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a b s t r a c t
Adenoid cystic carcinoma (AdCC) is known as a biphasic tumor composed of ductal and myoepithelial cells. The
present study aimed to evaluate the amount and distribution of the myoepithelial cells in cribriform, tubular and
solid subtypes of AdCC and analyze their relationship with histological grading and prognosis. A panel of
myoepithelial markers including CK5/6, p63, p40, D2–40, calponin, α-SMA, S-100, and vimentin, together with
a luminal cell marker CK7, and Ki-67 were used for immunohistochemical study in 109 AdCCs that included 38
cribriform, 36 tubular and 35 solid subtypes. The myoepithelial cells were labeled and found lined cystic-like
paces, located at the periphery of the cribriform arrangements, and presented at the nonluminal cells of the
two-layered tubular structures, while absent or dispersed in the solid pattern. Meantime, the solid subtype presented a higher proliferation rate assessed by mitotic count and Ki-67 labeling index, followed by poorer overall
survival and recurrent-free survival. Furthermore, CK7 expression was found higher in solid pattern than in
cribriform-tubular subtype, which showed negative correlation with the myoepithelial markers including
D2–40, Calponin, α-SMA, p63, p40 and vimentin. The solid pattern of AdCC showed gland differentiation but
loss of myoepithelial differentiation with a higher proliferation and more aggressiveness as well as poorer prognosis compared with the cribriform-tubular subtypes, which implies that loss of MEC differentiation might contribute to the poor prognosis of the solid subtype of AdCC. However, further studies are required to clarify its
exact role in AdCC progression.
© 2016 Elsevier Inc. All rights reserved.

1. Introduction
Adenoid cystic carcinoma (AdCC) of the salivary glands is one of the
most common salivary gland malignancies that accounts for 10–15% of
all salivary neoplasms [1]. It is characterized by slow growth, high incidence of perineural invasion, local recurrence, and distant metastasis
[2]. Histopathologically, AdCC is identiﬁed as a tumor with biphasic differentiation of epithelial and myoepithelial cell (MEC), which often
shows mixed patterns of cribriform, tubular and solid types. It is usually
classiﬁed according to the predominant growth pattern [3].The cribriform pattern is the most frequent, showing nests of cells with
microcystic spaces, and the tubular pattern consists of tubules with central lumina lined by inner epithelial and outer MECs. Generally, the
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tubular and cribriform patterns are known for their indolent behavior,
while the solid subtype, formed of sheets of basaloid cells lacking tubular or microcystic formation, is considered high grade with more aggressiveness and poorer prognosis [4]. Although AdCC is known as a
biphasic tumor composed of ductal and MECs, the amount and distribution of the MECs in different subtypes and their relation to the grading
and prognosis remain controversial.
MECs differentiate and form different morphological cell types in
salivary gland tumors, such as basaloid, clear and spindle cells. Identiﬁcation of modiﬁed MECs is valuable for the accurate diagnosis of various
salivary gland tumors. However, neoplastic MECs are difﬁcult to be deﬁned in routine sections due to its morphological and phenotypic alterations, and immunohistochemistry is helpful [5]. A number of MEC
markers have been commonly used, including smooth muscle actin, S100, calponin, and p63, with varying sensitivity and speciﬁcity. Recently
it has been suggested that D2–40 and p40 can be used to label MECs
[6–8].
In the present study, we propose to investigate the amount and distribution of the MECs in cribriform, tubular and solid subtypes of AdCC
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with the use of a panel of MEC markers and analyze the relationship between myoepithelial differentiation and the histological grading and
prognosis of AdCC.

prognostic of different variants for overall survival and recurrent-free
survival, and survival differences were analyzed by the log-rank test.
Differences at P b .050 were considered signiﬁcant.

2. Materials and methods

3. Results

2.1. Patients and tissue samples

There were 35 solid, 38 cribriform and 36 tubular subtypes of AdCCs.
Patients' follow-up data from 20 solid and 44 cribriform-tubular variants were obtained and analyzed. The solid variants were found correlated with poorer overall survival and recurrent-free survival
compared with cribriform-tubular variants (Fig. 1). The clinicopathologic characteristics of 109 AdCCs are summarized in Table 2.
MECs were labeled with a panel of markers including p63, p40,
calponin, α-SMA, S-100, vimentin, CK5/6 and D2–40. The results of immunostaining are summarized in Table 3. In general, MECs were found
lined cystic-like paces, located at the periphery of the cribriform arrangements and present at the nonluminal cells of the two-layered tubular structures, while absent or dispersed in the solid pattern. Intense
staining for D2–40, calponin, α-SMA and vimentin were observed in
the cytoplasm and/or membrane of tumor cells in cribriform and tubular subtypes, while negative or weak expression was detected in solid
pattern (Fig. 2). The same is true of p63 and p40 expression proﬁles,
while they were nuclear staining (Fig. 3). Meantime, p40 seems more
speciﬁc than p63 for MECs' identiﬁcation. S-100 expression was found
in both nonluminal and luminal cells and not related to other MEC
markers, showing no obvious difference among three subtypes (Fig. 3,
Table 3). CK5/6 staining was also detected in luminal and nonluminal
cells (Fig. 4). CK7 expression was found higher in solid pattern than in
cribriform-tubular subtype and negatively correlated with MEC
markers (Fig. 4). The mean Ki-67 proliferation index was 14.28 ±
11.34% in cribriform-tubular patterns while 41.86 ± 18.45% in solid variants, showing evident difference (Fig. 4).

Cases diagnosed as AdCC were reviewed from the ﬁles of Peking University School and Hospital of Stomatology during 2000–2014 and a
total of 109 AdCCs were conﬁrmed and selected for this study. Patients'
follow-up data were obtained by clinical interviews or reviewing the
medical records after surgery. The corresponding 109 parafﬁnembedded samples were derived from the archives of the Department
of Oral Pathology, Peking University School of Stomatology following
the approval of the University Institutional Ethics Committee. The histological subtypes of the samples were decided based on the World Health
Organization's histological classiﬁcation of salivary gland tumors.
2.2. Immunohistochemistry
Immunohistochemistry was performed using the ChemMate
Envision™ system as described previously [9]. Immunostaining was
performed by adding the primary antibodies, incubated overnight at
4 °C and followed by 30 min incubation with the secondary antibody.
The primary antibody was replaced by phosphate-buffered saline in
negative control sections. The immunocomplexes were visualized
using liquid DAB + substrate + chromogen system (Zymed), and slides
were counterstained with Hematoxylin. The details of the primary antibodies used are listed in Table 1.
2.3. Evaluation of immunostainings
The staining intensity and pattern were assessed separately by two
independent pathologists who were blinded for the information of
each patient. Reactivity was determined according to the percentage
of positive cells: up to 1% positive cells were scored as 0, 2–25% as 1,
26–50% as 2, 51–75% as 3, and over 75% as 4. Intensity was graded as follows: negative (no staining); 1+ (weakly positive); 2+ (moderately
positive); and 3+ (strongly positive). A total score of 0–12 was ﬁnally
calculated and graded as negative (−; score: 0–1), weak (+; 2–4),
moderate (++; 5–8), and strong (+++; 9–12) [10]. For Ki-67, approximately 1000 nuclei were counted on each slide. The proliferative
activity was assessed as the percentage of Ki-67-stained nuclei (Ki-67
labeling index). The median value of the Ki-67 labeling index
was calculated.
2.4. Statistical analysis
All statistical analyses were performed using SPSS Version 20.0. Chisquared or Fisher's exact tests and T tests were used to compare the variables between groups. Kaplan–Meier analysis was used to assess the

4. Discussion
In the present study, we investigated the amount and distribution of
myoepithelial cell (MEC) in tubular, cribriform, and solid growth patterns of AdCC using a panel of MEC markers including p63, p40,
calponin, α-SMA, S-100, vimentin, CK5/6 and D2–40. Compared with
cribriform and tubular subtypes, the solid pattern showed much less
MECs with a higher proliferation rate assessed by mitotic count and
Ki-67 labeling index. Futhermore, these tumor cells were mostly intensely stained for CK7, a commonly used luminal cell marker. Taken
together, we demonstrated that the cribriform-tubular subtype of
AdCC is a biphasic tumor with MEC differentiation, while the tumor
cells in the solid growth pattern show gland differentiation with loss
of MEC differentiation.
AdCCs often exhibit mixed patterns of cribriform, tubular and solid
types, classiﬁed according to the predominant pattern. Compared with
other two types, the solid subtype showed more aggressive behavior
and relatively poorer short-term survival, which is considered as a
high grade lesion. As early as 1958, Patey and Thackray [11] proposed

Table 1
Detail information of primary antibodies.
Antibody

Clone

Company

Dilution

Pretreatment

D2–40
Calponin
CK5/6
α-SMA
S-100
P63
P40
Vimentin
CK7
Ki-67

D2–40
Calp
CK5/6.007
EPR5368
polyclonal
A4A
BC28
V9
RN7
MIB1

Dako,USA
LabVision,UK
CellMarque,California,USA
Abcam,UK
Novocastra,UK
GeneTech,China
BiocareMedical, California,USA
Invitrogen,California,USA
CellMarque,California,USA
Origene, Maryland, USA

1:100
1:100
1:100
1:100
1:100
1:100
1:70
1:100
1:100
1:100

Tris–EDTA, pH 8.9
Citrate 0.01 M; pH
Tris–EDTA, pH 8.9
Citrate 0.01 M; pH
Citrate 0.01 M; pH
Citrate 0.01 M; pH
Tris–EDTA, pH 8.9
Tris–EDTA, pH 8.9
Tris–EDTA, pH 8.9
Citrate 0.01 M; pH

a-SMA, a-smooth muscle actin; CK, cytokeratin.

6.0
6.0
6.0
6.0

6.0

14

F. Du et al. / Annals of Diagnostic Pathology 22 (2016) 12–17

Fig. 1. Kaplan–Meier curves of 3-year and 5-year overall survival (A and B) as well as 3-year and 5-year recurrent-free survival (C and D) between solid type and cribriform-tubular type
AdCC. P-values were calculated by the log-rank test.

that a solid growth pattern reveals a poor prognosis. Subsequently,
grading of this tumor has evolved into stratiﬁcation into 3 grades with
increasing aggressiveness based on predominant growth pattern: tubular as Grade I, cribriform as Grade II, and solid type as Grade III. Regarding the histopathological grading of AdCC, several systems have been
proposed. In Perzin/Szanto system, AdCC is considered high grade if a
solid component represents more than 30% of the tumor, while Spiro
recommended only when the solid parts account for more than 50% of
the tumor it is considered high grade [12–14]. Recently, van Weert
et al. proposed the presence of a solid pattern regardless of its quantity is a poor prognosticator. Anyway, the solid growth pattern is

related to more aggressiveness, poorer short-term survival and
probably higher risk of nodal metastasis and early distant metastasis
[15–18]. In this study, all the 35 cases of solid subtypes have a solid
component more than 30% of the tumor. We found although the
cribriform and tubular subtypes of AdCC consist of biphasic
differentiation with MECs, the solid growth pattern showed gland
Table 3
Immunostaining of myoepithelial markers and CK7 in different histological subtypes.

D2–40

Table 2
Clinicopathologic characteristics of 109 adenoid cystic carcinomas.
Patient Characteristics (N = 109)

N (%)

Calponin

Age
b55 years
≥55 years

59(54)
50(46)

CK5/6

Gender
Male
Female

42(39)
67(61)

Salivary gland type
Major
Minor

39(36)
70(64)

Primary site
Parotid
Submandibulargland
palate
Other

S-100

P63
10(9)
18(17)
43(39)
38(35)

P40

Vimentin

Histological subtype
Tubular
Cribriform
Solid

38(35)
36(33)
35(32)

Perineural invasion
Yes
No

72(66)
37(34)

N, number of cases.

α-SMA

CK7

Cribriform(n = 38)
Tubular(n = 36)
Solid(n = 35)
Cribriform(n = 38)
Tubular(n = 36)
Solid(n = 35)
Cribriform(n = 38)
Tubular(n = 36)
Solid(n = 35)
Cribriform(n = 38)
Tubular(n = 36)
Solid(n = 35)
Cribriform(n = 38)
Tubular(n = 36)
Solid(n = 35)
Cribriform(n = 38)
Tubular(n = 36)
Solid(n = 35)
Cribriform(n = 38)
Tubular(n = 36)
Solid(n = 35)
Cribriform(n = 38)
Tubular(n = 36)
Solid(n = 35)
Cribriform(n = 38)
Tubular(n = 36)
Solid(n = 35)

−

+

++

+++

3
6
28
11
6
28
0
1
7
1
3
24
12
6
7
0
1
22
1
1
25
0
3
8
1
1
0

24
24
4
18
24
7
13
8
11
18
24
10
15
18
20
2
9
6
6
16
5
13
21
23
22
14
5

7
5
3
4
5
0
19
20
17
14
5
1
10
12
7
15
21
7
29
19
5
25
12
4
13
19
28

4
1
0
5
1
0
6
7
0
5
4
0
1
0
1
21
5
0
2
0
0
0
0
0
2
1
2

Χ2

P-value

51.910⁎

0.000

37.188⁎

0.000

18.377⁎

0.003

55.726⁎

0.000

5.453⁎

0.460

79.538α

0.000

67.295⁎

0.000

28.257⁎

0.000

18.341⁎

0.001

negative (−; score: 0–1), weak (+; 2–4), moderate (++; 5–8), and strong (+++;
9–12).
α
Pearson Chi-Square.
⁎ Fisher's Exact Test.
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Fig. 2. D2–40 immunostaining in cribriform (A), tubular (B) and solid pattern (C). Calponin immunostaining in cribriform (D), tubular (E) and solid pattern (F). Immunoreactivity for a
-smooth muscle actin in cribriform (G), tubular (H) and solid pattern (I). (All images, original magniﬁcations × 400).

differentiation but loss of MEC differentiation, followed by higher aggressiveness and proliferation rate. Therefore, we hypothesized loss
of MEC differentiation might contribute to the poor prognosis of the
solid subtype of AdCC.
MEC is a normal component of the salivary acini and ducts, locates
between the epithelial cells and the basement membrane. During embryonic development, MEC is involved in branching morphogenesis of
developing salivary gland and promotion of epithelial cell differentiation. Recently, many lines of evidence suggest MECs are tumor suppressors as they can inhibit cell proliferation and invasiveness through
secreting suppressor proteins [19]. Sternlicht et al. recommended
myoepithelial cells might not only function as natural paracrine suppressors of invasion and metastasis but speciﬁcally inhibit the progression of precancerous disease states to invasive cancer [20]. Gudjonsson
et al. suggested that MECs play a crucial role in maintenance of polarity
in normal breast and act as structural tumor suppressors [21]. Farhanji
et al. demonstrated the inhibitory effects of MECs on cell viability of cancerous cells [22]. It is accepted that MECs have an important regulatory
role in breast cancer pathology via inﬂuencing epithelial and luminal
compartments. Although myoepithelial proliferations in various salivary gland tumors have been reported, little is known on the role of
MECs in tumor progression. Sternlicht et al. found MECs have a lower
proliferation rate than basal type epithelial cells and secrete excess substances inhibiting invasion and metastasis in salivary gland tumors [23].
These accumulated myxoid ground substances and basement membrane components as well as numerous proteinase inhibitors contribute
to an anti-invasive matrix for myoepithelial-rich salivary gland tumors.
Actually, epithelial cells are known to be more susceptible to the

transforming events leading to cancer than myoepithelial cells, and tumors comprised of myoepithelial cells are usually benign or low
grade, exhibiting the property of accumulating an abundant extracellular matrix. Recently, high-grade transformation has been described in
AdCC, and consistently devoid of myoepithelial differentiation was
found in the transformed areas of AdCC. Taken together, it indicates
loss of MEC differentiation in solid pattern of AdCC has a potential role
in grading and poor prognosis.
To assess the participation of MECs in salivary gland neoplasia, it is
pivotal to deﬁne neoplastic MECs. However, identiﬁcation of neoplastic
MECs on routine sections is difﬁcult due to its histologic diversity, and
immunohistochemistry is helpful. MECs possess a dual smooth muscle
and epithelial phenotype with the potential of undergoing divergent
differentiation. In the present study, classic MEC markers, calponin
and α-SMA, were used as related to the smooth muscle apparatus of
MECs. CK5/6 was used according to the epithelial property of MECs.
S100 and p63 were also used as previously reported. Meantime,
D2–40 and p40, the newly reported MEC markers were detected.
D2–40 is a commercially available mouse monoclonal antibody directed
against human podoplanin, a mucin-type transmemebrane protein [24].
D2–40 is often used for highlighting lymphatic and also found to stain
MECs [25,26]. As a new antibody recognizing the p63 isoform ΔNp63,
p40 is reported superior to p63 for squamous differentiation in the differential diagnosis of non-small cell lung cancer [27], which also appears
to be similar to p63 as a MEC marker in breast carcinomas [28,29]. Herein, we compared p40 and p63 staining in MECs and found p40 seems
more speciﬁc than p63 for identiﬁcation of myoepithelial differentiation. D2–40 expression was observed in the cytoplasm of MECs in
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Fig. 3. P63 immunostaining in cribriform (A), tubular (B) and solid pattern (C). P40 immunostaining in cribriform (D), tubular (E) and solid pattern (F). Immunoreactivity for S-100 in
cribriform (G), tubular (H) and solid pattern (I). (All images, original magniﬁcations × 400).

cribriform-tubular patterns, but mostly negative in solid pattern. Although S-100 protein is considered as a sensitive marker for neoplastic
MECs, the staining for S-100 has been reported variable for different cell
types in salivary gland tumors, which is also present from the earliest
stages of salivary gland maturation [30]. In this study, S-100
expression was detected in both myoepithelial and ductal cells, indicating it is not sufﬁciently speciﬁc [31]. Taken together, a panel of
markers including CK5/6, p40, calponin, α-SMA, D2–40 and S-100
protein is recommended to be used for identiﬁcation neoplastic
myoepithelial differentiation.
In conclusion, we found the solid pattern of AdCC showed gland differentiation but loss of MEC differentiation with higher proliferation
and aggressiveness compared with the cribriform-tubular types,
which implies the potential involvement of MEC differentiation in the
grading and prognosis of AdCCs. However, further studies are required
to clarify the exact role of MECs in AdCC progression.
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