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Introduction

Adenoid cystic carcinoma (ACC), the second most frequent 
malignancy of the major and minor salivary glands, comprise of 
approximately 15–23% of all carcinomas at these locations.1 This 
tumor is uniquely formed of dual epithelial and myoepithelial 
cells that give rise to different phenotypic patterns. Tumors with 
tubular and cribriform structures typically pursue protracted and 
relentless course, and this behavior has been attributed to the 
tumor suppressive role of the myoepithelial cells. Evidence for 
such function has been drawn from both in-vitro and clinical 
studies of mammary2,3 and salivary carcinomas4,5 and is further 
sustained by the coincident progressive course of the solid vari-
ant upon the loss of myoepithelial cells. We hypothesize that the 
dual myoepithelial/epithelial composition of adenoid cystic car-
cinoma and other salivary carcinomas underlie, at least in part, 
their biological heterogeneity and may impact on their therapeu-
tic management.6

Adenoid cystic carcinomas are characterized by frequent loss 
of chromosome 6q region and translocations between 6q and 
9p chromosomal regions.7 Recently, Persson et al. have shown 
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a recurrent specific translocation t(6;9)(q22–23;p23–24) in 
breast, salivary, lachrymal and ceruminal gland ACCs.8 The 
fusion gene partners in this translocation comprised MYB gene 
on chromosome 6q22–q23 and the transcription factor NFIB on 
chromosome 9p23–p24.8,9 In fusion positive tumors and a subset 
of fusion negative tumors, high expression of Myb was found, 
supporting a role for this gene in adenoid cystic carcinoma devel-
opment and progression.

c-Myb transcription factor was identified as the mammalian 
homolog of v-myb, a transforming retroviral oncogene linked to 
avian leukemia. High expression of this gene has been associ-
ated with oncogenic activity and poor prognosis in several human 
cancers including T-cell leukemia, acute myelogenous leukemia,10 
colorectal tumors,11 and most recently in adenoid cystic carcino-
mas.8,12 In addition, c-Myb has been implicated in progenitor cell 
maintenance and is required for proper cellular differentiation in 
the hematopoietic system, neuronal cells, skin cells and colonic 
crypts. c-Myb high expression is frequently associated with a 
variety of immature cell lineages, and expression levels decrease 
as cells differentiate. Myb is highly expressed in almost all estro-
gen receptor (ER)-positive breast tumors and is a direct target of 
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Because of the limited number of ACC studies, however, bio-
logical role of MYBas an oncogene and/or transcriptional regula-
tor of other genes in ACC tumorigenesis remains unknown.8,12 To 
investigate the biological and prognostic significance of elevated 
levels of Myb and its downstream target genes, we analyzed, by 
immunohistochemistry, the protein expression of these genes in 
156 adenoid cystic carcinomas.

Results

Demographic and pathologic findings. The study cohort com-
prised of 82 women and 74 men, who ranged in age from 15.9–
81.9 y, with the median age 51.4 y. One-hundred thirty-eight 
patients (91.4%) were white or Hispanic and 18 patients (8.6%) 
were black. Tumors sites included 18 in the parotid gland, 20 in 
the hard palate, 18 in the maxillary sinus, 15 in the submandibu-
lar and sublingual gland and 85 in various minor salivary glands 
sites.

Histopathologic and clinical findings. Histopathologically, 
tissue cores show at least two distinctive patterns within and 
between cores of the same case. A predominant pattern was deter-
mined based on the presence of more than 50% of a given pattern 
in tumor. Among the 156 tumors for which a predominant type 
could be ascertained, 41 were tubular (26.1%), 98 (62.4%) had 
predominantly cribriform patterns (composed of epithelial and 
myoepithelial neoplastic cells) and 18 (11.5%) had the solid pat-
tern (predominantly devoid of myoepithelial cells). Sixty-seven 
patients (43%) developed distant metastasis, 89 patients had no 
evidence of metastasis; 30 patients (20.4%) died in less than 3 y, 
and 117 patients survived more than 3 y.

Myb, c-kit, cox-2 and bcl-2 expression. Normal salivary 
gland: C-kit, cox-2 and bcl-2 were expressed in membrane and/
or cytoplasm of salivary ductal cells while faint cytoplasmic 
expression was noted in epithelial cells of the intercalated and 
striated ducts. Immunoreactivity for c-kit, cox-2 and bcl-2 was 
absent in peripheral myoepithelial cells of the intercalated ducts. 
Myb expression was not detected in non-tumoral salivary gland 
parenchyma.

ACCs: C-kit, cox-2 and bcl-2 expression was predominantly 
limited to the inner ductal cells and was negative in the myo-
epithelial cells in both tubular and cribriform patterns of ACCs. 
C-kit expression was found in 93% of the cribriform, 98% of 
the tubular patterns and 100% of the solid form (Table 1). 
Cox-2 expression was found in 60% of the cribriform, 71% of 

estrogen/ER signaling.13,14 Estrogen has a protective effect from 
sustained colon cancer cell growth at least partly through sup-
pression of c-myb and bcl-2.12

As a transcription factor, MYB has been shown to affect 
downstream target genes involved in several neoplastic pro-
cesses. Among these are cyclooxygenase-2 (COX-2), Bcl-2, 
BclX(L) and c-kit. In colorectal carcinoma promoter studies 
indicated that c-Myb can activate COX-2 transcription, whereas 
dominant-negative Myb mediated repression.11 The expres-
sion of COX-2 is correlated with VEGF-C and lymphatic ves-
sel density in prostate and breast cancer, and ACC of uterine 
cervix indicating COX-2 is associated with tumor growth and 
metastasis.15

C-MYB proto-oncogene also serves as a transactivator of 
important cellular genes such as kit receptor and CD34. Several 
studies have shown that c-kit (CD117) protein, a member of class 
III receptor tyrosine kinase family, is expressed in the majority of 
ACC. Products of this gene are required for fundamental cellular 
processes and tumorigenesis. Elevated c-kit expression has been 
detected in a variety of other tumors especially gastrointestinal 
stromal tumor (GIST), seminoma and malignant melanoma. 
C-kit is a target of the tyrosine kinase inhibitor imatinib mesyl-
ate (GleevecTM), to which significant treatment response has been 
achieved in chronic myelogenous leukemia (CML) and advanced 
c-kit-positive GIST. Whereas gain-of-function mutations in exon 
9 and 11 constitute a critical molecular event for c-kit overexpres-
sion in GIST and seminoma, no such point mutation has been 
found in ACC. Evidence of c-kit amplification of the subcen-
tromeric region of chromosome 4q in a subset of ACC has been 
reported by our group.

A key regulator of apoptosis is bcl-2. Previous work has shown 
that bcl-2 expression is regulated by c-myb binding. A decrease in 
bcl-2 has also been observed with a decrease in c-myb associated 
with colon cell differentiation. Experiments in human leukemia 
cell lines showed that forced expression of bcl-2 rescues the cells 
from apoptosis, without preventing either their withdrawal from 
the cell cycle or their differentiation. v-Myb has been linked to 
the activation of bcl-2 through promoter-driven reporter. c-Myb 
directly transactivates the endogenous c-myc and Bcl-2 genes, 
which explains at least in part how c-Myb regulates prolifera-
tion and survival. Immunohistochemical gene Bcl-2 protein is 
expressed in virtually all benign and malignant salivary gland 
tumors. This observation suggests an important role of this pro-
tein in the development of these tumors.

Table 1. Prevalence of selected markers among histological types in adenoid cystic carcinoma patients

Characteristic MYB, n = 86 (54.8%) C-KIT, n = 149 (94.9%) COX-2, n = 101 (64.3%) BCL-2, n = 133 (84.7%)

Overall 
count 

Overall 
%

Count % p* Count % p* Count % p* Count % p*

Histological  
Type
Cribriform 98 62.4% 49 50.0% 0.1382 91 92.9% 0.2599 59 60.2% 0.1740 84 85.7% 0.6540

Tubular 41 26.1% 25 61.0% 0.3687 40 97.6% 0.6814 29 70.7% 0.3492 34 82.9% 0.8011

Solid 18 11.5% 12 66.7% 0.3232 18 100.0% 0.5979 13 72.2% 0.6034 15 83.3% 0.7406

p*, probability of null hypothesis from 2-tailed fisher exact test.
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Clinicopathologic correlations. No significant correlation 
between individual markers (c-kit, cox-2, bcl-2, Myb) and sur-
vival was noticed. Also, there was no significant correlation 
between different combinations of markers and survival, with 
the exception of Myb/c-kit/cox-2. None of the five patients (0/5) 
who had Myb/c-kit/cox-2 positivity died, but three of the five 
patients (3/5) who had c-kit/cox-2 positivity and were negative 
for Myb died (p = 0.01744). The Kaplan-Meier plots of the over-
all survival of the population are shown in Figure 1.

the tubular patterns and 72% of the solid form (Table 1). Bcl-2 
expression was found in 86% of the cribriform, 83% of the tubu-
lar patterns and 83% of the solid form (Table 1).

Myb expression was mainly restricted to myoepithelial cells 
and was negative in ductal cells of both the tubular and cribri-
form patterns. Myb expression was found in 55% (86/156): 50% 
of the cribriform, 61% of the tubular patterns and 12% of the 
solid form (in these, scattered rare peripheral myoepithelial cells 
were present) (Table 1).

Figure 1. (a) The Kaplan-Meier plots of the overall survival of the population. (B–E) no significant correlation between individual markers (Myb, c-kit, 
cox-2, bcl-2) and survival was noticed. (F) also, there was no significant correlation between different combinations of markers and survival, with the 
exception of Myb/c-kit/cox-2.
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cells.16 As seen in other salivary gland tumor translocations, a sig-
nificant subset of cases did not have apparent MYB involvement, 
suggesting an alternative mechanism for oncogenesis.16 Overall, 
65% of adenoid cystic carcinoma cases have a FISH pattern sug-
gestive of MYB translocation.16 This is consistent with earlier 
published chromosomal analyses, suggesting that only a subset of 
adenoid cystic carcinomas harbor recurrent chromosomal rear-
rangements.12,16 Outcome studies provide some evidence to sug-
gest that there is clinical prognostic significance to the presence 
of the MYB translocation. In the recent study of 37 adenoid cys-
tic carcinoma cases, there is a trend toward an increase in local 
relapse with cases that have a balanced MYB-NFIB transloca-
tion; there is also a suggestion that these cases are more likely to 
show PNI.16

c-Kit expression has been reported to be limited to the inner 
ductal epithelial cells, whereas EGFR expression was limited 
mainly to the outer myoepithelial cells in the majority of ACCs 
with tubular and cribriform patterns.6 In solid ACCs, c-Kit was 
positive uniformly, whereas EGFR consistently was negative.6 
A significant statistical correlation was observed between c-Kit 
expression and a poor 3-y outcome, and EGFR expression was 
correlated with a better 3-y outcome.6 These findings suggest the 
importance of cellular subtype localization of biomarkers in the 
clinical and therapeutic stratification of patients with ACC.6

In ACC of uterine cervix the expression of cox-2 induces the 
expression of VEGF, increase angiogenesis and enhance tumor 
growth and invasion.15 A prior study on malignant salivary 
tumors noted negligible cox-2 staining in six cases of ACC.17 
Another isolated study on malignant salivary tumors described 
increased bcl-2 expression in adenoid cystic carcinoma (five 
cases) compared with other salivary neoplasms.18

In summary, we validated Myb expression on a large cohort 
of adenoid cystic carcinoma (156 patients). We have found that 
55% of adenoid cystic carcinoma tumors have increased Myb 
expression, a feature that is unique compared with other salivary 
gland cancers, and provides a useful diagnostic tool. Although 
no significant effects of the individual Myb and downstream 
targets c-kit, bcl-2 and cox on survival was noticed, the combi-
nation Myb+/c-kit+/cox-2+ showed better survival than combina-
tion Myb-/c-kit+/cox-2+ (p = 0.01744). However, this is a subset 
analysis on a small number of patients and larger multi-institu-
tional studies are needed. If ongoing bench work will support 
and translate into clinical, MYB may serve as a new target for the 
management of this disease, and future therapeutic trials of these 
tumors may be better based on biomarker stratification and the 
cellular composition of these tumors.

Materials and Methods

Archival formalin-fixed paraffin blocks of adenoid cystic carci-
nomas from 156 patients accessioned at the University of Texas, 
MD Anderson Cancer Center between 1988 and 2006 formed 
this study. The material for tissue microarray was created using 
two 1.0 mm diameter cores of spatially different areas of repre-
sentative tumor from each paraffin block. Pathologic patterns and 
the phenotypic expression of the Myb, c-kit, cox and bcl-2 were 

Discussion

Our results show c-kit/cox-2/bcl-2 expression to be limited 
mainly to epithelial cells while Myb is identified in myoepithe-
lial cells of ACCs. These findings lend credence to the presumed 
biological differences between myoepithelial and epithelial cells 
in this entity and may play a major contributing factor in the 
biological heterogeneity and therapy response of these tumors. 
In this large cohort c-kit immunoreactivity was predominantly 
restricted to in the inner ductal cells of the tubular and cribriform 
patterns, and was homogeneously expressed in the solid form, in 
keeping with our prior studies. Cox-2 and bcl-2 although limited 
to the inner epithelial cells showed variable degree of immunore-
activity within the ductal cells (Table 1). Our results also show 
the expression of Myb to be mainly limited to the peripheral 
myoepithelial cells in the majority of the tubular and cribriform 
patterns of these tumors,in more than half of the cases (55%). 
Individually, no significant effects of the markers on survival was 
noticed. However, co-expression of Myb/c-kit/cox-2 showed an 
association with poor patients outcome. None of the five patients 
who had Myb/c-kit/cox-2 positivity died, but three of the five 
patients who had c-kit/cox-2 positivity and negative for Myb died 
(p = 0.01) Figure 1. In a recent reported study on 37 patients, 
there was a trend toward increased PNI and higher rate with local 
relapse in patients with balanced MYB-NFIB translocation.16

Prior genetic, molecular and phenotypic investigations of 
ACC yielded minimal results.

The finding of a recurrent gene fusion and subsequent aber-
rant expression involving MYB provides an opportunity for 
developing a clinically useful biomarker for diagnosis and prog-
nosis. In our previous study the MYB-NFIB fusion was detected 
in 28% primary and 35% metastatic ACCs, but not in any of 
the non-ACC salivary carcinomas analyzed.12 Different exons in 
both the MYB and NFIB genes were involved in the fusions, 
resulting in expression of multiple chimeric variants. MYB was 
overexpressed in the majority of the ACCs; MYB expression was 
significantly higher in tumors carrying the MYB-NFIB fusion.12 
No correlation with other clinicopathologic markers, factors, 
and survival was found.12 It was concluded that the MYB-NFIB 
fusion characterizes a subset of ACCs and contributes to MYB 
overexpression.12 Additional mechanisms may be involved in 
MYB overexpression in ACCs lacking the MYB-NFIB fusion.12 
These findings indicate that MYB overexpression, as a result 
of the MYB-NFIB fusion or through alternative mechanisms, 
is a significant feature of most salivary ACCs, suggesting that 
MYB may be involved in ACC development and could be a 
potential target to develop novel therapeutic strategies for ACC 
treatment.12 A subsequent study16 on a series of 37 adenoid cystic 
carcinoma cases, 112 other salivary gland neoplasms, and 409 
nonsalivary gland tumors found that the balanced transloca-
tion, involving MYB and NFIB, was present in approximately 
one half of adenoid cystic carcinoma cases (18 of 37, 49%).16 An 
additional subset of cases (6 of 37, 16%) had an abnormal MYB 
FISH pattern suggestive of an unusual translocation of MYB 
but not involving NFIB, and that this might be in part due to a 
local duplication of MYB, as has been reported in human T-ALL 
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in the microscopic fields; 1+, < 25% of cells stained positive; 2+ 
between 25 and 50% stained positive; 3+, between 50 and 75% 
stained positive; 4+, > 75% stained positive.

Statistical analysis. Descriptive statistics for scaled values and 
frequencies of study patients within the categories for each of 
the parameters of interest were enumerated with the assistance 
of commercial statistical software. Correlations between bio-
markers and between biomarkers and endpoints were assessed by 
Pearson’s Chi-square or, where there are fewer than ten subjects in 
any cell of a 2 x 2 grid, by the two-tailed Fisher exact test. Curves 
describing overall were generated by the Kaplan-Meier product 
limit method. The statistical significance of differences between 
the actuarial curves was tested by the log rank test. Follow-up 
time was the time from first appointment at the University of 
Texas MD Anderson Cancer Center for the primary tumor 
of concern until the date of last contact or death. Calculated  
p values < 0.05 were considered significant. These statistical tests 
were performed with the assistance of the Statistica (StatSoft, 
Inc., Tulsa, OK) and SPSS (SPSS for Windows, SPSS Inc., 
Chicago IL) statistical software applications.
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recorded independently and were compared with clinical factors 
including gender, age and stage along with clinical outcomes.

Immunohistochemistry and immunoreactivity analysis. 
Immunohistochemical analysis for Myb, c-kit, cox and bcl-2 
were performed using the BOND MAX IHC staining protocol 
by Vision Biosystems (Norwell, MA) on 4 mm paraffin sections 
of the tissue microarray material. In brief, following dewaxing, 
washing and rehydration of the slides through xylene and graded 
alcohols, Tris-EDTA buffer was used for antigen retrieval. Slides 
were subsequently treated with 3% hydrogen peroxide to block 
endogenous peroxidase. Following incubation with the primary 
antibodies, myb, c-kit, cox and bcl-2 (Dako, 1:100 dilution), the 
secondary conjugate antibody was applied. Finally, each speci-
men-containing slide was developed using the chromogen DAB 
and counterstained with hematoxylin.

Myb, c-kit, cox and bcl-2 immunohistochemistry was inde-
pendently evaluated by twp pathologists. For Myb, only nuclear 
staining was considered positive. Lesional tissues with strong 
staining in > 50% of the neoplastic cells were scored as strongly 
positive. Weak or strong staining in < 50% of the cells was scored 
as weakly positive. Less than 5% staining was scored as negative.

Membranous and cytoplasmic staining were scored for c-kit 
expression whereas a complete lack of any staining were consid-
ered negative and staining was recorded as high (3+), interme-
diate (2+), low (1+). The cox-2 and bcl-2 staining pattern was 
granular and localized in the cytoplasm. Each case was rated 
according to a score that added a scale of intensity to the number 
of tumor cells that stained for cox-2. The intensity of staining 
was on the following scale: 0, no staining; 1+, mild staining; 2+, 
moderate staining; 3+, intense staining. The number of neoplas-
tic cells stained was evaluated as follows: 0, <10% of cells stained 
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