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immunohistochemical study of four cases
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Abstract: Adenoid cystic carcinoma (ACC) in the oral cavity is rare, and no immunohistochemical studies of ACC in 
the oral cavity have been performed. This report describes the immunohistochemical study of four ACCs of the oral 
cavity. The male to female ratio was 1:3. The age was 43, 51, 59 and 64 years. The location was tongue (n=2), buc-
cal mucosa (n=1), and gingiva (n=1). Histochemically, all ACCs were positive for neutral, carboxylated and sulfated 
mucins. Immunohistochemically, ACC was consistently positive for cytokeratin (CK) AE1/3, CK 34βE12, CK5/6, 
CK7, CK14, CK18, p63, CA19-9, c-KIT (CD117), PDGFRA, MUC1, and Ki-67 (labeling index: 5%, 15%, 20% and 40%). 
ACC was consistently negative for CK8, CK20, desmin, S100 protein, CD34, chromogranin, MUC2, MUC5AC and 
MUC6. Some ACCs were positive for CK CAM5.2 (3/4), CK19 (1/4), EMA (2/4), CEA (2/4), vimentin (3/4), α-smooth 
muscle actin (2/4), p53 (2/4), CD10 (2/4), and synaptophysin (1/4). These results may provide basic knowledge 
of ACC of the oral cavity. 
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Introduction

Adenoid cystic carcinoma (ACC) is a malignant 
neoplasm of the major salivary glands [1]. ACC 
is histologically characterized by cribriform pat-
tern. Tubular and solid pattern are also recog-
nized [1]. ACC is composed of epithelial and 
myoepithelial cells [1]. ACC also rarely occurs in 
the minor salivary glands, esophageal gland, 
bronchial glands, and mammary glands. ACC 
occurring in the minor salivary glands of the 
oral cavity is very rare; a few case reports or 
case series of ACC in the oral cavity have been 
published [2-10]. However, no immunohisto-
chemical studies of ACC of the oral cavity have 
been reported. Herein reported is an immuno-
histochemical study of ACC in the oral cavity.

Materials and methods 

ACC cases of the oral cavity were retrieved from 
our Pathology Laboratory over the last 13 
years. There were four cases of ACC in the oral 
cavity. Many 3-μm thick sections were obtained 
from each paraffin block. One of them was 
stained with HE. Three of them were stained 
with PAS after diastase digestion (PASd), alcian 

blue at pH2.5, and alcian blue at pH1.0. The 
remaining sections were subjected to immuno-
histochemistry. The antigens, antibodies, man-
ufacturers, and dilutions of immunohistochem-
istry are shown in Table 1. All immunostainings 
were pretreated by microwave oven heating for 
7 minutes. The immunohistochemical study 
was performed using the Dako Envision meth-
od as previously described [11-14]. 

Results

The patients consisted of one male and three 
females. The age was 43, 51, 59 and 64 years. 
The location of ACC was tongue (n=2), buccal 
mucosa (n=1), and gingival mucosa (n=1). 
Histologically, all cases showed characteristic 
cribriform patterns (Figure 1A). Focal areas 
showed tubular and solid patterns. 
Histochemical and immunohistochemical find-
ings are shown in Table 2. Histochemically, all 
ACCs were positively stained with PASd, alcian 
blue at pH2.5, and alcian blue at pH1.0. PASd 
was adopted to avoid glycogen noise detected 
in PAS. ACC was consistently positive for cyto-
keratin (CK) AE1/3, CK 34βE12, CK5/6, CK7, 
CK14 (Figure 1B), CK18, p63 (Figure 1C), 
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Table 1. Immunohistochemical reagents, manufactures, and dilutions
Antigens Antibodies Manufactures Dilutions
Pancytokeratin AE1/3 Dako Corp., Carpenteria, CA, USA 1:100
Pancytokeratin CAM5.2 Beckton-Dickinson, CA, USA 1:200
HMWCK 34BE12 DakoCorp., Carpenteria, CA, USA 1:150
CK5/6 D5/16 DakoCorp., Carpenteria, CA, USA 1:100
CK7 N1626 DakoCorp., Carpenteria, CA, USA 1:200
CK8 DC10 DakoCorp., Carpenteria, CA, USA 1:200
CK14 LL002 Novocastra, Newcastle upon type, UK 1:200
CK18 DC8 DakoCorp., Carpenteria, CA, USA 1:150
CK19 RCK108 Progen, Heidelberg, Germany 1:100
CK20 K20.8 DakoCorp., Carpenteria, CA, USA 1:100
EMA E29 DakoCorp., Carpenteria, CA, USA 1:150
CEA polyclonal DakoCorp., Carpenteria, CA, USA 1:200
p63 4A4 DakoCorp., Carpenteria, CA, USA 1:100
Vimentin Vim3B4 DakoCorp., Carpenteria, CA, USA 1:100
Desmin D33 DakoCorp., Carpenteria, CA, USA 1:200
S100 protein polyclonal DakoCorp., Carpenteria, CA, USA 1:100
CD34 NU-4A1  Nichirei, Tokyo, Japn 1:100
ASMA 1A4 DakoCorp., Carpenteria, CA, USA 1:50
CA19-9 NS19-9 TBF Lab, Tokyo Japan 1:100
Ki-67 MIB-1 DakoCorp., Carpenteria, CA, USA 1:200
p53 protein DO7 DakoCorp., Carpenteria, CA, USA 1:150
CD10 56C6 Novocastra, Newcastle upon type, UK 1:150
Chromogranin DAK-A3 DakoCorp., Carpenteria, CA, USA 1:100
Synaptophysin polyclonal DakoCorp., Carpenteria, CA, USA 1:200
KIT (CD117) polyclonal DakoCorp., Carpenteria, CA, USA 1:100
PDGFRA polyclonal  Santa Cruz, CA, USA 1:150
MUC1 Ma695 Novocastra, Newcastle upon type, UK 1:100
MUC2 CCp58 Novocastra, Newcastle upon type, UK 1:100
MUC5AC CLH-2 Novocastra, Newcastle upon type, UK 1:100
MUC6 CLH-5 Novocastra, Newcastle upon type, UK 1:100
HMWCK, high molecular weight cytokeratin. CK, cytokeratin. EMA, epithelial membrane 
antigen. CEA, carcinoembryonic antigen. CA19-9, carbohydrate antigen 19-9. ASMA, α-smooth 
muscle antigen. PDGFRA, platelet-derived growth factor receptot-α.

CA19-9, c-KIT (CD117) (Figure 1D), platelet-
derived growth factor-α (PDGFRA) (Figure 1E), 
MUC1 (Figure 1F), and Ki-67 (labeling index: 
5%, 15%, 20% and 40%). ACC was consistently 
negative for CK8, CK20, desmin, S100 protein, 
CD34, chromogranin, MUC2, MUC5AC and 
MUC6. Some ACCs were positive for CK CAM5.2 
(3/4), CK19 (1/4), EMA (2/4), CEA (2/4), vimen-
tin (3/4), α-smooth muscle actin (2/4), p53 
(2/4), CD10 (2/4), and synaptophysin (1/4). 

Discussion 

The immunohistochemical features of ACC of 
the oral cavity have not been examined, despite 

exhaustive immuno-
histochemical analy-
sis of its counterpart 
in the major salivary 
glands [1]. In the 
present study, the 
immunohistochemi-
cal profile of ACC of 
the oral cavity was 
c o mp reh en s i ve l y 
investigated with a 
significant number of 
antibodies. All the 
four cases of ACC of 
the oral cavity were 
positively stained 
with PASd, alcian 
blue at pH2.5, and 
alcian blue at pH1.0, 
suggesting the pres-
ence of neutral, car-
boxylated, and sul-
fated carbohydrates. 
In the current study, 
MUC1 was positive 
in all cases, but 
MUC2, MUC5AC and 
MUC6 were negative 
in all cases. These 
findings suggest that 
the apomucins of 
ACC in the oral cavity 
are MUC gene prod-
ucts. Taken together, 
it is suggested that 
the mucins of ACC of 
the oral cavity were 
composed of MUC1 
apomucin, and neu-
tral, carboxylated, 

and sulfated carbohydrates. Apomucins in the 
ACC of the oral cavity are membrane-bound 
mucin types because ACC of the oral cavity was 
positive for MUC1 and negative for MUC2, 5AC 
and 6, which are gel forming and secreted 
mucins.

The CK immunoprofile of ACC of the oral cavity 
has not been examined. In the present cases of 
ACC of the oral cavity, CK AE1/3, CK34βE12, 
CK5/6, CK7, CK14 and CK18 were consistently 
positive, suggesting that ACC of the oral cavity 
contains these CKs. CK CAM5.2 was positive in 
3/4 cases, and CK19 in 1/4 case, suggesting 
that ACC of the oral cavity frequently contains 
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CK CAM5.2 and rarely contains CK19. CK18 
and CK20 were consistently negative, indicat-
ing that oral ACC does not contain CK18 and 
CK20. The CK7+/CK20- pattern is compatible 
with ACC of the major salivary glands.

In the current study, EMA was positive in 2/4 
cases, indicating that ACC of the oral cavity 
may express EMA. Expression of carcinoma 

Figure 1. A: Histopathology of adenoid cystic carcinoma of the gingival. Characteristic cribriform pattern is seen. HE, 
x100. B-F: Immunohistochemical features. Tumor cells are positive for cytokeratin 14 (B), p63 (C), KIT (D), PDGFRA 
(E), and MUC1 (F). immunostains, x200. 

antigens in oral ACC has not been examined. In 
the present study, CEA was positive in 2/4 
cases and CA19-9 was positive in all four 
cases, indicating that oral ACC express CA19-9 
in all cases and oral ACC may be positive for 
CEA. 

The stromal antigens of oral ACC have not been 
examined. The present study showed that oral 
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ACC is consistently negative for desmin, S100 
protein, and CD34, indicating that ACC does not 
contain these stromal antigens. However, 
vimentin was positive in 3/4 cases, and 
α-smooth muscle antigen was positive in 2/4 
cases. Vimentin expression in some epithelial 
cells is well known; thus ACC appears to fre-
quently contain vimentin. The expression of 
α-smooth muscle antigen may be due to myo-
epithelial cells within ACC.

Ki-67 and p53 expressions of oral ACC have not 
been investigated. In the present study, the 

Ki-67 labeling index was 5%, 15%, 20% 
and 40%, suggesting high proliferative 
fraction of ACC. In the present study, 
p53 expression was seen in 2/4 cases, 
suggesting that ACC may have muta-
tions of p53 anti-oncogene.

Neuroendocrine features of ACC of the 
oral cavity have not been examined. In 
the present cases, chromogranin was 
negative in all cases, but synaptophysin 
was positive in 1/4 case. The synapto-
physin-positive case appeared to show 
neuroendocrine differentiation of ACC. 
Therefore, it is suggested that some 
ACC shows neuroendocrine differentia- 
tion.

c-KIT (CD117), a receptor tyrosine 
kinase, is well known to be expressed in 
ACC. In the present series, all four cases 
expressed c-KIT. The new finding is that 
PDGFRA, another tyrosine kinase, was 
expressed in all four case of ACC. In 
gastrointestinal stromal tumor (GIST), 
expression of c-KIT, PDGFRA and CD34 
is seen, and mutations of c-KIT and 
PDGFRA are frequent [15-18]. In some 
tumors such as malignant melanoma 
and seminoma, protein expression and 
mutations of KIT and PDGFRA have 
been observed [19-22]. In other tumors 
such as small cell carcinoma of various 
organs, some malignant melanoma, 
sarcomatoid carcinoma, large cell neu-
roendocrine carcinoma, endocrine car-
cinoma, and renal cell carcinoma, 
expression of c-KIT and PDGFRA is 
seen, but mutations of c-Kit and 
PDGFRA are infrequent or not found 
[23-39]. More studies of mutations of 
c-KIT and PDGFRA in ACC are required. 

ACC is composed of malignant epithelial cells 
and myoepithelial cells. The antigens expressed 
in myoepithelial cells are CK14, p63, S100 pro-
tein, α-smooth muscle antigen, and CD10 [40, 
41]. In the present study, CK14 and p63 were 
consistently positive, and α-smooth muscle 
antigen and CD10 were positive in 2/4 cases. 
The positivity of these antigens suggests that 
ACC contains myoepithelial components, and 
that the present four cases are true ACCs. 
However, S100 protein, another myoepithelial 
marker, was negative in all cases. In general, 
the most sensitive myoepithelial markers are 

Table 2. Immunohistochemical findings of the four cases
Case 1 Case 2 Case 3 Case 4

d-PAS + + + +
AB ++ ++ ++ ++
CK AE1/3 +++ +++ +++ +++
CK CAM5.2 + + + -
CK34BE12 +++ +++ ++ ++
CK5/6 ++ ++ ++ ++
CK7 +++ +++ ++ +++
CK8 - - - -
CK14 +++ +++ +++ +++
CK18 ++ ++ + ++
CK19 - + - -
CK20 - - - -
EMA + + - -
CEA - - + +
p63 +++ +++ +++ +++
Vimentin - ++ +++ ++
Desmin - - - -
S100 protein - - - -
CD34 - - - -
ASMA ++ - ++ -
CA19-9 ++ ++ ++ ++
Ki-67 2% 20% 40% 15%
p53 - + + -
CD10 ++ - + -
Chromogranin - - - -
Synaptophysin ++ - - -
KIT ++ ++ +++ ++
PDGFRA ++ + +++ +++
MUC1 +++ +++ ++ ++
MUC2 - - - -
MUC5AC - - - -
MUC6 - - - -
D-PAS, diastase-PAS. AB, Alcian blue. +++, 67-100% positive. ++, 33-
66% positive. +, 1-33% positive. -, negative.
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p63 and CK14, followed in order by α-smooth 
muscle antigen, CD10, and S100 protein [40, 
41]. More studies of myoepithelial cells in oral 
ACC are required.

ACC most commonly occurs in major salivary 
glands (MSG), including parotid glands, sub-
mandibular glands, and sublingual glands. 
Immunoprofiles of CK in ACC of MSG have been 
examined; ACC of MSG expresses CK AE1/3, 
CK CAM5.2, CK7, CK8, CK14, and CK19 [42-
44]. CK20 was negative in ACC of MSG [45]. 
These findings of ACC of MSG are compatible 
with the present CK immunoprofiles of oral 
ACC. In addition, the present study of oral ACC 
showed positive expression of CK34BE12, 
CK5/6 and CK18. CK8 and CK20 were nega-
tive in the present study of oral ACC. The CK7/
CK20 pattern of ACC of MSG is +/- [43], being 
compatible with the present cases of oral ACC. 
EMA is known to be expressed in ACC of MSG 
[44]. These findings are compatible with the 
present oral ACC. CEA is known to be expressed 
in ACC of MSG [45]. In the present series of oral 
ACC, CEA expression was seen in 2/4 cases. 
P63 is known to be expressed in ACC of MSG 
[46]. In the present study also, p63 was 
expressed in all cases of oral ACC. Vimentin is 
also known to be expressed in ACC of MSG 
[42]. In the current study, vimentin was 
expressed in 3/4 cases of oral ACC. Desmin 
expression has not been examined in ACC of 
MSG. The current cases of oral ACC lacked des-
min expression. S100 protein has been shown 
to be sometimes expressed in ACC of MSG. 
However, the present cases of oral ACC did not 
express S100 protein. S100 protein detects 
myoepithelial cells [40, 41]. Further studies of 
S100 protein expression in oral ACC are 
required. CD34 has not been examined in ACC 
of MSG. The present cases lacked CD34 
expression. α-smooth muscle actin, a marker 
of myoepithelial cells, is known to be expressed 
in ACC of MSG [46]. In the present cases of oral 
ACC, α-smooth muscle actin was expressed in 
2/4 cases. CA19-9 has been shown to be 
sometimes expressed in ACC of MSG. All of the 
present cases expressed CA19-9. Ki-67 and 
p53 have been shown to be expressed in ACC 
of MSG [47, 48]. CD10, a marker of myoepithe-
lial cells, has been shown to be expressed in 
ACC of MSG [49]. Chromogranin has not been 
investigated in ACC of MSG. The present cases 
showed no chromogranin immunoreactivity. 
Synaptophysin has been shown to be some-

times expressed in ACC of MSG. In the present 
cases, synaptophysin was noted in 1/4 case. 
As previously described, c-KIT is well known to 
be expressed in ACC of MSA, but PDGFRA has 
not been examined in ACC of MSG. In the pres-
ent study, c-KIT and PDGFRA were expressed in 
all cases. MUC apomucins have been exam-
ined in ACC of MSG [50, 51]: MUC1 and MUC2 
are expressed in ACC of MSG, while MUC3, 
MUC5AC and MUC6 are negative in ACC of 
MSG. In the current study of oral ACC, MUC1 
was positive, but MUC2, MUC5AC and MUC6 
were negative. More studies of MUC apomucins 
in oral ACC are required. 

In conclusion, the present study is the first 
report of immunohistochemistry of ACC arising 
from minor salivary glands in the oral cavity. 
From this short reported series, it appears that 
the immunohistochemical profile of ACC in the 
oral cavity is identical to that of ACC in major 
salivary glands. More series involving greater 
numbers of cases are needed to confirm these 
findings. 

Declaration 

The author has no conflict of interest.

Address correspondence to: Dr. Tadashi Terada, 
Department of Pathology, Shizuoka City Shimizu 
Hospital, Miyakami 1231, Shimizu-Ku, Shizuoka 
424-8636, Japan. Phone: 81-54-336-1111; Fax: 
81-54-336-1315; E-mail: piyo0111jp@yahoo.co.jp

References 

[1] El-Naggar AK, Huvos AG. Adenoid cystic carci-
noma. In: Barnes L, Eveson JW, Reichart P, Sid-
ransky D (eds). World Health Organization 
Classification of tumours. Pathology and ge-
netics of head and neck tumours. Lyon: IARC 
Press, 2005. pp: 221-222.

[2] Goldblatt LI, Ellis GL. Salivary gland tumor of 
the tongue: analysis of 55 new cases and re-
view of the literature. Cancer 1987; 60: 74-81.

[3] Silvester KC, Barnes S. Adenoid cystic carcino-
ma of the tongue presenting as a hypoglossal 
nerve palsy. Br J Oral Maxxilofac Surg 1990; 
28: 122-124.

[4] Moles MA, Avila IR, Archilla AR. Dedifferentia-
tion occurring in adenoid cystic carcinoma of 
the tongue. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 1999; 88: 177-180.

[5] Lopes MA, Kowalski LP, da Cunha Santos G, 
Paes de Almeida O. A clinicopathological study 
of 196 intraoral salivary glands tumours. J Oral 
Pathol Med 1999; 28: 264-267.



ACC in oral cavity

937 Int J Clin Exp Pathol 2013;6(5):932-938

[6] Ustundag E, Iseri M, Aydin H, Dal H, Almac A, 
Paksoy N. Adenoid cystic carcinoma of the 
tongue. J Laryngol Otol 2000; 114: 477-480.

[7] Namazie A, Alavi S, Abemayor E, Calcaterra TC, 
Blackwell KE. Adenoid cystic carcinoma of the 
base of tongue. Ann Otol Rhinol Laryngol 
2001; 110: 248-253.

[8] Soares EC, Carreiro Filho FP, Costa FW, Vieira 
AC, Alves AP. Adenoid cystic carcinoma of the 
tongue: case report and literature review. Med 
Oral Pathol Oral Cir Bucal 2008; 13: E475-
478.

[9] Luna-Ortiz K, Carmona-Luna T, Carno-Valdez 
AM, Mosqueda-Taylor A, Herrera-Gomez A, Vil-
lavicencio-Valencia V. Adenoid cystic carcino-
ma of the tongue: clinicopathologic study and 
survival analysis. Head Neck Pathol 2009; 1: 
15.

[10] Chen SW, Guo ZM, Zhang Q, Yang AK, Li QL, 
Zhuang SM, Wang LP, Song M. Invasion of the 
hypoglossal nerve by adenoid cystic carcinoma 
of the tongue: case report and review of the 
literature. Pathol Oncol Res 2011; 17: 965-8. 

[11] Terada T, Kawaguchi M, Furukawa K, Sekido Y, 
Osamura Y. Minute mixed ductal-endocrine 
carcinoma of the pancreas with predominant 
intraductal growth. Pathol Int 2002; 52: 740-
746.

[12] Terada T, Kawaguchi M. Primary clear cell ad-
enocarcinoma of the peritoneum. Tohoku J Exp 
Med 2005; 206: 271-275.

[13] Terada T, Taniguchi M. Intraductal oncocytic 
papillary neoplasm of the liver. Pathol Int 
2004; 54: 116-123.

[14] Terada T. Intraductal tubular carcinoma, intes-
tinal type, of the pancreas. Pathol Int 2009; 
59: 53-58.

[15] Terada T. Primary multiple extragastrointesti-
nal stromal tumors of the omentum with differ-
ent mutations of c-kit gene. World J Gastroen-
terol 2008; 14: 7256-7259.

[16] Terada T. Gastrointestinal stromal tumor of the 
uterus: A case report with genetic analyses of 
c-kit and PDGFRA genes. Int J Gynecol Pathol 
2009; 28: 29-34.

[17] Terada T. Primary extragastrointestinal stromal 
tumors of the transverse mesocolon without c-
kit mutations but with PDGFRA mutations. 
Med Oncol 2009; 26: 233-237. 

[18] Terada T. Gastrointestinal stromal tumor of the 
digestive organs: a histopathologic study of 31 
cases in a single Japanese institute. Int J Clin 
Exp Pathol 2010; 3: 162-168.

[19] Terada T. Mediastinal seminoma with multiple 
KIT gene mutations. Pathology 2009; 41: 695-
697. 

[20] Terada T. Mutations and protein expression of 
KIT and PDGFRA genes in ipsilateral testicular 
seminomas: an immunohistochemical and 

molecular genetic study. Appl Immunohisto-
chem Mol Morphol 2011; 19: 450-453.

[21] Terada T. Amelanotic malignant melanoma of 
the esophagus: report of two cases with immu-
nohistocheimcal and molecular genetic study 
of KIT and PDGFRA. World J Gastroenterol 
2009; 15: 2679-2683.

[22] Terada T. Low incidence of KIT gene mutations 
and no PDGFRA gene mutations in primary cu-
taneous melanoma: an immunohistochemical 
and molecular genetic study of Japanese cas-
es. Int J Clin Oncol 2010; 15: 453-456.

[23] Terada T. Malignant melanoma of the nasal 
cavity: a case report with examination of KIT 
and PDGFRA. Rare Tumors 2011 Oct 21; 3: 
e54.

[24] Terada T. Malignant melanoma of the conjunc-
tiva: a case report with examination of KIT and 
PDGFRA. Rare Tumors 2012 Jan 2; 4: e8.

[25] Terada T. An immunohistochemical and mo-
lecular genetic analysis of KIT and PDGFRA in 
small cell lung carcinoma in Japanese. Int J 
Clin Exp Pathol 2012; 5: 331-338.

[26] Terada T. Primary small cell carcinoma of the 
maxillary sinus: a case report with immunohis-
tochemical and molecular genetic study involv-
ing KIT and PDGFRA. Int J Clin Exp Pathol 
2012; 5: 264-269.

[27] Terada T. Primary small cell carcinoma of the 
pleura: A case report with immunohistochemi-
cal and molecular genetic analyses of KIT and 
PDGFRA genes. Med Oncol 2010; 27: 1119-
1122.

[28] Terada T. Primary esophageal small cell carci-
noma with brain metastasis and with CD56, 
KIT, and PDGFRA expressons. Pathol Oncol 
Res 2012; 18: 1091-1093.

[29] Terada T, Maruo H. Primary combined carcino-
ma of the esophagus: immunohoistochemical 
and molecular genetic studies. World J Gastro-
enterol 2012 Apr 7; 18: 1545-155.

[30] Terada T. Sarcomatoid carcinoma of the uri-
nary bladder: a case report with immunohisto-
chemical and molecular genetic analysis. Med 
Oncol 2010; 27: 547-553.

[31] Terada T. KIT-positive primary small cell carci-
noma of the endometrium: A case report with 
immunohistochemical and molecular genetic 
analyses of KIT and PDGFRA genes. Arch Gyne-
col Obstet 2010; 282: 413-416.

[32] Terada T. Neuroendocrine carcinoma of the 
esophagus: a case report with immunohisto-
chemical and molecular genetic analysis of 
KIT and PDGFRA. Med Oncol 2011; 28: 509-
512.

[33] Terada T. Large cell neuroendocrine carcinoma 
with sarcomatous changes of the endometri-
um: a case report with immunohistochemical 
studies and molecular genetic study of KIT and 



ACC in oral cavity

938 Int J Clin Exp Pathol 2013;6(5):932-938

PDGFRA. Pathol Res Pract 2010; 206: 420-
425.

[34] Terada T. Primary small cell carcinoma of the 
ureter: a case report with immunohistochemi-
cal and molecular genetic analysis of KIT and 
PDGFRA genes. Pathology 2010; 42: 101-102.

[35] Terada T. Autopsy case of primary small cell 
carcinoma of the urinary bladder: KIT and 
PDGFRA expression and mutations. Pathol Int 
2009; 59: 247-250.

[36] Terada T. KIT and PDGFRA in esophageal pure 
small cell carcinoma. Int J Clin Exp Pathol 
2011; 4: 718-721.

[37] Terada T. Primary small cell carcinoma of the 
mediastinum: A case report with immunohisto-
chemical and molecular genetic analyses of 
KIT and PDGFRA genes. Med Oncol 2009; 26: 
247-250.

[38] Terada T. Protein expression and gene muta-
tion status of KIT and PDGFRA in renal cell car-
cinoma. Histol Histopathol 2012; 27: 297-302.

[39] Terada T. Small cell neuroendocrine carcinoma 
of the prostate: Incidence and a report of four 
cases with an examination of KIT and PDGFRA. 
Prostate 2012; 72: 1150-1156.

[40] Terada T. Ductal adenoma of the breast: Im-
munohistochemistry of two cases. Pathol Int 
2008; 58: 801-805.

[41] Terada T. Malignant myoepithelioma of the 
breast. Pathol Int 2011; 61: 99-103.

[42] Araujo VC, Loducca SV, Sousa SO, Williams 
DM, Araujo NS. The cribriform features of ade-
noid cystic carcinoma and polymorphous low-
grade adenocarcinoma: cytokeratin and integ-
rin expression. Ann Diagn Pathol 2001; 5: 
330-334.

[43] de Araujo VC, de Sousa SO, Carvalho YR, de 
Araujo NS. Application of immunohistochrem-
istry to the diagnosis of salivary gland tumors. 
Appl Immunohistochem Mole Morphol 2000; 
8: 195-202.

[44] Nikitakis NG, Tosios KI, Papanikolaou VS, Ri-
vera H, Papanikolaou SI, Joffe OB. Immunohis-
tochemical expression of cytokeratin 7 and 20 
in malignant salivary gland tumors. Am J Surg 
Pathol 2004; 17: 407-415.

[45] Chen JC, Gnepp DR, Bedrossian CW. Adenoid 
cystic carcinoma of the salivary glands: an im-
munohistochemical analysis. Oral Surg Oral 
Med Oral Pathol 1988; 65: 316-326.

[46] Ramer N, Wu H, Sabo E, Ramer Y, Emanuel P, 
Orta L, Burstein DE. Prognostic value of quanti-
tative p63 immunostaining in adenoid cystic 
carcinoma of salivary gland assessed by com-
puterized image analysis. Cancer 2010; 116: 
77-83.

[47] Psarad ML, Barbacioru CC, Rawal YB, Husein 
O, Wen P. Hierarchial cluster analysis of myo-
epithelial/basal cell markers in adenoid cystic 
carcinoma and polymorphous low-grade ade-
nocarcinoma. Mod Pathol 2008; 21: 105-114. 

[48] Tang QL, Fan S, Li HG, Chen WL, Shen XM, 
Yuan XP, Chang SH, Song Y. Expression of 
Cyr61 in primary salivary adenoid cystic carci-
noma and its relation to Ki-67 and prognosis. 
Oral Oncol 2011; 47: 365-370.

[49] Seethala RR, Cieply K, Bames EL, Dacic S. Pro-
gressive genetic alterations of adenoid cystic 
carcinoma with high-grade transformation. 
Arch Pathol Lab Med 2011; 135: 123-130.

[50] Neves Cde O, Soares AB, Costa AF, de Araujo 
VC, Furuse C, Juliano PB, Altemani A. CD10 
(neural endopeptidase) expression in myoepi-
thelial cells of salivary neoplasms. Appl Immu-
nohistochem Mole Morphol 2010; 18: 172-
180.

[51] Morice WG, Ferreiro JA. Distribution of basa-
loid squamous cell carcinoma from adenoid 
cystic and undifferentiated carcinoma by im-
munohistochemistry. Hum Pathol 1998; 29: 
609-612.


