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Mixed tumors of the vagina (MTsV) are rare benign neoplasms characterized by an admixture of well-
differentiated epithelial cells and stromal-type cells in various proportions. In contrast to mixed tumors in other
anatomic sites, the histogenesis of the vaginal tumors is unclear. We studied the immunohistochemical profile
of 13 examples to explore their histogenesis and determine whether their immunohistochemical profile might
be useful in the differential diagnosis. The panel of antibodies used and the number of cases studied were: AE1/
3 (12), cytokeratin 7 (CK7) (13), cytokeratin 20 (CK20) (13), epithelial membrane antigen (EMA) (13), muscle actin
(MA) (12), desmin (11), h-Caldesmon (13), CD10 (13), CD34 (11), CD99 (8), and S-100 (7). Eight out of 12 tumors
were positive for AE1/3, 7/13 for CK7, 2/13 for CK20, and 6/13 for EMA. MA was positive in 11/12 mixed tumors,
desmin in 10/11 tumors and h-Caldesmon in 5/13. All tumors were extensively positive for CD10; CD34
was positive in 7/11; and none out of eight tumors showed membranous CD99 staining. Focal S-100
immunoreactivity was seen in 1/7 tumors. These results show that MTsV coexpress epithelial and mesenchymal
markers. The expression of muscle actin (usually extensive), and focal desmin and h-Caldesmon positivity
suggests the presence of a smooth muscle or myoepithelial component; however, the S-100 negativity and
diffuse CD10 expression argue against it. Positivity for muscle markers does not help distinguish MTsV from
smooth muscle or skeletal muscle tumors. The frequent expression of CD10 negates its use in the differential
diagnosis with endometrial stromal tumors, and the CD10 and CD34 expression suggests that mixed tumors
may arise from a primitive pluripotential cell. MTsV are positive for h-Caldesmon and CD10, two markers that
have been used in gynecologic pathology primarily to aid in establishing the smooth muscle or endometrial
stromal phenotype of a neoplasm.
Modern Pathology (2004) 17, 1243–1250, advance online publication, 21 May 2004; doi:10.1038/modpathol.3800173

Keywords: vagina; mixed tumors; immunohistochemistry; histogenesis

Mixed tumors of the vagina (MTsV), also recently
designated as spindle cell epitheliomas,1 are rare
tumors. Since the first description of this tumor in
1953,2 no more than 50 cases have been reported in
the English language literature to the best of our
knowledge.1–17 In other anatomic locations, the term
mixed tumor is typically used to designate a
neoplasm composed of epithelial and myoepithelial
cells. Those occur most frequently in the salivary
gland;18–20 however similar tumors have been re-

ported in the breast,21,22 skin,23 vulva,24 external
auditory canal,25 trachea,26 lacrimal gland,27 and soft
tissue.28 In contrast, MTsV show a different histo
logic appearance and myoepithelial cells are not
known to exist either in the vagina or in vaginal
glandular inclusions. There is no clear origin of
these tumors, although several relatively recent
studies have proposed an origin from urogenital
sinus-derived epithelium based upon the high
frequency of these neoplasms near the hymenal ring
and strong immunohistochemical and ultrastructur-
al evidence for an epithelial origin.1,3,7 The purpose
of this study was to investigate the immunohisto-
chemical profile of these tumors, in order to
contribute to knowledge of their histogenesis and
also to see if their immunohistochemical profile may
be useful in their differential diagnosis.
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Materials and methods

Tissue blocks of 13 MTsV were retrieved from the
consultation files of one of us (RHY) and Dr Robert E
Scully, and from the archives of the Massachusetts
General Hospital. After confirmation of the diag-
nosis by examination of 4-mm hematoxylin and
eosin-stained slides (Figure 1a), paraffin-embedded

tissue for each case was deparaffinized and sub-
jected to heat-induced epitope antigen retrieval
using an electric pressure cooker set at 1201C for
5min. Sections were incubated for 5min in 3%
hydrogen peroxide to quench endogenous tissue
peroxidase. As the tissue source was primarily from
consultation material from different hospitals, tissue
fixation may have varied. Immunohistochemistry

Figure 1 (a) MTV. The tumor is composed of glands, squamous epithelium, and stromal- like cells. (b) AE1/3 shows diffuse and strong
positivity in both obvious epithelial and stromal-like cell components. (c) Glandular lining and stromal-like cells are strongly positive for
CK7. (d) h-Caldesmon shows strong positivity in the stromal-like cells. (e) Both epithelial and stromal-like elements are diffusely and
strongly positive for CD10. (f) CD34 is extensively positive in the stromal-like cells.
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was performed using the avidin–biotin-complex kit
(Dako Corp., Carpinteria, CA, USA). The source and
dilution of antibodies are shown in Table 1.
Immunohistochemical stains were performed for
cytokeratin 7 (CK7), cytokeratin 20 (CK20), epithe-
lial membrane antigen (EMA), h-Caldesmon, and
CD10 in 13 specimens, AE1/3 and smooth muscle
actin in 12 cases, desmin and CD34 in 11 cases,
CD99 in eight, and S100 in seven specimens.
Scoring was based upon the percentage of positive
tumor cells in the epithelial and stromal-like
components. However, five tumors did not have a
clearcut epithelial component in the block available
for immunohistochemistry. The intensity of the
immunostaining was graded as 1þ to 3þ . Tumors
in which rare scattered cells (o5%) were immuno-
reactive for specific markers were recorded as such
but were considered negative. Although the stromal-
like cells of these tumors may be epithelial in
derivation in this presentation for clarity sake, the
overt epithelial areas are referred to as ‘epithelial’
and the spindle cell areas as ‘stromal-like’.

Results

The immunohistochemical results are summarized
in Table 2. AE1/3 was positive in eight out of 12
tumors (Figure 1b). The epithelial component was
3þ positive in 5/6 cases and one tumor was 1þ .
The percentage of positive cells varied from 30 to
90%. One tumor showed o1% of positive cells and

was considered negative. The stromal-like compo-
nent showed 3þ positivity in 6/8 tumors and the
other two were 1þ and 2þ , respectively. The
percentage of positive cells varied from 5 to 90%,
five of them showing 425% positive cells. In five
out of eight tumors AE1/3 was expressed in both the
epithelial and stromal-like cells.

CK7 was expressed in seven out of 13 tumors
(Figure 1c). The epithelial component showed
positive cells in six, five were 3þ , and one was
2þ ; the percentage of positive cells ranged from 10
to 80%, with three tumors having 425% positive
cells. The stromal-like component showed 3þ
positivity in five tumors, and 2þ in one, ranging
from 10 to 80%, with only two tumors showing
425% positive cells. One tumor showed scattered
positive cells, and was considered negative. Both,
stromal-like and epithelial components were posi-
tive in five tumors.

CK20 was positive in two out of 13 tumors. The
epithelial component was positive in two tumors,
2þ and 3þ respectively. The percentage of positive
cells ranged from 10 to 30%. The stromal-type
component was positive in one tumor and showed
2þ positivity in 10% of the cells. One tumor
showed scattered positive cells (o1%) in the
stromal-like component, and was considered nega-
tive. Positive staining in both epithelial and stromal-
like components was found in only one tumor.

EMA was positive in six out of 13 tumors. The
epithelial component was positive in all six tumors,
ranging from 1þ to 3þ (four being 2þ ) in 5–60% of
the tumor cells. Four tumors had 425% positive
cells. The stromal-like component revealed 1þ
staining in two tumors in 10% of the tumor cells.
Two tumors with scattered positive stromal-like
cells were considered negative. Only two tumors
showed positivity in both components.

Muscle actin (MA) was positive in 11 out 12
tumors, showing 2þ staining in 10% of the
epithelial component in only one out of the seven
tumors with an epithelial component present in the
section for evaluation. The stromal-like component
was positive in 11 out of 12 tumors ranging from 2þ
to 3þ in 5–70% of the tumor cells; seven tumors

Table 2 Summary of immunohistochemical findings

Antibody Overall positivity Epithelial component Stromal-like component Both components

AE1/E3 8/12 6 (30–90%) 8 (5–90%) 5
CK7 7/13 6 (10–80%) 6 (10–80%) 5
CK20 2/13 2 (10–30%) 1 (10%) 1
EMA 7/13 6 (5–60%) 2 (10%) 2
MA 11/12 1 (10%) 11 (5–70%) 1
Desmin 10/11 1 (30%) 10 (5–70%) 1
h-Caldesmon 5/13 0 5 (5–50%) 0
CD10 13/13 6 (30–100%) 12 (70–100%) 5
CD34 7/11 1 (30%) 7 (5–80%) 1
CD99 0/7 0 0 0
S-100 1/7 0 1 (10%) 0

Table 1 Source and dilution of antibodies

AE1/3 1:40M Dako Corp., Santa Barbara, CA, USA
CK7 1:30M Dako Corp., Santa Barbara, CA, USA
CK20 1:40 Dako Corp., Santa Barbara, CA, USA
MA Net M Biogenex, San Ramon, CA, USA
Desmin 1:320M Dako Corp., Santa Barbara, CA, USA
h-Caldesmon 1:160M Dako Corp., Santa Barbara, CA, USA
CD10 1:20M Novocastra, Newcastle, UK
CD34 1:320M Dako Corp., Santa Barbara, CA, USA
CD99 1:40M Signet, Dedham, MA, USA
S-100 1:800P Dako Corp., Santa Barbara, CA, USA
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had 425% positive stromal-like cells. Only one
tumor expressed MA in both the epithelial and
stromal-like components.

Desmin stained 10 out of 11 tumors. Only one out
of the seven tumors with an epithelial component
present in the section for evaluation had positivity
of the epithelial component (30%, 2þ ) and 10
tumors showed positivity in the stromal-like com-
ponent, with an intensity ranging from 2þ to 3þ
(seven being 3þ ) in 5–70 % of the tumor cells
(seven tumors had 425% positive cells). In one
tumor, the expression of desmin in the stromal-like
component was o1%, and was considered negative.
One tumor showed desmin in both epithelial and
stromal-like components.

h-Caldesmon was expressed in five out of 13
tumors (Figure 1d). None showed expression in the
epithelial component. The stromal-like component
was positive in five tumors, ranging from 2þ to 3þ ,
in 5–50% of the tumor cells, with only one tumor
showing 425% positive cells. In one case, the
stromal-like component expressed o1% positivity
for h-Caldesmon, and was considered negative.

All 13 of 13 tumors showed positivity for CD10
(Figure 1e). The epithelial cells expressed CD10 in
six cases ranging from 2þ to 3þ , in 30–100% of the
tumor cells. Twelve tumors showed positivity in the
stromal-like cells, ranging from 2þ to 3þ , in 70–
100% of the tumor cells. Five tumors showed
positivity for CD10 in both stromal-like and epithe-
lial components.

CD34 was expressed in seven out of 11 tumors
(Figure 1f). The epithelial component showed
positive staining in only one out of the six tumors
with an epithelial component present in the section
for evaluation (30%, 3þ ). The stromal-like compo-
nent showed CD34 positivity in seven tumors,
ranging from 2þ to 3þ , in 5–80% of the tumor
cells, with five tumors showing 425% positive
cells. One neoplasm showed positivity for CD34 in
both the stromal-like and epithelial components.

CD99 was negative for membranous staining in all
tumors, but showed cytoplasmic straining in 7/8
tumors in the stromal-like component.

S-100 was positive in the stromal-like component
(10%, 2þ ) in only one out of seven tumors.

Discussion

Although MTsV are well-known benign neoplasms,
their histogenesis is still controversial. MTsV should
be distinguished from mixed tumors at other sites,
as the latter have a common origin from myoepithe-
lial cells, and retain variable degrees of myoepithe-
lial differentiation.19–21,23–28 These features are
lacking in MTsV, even though initial reports sup-
ported a myoepithelial origin for these tumors by
immunohistochemistry and/or ultrastructure.4,13

Recent studies have supported an epithelial
origin of MTsV, favoring a urogenital sinus over a

mullerian origin given the typical location around
the hymenal ring and the likehood of epithelial
migration during vaginal embryogenesis.1,9 Yet, it is
of note that in most cases, the bulk of the tumor is
composed of cells with a mesenchymal appearance,
and that coexpression of actin and cytokeratin has
been documented in a variety of tumors, not only
pure epithelial tumors but also stromal predominant
tumors. Finally, others have suggested that both the
epithelial and stromal-type cells in MTsV may have
an origin from a single multipotential cell,8 as
discussed in the first series of MTsV reported by
Sirota and colleagues more than 20 years ago.3

To date only one sizable study1 and a few
individual cases of MTsV6–9,13,17 have been reported
with relatively extensive immunohistochemical
results (Table 3). We undertook this study to further
delineate the immunohistochemical profile of MTsV
in an attempt to elucidate the cell of origin and
furthermore, to find out if there is a specific
immunoprofile associated with MTsV that may help
in distinguishing them from cellular smooth muscle
tumors or other rarer tumors that may involve the
vagina such as endometrial (endometrioid) stromal
sarcoma particularly when dealing with small
biopsy specimens or when the epithelial component
is minimal and may be overlooked.

Keratins, initially used in the differential diag-
nosis of epithelial tumors with other neoplasms,
mainly those of mesenchymal origin, may be
positive in the latter including smooth muscle
tumors and endometrial stromal tumors.29–33 The
largest immunohistochemical analysis of MTsV
reported by Branton and Tavassoli1 found intense
reactivity with AE1/3 in nine out of 10 MTsV, while
another tumor only showed sparse reactivity in the
stromal-like component that was by far the pre-
dominant and in some cases the only component in
these tumors. Similar results have been reported by
others.4,6–9,13,17 Our study also showed that 8/12
MTsV were positive for AE1/3, being positive in the
stromal-like areas in 8/12 tumors. However, as
mentioned earlier, as keratins may be positive in
mesenchymal tumors they are not definitive in
identifying the origin of these tumors nor in the
differential diagnosis with other vaginal tumors
with a mesenchymal component specifically smooth
muscle tumors and endometrioid (endometrial)
stromal tumors.

CK7 is mainly expressed in myoepithelial cells
and simple epithelia.29 In the vagina, squamous cell
carcinoma expresses CK 7. Skelton and Smith8

reported intense but not diffuse positivity for CK7
in a MTV that was only composed of spindle cells
and Murdoch et al17 reported CK7 positivity in both
epithelial and stromal-like components. Our find-
ings revealed that seven out 13 MTsV were CK7
positive, but mostly focally. This degree of positivity
is not meaningful to postulate an epithelial origin of
these tumors. Furthermore, positivity has also been
reported in nonepithelial tumors including synovial
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sarcoma,34 epithelioid angiosarcoma,33 and Wilms’
tumor, the latter a neoplasm composed of primitive-
pluripotential cells.35 Regarding CK20, we only
found CK20 positive cells in two out of 13 MTsV
and Skelton and Smith found minimal staining in
the neoplasm they studied. Consequently, CK20 is
not useful in the diagnosis or identifying the origin
of MTsV.

EMA reacts with most epithelia and epithelial
neoplasms36 but it is also expressed in nonepithelial
tumors including smooth muscle tumors, more
commonly those of the genital tract,31 and also in
tumors with divergent differentiation such as syno-
vial sarcomas37 and desmoplastic small round cell
tumors.38 Nakashima et al6 reported positive stain-
ing in their MTV in both the stromal-type cells as
well as in the epithelial cells; the one MTV reported
by Skelton and Smith8 showed weak EMA expres-
sion in scattered cells and the most recent MTV
reported by Murdoch et al17 showed positivity in
both epithelial and stromal-like components. The
present study revealed positivity in six out of 13
MTsV, mostly in the epithelial component. These
results are not helpful in determining the histogen-
esis of these tumors or in the differential diagnosis
with other tumors with a mesenchymal component
as smooth muscle tumors of the female genital tract
are positive for this antibody as already noted.

MA and desmin are two well-known markers of
smooth muscle differentiation, although not 100%
specific as they also stain myoepithelial cells and
myoepithelial tumors and much less frequently

epithelial neoplasms. The two MTsV reported by
Skelton and Smith8 and Nakashima et al6 showed
negative and minimal staining for MA respectively.
However, Branton and Tavassoli1 noted intense
smooth muscle actin positivity in all their tumors,
and Murdoch et al17 showed actin positivity in the
intermixed bundles of spindle cells. Our study also
showed extensive MA positivity in 11 out of 12
MTsV, mainly in the stromal-like component. Des-
min was negative in the tumors reported by Skelton
and Smith8 and Fukunaga et al,7 and although we
found desmin positivity in 10/11 MTsV studied, this
was mainly in the stromal-like component as seen in
the MTV reported by Murdoch et al.17 These results
may speak in favor of a myoepithelial origin for
these neoplasms but do not exclude others, and they
are not helpful in differentiating MTsV from other
spindle cell tumors of the vagina.

h-Caldesmon, a smooth muscle marker thought to
be restricted to vascular and visceral smooth muscle
cells and myoepithelial cells, has not been pre-
viously studied in MTsV. Five out of 13 MTsV in
this series showed focal h-Caldesmon positivity.
This finding suggests again the possibility of a
myoepithelial origin of MTsV, but one would expect
the expression of this antibody to be more extensive
and present in the majority of the tumors if they
were of myoepithelial origin. The extent of
positivity for h-Caldesmon in these tumors makes
this antibody not useful in the differential diagnosis
of MTsV with other vaginal tumors with a mesen-
chymal component.

Table 3 Summary of immunohistochemical findings in MTsV

Branton Fukunaga Kang Kawauchi Murdoch Skelton Oliva
(n¼11) (n¼ 1) (n¼1) (n¼1) (n¼1) (n¼1) (n¼ 13)

Component
not

specified

EPT STR EPT STR STR EPT STR Component
not

specified

EPT STR

AE1/E3 + � + + + + + + +(6) +(8)
PKK-1 ND + + ND ND ND ND ND ND
CK7 ND ND ND ND ND ND * + + +(6) +(6)
CK20 ND ND ND ND � +/� +(2) +(1)
EMA ND + ND ND ND * + + (scattered

cells)
+(6) +(2)

MA/SMA + � � � � + + (stroma) +(1) +(11)
h-
Caldesmon

ND ND ND ND ND ND ND � +(5)

Desmin ND � � � � � � +(1) +(10)
CD10 � ND ND ND * + ND +(6) +(12)
CD34 ND � � � � � * + + � �
CD99 ND ND ND ND * � + � �
S100 � � � � � � * � � � +(1)
Vimentin ND � + � + � * + + ND ND
GFAP � ND ND ND ND � ND ND ND ND ND
ER Weak to

absent
(N¼ 5)

ND ND ND ND � + + + ND ND

PR Diffuse
(N¼ 5)

ND ND ND ND � + + + ND ND

Bcl-2 ND ND ND ND ND ND * + + ND ND

N¼number of cases; EPT¼epithelial component; STR¼Stromal-like component; ND¼not done; * Not specified
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CD10 is widely expressed in normal tissues such
as myoepithelial cells of breast and parotid gland,
and in many epithelial and nonepithelial tumors,39

although mixed tumors of the salivary gland are
negative. In the female genital tract, CD10 reacts
with endocervical and endometrial stromal cells,
Wolffian remnants, and luteinized cells as well as
with benign and malignant endocervical glandular
lesions, endometrial adenocarcinomas, mullerian
mixed tumors, endometrial stromal tumors, smooth
muscle tumors, Wolffian tumors and sex-cord
stromal tumors of the ovary.39–44 Our findings
revealed extensive CD10 positivity in all MTsV (13
out of 13). To date, only one other very recent case
report has shown CD10 positivity in MTsV.17 This
finding is not helpful regarding the histogenesis of
these tumors, because as mentioned earlier, CD10 is
negative in tumors derived from myoepithelial cells
and CD10 has been seen in both epithelial and
nonepithelial tumors. Furthermore, CD10 is not
useful in distinguishing MTsV from smooth or
skeletal muscle tumors, or even endometrioid (endo-
metrial) stromal tumors that can occur at this site.
With regard to the latter differential, this study was
prompted in part by a case sent in consultation to
one of us in which the patient had a previous history
of an endometrial stromal sarcoma of the uterus and
presented later with a vaginal nodule. The differ-
ential diagnosis in that case included recurrent
endometrial stromal sarcoma with epithelial differ-
entiation and MTV. That issue led to us investigat-
ing whether CD10 was a reliable discriminant.

Several studies have shown CD34 reactivity in
smooth muscle tumors and other mesenchymal
lesions, but malignant epithelial tumors are almost
always negative.45 In the female genital tract, CD34
is expressed in cervical stromal cells, basally located
endometrial stromal cells and rare smooth muscle
tumors, but it is negative in endometrial stromal sar-
comas and aggressive angiomyxomas.41,46–49 Skelton
and Smith8 found CD34 to be diffusely positive in
their MTV and Murdoch et al17 reported the same
findings. Our results showed positivity in seven out
11 MTsV (5–80%), being 425% in five tumors,
mainly in the stromal-like component. Lindenmayer
and Miettinen46 postulated that CD34 reactivity may
be an inherent property of subsets of fibroblasts such
as those of uterine stromal tissues, and although not
all tumors in this series were CD34 positive, the
presence of positivity in half of them may favor a
mesenchymal origin of these tumors. As smooth
muscle tumors may be positive for CD34, this
antibody is not helpful in distinguishing MTsV from
this tumor.

CD99, a sensitive marker of Ewing’s sarcoma and
peripheral primitive neuroectodermal tumors, is
also expressed in epithelial and mesenchymal
tumors, and those with divergent differentiation.30,38

In the female genital tract, it may be positive in
ovarian sex-cord stromal tumors,50,51 uterine tumors
resembling ovarian sex-cord tumors and smooth

muscle tumors.41,52 Skelton and Smith8 reported
diffuse positivity for CD99 in one MTV. We found
CD99 cytoplasmic expression in seven MTsV (10–
60%), but none of the tumors showed the typical
membranous staining.

Finally, S-100, initially considered specific to glial
cells, has been found in other types of cells, such as
myoepithelial cells, melanocytes, chondrocytes,
adypocites, striated muscle, and weakly in some
epithelial cells.53 All MTsV previously reported
were S-100 negative. Our results showed focal
immunoreactivity in only one out of seven MTsV
and argue against a myoepithelial origin for these
neoplasms.

In conclusion, although positivity for CK7, MA,
desmin and h-Caldesmon could favor a myoepithe-
lial origin, S-100 negativity and diffuse CD10
positivity argues against it. An epithelial origin,
suggested by some authors, is not certain as these
tumors extensively express several mesenchymal mar-
kers. Our immunohistochemical results, in which
stromal-type cells and epithelial cells coexpress
different epithelial and mesenchymal markers, sup-
port the contention that MTsV may arise from a
pluripotential cell that must have the ability to
differentiate in both epithelial and mesenchymal
directions. Their immunohistochemical profile is
neither specific nor helpful in the differential
diagnosis of MTsV from the more common vaginal
smooth muscle tumors or even from other rare
tumors. The final diagnosis must be based on a
careful conventional microscopic evaluation of
these neoplasms.
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