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Adenoid cystic carcinoma is an indolent salivary
gland malignancy that is associated with a poor
long-term prognosis. The distinction of adenoid
cystic carcinoma from other head and neck neo-
plasms can occasionally be problematic, particu-
larly in small biopsies. Recent studies suggest that
KIT (CD117) might be useful as an ancillary marker
for adenoid cystic carcinoma; however, the expres-
sion of KIT in other benign andmalignant head and
neck neoplasms, including those that might mimic
adenoid cystic carcinoma, has not been well stud-
ied. Here we use two different antibodies against
KIT to evaluate its expression in a series of 66 ade-
noid cystic carcinomas compared with its expres-
sion in 98 other neoplasms of the head and neck.
Overall, 94% (n � 62) of adenoid cystic carcinomas
from various anatomic sites and of various histo-
logic subtypes were positive for at least one of the
KIT antibodies, and 77% (n � 50) of adenoid cystic
carcinoma cases were positive for both antibodies.
This contrasted with only 8% (n � 8) of other head
and neck neoplasms that were positive for both KIT
antibodies (P < .001). It was of note that certain
neoplasms, including pleomorphic adenoma, basal
cell adenoma, polymorphous low-grade adenocar-
cinoma, and basal cell carcinoma, that can show
histologic overlap with adenoid cystic carcinoma
had significantly less KIT immunoreactivity than
did adenoid cystic carcinoma (P < .001). In con-
trast, KIT expression did not reliably distinguish
adenoid cystic carcinoma from basal cell adenocar-
cinoma and basaloid squamous carcinoma (P >
.05). The overall sensitivity of the two KIT antibod-

ies for adenoid cystic carcinoma was 82–89%, and
the specificity was 87–88%. The findings in this
study support the potential use of KIT immunoex-
pression for distinguishing adenoid cystic carci-
noma frommany other benign andmalignant head
and neck neoplasms.
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c-kit maps to the long arm of chromosome 4 and
encodes a transmembrane receptor-type tyrosine
kinase, KIT, that is structurally and functionally re-
lated to platelet-derived growth factor and colony-
stimulating factor-1 receptors (1–3). After binding
to its ligand, alternatively known as stem cell factor,
mast cell growth factor, or steel factor, KIT begins a
signaling cascade that contributes to the regulation
of cell growth and differentiation (4, 5). KIT expres-
sion previously has been documented in a wide
variety of human malignancies including mastocy-
tosis/mast cell leukemia (6–8), germ cell tumor
(9–13), small cell lung carcinoma (8), gastrointesti-
nal stromal tumor (14, 15), acute myelogenous leu-
kemia (16–18), ovarian carcinoma (8, 19), endome-
trial carcinoma (8, 20), breast carcinoma (21, 22),
and angiosarcoma (23).
Adenoid cystic carcinoma is a malignant salivary

gland neoplasm characterized by an indolent
growth pattern with marked neurotropism, late on-
set of metastasis, and overall poor long-term sur-
vival (24–33). Because of its aggressive behavior, it
is important to distinguish adenoid cystic carci-
noma from other benign and malignant neoplasms
of the head and neck, including those that can
mimic adenoid cystic carcinoma in small biopsies.
Recent studies indicate that KIT (CD117) is ex-
pressed in some adenoid cystic carcinomas (34–
36), raising the possibility that KIT might be useful
as an ancillary marker for this tumor. To investigate
this, we studied KIT expression in a series of 98
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benign and malignant tumors of the head and neck,
including those that can show histologic overlap
with adenoid cystic carcinoma, such as pleomor-
phic adenoma, polymorphous low-grade adenocar-
cinoma, basal cell adenoma and adenocarcinoma,
basal cell carcinoma, and basaloid squamous
carcinoma.

In tumors other than gastrointestinal stromal tu-
mors, Miettinen (37) and Hornick and Fletcher (38)
have recently suggested that apparent discrepan-
cies in the specificity of KIT immunostaining may
reflect differences in the polyclonal antibodies used
and epitope retrieval methods applied. Therefore,
in the present study, we use antibodies against two
different protein domains of KIT. To the best of our
knowledge, this study represents the largest series
of head and neck tumors examined for KIT immu-
noexpression as well as the first to study KIT ex-
pression in both benign and malignant tumors, in-
cluding many that can mimic adenoid cystic
carcinoma.

MATERIALS AND METHODS

Case Selection
Sixty-six adenoid cystic carcinomas from the

head and neck (n � 53), trachea (n � 11), and
breast (n � 2), as well as 98 other neoplasms of the
head and neck (pleomorphic adenoma, n � 16;
basal cell adenoma, n � 6; basal cell adenocarci-
noma, n � 5; basal cell carcinoma, n � 11; poly-
morphous low-grade adenocarcinoma, n � 8; ade-
nosquamous carcinoma, n � 4; basaloid squamous
carcinoma, n � 6; sebaceous carcinoma, n � 6;
mucoepidermoid carcinoma, n � 9; salivary duct
carcinoma, n � 4; acinic cell carcinoma, n � 8;
oncocytoma, n � 5; Warthin’s tumor, n � 10) were
selected from the 1983–2002 archival pathology
files of the Massachusetts General Hospital, based
on the availability of glass slides and paraffin-
embedded material.

Immunohistochemistry and Analysis
Immunohistochemical studies were performed

on 4-�m-thick, formalin-fixed, paraffin-embedded
tissue sections using a modified avidin-biotin-
peroxidase complex detection method (Vector Labs
ABC technique) with antigen retrieval and over-
night incubation. Heat-induced epitope retrieval
was performed by heating tissue sections in a buff-
ered citric acid solution (Citra, from BioGenex, San
Ramon, CA) for 3 minutes using a Borg Decloaker
electric pressure cooker (Biocare Medical Inc., Wal-
nut Creek, CA). Two different antibodies were used
for detecting KIT expression: H300, a polyclonal
antibody to the amino terminus of the human KIT

(1:65 dilution; Santa Cruz Biotechnology, Santa
Cruz, CA) and A4502, a polyclonal antibody to the
carboxy terminus of the human KIT (1:100 dilution;
DAKO Corp., Carpinteria, CA). Tissue mast cells and
separately stained sections of gastrointestinal stro-
mal tumor were used as positive controls. Negative
controls included sections stained with nonim-
mune serum without primary antibody as well as
normal salivary gland tissue that was present in
many cases and that served as a baseline internal
negative control in this study.

Immunohistochemical reactivity was analyzed by
two observers (MM, WCF). Both cytoplasmic and
membrane staining were assessed. To maximize
antibody specificity by minimizing the influence of
nonspecific and focal staining in normal tissue and
in some tumors, the following criteria were used:
cases were considered “negative” when �10% of
cells showed cytoplasmic staining, “positive” when
�10% of tumor cells showed cytoplasmic staining
with an intensity greater than that present within
background salivary gland tissue (35), and “strongly
positive” when both cytoplasmic and membrane
staining were present in �10% of cells. Membrane-
only staining was not observed in any of the exam-
ined cases.

STATA software (STATA Corporation, College
Station, TX; Release 6) was used for statistical anal-
ysis of the immunohistochemical data. The �2 test
was used to evaluate the difference in KIT staining
between adenoid cystic carcinomas and other head
and neck neoplasms. A P value of �.05 was consid-
ered significant.

RESULTS

Clinicopathologic Data
The 66 cases of adenoid cystic carcinoma in-

cluded in this study consisted of 35 men and 31
women, with an average age of 52 years (range:
13–81 y). Tumor sites included the parotid gland
(n � 11), submandibular gland (n � 4), lacrimal
gland/orbit (n � 6), minor salivary glands of the
oral cavity (n � 12), maxillary and ethmoid sinuses
(n � 11), nasal cavity (n � 7), ear canal (n � 2),
tracheobronchial tree (n � 11), and breast (n � 2).
Among the cases of adenoid cystic carcinoma, his-
tologic subtypes included cribriform (n � 40), tu-
bular (n � 9), solid (n � 8), and mixed (n � 9).

KIT Immunoreactivity in Adjacent
Nonneoplastic Tissue

Strong KIT expression with distinctive cytoplas-
mic membrane staining was noted within tissue-
associated mast cells. Luminal epithelia of the in-
tercalated ducts and striated ducts of normal
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salivary glands and basal cells of skin showed vari-
able weak immunoreactivity for KIT, as has also
been reported by others (35); however, this immu-
noreactivity was below the threshold that was con-
sidered “positive” within this study. Overall, H300
immunostaining demonstrated a higher nonspe-
cific background than the A4502 antibody.

Immunostaining of Adenoid Cystic Carcinomas
Eighty-two percent (n � 54) and 89% (n � 58) of

adenoid cystic carcinomas were positive for KIT
using H300 and A4502, respectively (Table 1; Fig. 1).
Overall, 94% (n � 62) of adenoid cystic carcinomas
were positive for at least one of the two antibodies,
and 77% (n � 50) of cases were positive for both
antibodies. There was no statistically significant dif-
ference in the immunoreactivity among adenoid
cystic carcinomas from different primary anatomic
sites. Among histologic subtypes of adenoid cystic
carcinoma, 100% of both tubular (n � 9) and solid
(n � 8) subtypes were positive with the two KIT
antibodies, whereas only 73% and 82% of the crib-
riform subtype were positive with H300 and A4502,
respectively. Seven cases (88%) of the mixed sub-
type were positive with H300 and 8 cases (100%)
with A4502. Both cytoplasmic and membrane stain-
ing were present with H300 and A4502, respectively,
in 37% and 61% of the cribriform subtype, 50% and
75% of the solid subtype, 89% and 78% of the tu-
bular subtype, and 74% and 100% of the mixed
subtype.

A distinct immunohistologic pattern of staining
was noted among the tubular, cribriform, and
mixed subtypes of adenoid cystic carcinoma in
cases where the inner epithelial cells, but not the
outer myoepithelial cells, showed strong immuno-
reactivity. This pattern was particularly pro-

nounced in the tubular subtype (Fig. 1D). In con-
trast, in the solid subtype of adenoid cystic
carcinoma, tumor cells exhibited immunohisto-
chemical evidence of KIT expression in a diffuse
pattern (Fig. 1H).

Other Head and Neck Neoplasms
In contrast to adenoid cystic carcinoma, the

number of KIT-immunopositive cases among the
98 other salivary gland and head and neck neo-
plasms included in this study were 12% and 13%
(n � 12) with H300 and A4502, respectively, and
16% (n � 16) with at least one of the two antibodies
(Table 1). Only 8% (n � 8) of these cases showed
positive KIT expression using both KIT antibodies.
As an ancillary marker for adenoid cystic carci-
noma, the H300 antibody had a sensitivity of 82%
and a specificity of 88% compared with A4502,
which had a slightly higher sensitivity (89%) and
equivalent specificity (87%).

Among tumors that might be considered in the
differential diagnosis of adenoid cystic carcinoma,
significant differences were seen in KIT expression
for adenoid cystic carcinoma versus pleomorphic
adenoma, basal cell adenoma, polymorphous low-
grade adenocarcinoma, and basal cell carcinoma,
with 0–25% staining with either antibody (P � .001)
and only 0–5% staining with both antibodies. In
contrast, 60% of basal cell adenocarcinomas and
50% of basaloid squamous carcinomas showed KIT
expression using at least one of the two antibodies
(Table 1, Fig. 2). Positive cases of basaloid squa-
mous carcinoma had a strong diffuse pattern of
staining, whereas some positive cases of basal cell
adenocarcinoma had a heterogeneous pattern rem-
iniscent of the tubular and mixed subtypes of ade-
noid cystic carcinoma. Other head and neck neo-

TABLE 1. KIT Expression in Head and Neck Neoplasms

Tumors (N)

Antibodies

H300 A4502 KIT

Positive* % (N) Strongly positive** % (N) Positive* % (N) Strongly positive** % (N) Positive*** % (N)

Adenoid cystic carcinoma (66) 30 (20) 52 (34) 18 (12) 71 (46) 94 (62)
Pleomorphic adenoma (16) 6 (1) 6 (1) 6 (1) 6 (1) 19 (3)
Basal cell adenoma (6) 0 (0) 17 (1) 17 (1) 0 (0) 17 (1)
Basal cell adenocarcinoma (5) 20 (1) 20 (1) 40 (2) 20 (1) 60 (3)
Basal cell carcinoma (11) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
PLGCa (8) 0 (0) 0 (0) 25 (2) 0 (0) 25 (2)
Adenosq. carcinomab (4) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Basaloid sq. carcinomac (6) 17 (1) 33 (2) 17 (1) 33 (2) 50 (3)
Sebaceous carcinoma (6) 17 (1) 0 (0) 17 (1) 0 (0) 17 (1)
Mucoepidermoid carcinoma (9) 11 (1) 0 (0) 0 (0) 0 (0) 11 (1)
Salivary duct carcinoma (4) 25 (1) 0 (0) 0 (0) 0 (0) 25 (1)
Acinic cell carcinoma (8) 0 (0) 13 (1) 0 (0) 0 (0) 13 (1)
Oncocytoma (5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Warthin’s tumor (10) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total of other tumors (98) 6 (6) 6 (6) 8 (8) 4 (4) 16 (16)

* Cytoplasmic staining only; ** cytoplasmic and membrane staining; *** positive staining with at least one of the two antibodies.
a Polymorphous low grade carcinoma; b adenosquamous carcinoma; c basaloid squamous carcinoma.
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plasms examined where KIT expression was
significantly less than adenoid cystic carcinoma in-
cluded mucoepidermoid carcinoma, salivary duct
carcinoma, acinic cell carcinoma, oncocytoma,
Warthin’s tumor, adenosquamous carcinoma, and
sebaceous carcinoma (Table 1).

DISCUSSION

Because of its poor long-term prognosis and lim-
ited clinical treatment options, adenoid cystic car-
cinoma is important to distinguish histologically
from other tumors of the head and neck. Studies
from other groups have indicated that adenoid cys-
tic carcinomas express KIT that is immunohisto-
chemically detectable (34–36), raising the possibil-
ity that antibodies against KIT could function
diagnostically as an ancillary marker for adenoid
cystic carcinoma. This could be particularly impor-
tant in small biopsies, where distinction between
adenoid cystic carcinoma and certain other benign
and malignant head and neck neoplasms may be
challenging. Our study, representing one of the

largest series of head and neck neoplasms exam-
ined for KIT immunoreactivity and the first to ex-
amine KIT expression in both benign and malig-
nant tumors, including many that can histologically
mimic adenoid cystic carcinoma, supports the po-
tential use of KIT as an ancillary marker for adenoid
cystic carcinoma. Among tumors that in some cases
can be difficult to distinguish from adenoid cystic
carcinoma, immunohistochemical staining for ex-
pression of KIT is potentially useful for distinguish-
ing adenoid cystic carcinoma from pleomorphic
adenoma, basal cell adenoma, polymorphous low-
grade adenocarcinoma, and basal cell carcinoma.
Although less frequently considered in the differen-
tial diagnosis with adenoid cystic carcinoma, a va-
riety of other salivary gland and head and neck
neoplasms was also studied, not only to determine
the specificity of KIT immunoreactivity for adenoid
cystic carcinoma versus other head and neck tu-
mors but also to explore the extent to which KIT
expression might be potentially involved in the car-
cinogenesis of other head and neck neoplasms. The
latter is important because KIT expression in any

FIGURE 1a. KIT immunohistochemical reactivity in subtypes of adenoid cystic carcinoma. A, cribriform subtype exhibiting perineural invasion
and (B) many strongly positive epithelial cells; C, tubular subtype showing (D) a distinct immunohistochemical pattern of inner epithelial cell
positivity, whereas peripheral myoepithelial cells are negative (H&E and immunohistochemical reaction; all panels, original magnification 400�).
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tumor raises the possibility of developing treatment
strategies using inhibitors of tyrosine kinase
activity.

Although KIT expression was not identified in
most basaloid as well as other salivary gland and
head and neck neoplasms in our study, it was
present in up to 60% of basal cell adenocarcinomas
and 50% of basaloid squamous carcinomas. As with
adenoid cystic carcinoma, this finding suggests that
KIT expression might play a biologic role in these
tumors. Because basal cell adenocarcinoma and
basaloid squamous carcinoma are very rare head
and neck tumors, only small numbers were avail-
able for study, and larger series of these particular
neoplasms would be useful to confirm the extent of
KIT expression in these tumors. Of these two neo-
plasms, basal cell adenocarcinoma is a histologi-
cally lower grade malignancy that would be poten-
tially more challenging to distinguish from adenoid
cystic carcinoma than basaloid squamous carci-
noma; the latter exhibits high-grade malignant fea-
tures that are less commonly seen in adenoid cystic
carcinoma.

KIT immunoexpression has been reported in a
variety of mesenchymal, epithelial, and hematopoi-
etic tumors; however, some discrepancies in de-
tectable KIT expression exist between different
studies, possibly reflecting differences in the poly-
clonal antibodies used and in the epitope retrieval
modalities applied (37–39). For this reason, our
study was performed using two different KIT anti-
bodies, one to the amino terminus and one against
the carboxy terminus of human KIT. Although
higher background staining was present with the
amino terminus antibody (H300), both antibodies
had similar high sensitivities and specificities for
the detection of adenoid cystic carcinoma. Our
findings indicate that the use of two separate anti-
bodies, together with strict criteria for interpreting
a result as positive, significantly improves the spec-
ificity of the antibody results. For example, pleo-
morphic adenoma, a potential benign mimic of
adenoid cystic carcinoma, was positive for at least
one KIT antibody in 3 of 16 cases examined but was
positive for both antibodies in only 1 of 16 cases.
Strict criteria for a positive result are necessary be-

FIGURE 1b. KIT immunohistochemical reactivity in subtypes of adenoid cystic carcinoma. E, mixed cribriform and tubular subtype showing (F)
many strongly positive epithelial cells; G, solid subtype demonstrating (H) a diffuse immunohistochemical staining pattern. (H&E and
immunohistochemical reaction; all panels, original magnification 400�).
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cause focal KIT expression was occasionally de-
tected in some tumors; however, strong immuno-
reactivity in �10% of the tumor cells with each of
two different antibodies was characteristic of ade-
noid cystic carcinoma, and to a lesser extent, of
basal cell adenocarcinoma and basaloid squamous
carcinoma.

Although no significant differences in KIT expres-
sion were found in adenoid cystic carcinomas from
different anatomic sites, there were differences in
KIT expression for adenoid cystic carcinomas of
different histologic subtypes. KIT expression was
lowest among the cribriform subtype and highest
among the tubular and solid subtypes of adenoid
cystic carcinoma, the solid subtype being one of the
most diagnostically challenging forms. Thus, al-
though positive KIT expression is characteristic of
adenoid cystic carcinoma, a negative KIT immuno-
staining pattern in a tumor with a cribriform archi-
tecture should be interpreted with caution, espe-
cially in the setting of a small biopsy. Fortunately,
the cribriform subtype of adenoid cystic carcinoma
presents the least diagnostic challenge.

The pattern of immunostaining also varied be-
tween the different histologic subtypes of adenoid
cystic carcinoma, as has also been recognized by
other investigators (34, 36). Although the solid sub-
type of adenoid cystic carcinoma showed a mostly
diffuse pattern of immunoreactivity, the tubular
and cribriform subtypes demonstrated KIT expres-
sion primarily within the luminal epithelial cell
layer. It has been suggested that this difference in
the pattern of KIT expression within the solid sub-
type compared with the tubular and cribriform sub-
types may reflect a loss of cellular heterogeneity in
the former, with differentiation primarily along the
line of the luminal epithelial cell (36). It is tempting
to speculate that this cellular difference might be
related to the generally more aggressive behavior of
the solid subtype of adenoid cystic carcinoma (24,
27, 30, 40–45). Similar to the solid subtype of ade-
noid cystic carcinoma, some cases of basaloid
squamous carcinoma also showed a diffuse stain-
ing pattern that included both cytoplasmic and
membrane staining. In contrast, the pattern in
some positive cases of basal cell adenocarcinoma

FIGURE 2. A, basal cell adenocarcinoma showing low-grade histologic features and (B) strong diffuse staining for KIT; C, basaloid squamous
carcinoma demonstrating high-grade cytologic atypia with associated necrosis and (D) strong diffuse staining for KIT. (H&E and
immunohistochemical reaction; all panels, original magnification 400�).
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showed strong staining of only the scattered epithe-
lial cells but not of the myoepithelial cells, reminis-
cent of the pattern seen in the cribriform and tu-
bular subtypes of adenoid cystic carcinoma.

The contribution of the c-kit pathway to cell pro-
liferation and carcinogenesis in adenoid cystic car-
cinomas is unclear, especially because the presence
of a specific c-kit mutation (27, 46–50) has yet to be
detected within the small number of adenoid cystic
carcinomas studied (11, 12). A possible autocrine
and/or paracrine stimulation of the receptor by its
ligand, stem cell factor, proposed for KIT activation
in other tumors such as small cell carcinoma of the
lung, ovarian carcinoma, breast cancer, melanoma,
and tumor-derived cell lines, might also apply to
adenoid cystic carcinomas (21, 46–50). However,
Oliveira et al. (51) have recently demonstrated that
KIT was expressed but not phosphorylated in a
series of four adenoid cystic carcinomas examined
and concluded that KIT expression is unlikely to
have a direct oncogenic function in adenoid cystic
carcinomas, in contrast to its role in gastrointesti-
nal stromal tumors. To elucidate the biologic role of
c-kit in adenoid cystic carcinomas as well as a po-
tential role in basaloid squamous carcinoma and
basal cell adenocarcinoma, further molecular stud-
ies that include larger numbers of cases will be
needed.

In summary, the expression of KIT within a ma-
jority of adenoid cystic carcinomas and within few
other head and neck neoplasms suggests that anti-
bodies to KIT are potentially useful in the diagnos-
tic evaluation of adenoid cystic carcinoma, espe-
cially when applied using strict criteria. Although
most mimics of adenoid cystic carcinoma including
pleomorphic adenoma, basal cell adenoma, poly-
morphous low-grade adenocarcinoma, and basal
cell carcinoma show little expression of KIT, some
increased KIT expression was observed in basal cell
adenocarcinoma and basaloid squamous carci-
noma. Thus, caution is warranted in using KIT ex-
pression to distinguish these latter two carcinomas
from adenoid cystic carcinoma, especially in small
biopsies.
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