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Abstract

Morphological changes of benign follicular cells in
Hashimoto’s disease (HD) may mimic the changes seen in
papillary thyroid carcinoma. This study analyzed the thyroid
specimens obtained from a patient with HD, who underwent total
thyroidectomy due to recent thyroid enlargement and
indeterminate cytology. We observed two types of atypical cells,
immature follicular cells in cord-like structures and solid basaloid
cells, in the thyroid specimens. Both types of cells exhibited
positive immunoreactivity for thyroid transcription factor 1 and
possessed the nature of follicular cells. The solid basaloid cells
also showed positive for p63 but not the immature follicular cells
in the cord-like structures, indicating that the solid basaloid cells
retained the stem cell nature. Traumatic injury or inflammation
such as autoimmune inflammation of HD may cause cellular
damage and lead to repair and regeneration of the follicular
epithelium, thus increased stem/progenitor cells may appear in the
thyroid as a part of the regeneration after injury. These cells are
detectable under microscopy as immature atypical epithelial cells
with pale chromatin and nuclear grooves. Presence of these
immature follicular cells in the cytological smear samples from
patients with HD may result in difficulty in differential diagnosis.
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Introduction

Hashimoto’s disease (HD) was first described in 1912 and it
is now the most common inflammatory disease of thyroid and the
most common cause of hypothyroidism in adults (1-5). HD is an
autoimmune disease characterized by elevated thyroid auto-
antibodies in the serum and gradual thyroid failure with firm
goiter. Nodular presentation of HD and concomitant malignant
tumors may be found in the thyroid and some researchers have
claimed that HD is a risk factor for papillary thyroid carcinoma
(PTC) and malignant lymphoma (6-8). Therefore, it is important
for clinicians to identify PTC or other types of thyroid neoplasms
amidst a background of HD to ensure appropriate treatment.
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Unfortunately, there is a high rate of overdiagnosis for thyroid
cytology in the HD setting (9-14). Cytological features suggestive
of PTC and follicular neoplasms are often seen in fine needle
aspiration cytology (FNA) from patients with HD. However, the
mechanisms or explanations regarding why these atypical cells
often appear in patients with HD have not been well documented
in the literature. This paper presents a case of HD in which the
thyroid specimen contained solid basaloid cells and immature
epithelial cells with nuclear abnormalities suggestive of PTC. The
underlying mechanisms for the origin of these atypical cells that
suggest PTC in the cytological specimens from HD patients were
further explored in this study.

Case summary

A 62-year-old male patient visited a local hospital for a neck
mass and he was then referred to Osaka Red Cross Hospital under
a diagnosis of HD and suspicion of PTC. The patient complained
of a tumor mass in his anterior neck for 3 years. Physical
examination revealed a movable mass with a size of 25 mm in
diameter in the midline of the patient’s anterior neck. Computed
tomography showed a mass lesion located in the isthmus and
involved the left lobe of thyroid. FNA cytology was applied to the
neck mass and cytological smears were performed with
Papanicolaou staining. Laboratory tests for the thyroid function
showed the following results (normal values in parentheses): TSH,
1.34 pU/ml (0.541-4.261); free-T3, 3.32 pg/ml (2.39-4.06); free-
T4, 0.83 ng/dl (0.71-1.52); thyroglobulin, 0.4 ng/ml (0-32.7); anti-
thyroglobulin antibody (TgAb), 865 U/ml (<27); and anti-
thyroperoxidase antibody (TPOAb), 165 U/ml (<15). A clinical
diagnosis of HD was made and the patient underwent total
thyroidectomy based on the cytological diagnosis of atypia
suspicious for PTC, recent enlargement of the thyroid mass, and
patient’s wishes.

Immunohistochemistry

Immunohistochemical examinations were carried out with
formalin-fixed and paraffin-embedded sections using the EnVision
system (Dako Cytomation, Tokyo, Japan) as per the
manufacturer’s instructions. The primary antibodies used for the
examinations included pancytokeratin  (AE1/AE3, Dako
Cytomation), p53 (DO-7, Dako Cytomation), p63 (4A4, Nichirei
Corporation, Tokyo, Japan), thyroid transcription factor 1 (TTF-1,
also called Homeobox Protein NKX2-1) (SPT24, Nichirei
Corporation), CEA (polyclonal, Dako Cytomation), and calcitonin
(IR515, Dako Cytomation). Hematoxylin was used for nuclear
counterstaining.
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Results
Cytological findings

The cytological sample was moderately cellular against a
background of a few lymphocytes (Fig. 1A and B). There were
crowded groups of follicular cells with mild to moderate nuclear
enlargement and nuclear overlapping (Fig. 1A and B). Moderate
nuclear membrane irregularity was observed, which was
accompanied with occasional nuclear grooves and molding (Fig.
1B). The nuclei were clear and exhibited a pale chromatin pattern
(Fig. 1). There were no intranuclear pseudoinclusions. A few
lymphocytes infiltrated into the follicular cell clusters (Fig. 1).
Colloid substance, cyst fluid or tumor necrosis was absent. Benign
follicular cells, showing round to oval monomorphic nuclei with
finely granular or condensed chromatin, were absent. According
to the Guidelines for Clinical Practice for the Management of
Thyroid Nodules in Japan 2013 (15), our interpretation of this
FNA specimen was as follows: Indeterminate: Atypical cell
clusters suggestive of papillary thyroid carcinoma; and
Recommendation: Repeat cytological examination. The cytological
diagnosis of this case was probably classifiable as suspicious for
malignancy by the recent Bethesda System for Reporting Thyroid
Cytopathology and “Thy3a” by the United Kingdom Royal
College of Pathologists Classification (16, 17).
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Figure 1. A: A large cluster of follicular epithelial cells in a background of
a few lymphocytes. The nuclei of the epithelial cells are only mildly
enlarged. However, moderately high cellularity and nuclear overlapping are
noted. These cells have a clear opaque nucleus and a clear cyanophilic
small cytoplasm with slightly increased nuclear/cytoplasmic ratio. No
colloid lumen is noted in the cell cluster and no colloid substance is
observed in the background. B: A small cluster composed of irregularly
shaped follicular cells in a background of lymphocytes. These epithelial
cells have a dense cyanophilic cytoplasm and an irregular large nucleus
with prominent nuclear grooves. A few lymphocytes in the epithelial
cluster can be observed (smear, Papanicolaou stain).

Histopathologic observation

The thyroid gland was diffusely enlarged and did not contain
any mass lesions on gross examination. The mass lesion palpable
in the patient’s neck clinically was the prominent pyramidal lobe
with no nodular lesions, calcification, or scar fibrosis that was
suggestive of neoplastic change. Marked lymphocyte and plasma
cell infiltration with occasional germinal follicles was noted
diffusely throughout the thyroid gland. Follicular cells underwent

degeneration, showing normofollicular and microfollicular
structures with little colloid and minimal stromal fibrosis. The
most striking findings in the thyroid were two types of atypical
epithelial cells: solid basaloid cells (Fig. 2A and B) and immature
epithelial cells in cord-like structures and lacking colloid (Fig. 3A
and B). These cells differed from normal follicular and oxyphilic
follicular epithelial cells often seen in HD. The solid basaloid cells
surrounded the colloid follicles and lifted up the follicular cells as
if they were basal cells of the thyroid follicles (Fig. 2A).They had a

Figure 2. A: There are two colloid follicles in this field, containing pinkish
colloid substance with small, clear vacuoles in the periphery. The colloid is
surrounded with a single layer of follicular cells with a clear cytoplasm.
Beneath the follicular cells, there are multiple layers of basaloid cells which
are characterized by a dense eosinophilic cytoplasm and a large vesicular
nucleus. Note the rich infiltration of lymphocytes and plasma cells in the
stroma. B: Epithelial cells forming cord-like or trabecular structures. A few
tubular structures are noted in the cord structure, but colloid substance is
rarely seen. Note the clear nuclei in the epithelial cells in a tubular structure
in the center field, and the dense eosinophilic cytoplasm of solid basaloid
cells in the lower field (hematoxylin and eosin stain).

Figure 3. A: Immature follicular cells in cord-like arrangements in the
upper right field and follicle-forming immature follicular cells with pink
colloid substance in the lower left field. Note the rich infiltration of
lymphocytes and plasma cells in the stroma.. B: Higher magnification of
the Fig. 5. The immature cells have a basophilic cytoplasm and lack any
cellular polarity to form colloid follicles. Note the numerous nuclear
grooves in the immature cells of the cord-like structure. Also, note the rich
infiltration of lymphocytes and plasma cells in the stroma (hematoxylin and
eosin stain).
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slightly more dense and eosinophilic cytoplasm than follicular
cells, and showed some similarity to the embryonic remnant of the
third branchial pouch, so-called solid cell nests of the thyroid (18-
21). The immature epithelial cells formed immature cord-like or
trabecular structures, but did not form tubular or colloid substance-
containing follicular lumen, showing some similarity to the
embryonic developing thyroid or trabecular/embryonal variant of
follicular adenoma. Different from the solid basaloid cells, the
immature epithelial cells had a basophilic cytoplasm. Cells with
intermediate characteristics between the two types of cells were
also noted as shown in Fig. 2B. The nuclei of the basaloid cells
were vesicular with small nucleoli, and the immature cells in a
cord-like structure (Fig. 3A) had a clear, pale chromatin pattern,
while the intermediate cells arranged in a colloid-lacking follicular
pattern (Fig. 2B). Interestingly, the immature epithelial cells in
cord-like arrangements displayed numerous nuclear grooves (Fig.
3B). These two types of abnormal epithelial cells were diffusely
distributed in the thyroid without forming any mass lesions that
were suggestive of neoplastic growth.

Immunohistochemical results and interpretation

The immunohistochemical results for the solid basaloid cells
and immature epithelial cells in cord-like structures were
comparatively analyzed using serial sections stained for TTF1,
calcitonin, AE1/AE3, and p63. The nuclei of the solid basaloid
cells were positively stained for TTF1 (Fig. 4A), while the nuclei
in the peripheral (basal) layer were positively stained for p63 (Fig.
4B). The epithelial cells in the innermost layer of the colloid
follicles were negatively stained for p63 (Fig. 4B). Majority of the
solid basaloid cells were judged as positive for both TTF1 and p63.
These results differed from those reported for the solid cell nests of
the thyroid, the latter were positive for p63 and negative for TTF1
(20-23). Immunohistochemical examination of the immature
epithelial cells in the cord-like structures showed positive staining
for pan-cytokeratin (AE1/AE3) (Fig. 5A) and TTF1 (Fig. 5B), but
negative staining for p63. These results suggested that the
immature epithelial cells in cord-like structures possessed the
follicular cell nature. Similar cord-like structures have been
described in embryonic developing thyroid (24). Both types of
epithelial cells were negatively stained for calcitonin. Increased C
cells, and p53- and/or CEA-positive cells were not found in the
thyroid.

Figure 4. Two colloid follicles surrounded by multiple layers of epithelial
cells (solid basaloid cells). The nuclei of the cells are positively stained for
TTF1 (4A), and the nuclei of the peripheral (basal) layer cells are positively
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stained for p63 (4B). Note that the epithelial cells in the innermost layer of
the colloid follicle are negatively stained for p63 (4B). Majority of the solid
basaloid cells are judged as positive for both TTF1 and p63 (A:
immunoperoxidase stain for TTF1 and B: immunoperoxidase stain for p63,
hematoxylin nuclear counterstain).

Figure 5. Immunohistochemistry of the immature follicular cells in cord-
like arrangements for AE1/AE3 (5A) and TTF1 (5B). The cell cytoplasms
are positively stained for AE1/AE3 (8A) and the cell nuclei are positively
stained for TTF1 (5B), suggesting that they are immature follicular cells
resembling the embryonic thyroid epithelium. Note the irregular nuclear

contour, although the nuclear grooves are not discernible (A:
immunoperoxidase stain for AE1/AE3 and B: immunoperoxidase stain for
TTF1, hematoxylin nuclear counterstain, X20).

Discussion

Diagnosis of HD is made clinically and the diagnostic criteria
in most clinical guidelines include: 1) diffuse and non-tender
goiter, 2) exclusion of Graves’ disease, and 3) presence of auto-
antibodies (TgAb, TPOAD) in the serum. Nodular presentation of
HD may create serious concern on coexisting malignant
neoplasms. This is because PTC and other types of neoplasms can
exist in the thyroid with or without HD and some researchers have
claimed a higher incidence of PTC and malignant lymphoma in
patients with HD than in those without HD (6-8). When nodular
lesions are found in patients with HD, FNA may be employed to
the index nodule to rule out coexisting malignancy. Unfortunately,
it is well known that overdiagnosis in thyroid cytology may occur
in the HD setting (9-14). Cytological features suggestive of PTC
and follicular neoplasms are often seen in the thyroid FNAs from
HD patients. Harvey et al. found that the features most commonly
leading to overdiagnosis of PTC in HD were pale, powdery or
clear chromatin, occasional nuclear grooves or nuclear vacuoles,
high cellularity with a microfollicular pattern, and a paucity of
background lymphocytes (14). Most of these features were
observed in our patient (Fig. 1A and B) and we had to advise this
patient to undergo surgical treatment because of indeterminate
cytological diagnosis (atypical cell clusters suggestive of PTC)
together with recent enlargement of thyroid mass.

The present study clearly illustrated abnormal epithelial cells
observed in the surgical specimens of a patient with HD, which
corresponded well to those in the cytological smears. These cells
had follicular cell nature as well as immature stem/progenitor cell
characteristics. These observations explained well why cytological
smear samples from HD patients often contain immature atypical
follicular cells with PTC-type nuclear abnormality. This is the first
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report in the literature to demonstrate the immature
stem/progenitor cell-type follicular cells in a patient with HD,
which may lead to misdiagnosis of suspicious for malignancy in
the cytological examination.

Squamous cells and solid basaloid cells can appear in a
variety of conditions including benign nodules, malignant
neoplasms, inflammatory diseases, and embryonic remnants of
thyroid. Solid cell nests of the thyroid have been considered to be
the embryonic remnants derived from the third branchial pouch
and can be found in thyroid glands in the cases of HD (18-22). Li
et al. identified solid cell nests in 12 out of 105 patients with HD
when one representative section from each patient was examined
(19). Reis-Filho et al. and Burstein et al. have shown that the main
cells of solid cell nests are strongly positive for p63, a p53
homologue that is consistently expressed in basal/stem cells of
stratified epithelia, and they have concluded that the p63 positivity
represents the stem cell nature of these cells (20,21). Similar
features were observed for the solid basaloid cells in our patient,
thus the solid basaloid cells in our patient might possess stem cell
nature. However, the solid basaloid cells also exhibited follicular
cell differentiation evidenced by TTF1 positivity, which differed
from the solid cell nests of the thyroid. Bai et al. reported an
encapsulated thyroid neoplasm with squamous cell differentiation
and with cells exhibiting intermediate features between follicular
and squamous cells (25). This transformation phenomenon
observed in their case indicates that the basaloid squamous cell
differentiation may occur in follicular cell neoplasm and present
the multipotential/stem cell nature of tumor cells (25).

For the immature epithelial cells, they may originate from the
regeneration of the follicular cells and stem cells in thyroid due to
traumatic injury and repair of the thyroid gland following FNA.
Ozaki et al. have demonstrated that the numbers of cells with
bromodeoxyuridine-positivity and cells with clear or faintly
eosinophilic cytoplasm are markedly increased in the central area
of the thyroid gland two weeks after partial thyroidectomy in a
mouse model to produce thyroid regeneration (26). Microarray
followed by pathway analysis revealed that the expressions of
genes involved in embryonic development and oncogenesis were
altered by partial thyroidectomy. These results suggest that both C
cells and follicular cells could be affected by partial thyroidectomy
and the immature cells may be derived from stem/progenitor cells
on their way to differentiate into C cells or follicular cells (26). As
a conclusion, we think that the stem/progenitor cells may
participate in the repair and/or regeneration of the thyroid and
these cells may result in the difficulty in cytological diagnosis.
Such immature stem/progenitor cells may appear during
regeneration following severe inflammation in HD or traumatic
injury following FNA procedure. FNA might have played a role in
our HD patient for the atypical follicular cells suggestive of PTC
because the FNA examination at our hospital was carried out only
3 weeks after the previous FNA done in another hospital. Layfield
et al. recommended a 3-month interval between FNA to prevent
false-positive interpretations due to reactive changes (16, 27).
However, this was unlikely in our patient because those abnormal
cells were distributed diffusely throughout the thyroid gland and
were not accumulated in any places where the fine needle might
have reached. The immature follicular cells in cord-like structures
and the solid basaloid cells in our patient might be immature
stem/progenitor cells induced by injury and regeneration, thereby
those atypical cells appeared in the cytological smear.

Some researchers reported that the cells in some lesions in
HD exhibited PTC-type nuclear features and they interpreted these
lesions as multiple submicroscopic foci of PTC in HD thyroid
because HD almost always harbors genetic rearrangements that are
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strongly associated with PTC (12). However, some other
researchers reported that the genetic changes might be a passenger
mutation rather than a driver mutation because follicular cells in
HD share only low-level recombination events with a subset of
PTC (28), and BRAF and RET/PTC rearrangements are absent in
the dominant nodules of HD in some reports (29). The genetic
changes may explain the PTC-type nuclear features observed in the
immature follicular cells because RET/PTC rearrangements are
often associated with borderline PTC-type nuclear features (12, 30,
31).

On reviewing the cytological samples of our case, we think
that the cytological features that could provide helpful information
in differential diagnosis and avoid misdiagnosis include: 1) no
nuclear pseudo-inclusions in the abnormal follicular cells, 2) a few
lymphocytes in the background, and 3) a few lymphocytes in the
follicular cell clusters (32).
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