only a portion of PLAGI protein overex-
pression in salivary gland PA.
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Our cohort included one case of CA ex-PA, which showed
PLAGI negativity. Whole-section staining was additionally
conducted for the CA ex-PA case; however, PLAG1 immunore-
activity was not observed in the carcinoma or adenoma portions
(not shown). Previous studies have attempted to distinguish
between CA ex-PA and other carcinomas of the salivary glands
using PLAG1 IHC. The proportion of PLAG1-immunopositive
salivary CA ex-PA in studies including more than 10 CA ex-PA
cases was 35%—060%, which was lower than that of benign PA
(92%-100%).">!

SOX10 IHC was recently used to diagnose Schwann cell and
melanocytic tumors, particularly malignant peripheral nerve
sheath tumor and malignant melanoma.’ Immunostaining using
monoclonal anti-SOX10 antibody showed consistent results and
therefore can be immediately applied in clinical diagnostic
practice. Epithelial structures of normal salivary gland tissue are
divided into four parts: acinus, intercalated duct, striated duct,
and excretory duct. SOX10 was expressed in acinar cells, myo-
epithelial cells in acini, and luminal cells in intercalated ducts.®
Although each salivary gland tumor is thought to originate in
the reserve cells and/or stem cell progenitors, histological simi-
larities between the normal salivary gland tissue and the primary
salivary gland neoplasms were widely observed.”” Pleomorphic
adenoma, monomorphic adenoma (including basal cell adenoma),
adenoid cystic carcinoma, epithelial-myoepithelial carcinoma,
and polymorphous low-grade adenocarcinoma were considered
to be related to the intercalated duct™ and all of them showed
SOXI10 positivity in our study (Table 3). In contrast, 27 War-
thin tumors and one oncocytoma, which are considered to be of
striated duct origin, and three cystadenomas, considered to be of
excretory duct origin, showed SOX10 negativity. SOX10 appears
to be a potential marker for cells of origin and differentiation in
salivary gland tumors.”

In the literature, several authors have reported SOX10 posi-
tivity of acinic cell carcinoma (AciCC).** Only one AciCC case
was included in this study. Contrary to the findings of Hsieh ez
al.,” negative to scant positive tumor cells were observed in our
case after whole section staining. This intensity was similar to the
few positive cells found in four Warthin tumor cases. We concluded
that our AciCC case was SOX10-positive, despite differing opin-
ions among other authors. In our study, the staining intensity of
SOX10 was low in normal serous acinus compared with inter-
calated ductal cells and intercalated duct-originated tumors,
and mucinous acinar cells did not express SOX10 (Fig. 2A).
Ohtomo e al.° reported that SOX10 was weakly expressed in

mucinous acinar cells and more intensely expressed in serous
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acinar cells. Considering this expression pattern in normal salivary
glands, the scant positivity in our AciCC cases seems to be due
to the difference in experimental conditions. Several factors may
have contributed towards this low intensity including the facts
that acinar cells contain digestive enzymes and that tissue of
this case was collected 10 years before the study.

The avian myeloblastosis viral oncogene homolog v-Myb is a
proto-oncogene located at 6q22-23"" and the recurrent t(6;9)
(q22-23;p23-24) translocation is repeatedly observed in ade-
noid cystic carcinoma of the salivary glands. This translocation
results in fusion of the MYB proto-oncogene with the tran-
scription factor gene NFIB.” Adenoid cystic carcinoma showed a
unique histologic feature regardless of the organ of origin. Myb
overexpression was detected in adenoid cystic carcinoma of the
salivary glands,”" lacrimal glands,”* skin,”” and breast.” The
proportion of MYB translocation in salivary adenoid cystic car-
cinomas varied between studies, with values ranging from 28%
to 86%." In previous studies 65% to 82% of adenoid cystic car-
cinoma cases showed Myb protein expression.”* Mitani ez a/.**
conducted concurrent MYB-NFIB fusion FISH and Myb IHC
and found that 61% (25 of 41) of adenoid cystic carcinomas
without MYB-NFIB fusion showed Myb immunopositivity. In
breast cancer, Myb IHC is more sensitive than MYB-NFIB
FISH in the diagnosis of adenoid cystic carcinoma.” In our study,
one case showed Myb negativity according to the tissue microarray
but focal Myb positivity of the peripheral pattern was observed
in whole section staining. Brill ez a/.” also reported this phe-
nomenon as a “peculiar zonal staining pattern.” Since normal
Myb has a half-life of approximately 30 minutes,” the peripheral
staining problem might be related to degradation and the fixa-
tion procedures used in daily practice. We also added three recent
adenoid cystic carcinoma cases and all showed Myb positivity
with the same staining pattern (not shown).

One case (No. 72) had ambiguous histologic features showing
characteristics of both adenoid cystic carcinoma (AdCC) and
adenocarcinoma, NOS at the time of primary diagnosis. After
histologic review and consideration of Myb positivity, the authors
concluded that this case was AACC. Another Myb-positive case
(No. 44) was initially diagnosed as myoepithelial carcinoma,
and the tumor had foci of AdCC-like histologic features. Results
of Myb IHC showed a marginal staining pattern and heteroge-
neous expression. Interpretation of Myb IHC requires caution
when the study material is a biopsy or tissue microarray specimen;
however, Myb IHC staining of the surgical specimen may be
helpful when the diagnosis of AdCC is uncertain on histology.

In this study, we used newly developed IHC markers for the
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diagnostic evaluation of salivary gland neoplasms in a relatively
large number of cases. We found that PLAG1 expression was
specific to pleomorphic adenoma. SOX10 THC may be helpful
for diagnosing salivary gland neoplasms, which show acinus and/
or intercalated duct differentiation. Since SOX10 is expressed in
various malignant tumors of salivary gland, its diagnostic value
as a marker is relatively low. Myb immunohistochemistry is
sensitive for adenoid cystic carcinoma detection in large resected
specimens, especially when the tumor has ambiguous histology;
however, caution is required for small biopsy specimens. Salivary
gland tumors include a large and diverse group of tumors with
overlapping histological features. New immunohistochemistry
markers may play an important role in confirming the diagnosis
of specific salivary gland tumors and broadening our understand-
ing of salivary gland tumorigenesis.
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