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Solid cell nests of the thyroid are embryonic rem-
nants of endodermal origin that may be difficult to
distinguish from squamous metaplasia, metastatic
squamous carcinoma, papillary microcarcinoma,
medullary carcinoma, and C-cell hyperplasia. These
embryonic structures are composed of main cells
and C-cells; cystic structures and mixed follicles are
sometimes observed intermingled with solid cell
nests. Recently, p63, a p53 homologue that is con-
sistently expressed in basal/stem cells of stratified
epithelia and plays a major role in triggering the
differentiation of some specific cell lineages, has
been characterized. We evaluated the immunohis-
tochemical expression of p63, cytokeratins (CAM
5.2, AE1/AE3, 34�E12, 7, and 20), carcinoembryonic
antigen, thyroid transcription factor 1 (TTF-1), thy-
roglobulin, and calcitonin using the streptavidin-
biotin-peroxidase complex technique in 6 bona fide
solid cell nests. We observed that main cells of solid
cell nests are strongly decorated by p63, while
C-cells and all other thyroid structures were consis-
tently negative. Moreover, main cells expressed car-
cinoembryonic antigen and all cytokeratins but cy-
tokeratin 20 and lacked TTF-1, thyroglobulin and
calcitonin. In contrast to this, C-cells of solid cell
nests were immunoreactive for calcitonin, CAM 5.2,
AE1/AE3, and cytokeratin 7; focal immunoreactivity
for TTF-1 was also observed in some C-cells. We
conclude that main cells of the solid cell nests dis-
play a basal/stem cell phenotype (p63 and basal
cytokeratin positivity), whereas C-cells show fea-
tures of parafollicular differentiation. We conclude,

furthermore, that p63 antibodies may help in dis-
tinguishing solid cell nests from their mimics.
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Solid cell nests of the thyroid have long fascinated
pathologists since their description by Getzowa (1)
in 1907. Currently, it is accepted that solid cell nests
and the so-called mixed follicles are indeed ultimo-
branchial body remnants (2–10), but their biologi-
cal significance remains disputable (2, 3, 11–18). It
has been suggested that these embryonic structures
might constitute the origin of some ectopic struc-
tures rarely described in thyroid glands (3, 6), as
well as of some peculiar types of thyroid neoplasms
(17–20). Moreover, solid cell nests may be a source
of confusion in thyroid pathology, as they can
mimic squamous metaplasia, primary or metastatic
squamous cell carcinomas, thyroglossal cyst, C-cell
hyperplasia, and papillary and medullary microcar-
cinomas (2, 3).
In previous studies, our group (3) and others

(2–12) have described the histological, immunohis-
tochemical, and ultrastructural features of solid cell
nests. It is accepted that solid cell nests are com-
posed of two distinctive cell types (3): 1) main cells,
which are polygonal to elongated or even spindle-
shaped cells with centrally located, oval to fusiform
nuclei with uneven nuclear envelope showing oc-
casional grooves, and deeply eosinophilic cyto-
plasm showing squamoid features (including high
molecular weight cytokeratins) but lacking intercel-
lular bridges (2–4); and 2) C-cells, which account
for a minor proportion of solid cell nest population
and are characterized by clear cytoplasm and cen-
trally located, small compact nuclei (2–4). In up to
81% of the cases, mixed follicles may be found
admixed with bona fide solid cell nests (2–4). Mixed
follicles are composed of cells resembling main
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cells and follicular cells, forming a follicular lumen-
like pattern. The lumina contain periodic acid-
Schiff-positive colloid-like material, acid mucins,
cell debris, and periodic acid-Schiff-positive gran-
ular material (3, 5).

p63, a p53-homologue nuclear transcription fac-
tor, is consistently expressed in basal/stem cells of
several multilayered epithelia, as well as in basal
cells of the prostate acini and ducts and in basal
and myoepithelial cells of the breast (21–25). p63,
located on 3q27, encodes six different isoforms,
which harbor either transactivating (TA-p63) or
negative dominant (�N-p63) effects on p53 reporter
genes (21–23, 25). At variance with p53, which is a
major tumor suppressor gene, p63 tumor suppress-
ing properties are disputable and mutations in this
gene are rather rare in human malignancies (23,
25).

It has been described that p63 acts as a nuclear
transcription factor that induces the expression of
cytokeratins 5 and 14, as well as other genes asso-
ciated with a terminal epidermal differentiation,
such as loricrin, involucrin, transglutaminase 1, and
flaggrin in basal/stem cells of several epithelial (21–
23). Moreover, �N-p63 plays a major role in the
maintenance of basal cell populations (21–23, 25).
We and others also demonstrated that p63 is not
expressed in follicular and parafollicular cells in
normal thyroid glands (24, 26). According to our
previous results, p63 expression in thyroid neo-
plasms seems to be restricted to a small subset of
anaplastic carcinomas and to scattered cells in pap-
illary carcinomas with foci of squamous differenti-
ation (25, 26).

As p63 is expressed in basal/stem cells and also
has been implicated in “epidermal”/squamous dif-
ferentiation, we investigated the expression of p63,
cytokeratins, and markers of follicular (thyroglobu-
lin and thyroid transcription factor) and parafol-
licular (calcitonin and thyroid transcription factor)
differentiation in six solid cell nests. We also com-
ment on the usefulness of p63 in thyroid pathology
practice.

MATERIALS AND METHODS

Six cases of thyroid diseases with solid cell nests
were retrieved from the files of the Hospital Clínico
Universitario, Santiago de Compostela, Spain (five
cases), and from the consultation files of one of the
authors (MS-S). All cases were reviewed by two of
the authors (JSR-F and PS), and the clinical data
were obtained either from pathology reports or
from patient charts. The clinical data of the patients
and underlying thyroid diseases associated with the
solid cell nests are summarized in Table 1.
Formalin-fixed, paraffin-embedded tissue was
available in all cases.

Immunohistochemical analysis was performed in
4 �m serial sections using a panel of antibodies
(Table 2) according to the streptavidin-biotin-
peroxidase complex technique (27). Negative (the
primary antibody was substituted by nonimmune
mouse serum) and positive controls were included
in each slide-run. All controls gave satisfactory re-
sults. A minimum of 20% positivity was adopted as
a cut-off for all markers. For p63 (24, 25) and thy-
roid transcription factor (TTF-1) (28), only nuclear
immunoreactivity was considered specific, while
for all of the other markers only cytoplasmic stain-
ing was accepted.

RESULTS

Pathological Findings
All cases showed solid cell nests composed of a

complex admixture of main cells and C-cells as
previously described (Fig. 1, A–B). In three cases,
cystic structures of variable size, containing eosin-
ophilic material and cell debris, were observed (Fig.
1A). These structures were lined by cuboidal-to-
columnar cells with eosinophilic cytoplasms and
round-to-oval nuclei showing finely granular chro-
matin; in one case, scattered apical projections,
very similar to cilia, were depicted in a minor pro-
portion of the lining cells. Mixed follicles partially
composed of main cells and partially depicting
cuboidal cells with eosinophilic cytoplasm and
round-to-oval nuclei was found in one case (Case 4)
(Figure 1, A–B, inset).

Adjacent thyroid tissue showed typical morpho-
logical features of nodular/adenomatous goiter in
four cases; in one case two follicular adenomas
were observed, and in the remaining case there was
a thyroid papillary carcinoma (Table 1). In the last
two cases, no continuity between the thyroid neo-
plasms and the solid cell nests was observed.

Immunohistochemical Analysis
Table 3 summarizes the immunohistochemical

findings.

p63
p63 antibody strongly decorated the nuclei of

main cells in all solid cell nests (Fig. 2, A–B). Even in

TABLE 1. Summary of the Patients’ Clinico-Pathological

Features

Age/Gender Underlying Pathology

39/F Two follicular adenomas 3.6 and 0.8 cm
65/F Nodular/adenomatous goiter
64/F Nodular/adenomatous goiter
55/M Nodular/adenomatous goiter
30/M Nodular/adenomatous goiter
?/F Papillary carcinoma
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low-power magnification, p63 immunoreactivity
was easily observed and was restricted to solid cell
nests (Fig. 2A). C-cells and the cuboidal epithelium
lining the cystic structures were consistently nega-
tive for p63 (Fig. 2B). In mixed follicles, there was
strong nuclear immunoreactivity in solid cell nest
main cells and a gradual reduction toward the

cuboidal, follicular-like cells. In adjacent thyroid
tissues, p63 immunoreactivity was not detected in
any normal, hyperplastic, or parafollicular cell.
Similarly, the two follicular adenomas and the pap-
illary carcinoma were also negative for p63.

Cytokeratins
Cytokeratins AE1/AE3, CAM 5.2, and cytokera-

tin19 consistently decorated both main and C-cells
of all solid cell nests, as well as follicular and
parafollicular cells of adjacent thyroid tissues. Cy-
tokeratin 34�E12 was intensely expressed in main
cells but was not detected in C-cells of the solid cell
nests, nor in any cell of adjacent thyroid tissues
(Fig. 2C). There was a concurrent expression of p63
and cytokeratin 34�E12 in main cells of the solid
cell nests. Cytokeratin 20 was not detected in solid
cell nests nor in adjacent thyroid tissues.

Carcinoembryonic Antigen
Main cells and C-cells diffusely expressed carci-

noembryonic antigen (Fig. 2D). No immunoreactiv-
ity in follicular cells of adjacent thyroid tissues was
observed.

Markers of Follicular and Parafollicular
Differentiation

In solid cell nests, the expression of TTF-1, a
nuclear transcription factor that plays a major role
in the development of follicular epithelium and
C-cells (28, 29), was restricted to the nuclei of
C-cells. All main cells lacked this differentiation
marker (Fig. 2E). In adjacent thyroid tissues, TTF-1
was expressed in follicular and parafollicular cells,
papillary carcinoma, and follicular adenomas.

Thyroglobulin is considered the most specific
marker of thyroid follicular differentiation. All solid
cell nests herein evaluated lacked thyroglobulin
(Fig. 2F). Conversely, thyroid follicular cells and
colloid, as well as all the cells of the follicular ade-
nomas and the papillary carcinoma, were strongly
positive for thyroglobulin.

TABLE 2. Antibodies Used for Immunohistochemical Analysis

Antigen Antibody (Clone and Source) Dilution Antigen Retrieval

Thyroglobulin Tg6, (DAKO, Glostrp, Denmark) 1:1000 None
Calcitonin Polyclonal (BioGenex, San Ramon, CA) 1:200 None
TTF-1 8G7G3/1 (DAKO) 1/100 PC
Keratins 1, 5, 10, and 14 34�E12 (Enzo, Farmingdale, NY) 1/10 PC, P
Keratins 1, 2, 10, 11, 14, 15, 16, and 19 AE1/AE3 (Signet, Dedham, MA) 1/50 PC, P
Keratins 8 and 18 CAM 5.2 (Becton Dickinson, Mountainview, CA) 1:5 PC, P
Keratin 19 RCK108 (DAKO) 1:100 PC, P
Keratin 7 OV-TL12/30 (DAKO) 1:50 PC, P
Keratin 20 M7019 (DAKO) 1:50 PC, P
Carcinoembryonic antigen Polyclonal (DAKO) 1:2,000 None
p63 Monoclonal (Neomarkers) 1:150 Water bath, citrate buffer

PC, pressure cooker; P, protease.

FIGURE 1. Solid cell nests—histological findings. A, Solid cell nests
composed of a complex admixture of main and C-cells, as well as cystic
structures. B, Cystic solid cell nest. Inset: note a mixed follicle
composed of cells resembling main cells of solid cell nests and cuboidal
cells arranged in a follicle-like structure (A and B, H&E �200; Inset:
H&E �400).
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Calcitonin staining was detected in C-cells of all
solid cell nests and in parafollicular cells of adjacent
thyroid tissues (Fig. 2G).

DISCUSSION

Previous immunohistochemical evaluation of
solid cell nests has revealed that main cells and
C-cells express high- and low-molecular weight cy-
tokeratins (3–8, 19), as well as carcinoembryonic
antigen, but show a differential expression of neu-
roendocrine markers: while main cells are usually
positive for somatostatin and neurotensin, C-cells
are usually immunoreactive for calcitonin and cal-
citonin gene-related peptide (3). Vimentin is usu-
ally negative, and thyroglobulin expression is con-
troversial in solid cell nests (2, 8, 14, 19). In the
present study, we confirmed the previously re-
ported immunohistochemical profile of main cells
and C-cells (2–8, 14, 19).

In the present study, we observed a differential
expression of p63 and TTF-1 in the nuclei of main
and C-cells, respectively. p63 is consistently ex-
pressed in basal/stem cells of several types of epi-
thelia and is usually absent in partially or terminally
differentiated cells (21–25); in the present study, we
demonstrated that main cells concurrently express
p63 and basal cell keratin (34�E12) and lack TTF-1
expression, thus suggesting that these cells may
have a basal/stem cell status.

In contrast to main cells, C-cells lack p63 and
display TTF-1, calcitonin, calcitonin gene-related
peptide, and chromogranin immunoreactivity. As
TTF-1 is an early marker of either follicular or
parafollicular cells and the last three antigens may
be interpreted as markers of terminal parafollicular
(C-) cell differentiation (27, 28), it is tempting to
speculate that C-cells of the solid cell nests have
already triggered their pathways toward a parafol-
licular differentiation.

Mixed follicles showed a differential expression
of p63, cytokeratins, TTF-1, and thyroglobulin:
while cells resembling main cells were strongly pos-
itive for p63 and cytokeratins 34�E12 and lacked
TTF-1 and thyroglobulin, cuboidal cells arranged in
follicular-like pattern were positive for thyroglobu-

lin and TTF-1 and were negative for p63 and cyto-
keratins 34�E12. These findings suggest that those
cells arranged in follicular-like structures have also
triggered their differential pathways toward a follic-
ular differentiation.

Our hypothesis that solid cell nests display a bas-
al/stem cell phenotype is supported, indirectly, by
the presence of adipose, cartilage, and salivary
gland-type tissues in the vicinity of or even abutting
solid cell nests—what has been advanced as evi-
dence to support the concept that solid cell nests
represent a dysembryological process (3, 14, 16).

Solid cell nests may pose some difficulties in rou-
tine thyroid pathology practice. Harach (2) and
Cameselle-Teijeiro et al. (3) stressed that solid cell
nests may be confused with squamous metaplasia,
metastatic squamous carcinoma, papillary micro-
carcinoma, medullary carcinoma, and C-cell hyper-
plasia (2, 3). It has been assumed that using judi-
cious morphological evaluation and based on the
so-called typical immunohistochemical profile of
solid cell nests (carcinoembryonic antigen and
“epidermal” keratins), they might be differentiated
from their mimics (2, 3). However, it should be
noted that some neuroendocrine carcinomas and
primary or metastatic mucoepidermoid carcinomas
may co-express carcinoembryonic antigen and
“epidermal”/high molecular weight cytokeratins
(18, 20, 30–32). p63 immunoreactivity may help in
the identification of solid cell nests. p63 is not ex-
pressed by follicular and parafollicular (C�) cells
(24, 26), is absent in medullary and follicular carci-
nomas (24, 25). In a previous study (26), we evalu-
ated the expression of p63 in 12 papillary carcino-
mas of the thyroid and found out that 4 cases
focally expressed p63 in 5–30% of the cells (26).
Interestingly, p63 expression was almost restricted
to foci of squamous differentiation (26). Altogether,
it seems that p63 may be a useful marker to distin-
guish solid cell nests from papillary and medullary
carcinomas, as well as from C-cell hyperplasia.
However, p63 seems to play a very limited role, or
no role, as an adjunct antibody in the differentia-
tion between solid cell nests and foci of squamous
metaplasia.

TABLE 3. Summary of the Immunohistochemical Findings

Case TG CT TTF-1 CK-34�E12 CK-AE1-AE3 CK-CAM5.2 CK19 CK7 CK20 CEA P63

1 � �* �* � � � � � � � �
2 � �* �* � � � � � � � �
3 � �* �* � � � � � � � �
4 � �* �* � � � � � � � �
5 � �* �* � � � � � � � �
6 � � N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. �
Adj FC � � � � � � � � � � �
Adj PFC � � � � � � �/� � �/� � �

* Immunoreactivity restricted to C-cells; Adj FC, adjacent follicular cells; Adj PFC, adjacent parafollicular cells; CK, cytokeratin; CEA, carcinoembryonic
antigen; N.D., not done.
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In conclusion, our results demonstrate that main
cells of the solid cell nests concurrently express p63
(a basal/stem cell marker) and basal cytokeratins,
while C-cells lack p63 and show parafollicular dif-
ferentiation markers (TTF-1, calcitonin, carcinoem-

bryonic antigen). Based on these findings, we sug-
gest that main cells of the solid cell nests display a
basal/stem cell phenotype. Moreover, we advocate
that antibodies against p63 should be included in
immunohistochemical panels to distinguish solid

FIGURE 2. A, p63 expression in the nuclei of main cells and rare C-cells. Note that all cystic structures and mixed follicles consistently lack p63
expression. B, High power magnification of a solid cell nest showing strong nuclear immunoreactivity for p63 in main cells and lack of p63 in a solid
cell nest (arrowhead). C, Cytokeratin 34�E12 expression in solid cell nests. Note that some c-cells lack p63 expression (arrow). D, Solid cell nest
stained with carcinoembryonic antigen. At the periphery, note immunoreactivity in scattered parafollicular (C�) cells. E, TTF-1 expression in a cystic
solid cell nest. Note rare cells expressing TTF-1 (arrows). On lower right, TTF-1 decorated all follicular cells of normal thyroid follicles. F, Follicular
cells and thyroid stroma stained with thyroglobulin. Solid cell nests were negative for this marker. G, Calcitonin immunoreactivity in scattered C-cells
of solid cell nests (Streptavidin-biotin-peroxidase; A, E, F, and G, original magnification 200�; B, C, 400�; D, 100�).
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cell nests from their mimics, namely from medul-
lary and papillary microcarcinomas.
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