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Abstract Solid cell nests (SCN) associated with Hashi-
moto’s thyroiditis may show some atypical nuclear
features including prominent nuclear grooves, enlarged
overlapping nuclei and nuclear clearing. These features are
sometimes mistaken for papillary thyroid microcarcinomas
especially when the SCN are numerous. We reviewed
SCN associated with Hashimoto’s thyroiditis in 12
patients selected from 1,420 archival routinely processed
formalin-fixed, paraffin-embedded thyroid specimens of
Hashimoto’s thyroiditis in which there was more than ten
SCN per slide. In addition to the atypical nuclear features,
there was a distinct eosinophilic basement membrane
surrounding the SCN. Immunohistochemical analysis
showed that the SCN were strongly positive for p63,
stained weakly for TTF-1 and were negative for thyro-
globulin, HBME-1, and calcitonin. This was compared to
papillary thyroid microcarcinomas which were strongly
positive for thyroglobulin, TTF-1, HBME-1, and variably
positive for p63, while calcitonin and chromogranin were
negative. These histological and immunophenotypic fea-
tures can be used to distinguish SCN from papillary
thyroid microcarcinomas associated with Hashimoto’s
thyroiditis.

Keywords SCN . Hashimoto’s thyroiditis . papillary thyroid
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Introduction

Solid cell nests (SCN) of the thyroid have interested
pathologists since their description by Getzowa in 1907
[1]. SCN are often small, measuring 0.1 mm or less in
diameter, and consist of polygonal to ovoid cell with
elongated nuclei, finely granular chromatin, and may show
nuclear grooves. Other cells with round nuclei and clear
cytoplasm may be present. SCN are found in 3% of
routinely examined thyroid glands and in one study were
identified in 61% of thyroids serially sectioned [2].

Ultrastructural studies of SCN showed microfollicular
structures, intracytoplasmic microvacuolar secretory gran-
ule features, and ciliated cells, findings that support the
suggestion that they may represent remnants of the fifth
(ultimobranchial) body [3]. SCN can be found incidentally
within the normal thyroid gland in the lateral lobes [4] and
can be associated with either neoplastic [5] or non-
neoplastic lesions of the thyroid [6, 7]. A combined
occurrence of lymphocytic thyroiditis and SCN in the same
thyroid gland has been previously noted [8].

Previous studies have described the histological and
immunohistochemical features of SCN [2, 3, 6, 9–15]. Four
different types of SCN have been reported [2, 7]: (1) SCN
type 1 are mainly composed of small round or oval groups
of elongated or even spindle shaped cells with centrally
located, oval to fusiform nuclei with uneven nuclear
envelope showing occasional grooves, and scanty eosino-
philic cytoplasm which are called “main cells” (floret-like
features), surrounded by collection of lymphocytes; (2)
SCN type 2 have large polygonal cells with abundant
cytoplasm and distinct cell boundaries (epidermoid-like
features); (3) SCN type 3 are characterized by cystic
structure lined by flattened or large polygonal cells; and
(4) SCN type 4 are composed of structures lined by main
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cells and follicular epithelium (so-called mixed follicles;
Table 1).

SCN type 1 are reported in patients with Hashimoto’s
thyroiditis. Multiple foci of SCN type 1 were described by
Vollenweider in 20 of 39 [7], by Unger in three of nine
[16], by Burstein in two of six [17] cases of Hashimoto’s
thyroiditis. Foci of SCN type 1 associated with mixed
follicles (SCN type 4) were described by Martin [6] in eight
of 81 cases and by Preto [18] in four of six cases of
Hashimoto’s thyroiditis.

Some authors reported C-cells in association with main
cells. C-cells have accounted for a minor proportion of the
solid cell nest population and were characterized by clear
cytoplasm and centrally located, small compact nuclei [2, 9,
19].

SCN can be easily recognized when they display large
polygonal cells with abundant cytoplasm and distinct cell
boundaries (SCN type 2) or are made up of a cystic structure
lined by flattened or large polygonal cells (SCN type 3).
Distinguishing SCN from papillary thyroid microcarcinoma,
however, can be difficult if the SCN are composed of small
round or oval groups of elongated cells with centrally located,
oval nuclei with irregular nuclear envelope showing occa-
sional nuclear grooves and scanty cytoplasm (SCN type 1).

SCN can also be misinterpreted as squamous metaplasia
of follicular thyroid cells, primary or metastatic squamous
cell carcinoma, thyroglossal cyst, C-cell hyperplasia, and
medullary microcarcinoma [2, 9]. The distinction between
these latter lesions and SCN can usually be made on the
basis of the hematoxylin and eosin (H&E) appearance, but
can be confirmed by immunohistochemistry as SCN were
reported as usually negative for thyroglobulin and TTF-1
and strongly reactivity for p63 [20]. The expression of
thyroglobulin and TTF-1 has been controversial in SCN [5–
7, 9, 14, 20–27].

Currently, there are no well-established criteria for the
diagnosis of SCN in these borderline cases mainly
associated with Hashimoto’s thyroiditis, which has resulted
in diagnostic confusion with papillary thyroid carcinomas
in some cases.

To determine if there are histological and immunohisto-
chemical criteria to differentiate cases of SCN associated
with Hashimoto’s thyroiditis, from papillary thyroid micro-
carcinomas, we systematically reviewed the routine H&E-
stained slides of cases of Hashimoto’s thyroiditis for the
presence of solid structures composed of “main cells”.
Cases containing these conspicuous cell groups were
investigated immunohistochemically for the expression of
thyroglobulin, TTF-1, p63, calcitonin, chromogranin, and
HBME-1.

Material and Methods

We examined 1,420 routinely processed archival formalin-
fixed, paraffin-embedded thyroid specimens resected for
Hashimoto’s thyroiditis during the period of 1955–1985 at
Mayo Clinic, Rochester, MN, for the presence of groups of
cells with the appearance of SCN type 1.

Institutional Review Board permission was obtained for
the study.

Hashimoto’s thyroiditis was diagnosed when 50% or
more of the section was occupied by lymphocytic infil-
trates. Further essential features were epithelial destruction
and oxyphilic change of the follicular cells.

Thirty-six cases from the files had one or more foci of
SCN type 1 per slide. We used ten foci of SCN type 1 per
slide, as a cut-off selection criterion, because multiple foci
of SCN type 1 associated with Hashimoto’s thyroiditis
represent the majority of the borderline cases that may be
confused with papillary thyroid microcarcinoma in our
experience. Moreover, all cases associated with malignant
thyroid neoplasms were also excluded from the study.
According to our selection criteria, we found 12 cases of
SCN of type 1 with ten or more foci of SCN type 1 per
slide.

Additional sections were cut from the available blocks
and stained with antibodies to p63 (BC4A4, 1/100BRD,
Biocare, Concord, CA), TTF-1 (8G7G3/1,1/700 BRD,
Dako, Carpinteria, CA, USA), thyroglobulin (2H11/6E1

Table 1 Morphologic differences between the four types of solid cell nests

Solid cell nests types Architectural
pattern

Cell type Cell
size

Cell shape Nuclear
shape

Nuclear
grooves

Cytoplasm

Floret-like features
(type 1)

Lobular
architectures

Main cell Small Elongated Oval/
fusiform

Occasional Scant

Epidermoid-like features
(type 2)

Solid nests Epidermoid-like cell Large Polygonal Round Absent Abundant

Cystic features (type 3) Cystic structures Flattened or large polygonal
cell

Variable Flat/
polygonal

Variable Absent Variable

Mixed follicles (type 4) Follicular-like Main cell and follicular
epithelial cell

Small Round/oval Oval/
fusiform

Rare Scant
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cocktail, 1/50BRD, Zymed, San Francisco, CA, USA),
HBME-1 (HBME-1, 1/40 Dako), calcitonin (polyclonal
antibody, 1/6000, Dako) and chromogranin A (LK2H10,
predilute, Zymed). Immunohistochemistry was performed
according to standard automated immunohistochemical
procedure (Ventana Autostainer, Benchmark, XT). Immu-
noreactions were developed using biotin-free dextran-chain
detection system (Envison, dakoCytomation, Carpinteria,
CA, USA) and immunoreactions were developed with
diaminobenzidine as the chromogen.

Five cases of papillary thyroid carcinomas in patients
with Hashimoto’s thyroiditis were used as controls. Follow-
up data were available for all patients.

Results

The clinical and pathological data are summarized in
Tables 2 and 3.

SCN type 1 was found in 2.5% of routinely examined
cases of Hashimoto’s thyroiditis. Of the 36 cases with SCN
type 1 associated with Hashimoto’s thyroiditis, only 12
cases met our cut-off selection criterion of at least ten foci
per slide (range 10 to 45). The 12 patients were all women
(100%) with the mean age of 41.8 year (range, 26–
53 years).

Clinically, the patients had symptomatic Hashimoto’s
thyroiditis in 33.3% of cases (four of 12), multinodular
goiter in 25% (three of 12), thyroid nodule in 33.3% (four
of 12) and primary hyperparathyroidism in one case (8.4%)
associated with multinodular goiter. Histopathologic evalu-
ation showed Hashimoto’s thyroiditis. There were follicular
adenomas in three cases, adenomatous nodules in three
cases and a parathyroid adenoma in one case.

Overall, there was a mean of 12.4 SCN per slide (range,
ten to 45) with foci of small round or oval groups of

elongated crowded cells with centrally located, oval, over-
lapping nuclei with irregular nuclear envelope showing
grooves, occasional nuclear clearing and scanty cytoplasm
(Fig. 1a). In particular, nuclear grooves were found in all 12
cases, whereas nuclear clearing was present in ten of 12
cases (83.3%; Fig. 1b). Cytoplasm invagination into nuclei
(intranuclear pink holes) was not observed.

SCN type 1 were bordered by eosinophilic, thin
basement membrane and surrounded by collections of
lymphocytes in all 12 cases (Fig. 1c). Mitotic figures were
absent.

Hashimoto’s thyroiditis was present in all cases with a
variable degree of inflammation ranging from mild to
severe. Seven of 12 cases showed foci of stromal sclerosis.

In all SCN cases, the immunohistochemical reaction
with p63 was diffuse and strongly positive in the “main
cells” (Fig. 1d) while TTF-1 showed diffuse unequivocal
weak positivity (Fig. 1e). Immunostains for thyroglobulin
(Fig. 1f), calcitonin, chromogranin, and HBME-1 were all
negative in the SCN. In two cases, calcitonin- and
chromogranin-containing cells were found between follic-
ular cells and in the inter-follicular spaces, but they showed
no special relationship to the solid cell nests.

The above immunohistochemical panel was also per-
formed on five control cases of papillary thyroid micro-
carcinoma associated with Hashimoto’s thyroiditis.

The neoplastic papillary thyroid carcinoma cells were
strongly positive for thyroglobulin, TTF-1 and HBME-1,
and negative for calcitonin and chromogranin.

Focal and weak positive staining for p63 was observed
in the peripheral cells of papillary thyroid microcarcinoma
in one of five cases, with the other four cases being
completely negative.

Follow-up data was available for all 12 cases of SCN
type 1 (Table 2) and for all five papillary thyroid micro-
carcinomas. All patients were alive with no evidence of

Cases Age Sex Original diagnosis Clinical history Follow-up (months)

1 53 F HT Multinodular goiter AND (1)

2 26 F HT Multinodular goiter AND (105)

3 43 F HT; PA Multinodular goiter AND (244)
Primary hyperparathyroidism.

4 37 F HT; FA Thyroid nodule AND (113)

5 30 F HT; AN Multinodular goiter AND (30)

6 53 F HT HT with thyroid nodule AND (107)

7 48 F HT; FA HT with thyroid nodule AND (3)

8 43 F HT HT AND (15)

9 52 F HT; AN Thyroid nodule AND (25)

10 31 F HT HT AND (53)

11 44 F HT; AN Cystic nodule thyroid AND (9)

12 42 F HT; FA Thyroid nodule AND (112)

Table 2 Clinical data for 12
cases of SCN type 1 associated
with Hashimoto’s thyroiditis

SCN solid cell nests, HT Hashi-
moto’s thyroiditis, AN adeno-
matous nodules, FA follicular
adenoma, PA parathyroid ade-
noma, AND alive no diseases
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disease after a mean of 68 months (range, 1–244 months) of
follow-up.

Discussion

A distinctive form of solid cell nest (SCN type 1), was
noted in our 12 cases, consisting of a floret-like arrange-
ment of p63-positive cells with radially projecting fusiform
nuclei. These structures were morphologically identical to
structures that were described elsewhere in two studies of
SCN in Hashimoto’s thyroiditis [7, 17].

We have observed that structures with this histology
have been mistaken for papillary thyroid microcarcinoma in
some of our consultation cases.

Our findings showed SCN type 1 to be consistently p63-
and TTF-1-positive. These floret-like SCN numbered more
than ten and ranged from ten to 45 per slide. Most
commonly, p63-positive cells in Hashimoto’s thyroiditis
were arranged in small, morphologically inconspicuous
solid cell clusters in proximity to dense lymphoid infiltrates
or germinal centers. Several p63-positive clusters of SCN
type 1 in a Hashimoto’s thyroiditis specimen displayed
atypical nuclear changes including pale nuclei (ten of 12
cases, 83.3%).

SCN of type 1 may be a source of confusion in
Hashimoto’s thyroiditis. SCN type 1 are formed by main
cells which show enlarged nuclei with finely dispersed
chromatin, inconspicuous nucleoli and frequent nuclear
grooves sometimes mimicking a “coffee bean shape”.
These features also represented some of the nuclear
characteristics described in papillary thyroid carcinoma
and hyalinizing trabecular tumor of the thyroid [28].

Features that are unique to SCN type 1 include their
distinctly lobular architecture, the surrounding thin eosin-
ophilic basement membrane, and the predominantly oval

shape of the nuclei. Cytoplasmic invaginations into nuclei
(intranuclear pink holes) were not found in the SCN.

The distinction between SCN and papillary thyroid
microcarcinoma can usually be made on the basis of the
above morphological appearance on H&E sections, but if
needed, one can obtain confirmation with immunohisto-
chemistry (Table 4). SCN showed strong nuclear reactivity
for p63 and were negative for thyroglobulin and HBME-1.

Immunohistochemical analysis of SCN reported in the
literature is summarized in Table 5.

In contrast with previous studies about the immunophe-
notype of SCN [20], our 12 cases of SCN type 1 showed a
diffuse unequivocal weak positivity for TTF-1 and lacked
the scattered reactivity for chromogranin. Weak, but
unequivocal, positivity of TTF-1 was also reported in one
case of SCN by Ryska [25]. In our immunohistochemical
analysis of TTF-1, the same antibody at the same dilution
(1/50) and a similar automated immunostainer machine
were used as in the Ryska study [25]. Reis-Filho [20]
reported SCN to express TTF-1. They used the same TTF-1
antibody but at different dilution (1/100) without an
automated immunostainer machine for immunohistochem-
ical analysis, and required a minimum of 20% positivity as
a cut-off for all imunohistochemical markers.

A consistent and reproducible strong reactivity for p63
(97.6%) in SCN has been reported [5, 16, 17, 20, 25, 26].
p63 is consistently expressed in basal/stem cells of several
types of epithelia and it is usually absent in partially or
terminally differentiated cells [29–32].

Our study showed that p63 is a useful marker that is
consistently positive in SCN, but also showed a focal weak
positivity in the peripheral cells in one of the five papillary
thyroid microcarcinomas studied.

In the present study, we showed that the main SCN cells
strongly express p63 supporting the suggestion that these
cells may have a basal/stem cell features [5, 17, 20].

Case N. SCN Grooves Pale nuclei Nuclear inclusions BM HT Stromal sclerosis

1 10 Yes No No Yes Moderate Yes

2 11 Yes No No Yes Moderate Yes

3 10 Yes Yes No Yes Mild No

4 15 Yes Yes No Yes Mild Yes

5 11 Yes Yes No Yes Moderate No

6 10 Yes Yes No Yes Moderate Yes

7 12 Yes Yes No Yes Moderate No

8 10 Yes Yes No Yes Severe Yes

9 45 Yes Yes No Yes Moderate No

10 10 Yes Yes No Yes Severe Yes

11 12 Yes Yes No Yes Moderate No

12 23 Yes Yes No Yes Moderate Yes

Table 3 Pathological data of 12
cases of SCN type 1 associated
with Hashimoto’s thyroiditis

N. SCN number of solid cell
nests, BM basement membrane,
HT Hashimoto’s thyroiditis
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The expression of thyroglobulin and calcitonin in SCN is
controversial. Thyroglobulin and calcitonin positivity has
been reported in the main cells in 37.6% and in 29.6% of
SCN, respectively [5–7, 9, 13, 14, 19–27, 33–35]. In the

present study, the main cells of all 12 cases of SCN were
negative for both thyroglobulin and calcitonin. This may be
due to different expression of thyroglobulin and calcitonin
in the different types of SCN or increasing specificity of the

Immunohistochemical antibodies Solid cell nests Papillary thyroid microcarcinomas

p63 Positive (12/12) Negative (4/5)

Thyroid transcript factor-1 Positive (12/12) Positive (5/5)

Thyroglobulin Negative (12/12) Positive (5/5)

HBME-1 Negative (12/12) Positive (5/5)

Chromogranin Negative (12/12) Negative (5/5)

Calcitonin Negative (12/12) Negative (5/5)

Table 4 Immunohistochemical
profile of the solid cell nest
cases in comparison to papillary
thyroid microcarcinoma cases

Fig. 1 a Solid cell nests (SCN)
type 1 in a background of
Hashimoto’s thyroiditis. There
are small round to oval groups
of elongated cells with scanty
cytoplasm surrounded by a col-
lection of lymphocytes. (H&E,
×10) b At high magnification,
SCN type 1 are composed of
main cells that show nuclei with
occasional nuclear clearing and
grooving. (H&E, ×60) c SCN
type 1 cells are typically sur-
rounded by thin eosinophilic
basement membrane (black
arrows, H&E, ×40). Immuno-
histochemical analyses showed
that the main cells are strongly
positive for p63 (d, ×20), stain
weakly for TTF-1 (e, ×40) and
are negative for thyroglobulin
(f, ×40)
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antibodies applied and the limited number of cases
examined.

As SCN are thought to be a remnant of the ultimobran-
chial body [3] and strongly expression p63 one may
hypothesize that SCN represent incompletely developed
thyroid tissue which could be predisposed to autoimmune
thyroid diseases such as Hashimoto’s thyroiditis, because
the epithelia from the third and the fourth pouch have the
ability to attract lymphocytes [7, 8].

Recently, Cameselle-Teijeiro [5] described an extremely
unusual case of SCN hyperplasia coexisting with two
papillary microcarcinomas, a follicular adenoma, hyper-
plastic nodules, and a few lymphoid aggregates. The
authors reported morphologic continuity between SCN
and one papillary thyroid microcarcinoma and found the

same BRAFV600E mutation in both the SCN and the
contiguous papillary thyroid microcarcinoma suggesting a
histogenetic relationship between the main cells of SCN
and the papillary thyroid carcinoma.

Although these findings could support a histogenetic
link between SCN and papillary thyroid carcinoma,
additional molecular analyses and other studies are needed
to support this linkage.

In summary, we examined a series of 12 cases of SCN
associated with Hashimoto’s thyroiditis, which consisted of
main cells arranged in floret-like structures that showed
atypical nuclear features (nuclear clearing and grooving).
The SCN showed a distinctive immunophenotype (strong p63
positivity, weak TTF-1 positivity, and HBME-1 negativity)
that can be useful to distinguish SCN from papillary thyroid

Table 5 Immunohistochemical analysis of solid cell nests reported in literature

Antibody Number of SCN positive/total number of SCN cases References

BCL-2 24/24 (100%) [18]

Calcitonin 102/344 (29.6%) [6, 7, 9, 13, 14, 19–22, 24–26, 33–35]

CGRP 2/18 (11.11%) [3, 9]

CEA 57/139 (41%) [7, 9, 13, 20, 33, 34]

CGA 5/24 (20.8%) [9, 13, 22, 26]

COX-2 1/6 (16.6%) [36]

CK 53/70 (75.7%) [7, 9, 10, 13, 14]

LMWK 30/30 (100%) [21]

HMWK 17/50 (34%) [9, 21, 33]

CK 34beta12 5/6 (83.3%) [20]

CK AE1/AE3 5/5 (100%) [20]

CK CAM 5.2 5/5 (100%) [20]

CK 20 0/5 [20]

CK 19 5/5 (100%) [20]

CK 7 5/5 (100%) [20]

CK 5/6 1/1 (100%) [26]

Galectin-3 7/7 (100%) [5, 34]

Lu-5 13/15 (86.6%) [7]

Neurotensin 5/6 (83.3%) [9]

NSE 0/7 [9]

p63 41/42 (97.6%) [5, 16, 17, 20, 25, 26]

Telomerase 24/24 (100%) [18]

Thyroglobulin 140/372 (37.6%) [5, 7, 9, 14, 19–26]

Thyroxin 0/30 [21]

TTF-1 1/9 (11.11%) [20, 25, 26]

Somatostatin 5/6 (83.3%) [9]

S-100 0/7 [9]

Vimentin 0/7 [9]

SCN solid cell nests, CGRP calcitonin gene related peptide, CEA carcinoembryonic antigen, CGA chromogranin A, COX-2 cyclooxygenase-2, CK
cytokeratin, LMWK low molecular weight keratin, HMWK high-molecular-weight keratin, NSE neuron-specific enolase, TTF-1 transcript thyroid
factor-1
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microcarcinoma associated with Hashimoto’s thyroiditis in
difficult cases.
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