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Although the function of zinc finger and BTB domain containing 16 (ZBTB16) in spermatogenesis is well
documented, expression of ZBTB16 in germ cell tumors has not yet been studied. The aim of this study was to
investigate the immunohistochemical expression and diagnostic utility of ZBTB16 in germ cell tumors. A total of
67 adult germ cell tumors were studied (62 testicular germ cell tumors, 2 ovarian yolk sac tumors, 1 mediastinal
yolk sac tumor, and 2 retroperitoneal metastatic yolk sac tumors). The 62 testicular primary germ cell tumors are
as follows: 34 pure germ cell tumors (20 seminomas, 8 embryonal carcinomas, 2 teratomas, 1 choriocarcinoma,
1 carcinoid, and 2 spermatocytic tumors) and 28 mixed germ cell tumors (composed of 13 embryonal
carcinomas, 15 yolk sac tumors, 15 teratomas, 7 seminomas, and 3 choriocarcinomas in various combinations).
Thirty-five cases contained germ cell neoplasia in situ. Yolk sac tumor was consistently reactive for ZBTB16.
Among the 15 testicular yolk sac tumors in mixed germ cell tumors, all displayed moderate to diffuse ZBTB16
staining. ZBTB16 reactivity was present regardless of the histologic patterns of yolk sac tumor and ZBTB16 was
able to pick up small foci of yolk sac tumor intermixed/embedded in other germ cell tumor subtype elements.
Diffuse ZBTB16 immunoreactivity was also observed in 2/2 metastatic yolk sac tumors, 1/1 mediastinal yolk sac
tumor, 2/2 ovarian yolk sac tumors, 2/2 spermatocytic tumors, 1/1 carcinoid, and the spermatogonial cells. All the
other non-yolk sac germ cell tumors were nonreactive, including seminoma (n= 27), embryonal carcinoma
(n= 21), teratoma (n= 17), choriocarcinoma (n= 4), and germ cell neoplasia in situ (n= 35). The sensitivity and
specificity of ZBTB16 in detecting yolk sac tumor among the germ cell tumors was 100% (20/20) and 96% (66/69),
respectively. In conclusion, ZBTB16 is a highly sensitive and specific marker for yolk sac tumor.
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Germ cell tumors account for > 90% of the testicular
neoplasms. Although most are malignant, testicular
germ cell tumors are curable with appropriate
treatment.1 Germ cell tumor can be morphologically
subclassified into different subtypes, which differ in
their clinical behavior as well as management.1,2

Accurate histologic diagnosis and appropriate classi-
fication of testicular germ cell tumors is therefore
critical. The diagnosis of testicular germ cell tumor is
usually straightforward in the hands of experienced
pathologists with routine hematoxylin-and-eosin-
stained sections; however, different germ cell tumor
subtype elements can have overlapping morpholo-
gies, and in mixed germ cell tumor, which comprises

approximately half of the testicular germ cell tumor
cases,2–4 different germ cell tumor subtypes can be
intimately intermixed. This can make the distinction
between individual germ cell tumor subtypes
challenging.3–6 Among all the germ cell tumor subtypes,
yolk sac tumor, which has various histologic
patterns, has been known to be the most commonly
overlooked and underdiagnosed element3–8 and
ancillary diagnostic markers are frequently needed
to facilitate its diagnosis. Earlier germ cell tumor
biomarkers including placental-like alkaline
phosphatase and α-fetoprotein, although helpful, show
only moderate sensitivity and specificity.2,9–12 New
germ cell markers such as NANOG, SOX2 and
Sal-like protein 4 (SALL4) have also been identified;
however, these markers lack specificity for indivi-
dual germ cell tumor subtypes.2,13–16 In addition,
their expression may be lost in metastases or
after treatment.17,18 Glypican-3 is a more recently
identified sensitive marker for yolk sac tumor;19,20
nevertheless, glypican-3 has also been reported
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in embryonal carcinoma, choriocarcinoma and
teratoma.18–20

Zinc finger and BTB domain containing 16
(ZBTB16), first identified in a patient with
acute promyelocytic leukemia, is a zinc finger
transcription factor belonging to the POZ-Krüppel
family that binds to specific DNA sequences with its
C-terminal zinc fingers and suppresses trans-
cription by recruiting co-repressors with its amino-
terminal POZ domain.21,22 ZBTB16 affects
diverse signaling pathways including cell cycle,
differentiation, and programmed cell death
pathways in hematopoietic cells and in solid
tumors as well,22–25 and is involved in major
developmental and biological processes such as
spermatogenesis and stem cell maintenance, hind
limb formation, hematopoiesis, immune regulation,
and oncogenesis.21,22,26,27

In the testes, ZBTB16 is expressed specifically in
undifferentiated spermatogonia.21,28 Studies have
implied that ZBTB16 serves to promote spermatogo-
nial stem cell self-renewal21,28 and has a key role in
the maintenance of normal spermatogenesis. Inferti-
lity is observed in Zbtb16-null mice due to the
impairment of spermatogonial stem cell self-renewal
and subsequent exhaustion of spermatogonia.28,29
Although the function of ZBTB16 in spermatogen-
esis is relatively well studied, expression of ZBTB16
in germ cell tumor has not yet been reported. The
aim of this study was to investigate the immunohis-
tochemical detection of ZBTB16 in testicular cells
with particular focus on its diagnostic utility in germ
cell tumor.

Material and methods

Tissue Samples

Archived formalin-fixed and paraffin-embedded
tissue blocks from 67 adult patients with germ cell
tumors accessioned between January 2009 and
January 2015 were obtained from the surgical
pathology files of the University of Rochester
Medical Center. This study was performed after
approval by the institutional review board of the
University of Rochester. Among the 67 germ cell
tumors, 62 were testicular primary germ cell tumors,
2 were ovarian yolk sac tumors, and 1 was media-
stinal yolk sac tumor. There were 2 cases of
metastatic testicular germ cell tumors in the retro-
peritonum, 1 of which recurred after chemotherapy
and contained 60% yolk sac tumor and 40%
teratoma, and the other containing yolk sac tumor
only. Of the 62 testicular primary germ cell tumors,
34 were pure germ cell tumors and 28 were mixed
germ cell tumors. Among the 34 pure germ cell
tumors, 20 were pure seminomas, 8 pure embryonal
carcinomas, 2 pure teratomas, 1 pure choriocarci-
noma, 1 monodermal carcinoid tumor, and 2
spermatocytic tumors. The 28 mixed germ cell

tumors were composed of 13 embryonal carcinomas,
15 yolk sac tumors, 15 teratomas, 7 seminomas, and
3 choriocarcinomas in various combinations. Germ
cell neoplasia in situ was noted in 35 of the 62
testicular germ cell tumor cases. Spermatogonia with
various degrees of spermatogenesis were morpholo-
gically seen in the non-neoplastic seminiferous
tubules in 41 cases, atrophic seminiferous tubules
with prominent Sertoli cells were present in 33
cases, and interstitial Leydig cells were observed in
24 cases. There were also testicular appendages in
some of the samples including epididymis (12 cases)
and rete testis (9 cases).

Immunohistochemistry

Following deparaffinization and rehydration,
charged slides with 5-μm-thick sections of tissue
were treated with 3% hydrogen peroxide (H2O2), to
eliminate endogenous peroxidase activity, and then
processed for antigen retrieval with 10-mM citrate
buffer pH 6.0 using a pressure cooker (Pascal; Dako
Cytomation, Glostrup, Denmark) for 1min at 125 °C,
followed by slow cooling. The rest of the procedure
was done in a DAKO automated instrument. All
sections were rinsed with phosphate-buffered saline
(137mM NaCl, 2.7 mM potassium chloride, 4.2 mM
sodium phosphate, and 1.5mM potassium phos-
phate) and reacted with mouse anti-ZBTB16
antibody (D-9; sc-28319, Santa Cruz Biotechnology,
Santa Cruz, CA) for 1.5 h at 1:500 dilution in
phosphate-buffered saline containing 1% bovine
serum albumin and 5% normal goat serum at
room temperature. The sections were then incubated
for 20min with EnVision+ System horseradish
peroxidase-labeled polymer conjugated with bioti-
nylated anti-mouse secondary antibody and 3,3′-
diaminobenzidine substrate. All slides were counter-
stained with hematoxylin, dehydrated, and cover
slipped.

Analysis of Immunohistochemical Staining

Testicular cells, including cells from germ cell
tumors, non-neoplastic germ cells, stroma cells and
cells of testicular appendages were analysed for
ZBTB16 immunoreactivity in a semi-quantitative
way. Each histologic component of the mixed germ
cell tumor was independently evaluated. Only
nuclear staining of ZBTB16 was considered positive.
Based on the extent of the immunoreactivity, the
staining was graded as: virtually no (o1%) cell
staining (negative), 1–25% of cell staining (focal),
25–50% of cell staining (moderate extent) and
450% of cell staining (diffuse). ZBTB16-positive
spermatogonial cells and ZBTB16-negative Sertoli
cells and Leydig cells when present were used as
internal positive and negative control, respectively
(see Results section for detail).

ZBTB16: a yolk sac tumor biomarker

592 G-Q Xiao et al

Modern Pathology (2016) 29, 591–598



Results

Expression of ZBTB16 in Non-Neoplastic Testicular Cells

Germ cells. Primary spermatogonia that are located
along the basement membrane of non-neoplastic
seminiferous tubules were uniformly and strongly
reactive with ZBTB16 in all the cases (n=41) (Figure
1a and b). The spermatogonia in the seminiferous
tubules with either normal spermatogenesis or
impaired spermatogenesis showed similar ZBTB16
positivity.

Sex cord stroma cells. Although occasional cyto-
plasmic staining was noted in the Leydig cells, the
nuclei of both Sertoli cells (n=33 cases) and Leydig
cells (n=24 cases) were uniformly negative for
ZBTB16.

Testicular appendages. Epididymis (n=12 cases)
and rete testis (n=9 cases) were nonreactive with
ZBTB16. The results of ZBTB16 immunohistochem-
ical expression in the non-neoplastic testicular cells
are summarized in Table 1.

Expression of ZBTB16 in Germ Cell Neoplasia In Situ

None of the germ cell neoplasia in situ were immunor-
eactive with ZBTB16 (n=35) (Figure 1a and b).

Expression of ZBTB16 in Germ Cell Tumors

Seminoma. All the seminoma (n=27) were
completely negative for ZBTB16.

Embryonal carcinoma, teratoma, and choriocarci-
noma. All the embryonal carcinoma (n=21) were
nonreactive with ZBTB16. The mesoderm, ectoderm,
and endoderm elements of teratoma (n=17) were all
negative for ZBTB16. Although respiratory mucosa
displayed cytoplasmic ZBTB16 staining, no nuclear
staining was observed. No ZBTB16 was expressed in
choriocarcinoma (n=4).

Spermatocytic tumor and testicular carcinoid tumor.
Two spermatocytic tumors displayed diffuse immu-
noreactivity with ZBTB16. Among the three types of
tumor cells, ZBTB16 reacted intensely with the
large tumor cells and moderately with the inter-
mediate tumor cells; the small tumor cells were
nonreactive to weakly reactive (Figure 1c and d).
Carcinoid (n=1), although thought to be a type of
mondermal teratoma, was diffusely positive for
ZBTB16 (Figure 1e and f).

Yolk sac tumor. The primary testicular yolk sac
tumors in this study were all present as a component
of a mixed germ cell tumor. The amount of yolk sac
tumor in the mixed germ cell tumor ranged from 5%
to 70%. Yolk sac tumor elements were frequently

intermixed/embedded in the other accompanying
subtypes of germ cell tumor components. Regardless
of its relationship to other germ cell tumor compo-
nents (demarcated or intermixed), yolk sac tumor
was consistently reactive with ZBTB16. Among the
15 testicular yolk sac tumors in the mixed germ cell
tumors, 10 (67%) had diffuse ZBTB16 staining,
5 (33%) had moderate extent of ZBTB16 staining,
and none had o25% of tumor cells staining. ZBTB16
reactivity was present in all the histological patterns of
yolk sac tumor (Figure 2a–h). Microcystic/myxoid/
reticular patterns appeared to have the greatest
percentage of ZBTB16 staining cells compared with
the glandular and papillary patterns. In addition, in
mixed germ cell tumors, ZBTB16 immunostaining was
able to pick up small foci of yolk sac tumor that were
embedded among the other germ cell tumor elements
(mainly embryonal carcinoma and teratoma) (Figure
3a–d), in particular yolk sac tumors with reticular/
microcystic/myxoid patterns, which might otherwise
be mistaken as reactive stroma of embryonal carcinoma
or mesenchymal elements of teratoma. The yolk sac
tumor was also diffusely reactive with ZBTB16 in the
two retroperitoneal metastatic yolk sac tumors (Figure
3e and f), two ovarian yolk sac tumors, and one
mediastinal yolk sac tumor (Figure 3g and h).

The sensitivity of ZBTB16 in detecting yolk sac
tumor (gonadal, extragonadal and metastatic) in this
study was 100% (20/20). If spermatocytic tumor and
carcinoid, both of which are extremely rare testicular
tumors and are less likely to be morphologically
confused with yolk sac tumor, were excluded, the
specificity of ZBTB16 immunostaining for yolk sac
tumor among the germ cell tumors was 100%
(66/66). If these 2 rare entities were included, the
specificity of ZBTB16 for yolk sac tumor was 96%
(66/69)

Table 2 summarizes the results of ZBTB16
immunostaining in germ cell tumor and germ cell
neoplasia in situ.

Discussion

Germ cell tumors often exhibit diverse morphologies
and correct pathologic subclassification of germ cell
tumor can, at times, be difficult. In particular, yolk
sac tumor has a variety of growth patterns, which can
be misinterpreted and mistaken for other germ cell
tumor subtypes.2–8 In addition, primary yolk sac
tumor often grows in intermixture with embryonal
carcinoma and teratoma in mixed germ cell tumor.

The variable histological appearance, intermixture
with other germ cell tumor subtypes, and its focal
nature have made yolk sac tumor one of the most
commonly undiagnosed germ cell tumor elements
on routine hematoxylin and eosin sections.3–8
Discrimination between yolk sac tumor and embryonal
carcinoma is important, as an increased proportion
of embryonal carcinoma is suggested to be associated
with a worse prognosis.30–32 Yolk sac tumor can
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Figure 1 Hematoxylin–eosin stain and immunohistochemical expression of ZBTB16 in normal seminiferous tubules (NST), germ cell
neoplasia in situ (GCNIS), spermatocytic tumor and testicular carcinoid. (a and b) Spermatogonia (arrowhead) are highlighted by strong
ZBTB16 immunoreactivity. GCNISs (arrow) are non-immunoreactive with anti-ZBTB16. Spermatocytic tumor (c and d) and carcinoid
(e and f) are strongly reactive with anti-ZBTB16.
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mimic embryonal carcinoma in both growth patterns
and cytomorphology. In addition, yolk sac tumor and
embryonal carcinoma can be intermixed, which may
obscure small foci of embedded yolk sac tumor.3–8

Metastatic mature teratoma is usually treated by
surgery alone, whereas the presence of yolk sac
tumor requires additional neoadjuvant therapy.33–35

Proliferative or hyperplastic endodermal glandular
epithelium of teratoma or rare somatic adenocarci-
noma arising from teratoma can mimic glandular
yolk sac tumor.3–8 Myxoid/reticular/microcystic

yolk sac tumor may also be mistaken as edematous
mesodermal teratomatous element or embryonal
carcinoma-associated stroma, in particular when
yolk sac tumor and embryonal carcinoma/teratoma
are intimately associated. Yolk sac tumor mixed with
seminoma in a primary tumor has different prognosis
and is treated differently from pure seminoma.31

Solid yolk sac tumor can sometimes mimic
seminoma.7 Seminoma can occasionally present
with pseudoglandular or pseudocystic patterns,
which may also be simulated by glandular or cystic
yolk sac tumor.6 Owing to these morphologic
challenges, biomarkers that can efficiently distin-
guish yolk sac tumor from other germ cell tumor
elements would therefore be greatly helpful.

α-Fetoprotein is a traditional marker for yolk
sac tumor; however, its sensitivity is limited and
the staining is frequently patchy,18 with positivity
being reported in ~ 60% of yolk sac tumor cases.18

α-Fetoprotein has also been reported to stain embry-
onal carcinoma and teratoma.36–38 In addition,

Figure 2 Hematoxylin–eosin stain and immunohistochemical expression of ZBTB16 in yolk sac tumor. Various growth patterns of yolk
sac tumor strongly immunoreact with anti-ZBTB16 ((a and b) papillary; (c and d) microcystic/reticular and myxoid; (e and f) enteric; (g
and h) solid pattern).

Table 1 Immunohistochemical expression of ZBTB16 in non-
neoplastic testicular cells

Spermatogonia
Sertoli
cells

Leydig
cells Epididymis

Rete
testis

Positive cases/
total cases

41/41 0/33 0/24 0/12 0/9
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α-fetoprotein may be lost in metastases or after
treatment even if the primary tumor is positive for
α-fetoprotein.17,18

Glypican-3 is the other germ cell tumor marker that
was recently identified to be valuable for diagnosis of
yolk sac tumor. It has been reported that glypican-3 is
more sensitive than α-fetoprotein,18 but might not be
as specific as α-fetoprotein for yolk sac tumor.
Glypican-3 can be positive in embryonal carcinoma,
choriocarcinoma, and teratoma, as well as in some
non-germ cell tumors.19,39–42

ZBTB16, a transcription repressor, has been
known to have a key role in normal sperma-
togenesis.43 Its contribution to the pathogenesis of
germ cell tumor and clinical value in the diagnosis of
germ cell tumor, however, has not yet been investi-
gated. In this study, we demonstrated that ZBTB16
was highly sensitive and specific for yolk sac tumor.
ZBTB16 efficiently stained all the growth patterns of
yolk sac tumor, including reticular, cystic, myxoid,
glandular, papillary, polyvesicular, enteric, and
solid patterns. ZBTB16 also picked up small foci of

yolk sac tumor that were intermixed/embedded in
other germ cell tumor subtype elements in mixed
germ cell tumor, especially embryonal carcinoma
and teratoma. ZBTB16 positivity was present in
every yolk sac tumor case. ZBTB16 staining was
consistently negative in non-yolk sac tumor germ
cell tumors, except the rare spermatocytic tumor
and carcinoid. All these indicate that ZBTB16
has higher sensitivity and specificity for yolk
sac tumor.

Except carcinoid and prostatic adenocarci-
noma,25,44 ZBTB16 nuclear expression is barely seen
in other tumors, including those from respiratory,
gastrointestinal and biliary tracts, pancreas, kidney,
bladder, and female genital tract.45 Despite only
a few cases studied, the strong reactivity of anti-
ZBTB16 with ovarian yolk sac tumor, metastatic
yolk sac tumor, as well as extragonadal (mediastinal)
yolk sac tumor also confirmed its potential
value in distinguishing extra-testicular and meta-
static yolk sac tumor from its other tumor mimics.

Figure 3 Hematoxylin–eosin stain and immunohistochemical expression of ZBTB16 in yolk sac tumor embedded in embryonal carcinoma
(a and b) and teratoma (c and d) is highlighted by ZBTB16 expression. Metastatic yolk sac tumor (e and f) and mediastinal yolk sac tumor
(g and h) are strongly reactive with anti-ZBTB16.
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Strong ZBTB16 positivity in spermatocytic tumor
is also useful in confirming this rare testicular tumor
and can be used to differentiate it from seminoma, its
major mimic.

Morphologically, both germ cell neoplasia in situ
and spermatogonia present as enlarged germ cells.
Although nuclear hyperchromasia, prominent
nucleoli, as well as irregular nuclear contours can
be used in distinguishing germ cell neoplasia in situ
cells from spermatogonia, in certain circumstances,
especially in the setting of suboptimal staining, the
presence of artifact, small biopsy, and atrophic
seminiferous tubules, it is not uncommon to mistake
spermatogonia for germ cell neoplasia in situ cells.
The consistently strong ZBTB16 stain in the sperma-
togonia of seminiferous tubules is helpful in
distinguishing germ cell neoplasia in situ from
atypical-appearing spermatogonia.

The other advantage of ZBTB16 is its nuclear
staining. Unlike the cytoplasmic staining of
α-fetoprotein and glypican-3, nuclear ZBTB16
immunostaining is less affected by hemorrhage,
serum and secretions, or necrosis; therefore, the
background staining is minimal.

In summary, our results indicate that ZBTB16
staining has excellent diagnostic utility for diagnos-
ing yolk sac tumor. It is highly yolk sac tumor
sensitive and specific, and the results are easy to
interpret. Interestingly, ZBTB16 has been linked to
the maintenance of adult germ cell stem cell
populations through the modulation of SALL4.21
SALL4 is a recently discovered generic germ cell
tumor marker, which is expressed in all the subtypes
of germ cell tumor,16,46 whereas, based on our
results, ZBTB16 preferentially reacts with yolk sac

tumor. Although interaction between SALL4 and
ZBTB16 is important in germ cell development
and maintenance of germ cells, the role of ZBTB16
and SALL4 in the development of germ cell
tumors and the biological significance of their
differential expression of ZBTB16 in yolk sac tumors
among other germ cell tumors awaits further study.
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