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Abstract Adenoid cystic carcinoma (ACC) is one of the common malignant tumors in salivary
glands, and the clinical prognosis is poor with frequent distant metastasis which may lead to death.
Expression of the MYB-NFIB chimeric gene in ACC has been reported recently. MYB is an
oncogene with transcription regulating functions, and NFIB encodes nuclear transcription factor
although detailed functions are unknown. This study investigated whether MYB-NFIB chimeric
gene expression affects tumor angiogenesis and proliferation in salivary gland ACC. In 26 salivary
gland ACC cases, MYB-NFIB chimeric gene expression was analyzed by RT-PCR and direct
sequencing. Immunohistochemical studies for CD31, vascular endothelial growth factor (VEGF)
and Ki-67 were performed. Tumor angiogenesis was evaluated by blood vessel (CD31-positive)
density and tumor proliferation by Ki-67 labeling index, and the relationship with MYB-NFIB
chimeric gene expression was analyzed. MYB-NFIB chimeric gene expression was detected in nine
of 26 ACC cases. Blood vessel density was significantly higher in chimeric gene-expressing cases
compared to non-expressing cases. VEGF score tended to be higher in chimeric gene-expressing
cases than in non-expressing cases, while Ki-67 labeling index was not significantly different. The
number of chimeric gene-expressing cases increased with age, peaking in the sixties age group and
declining thereafter, while the number of non-expressing cases increased with age continuously. In
ACC, blood vessel density was significantly higher in MYB-NFIB chimeric gene-expressing cases
compared to non-expressing cases, which may be due to higher VEGF production capability.
MYB-NFIB chimeric gene expression may also be related to the onset age of ACC.
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Introduction

Adenoid cystic carcinoma (ACC) is one of the common malignant tumors of the salivary gland. The
prognosis of ACC is poor, and distant metastases are often observed, which may have fatal outcome.
Histopathologically, ACC has a biphasic cells pattern composed of luminal ductal cells and
abluminal modified myoepithelial cells. The histopathological appearance may show a cribriform
pattern, tubular pattern, or solid pattern, characterized by perineural invasion [1-6]. In recent years,
ACC has been reported to harbor the MYB-NFIB chimeric gene formed by mutual translocation of
the long arm of chromosome 6 and the short arm of chromosome 9 [t(6;9)(q22-23;p23-24)] [7, 8].
MYB is an oncogene with transcription regulatory function, and plays important roles in cell
proliferation and differentiation [9]. NFIB is known to encode nuclear transcription factor [10, 11].
Previous reports have shown that the MYB-NFIB chimeric gene is expressed not only in ACC of
salivary gland, but also in ACC of other organs and tissues such as sinonasal tract, tracheobronchial
tree, breast, vulva, and skin [5, 12, 13]. The MYB-NFIB chimeric gene has been investigated as a
biomarker and regarding its involvement in prognosis and carcinogenesis [12, 14-18]. Some studies
have shown no relationship between MYB-NFIB chimeric gene expression and clinical outcome of
ACC [14, 16]. However, the detailed functions of this gene are not known. In mucoepidermoid
carcinoma of the salivary gland, expression of the chimeric gene has been reported to be related to
the age of tumor onset [19], but there are few detailed studies of the association between
MYB-NFIB chimeric gene expression and age of tumor onset in ACC [14].

Salivary gland carcinomas have been reported to demonstrate higher vascular activity and higher
VEGF expression [20, 21] than benign tumors, and overexpression of vascular endothelial growth
factor (VEGF) and nuclear antigen Ki-67 has been reported to be a prognostic factor of poor
survival in ACC [22]. However, there is no report on the association of MYB-NFIB chimeric gene
expression with tumor angiogenesis and tumor proliferation, which are generally considered to
affect the prognosis.

In the present study, we analyzed MYB-NFIB chimeric gene expression by reverse transcription
polymerase chain reaction (RT-PCR) and direct sequence method, and evaluated CD31, VEGF and
Ki-67 by immunohistochemistry in salivary gland ACC, aiming to elucidate the relationship of
MYB-NFIB chimeric gene expression with tumor angiogenesis and proliferation. We also examined
the impact of age of tumor onset on molecular histopathological diagnosis.

Patients and methods

Case selection

The paraffin-embedded blocks of 26 cases of salivary gland ACC archived in our department were
used in this study. The patients comprised 13 males and 13 females, aged from 44 to 81 years (mean
64.6 years). The tumor sites were the oral floor in 10 cases, the maxilla (hard palate) in 7 cases, the



submandibular gland in 4 cases, buccal mucosa in 3 cases, the sublingual gland in 1 case, and upper
lip in 1 case. This study was approved by the Ethics Committee of The Nippon Dental University
School of Life Dentistry at Niigata (ECNG-H-215).

Detection of MYB-NFIB transcripts

Ten-um sections were cut from a paraffin-embedded block. After deparaffinization, RNA was
extracted using ISOGEN-II (Wako, Osaka, Japan). Then cDNA was synthesized using the
PrimeScript 1st Strand cDNA Synthesis Kit (Takara Bio Inc., Shiga, Japan). Beta-actin was used as
the housekeeping gene (Table 1). PCR was performed with four primers (Table 1) using a
MiniOpticon System (Bio-Rad, Hercules, CA).

A 2% agarose gel was prepared using agarose (NuSieve™ 3:1 Agarose; Lonza, Basle,
Switzerland) and TBE buffer containing 0.089 M TBE base (Trizma®; Sigma-Aldrich, St. Louis,
MO), 0.002 M EDTA (Sigma-Aldrich) and 0.089 M boric acid (Wako). PCR products were loaded
on the gel and electrophoresed. Thereafter, the gel was stained with ethidium bromide (Nippon
Gene, Tokyo, Japan) and DNA bands were photographed using a FAS-I11 System (Nippon Genetics,
Tokyo, Japan).

Nucleotide sequence analyses
After purification, PCR products were analyzed using an ABI PRISM® 3100 Genetic Analyzer
(Applied Biosystems, Foster City, CA) to confirm the DNA sequences.

Immunohistochemical staining
From paraffin-embedded tissues, serial sections of 3-um thickness were prepared. After
deparaffinization, the sections were incubated with Immunosaver (Nissin EM, Tokyo, Japan) at
98°C for 45 min to retrieve antigen, and then treated with ethanol containing 0.3% H,0O; to block
endogenous peroxidase. The sections were incubated with 5% normal goat serum (Dako, Glostrup,
Denmark) for 10 min at room temperature, and then incubated with the primary antibodies
overnight at 4°C. Then the sections were treated with secondary antibodies (Histofine Simple Stain
MAX-PO MULTI; Nichirei Bioscience Inc., Tokyo, Japan) for 30 min at room temperature. Color
was developed using 3,3'-diaminobenzidine + 4HCI (DAB Substrate Kit; Nichirei Bioscience Inc.).
After nuclear staining with hematoxylin, the slides were observed under a light microscope (BX53;
Olympus, Tokyo, Japan) and evaluated by two investigators. Antibodies against CD31 (clone 1A10,
1:100; Novocastra, Newcastle upon Tyne, UK), vascular endothelial growth factor (VEGF) (clone
VG-1, 1:250; Abcam, Cambridge, UK) and Ki-67 (clone MIB-1, 1:1,000; Dako) were used as
primary antibodies.

Angiogenesis was evaluated by counting the number of CD31-immunostained blood vessels
within the cancer cell nest at the invasive front per 200x field observed under the light microscope
according to the method of Okada [23]. The mean number of six randomly selected fields was



evaluated as blood vessel density.

Tumor proliferation was evaluated by calculating the Ki-67 (MIB-1) labeling index of cancer
cells per 400x% field under the light microscope according to the method of Mohtasham et al. [24].
The mean value of six randomly selected fields was evaluated.

VEGF was evaluated by calculating the immunostaining score of six randomly selected 200x
fields according to the method of Starek et al. [25]. The staining intensity for VEGF in the
cytoplasm and/or nuclei of the tumor and normal parotid parenchymal cells was graded according to
Moriyama et al. [26]. Intensity equal to that of lymphatic endothelial cells in adjacent normal
salivary tissue was determined as grade 2. Absent, weaker, and stronger staining intensities were
graded as 0, 1, and 3, respectively. The percentage of positive tumor cells was scored according to
Lim et al. [27]. as 0 (0-19%), 1 (20-39%), 2 (40-59%), and 3 (60—100%). The sum of intensity
and percent score provided a semi-quantitative histoscore (ranging from 0 to 6).

Statistical analysis

Mann-Whitney U test was used to analyze the association of MYB-NFIB chimeric gene expression
with blood vessel density, VEGF expression score, and Ki-67 labeling index. Statistical analyses
were conducted using IBM SPSS (version 21). A p value less than 0.05 was considered significant.

Results

MYB-NFIB chimeric gene expression

Gene expression analysis using PCR detected the MYB-NFIB chimeric gene in 9 of 26 (34.6%)
cases of salivary gland ACC (Table 2, Fig. 1A and B). Eight cases were detected by primer A (Fig.
1A) and 1 case was detected by primer B (primer covering exon 14 and exon 9; Fig. 1B). The 9
cases comprised 5 males and 4 females, with ages ranging from 45 to 81 years (mean 63.7 years).
Among the cases expressing the MYB-NFIB chimeric gene, 1 case was in the forties age group, 2
cases were in the fifties age group, 3 cases were in the sixties age group, 2 cases were in the
seventies age group, and 1 case was in the eighties age group, with the largest number in the sixties
age group. On the other hand, among cases not expressing the chimeric gene, 1 case was in the
forties age group, 4 cases were in the fifties age group, 5 cases were in the sixties age group, and 7
cases were in the seventies age group. In this group, the number of cases increased with age, with
the largest number in the seventies age group (Fig. 2). In the group showing chimeric gene
expression, the cancer was located in the maxilla (hard palate) in 3 cases, the submandibular gland
in 2 cases, oral floor in 2 cases, and buccal mucosa in 2 cases.

Direct sequence analysis identified the PCR product amplified from primer A as the fusion site
equivalent to NCBI database accession No. FJ969915 (breakpoint 1593-1594) (Fig. 1C), and the
PCR product amplified from primer B as the fusion site equivalent to accession No. FJ969916
(breakpoint 1593-1594) (Fig. 1D).



Immunohistochemical studies

The blood vessel density evaluated by CD31 (mean + SD) was 11.2 + 3.4 in the group expressing
the MYB-NFIB chimeric gene and 7.9 + 1.5 in the group not expressing the gene, and was
significantly higher (P < 0.05) in the chimeric gene-expressing group (Table 3, Fig. 3B).

The VEGF immunostaining score (mean + SD) calculated according to Starek et al. [25] was 4.5 +
1.2 in the MYB-NFIB chimeric gene-expressing group and 3.9 + 1.5 in the non-expressing group.
Although the score was apparently higher in the chimeric gene-expressing group than in the
non-expressing group, no significant difference was observed (Table 3, Fig. 3C).

When tumor proliferation capability was evaluated by Ki-67 labeling index, the index (mean +
SD) was 12.6 = 14.6 in the MYB-NFIB chimeric gene-expressing group and 15.3 + 9.3 in the
non-expressing group. Although the index appeared slightly higher in the non-expressing group
than in the chimeric gene-expressing group, there was no significant difference (Table 3, Fig. 3D).

Discussion

The functions of the MYB-NFIB chimeric gene in ACC of salivary gland have not been fully
elucidated [7, 12, 14-18]. Therefore, we investigated the effect of MYB-NFIB chimeric gene
expression in salivary gland ACC on tumor angiogenesis and tumor proliferation, which are among
the factors regarded to be related to prognosis of tumors in general, and also examined the impact of
age of tumor onset on molecular pathological diagnosis.

In this study, we analyzed MYB-NFIB chimeric gene expression by RT-PCR using four primers
(A to D). MYB-NFIB chimeric gene expression was detected in a total of 9 of 26 cases (34.6%),
consistent with previous reports (28 to 44%) [12, 14]. Using four primers, the chimeric gene
expression was detected in 8 cases by primer A, and in 1 case by primer B located in exon 14 and
exon 9. At first, when we used the primer MYB-1910F 5°-AGCTCC GTTTTAATGGCACC-3’
(located in exon 14) and the primer NFIB-1096R 5’-GGGTATAAATGCCTGCCGTT-3’ (located in
exon 8c) reported by Brill et al. [12], we found abnormal expression of primer dimer. Consequently,
we changed only the MYB primer in primer Ato MYB-1513 5’-GCACCAGCATCAGAAGATGA-3’,
and were able to obtain clear bands. Therefore, primer A used in the present study appears to be
useful for the detection of the MYB-NFIB chimeric gene. In addition, this chimeric gene has
multiple variants. In the present study, gene expression was detected by primer A in 8 cases and by
primer B in 1 case, indicating the need to use multiple primers for detection.

Among 58 patients followed for at least three years in the study of Mitani et al. [14], 16 patients
expressed the MYB-NFIB chimeric gene and 42 did not. Of 16 patients who were positive for
MYB-NFIB chimeric gene, only three patients were younger than 50 years, while the majority of 13
patients were aged 50 years or older. Among their cases not expressing the chimeric gene, there
were 21 cases each in the group younger than 50 years and the group aged 50 years or older. In the



present study, the number of cases expressing the MYB-NFIB chimeric gene increased gradually
with age, reaching a peak in the sixties age group and declining thereafter. On the other hand, the
number of cases not expressing the chimeric gene increased with age continuously and was the
highest in the seventies age group. These findings suggest an association between MYB-NFIB
chimeric gene expression and the age of ACC onset. However, the number of the present study was
relatively small, which limits the interpretation of the results. Further larger scale study is required
to validate the present findings.

Regarding the relationship between MYB-NFIB chimeric gene expression and blood vessel
density measured by CD31 immunostaining, the density was significantly higher in the chimeric
gene-expressing group than in the non-expressing group. This finding may be explained by the high
total score of VEGF immunostaining in the chimeric gene-expressing group, indicating a tendency
of high VEGF production capability in this group. Our finding is consistent with the result of
Persson et al. [7] showing high VEGF production in cases expressing the MYB-NFIB chimeric gene.
Histopathologically, a high blood vessel density increases the contact of tumor with blood vessels,
and has been reported to increase the frequency of vascular invasion (intravascular infiltration) and
consequently increase the risk of distant metastasis [28]. This finding suggests an increased
possibility of distant metastasis in ACC expressing the chimeric gene. However, assessment of
distant metastasis requires observation periods of 5 to 10 years [2,3] Further long-term follow-up
study on a large number of cases is required to verify this association.

We also examined the relationship between MYB-NFIB chimeric gene expression and tumor
proliferation capability indicated by Ki-67 immunostaining. Contrary to the result of blood vessel
density, Ki-67 labeling index appeared slightly higher in the chimeric gene non-expressing group,
although the difference was not statistically significant. Because ACC is a slow-growing tumor, a
significant difference in proliferation capability depending on chimeric gene expression is probably
difficult to demonstrate. Furthermore, previous studies have indicated that MYB is related to
suppression of cell proliferation [29]. These complex associations have to be further investigated in
a larger series.

Regarding the relationship between MYB-NFIB chimeric gene expression and prognosis, some
reports have indicated that expression of the chimeric gene is unrelated to prognosis [14,16].
Prognosis is greatly affected by clinical factors including tumor size, metastasis to cervical lymph
nodes, treatment, and recurrence. Therefore, simply comparing the status of MYB-NFIB chimeric
gene expression with prognosis is not appropriate, and further study should be undertaken to
analyze the relationship with prognosis under the same conditions for the above-mentioned clinical
factors.

In conclusion, the present study with a relatively small sample size demonstrated that salivary
gland ACC cases expressing the MYB-NFIB chimeric gene showed significantly higher blood
vessels density compared to non-expressing cases, and suggested that higher VEGF production
capability in the former cases may be the cause. The findings also suggested that MYB-NFIB



chimeric gene expression may be related to the onset age of ACC.
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Figure Legends

Fig. 1 MYB-NFIB chimeric gene expression in 26 cases of adenoid cystic carcinoma of
salivary gland. (A) RT-PCR using primer A: chimeric gene expression is detected in 8
cases. (B) RT-PCR using primer B: chimeric gene expression is detected in case No. 21.
(C) Direct sequencing of PCR product amplified by primer A: breakpoints are shown by
arrows. (D) Direct sequencing of PCR product amplified by primer B: breakpoints are
shown by arrows. M: molecular markers.

Fig. 2 Number of cases expressing the MYB-NFIB chimeric gene according to age
group.

Fig. 3 A representative case of adenoid cystic carcinoma expressing the MYB-NFIB
chimeric gene (Case No. 10, a 76 year-old male). (A) Hematoxylin and eosin (H-E)
staining showing a cribriform structure. Scale bar: 100 um. (B) Serial section of (A)
immunostained for CD31 showing blood vessels among tumor cell nests (arrows). Scale
bar: 100 um. (C) Serial section of (A) immunostained for VEGF [magnified image of
the portion marked “*” in (A)] showing VEGF expression in tumor cells (arrows). Scale
bar: 50 um. (D) Serial section of (A) immunostained for Ki-67 (arrows). Scale bar: 100

pm.
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Table 1 Sequences of the Four Primers Used in for the Detection
of MYB-NFIB Chimeric Gene Expression and f-actin

Primer Primer Sequence

A MYB  5-GCACCAGCATCAGAAGATGA-3’
NFIB  5-GGGTATAAATGCCTGCCGTT-3"

B MYB  5-GCACCAGCATCAGAAGATGA-3’
NFIB  5’-CCGGTAAGATGGGTGTCCTA-3’

C MYB  5-TTTTAATGGCACCAGCATCA-3’
NFIB  5-TTCCCAATGTATCCTCACTGG-3’

D MYB  5-TTTTAATGGCACCAGCATCA-3’
NFIB  5’-CCGGTAAGATGGGTGTCCTA-3’

p-actin 5-GATGCAGAAGGAGATCACTGC-3'
5-TACTCCTGCTTGCTGATCCA-3'
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Table 2 Number of Adenoid Cystic Carcinomas
Expressing the MYB-NFIB Chimeric Gene

Primer MYB-NFIB Chimeric Gene
Expression
A 8
B 1
C 0
D 0
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Table 3 Relationship of MYB-NFIB Chimeric Gene Expression with Blood
Vessel Density, VEGF Immunostaining Score, and Tumor Proliferation
Ability (Ki-67 labeling index)

MYB-NFIB chimeric gene expression

Positive Negative p value
Blood vessel density 112+34 7915 <0.05
VEGF immunostaining score 45+1.2 39+15 NS
Ki-67 labeling index 126+146 153+93 NS

VEGF: vascular endothelial growth factor
Data are expressed in mean + standard deviation. NS: not significant
p value by Mann-Whitney U test
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