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Abstract: Objective: Recent studies revealed the existence of ectopic gene at t(6;9)(q22-23;p23-24) in adenoid cys-
tic carcinoma (ACC), resulting in MYB-NFIB fusion gene formation. In this study, we discuss the expression of MYB of 
ACC in salivary gland and its clinicopathological significance. Methods: We examined 98 samples of salivary gland 
adenoid cystic carcinoma and 68 samples of salivary non-ACC neoplasms among patients at the Department of Oral 
Pathology, Nanjing Stomatological Hospital, Medical School of Nanjing University (China). The expression of Ki67 
and MYB was analyzed by immunohistochemical analysis and followed up with survival analysis. Results: Of the 98 
cases of salivary ACC, 87 (88.8%) stained positive for MYB, including 59.2% (58/98) strongly positive and 29.6% 
(29/98) weakly positive. Among the non-ACC neoplasms, 11.8% (8/68) cases stained weakly positive for MYB. No 
salivary gland tissue adjacent to ACC (0/20) or salivary gland tissue of non-neoplastic lesions (including subman-
dibular gland calculus and inflammation) (0/5) was MYB positive. No significant relation was seen between MYB 
expression and age, gender, size, site, histological type, distant metastasis, Ki67 proliferation index and prognosis. 
Conclusion: Immunohistochemical analysis of MYB facilitates clinical pathological diagnosis and differential diagno-
sis of ACC in salivary gland. A strong positive expression of MYB is a significant ACC-specific marker in salivary gland.

Keywords: Gene fusion, MYB-NFIB, MYB, adenoid cystic carcinoma, salivary gland neoplasms

Introduction

Adenoid cystic carcinoma (ACC) is one of the 
most common epithelial malignancies in sali-
vary glands. It may also occur in the breast, 
skin and other organs. Variations in histology 
and morphology between ACC and a variety of 
benign and malignant tumors, and the lack of 
specific tumor markers, lead to errors in clinico-
pathological diagnosis. Persson Met et al [1] 
found that ectopic gene t(6;9)(q22-23;p23-24) 
in ACC resulted in MYB-NFIB fusion gene for-
mation, which plays a key role in the develop-
ment of ACC. West RB et al [2] found a persis-
tent and elevated expression of MYB protein or 
RNA amplification in part of the ACC following 
loss of MYB-NFIB fusion gene, suggesting a 
potential role of MYB in the formation and 
development of ACC.

Currently, fluorescence in situ hybridization 
(FISH) and gene sequencing are used to detect 
MYB-NFIB fusion gene, which can differentiate 

ACC from other salivary gland tumors with high 
specificity. However, the operation are complex, 
expensive, with a low sensitivity, and not condu-
cive to large-scale application. Immunohisto- 
chemical detection of MYB antibody facilitates 
rapid and convenient diagnosis, and has 
already been used in some cases. The role of 
MYB expression in ACC and its differential diag-
nosis, clinical pathology and prognosis is not 
clear. In this study, the expression of MYB in dif-
ferent salivary gland tumors was detected using 
immunohistochemistry, and its significance in 
the differential diagnosis of ACC as well as clini-
cal pathological parameters and prognosis 
were analyzed. 

Materials and methods

Clinical data

Paraffin-embedded specimens of salivary gland 
tumors were collected from March 2007 to 
March 2015 at the Department of Oral 



Expression of MYB in adenoid cystic carcinoma

5097 Int J Clin Exp Pathol 2016;9(5):5096-5102

Pathology, Nanjing Stomatological Hospital, 
Medical School of Nanjing University (China), 
including 98 cases of ACC and 68 cases of non-
ACC neoplasms (20 cases of basal cell adeno-
ma, 12 cases of pleomorphic adenoma, 11 
cases of myoepithelioma, 10 cases of Warthin 
tumor, 6 cases of oncocytoma and 9 cases of 
basal cell carcinoma). All the cases were pri-
mary tumors resected for the first time. None of 
them was treated with radiotherapy, chemo-
therapy or immunotherapy pre- or post-opera-
tively. The 20 wax blocks of salivary gland tis-
sue adjacent to ACC and 5 wax blocks of 
salivary gland tissue of non-neoplastic lesions 
(including submandibular gland calculus and 
inflammation) were selected as controls. 
According to the 2005 WHO histological classi-

fication of tumors of salivary glands for patho-
logical diagnosis and histology typing, all the 
cases were confirmed by two senior patholo-
gist. Among the 98 ACC cases including 44 
males and 54 females, the median age was 50 
years old (range, 30 to 87). The ACC included 
46 cases involving major salivary glands 
(including parotid, submandibular and sublin-
gual), and 52 cases involving minor salivary 
glands (including palate, cheek, tongue, and 
others). They included 19 cases of solid type 
and 79 cases of non-solid type. Follow-up of the 
98 patients with ACC was conducted in April 
2015.

Immunohistochemistry

The slides were deparaffinized and rehydrated, 
then boiled in Tris-EDTA buffer (pH 9.0), for 15 
minutes in a pressure cooker. After cooling for 
30 minutes, they were incubated for 1 h at 
37°C with the following primary antibodies: 
anti-MYB antibody (EP769Y, Abcam, UK) at 
1:2000 dilution, Ki-67 (DAKO, Denmark) at 
1:200 dilution. EnVision method (DAKO, 
Denmark) was used for detection, employing 
diaminobenzidine as the chromogen. Hema- 
toxylin was used in the counterstaining of the 
sections. A specimen each of ACC and basal 
cell adenoma was used as negative control, 
respectively, along with an internal control 
when interpreting the results.

As described in previous studies [2, 4], the case 
was deemed positive only when its nuclei 
stained positive in the tumor cells as follows: 
strongly positive (++): stained brown yellow, 
and the positive cells accounted for no less 
than 50%; weakly positive (+): stained light to 
brown yellow, and the positive cells accounted 
for less than 50%, but more than 5%; negative 
(-): positive cells accounted for less than 5%.

Statistical analysis

Normally distributed data of continuous vari-
ables were represented as “mean ± SD”, and 
compared using Student’s t test. The data were 
measured as “n (%) ”, and statistical data were 
analyzed with chi-square test or Fisher’s exact 
chi-square test. Survival time was estimated 
using Kaplan-Meier methods, and survival was 
analyzed using the log-rank test. Statistical 
analysis was performed using SPSS 13.0  
software (SPSS Inc, Chicago, Illinois, US). 
Differences were considered statistically sig-
nificant when P<0.05.

Figure 1. Immunohistochemical staining of MYB, ACC 
cribriform type, positive in the nucleus of neoplastic 
myoepithelial cells, but negative in nucleus of epithe-
lial cells lining duct (original magnification ×400).

Figure 2. Immunohistochemical staining of MYB, 
ACC tubular type, positive in the nuclei of neoplas-
tic myoepithelialcells and epithelial cells lining ducts 
(original magnification ×400).
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Results

Expression of MYB in ACC and salivary gland 
tissue adjacent to ACC, non-ACC neoplasm and 
salivary glands of non-neoplastic lesions

MYB stained mainly in the nucleus of tumor 
cells. MYB was expressed in different histologi-
cal types of ACC: cribriform (Figure 1), tubular 
(Figure 2) and solid (Figure 3). In a few ACC 
cases, the expression of MYB was positive in 
the neoplastic myoepithelial cells, but negative 
in epithelial cells lining duct (Figure 1). In a few 
ACC cases, the expression of MYB was positive 
in epithelial cells lining ducts and neoplastic 
myoepithelial cells (Figure 2). No MYB was 
expressed only in the lining duct of epithelial 

cells. In some cases, MYB expression was 
observed in the lymphocytes or fibroblasts of 
mesenchyme, but was not considered as posi-
tive. The 20 samples of salivary glands adja-
cent to ACC were all negative (Figure 4).

In 98 cases of ACC in salivary gland, the MYB 
expression was positive in 87 cases, account-
ing for 88.8%. Robust MYB expression was 
observed in 58 cases, accounting for 59.2%.
The expression of MYB was weakly positive in 
29 cases, accounting for 29.6%. The 20 cases 
of salivary gland tissue adjacent to ACC were all 
negative for MYB. In 8 out of 68 cases of non-
ACC neoplasm, MYB stained weakly positive, 
accounting for 11.8%, and the remainder were 
all negative (-) (Figure 5). The MYB was 
expressed weakly in 6 out of 20 cases of basal 
cell adenoma (+), accounting for 30%. The 
expression of MYB in 1 out of 12 cases in poly-
morphic adenoma was weakly positive (+), 
accounting for 8.3%. In 1 out of 11 myoepithe-
lioma cases, MYB was weakly positive (+), 
accounting for 9.3%. However, MYB was nega-
tive in 10 cases of Warthin tumor, 6 cases of 
oncocytoma and 9 cases of basal cell carcino-
ma. In the control group of 5 cases of non-neo-
plastic salivary glands, MYB was negative 
(Table 1).

Correlation of MYB expression and clinicopath-
ological parameters in ACC

The maximum diameter of MYB-expressing 
tumor was slightly smaller than in other tumors, 

Figure 3. Immunohistochemical staining of MYB, 
ACC solid type, positive in the nuclei of neoplastic 
myoepithelial cells, acne-like necrosis in the centre 
(original magnification ×400).

Figure 4. Immunohistochemical staining of MYB, 
positive expression of ACC (upper left); negative ex-
pression of salivary glands adjacent to ACC in the 
right lower area (original magnification ×40).

Figure 5. Immunohistochemical staining of MYB, 
basal cell adenoma, fibrous envelope in the upper 
left, negative expression of tumor in the right lower 
area, and positive nuclei of spindle cells in the stro-
ma (original magnification ×200).
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but the difference was not significant (P = 
0.071). No significant relationship was observed 
between MYB expression and age, gender, site, 
histological type and proliferation index of Ki67 
(Table 2).

Prognostic significance of MYB expression 
and clinicopathological parameters of ACC in 
salivary gland

Seventy-five out of 98 ACC patients were suc-
cessfully followed up. The follow-up rate was 
76.5%. The follow-up time ranged from 1 month 
to 79 months. Results showed that 64 cases 
survived with or without tumor, among wh- 
ich 5 cases showed recurrence, and 19 cases 
exhibited distant metastasis. There were 11 
deaths including 8 from pulmonary metastasis, 
and 3 due to unknown causes. 

There was no significant association between 
MYB expression and ACC prognosis. The prog-

Discussion 

The MYB gene family includes a-MYB, b-MYB 
and c-MYB. It is an ancient conserved gene. 
V-MYB gene is also found in viruses. c-MYB is 
located on chromosome 6q24. It is composed 
of 16 exons and 1914 bp of coding sequence. 
The gene product MYB consists of 637 amino 
acids. It is a transcription factor combined with 
DNA. c-MYB plays a role in stem cell differentia-
tion, especially in angiogenesis [5]. The MYB 
gene knockout mice are significantly smaller 
than normal mice, and lethal. Currently, MYB is 
considered as a proto-oncogene, which induc-
es tumorigenesis and tumor proliferation [6]. 
MYB was first found to induce blood tumors [5]. 
Its role in oncogenesis has also been reported 
in cancers of colon [7] and breast [8].

Recent studies suggest that MYB aberrations 
are significantly higher in ACC than in other 
tumors. Persson M et al [1] first reported the 

Table 1. Immunohistochemistry of MYB in ACC and non-ACC tumors of salivary gland
Cases ++ Cases (%) + Cases (%) Total cases (%)

ACC 98 58 (59.2) 29 (29.6) 87 (88.8)
Salivary gland tissue adjacent to ACC 20 0 (0) 0 (0) 0 (0)
Non-ACC neoplasms 68 0 (0) 8 (11.8) 8 (11.8)
Basal cell adenoma 20 0 (0) 6 (30.0) 6 (30.0)
Pleomorphic adenoma 12 0 (0) 1 (8.3) 1 (8.3)
Myoepithelioma 11 0 (0) 1 (9.1) 1 (9.1)
Warthin tumor 10 0 (0) 0 (0) 0 (0)
Oncocytoma 6 0 (0) 0 (0) 0 (0)
Basal cell carcinoma 9 0 (0) 0 (0) 0 (0)
Salivary gland tissue 5 0 (0) 0 (0) 0 (0)

Table 2. Correlation analysis of MYB expression and clinicopathological 
parameters of ACC

Positive expression of 
MYB (including strong 
and weakly positive)

Negative 
expression 

of MYB P value

87 11
Age 52.4±13.5 52.8±11.8 0.923
Sex Male 37 (37. 8%) 7 (7.1%) 0.185

Female 50 (51.0%) 4 (4.1%)
Size 3.04±1.36 4.45±2.29 0.071
Site Minor salivary glands 46 (46.9%) 6 (6.1%) 0.917

Major salivary glands 41 (41.8%) 5 (5.1%)
Histological type Solid type 18 (18.4%) 1 (1.0%) 0.359

Non-solid type 69 (70.4%) 10 (10.2%)
Ki67 (%) 31.4±17.0 30.0±14.1 0.820

nosis of solid type  
ACC was worse than 
that of the cribriform 
and tubular types. The 
prognosis of minor  
salivary gland was 
worse than that of 
major salivary gland. 
The prognosis of ACC 
with diameter >3 cm 
was worse than those 
≤3 cm. However, there 
was no significant as- 
sociation between cli- 
nicopathological para- 
meters and prognosis 
in ACC (Figure 6).
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occurrence of MYB-NFIB fusion gene in 6/6 
cases of ACC. MYB-NFIB fusion gene was sub-
sequently localized in 49% to 57% cases of ACC 
[2, 9-11]. The detection of MYB transcripts in 
ACC was as high as 62% to 100% [1, 12-16]. 
MYB was found largely in ACC, even though the 
MYB-NFIB fusion gene was not detected, which 
implied that MYB played a key role in the forma-
tion of ACC.

The MYB-NFIB fusion gene and MYB expres-
sion are highly specific to ACC, and therefore, 
represent a reliable index for the differential 
diagnosis of ACC. In the study of Hudson JB et 
al [17], ACC and non ACC were diagnosed by 
fine needle aspiration from different parts of 
the biopsy specimens. The MYB-NFIB fusion 
gene was detected in 50% (5/10) of ACC, but 
none of the 13 cases of non-ACC neoplasm. 
The MYB-NFIB fusion gene was detected in 
49% (18/37) cases of ACC by West RB [2]. And 
no MYB-NFIB fusion gene was detected in 16% 
(6/37) of the cases, but MYB transcription  
was high. The expression of MYB was not 

LB et al [13] found MYB-positive expression in 
14% (16/113) of non-ACC tumors, with a higher 
expression in basal-like squamous cell carci-
noma (4/5), as well as in individual polymorphic 
adenoma and basal cell adenoma. Similar 
results were observed in this study. In the study 
of West et al [2], tissue microarray was used to 
detect MYB expression. In 65% (24/37) of the 
ACC cases studied, a strong MYB expression 
was observed, and mostly in neoplastic myo-
epithelial cells. The expression was weakly pos-
itive in 9% (10/115) of the non-ACC tumors in 
salivary gland. The tumors included carcinoma 
in pleomorphic adenoma, myoepithelial carci-
noma, myoepithelial tumor, pleomorphic ade-
noma, mucoepidermoid carcinoma, but the 
expression rate was below 50%. In this study of 
98 cases diagnosed with ACC of the salivary 
gland, 87 were positive, accounting for 88.8%. 
Among the positive cases, the expression of 
MYB protein was strong in 58 cases, account-
ing for 59.2%, and was weak in 29 cases, 
accounting for 29.6%. Among the 68 cases of 
non-ACC tumors, it was weakly positive in only 

Figure 6. Overall survival curves of ACC in salivary gland. A. Positive and 
negative expression of MYB in ACC; B. Cribriform, tubular and solid types of 
ACC; C. ACC of minor and major salivary glands; D. ACC of tumor diameter ≤ 
3 cm and tumor diameter >3 cm.

detected in other 112 cases 
of non ACC tumors in salivary 
gland. Mitani Y et al [12] 
reported MYB expression in 
85% (17/20) of MYB-NFIB-
positive patients. The MYB 
expression was also detected 
in 61% (25/41) of MYB-NFIB-
negative patients, which indi-
cated that MYB-NFIB fusion 
gene formation was not com-
pletely consistent with MYB 
expression.

MYB protein is expressed in 
nucleus. Brill LB et al [13] 
reported the expression of 
MYB in neoplastic myoepithe-
lial cells of ACC, but not in the 
epithelial cells lining the duct. 
The MYB-positive expression 
in the peripheral region was 
stronger than in the central 
region of the tumor. This study 
revealed a similar phenome-
non. However, MYB expres-
sion was also positive in both 
epithelial cells lining the ducts 
and neoplastic myoepithelial 
cells of the tumor in some of 
the ACC cases studied. Brill 
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8 cases (11.8%, including 6 cases of basal cell 
adenoma, 1 case of pleomorphic adenoma, 
and 1 case of myoepithelioma). The MYB-
positive cell number in non-ACC tumors were 
less than in ACC samples. The staining intensi-
ty was all lower and appeared to be light yellow. 
Notably, MYB was occasionally positive but not 
strongly expressed in basal cell adenoma, 
prompting the need for differential diagnosis.

Thus, detection of MYB expression immunohis-
tochemically facilitated diagnosis and differen-
tial diagnosis of ACC and non-ACC tumors in 
salivary gland. The expression rate of MYB pro-
tein in ACC of salivary gland was high, and most 
of which was strongly positive. In contrast, the 
MYB expression in non-ACC tumors was poor 
and weakly positive. In our clinical study, basal 
cell adenoma is the most difficult to distinguish 
from ACC. West et al [2] reported negative 
expression of MYB in 9 cases of basal cell ade-
noma. However, in this study, MYB expression 
was weakly positive in basal cell adenoma in 6 
out of 20 patients suggesting that biopsy speci-
mens weakly expressing MYB should be ana-
lyzed with a combination of clinical and histo-
logical morphology. It is also necessary to 
identify polymorphic adenoma with ACC in the 
salivary gland. It was suggested by Mendoza 
PR et al [18] that these two tumor types could 
be identified by the combination of PLAG1. Our 
results indicated that MYB expression in poly-
morphic adenoma was low (1/12). West et al 
[2] reported that MYB expression was also 
found in about 29% of breast cancer, 33% of 
spermocytoma and 27% of colon cancer, but 
was significantly lower than in ACC of salivary 
gland, and MYB facilitated the differential  
diagnosis of ACC by immunohistochemical 
staining.

Based on the correlation of clinicopathological 
parameters in ACC, Mitani Y et al [12] found 
that MYB-NFIB fusion gene formation was only 
related to patients’ age. More specifically, the 
fusion gene formation was significantly higher 
in patients aged over 50 years than in younger 
cases, and had a statistical significance. It was 
reported by scholars [2] that the probability of 
MYB-NFIB fusion gene formation in males was 
higher than in females. The changes in histo-
logical grade 3 of ACC were significantly higher 
than grades 1-2 [14]. However, these results 
were obtained from single-center study and 
were not uniform. The significant clinicopatho-

logical parameters relating to MYB expression 
were not found in this study.

The prognosis of ACC is not consistent in recent 
research. It was reported by West et al [2] that 
no significant differences were seen between 
the occurrence of MYB-NFIB fusion gene and 
ACC prognosis. von HSL et al [15] suggested 
the absence of any direct correlation between 
MYB expression and ACC prognosis, consistent 
with our study. Bell et al [4] concluded that the 
prognosis of patients with MYB+/c-kit+/cox-2+ 
was better than in patients with MYB-/c-kit+/
cox-2+. Meanwhile, Mitaniet al [9] reported that 
high MYB expression, age above 60 years old 
and solid pattern were related to worse progno-
sis for ACC. Until now, no study reported the 
high expression of MYB as an independent fac-
tor for ACC prognosis. The mechanism underly-
ing the role of MYB in ACC is not clear. Ho et al 
[10] claimed that MYB-NFIB fusion gene and 
amplification of MYB consolidated multiple 
mutations and accelerated tumorigenesis. 
Most of these mutations are associated with 
FGF-IGF-PI3K signaling pathway. The signifi-
cance of screening for MYB-NFIB fusion gene 
and high MYB expression in salivary gland not 
only facilitate clinicopathological diagnosis and 
differential diagnosis of ACC, but also provide 
important clues underlying the molecular 
mechanism and targeted therapy of ACC.

Acknowledgements

This work was supported by a grant from 
Jiangsu Health Science and Research Project 
(no. H201344).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Xiaofeng Huang, 
Department of Oral Pathology, Nanjing Stoma- 
tological Hospital, Medical School of Nanjing 
University, 30 Zhong Yang Road, Nanjing 210008, 
Jiangsu Province, China. Tel: 13951744540; E-mail: 
hxf681008@sina.com 

References

[1] Persson M, Andren Y, Mark J, Horlings HM, 
Persson F, Stenman G. Recurrent fusion of 
MYB and NFIB transcription factor genes in 
carcinomas of the breast and head and neck. 
Proc Natl Acad Sci U S A 2009; 106: 18740-
18744.

mailto:hxf681008@sina.com


Expression of MYB in adenoid cystic carcinoma

5102 Int J Clin Exp Pathol 2016;9(5):5096-5102

[2] West RB, Kong C, Clarke N, Gilks T, Lipsick JS, 
Cao H, Kwok S, Montgomery KD, Varma S, Le 
QT. MYB expression and translocation in ade-
noid cystic carcinomas and other salivary 
gland tumors with clinicopathologic correla-
tion. Am J Surg Pathol 2011; 35: 92-99.

[3] Leon Barnes JW, Peter Reichart DS. Pathology 
and genetics of head and neck Tumors. Lyon: 
IARC Press; 2005. pp. 211-247.

[4] Bell D, Roberts D, Karpowicz M, Hanna EY, We-
ber RS, El-Naggar AK. Clinical significance of 
MYB protein and downstream target genes in 
salivary adenoid cystic carcinoma. Cancer Biol 
Ther 2011; 12: 569-573.

[5] Greig KT, Carotta S, Nutt SL. Critical roles for 
c-MYB in hematopoietic progenitor cells. Se-
min Immunol 2008; 20: 247-256.

[6] Ramsay RG, Gonda TJ. MYB function in normal 
and cancer cells. Nat Rev Cancer 2008; 8: 
523-534.

[7] Ramsay RG, Thompson MA, Hayman JA, Reid 
G, Gonda TJ, Whitehead RH. MYB expression is 
higher in malignant human colonic carcinoma 
and premalignant adenomatous polyps than in 
normal mucosa. Cell Growth Differ 1992; 3: 
723-730.

[8] Drabsch Y, Hugo H, Zhang R, Dowhan DH, Miao 
YR, Gewirtz AM, Barry SC, Ramsay RG, Gonda 
TJ. Mechanism of and requirement for estro-
gen-regulated MYB expression in estrogen-re-
ceptor-positive breast cancer cells. Proc Natl 
Acad Sci U S A 2007; 104: 13762-13767.

[9] Mitani Y, Rao PH, Futreal PA, Roberts DB, Ste-
phens PJ, Zhao YJ, Zhang L, Mitani M, Weber 
RS, Lippman SM, Caulin C, El-Naggar AK. Novel 
chromosomal rearrangements and break 
points at the t(6;9) in salivary adenoid cystic 
carcinoma: association with MYB-NFIB chime-
ric fusion, MYB expression, and clinical out-
come. Clin Cancer Res 2011; 17: 7003-7014.

[10] Ho AS, Kannan K, Roy DM, Morris LG, Ganly I, 
Katabi N, Ramaswami D, Walsh LA, Eng S, 
Huse JT, Zhang J, Dolgalev I, Huberman K, He-
guy A, Viale A, Drobnjak M, Leversha MA, Rice 
CE, Singh B, Iyer NG, Leemans CR, Bloemena 
E, Ferris RL, Seethala RR, Gross BE, Liang Y, 
Sinha R, Peng L, Raphael BJ, Turcan S, Gong Y, 
Schultz N, Kim S, Chiosea S, Shah JP, Sander 
C, Lee W, Chan TA. The mutational landscape 
of adenoid cystic carcinoma. Nat Genet 2013; 
45: 791-798.

[11] Hunt JL. An update on molecular diagnostics of 
squamous and salivary gland tumors of the 
head and neck. Arch Pathol Lab Med 2011; 
135: 602-609.

[12] Mitani Y, Li J, Rao PH, Zhao YJ, Bell D, Lippman 
SM, Weber RS, Caulin C, El-Naggar AK. Com-
prehensive analysis of the MYB-NFIB gene  
fusion in salivary adenoid cystic carcinoma: In-
cidence, variability, and clinicopathologic sig-
nificance. Clin Cancer Res 2010; 16: 4722-
4731.

[13] Brill LB, Kanner WA, Fehr A, Andrén Y, Moska-
luk CA, Löning T, Stenman G, Frierson HF Jr. 
Analysis of MYB expression and MYB-NFIB 
gene fusions in adenoid cystic carcinoma and 
other salivary neoplasms. Mod Pathol 2011; 
24: 1169-1176.

[14] Persson M, Andrén Y, Moskaluk CA, Frierson 
HF Jr, Cooke SL, Futreal PA, Kling T, Nelander 
S, Nordkvist A, Persson F, Stenman G. Clinical-
ly significant copy number alterations and 
complex rearrangements of MYB and NFIB in 
head and neck adenoid cystic carcinoma. 
Genes Chromosomes Cancer 2012; 51: 805-
817.

[15] von Holstein SL, Fehr A, Persson M, Therkild-
sen MH, Prause JU, Heegaard S, Stenman G. 
Adenoid cystic carcinoma of the lacrimal gland: 
MYB gene activation, genomic imbalances, 
and clinical characteristics. Ophthalmology 
2013; 120: 2130-2138.

[16] Stephens PJ, Davies HR, Mitani Y, Van Loo P, 
Shlien A, Tarpey PS, Papaemmanuil E, Chever-
ton A, Bignell GR, Butler AP, Gamble J, Gamble 
S, Hardy C, Hinton J, Jia M, Jayakumar A, Jones 
D, Latimer C, McLaren S, McBride DJ, Menzies 
A, Mudie L, Maddison M, Raine K, Nik-Zainal S, 
O’Meara S, Teague JW, Varela I, Wedge DC, 
Whitmore I, Lippman SM, McDermott U, Strat-
ton MR, Campbell PJ, El-Naggar AK, Futreal PA. 
Whole exome sequencing of adenoid cystic 
carcinoma. J Clin Invest 2013; 123: 2965-
2968.

[17] Hudson JB, Collins BT. MYB gene abnormali-
ties t(6;9) in adenoid cystic carcinoma fine-
needle aspiration biopsy using fluorescence in 
situ hybridization. Arch Pathol Lab Med 2014; 
138: 403-409.

[18] Mendoza PR, Jakobiec FA, Krane JF. Immuno-
histochemical features of lacrimal gland epi-
thelial tumors. Am J Ophthalmol 2013; 156: 
1147-1158, e1.


