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Abstract: Shadow cell differentiation (SCD), commonly found in cutaneous pilomatricoma (PMX), has been said to 
be extremely rare in extracutaneous tumors and its morphogenesis has not been clarified yet. In the present study, 
25 cases of endometrial adenoacanthoma were examined with special reference to SCD and with immunohisto-
chemistry for beta-catenin and CD10. Shadow cell nests (SCNs) were observed in 2 out of 5 cases of adenocarci-
noma with squamoid morules and all of 4 cases of adenocarcinoma with squamous differentiation and morules, 
but not in any cases of adenocarcinoma with squamous differentiation. SCNs were just adjacent to morules with or 
without a mutual transition. Immunohistochemical examination revealed nuclear accumulation of beta-catenin and 
expression of CD10 in the squamoid morules around SCNs. These results indicate that SCNs are derived from squa-
moid morules in endometrial adenoacanthoma, and established a link between matrical basaloid cells in PMX and 
squamoid morules in endometrial adenoacanthoma, as common original tissues, showing nuclear accumulation of 
beta-catenin and expression of CD10, of SCNs. It seems that SCD is not so uncommon as previously estimated in 
endometrial adenoacanthoma. 
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Introduction

Shadow cells are specialized form of cornified 
cells differentiating toward hair matrix and 
show different phenotypes from conventional 
keratinized cells [1]. Shadow cell differentiation 
(SCD) is commonly found in cutaneous pilomatr-
icoma (PMX), craniopharyngioma and odonto-
genic cyst [2], while quite uncommon in extra-
cutaneous tumors. Apart from gonadal terato-
mas and extragonadal dermoid cysts [3-6], 
pathogenesis of SCD in visceral carcinoma has 
not been well examined, because of its rarity. 
Although there have been only 15 reported 
cases of visceral carcinoma with SCD except 
for teratomatous tumors [7-16], we noticed the 
presence of shadow cell nests (SCNs) in endo-
metrial carcinoma in several cases, all of which 
were adenoacanthoma (endometrioid adeno-
carcinoma with squamous metaplasia). In the 
present study, therefore, we tried to clarify the 
incidence and pathogenesis of SCD in endome-
trial adenoacanthoma.

Materials and methods

We checked up all cases of endometrial carci-
noma registered on Pathological Database at 
Suwa Red Cross Hospital (Nagano, Japan) from 
2010 to 2014. Twenty-five cases of endometri-
oid adenocarcinoma with squamous metapla-
sia were retrieved. These cases were classified 
into 3 groups: (a) adenocarcinoma with conven-
tional squamous differentiation (ASqD), (b) ade-
nocarcinoma with squamoid morules (ASqM) 
and (c) adenocarcinoma with both conventional 
squamous components and squamoid morules 
(ASqDM). Diagnostic criteria of morule were fol-
lowed by the description by Nicolae et al. [17]. 
All cases of endometrial adenoacanthoma were 
examined histopathologically in the presence or 
absence of SCNs as well as histological charac-
teristics of squamous/squamoid components 
around SCNs. 

In each case, the representative tissue sec-
tions containing SCNs were automatically im- 
munostained for beta-catenin (antibody: clone 
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17C2, Leica Microsystems, Newcastle, UK; 
1:200 dilution) and CD10 (antibody: clone 
56C6, Medical & Biological Laboratories, 
Nagoya, Japan; 1:150 dilution) by Ventana 
BenchMark LT (Roche Diagnostics, Basel, 
Switzerland).

This work was carried out according to the crite-
ria required by the institutional review board on 
ethical aspects. 

Results

Incidence and morphology of SCNs

Out of 25 cases of endometrial adenoacantho-
ma, 16 cases were classified as ASqD (Figure 
1A), 5 cases as ASqM (Figure 1B) and 4 cases 
as ASqDM (Figure 1C). SCNs were found in 2 
cases of ASqM and all of 4 cases of ASqDM, 
but not in any cases of ASqD (Table 1). SCNs 
were minute in size in most of the cases and 
showed the same histological features as those 
in PMX; i.e., shadow cells preserved cell shape 
with eosinophilic cytoplasm and ghost-like dis-
appeared nucleus (Figure 1C, 1D). An abrupt 
transition between squamoid morules and 
SCNs was usually observed (Figure 1C), while, 

Figure 1. Endometrioid adenocarcinoma with squamous differentiation (A), with squamoid morules (B, D), and with 
squamous differentiation and morules (C). Shadow cell nests are observed in (C) and (D) with or without interposi-
tion of “transitional” cells between shadow cells and morules (hematoxylin and eosin stain). A mutual transition 
between shadow cell nests and keratinizing foci is observed in (C).

Table 1. Incidence of shadow cell differentia-
tion (SCD) in endometrial adenoacanthoma

Total 
No. of 
cases

No. of cases
showing 

SCD

No of cases showing 
nuclear accumulation 

beta-catenin
ASqD 16 0 2
ASqM 5 2 5
ASqDM 4 4 4
Total 25 6 11
ASqD: adenocarcinoma with conventional squamous 
differentiation; ASqM: adenocarcinoma with squamoid 
morules; ASqDM: adenocarcinoma with conventional 
squamous differentiation and morules.



Shadow cell differentiation in endometrial adenoacanthoma

13122 Int J Clin Exp Pathol 2015;8(10):13120-13124

in 4 cases, a gradual transition from morule to 
SCNs was focally observed (Figure 1D).

All cases of ASqDM contained both SCNs and 
keratinizied foci, which were just adjacent each 
other. These two components were histopatho-
logically distinguished each other, while, in 
part, they showed mutual transition and were 
somewhat difficult to be differentiated (Figure 
1C).

Immunohistochemistry

In ASqM and ASqDM, intense nuclear and weak 
cytoplasmic immunoreaction of beta-catenin 
was observed in squamoid morules (Figure 
2A), irrespective of the presence or absence of 
SCNs, in all cases. Multiple small foci showing 
the same immunoreaction pattern as that in 
the morules were also found in the component 
of adenocarcinoma around the morules. Some 
“transitional” cells between SCNs and morules 
also showed nuclear and cytoplasmic localiza-

tion of beta-catenin. SCNs were completely 
negative for beta-catenin in all cases exam-
ined. In ASqD, on the other hand, adenocarci-
noma as well as squamous components sh- 
owed membranous, but not nuclear, immunolo-
calization of beta-catenin (Figure 2B). Small 
foci of conventional squamous differentiation 
showed nuclear accumulation of beta-catenin 
in 3 cases of ASqDM and 2 cases of ASqD. 

CD10 was also immunopositive in the cyto-
plasm or cell membrane of morules as well as 
adenocarcinoma component in all cases of 
ASqM and ASqDM (Figure 3A). SCNs per se 
were not immunoreactive for CD10. On the 
other hand, squamous foci in ASqD were nega-
tive for CD10 in any cases (Figure 3B), except 
for focal staining in squamous foci in 2 cases 
(the same ones as those showing focal nuclear 
accumulation of beta-catenin).

Discussion

Squamoid morule is found in carcinoma of vari-
ous organs, particularly of endometrium, and 

Figure 2. Immunohistochemistry for beta-catenin, 
showing nuclear accumulation in squamoid morules 
(A) and membranous localization in the area of squa-
mous differentiation (B). Shadow cell nests (S) are 
negative for beta-catenin.

Figure 3. Expression of CD10 in squamoid morules 
(A), but not in squamous differentiation foci (B). 
Shadow cell nests (S) are negative for CD10.
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had been regarded as relatively immature 
squamous metaplasia or squamous differenti-
ation cell clusters [18, 19]. Recent reports, 
however, have shown that morule is phenotypi-
cally and genotypically different from conven-
tional squamous metaplasia; morules in colon-
ic and endometrial neoplasia were character-
ized by nuclear accumulation of beta-catenin 
[20-24] as well as mutation of beta-catenin 
gene [21], while conventional squamous me- 
taplasia showed membranous, not nuclear, 
immunolocalization of beta-catenin without 
genetic mutation [20-24]. Expression of CD10 
[20, 23, 24] and CDX2 [24] was also frequent in 
morules, while rarely observed in conventional 
squamous metaplasia [20, 23, 24]. Also in the 
current study, morules and conventional squa-
mous metaplasia were differentiated by the 
localization pattern of beta-catenin and expres-
sion of CD10. 

There have been only 5 cases of endometrial 
carcinoma or atypical endometrial hyperplasia 
with SCD in the literature [9, 15], while SCNs 
were found in 6 (24%) out of 25 cases of endo-
metrial adenoacanthoma in the present study. 
It seems that SCD is not so uncommon as for-
merly estimated; probably SCNs had been 
missed, ignored or just recognized as conven-
tional squamous metaplasia in the routine 
diagnostic practice. Furthermore, all cases of 
endometrial adenoacanthoma with SCD were 
ASqM or ASqDM. SCNs were found just adja-
cent to morules, but were not associated with 
ASqD with or without keratinization. Such a 
close relationship between SCNs and morules 
has not been described so far. It is consequent-
ly suggested that SCNs in endometrial adeno-
acanthoma is derived from squamoid morule, 
but not from conventional squamous metapla-
sia. This provides further evidence on differ-
ence between SCD and conventional squa-
mous differentiation/keratinization. It should 
be noted, on the other hand, that SCD and 
keratinization are not completely different phe-
nomenon but compose a chain of differentia-
tion style, from the following results in the pres-
ent study: (a) co-existence of SCNs and keratin-
ized components with mutual transition was 
observed in all of 4 cases of ASqDM and (b) 
squamous-differentiated cells showed focal 
nuclear accumulation of beta-catenin and 
expression of CD10 in 2 cases of ASqD.

SCNs are observed not only in endometrial ade-
noacanthoma, but also in other tumors such as 
PMX, ovarian and colorectal carcinoma. In 
PMX, matrical basaloid cells, the original tissue 
of SCNs, are characterized by nuclear accumu-
lation of beta-catenin [2] and expression of 
CD10 [25], as morules are. As for carcinoma 
with SCD in other sites, we encountered 2 
cases of bladder carcinoma [14] and gastric 
carcinoma (manuscript in preparation), alth- 
ough such cases have been rarely reported. 
The tumor cells in both cases revealed basaloid 
appearance with nuclear accumulation of beta-
catenin and immunoreaction for CD10, where-
as the cases of urothelial carcinoma with con-
ventional squamous differentiation did not 
show such immunoreactivity [14]. These find-
ings are identical to those in endometrioid ade-
noacanthoma in the present study, suggesting 
that nuclear accumulation of beta-catenin and 
expression of CD10 may be common pheno-
typic changes in the tumors with SCD regard-
less of primary site or histological appearance. 
Further examination of carcinoma showing SCD 
in other sites is necessary.

In conclusion, the present study established a 
link between basaloid cells in PMX and morules 
in endometrial adenoacanthoma, as original 
tissues of SCNs showing nuclear accumulation 
of beta-catenin and expression of CD10.
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