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Abstract: Background: Hashimoto’s thyroiditis (HT) is an autoimmune disease exhibiting stromal
fibrosis and follicular cell destruction due to lymphoplasmacytic infiltration. Besides deprecated
analyses, histopathological approaches have not employed the use of electron microscopy adequately
toward delineating subcellular-level interactions. Methods: Biopsies for ultrastructural investigations
were obtained from the thyroids of five patients with HT after a thyroidectomy. Transmission electron
microscopy (TEM) was utilized to study representative tissue specimens. Results: Examination
indicated interstitial extravasated blood cells and a plethora of plasma cells, based on their subcel-
lular identity landmarks. These antibody-secreting cells were profoundly spotted near follicular
cells, fibroblasts, and cell debris entrenched in collagenous areas. Pathological changes persistently
affected subcellular components of the thyrocytes, including the nucleus, endoplasmic reticulum
(ER), Golgi apparatus, mitochondria, lysosomes, and other intracellular vesicles. Interestingly, sig-
nificant endothelial destruction was observed, specifically in the larger blood vessels, while the
smaller vessels appeared comparatively unaffected. Conclusions: Our TEM findings highlight the
immune-related alterations occurring within the thyroid stroma. The impaired vasculature compo-
nent and remodeling have not been described ultrastructurally before; thus, further exploration is
needed with regards to angiogenesis in HT in order to achieve successful prognostic, diagnostic, and
treatment-monitoring strategies.
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1. Introduction

Hashimoto’s thyroiditis (HT), or chronic lymphocytic thyroiditis, is a chronic autoim-
mune, inflammatory disease of the thyroid gland, also known as “struma lymphomatosa” [1].
Its main histologic feature is thyroid infiltration by lymphocytes and plasma cells, as well
as the destruction of follicles [2]. HT constitutes the most frequent cause of spontaneous
hypothyroidism in iodine-sufficient areas and concerns a large part of the world’s popula-
tion [3]. It is most commonly found in women, especially those of premenopausal age [4].
A continuous linear increase in the annual frequency of HT for almost twenty years was
demonstrated in 2010 [5]. As pointed out in the Whickham survey [4], 8% of women and 3%
of men in the general population had subclinical hypothyroidism, confirming previously
reported results from similar studies [4]. In populations with severe iodine deficiency, the
prevalence of hypothyroidism is even higher [3].
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In the early stages of the disease, namely subclinical hypothyroidism, antibodies
against thyroperoxidase (TPO) and higher thyroid-stimulating hormone (TSH) levels are
detected. When clinical hypothyroidism develops, T3 and T4 thyroid hormone levels begin
to drop [6]. An HT patient is advised to check thyroid hormones and TPO antibodies
at least once or twice per year to adjust the administered dose of thyroid hormones [7].
Hypothyroidism caused by HT may cause many health problems, such as fatigue, cold
intolerance, weight gain, and depression. If left untreated, HT may lead to goiter, heart
conditions, and myxedema [8]. Hashimoto has been associated with a higher risk of type
1 diabetes, malabsorption disorders, infertility issues, mostly in women, and a higher
prevalence of thyroid cancer [9].

One of the primary features of the HT ultrastructure is the abundant inflammatory
infiltration within the stroma, both in follicular and parafollicular areas [10–13]. The
cytotoxic reaction against thyrocytes is mediated by autoantigen presentation, and the high
numbers of CD8+ cells and plasma cells lead to epithelial cell destruction and fibrosis [14].
Although HT is well studied, the exact pathophysiological processes are not yet fully
elucidated, similar to other autoimmune diseases [14]. A limited number of studies focus
on describing ultrastructural changes detected with transmission electron microscopes
(TEMs), with the most recent being held in 2011 [10–25]. Therefore, updated information
regarding the ultrastructural pathology of this condition is essential for contributing to
delineating HT’s precise pathophysiology and accurately determining the level of organ
functionality [10–26].

The aim of our study was to present updated data on thyroid ultrastructure in
Hashimoto’s disease. In the current report, we focused on and gained new insight into
vessels’ morphological traits, which, to our knowledge, have not been previously described
in detail. Finally, we discuss the potential role of these traits in the pathogenesis of HT.

2. Materials and Methods
2.1. Subjects

The study involved five female patients, aged 45–50 years, affected by Hashimoto’s
thyroiditis. They all exhibited hypothyroidism as well as an elevated TSH and were treated
with L-thyroxine for more than two years. Before surgery, patients had signed informed
consent forms provided by the surgical department. They were operated on because of the
intensive growth of the goiter, whereas all of them were in a euthyroidism state at the time
of excision. The thyroid specimens were immediately sent for histological investigation,
with the surgical pathology report confirming the presence of HT.

2.2. Electron Microscopy

Samples were collected immediately following a thyroidectomy to be used for ultra-
structural investigations. Small segments of tissue, measuring 0.5 mm3, were taken and
promptly prepared for transmission electron microscopy. The electron microscopy analysis
was conducted at the Laboratory of Histology and Embryology at the School of Medicine
of Aristotle University of Thessaloniki.

All specimens were fixed in a pH 7.4 buffered solution containing 4% glutaraldehyde
for a duration of 90 min. They were subsequently postfixed in a 2% OsO4 solution in
the same buffer for 1 h at room temperature. The specimens were then dehydrated by
progressively increasing the concentration of ethanol until a saturation of 100%. Finally,
the specimens were embedded in Epon 812 and polymerized overnight at 60 ◦C. The Epon
blocks were cut using an ultramicrotome (Leica EM UC6).

2.3. Quantitative Morphometric Data and Statistics

The number of fibroblasts amongst thyrocytes (or within follicles) was counted and
scaled to cells per square millimeter (3 areas per case; spaced at least 50 µm apart). Likewise,
a spatial morphometric analysis was carried out, and the percentages of these active cells
and the less active ones (fibrocytes) were evaluated with regard to their proximity to a
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vessel (proximal or distal). The analysis of the data was performed using the GraphPad
Prism 8.0 software. The assessment of normal distribution was performed utilizing the
Shapiro–Wilk and Kolmogorov–Smirnov tests. Parametric data underwent analysis via an
unpaired t-test. Mean ± standard error was employed to express values for all scaled data.
The level of significance was set at p < 0.05.

3. Results
3.1. Immune Response in the Thyroid Gland Interstitium

Our investigation into the immune aspects of HT revealed events regarding the im-
mune response in the interstitium, specifically highlighting the presence of lymphocytes
and, notably, plasma cells actively attacking the thyroid follicles (Figure 1a). Moreover, a
detailed analysis of plasma cell ultrastructure revealed prominent and enlarged endoplas-
mic reticulum (ER) and Golgi apparatus (GA), with wider cisternae (Figure 1b; asterisk),
suggesting significant alterations in protein synthesis and secretion within these cells.
Additionally, we observed the presence of a macrophage containing intracellular debris
(Figure 1b; arrow), indicating its involvement in phagocytic processes within the intersti-
tium. These findings provide insight into the potential enhanced production and secretion
of antibodies by plasma cells, as well as the role of macrophages in clearing cellular debris
in the immune response associated with HT.
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Figure 1. Immune cells identified with TEM in the HT thyroid gland stroma. (a). Lymphocytes
and plasma cells infiltrate the interstitium surrounding the affected thyroid follicles, where plasma
cells (PLs) actively attack the follicular cells. The prominent endoplasmic reticulum and Golgi
apparatus (asterisk) indicate protein synthesis and secretion. A vessel (v) is present nearby among
thyrocytes. (b). Additionally, a macrophage with intracellular debris (arrow) is observed, suggesting
its involvement in phagocytic processes. Plasma cells (PLs) were also documented based on ER
appearance (asterisk). Scales are denoted in each micrograph.

3.2. Thyroid Follicular Cell Alterations

The majority of HT specimens yielded significant findings regarding the pathology
and cellular alterations within the thyroid follicles. The observed follicular destruction
was marked by pronounced colloid decomposition (Figure 2a), indicative of compromised
follicular integrity and functionality. The thyroid follicles were generally smaller than
average, and colloid was limited, appearing as droplets between thyrocytes. Apart from
the invasion of follicles by plasma cells and lymphocytes, fibroblasts were also observed
among thyrocytes in the interfollicular areas.
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Figure 2. Thyroid epithelium and follicular impairment. (a). Thyroid follicular cells displayed
changes characterized evidently by colloid decomposition appearing as droplets (c) within a follicle.
(b). A higher magnification image provides a closer look at the cellular changes, revealing the irregular
nucleus (n), enlarged rough endoplasmic reticulum, distended with wider cisternae (asterisk), and
other intracellular organelles with abnormal membranes. Furthermore, the degenerated epithelium
demonstrates an evident loss of microvilli (arrow) toward the apical surface, which is in direct contact
with the colloid. Scales are denoted in each micrograph.

Fibroblasts were quite often, individually or in groups, situated very close to small
vessels (178 ± 9.8 cells/mm2). Quantitative analysis of the active fibroblasts showed a
significantly increased percentage (31.8 ± 2.2%) of them being in close proximity to the
vessels, as opposed to being distal to them (6.8 ± 2.8%; unpaired t-test; p < 0.001). This
location-based finding was also verified when fibrocytes (the less active ones based on the
richness of cytoplasm) were found to be significantly less proximal than the ones distal to
the vessels (29.8 ± 3.2% versus 18.6 ± 2.4%; unpaired t-test; p < 0.01). This is an especially
remarkable observation, considering that the area further away from the vessel is often free
of fibroblasts, suggesting an affinity of fibroblasts toward vessels.

Through the analysis of thyrocytes at the ultrastructural level, notable abnormalities
were identified in cellular structures and organelles. The nuclei were of highly irregular
shape (Figure 2b). Mitochondria appeared larger, more oval, or rounder than expected,
with a denser matrix accompanied by lengthened and dilated cristae. The rough ER was
prominent, enlarged, and distended with wider cisternae (Figure 2b; asterisk). The cells’
cytoplasmic membrane had an abnormal shape invading within the underlying basal
lamina, which was found to be thickened. Lastly, the degenerated epithelium had an
obvious loss of microvilli toward the apical surface, the one in close contact with the colloid
(Figure 2b; arrow). The persistent alterations in these subcellular structures highlight the
widespread impact of HT on key cellular processes involved in thyroid homeostasis.

3.3. Eclectic Endothelial Perturbations

Inflammatory cells within the interstitium exhibited an additional adverse impact
on the vascular system of the gland. More specifically, most of the large thyroid vessels
appeared damaged, even areas lacking endothelium (Figure 3a), whereas the small vessels
displayed fewer impairments. There could be small ruptures present on the endothelium
or displaced collagen fibers within the lumen, indicating larger damage nearby. Fibroblasts,
collagen fibers as bundles (Figure 3a; inset), and miscellaneous cell debris were also found
around the damaged endothelium.
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Figure 3. Endothelial cell alterations at the ultrastructural level. (a). Large vessels exhibited extensive
damage, showcasing ruptures on the endothelium (arrows) and displaced collagen fibers within
the lumen. Additionally, fibroblasts and collagen fibers (inset) were observed in the vicinity of
the damaged endothelium, contributing to fibrotic scarring. (b). Endothelial cells exhibited nuclei
(n) with irregular outlines, whereas their mitochondria (m) appeared to be denser and smaller in
size, implying a perturbed energy metabolism within their cell bodies. Additionally, the majority
of endothelial cells displayed disrupted basal lamina, with noticeable alterations and a lack of
continuity with the underlying reticular lamina (arrows). Transversely cut collagen fibers can be seen
underneath as dark dots. Micrograph pseudocolors: red = red blood cell (RBC), yellow = endothelial
cell cytoplasm, orange = mitochondria, purplish blue = endothelial cell nucleus, magenta = basal
lamina, and cyan = thyroid intermediate connective tissue. Scales are denoted in each micrograph.

Endothelial cells appeared with particular altered characteristics, such as lobular nu-
clei with irregular outlines (Figure 3b). Mitochondria exhibited dark matrixes and small
size, suggesting perturbations in the energy metabolism. In most cases, the endothelium
showcased a basal lamina that was disrupted, exhibiting alterations, and was not con-
tinuous with the underlaid reticular one (Figure 3b; arrow). Importantly, these unique
findings could only be discerned through ultrastructural examination, representing a novel
contribution within the present study.

4. Discussion

The current ultrastructural study regarding HT revealed the presence of small vessels
without significant damage and the existence of larger vessels with extended impairments in
the thyroid parenchyma. To the best of our knowledge, this is the first study to describe the
vascular alterations in HT. The presence of collagen fibers, fibrous bundles, and basement
membrane material in close association with degenerated thyroid follicles indicates thyroid
damage in HT [11,25]. It was suggested that the great amounts of collagen surrounding
thyroid follicles disrupt the exchange between capillaries and thyrocytes, resulting in cell
death [14]. Our findings support the idea that this exchange may be impeded due to
structural alterations of vessels as well, not only by collagen deposition.

The most described microscopical abnormalities of HT are lymphocytic infiltration
in the stroma and oxyphilic change of the follicular epithelium [10–13]. The immune
cells identified in HT are mostly lymphocytes and plasma cells, whereas the presence of
macrophages and giant cells is also reported [11,21]. In certain cases, careful examination of
the ultrastructure reveals connections between lymphocytes and either plasmacytes or thy-
rocytes, resembling an immunological synapse and indicating their interactions [14,15,25].
Interestingly, our results corroborate the existence of stromal lymphocytes, plasma cells,
which were found to exhibit increased capacity for antibody production based on the
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appearance of the cytosolic ER–GA, and sparse macrophages. The lymphoid tissue addi-
tionally exhibits large B-cell-rich follicles with prominent germinal centers, substantiating
the employment of connective tissue wandering cells, such as plasma cells.

The existing limited literature on the ultrastructural pathology of HT describes various
degrees of alterations of the thyroid follicular cells in autoimmune thyroiditis, possibly
reflecting different timepoints of the sequential processes of immune-mediated thyroid
cell destruction [10,27]. As the present study indicated, thyrocytes in HT, even in the same
follicle, vary in shape and size, as well as in the content and morphology of intracellular
organelles [12,15]. The predominant alterations are observed in mitochondria, which, in
many cases, appeared to be swollen, elongated with indistinct cristae, and denser ma-
trix, as well as in the endoplasmic reticulum, which tended to be enlarged with dilated
cisternae [11,15,21]. Various efforts to classify and name the altered epithelial cells encoun-
tered in HT were made without succeeding in adopting common pathological terminology,
except for the widely used term “typical oncocyte”, which describes altered thyrocytes
with an abundance of enormous mitochondria [10,11,21].

The current ultrastructural study has yielded interesting insights with potential impli-
cations for clinical practice. The identification of altered thyroid follicles and their impact
on capillary–thyrocyte exchange underscores structural alterations that extend beyond
conventional collagen deposition. This nuanced understanding has the capacity to optimize
HT diagnosis, enabling clinicians to discern intricate morphological changes that might
serve as key diagnostic markers. Furthermore, our observation of immunological synapses
involving lymphocytes, plasmacytes, and thyrocytes within the stromal context offers a
compelling avenue for novel, effective predictive, diagnostic, and treatment-monitoring
approaches. This intricate immune interplay may provide clinicians with dynamic biomark-
ers that reflect the disease’s activity and guide treatment decisions with greater precision.
Lastly, the notable presence of plasma cells exhibiting enhanced capability for antibody
production could also lead to the development of tailored interventions that modulate anti-
body responses, offering a fresh direction for treatment approaches that address underlying
immune dysregulation.

The thyroid glands of HT patients are characterized by increased blood flow and
vascularization [27]. Angiogenesis and related angiogenic factors, such as vascular en-
dothelial growth factor (VEGF), play a pivotal role in thyroid cell growth and function,
even in thyroid pathology [28–34]. VEGF is one of the main factors responsible for the
increased vascularization of the gland. Several studies have demonstrated elevated serum
VEGF levels in patients with HT [27,32,35]. Interestingly, a recent study has reported a
connection between VEGF expression levels and the severity of HT. Patients with severe HT
seemed to highly express VEGF, enhancing angiogenesis [35]. In the same context, previous
research revealed a significant increase in serum VEGF levels and intrathyroidal vascular
area in patients with untreated goitrous HT compared to healthy subjects, indicating active
intrathyroidal angiogenesis in HT [32]. Anti-VEGF agents are currently striving to estab-
lish a prominent presence in the landscape of tumor treatment, including head and neck
squamous cell carcinoma (HNSCC) [36,37] and potentially papillary thyroid carcinoma
(PTC) [38]; therefore, their significance could extend to HT regimens.

As it is known, VEGF is secreted by thyrocytes in response to TSH [39–42]. Conceivably,
it is expected that serum TSH concentrations in HT, which are decreased remarkably after
levothyroxine treatment, especially when euthyroid state has been achieved [32,43], might
be positively correlated with serum VEGF levels [27,32]. Considering that most HT cases
evolve into hypothyroidism with elevated serum TSH levels [44], the increased production
of VEGF by thyrocytes in response to TSH stimuli may explain the abundance of smaller
vessels. However, low levels of VEGF in HT patients compared to healthy controls have
also been reported in another study where patients were euthyroid due to replacement
therapy [43]. It remains to be clarified whether the administration of thyroid hormone
replacement therapy in HT impacts the vascular ultrastructure [32].
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Patients with subclinical hypothyroidism caused by HT are characterized by general-
ized endothelial dysfunction, leading to an increased prevalence of atherosclerotic lesions
and cardiovascular events [45]. These conditions are partly associated with chronic inflam-
mation and impaired nitric oxide availability, resulting in increased oxidative stress [46].
Overall, there seems to be a connection between endothelial dysfunction and high levels of
TSH in subclinical hypothyroidism caused by HT [46]. Interestingly, HT is often comorbid
with several forms of autoimmune vasculitides, e.g., antineutrophil cytoplasmic antibody
(ANCA)-associated vasculitis (AAV), ANCA-associated small-vessel vasculitis (ANCA
SVV), and systemic vasculitis (SV) [47–49]. Moreover, HT is suggested to be linked with a
marker of atherosclerosis, namely the pulse wave velocity, a correlation that leads to arterial
stiffness with structural changes such as thinning and fragmentation of elastin, medial
smooth muscle cell necrosis, and fibrosis [50]. Nevertheless, the described alterations are
generalized and have yet to be ascribed to the thyroid. Similarly, endothelium dysfunction
in HT patients has also been correlated with TPO antibodies [51].

Angiogenesis is greatly supported by fibroblasts, which are reported to be a key el-
ement in the process [52]. Fibrosis is present to different extents in HT, with numerous
fibroblasts and large amounts of collagen fibers [53]. Fibroblasts could promote extracellu-
lar matrix remodeling, facilitate tissue supply with growth factors, and, finally, differentiate
into pericytes when new vessels are formed. Fibroblasts are also known to enhance the
stability of nascent capillaries [52]. Our research hints at a fibroblastic activity directly
linked to vessel homeostasis; thus, this connection might have an important role in the
pathogenesis of HT. Parallel endeavors are being made in our lab toward this trajectory.
Lastly, the present case-series ultrastructural study has two main limitations: the small sam-
ple size and the lack of acquisition and correlation between VEGF and TSH measurements
in serum before replacement therapy.

5. Conclusions

This preliminary study presents a noteworthy advancement in our understanding of
HT by providing updated insights into its ultrastructural elements. Particularly significant
among the main TEM findings was the identification of small vessels exhibiting minor
damage and larger vessels displaying more extensive impairments. Furthermore, the
observation of atypia in thyrocytes adds an intriguing layer of complexity. The elucidation
of these ultrastructural intricacies stands as a pivotal step toward unraveling the under-
lying mechanisms driving HT, ultimately paving the way for more targeted and effective
therapeutic interventions.

Author Contributions: M.E.M. and P.T., conceptualization, formal analysis, investigation, writing—
original draft preparation, supervision, and validation; E.A., A.G., I.D., K.S., M.E.M. and P.T., method-
ology; E.A., A.G. and I.D., resources and data curation; E.A., A.G., M.E.M. and P.T., writing—review
and editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Aristotle University of Thessaloniki (protocol
code 5324; date of approval: 23 February 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available from authors upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.



Medicines 2023, 10, 51 8 of 10

References
1. Hashimoto, H. Zur Kenntniss der lymphomatösen Veränderung der Schilddrüse (Struma lymphomatosa). Arch. Klin. Chir. 1912,

97, 219–248.
2. Chandanwale, S.S.; Nair, R.; Gambhir, A.; Kaur, S.; Pandey, A.; Shetty, A.; Naragude, P. Cytomorphological Spectrum of

Thyroiditis: A Review of 110 Cases. J. Thyroid Res. 2018, 2018, 5246516. [CrossRef] [PubMed]
3. Zimmermann, M.B. Iodine Deficiency. Endocr. Rev. 2009, 30, 376–408. [CrossRef]
4. Vanderpump, M.P.; Tunbridge, W.M.; French, J.M.; Appleton, D.; Bates, D.; Clark, F.; Evans, J.G.; Hasan, D.M.; Rodgers, H.;

Tunbridge, F. The Incidence of Thyroid Disorders in the Community: A Twenty-Year Follow-up of the Whickham Survey. Clin.
Endocrinol. 1995, 43, 55–68. [CrossRef] [PubMed]

5. Rizzo, M.; Rossi, R.T.; Bonaffini, O.; Scisca, C.; Altavilla, G.; Calbo, L.; Rosanò, A.; Sindoni, A.; Trimarchi, F.; Benvenga, S. Increased
Annual Frequency of Hashimoto’s Thyroiditis between Years 1988 and 2007 at a Cytological Unit of Sicily. Ann. Endocrinol. 2010,
71, 525–534. [CrossRef]

6. Cheserek, M.J.; Wu, G.-R.; Ntazinda, A.; Shi, Y.-H.; Shen, L.-Y.; Le, G.-W. Association Between Thyroid Hormones, Lipids and
Oxidative Stress Markers in Subclinical Hypothyroidism. J. Med. Biochem. 2015, 34, 323–331. [CrossRef] [PubMed]

7. Mincer, D.L.; Jialal, I. Hashimoto Thyroiditis, 2022 Jun 21. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2023.
8. Holcomb, S.S. Detecting thyroid disease. Nursing 2005, 35 (Suppl. S10), 4–8. [CrossRef]
9. Kawicka, A.; Regulska-Ilow, B.; Regulska-Ilow, B. Metabolic Disorders and Nutritional Status in Autoimmune Thyroid Diseases.

Postep. Hig. Med. Dosw. 2015, 69, 80–90. [CrossRef]
10. Matsuta, M. Immunohistochemical and electron microscopic studies on Hashimoto’s thyroiditis. Acta Pathol. Jpn. 1982, 32, 41–56.

[CrossRef]
11. Shamsuddin, A.K.M.; Lane, R.A. Ultrastructural Pathology in Hashimoto’s Thyroiditis. Hum. Pathol. 1981, 12, 561–573. [CrossRef]
12. Nève, P. The Ultrastructure of Thyroid in Chronic Autoimmune Thyroiditis. Virchows Arch. A 1969, 346, 302–317. [CrossRef]

[PubMed]
13. Reidbord, H.E.; Fisher, E.R. Ultrastructural Features of Subacute Granulomatous Thyroiditis and Hashimoto’s Disease. Am. J.

Clin. Pathol. 1973, 59, 327–337. [CrossRef] [PubMed]
14. Ben-Skowronek, I.; Szewczyk, L.; Ciechanek, R.; Korobowicz, E. Interactions of Lymphocytes, Thyrocytes and Fibroblasts in

Hashimoto’s Thyroiditis: An Immunohistochemical and Ultrastructural Study. Horm. Res. Paediatr. 2011, 76, 335–342. [CrossRef]
15. Irvine, W.J.; Muir, A.R. An electron microscopic study of Hashimoto thyroiditis. Q. J. Exp. Physiol. Cogn. Med. Sci. 1963, 48, 13–26.

[CrossRef] [PubMed]
16. Nève, P. Ultrastructure of the Thyroid in a Case of Hashimoto Goitre. (Struma Lymphomatosa). Pathol. Eur. 1966, 1, 234–245.
17. Harris, M. The Cellular Infiltrate in Hashimoto’s Disease and Focal Lymphocytic Thyroiditis. J. Clin. Path 1969, 22, 326–333.

[CrossRef]
18. Kalderon, A.E.; Bogaars, H.A.; Diamond, I. Ultrastructural Alterations of the Follicular Basement Membrane in Hashimoto’s

Thyroiditis. Rep. Eight Cases Basement Deposits. Am. J. Med. 1973, 55, 485–491. [CrossRef]
19. Ketelbant-Balasse, P.; Nève, P. Ultrastructural Study of the Thyroid in Adult Hypothyroidism. Virchows Arch. A Path. Anat. Histol.

1974, 362, 195–205. [CrossRef]
20. Gosselin, S.J.; Capen, C.C.; Martin, S.L. Histologic and Ultrastructural Evaluation of Thyroid Lesions Associated with Hypothy-

roidism in Dogs. Vet. Pathol. 1981, 18, 299–309. [CrossRef]
21. Knecht, H.; Hedinger, C.E. Ultrastructural Findings in Hashimoto’s Thyroiditis and Focal Lymphocytic Thyroiditis with Reference

to Giant Cell Formation. Histopathology 1982, 6, 511–538. [CrossRef]
22. Nesland, J.M.; Sobrinho-Simões, M.A.; Holm, R.; Sambade, M.C.; Johannessen, J.V. Hürthle-Cell Lesions of the Thyroid: A

Combined Study Using Transmission Electron Microscopy, Scanning Electron Microscopy, and Immunocytochemistry. Ultrastruct.
Pathol. 1985, 8, 269–290. [CrossRef] [PubMed]

23. Chang, T.-C.; Lai, S.-M.; Wen, C.-Y.; Hsiao, Y.-L. Three-Dimensional Cytomorphology in Fine Needle Aspiration Biopsy of
Subacute Thyroiditis. Acta Cytol. 2004, 48, 155–160. [CrossRef]

24. Masini-Repiso, A.M.; Bonaterra, M.; Spitale, L.; Di Fulvio, M.; Bonino, M.I.; Coleoni, A.H.; Orgnero-Gaisán, E. Ultrastructural
Localization of Thyroid Peroxidase, Hydrogen Peroxide-Generating Sites, and Monoamine Oxidase in Benign and Malignant
Thyroid Diseases. Hum. Pathol. 2004, 35, 436–446. [CrossRef] [PubMed]

25. Yagi, Y. Electron microscopic and immunohistochemical studies on Hashimoto’s thyroiditis. Pathol. Jpn. 1981, 31, 611–622.
26. Williams, D.E.; Le, S.N.; Hoke, D.E.; Chandler, P.G.; Gora, M.; Godlewska, M.; Banga, J.P.; Buckle, A.M. Structural Studies of

Thyroid Peroxidase Show the Monomer Interacting with Autoantibodies in Thyroid Autoimmune Disease. Endocrinology 2020,
161, bqaa016. [CrossRef]

27. Abbasalizad Farhangi, M. The Correlation between Inflammatory and Metabolic Parameters with Thyroid Function in Patients
with Hashimoto’s Thyroiditis: The Potential Role of Interleukin 23 (Il-23) and Vascular Endothelial Growth Factor (Vegf)—1. Acta
Endocrinol. 2018, 14, 163–168. [CrossRef]

28. Viglietto, G.; Maglione, D.; Rambaldi, M.; Cerutti, J.; Romano, A.; Trapasso, F.; Fedele, M.; Ippolito, P.; Chiappetta, G.; Botti,
G.; et al. Upregulation of Vascular Endothelial Growth Factor (VEGF) and Downregulation of Placenta Growth Factor (P1GF)
Associated with Malignancy in Human Thyroid Tumors and Cell Lines. Oncogene 1995, 11, 1569–1579.

https://doi.org/10.1155/2018/5246516
https://www.ncbi.nlm.nih.gov/pubmed/29686830
https://doi.org/10.1210/er.2009-0011
https://doi.org/10.1111/j.1365-2265.1995.tb01894.x
https://www.ncbi.nlm.nih.gov/pubmed/7641412
https://doi.org/10.1016/j.ando.2010.06.006
https://doi.org/10.2478/jomb-2014-0044
https://www.ncbi.nlm.nih.gov/pubmed/28356843
https://doi.org/10.1097/00152193-200510001-00006
https://doi.org/10.5604/17322693.1136383
https://doi.org/10.1111/j.1440-1827.1982.tb02026.x
https://doi.org/10.1016/S0046-8177(81)80070-6
https://doi.org/10.1007/BF00542708
https://www.ncbi.nlm.nih.gov/pubmed/5306087
https://doi.org/10.1093/ajcp/59.3.327
https://www.ncbi.nlm.nih.gov/pubmed/4739426
https://doi.org/10.1159/000331857
https://doi.org/10.1113/expphysiol.1963.sp001635
https://www.ncbi.nlm.nih.gov/pubmed/13956715
https://doi.org/10.1136/jcp.22.3.326
https://doi.org/10.1016/0002-9343(73)90205-2
https://doi.org/10.1007/BF00432194
https://doi.org/10.1177/030098588101800302
https://doi.org/10.1111/j.1365-2559.1982.tb02748.x
https://doi.org/10.3109/01913128509141518
https://www.ncbi.nlm.nih.gov/pubmed/4082297
https://doi.org/10.1159/000326309
https://doi.org/10.1016/j.humpath.2003.03.001
https://www.ncbi.nlm.nih.gov/pubmed/15116324
https://doi.org/10.1210/endocr/bqaa016
https://doi.org/10.4183/aeb.2018.163


Medicines 2023, 10, 51 9 of 10

29. Schwaighofer, B.; Kurtaran, A.; Hubsch, P.; Fruhwald, F.; Barton, P.; Trattnig, S. Colour-Coded Doppler Sonography in Thyroid
Gland Diagnosis: Preliminary Results. Rofo 1988, 149, 310–313. [CrossRef] [PubMed]

30. Ralls, P.W.; Mayekawa, D.S.; Lee, K.P.; Colletti, P.M.; Radin, D.R.; Boswell, W.D.; Halls, J.M. Color-Flow Doppler Sonography in
Graves Disease: “Thyroid Inferno”. Am. J. Roentgenol. 1988, 150, 781–784. [CrossRef]

31. Wollman, S.H.; Herveg, J.P.; Zeligs, J.D.; Ericson, L.E. Blood Capillary Enlargement during the Development of Thyroid
Hyperplasia in the Rat. Endocrinology 1978, 103, 2306–2314. [CrossRef]

32. Iitaka, M.; Miura, S.; Yamanaka, K.; Kawasaki, S.; Kitahama, S.; Kawakami, Y.; Kakinuma, S.; Oosuga, I.; Wada, S.; Katayama, S.
Increased Serum Vascular Endothelial Growth Factor Levels and Intrathyroidal Vascular Area in Patients with Graves’ Disease
and Hashimoto’s Thyroiditis. J. Clin. Endocrinol. Metab. 1998, 83, 3908–3912. [CrossRef]

33. Fu, X.; Guo, L.; Zhang, H.; Ran, W.; Fu, P.; Li, Z.; Chen, W.; Jiang, L.; Wang, J.; Jia, J. “Focal Thyroid Inferno” on Color Doppler
Ultrasonography: A Specific Feature of Focal Hashimoto’s Thyroiditis. Eur. J. Radiol. 2012, 81, 3319–3325. [CrossRef]

34. Jebreel, A.; England, J.; Bedford, K.; Murphy, J.; Karsai, L.; Atkin, S. Vascular Endothelial Growth Factor (VEGF), VEGF Receptors
Expression and Microvascular Density in Benign and Malignant Thyroid Diseases. Int. J. Exp. Pathol. 2007, 88, 271–277. [CrossRef]

35. Okamoto, M.; Watanabe, M.; Inoue, N.; Ogawa, K.; Hidaka, Y.; Iwatani, Y. Gene Polymorphisms of VEGF and VEGFR2 Are
Associated with the Severity of Hashimoto’s Disease and the Intractability of Graves’ Disease, Respectively. Endocr. J. 2020, 67,
545–559. [CrossRef]

36. Micaily, I.; Johnson, J.; Argiris, A. An Update on Angiogenesis Targeting in Head and Neck Squamous Cell Carcinoma. Cancers
Head Neck 2020, 5, 5. [CrossRef] [PubMed]

37. Zhu, C.; Gu, L.; Liu, Z.; Li, J.; Yao, M.; Fang, C. Correlation between Vascular Endothelial Growth Factor Pathway and Immune
Microenvironment in Head and Neck Squamous Cell Carcinoma. BMC Cancer 2021, 21, 836. [CrossRef]

38. Ma, Y.; He, J.; Shen, N.; Guo, R. Expression of NIS, VEGF-A and Thyroid Autoantibody in Papillary Thyroid Carcinoma with or
without Hashimoto’s Disease. ORL 2019, 81, 281–286. [CrossRef] [PubMed]

39. Soh, E.Y.; Sobhi, S.A.; Wong, M.G.; Meng, Y.G.; Siperstein, A.E.; Clark, O.H.; Duh, Q.Y. Thyroid-Stimulating Hormone Promotes
the Secretion of Vascular Endothelial Growth Factor in Thyroid Cancer Cell Lines. Surgery 1996, 120, 944–947. [CrossRef]
[PubMed]

40. Sato, K.; Yamazaki, K.; Shizume, K.; Kanaji, Y.; Obara, T.; Ohsumi, K.; Demura, H.; Yamaguchi, S.; Shibuya, M. Stimulation by
Thyroid-Stimulating Hormone and Graves’ Immunoglobulin G of Vascular Endothelial Growth Factor MRNA Expression in
Human Thyroid Follicles in Vitro and Fit MRNA Expression in the Rat Thyroid In Vivo. J. Clin. Investig. 1995, 96, 1295–1302.
[CrossRef]

41. Viglietto, G.; Romano, A.; Manzo, G.; Chiappetta, G.; Paoletti, I.; Califano, D.; Galati, M.G.; Mauriello, V.; Bruni, P.; Lago, C.T.; et al.
Upregulation of the Angiogenic Factors PlGF, VEGF and Their Receptors (Flt-1, Flk-1/KDR) by TSH in Cultured Thyrocytes and
in the Thyroid Gland of Thiouracil-Fed Rats Suggest a TSH-Dependent Paracrine Mechanism for Goiter Hypervascularization.
Oncogene 1997, 15, 2687–2698. [CrossRef]

42. Balzan, S.; Del Carratore, R.; Nicolini, G.; Beffy, P.; Lubrano, V.; Forini, F.; Iervasi, G. Proangiogenic Effect of TSH in Human
Microvascular Endothelial Cells through Its Membrane Receptor. J. Clin. Endocrinol. Metab. 2012, 97, 1763–1770. [CrossRef]
[PubMed]

43. Vural, P.; Degirmencioglu, S.; Erden, S.; Gelincik, A. The Relationship between Transforming Growth Factor-Beta1, Vascular
Endothelial Growth Factor, Nitric Oxide and Hashimoto’s Thyroiditis. Int. Immunopharmacol. 2009, 9, 212–215. [CrossRef]
[PubMed]

44. Caturegli, P.; De Remigis, A.; Rose, N.R. Hashimoto Thyroiditis: Clinical and Diagnostic Criteria. Autoimmun. Rev. 2014, 13,
391–397. [CrossRef]

45. Ciccone, M.M.; De Pergola, G.; Porcelli, M.T.; Scicchitano, P.; Caldarola, P.; Iacoviello, M.; Pietro, G.; Giorgino, F.; Favale, S.
Increased Carotid IMT in Overweight and Obese Women Affected by Hashimoto’s Thyroiditis: An Adiposity and Autoimmune
Linkage? BMC Cardiovasc. Disord. 2010, 10, 22. [CrossRef]

46. Taddei, S.; Caraccio, N.; Virdis, A.; Dardano, A.; Versari, D.; Ghiadoni, L.; Ferrannini, E.; Salvetti, A.; Monzani, F. Low-Grade
Systemic Inflammation Causes Endothelial Dysfunction in Patients with Hashimoto’s Thyroiditis. J. Clin. Endocrinol. Metab. 2006,
91, 5076–5082. [CrossRef] [PubMed]

47. Haapala, A.M.; Hyoty, H.; Parkkonen, P.; Mustonen, J.; Soppi, E. Antibody Reactivity Against Thyroid Peroxidase and Myeloper-
oxidase in Autoimmune Thyroiditis and Systemic Vasculitis. Scand. J. Immunol. 1997, 46, 78–85. [CrossRef]

48. Lionaki, S.; Hogan, S.L.; Falk, R.J.; Joy, M.S.; Chin, H.; Jennette, C.E.; Jennette, J.C.; Nachman, P.H. Association between Thyroid
Disease and Its Treatment with ANCA Small-Vessel Vasculitis: A Case–Control Study. Nephrol. Dial. Transplant. 2007, 22,
3508–3515. [CrossRef]

49. Kermani, T.A.; Cuthbertson, D.; Carette, S.; Khalidi, N.A.; Koening, C.L.; Langford, C.A.; McAlear, C.A.; Monach, P.A.; Moreland,
L.; Pagnoux, C.; et al. Hypothyroidism in Vasculitis. Rheumatology 2022, 61, 2942–2950. [CrossRef]

50. Stamatelopoulos, K.S.; Kyrkou, K.; Chrysochoou, E.; Karga, H.; Chatzidou, S.; Georgiopoulos, G.; Georgiou, S.; Xiromeritis, K.;
Papamichael, C.M.; Alevizaki, M. Arterial Stiffness but Not Intima-Media Thickness Is Increased in Euthyroid Patients with
Hashimoto’s Thyroiditis: The Effect of Menopausal Status. Thyroid 2009, 19, 857–862. [CrossRef]

51. Hu, Y.; Yao, Z.; Wang, G. The Relationship between the Impairment of Endothelial Function and Thyroid Antibodies in
Hashimoto’s Thyroiditis Patients with Euthyroidism. Horm. Metab. Res. 2020, 52, 642–646. [CrossRef]

https://doi.org/10.1055/s-2008-1048348
https://www.ncbi.nlm.nih.gov/pubmed/2843964
https://doi.org/10.2214/ajr.150.4.781
https://doi.org/10.1210/endo-103-6-2306
https://doi.org/10.1210/jcem.83.11.5281
https://doi.org/10.1016/j.ejrad.2012.04.033
https://doi.org/10.1111/j.1365-2613.2007.00533.x
https://doi.org/10.1507/endocrj.EJ19-0480
https://doi.org/10.1186/s41199-020-00051-9
https://www.ncbi.nlm.nih.gov/pubmed/32280512
https://doi.org/10.1186/s12885-021-08547-4
https://doi.org/10.1159/000501620
https://www.ncbi.nlm.nih.gov/pubmed/31480047
https://doi.org/10.1016/S0039-6060(96)80038-9
https://www.ncbi.nlm.nih.gov/pubmed/8957478
https://doi.org/10.1172/JCI118164
https://doi.org/10.1038/sj.onc.1201456
https://doi.org/10.1210/jc.2011-2146
https://www.ncbi.nlm.nih.gov/pubmed/22419707
https://doi.org/10.1016/j.intimp.2008.11.003
https://www.ncbi.nlm.nih.gov/pubmed/19028605
https://doi.org/10.1016/j.autrev.2014.01.007
https://doi.org/10.1186/1471-2261-10-22
https://doi.org/10.1210/jc.2006-1075
https://www.ncbi.nlm.nih.gov/pubmed/16968790
https://doi.org/10.1046/j.1365-3083.1997.d01-90.x
https://doi.org/10.1093/ndt/gfm493
https://doi.org/10.1093/rheumatology/keab817
https://doi.org/10.1089/thy.2008.0326
https://doi.org/10.1055/a-1178-5882


Medicines 2023, 10, 51 10 of 10

52. François, B. Angiogenesis: Insights from a Systematic Overview; Santulli, G., Ed.; Nova Science Publishers, Inc.: Hauppauge, NY,
USA, 2013; ISBN 978-1-62618-114-4.

53. Li, Y.; Zhou, G.; Ozaki, T.; Nishihara, E.; Matsuzuka, F.; Bai, Y.; Liu, Z.; Taniguchi, E.; Miyauchi, A.; Kakudo, K. Distinct
Histopathological Features of Hashimoto’s Thyroiditis with Respect to IgG4-Related Disease. Mod. Pathol. 2012, 25, 1086–1097.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/modpathol.2012.68
https://www.ncbi.nlm.nih.gov/pubmed/22555173

	Introduction 
	Materials and Methods 
	Subjects 
	Electron Microscopy 
	Quantitative Morphometric Data and Statistics 

	Results 
	Immune Response in the Thyroid Gland Interstitium 
	Thyroid Follicular Cell Alterations 
	Eclectic Endothelial Perturbations 

	Discussion 
	Conclusions 
	References

