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Abstract: Initial investigations reported GATA3 to be a sensitive and
relatively specific marker for mammary and urothelial carcinomas.
Recently, GATA3 expression has been described in several other
epithelial tumors. However, there has been only limited investigation of
GATA3 expression in cutaneous epithelial tumors. The objective
of this study was to examine the immunohistochemical expression of
GATA3 in a wide variety of cutaneous epithelial neoplasms. GATA3
expression was evaluated in 99 benign and 63 malignant cutaneous
epithelial tumors. GATA3 was consistently and usually strongly
expressed in clear cell acanthoma, trichofolliculoma, trichoepithelioma,
trichilemmoma, sebaceous adenoma, sebaceoma, apocrine hidrocysto-
ma, apocrine tubular papillary adenoma, hidradenoma papilliferum,
and syringocystadenoma papilliferum. Hidradenomas exhibited vari-
able positive staining. Most poromas, syringomas, chondroid syringo-
mas, cylindromas, and spiradenomas were negative or only focally and
weakly positive. Focal staining was present in all pilomatrixomas.
Thirteen of 14 basal cell carcinomas, 21 of 24 squamous carcinomas,
and all 6 sebaceous carcinomas exhibited positive staining. The 1
apocrine carcinoma, both mucinous carcinomas, and 2 of 3 microcystic
adnexal carcinomas also exhibited positive staining, whereas the 1
eccrine porocarcinoma and the 1 adenoid cystic carcinoma were
negative. One of 11 Merkel cell carcinomas exhibited focal weak
staining. Our findings demonstrate that GATA3 is expressed in a wide
variety of benign and malignant cutaneous epithelial neoplasms. In
addition to carcinomas of breast and urothelial origin and other more
recently described GATA3-positive tumors, the differential diagnosis
of a metastatic tumor of unknown primary origin that expresses
GATA3 should also include a carcinoma of cutaneous epithelial origin.
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INTRODUCTION
GATA3 is a member of the GATA family of zinc finger

nuclear transcription factors, which bind to G-A-T-A nucle-
otide sequences in the promoter regions of target genes,

thereby activating or suppressing the function of these
genes.1,2 GATA3 is involved in the development and differ-
entiation of many cell types, such as the luminal glandular
epithelium of the breast,3,4 T-lymphocytes,5–7 parathyroid
gland,8 kidney,9 sympathetic nervous system,10 and hair fol-
licles of the skin.11–13

Initial studies on the immunohistochemical expression
of GATA3 in tumors suggested that GATA3 is relatively
sensitive and specific for tumors of breast or urothelial
origin,14,15 and GATA3 has therefore been advocated as a use-
ful marker for identifying tumors of breast or urothelial origin
in the setting of a metastatic carcinoma of unknown primary
origin.15 Several very recent publications, however, have
broadened the spectrum of tumors with reported positive
immunoreactivity for GATA3, including transitional cell pro-
liferations in the female genital tract,16 certain salivary gland
tumors,17 and parathyroid tumors,18,19 as well as malignant
mesotheliomas, pancreatic adenocarcinomas, oncocytomas
and chromophobe carcinomas of the kidney, choriocarcino-
mas, and endodermal sinus tumors.20 Immunoreactivity for
GATA3 has also been described in several nonepithelial neo-
plasms, including pheochromocytomas, paragangliomas, neu-
roblastomas, ganglioneuroblastomas, ganglioneuromas, and
the epithelial component of biphasic synovial sarcomas.19–21

Although GATA3 is known to play a role in epithelial
differentiation in the epidermis and hair follicles, the
distribution of immunoreactivity for GATA3 in normal skin
has not been fully described, and there is only limited
published information on the expression of GATA3 in
cutaneous epithelial neoplasms.20,22–25 The objectives of this
study were therefore to examine the distribution of immuno-
reactivity for GATA3 in normal skin and to investigate the
expression of GATA3 in a wide variety of benign and malig-
nant neoplasms of the epidermis and skin adnexal structures.

MATERIALS AND METHODS

Study Design
Institutional review board approval was obtained for the

study. One hundred sixty-four cases of benign and malignant
epidermal and cutaneous adnexal neoplasms were retrieved
from the surgical pathology archives of Cedars-Sinai Medical
Center from 1990 to 2013. Hematoxylin and eosin slides were
reviewed, and the neoplasms were classified independently by
2 experienced dermatopathologists (B.L.B. and D.P.F.)
according to the WHO classification of skin tumors26; initial
discrepancies in classification were resolved by subsequent
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review of slides using a double-headed microscope. Two
cases (1 benign and 1 malignant) for which a consensus diag-
nosis could not be reached were excluded from the study. Of
the remaining 162 neoplasms that were included in the study,
99 were benign tumors and 63 were malignant tumors. Of the
14 basal cell carcinomas, 6 exhibited a superficial pattern, 4
exhibited a nodular pattern, and 4 exhibited a mixed nodular
and infiltrative pattern; 2 of the basal cell carcinomas were
pigmented (1 with a superficial pattern and 1 with a nodular
pattern). Of the 24 squamous carcinomas, 7 were well differ-
entiated, 9 were moderately differentiated, and 8 were poorly
differentiated (including 2 poorly differentiated tumors with
spindle-cell features).

Immunohistochemistry
Immunohistochemical detection of GATA3 was per-

formed on 4-mm tissue sections using Biocare Medical mono-
clonal antibody (clone L50-823; Concord, CA) at 1:600
dilution. Staining was performed on the Ventana BenchMark
Ultra (Tucson, AZ) automated slide stainer using onboard
heat-induced epitope retrieval method in high pH CC1 buffer,
and staining was demonstrated using the Ventana ultraView
DAB detection system. The slides were subsequently counter-
stained with Mayer’s hematoxylin. Only nuclear staining for
GATA3 was scored; cytoplasmic staining was generally
absent or minimal/weak. In those cases in which nonneoplas-
tic epithelium was also present in the histological sections, the
intensity of staining of nonneoplastic epithelium was graded
as weak, moderate, or strong. The extent of staining of the
neoplastic cells for GATA3 was graded as 0 (negative), 1+
(#10%), 2+ (11%–50%), or 3+ (.50%). The intensity of
staining of tumor cells was graded as weak (1+) or strong

(2+ or 3+). The extent and intensity of staining of the tumor
were scored independently by 2 pathologists (M.N.P.V. and
R.B.M.), and initial discrepancies in scoring were resolved by
subsequent review of stains using a double-headed microscope.

RESULTS

GATA3 Expression in Normal Epidermis and
Cutaneous Adnexal Structures

GATA3 expression in normal epidermis and cutaneous
adnexal structures is illustrated in Figure 1. Normal epidermis
exhibited positive staining for GATA3; the staining was gen-
erally of moderate to strong intensity and was patchy to dif-
fuse in the basal layer and diffuse in the spinous layer. The
granular layer was consistently negative for GATA3. Staining
for GATA3 was often reduced and sometimes absent in the
epidermis directly overlying tumors. Hair follicles demon-
strated positive staining for GATA3, with the intensity of
staining varying in different regions of the follicle. The stron-
gest staining for GATA3 in all epithelial components of the
skin was observed in certain layers of the inner root sheath of
the hair follicles, which consistently demonstrated intense
strongly positive staining, whereas the matrix area of the hair
bulb was negative for GATA3. The outer root sheath layers
typically exhibited weak to moderately strong staining for
GATA3. Weak to moderately strong staining for GATA3
was also observed in most cells of sebaceous glands, with
stronger staining observed in the peripheral germinative cells
and weaker staining in the differentiated vacuolated cells in
the central portions of the glands; some mature sebocytes in
the central portions of the glands were negative for GATA3.

FIGURE 1. GATA3 expression in normal skin. Epidermis (·200): positive staining for GATA3 is present in the basal and spinous
layers of the epidermis but is absent in the granular cell layer. Pilosebaceous unit (·100): positive staining for GATA3 is seen in
both the outer root sheath of the hair follicle and in the sebaceous glands. Hair bulb and root sheath (·100): strong positive
staining for GATA3 is present in some layers of the inner root sheath, with less intense staining also present in the outer root
sheath, whereas the matrix cells of the hair bulb are negative for GATA3. Sweat glands (·200): apocrine glands (left) exhibit
positive staining for GATA3, whereas eccrine glands (right) are negative for GATA3.
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Within apocrine sweat glands, weakly to strongly positive
staining for GATA3 was observed in the majority of the inner
layer of cells within the secretory coils and excretory ducts,
whereas the outer cell layer of both the secretory coils and
excretory ducts appeared to be mostly negative for GATA3.
In contrast, both the secretory coils and excretory ducts of
eccrine glands were typically negative for GATA3, although
infrequently, a few positive cells were seen within the secre-
tory coil, and weak staining of epithelial cells lining the
excretory ducts was also rarely observed. Nuclear staining
for GATA3 was also observed in some background lympho-
cytes in cases in which chronic inflammation was present.

GATA3 Expression in Benign Epidermal and
Cutaneous Adnexal Neoplasms

The results of GATA3 staining in the 99 benign
epidermal and cutaneous adnexal neoplasms are summarized
in Table 1, and representative examples are illustrated in Fig-
ure 2. GATA3 was consistently expressed in clear cell acan-
thomas (3+, strong). Among tumors of hair follicle origin,
extensive staining for GATA3 was observed in trichofollicu-
lomas (3+, strong), trichoepitheliomas (3+, strong), and tri-
chilemmomas (3+, weak to strong), whereas only focal (1+ or
2+) weak to strong staining for GATA3 was present in pilo-
matrixomas. Most constituent cells of pilomatrixomas in fact
were negative for GATA3, although a very characteristic fea-
ture of all pilomatrixomas was the presence of very focal
aggregates of cells with intensely positive nuclear staining.
All sebaceous neoplasms were positive for GATA3, with 3+,

weak to strong staining seen in sebaceous adenomas and 3+,
strong staining seen in the 1 case of sebaceoma. Among sweat
gland tumors, GATA3 was expressed in all cases of apocrine
hidrocystoma, hidradenoma papilliferum, and syringocysta-
denoma papilliferum, with most cases showing 2+ or 3+,
strong staining, although 3+, weak staining was observed in
1 case each of apocrine hidrocystoma and syringocystadeno-
ma papilliferum and in the single case of apocrine tubular
papillary adenoma. In these sweat gland tumors, in which
the neoplastic epithelium is characteristically bilayered, pos-
itive staining was generally limited to the inner layer of epi-
thelial cells. Hidradenomas were consistently positive for
GATA3 but exhibited a wide range of staining extent and
intensity, ranging from 1+ to 3+ in extent and weak to strong
in intensity. Most cases of poroma, syringoma, chondroid
syringoma, cylindroma, and spiradenoma were negative or
only focally (1+) and weakly positive for GATA3.

GATA3 Expression in Malignant Epidermal
and Cutaneous Adnexal Neoplasms

The results of GATA3 staining in the 63 malignant
epidermal and cutaneous adnexal neoplasms are summarized in
Table 2, and representative examples are illustrated in Figure 3.
The majority of both basal cell carcinomas (13/14) and squa-
mous carcinomas (21/24) were positive for GATA3. All pos-
itively stained basal cell carcinomas exhibited 3+, strong
staining. The 1 negative basal cell carcinoma exhibited a mixed
nodular and infiltrative growth pattern. In contrast, the posi-
tively stained squamous carcinomas exhibited a wider range of

TABLE 1. Immunoreactivity for GATA3 in Benign Cutaneous Epithelial Neoplasms

Tumor Type Neg 1+/Wk 1+/Str 2+/Wk 2+/Str 3+/Wk 3+/Str Total Number Positive (%)

Epidermal

Clear cell acanthoma (n = 5) 0 0 0 0 0 0 5 5 (100)

Follicular

Trichofolliculoma (n = 6) 0 0 0 0 0 0 6 6 (100)

Trichoepithelioma (n = 7) 0 0 0 0 0 0 7 7 (100)

Trichilemmoma (n = 5) 0 0 0 0 0 2 3 5 (100)

Pilomatrixoma (n = 8) 0 1 4 2 1 0 0 8 (100)

Sebaceous

Sebaceous adenoma (n = 7) 0 0 0 0 0 4 3 7 (100)

Sebaceoma (n = 1) 0 0 0 0 0 0 1 1 (100)

Sweat gland

Apocrine hidrocystoma (n = 11) 0 0 0 0 3 1 7 11 (100)

Apocrine tubular papillary
adenoma (n = 1)

0 0 0 0 0 1 0 1 (100)

Hidradenoma (n = 4) 0 1 1 0 0 1 1 4 (100)

Hidradenoma papilliferum (n = 7) 0 0 0 0 0 0 7 7 (100)

Syringocystadenoma papilliferum
(n = 3)

0 0 0 0 1 1 1 3 (100)

Poroma (n = 9) 6 2 1 0 0 0 0 3 (33)

Syringoma (n = 5) 4 0 0 1 0 0 0 1 (20)

Chondroid syringoma (n = 3) 2 0 1 0 0 0 0 1 (33)

Cylindroma (n = 6) 2 3 0 0 0 1 0 4 (67)

Spiradenoma (n = 11) 10 1 0 0 0 0 0 1 (9)

Neg, negative; Str, strong; Wk, weak.
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staining extent and intensity, ranging from 1+ to 3+ in extent
and weak to strong in intensity. Staining for GATA3 was
diffuse (3+) and strong in only 4 of the squamous carcinomas,
and 8 of the squamous carcinomas exhibited only focal (1+)
and weak staining for GATA3. The 3 negative squamous car-
cinomas included 1 well differentiated tumor, 1 moderately
differentiated tumor, and 1 poorly differentiated tumor with
spindle-cell features. The staining intensity was weak in all
positively stained well differentiated squamous carcinomas
but was weak or strong in the positively stained moderately
differentiated and poorly differentiated squamous carcinomas.
In the 1 case of basal cell carcinoma and the 3 cases of squa-
mous carcinoma that were negative for GATA3, intact positive
staining for GATA3 was observed in benign epidermis, hair

follicles, and (when present) sebaceous glands, which served as
internal positive controls in these cases. All 6 sebaceous car-
cinomas exhibited positive staining for GATA3, ranging from
1+ to 3+ in extent and usually weak in intensity, although 1
tumor exhibited 3+, strong staining. Among the small number
of malignant tumors of sweat gland origin included in the
study, the single apocrine carcinoma and both mucinous car-
cinomas exhibited 3+, strong staining for GATA3 and 2 of 3
microcystic adnexal carcinomas were also positive for GATA3
(2+, weak or strong staining), whereas the single adenoid cystic
carcinoma and the single eccrine porocarcinoma were both
negative for GATA3. One of 11 Merkel cell carcinomas ex-
hibited 1+, weak staining for GATA3, whereas the remainder
were negative.

FIGURE 2. GATA3 expression in benign cutaneous epithelial neoplasms. Positive staining for GATA3 is demonstrated in these
examples of trichofolliculoma (·200), sebaceous adenoma (·200), and hidradenoma papilliferum (·200), whereas the spi-
radenoma (·200) is negative for GATA3.

TABLE 2. Immunoreactivity for GATA3 in Malignant Cutaneous Epithelial Neoplasms

Tumor Type Neg 1+/Wk 1+/Str 2+/Wk 2+/Str 3+/Wk 3+/Str Total Number Positive (%)

Epidermal

Basal cell carcinoma (n = 14) 1 0 0 0 0 0 13 13 (93)

Squamous cell carcinoma (n = 24) 3 8 0 4 0 5 4 21 (88)

Sebaceous

Sebaceous carcinoma (n = 6) 0 1 0 1 0 3 1 6 (100)

Sweat gland

Apocrine carcinoma (n = 1) 0 0 0 0 0 0 1 1 (100)

Mucinous carcinoma (n = 2) 0 0 0 0 0 0 2 2 (100)

Microcystic adnexal carcinoma
(n = 3)

1 0 0 1 1 0 0 2 (67)

Adenoid cystic carcinoma (n = 1) 1 0 0 0 0 0 0 0 (0)

Eccrine porocarcinoma (n = 1) 1 0 0 0 0 0 0 0 (0)

Other

Merkel cell carcinoma (n = 11) 10 1 0 0 0 0 0 1 (9)

Neg, negative; Str, strong; Wk, weak.
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DISCUSSION
Initial investigations on the distribution of GATA3 in

tumors indicated that GATA3 is a sensitive and relatively
specific marker for carcinomas of breast and urothelial
origin,14,15 but more recent studies have demonstrated that
GATA3 is also expressed in several other epithelial tumors,
such as certain salivary gland tumors17 and parathyroid tu-
mors.18,19 Although GATA3 has been known for some time to
play a role in epithelial differentiation in the skin, there are
few published reports on the expression of GATA3 in cuta-
neous epithelial neoplasms.20,22–25 Our study represents the
largest published series of cutaneous epithelial neoplasms
studied for the expression of GATA3 and demonstrates that
GATA3 is expressed in a wide variety of benign and malig-
nant epidermal and cutaneous adnexal neoplasms, as well as
in normal epidermis and most skin adnexal structures.

The expression of GATA3 in normal skin and cutaneous
adnexal structures has not been fully described in the literature,
with most reports focusing only on the expression of GATA3
within the epidermis and/or hair follicles. In a recently
published limited description of the expression of GATA3 in
normal adult skin, Miettinen et al20 reported that GATA3 was
expressed in epidermis, sebaceous epithelia, and hair shafts,
with extensive positive staining in apocrine glands and focal
positive staining in eccrine sweat glands. Our observations in
normal skin adjacent to tumors are generally similar to those of
Miettinen et al20 but are described in greater detail. In the
epidermis, staining for GATA3 was limited to the basal and
spinous layers, whereas the granular cell layer was consistently
negative. This distribution of GATA3 expression within the
epidermis has previously been described by some authors,27

whereas others have claimed that GATA3 is expressed only
in the spinous layer13 or is found in all layers of the epider-
mis.28 In our study, the various components of the hair follicle
exhibited differential staining for GATA3; intensely positive

staining for GATA3 was observed in certain layers of the inner
root sheath, whereas the matrix region of the hair bulb was
negative for GATA3, and the outer root sheath exhibited weak
to moderately strong staining for GATA3. Our finding of
strong staining of the inner root sheath is consistent with pre-
viously reported studies on the distribution of GATA3 in hair
follicles and its role in folliculogenesis. In elegant studies using
immunofluorescence to examine differentiation of hair follicles
in mouse embryos, Kaufman et al11 demonstrated that expres-
sion of GATA3 in hair follicles is restricted to the Huxley and
cuticle layers of the inner root sheath, whereas the Henley layer
of the inner root sheath is negative for GATA3. Localization of
GATA3 to the inner root sheath of hair follicles was also
confirmed by immunofluorescence studies performed by Chikh
et al27 on human skin. Using immunoperoxidase studies on
human skin, Sellheyer and Krahl13 also demonstrated that GA-
TA3 expression in hair follicles is confined to the Huxley layer
and inner root sheath cuticle. Expression of GATA3 in the
outer root sheath (which we observed in this study) was not
described in these 3 prior studies but had previously been
described by Kurek et al12 in mouse embryos during anagen
phase of the hair growth cycle. It is perhaps not surprising that
GATA3 would be expressed in the outer root sheath, as the
outer root sheath is contiguous with and biochemically similar
to the basal layer of the epidermis from which it is derived and
which in our study also expressed GATA3 in a diffuse or
patchy fashion. The expression of GATA3 in normal seba-
ceous glands and sweat glands has received little attention in
the literature. Like Miettinen et al,20 we observed positive
staining for GATA3 in sebaceous glands and in apocrine
glands. However, whereas Miettinen et al20 described eccrine
sweat glands as being focally positive for GATA3 and Lee
et al22 reported that staining for GATA3 was seen in eccrine
glands (in addition to basal keratinocytes and sebocytes), we
found the majority of eccrine sweat glands to be entirely

FIGURE 3. GATA3 expression in malignant cutaneous epithelial neoplasms. Positive staining for GATA3 is demonstrated in these
examples of basal cell carcinoma (·200), apocrine carcinoma (·200), and mucinous carcinoma (·200), whereas the adenoid
cystic carcinoma (·200) is negative for GATA3.
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negative for GATA3; these results are similar to those of Def-
tereos et al24 who reported that normal eccrine adnexal struc-
tures were negative for GATA3.

Our observation that expression of GATA3 was often
decreased or sometimes even absent in the epidermis over-
lying tumors suggests downregulation of GATA3 expression
in reactive epidermal squamous epithelium; this hypothesis is
supported by similar observations of reduced GATA3
expression in psoriatic skin and in conditions of epidermal
regeneration during wound healing.28

There are only limited published reports on the expres-
sion of GATA3 in benign tumors of the epidermis and skin
adnexal structures. In the study by Miettinen et al,20 immuno-
reactivity for GATA3 was reportedly identified in trichoepithe-
liomas, basaloid cells of pilomatrixomas, epithelia of pilar
cysts, and seborrheic keratoses (4 cases of each studied), and
focal positivity was seen in mixed tumors of the skin, cylin-
dromas, eccrine spiradenomas, and hidradenomas/eccrine acro-
spiromas (2 cases of each studied). In the herein reported much
larger series of benign cutaneous epithelial neoplasms, we also
observed positive staining in cases of trichoepithelioma, pilo-
matrixoma (focal), and hidradenoma, whereas all 10 cases of
spiradenoma, 2 of 3 cases of chondroid syringoma (cutaneous
mixed tumor), and 2 of 6 cases of cylindroma were negative for
GATA3. The reasons for these discrepancies between our ob-
servations and those of Miettinen et al20 are unclear. We also
observed positive staining for GATA3 in all benign sebaceous
gland tumors, which were not studied by Miettinen et al.20 In
abstract form, Tilson et al25 have recently reported that nearly
all skin adnexal tumors of follicular origin and sebaceous ori-
gin exhibited positive immunoreactivity for GATA3, whereas
staining for GATA3 was variable in sweat gland tumors, most
of which were negative for GATA3 or exhibited only focal
staining; the authors indicate that most of the cases included in
their study were benign skin adnexal neoplasms. With regard
to the staining of pilomatrixomas for GATA3, we found that
most cells of pilomatrixomas were negative for GATA3, sim-
ilar to cells of the matrix region of the normal hair follicle.
However, a characteristic feature of all pilomatrixomas was the
presence of very focal aggregates of cells with intensely pos-
itive nuclear staining, reminiscent of the strong staining seen in
some layers of the inner root sheath of the normal hair follicle.

Initial investigations that concluded that GATA3 is
a relatively specific marker for carcinomas of breast or
urothelial origin largely neglected malignant cutaneous epithe-
lial neoplasms in their study design. In the study by Liu et al,15

which surveyed the expression of GATA3 in 1110 tumors of
various organs and histological types, 100 melanomas were
examined (all of which were negative for GATA3), but no
malignant cutaneous epithelial neoplasms were included in
the study. Likewise, in the study by Higgins et al,14 which
examined the expression of GATA3 in 1211 tissue cores from
a variety of tumor sites (concentrating on tumors of the blad-
der, kidney, and prostate), cutaneous epithelial neoplasms were
not specifically mentioned as having been included in the
study; melanomas were reportedly negative for GATA3, and
squamous carcinomas of unspecified site of origin were report-
edly negative for GATA3, but it is uncertain whether any of
these squamous carcinomas were of cutaneous origin.

In the recently published large survey of the expression
of GATA3 in 2500 epithelial and nonepithelial tumors,
Miettinen et al20 described positive immunoreactivity in 61
of 62 basal cell carcinomas of the skin and in 25 of 31 squa-
mous carcinomas of the skin, but no malignant skin adnexal
tumors were studied; the 4 Merkel cell carcinomas were all
negative for GATA3. Positive staining of the majority of cuta-
neous basal cell carcinomas and squamous carcinomas for
GATA3 has also been recently reported in abstract form by
Deftereos et al,24 and absence of staining of Merkel cell tumors
for GATA3 has been previously noted by Nonaka et al19 and
Deftereos et al.24 Reports of the expression of GATA3 in
malignant sweat gland tumors22,23,25 and sebaceous carcino-
mas25 have only very recently appeared in the literature.

Our study confirms the expression of GATA3 in the
vast majority of basal cell carcinomas and in the majority of
cutaneous squamous carcinomas, though whereas the staining
was generally diffuse and strong in basal cell carcinomas,
a wide range of staining extent and intensity was observed in
squamous carcinomas. With the exception of 1 case, which
exhibited focal weak staining for GATA3, all cases of Merkel
cell carcinoma in our study were negative for GATA3, similar
to the results of Miettinen et al,20 Nonaka et al,19 and Defter-
eos et al.24 Our study also demonstrated the presence of GA-
TA3 in a subset of malignant skin adnexal tumors. Positive
staining of variable extent and intensity was observed in all 6
sebaceous carcinomas, similar to the results recently reported
in abstract form by Tilson et al.25 Only small numbers of
malignant sweat gland tumors were included in our study,
reflecting the scarcity of such tumors in clinical practice
and precluding any definitive statements regarding GATA3
expression in any particular type of malignant sweat gland
tumor. However, 5 of 8 malignant sweat gland tumors were
positive for GATA3, including 1 apocrine carcinoma, both
mucinous carcinomas, and 2 of 3 microcystic adnexal carci-
nomas. The 1 adenoid cystic carcinoma, the 1 eccrine poro-
carcinoma, and 1 of the 3 microcystic adnexal carcinomas
included in the study were negative for GATA3. Our results
are generally similar to and extend the observations of Lee
et al,22 who have recently published the largest series of
malignant sweat gland carcinomas studied for GATA3
expression to date. In that study, 4 of 11 eccrine carcinomas,
all 9 apocrine carcinomas, 2 of 7 hidradenocarcinomas, 3 of
15 porocarcinomas, 5 of 12 microcystic adnexal carcinomas,
all 3 trichilemmal carcinomas, and both mucinous carcinomas
were positive for GATA3; no adenoid cystic carcinomas were
examined for GATA3 expression in their study.

The histogenesis of particular types of sweat gland
tumors is frequently a matter of debate, with uncertainty in
the literature as to whether the tumors are of eccrine or
apocrine origin.26 The distinctly different expression of GA-
TA3 in normal eccrine glands and apocrine glands raises the
possibility that GATA3 may be a useful marker of apocrine
origin or differentiation in sweat gland tumors. Among
benign sweat gland tumors, it is interesting to note that tumors
considered to be of unequivocal apocrine origin or differen-
tiation (apocrine hidrocystoma, apocrine tubular papillary
neoplasm, and hidradenoma papilliferum) were all consis-
tently positive for GATA3 (analogous to the positive staining
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observed in normal apocrine glands), whereas syringomas
(generally considered to be tumors of eccrine origin) were
usually negative for GATA3, akin to normal eccrine glands.
There is less unanimity in the literature regarding the histo-
genesis of other benign sweat gland tumors, including hidra-
denoma, syringocystadenoma papilliferum, poroma,
chondroid syringoma, cylindroma, and spiradenoma. The
presence or absence of GATA3 expression in these tumors
may provide an immunohistochemical clue to their histogen-
esis. For example, the positive staining for GATA3 observed
in our cases of syringocystadenoma papilliferum is more sup-
portive of apocrine differentiation than eccrine differentiation.
On the other hand, poromas, chondroid syringomas, cylindro-
mas, and spiradenomas were all either negative or only
focally and weakly positive for GATA3, suggesting that these
tumors (like syringomas) are more likely of eccrine than apo-
crine origin or differentiation. Hidradenomas exhibited quite
variable staining for GATA3, raising the possibility that some
may be of eccrine and others of apocrine origin or differen-
tiation. Similar observations and conclusions may also be
applicable to malignant sweat gland tumors, but the numbers
of malignant sweat gland tumors included in our study were
too small to draw any definitive conclusions in this regard.
Study of GATA3 expression in a larger series of benign and
malignant sweat gland tumors will be required to more clearly
determine the utility of GATA3 expression as a marker of
apocrine differentiation in sweat gland tumors.

In summary, our findings expand on previously pub-
lished studies on the distribution of immunoreactivity for
GATA3 in normal skin and on the spectrum of expression of
GATA3 in cutaneous epithelial neoplasms. These results
confirm that carcinomas of cutaneous epithelial origin should
be included in the differential diagnosis of a metastatic
carcinoma of unknown primary origin which is positive for
GATA3. This is of particular importance in a woman with
metastatic carcinoma of unknown primary origin in an
axillary lymph node; in this setting, immunoreactivity of the
tumor for GATA3 should not be construed as proof of
mammary origin of the metastatic tumor.
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