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A novel mutation in PTEN in anaplastic
thyroid carcinoma: A case report
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Abstract. Anaplastic thyroid cancer (ATC) is a rare disease
with a poor prognosis and accounts for a high proportion
of thyroid cancer deaths. The present study reported on a
56-year-old male patient with ATC and examined the clinical
manifestations, pathological features, differential diagnosis
and genetic mutations. Immunohistochemical analysis showed
positivity for vimentin, Ki-67 and cytokeratin in the tumor
specimen. In addition, pathological mitotic figures of tumor
cells and intra-lymph node metastasis were observed. Genetic
analysis revealed the presence of a novel mutation (c.388C>T,
p-R130X) in exon 5 of the phosphatase and tensin homolog
(PTEN) gene, which was first detected in ATC. Gene conser-
vation analysis showed that R130 is a highly conserved amino
acid. Protein structure model predictions implied that p.R130X
mutation results in a severe defect of the C2 domain and the
TAD domain of PTEN, which may be a reason for the high
malignancy of the tumor. The present case report highlights a
novel mutation of PTEN in ATC, which expands the molecular
spectrum of PTEN and further underlines the importance of
PTEN.

Introduction

Anaplastic thyroid cancer (ATC) is a rare and aggressive
form of thyroid cancer, which commonly occurs in patients
>60 years of age (1). It is characterized by the rapid growth and
spread of cancerous cells in the thyroid gland (2). It is more
common in older individuals and carries a poor prognosis.
Although the incidence of ATC is low, accounting for 1-2%
of all thyroid malignancies, it accounts for 10-30% of thyroid
cancer deaths (3). As it is a rare and difficult-to-treat cancer,
there is no clear evidence regarding treatment outcomes to
date, and there are currently no established treatment strategies
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for ATC. Patients diagnosed with ATC will almost inevitably
die from the disease. Despite aggressive multimodal treatment
strategies, overall survival (OS) in ATC remains dismal, with
median OS estimates ranging between 3 and 6 months, and
less than one-fifth of patients surviving beyond one year (4,5).

Recently, a better understanding of the pathogenesis and
genetic alterations of ATC has been gained. In the present
study, the unusual clinical and molecular characterization of
a 56-year-old male patient who died of ATC was reported.
Molecular analysis of the patient's DNA revealed the presence
of a variant in exon 5 of the phosphatase and tensin homolog
(PTEN) gene. PTEN is a negative regulator of one of the most
important cancer pathways, controlling numerous cellular
processes, including proliferation, survival, energy metabo-
lism, cell structure and motility, by inhibiting the PI3K/AKT
pathway through its lipid phosphatase activity (6-9). Loss of
PTEN function causes certain cells to continue to divide,
leading to tumorigenesis (10,11). PTEN mutation is a rare
mutation detected in thyroid cancer, with a mutation frequency
of ~5% (12,13). It has been determined that PTEN mutations
are associated with malignancy in 37.5% of thyroid cancer
cases (14).

The present study reports the detailed clinical manifesta-
tions, pathological features and differential diagnosis of a rare
case of ATC and coronary heart disease who underwent stent
placement. Furthermore, a novel PTEN mutation was found,
which may be associated with tumor malignancy. The present
study can provide useful theoretical support for the diagnosis
and treatment of ATC in the future.

Case report

The patient, a 56-year-old male, accidentally discovered a
mass in the front part of his left neck 7 days before he came to
the Linfen Central Hospital in August 2022. The mass was the
size of a walnut and had no redness, swelling or ulceration. The
patient had no fever, cough, dysphagia or chest discomfort. The
patient had received a stent for coronary heart disease in 2020.
Physical examination revealed that a mass of ~6x5x3 cm could
be palpated in the left lobe of the thyroid gland. It was firm
in texture, smooth at the surface and had unclear boundaries.
It was able to move up and down with swallowing activities.
There was no enlargement of the right lobe or isthmus of the
thyroid gland, no tremor and no vascular murmur. There was
no obvious enlargement of the bilateral cervical lymph nodes.
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Figure 1. Ultrasound results of the patient's thyroid gland. (A) The normal right lobe of the thyroid gland. (B) The enlarged heterogeneous hypoechoic mass in
the left lobe of the thyroid gland, as indicated by the arrow. (C) Enlarged lymph nodes in the left lobe of the thyroid gland (arrow).

The patient received treatment with levothyroxine sodium
tablets 100 pg quaque die (Qd) since he was diagnosed.

Laboratory index examination revealed that serum
thyroid-stimulating hormone (0.35, normal range:
0.56-5.91 MIU/1) and parathyroid hormone (11.94, normal
range: 12-88 pg/ml) were lower than normal hormone levels.
Thyroid color ultrasound showed a heterogeneous hypoechoic
mass in the left lobe of the thyroid gland, thyroid imaging
reporting and data system for ultrasonography (TI-RADS) (15)
category 4b, solid thyroid nodules (multiple) in the right lobe,
TI-RADS category 3 and enlarged lymph nodes in zone IV
of the left neck (Fig. 1). Spiral CT of the neck showed diffuse
enlargement of the left lobe of the thyroid gland and left lobe
nodules with calcification (Fig. 2).

After the operation, a morphological study of the
main tumor tissue was performed. Hematoxylin and eosin
(H&E) staining was performed to examine tissue morpho-
logical changes (10.1371/journal.pone.0229264), and the
results showed that tumor cells were diffusely distributed
and invaded the surrounding thyroid gland (Fig. 3A).
The tumor cells had obvious atypia, with round and oval
cells and obvious nucleoli (Fig. 3B), reflecting the typical
characteristics of ATC. In addition, tumor cells in certain
areas were observed to be spindle-shaped (Fig. 3C). These
observations are consistent with undifferentiated carcinoma
(giant cell type and spindle cell type). The size of the
tumor was 6x3.5x3 cm, intravascular tumor thrombi could
be seen and the cancer tissue invaded the surrounding
thyroid and striated muscle. Subsequently, immunohisto-
chemistry staining was carried out to examine the tumor
marker expression levels (16). Antibodies for immunohis-
tochemistry staining were purchased from Abcam. The
results and antibody details were as follows: Cytokeratin
(CK; cat. no. ab7753; 1:500 dilution) (part +; Fig. 4A),
Vimentin (cat. no. ab92547; 1:250 dilution) (+; Fig. 4B),
Thyroglobulin (cat. no. ab156008; 1:250 dilution) (-, data
not shown), Calcitonin (cat. no. ab16697; 1:500 dilution) (-,
data not shown), Synuclein (cat. no. ab138501; 1:200 dilu-
tion) (-, data not shown), CD56 (cat. no. ab119587; 1:500
dilution) (-, data not shown), thyroid transcription factor-1
(cat. no. ab76013; 1:250 dilution) (-, data not shown), P53
(wild-type; cat. no. ab32049; 1:500 dilution) (-, data not
shown), CD34 (cat. no. ab81289; 1:250 dilution) (Vascular +,
data not shown), actin (cat. no. ab8226; 1:500 dilution) (focus
+, data not shown), myogenin (cat. no. ab124800; 1:250

Figure 2. Image of a computed tomography scan of the neck performed prior
to treatment. The arrows in the image indicate a diffuse enlargement of the
left lobe of the thyroid gland and left lobe nodule with calcification.

dilution) (-, data not shown), CD31 (cat. no. ab28364; 1:500
dilution) (part +, data not shown), P40 (cat. no. ab76158;
1:250 dilution) (-, data not shown), Ki-67 (cat. no. abl6667;
1:500 dilution) (+, ~60%; Fig. 4C). CK is a protein expressed
in epithelial cells and has been widely used for tumor
diagnosis, classification and prognosis (17). Vimentin is
associated with cancer cell epithelial-mesenchymal transi-
tion, tumor progression and metastasis (18). Ki-67 is a
cell proliferation marker that is widely used to assess the
proliferative activity of cancer cells (19). Taken together,
the positive results of CK, vimentin and Ki-67 indicated the
malignancy of tumor cells. Special staining results were as
follows: Reticular fiber staining (20) showed that tumor cells
are arranged in nests. Pathological mitotic figures of tumor
cells (Fig. 3D) and metastasis in the lymph nodes (Fig. 3E)
were also observed. In addition, tumor necrosis was present
in the red framed area (Fig. 3F). The patient was diagnosed
with ATC based on combined H&E and immunohistochem-
istry results. For whole exon sequencing (ES), total DNA
was extracted from patient tumor tissue samples. ES was
performed using the GenCap™ Human Whole Exon Probe
V4.0 (Mygenostics), and exome libraries were sequenced on
the GenCap™ Platform (Mygenostics). Published algorithms
were used to identify somatic variants (21). In addition, an
in-house developed method was employed to detect CNVs
in normal and tumor samples. Furthermore, structural
variants and genomic fusions were assessed using Manta
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Figure 3. Hematoxylin and eosin staining of ATC. (A) Representative images of main tumor tissues; tumor cells are diffusely distributed and invade the
surrounding thyroid gland (arrow). (B) Representative images of main tumor tissues; the tumor cells have obvious atypia, with round and oval cells and
obvious nucleoli, representing the typical characteristics of ATC (arrow). (C) Representative images of main tumor tissues; tumor cells in certain areas are
spindle-shaped (scale bars, 100 ym; arrow). (D) Reticular fiber staining of the main tumor tissues; the yellow arrow indicates mitotic cell (scale bar, 50 ym;
arrow). (E) Representative images of lymph node tissue showing metastasis of cancer cells in the lymph node (scale bar, 200 ym; arrow). (F) Tumor necrosis
is shown in the area in the boxed area (scale bar, 100 xm). ATC, anaplastic thyroid cancer.
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Figure 4. Immunohistochemical images indicated that the tumor was positive (yellow or brown areas) for (A) CK, (B) vimentin (scale bars, 200 ym) and
(C) Ki-67 (scale bar, 100 #m). CK, cytokeratin.
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Figure 5. (A) Conservation analysis of PTEN gene R130. (B and C) Swiss-Model (https:/swissmodel.expasy.org/) was used to conduct homology modeling of
PTEN. Structure of (B) WT and (C) p.R130X mutant protein using P60484-F1 as a template. The image shows the Cartoon structure in rainbow colors and the
truncated sequence is represented in gray. (D) PTEN gene variation in thyroid cancer cases. Red indicates anaplastic thyroid cancer, blue is papillary thyroid
cancer, green is poorly differentiated thyroid cancer and yellow is Hurthle cell thyroid cancer. The data were obtained from the ONCOKB database (www.
oncokb.org) and the figure was produced by IBS 2.0. PTEN, phosphatase and tensin homolog; WT, wild-type.

(d0i:10.1093/bioinformatics/btv710). The results indicated
there is a somatic splicing variant in exon 5 of the PTEN
gene (c.388C>T, p.R130X). No other notable mutations were
identified in these genes based on whole-exome sequencing.

The patient had surgery in August 2022, was hospitalized
again 1 month later and received radiotherapy in December
2022. The total dose was 95% planning target volume (PTV)1
66 Gy/33 fractions (f), 95% PTV2 59.4 Gy/33 f. During radio-
therapy, oxygen inhalation, asthma relief, phlegm reduction,
dehydration, nutritional support and electrolyte imbalance
correction were supplemented. At discharge, the doctor's
instructions were as follows: Make sure to get sufficient rest
and nutrition; continue oral treatment with levothyroxine
sodium tablets 100 pug Qd and review five thyroid function
items after one month; further systemic treatment was recom-
mended to control the condition and follow-up for discomfort.
The patient visited the hospital for follow-ups in the first and

third months after surgery. Subsequently, the hospital staff
conducted a follow-up call with the patient every month. In
December 2023, the patient passed away.

Discussion

ATC is an undifferentiated tumor derived from the follicular
epithelium of the thyroid gland. The disease progresses
rapidly, treatment is ineffective and patient survival is usually
3-5 months (22). The incidence rate of ATC is 1-2 cases
per 1,000,000 individuals, accounting for 0.9-9.8% of the
total number of thyroid cancer cases worldwide (22). It is
more aggressive than differentiated thyroid cancer, with
disease-specific mortality approaching 100% (2). The present
study reported the case of a patient with ATC who survived
for >1 year, providing useful clues for understanding this rare
disease. In particular, a novel nonsense mutation (c.388C>T,
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p-R130X) of the PTEN gene in exon 5 was found, which may
be associated with tumor malignancy.

PTEN, a tumor suppressor gene, is frequently mutated
in human cancers and PTEN is also present in aggressive
thyroid cancers (23). The human PTEN gene encodes a
protein composed of 403 amino acids with a molecular
weight of ~54 kDa. The majority of PTEN consists of the
N-terminal phosphatase domain (7-185 amino acids) and the
closely related C2 domain (186-351 amino acids), which are
required for protein stability and catalysis (Fig. 5D) (24,25).
To date, 110 germline PTEN mutations have been reported
in patients with two tumor predisposition syndromes, each
with overlapping clinical features: Cowden disease and
Bannayan-Riley-Ruvalcaba syndrome (26). Somatic PTEN
mutations are primarily found in endometrial cancer and
glioblastoma, but PTEN mutations have also been detected
to a lesser extent in other types of malignancies, such as
breast and thyroid cancer (26). The majority (70%) of somatic
PTEN mutations are nonsense, frameshift or splicing muta-
tions that result in protein truncation (26,27). The ONCOKB
database (www.oncokb.org) was used to summarize the
mutations of the PTEN gene in thyroid cancer cases, as
shown in Fig. 5D. In this case report, a novel mutation was
found in PTEN, a nonsense mutation in exon 5 of the PTEN
gene (c.388C>T, p.R130X). HomoloGene in the National
Center for Biotechnology Information (NCBI) database
(www.ncbi.nlm.nih.gov) was used to query PTEN species
homology sequences and the UGENE software (version 50.0;
https://ugene.net/) was used for sequence visualization and
it was found that R130 is a highly conserved amino acid
(Fig. 5A). Therefore, once this amino acid is mutated, it is
likely to affect the structure and function of the protein.
Next, Swiss-Model (https://swissmodel.expasy.org/) was
used with P60484-F1 as a template to conduct homology
modeling of PTEN protein wild-type and p.R130X mutant
proteins (28,29), and PyMOL (https://pymol.org/2/) software
was used for sequence visualization. Fig. 5B shows the struc-
ture of wild-type PTEN. As shown in Fig. 5C, the nonsense
mutation (c.388C>T, p.R130X) in exon 5 of the PTEN gene
prevents the efficient expression of the protein, resulting in
protein truncation. The PTEN (c.388C>T, p.R130X) mutation
has been reported in colon carcinoma (30), renal cell carci-
noma (31), Cowden syndrome (32), endometrial cancer (33)
and glioblastoma (34). This mutation has an impact on the
tumor suppressive function of PTEN, leads to the activation
of oncogenic pathways and is related to patient prognosis (26).
Despite previous reports on PTEN mutations in thyroid
cancer, effective clinical treatments remain lacking (14,35).
Further research is needed on whether this mutation is related
to tumor occurrence and malignancy.

In conclusion, the present study reported a rare case
of a patient exhibiting distinct pathological features of
ATC. Notably, genetic analysis revealed a PTEN mutation
not previously reported in thyroid cancer. Protein struc-
ture prediction suggested that this mutation may result in
truncation of the PTEN protein, potentially contributing
to the malignancy of ATC. Further study is needed in the
future to verify the role of this mutation in tumor develop-
ment and progression, as well as to elucidate its underlying
mechanism.
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