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Abstract

The parathyroid tissue is composed of the chief, oxyphil, and water-clear cells.
The cell type in each parathyroid gland is highly heterogeneous between different
pathologies. The parathyroid oxyphil cells are markedly increased in secondary
hyperparathyroidism due to chronic kidney diseases. These cells include more eosino-
phil than oxyphil cells, but they are closer in size to the chief cells. Studies reported
that the oxyphil cells are derived from chief cells, and this presents another cell type
that occurs as “transitional oxyphilic cells.” As is known, calcium-sensing receptor
(CaSR) is expressed abundantly in the chief cells. Expression of CaSR is elevated in
disparate parathyroid tissues, which is possibly related to differential expression levels
of parathyroid-specific transcription factors including GCM2 (Glial Cells Missing
Transcription Factor 2), MAFB (V-maf musculoaponeurotic fibrosarcoma oncogene
homolog B), GATA3 (GATA Binding Protein 3), RXR (The retinoid X receptor), and
even VDR (Vitamin D Receptor). The pathways that connect CaSR to parathyroid
cell proliferation are precisely not known yet. Evaluation of oxyphil and chief cells of
parathyroid glands and their differential expression patterns are important to under-
stand the parathyroid function and its behavioral changes due to related diseases. This
chapter presents a summary of the current literature on the cell type distribution of
parathyroid and pathophysiology by comparing the expression patterns.
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1. Introduction

Restoration of calcium levels is essential for the human body, which leads to
proper function such as enzyme activity, hormone secretion, neurological stimula-
tion, and/or muscle function. Calcium homeostasis is in relationship with different
tissues and structures such as bone, parathyroid gland, and kidney. Regulation of
calcium-homeostasis-related events begins with rapid changes in the parathor-
mone (PTH) release from parathyroid gland cells. Hypocalcemic or hypercalcemic
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responses are controlled by a specific receptor that senses the changes in serum
calcium levels [1]. If calcium levels decrease, the mechanism provides a rapid increase
in the PTH level to maintain proper calcium levels. Once calcium is balanced to the
normal values, continual calcium release suppresses the PTH through a negative-
feedback mechanism. Major and pulsatile events occur during the process itself
through calcium-sensing receptors (CaSRs) [2]. This G-protein-coupled receptor is a
unique part of the parathyroid gland function to monitor changes in serum calcium
levels. This process is carried out by two main mechanisms which are, respectively,
stimulation of the kidneys and intestine to increase the absorption of calcium and
stimulation of the bones to release calcium into the blood [3, 4].

PTH mRNA expression levels are suppressed by the 1-250H,D modulation, despite
CaSR expression with its effect on the modulation of the PTH release. Ritter et al.
report that PTH release decreased by 1-25(OH),D, 1 hydroxy-vitamin D, and 25(0OH)
D in mice parathyroid cells in culture [5-11]. Earlier in this study, Kim et al. showed a
lack of upregulation of PTH transcription in the Vitamin D Receptor (VDR) knockout
mice, and lack of suppression of PTH transcription by 1,25(OH),D administration
[12]. Consistent with both researcher and current literature, the 1-25(OH),D reduces
the PTH mRNA expression and has an antiproliferative effect on parathyroid cells
from uremic rats, subsequently enhancing the VDR expressions. Acute changes in the
calcium levels of sHPT patients enhance the CaSR and Klotho expressions by Vitamin
D [5,13].

The location of the parathyroid glands is on the posterior side of the thyroid gland.
Mostly there are four glands and rarely supernumerary glands [14]. Starting from
the early phases of embryogenesis, the pharyngeal pouches give rise to parathyroid
glands along with many organs [15, 16]. The third and the fourth pharyngeal pouches
particularly emerge as parathyroid glands [17]. Inferior and superior parathyroid
glands develop with thymus and a portion of the thyroid respectively [15]. Different
cell adhesion after separation from the pharyngeal pouch modulates the formation of
parathyroids, while the thymus continues to migrate above the heart [16]. Separation
of the superior parathyroid glands is carried out during the seventh week of the
development and after detaching the pharyngeal wall, the parathyroid fuses with the
posterior surface of the thyroid [14].

The parathyroid glands are derived from the endoderm during embryogenesis.
Endoderm consists of a high amount of actin fibers that provide formation and
expansion to the ectoderm. Numerous signaling molecules and proteins maintain
the progression of morphogenesis. Particularly, Glial cell missing 2 (GCM2),
Homeobox A3 (HOXA3), Forkhead box protein N1 (FOXN1), Eyes Absent Homolog
1 (Transcriptional Coactivator And Phosphatase 1—EYA1), T-Box Transcription
Factor 1 (TBX1), GATA binding protein 3 (GATA3), Paired box 1 (PAX1), and Paired
box 9 (PAX9) genes are the leading transcription factors that initiate the parathyroid
morphogenesis [16, 17]. Among them, GCM?2 is particularly important as the early
transcription factor of parathyroid formation [18]. The developmental stage includes
another important transcription factor: V-maf musculoaponeurotic fibrosarcoma
oncogene homolog B (MAFB) [19].

In order to understand the development of the parathyroid gland, extensive
research on murine models is performed. To identify the involving molecules and
signaling processes, researchers have proven most of the downstream and upstream
mediators. The remaining unknown factors remain to be elucidated. In current prac-
tice, the known factors involving the development and maturation of the parathyroid
glands are evaluated in murine models and related parathyroid disorders. This chapter
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summarizes the molecular findings based on the cell type distribution of parathyroid
and pathophysiology up to the present.

2. Cellular distribution of parathyroid gland

The vascular structure of the parathyroid glands is separated from the outside by a
fibrous thin capsule. Such capsules contain thin fibrous bands that disperse toward the
inner parts by fibrous structures. This provides access to the blood vessels, lymphat-
ics, and nerves to provide nutrients to the tissue [20, 21]. Macroscopic appearances
may vary depending on cell type, cell/organelle amount, blood supply status, and the
amount of fat content of the tissue [1, 22].

In literature, cell-type distribution in the parathyroid tissue has been reported
based on either two or three different cell types. In some reports, it has been stated
as two: oxyphil and chief cells [14], while another group of researchers has elu-
cidated histological evidence that there are water-clear cells besides oxyphil and
chief cells [23]. Besides, there is another group of cell types that are observed with
disease and/or age-related changes, which are not yet classified as a specific cell type.
Although this type is not yet classified, the transitional chief cells are present and
particularly reported as chief cell-to-oxyphil cell transdifferentiated cell group [23, 24].
These four types of cells do not have distinctive markers yet. Their variations in size
and number per tissue originate from different parathyroid pathophysiology, which
is the main unknown aspect of parathyroid cell biology. Hence, this chapter priori-
tizes the three main cell types in the parathyroid gland.

2.1 Water-clear cells

Water-clear cells contain many glycogen granules in their cytoplasm and are
rarely seen. These cells are clinically encountered in the tissues of patients with
secondary hyperparathyroidism (sHPT) and primary hyperparathyroidism (pHPT)
[25]. In 1992, Emura’s study on rabbit parathyroid tissue stated that water-clear
cells contained a large number of vacuoles in the parathyroid tissue sections, which
were observed with electron microscopy and were found scattered around the chief
cells. Water-clear cells reside in between the perivascular space and the basal lamina
that have been observed to have a desmosomal connection with chief cells [26]. In
2013, Ezzat et al. showed that these cells were not associated with PTH secretion and
serum calcium levels. In addition, they reported that only 0.3% of pHPT cases had
“water-clear cell hyperplasia” or “water-clear cell adenomatosis” [27]. A recent report
presented that the water-clear cell hyperplasia ratio is less than 1% of all pHPT cases
[28]. Distinct features or changes in the water-clear cell accumulation in parathyroid
tissue or relation with disorders remain to be elucidated.

2.2 Chief cells

The chief cells constitute the cellularly dominant cell type of parathyroid tissue,
and it was described by Baker in 1942 [29]. Baker describes these cells as the dark
“primary cells” with distinctive cytoplasmic structures. Their rod-shaped mitochon-
dria are homogeneously distributed throughout the cytoplasm [20]. In addition, Trier
reported that he did not observe the dark and pale stained oxyphil cells, neither with
light nor with electron microscopy, which Baker mentioned in his notes in 1942.
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The chief cells are usually rich in intracellular fat content. Cells are supported by a
thin connective tissue and accordingly are located more closely to the capillaries [30].
Although the chief cells may contain more than one nuclei (multinucleic cells), the
nuclear matrix structures are densely arranged [31]. Chief cells are considered the
main cell type, and cells are mostly spherical or oval-shaped with long nuclei and nar-
row cytoplasm [32]. The knowledge about the cell shapes of the chief cells is mostly
obtained from histological examinations. Besides, observations by using live imaging
or confocal microscopy are either absent or limited. Since it has been reported that
single chief cell diameters are 0.2 pm wide according to electron microscope images
[33, 34] and 6-8 pm histologically [23]. The agranular membrane structure of the
Golgi body of the chief cells was first visualized in 1957 [35]. Due to the eosinophilic
cytoplasm, they may appear dark or light in color at the time of staining.

To date, the parameters such as age, disease history, and drug use, which are the
definitive features of parathyroid function, may affect cytoplasm amount or changes
in the cytoplasm content or nucleus size for all processes [32, 36, 37]. In brief, func-
tional activity and cytoplasm content are the two related main chief cell behaviors of
the parathyroid. The most distinctive feature of the chief cells is that they contain a
large number of secretory vesicles. These membrane-covered vesicles mostly contain
PTH [38].

As is known, the main function depends on the chief cells, which are responsible
cell type for PTH release. These cells play an important role in calcium homeostasis,
thanks to the CaSR expression on its surface. The receptor detects the low amount of
extracellular calcium changes and releases the appropriate amount of PTH to balance
the calcium in the blood [23, 39].

2.3 Oxyphil cells

Oxyphil cells are the cells with well-circumscribed eosinophilic cytoplasm and
pycnotic nuclei [1, 20, 39]. Between 1952 and 1953, Parade compared monkey,
equine, and human parathyroid tissues and reported that the size and number of
mitochondpria in oxyphil cells varied between species. In addition, the variability
in the number of mitochondria in human oxyphilic cells is also associated with age
[23, 33, 34]. As of note, rat parathyroid tissue does not contain oxyphil, oxyphil-
like, or mitochondria-rich cell groups [32]. In 1958, Trier observed that some of the
oxyphilic cells were stained “dark” and some were “pale.” He described pale-stained
oxyphilic cells as having “low” mitochondrial content, and dark-staining oxyphil
cells as having “excessive” mitochondrial content [20]. Both studies have confirmed
the outcome of oxyphil cells.

In 1981, Allen and Thorburn examined the activity of oxyphil cells in abnormal
parathyroid tissue of 114 patients with sHPT due to chronic kidney disease. The
absence and presence of oxyphil cells in human parathyroid tissues were evaluated in
this retrospective study, in which histological evaluation was associated with clinical
practice. They reported that hyperparathyroidism was seen in more than one parathy-
roid tissue in 55% of the cases, and adenoma was found in one of the four parathyroid
glands in 69% of the cases. They also reported that oxyphil cells were found in 91%
of the cases, and the number of oxyphilic cells was positively correlated with serum
calcium level [40].

In 1990, Suzuki et al. reported oxyphil cell function in 148 parathyroid tissues
from patients who are taking hemodialysis. They calculated for each tissue by pro-
portioning the area occupied by oxyphilic cells by morphometric measurements
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concerning the total parathyroid cross-sectional area (oxyphil cell area/total area).
Additionally, it has been reported that serum PTH levels do not have a statistically
significant relationship with age and the dialysis duration; however, the total tissue
size is positively correlated with PTH release. Based on the results, they concluded
that the oxyphil cell/total tissue area was not effective in PTH release in patients with
chronic renal failure [41].

In 1996, Tanaka et al. used 22 sHPT tissues to understand oxyphil cell function.
The study reported that 10 of these tissues had oxyphil cells and the mRNA expres-
sion of PTH was found to increase. Then, performed heterotransplantation in mice
to determine oxyphilic cell function by evaluating serum PTH levels. As a result, the
change in PTH levels was positively correlated with transplanted tissue size, not the
cell number or type [42].

Despite the reported studies, there is no definite information about the exact
function of oxyphil cells, but this question was clarified in many ways by Ritter and
Brown et al. [5, 6, 23, 39]. Histologically, increased eosinophilic content from the
chief cell through oxyphil cell, suggesting that oxyphil cells are formed by “transi-
tion.” As evidence, the oxyphil cells have been shown to express PTH [42] and GCM2,
which is a parathyroid-specific transcription factor [18] and has a role in parathyroid
tissue development. It has been observed that oxyphil cells are more numerous in
patients with chronic renal failure, and the amount of oxyphil cells is much higher
than in the tissues of healthy individuals [43, 44]. Although studies have shown that
oxyphil cells express the parathormone-dependent protein (PTHrP) [45, 46] and that
protein is involved in PTH release [42], the amount/mechanism of PTH release is not
yet known. The proposed function of the PTHrP on parathyroid cells may be respon-
sible for autocrine or paracrine signaling while affecting PTH release or parathyroid
maturation [23].

On the one hand, the CaSR expression levels of oxyphil cells are statistically found
higher than other parathyroid cells. On the second hand, there was no significant
difference in Vitamin D Receptor (VDR) expression [5, 39]. The higher mitochondrial
content of oxyphil cells indicates that energy requirements are much higher than in
chief cells. Mitochondria are also responsible for VDR function. One study by Ritter
et al. elucidated that 25-hydroxyvitamin D-1a-hydroxylase (1aOHase) is highly
expressed and this is the inactive form of Vitamin D [5]. In addition, the amount of
1xOHase in human parathyroid tissue was directly proportional to calcium levels. The
study reported that calcimimetic therapy in patients with chronic renal failure causes
a significant increase in the amount of laOHase in oxyphil cells [5, 6].

A recent commentary also highlighted Ritter’s findings after 5 years. Metabolic
changes of parathyroid tissue are significantly affected by changes in tissue volume
and/or cell type, cell count rate due to drug use, or changes in serum calcium level.
Concomitant CaSR induction and its persistence are also known to affect the expres-
sion profile [47]. Thus, in terms of PTH expression, it has been clarified that oxyphil
cells contain more PTH than chief cells. Some of these data also confirm the findings
of Allen and Thorburn in 1981 [40].

3. Cellular variations in parathyroid research and related diseases

Calcium or di-/trivalent cations induce the activation of CaSR, which triggers
the PTH release [48]. Definitive research studies have demonstrated the outcomes
from direct or indirect approaches so far. The comparisons and the evaluations were
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mainly performed with the diseased tissues, not the healthy parathyroids due to

the difficulties in retrieval processes. There is only a limited number of papers that
compare/evaluate healthy parathyroid tissue expression profiles of cellular content.
Particularly, the location and the size of the parathyroid gland make it difficult to
obtain from healthy individuals. Researchers, surgeons, and physicians reported
different approaches to finding and/or distinguishing the parathyroid tissue during
thyroid operation [49-51]. This challenge still exists, and suggested techniques such
as near-infrared autofluorescence [52] are not readily available for the use of numer-
ous surgeons. Essentially, it is a fact that even if healthy tissue is donated, it will take
a long time to reach the appropriate sample size required to conduct various studies.
Therefore, a limited number of healthy parathyroid tissues either used or to be used
in studies for comparisons.

The further part of this chapter continues with parathyroid tissue from the pri-
mary and secondary hyperparathyroidism patients (adenoma and hyperplasia tissues
respectively) were compared according to their cellular content. The changes in their
expression profiles were evaluated with different stages of the related diseases.

Starting 25 years ago, most of the papers evaluated the CaSR, PTH, proliferation
markers, and transcription factors expression changes by mRNA and/or protein
levels (mostly immunohistochemistry, western blot, ELISA methods). The clini-
cal characteristics and the cell content of the parathyroid tissue were compared by
Yamaguchi et al. in 1997. Samples are retrieved from patients who have secondary
hyperparathyroidism and cell proliferation specific marker PCNA (proliferating cell
nuclear antigen) expression was compared between normal, adenoma, and hyper-
plasia parathyroid tissues. This study divided the cell content in each tissue group
including dark-stained chief cells, clear chief cells, vacuolated chief cells, transitional
oxyphil cells, and oxyphil cells [53]. This divided cell type classification was very
similar to the report by Trier in 1958 [20]. Among 27 out of 40 normal parathyroid
tissues were found positive for PCNA, and no correlation between age and expres-
sion levels is observed. Cell content was reported as clear-chief>dark-chief>oxyphil
cells, respectively. However, the normal parathyroid tissue was obtained from thyroid
cancer patients, and a definite interpretation should not be made without ignoring
this situation. Adenoma tissue showed remarkably higher PCNA expression levels,
and the cell content included mostly clear chief cells and less commonly transitional
oxyphil cells. In 129 parathyroid hyperplasia tissue samples, all of the divided cell
types of this study were found distinguishable. The PCNA expression was found sig-
nificantly higher in the nodular type from the glandular structure of the parathyroid.
The authors concluded that clear chief cells are the most proliferative cell group in all
samples, and the dark chief cell group was found the lowest proliferative group [53].
Yamaguchi’s study alone is one of the rare studies that evaluate the highest number of
parathyroid tissues in its related field.

In 2000, Corbetta et al. demonstrated that 27 parathyroid adenoma tissues contain
only chief cells. Cell isolation, cultivation under different calcium concentrations,
PTH levels, and CaSR expression levels were evaluated. Additionally, it is stated
that there was no correlation between different calcium sensitivity and pathology.
Furthermore, PTH and CaSR mRNA and protein levels were significantly reduced
when compared with normal tissue, and the authors concluded that defective calcium
sensing occurs in abnormal parathyroid tissue [54]. This study may be considered
as a starting point for understanding the defects in the sensing mechanism of the
CaSR. Failure to obtain the expected changes in the PTH level under different calcium
concentrations should not be interpreted as a resistance mechanism.
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In 2006, Brown et al. stated that three different Vitamin D prodrugs, which are
lacking side-chain hydroxyl groups, were treated with bovine parathyroid cells and
showed that PTH levels decreased based on the related concentrations. The prodrugs
have different affinities to the VDR; however, utilization of the VDR decreases PTH
synthesis for treatment of secondary hyperparathyroidism [7]. The inhibition of PTH
synthesis was performed in vitro using prodrugs at that time of the work, and this
indicates a new aspect of parathyroid research. Continued with Ritter et al. in 2006,
by the same research group, competitive VDR binding of the vitamin D analogs was
examined. In this report, two main conclusions were included. One is the 25(OH)Ds
has the highest affinity to the VDR among other analogs, and direct action mecha-
nisms through VDR suppress PTH [8]. The PTH regulation versus VDR activation
may be explained by a compensatory mechanism model. Although the authors did
not exclude other regulatory systems such as the negative feedback mechanism of
the PTH [10]. Studies conducted between 2005 and 2011 mostly did not focus on
cell-type-specific changes. Instead, the relationships between VDR and PTH were
investigated in terms of regulation mechanism, especially in bovine, rat, and other
knockout-animal models.

In 2012, Ritter et al. defined the differential mRNA expression of parathyroid
glands by cell types. In this paper, histological examination was provided and the size
of the chief, oxyphil, and transdifferentiated oxyphil cells was reported. Consistent
with previous reports, the high oxyphil cell amount was reported in chronic kidney
diseased patients, accordingly higher PTH and CaSR expression was elucidated as
well. In addition, oxyphil cells showed GCM2 expression, which is a specific para-
thyroid transcription factor. Therefore, in order to understand parathyroid patho-
physiology in patients with secondary hyperparathyroidism, oxyphil cell secretomes
may help to define their role other than chief cells [23]. This study still has important
outcomes that shaped the perspective to a particular point for chief and oxyphil cell
features. Future studies including isolation of oxyphil and chief cells separately with
the assessment of secretory features will justify each cell type’s function.

In 2014, Shi et al. demonstrated a flow cytometric cell sorting of 20 parathyroid
adenoma tissues from primary hyperparathyroidism patients. They divided the cells
into three distinct populations including the chief, oxyphil, and lymphocytes. The
cutting-edge research from Shi et al. provided electron microscopy images of each
population and also demonstrated the immunofluorescence staining of CaSR and
mRNA expressions of CASR and PTH by comparing oxyphil and chief cells. At end
of this unique study, they reported that oxyphil cells respond to calcium faster than
chief cells by releasing higher PTH and did not find differences in their CaSR expres-
sion profiles. They also reported that the feature of oxyphil cells provides an impor-
tant function to the parathyroid tissue as a piece of solid evidence [55].

In 2015, Howson et al. investigated the oxyphil-cell-rich adenoma tissues from
primary hyperparathyroidism patients. During the 10-year follow-up period, among
obtained 2739 tissues, 91 of the parathyroid adenoma were found oxyphil cell
adenoma type. About 80% of these patients were symptomatic and most commonly
had higher serum calcium and PTH levels than the classical type of adenoma. On
the contrary, the frequency of oxyphilic adenomas was not rare, and patients trend
toward a higher rate of morbidity and potential mortality if left untreated [56].

In 2017, two different groups presented water-clear cell-type adenoma and hyper-
plasia cases. The clinical symptoms of the adenoma patient were unintentionally led
and treated for hyperparathyroidism due to the clinical features. However, after surgi-
cal removal of the two adenoma tissues from the same patient, the histopathological
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evaluation showed water-clear cell double parathyroid adenomas [57]. This is fol-
lowed by another case report that presents primary hyperparathyroidism clinically.
Contrary to the clinic, the histopathological results showed enormous unilateral
water-clear cell hyperplasia in parathyroid [28]. Both of the cases concluded that
despite ultrasonography, biochemical, and clinical follow-up, these extremely rare
cases unintentionally misled the physicians [28, 57]. In the same year, another study
by Ritter et al. was reported. In that study, parathyroid hyperplasia tissues were
retrieved from chronic kidney patients and grouped according to their calcimimetic
treatment (cinacalcet versus paricalcitol versus cinacalcet+paricalcitol). The effects

of treatment processes on the cell type of the parathyroid tissue were compared with
four healthy parathyroid tissues. According to the histopathological evaluation,
parathyroid oxyphil cell content was found to increase significantly for the cinacalcet-
treated patients [58]. The role of the CaSR activation possibly led to a new compre-
hension to understand the outcome of conventional treatment with vitamin D analogs
or calcimimetics on the cellular composition of the parathyroid.

In 2020, Ding et al. provided a comparison of clinical characteristics and oxy-
phil cell proportion through 78 patients. In total, 295 parathyroid tissue samples
were retrieved from 78 patients who did not have cinacalcet treatment. Clinical
characteristics included serum calcium, phosphorus, alkaline phosphatase, age,
dialysis duration, and preoperative PTH levels. The samples were divided based on
the mean oxyphil cell ratio (high oxyphil cell content and low oxyphil cell content,
respectively). Subsequently, etiopathogenesis and histological examinations were
evaluated. They reported that preoperative PTH levels of the patients were found
lower than the oxyphil cell-rich group [37]. This finding contradicts the previous
study by Howson [56]. Furthermore, Ding et al. reported that if parathyroid tissue
contains more oxyphil cells, it became lighter than the tissue with fewer oxyphil
cells. As of note, weight comparison was performed between parathyroid hyperpla-
sia tissues [37].

At the beginning of 2021, Altinay et al. demonstrated the cellular composition of
the hyperplasia and adenoma tissues while comparing normal parathyroid glands.
Furthermore, PTH, GATA3, and PAX8 levels were evaluated histologically. As a
result, expression of GATA3 and PTH was found more prominent in pathologic
parathyroid tissues when compared with normal. Particularly the GATA3 staining
has shown positive only for parathyroid, not thyroid tissue. Chief cell amount was
high in adenoma and hyperplasia tissues; however, PTH staining was found low when
compared with normal tissue. In addition, adenoma displayed less PTH and GATA3
expression histologically [59].

Another study from Rodriguez et al. reported the clinicopathological outcome
of the oxyphil cell clusters, which were detected in parathyroid adenoma tissue.
The main idea is to define the particular effect of the oxyphil cell content-rich/
poor tissue composition and localization. Despite clinic versus histopathologi-
cal comparisons so far, this study has a similar manner with distinct oxyphil cell
subgroups [60]. Rodriguez’s team investigated histopathological function with
symptomatology, and this could depend on the changes in the percentage of the
oxyphil cells. Clinically, observations included age, sex, body mass index, and
symptomatic reasons for surgical initiation such as nephrocalcinosis, osteoarticular
and/or neuropsychiatric and/or cardiovascular symptoms. Biochemical parameters
were as follows: ionic calcium, corrected serum calcium, albumin, PTH, 25-OH
Vitamin D, alkaline phosphatase, creatinine, glomerular filtration rate (GFR), and
urinary calcium excretion. Additionally, oxhyphil cell percentages were divided
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into the following four categories: 0-24, 25-49, 50-74, and 75-100% [60]. In terms
of variables, this is the most comprehensive evaluation to date associated with clini-
cal (including both biochemical and symptomatic) and parathyroid cell groups. In
total 261 parathyroid tissues obtained from 238 patients were used. Eventually, 77%
of tissues have less than 25% in the percentage of oxyphil cells and 8% of tissues
are greater than 75% in terms of percentage of oxyphil cells. No significant differ-
ence was found in terms of biochemical parameters such as calcium, phosphorus,
alkaline phosphatase, PTH, and 25-OH vitamin D. In addition, the localization of
the adenoma tissues did not show significant changes when compared between
inferior and superior glands. Different distributions of the oxyphil cell clusters
among varied cell percentages showed no significant changes. Although, increased
thyroid nodularity and higher prevalence in cardiovascular symptoms are shown
within the less oxyphil cell groups (<25%). Imaging tests also justified a cor-
relation between better localization with increased oxyphil cell group (>75%).
Nevertheless, preoperative GFR and urinary calcium excretion significantly worsen
the patients’ symptoms that were altered in parathyroid tissues containing high
oxyphil cells. Findings in the non-pathological tissue samples from normocalcemic
patients showed an absence/low level in the oxyphil cells [60]. These conditions are
still controversial.

3.1 Exception: parathyroid carcinoma

Parathyroid carcinomas influence the laboratory values, which are similar to
those with hyperparathyroidism (primary or secondary). For instance, increased
serum PTH levels are around thousands, and a palpable mass may be detected in
the neck region. Currently, carcinoma can be observed in any (upper or lower)
of the glands and is not considered to have any priority within the four exist-
ing glands while the invasion of the adjacent thyroid gland is observed [61]. The
histological resemblance of parathyroid adenoma causes a challenge for diagnosis.
Observations in parathyroid carcinoma tissue include increased mitotic potential,
necrosis, formation of encapsulated structures, and spread from the capsule
through adjacent tissues [62].

Studies on parathyroid cancer are gaining attention. A recent study evaluated
whether tumor volume and tumor size were associated with disease severity [63].
Another study determined circulating miRNA expression levels as a potential diag-
nostic biomarker in parathyroid carcinomas [64, 65].

Despite all these findings, in terms of cell type, water-clear, oxyphil, and chief
cells do not provide a differential diagnosis. The prime reasons are a rarity, and it is
not possible to impose a limitation in terms of cell composition.

4, Conclusion

To further understand the parathyroid gland function and development, studies
were carried out by numerous researchers. Indicated contributions already shaped the
required future studies for this composite tissue. The parathyroid gland is a relatively
small tissue while the behavior and changes in its composition provide a fine balance
in terms of its function. Thus, this has enabled us to come a little closer to elucidat-
ing the actual mechanisms. Foremost, the mechanisms that maintain certainty in all
research results can be listed as the following:
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* Parathyroid cells mostly contain three types of cells; chief, oxyphil, and water-
clear cells.

* Depending on the circumstances such aging and diseases may affect and increase
the oxyphil cell amount.

* The cells that switch between chief through oxyphil cells can affect different
mechanisms, which are still uncategorized.

* Categorization of the differentiating cells may explain the influence of auto-
crine/paracrine effect on tissue behavior.

¢ So-called “transdifferentiated cells” can be classified as another cell type that
will provide a separate diagnosis criterion such as prognosis, degree, or etiology
of parathyroid-related-diseases.

Expression patterns of the same transcription factors such as GCM2, MAFB,
and RXR are the most difficult part of distinguishing the cell-type-specific features.
Even with all the findings in the literature, one question still remains; where does
the border of differential cellular diagnosis end? The answer to this question is still
unknown.

The role of autocrine and paracrine effects in parathyroid cell differentiation can-
not be ignored. Each person’s metabolism balances this process individually; there-
fore, studies should include larger cohorts. More collaborative studies are required
between researchers. The lack of oxyphil cells in some murine models is another
challenge. This indicates that understanding the cellular composition/regulation of
parathyroid tissue behavior is mandatory, particularly for primary human parathy-
roid tissue cell studies.

The emergence of oxyphilic cells is perhaps a defense mechanism that is developed
from the parathyroid tissue against external signalings, which was first reported by
Christi in 1955 [31]. However, this is yet to be confirmed. Another remark can be
made from the state of immunogenicity, which is considered as a defense mechanism
or after pathological disturbances leads to adverse circumstances, and as a result, the
oxyphil cells differentiate from chief cells. Nevertheless, several studies have focused
on the presence of other immunological markers for parathyroid tissue. Verified
studies to date have limited definitions for the expression of immunological markers
such as human leukocyte antigens (HLAs) [66-69]. Revealing the possible relation-
ship of immunological and/or defense mechanisms in parathyroid cell composition
requires more studies such as different co-culture models. This can be a starting point
for future studies.

A few important subjects that have not been finalized yet in terms of parathyroid
tissue are:

* Histological studies are contributing to the field; however, more biomarker
research is required for the specific differential prognosis of related diseases.

* The inverse relationship between the increased oxyphilic cell and the lighter
tissue structure is still not understood, whereas the studies that determine weight
through cell composition of the parathyroid tissue could provide paramount
importance.
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In conclusion, the approaches that have been proposed in the literature paved
the way for future research objectives. Differentiating points obtained by compar-
ing the outcomes and the data of different researchers raise new questions. The
exact mechanism for basic parathyroid biology requires new iz vitro and in vivo
approaches, and mostly, primary tissue culture systems are essential to understand
such a mechanism.
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