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Biotin-rich intranuclear inclusions, also known as
optically clear nuclei, have been observed in various
neoplastic and non-neoplastic lesions. They look
like nuclei of herpesvirus-infected cells and cause a
false-positive immunohistochemical result by
avidin-biotin-complex (ABC) method. In the litera-
ture, all types of neoplastic lesionswith intranuclear
inclusions, with one exception, have been charac-
teristically associated with squamoid structures
known as morules. By contrast, all reported non-
neoplastic lesions with such inclusions lacked
morules and were confined to pregnancy-related
endometrium. In the present study, adding unre-
ported types of morule-associated neoplastic le-
sions, we investigated the distribution of biotin,
biotin-binding enzymes, and �-catenin in these le-
sions by immunohistochemical staining. We de-
tected the intranuclear localization of biotin and of
twomitochondrial biotin-binding enzymes (pyruvic
acid carboxylase and propionyl CoA carboxylase) in
all lesions examined, regardless of whether they
were neoplastic or non-neoplastic and irrespective
of the presence or absence of morules. The intranu-
clear localization of �-catenin was detected in all
neoplastic lesions with morules and in ovarian en-
dometrioid adenocarcinoma without morules, but
not in non-neoplastic endometrial lesions. These
results suggest the following conclusions: (1) lesions
with biotin-rich intranuclear inclusions can be clas-
sified as non-neoplastic/pregnancy-related endo-
metrial and as neoplastic/pregnancy-unrelated or

morular category; (2) the intranuclear biotin in
both types of lesion is found in conjunction with
biotin-binding enzymes. However, the role of
�-catenin in morule-associated neoplastic lesions,
the relationship between �-catenin and biotin/
biotin-binding enzymes, and the mechanism of mi-
gration of biotin and biotin-binding enzymes from
the cytoplasm to the nucleus remain unclear.
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Biotin is a form of vitamin B that acts as a coenzyme
in reactions catalyzed by biotin-binding enzymes
that include pyruvic acid carboxylase (PAC) and
propionyl CoA carboxylase (PCC), which are in-
volved in gluconeogenesis; acetyl CoA carboxylase
(ACC), which is involved in fatty acid biosynthesis;
carbamoyl phosphate synthetase I (CPS), which is
involved in the urea cycle; carbamoyl phosphate
synthetase II, which is involved in pyrimidine syn-
thesis; and methyl-crotonyl carboxylase (MCC),
which is involved in leucine metabolism. Among
these biotin-binding enzymes, PAC, PCC, CPS-I,
and MCC are localized in mitochondria, whereas
ACC and carbamoyl phosphate synthetase II are
found in the cytosol. Large amounts of biotin are
present in the liver, kidney, pancreas, mammary
gland, skeletal muscle, salivary gland, and adipose
tissue (1, 2). Moreover, such endogenous biotin
sometimes interferes with immunohistochemical
evaluation by the avidin-biotin-peroxidase complex
(ABC) method, even in the case of formalin-fixed
and paraffin-embedded tissue sections (3, 4).
In 1983, intranuclear inclusions were observed in

endometrial glands during gestation and the puer-
perium by Mazur et al. (5), who called them “opti-
cally clear nuclei” on the basis of their histological
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and ultrastructural characteristics. Using biotin-
specific antibodies and peroxidase-labeled avidin,
Yokoyama et al. (6) and Sickel et al. (7) proved that
such inclusions contain high level of biotin. Before
the reports by Yokoyama et al. (6) and Sickel et al.
(7), Tsujimoto et al. (8) described three cases of
ovarian endometrioid adenocarcinoma with biotin-
rich intranuclear inclusions but without the moru-
lar structures known as morules in an elderly post-
menopausal patient. Thereafter, such biotin-rich
intranuclear inclusions were also found in the
morules of well-differentiated fetal adenocarci-
noma of the lung (WDFA), thyroid carcinoma, pan-
creatoblastoma, and colonic adenoma (9–13).

�-Catenin was identified initially as a protein as-
sociated with the cytoplasmic region of E-cadherin,
which is a transmembrane protein that is involved
in cell adhesion. Adhesive interactions between
neighboring cells and with the extracellular matrix
are major determinants of cell and tissue morpho-
genesis, and thus, it is likely that both �-catenin
and E-cadherin play important roles in tissue and
tumor morphology. �-Catenin is, in addition, a
component of the Wnt signaling pathway, which is
involved in tissue differentiation during embryonal
development, and it also interacts with the product
of the gene that is the genetic determinant of ad-
enomatous polyposis coli (APC). Malfunction of the
Wnt signaling pathway results in the intranuclear
accumulation �-catenin and transcriptional activa-
tion of specific target genes, which include c-myc
and cyclin D1, during embryonal development (14,
15). Based upon the observations that frequent mu-
tations in the gene for APC and/or �-catenin were
reported in morule-associated neoplasms (16–20)
and that the morular area showed especially strong
nuclear expression for �-catenin in WDFA (19), Na-
katani and associates (19) recently proposed the
idea that the intranuclear accumulation of
�-catenin may be a common denominator for the
development of morule-associated neoplasms.

In the present study, we performed an immuno-
histochemical analysis of neoplastic and non-
neoplastic lesions with biotin-rich intranuclear in-
clusions to examine the correlation between such
inclusions and the intracellular localization of
biotin-binding enzymes and �-catenin.

MATERIALS AND METHODS

Preparation of Tissues
A variety of histopathologically diagnosed neo-

plastic and non-neoplastic lesions with biotin-rich
intranuclear inclusions from various organs was ex-
amined in the present study (Table 1). The non-
neoplastic samples consisted of 26 samples of
pregnancy-related endometrium (e.g., endome-
trium at cesarean section, endometrium at abor-
tion, and puerperal endometrium) and one ovarian
endometriotic cyst from a patient who had deliv-
ered a baby 3 months before her oophorectomy.
The neoplastic lesions consisted of five endometri-
oid adenocarcinomas of the uterus; two endometri-
oid adenocarcinomas of the ovary, including one
case that had been described previously by one of
the authors (MT) (8); two adenomas and two ade-
nocarcinomas of the colon; two pyloric gland-type
adenomas of the gallbladder; one pancreatoblas-
toma; one WDFA; and two samples of a cribriform-
morular variant (C-M/v) of thyroid carcinoma. In
the present study, we considered the well-known
“squamoid corpuscles” seen in pancreatoblastoma
to be a type of morule. Additionally, conventional
types carcinomas without morule, for instance, 10
uterine endometrioid adenocarcinomas, 10 colonic
adenocarcinomas, 10 pulmonary adenocarcino-
mas, 5 papillary carcinomas of the thyroid, and 5
follicular carcinomas of the thyroid were used as
controls.

All tissue samples were fixed in 10% formalin and
embedded in paraffin by routine methods. Sections

TABLE 1. Results of Immunostaining for Biotin, Biotin-Binding Enzymes, and �-Catenin

Number
of Cases

Morules Biotin PAC PCC ACC CPS �-Catenin

Non-neoplastic lesions
Pregnancy-related endometrium 26 � � � � � � �
Pregnancy-related ovarian endometriotic cyst 1 � � � � � � �

Neoplastic lesions
Ovarian endometrioid adenocarcinoma 2 �/�* � � � � � �
Uterine endometrioid adenocarcinoma 5 � � � � � � �
Colonic adenoma 2 � � � � � � �
Colonic adenocarcinoma 2 � � � � � � �
Pyloric gland-type adenoma of the gallbladder 2 � � � � � � �
Pancreatoblastoma 1 � � � � � � �
WDFA 1 � � � � � � �
C-M/v of thyroid carcinoma 2 � � � � � � �

PAC, pyruvic acid carboxylase; PCC, propionyl CoA carboxylase; ACC, acetyl CoA carboxylase; CPS, carbamoyl phosphate synthetase I; WDFA,
well-differentiated fetal adenocarcinoma of the lung; C-M/v, cribriform-morular variant.

* One case had morules while the other had none.
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were cut at 4-�m thickness and mounted on silane-
coated glass slides. One section of each sample was
stained with hematoxylin and eosin.

Immunohistochemical Staining
All paraffin sections were deparaffinized in xy-

lene and rehydrated in a graded ethanol series.
Endogenous peroxidase activity was eliminated by
incubation with 3% hydrogen peroxide for 20 min-
utes at room temperature. The primary antibodies
used in the study were a monoclonal biotin-specific
antibody (1:100; DAKO, Carpinteria, CA, USA), a
monoclonal �-catenin-specific antibody (1:100; No-
vocastra, Newcastle upon Tyne, UK), and individual
rabbit polyclonal antisera against PAC, PCC, ACC
and CPS, respectively. The latter four antisera had
been generated at Oita Medical University by im-
munization of rabbits with chemically synthesized
peptides that were based on amino acid sequences
that had been reported previously. The sequences
of peptides and the results of characterizations by
immunoblotting and immunoelectron microscopy
can be found in our previous reports (21, 22). Be-
fore immunostaining of �-catenin, PCC, and CPS,
sections were heated in 10 mM citric acid buffer, pH
6.0, at 121° C for 15 minutes. After immersion in
diluted normal goat serum (1:10) for 10 minutes,
sections were incubated with primary antibodies or
antisera for 2 hours at room temperature and
rinsed with phosphate buffered saline. Then the
sections were incubated for 30 minutes with second
antibodies that had been conjugated with horse-
radish peroxidase-labeled polymer (Envision;
DAKO). Reaction products were visualized with
0.02% 3,3'-diaminobenzidine tetrahydrochloride
and 0.005% hydrogen peroxide. Nuclei were coun-
terstained with Mayer’s hematoxylin. Control sec-
tions, incubated with normal mouse IgG or preim-
mune rabbit serum instead of corresponding
primary antibodies and antisera, gave negative
results.

Electron Microscopy
For electron microscopy, we cut a small piece of

fresh gestational endometrium into fragments and
divided those into two groups for conventional
electron microscopy and immunoelectron micros-
copy. Samples were processed for conventional
electron microscopy by routine method. Samples
for immunoelectron microscopy were dehydrated
in an ascending graded series of ethanol, infiltrated
with LR-White resin (London Resin Company Ltd,
Berkshire, UK), and polymerized by heating at 55° C
for 24 hours. Ultrathin sections of LR-White–em-
bedded tissue were immersed in diluted normal
goat serum (1:10) for 10 minutes to prevent the

nonspecific binding of antibodies. Then, the biotin-
specific monoclonal antibody (1:100) was applied
to the sections, which were incubated for 2 hours at
room temperature. Next, the sections were incu-
bated with goat antibodies against mouse IgG that
had been conjugated to 15-nm gold particles (1:10,
Amersham, Little Chalfont, Buckinghamshire, UK)
for 30 minutes at room temperature. Sections were
finally counterstained with uranyl acetate and lead
citrate in the standard manner.

RESULTS

The intranuclear inclusions in our series of sam-
ples were homogeneously pale, with a ground-glass
appearance and occasional marginated chromatin,
and looked like nuclei of herpesvirus-infected cells
(Fig. 1–7, HE). The results of immunostaining are
summarized in Table 1.

In all cases of pregnancy-related endometrium,
we observed intranuclear inclusions in the endo-
metrial glands, with the number of inclusions vary-
ing from case to case. The intranuclear inclusions
were, without exception, immunohistochemically
positive for biotin, PAC, and PCC, whereas they
were negative for ACC, CPS, and �-catenin (Fig. 1).
A case of ovarian endometriotic cyst gave identical
results (Fig. 2).

All of the neoplastic lesions that we examined
contained morular structures, with one exception.
The single exception was an ovarian endometrioid
adenocarcinoma from an elderly postmenopausal
patient, and the specimen had numerous intranu-
clear inclusions in the glandular cells, despite the
absence of morules. Most of the neoplastic glands
were surrounded by numerous luteinized stromal
cells with clear cytoplasm. The intranuclear inclu-
sions in the glandular cells were positive for biotin,
PAC, and PCC, whereas they were negative for ACC
and CPS. Immunostaining for �-catenin was dif-
fusely positive in the glandular nuclei, and the in-
tensity of staining of inclusions was weaker than
that of nuclei in other glandular cells (Fig. 3). In
other neoplastic lesions, which included an ovarian
endometrioid adenocarcinoma with morules, five
uterine endometrioid adenocarcinomas, two co-
lonic adenomas, two colonic adenocarcinomas,
two pyloric gland-type adenomas of the gallblad-
der, one pancreatoblastoma, one WDFA, and two
thyroid carcinomas of cribriform-morular variant,
morular structures were clearly evident. The in-
tranuclear inclusions were all positive for biotin,
PAC, and PCC, whereas they were negative for ACC
and CPS. Immunostaining for �-catenin was posi-
tive mainly in the constituent cells of morular struc-
tures, with obviously intense staining in the nuclei
and faint staining in the cytoplasm (Figs. 4–7), and
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there was occasional staining in glands outside
morules. Intranuclear expression of �-catenin men-
tioned above was found in both the neoplastic cells
with and without the intranuclear inclusion.

Of control neoplastic samples without morules,
intranuclear expression of �-catenin was focally
seen in eight colonic adenocarcinoma and one case
of uterine endometrioid adenocarcinoma but not in
other samples. There was no biotin-rich intranu-

clear inclusion in these conventional types of car-
cinoma without morules.

In terms of ultrastructure, the intranuclear inclu-
sions were composed entirely of microfilaments
that were distributed in a fascicular or fingerprint-
like fashion (Fig. 8A). Furthermore, numerous gold
particles, evidence of the presence of immunoreac-
tive biotin, were observed in the filamentous areas
(Fig. 8B).

FIGURE 1. Pregnancy-related endometrium. Intranuclear inclusions are immunopositive for biotin, pyruvic acid carboxylase (PAC), and propionyl
CoA carboxylase (PCC) but immunonegative for acetyl CoA carboxylase (ACC), carbamoyl phosphate synthetase I (CPS), and �-catenin.

FIGURE 2. Ovarian endometriotic cyst. Glandular cells have intranuclear inclusions that are immunopositive for biotin, PAC, and PCC.

FIGURE 3. Ovarian endometrioid adenocarcinoma without morules. Neoplastic glands are surrounded by luteinized cells. Intranuclear inclusions
in the neoplastic cells are immunopositive for biotin, PAC, PCC, and �-catenin but immunonegative for ACC and CPS.
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DISCUSSION

Biotin-rich intranuclear inclusions have been ob-
served in a variety of neoplastic lesions and
pregnancy-related endometrium. It is important to
know this finding, especially in evaluating intranu-
clear antigens, because they look like nuclei of
herpesvirus-infected cells and cause a false-positive
immunohistochemical result by the ABC method.
All lesions with such inclusions that have been re-
ported to date were included in this study, as well
as some that have not previously been reported.
Morphologically similar intranuclear inclusions
have occasionally been found in neoplastic and
non-neoplastic lesions such as papillary carcinoma
of the thyroid, bronchioloalveolar carcinoma, and
hepatocellular carcinoma, as well as in gastroduo-

denitis and cholecystitis. In our experience, how-
ever, these intranuclear inclusions do not contain
biotin.

Biotin is a coenzyme that is essential for reactions
catalyzed by carboxylases, transcarboxylases, and
decarboxylases. Of the four enzymes examined in
this study, PAC and PCC were found in all biotin-
rich intranuclear inclusions that we identified. Tsu-
jimoto et al. (8) found two biotin-binding mole-
cules, with molecular masses of 69 and 72 kDa,
respectively, in the nuclear fraction of ovarian en-
dometrioid carcinoma with biotin-rich intranuclear
inclusions. These macromolecules are almost iden-
tical in terms of molecular mass to the � subunits of
MCC and PCC. Furthermore, Fleming et al. (23)
induced the formation of biotin-rich multinucle-

FIGURE 4. Uterine endometrioid adenocarcinoma. Numerous intranuclear inclusions are visible in the morules, which are immunopositive for
biotin, PAC, PCC, and �-catenin but immunonegative for ACC and CPS.

FIGURE 5. Colonic adenocarcinoma. The morules in the neoplastic glands are immunopositive for biotin, PAC, PCC, and �-catenin.
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ated structures in differentiating human endome-
trial cells cultured with fresh fetal bovine serum,
and these structures contained PAC, PCC, and
MCC. Our demonstration, by immunohistochemi-
cal staining, that biotin-rich intranuclear inclusions
contained substantial amounts of PAC and PCC is
consistent with these earlier reports. However, both
enzymes are known to catalyze reactions in glu-
coneogenesis and to be localized in mitochondria,
and it is unclear why and how mitochondrial
biotin-binding enzymes that are involved in glu-
coneogenesis might migrate from the cytoplasm to
the nucleus.

In a previous study, we showed that biotin-rich
intranuclear inclusions in endometrial glands dur-
ing gestation and the puerperium become evident
during the 16th week of gestation and can be de-
tected until 37 days postpartum (6). The ovarian
endometriotic cyst in our series appears to have
been related to pregnancy because the patient had
delivered 3 months before her oophorectomy. A
similar case of ovarian endometriosis during preg-
nancy was reported by Sakaki et al. (24). In addi-
tion, the endometrioid adenocarcinoma without
morules that is shown in Figure 3 was associated
with numerous luteinized cells that surrounded the

FIGURE 6. Pyloric gland-type adenoma of the gallbladder. Round morules with scattered intranuclear inclusions (arrow) in the tumor are
immunopositive for biotin, PAC, and PCC. Immunostaining for �-catenin is positive in the nuclei of the morules, as well as in those of surrounding
neoplastic cells.

FIGURE 7. Pancreatoblastoma. A morular structure, generally referred to as a squamoid corpuscle, has intranuclear inclusions that are
immunopositive for biotin, PAC, PCC, and �-catenin.
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neoplastic glands. Given that such luteinized cells
secrete progesterone, we can infer that the ovarian
tumor was hormonally under conditions analogous
to pregnancy. The report by Roberts et al. (25) on
the induction of endometrial intranuclear inclu-
sions by progesterone supports this inference.

In our series, we detected aberrant intranuclear
expression of �-catenin in all neoplastic lesions
with intranuclear inclusions. Furthermore, all of the
lesions were associated with formation of morules
with the exception of one case of endometrioid
adenocarcinoma without morules, which seemed
to have developed under conditions analogous to
pregnancy, as mentioned above. In other words, all
pregnancy-unrelated neoplastic lesions were asso-
ciated with morules. Conversely, attention should
be paid to intranuclear inclusions that include bi-
otin and �-catenin when morules are observed in a
tumor. Nonetheless, morules do not necessarily
contain the intranuclear inclusions. We have, in
fact, come across several cases in which no intranu-
clear inclusions were seen, even though the tumors
were associated with morules. However, no such
cases were included in the present study.

Mutations in genes for �-catenin and APC have
been detected at high frequency in the neoplastic
lesions included in our series, such as endometrioid
adenocarcinoma of the uterus and ovary, C-M/v of
thyroid carcinoma, colonic adenoma/adenocarci-
noma, pyloric gland-type adenoma of the gallblad-
der, WDFA, and pancreatoblastoma (16–20, 26–29).
The Wnt signaling pathway, mediated by �-catenin,
is involved in tissue differentiation as well as carci-
nogenesis (14, 15). It is possible that �-catenin par-
ticipates in the morular formation as reported by
Nakatani et al. (19), although the role of �-catenin
in these neoplastic lesions remains unclear. We an-
alyzed the mutation in �-catenin in one case of
ovarian endometrioid adenocarcinoma without
morules and in two cases of colonic adenocarci-
noma, of which we had sufficient tissue for ampli-
fication of DNA by the polymerase chain reaction.
However, the template DNA was decayed probably
during the fixation and/or storage and the amplifi-
cation was not informative in any of these cases
(data not shown).

In conclusion, lesions with biotin-rich intranu-
clear inclusions could be divided into two catego-
ries. Non-neoplastic/pregnancy-related endome-
trial lesions were associated neither with morules
nor with the intranuclear accumulation of
�-catenin. By contrast, neoplastic lesions were un-
related to pregnancy but were associated with
morules and the intranuclear accumulation of
�-catenin. In both categories, the intranuclear in-
clusions contained mitochondrial biotin-binding
enzymes (PAC and PCC) and biotin. In the
neoplastic/pregnancy-unrelated category, further-
more, most of the neoplastic lesions seem to be
frequently correlated with mutations in genes for
APC and �-catenin, according to the previous re-
ports (16–20, 26–29). The single exceptional case
was an ovarian endometrioid adenocarcinoma with
numerous luteinized stromal cells, in which the
intranuclear accumulation of �-catenin was ob-
served despite the absence of morules. In terms of
pathogenesis, this tumor can, perhaps, be placed in
the non-neoplastic/pregnancy-related endometrial
category rather than the neoplastic/pregnancy-
unrelated category, because adjacent luteinized
cells might well have secreted progesterone. The
neoplastic/pregnancy-unrelated lesions can also be
called the morular category, aside from this single
exceptional case. There may be a hormonal re-
sponse participating in the formation of biotin-rich
intranuclear inclusions even in morular structures.

This is the first report, to our knowledge, of the
immunohistochemical demonstration of the in-
tranuclear co-expression of biotin and biotin-
binding enzymes (PAC and PCC) in a variety of
neoplastic and non-neoplastic lesions with intranu-
clear inclusions. Although the role of �-catenin in

FIGURE 8. An intranuclear inclusion from a case of gestational
endometrium is completely occupied by microfilaments (A; original
magnification, 9400�). Numerous gold particles indicative of the
presence of biotin are visible in the filamentous area (B; original
magnification, 13,000�).
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morule-associated neoplastic lesions, the relation-
ship between �-catenin and biotin/biotin-binding
enzymes, and the mechanism of migration of biotin
and biotin-binding enzymes from the cytoplasm to
the nucleus remain unclear, the present study pro-
vides a basis for further clarification of the mecha-
nism of formation of biotin-rich intranuclear inclu-
sions and morules.
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