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Abstract: The p53 protein is a tumor-suppressing transcription factor that is critical in
tumorigenesis. While TP53 mutations are rare in differentiated thyroid cancer (DTC), they
are significantly more common in anaplastic thyroid cancer (ATC). This study presents
original results and a meta-analysis reevaluating the prognostic value of TP53 mutations in
thyroid cancer, including surrogate markers such as immunohistochemical p53 expression
and serum p53-Abs levels. TP53 mutations were analyzed using SSSP and direct sequencing
in a DTC group (15 patients), an ATC group (3 patients), and a control group (25 patients).
The immunohistochemical p53 expression was assessed in tissue samples. A meta-analysis
of 14 eligible studies identified through the PubMed, Scopus, Google Scholar, and Cochrane
databases was conducted. Our results showed TP53 mutations in all ATC cases, 6.67%
of DTC cases (1 out of 15), and none in the control group. Immunohistochemical p53
overexpression was observed in 4 out of 15 DTC (26.67%) and all ATC cases but absent in
controls. A meta-analysis confirmed that TP53 mutations are significantly more frequent
in ATC than controls (OR 8.95; 95% CI: 1.36-58.70; p = 0.02) but not in DTC vs. controls
(OR 1.87; 95% CI: 0.53-6.58; p = 0.33). p53 overexpression was significantly higher in both
DTC and ATC vs. controls (OR 7.99; 95% CI: 5.11-12.51; p < 0.01 and OR 64.37; 95% CI:
27.28-151.89; p < 0.01, respectively). The serum p53-Abs positivity was also elevated in
patients with PTC vs. controls (OR 2.07; 95% CI: 1.24-3.47; p < 0.01). TP53 mutations
are frequent events in the pathogenesis of ATC. In DTC, further prospective studies are
needed to determine the prognostic value of TP53 mutations and related surrogate markers
(immunohistochemical p53 expression, p53-Abs positivity).

Keywords: thyroid cancer; p53; meta-analysis; mutation; immunohistochemistry

1. Introduction

The p53 protein is among the most important molecules in tumorigenesis. Mutations
in this tumor-suppressing transcription factor can initiate cancer formation or contribute to
further tumor progression. TP53 mutations are also associated with resistance to therapy,
including chemo- and radio-therapy [1]. The role of p53 has been demonstrated in vari-
ous cancer types [2-5]. TP53 mutations are markers of poor prognosis in multiple tumor
types, including thyroid cancer [6]. p53 influences numerous aspects of cell growth and
metabolism, such as apoptosis, DNA repair, genome stability, and antioxidative mecha-
nisms [7]. This transcription factor is activated in response to cellular stress and can induce
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diverse responses, e.g., cell cycle arrest, DNA repair, senescence, or apoptosis, depending
on multiple factors [4]. It is estimated that TP53 is one of the most frequently mutated
genes in malignancies, with TP53 mutations being present in over 50% of all tumors [7].
However, these frequencies vary among different cancer types. It may be as high as 89% in
small cell lung cancer and 73% in colorectal cancer, but the rates are much lower in some
other malignancies, including thyroid cancer (~19%) and cervical cancer (20%) [6]. The oc-
currence of TP53 mutations is induced by environmental factors (carcinogens). Correlations
exist between specific carcinogens and mutation types [6]. The p53 protein is an important
player not only in cancer pathogenesis but also in some aspects of fertility, the immune
system and its response to bacterial infections, autoimmunity (including the pathogenesis
of autoimmune thyroid diseases), metabolism, and senescence [4,8].

Thyroid cancer is the most common endocrine-related malignancy. Additionally, data
show a significant increase in its incidence over the past few decades. Among women, it is
now one of the top 10 most frequent malignancies, a trend largely attributed to improve-
ments in diagnostics [9]. The most common type of thyroid cancer is well-differentiated
malignant neoplasm arising from thyrocytes, known as differentiated thyroid cancer (DTC),
the main subtypes of which are papillary thyroid carcinoma (PTC, responsible for about
90% of all thyroid malignancies), follicular thyroid carcinoma (FTC, 4%), and oncocytic
carcinoma of the thyroid (OTC, 2%). Follicular-derived high-grade carcinomas are rel-
atively rare, including poorly differentiated thyroid carcinoma (PDTC) and anaplastic
follicular cell-derived thyroid carcinoma (ATC, 1%). Medullary thyroid carcinoma (MTC),
the only thyroid cancer derived from C cells, is also infrequent (2%) [9]. TP53 mutations are
generally considered late events that are responsible for progression from BRAF-mutated
PTC to PDTC and ATC [10]. The frequency of TP53 mutations is postulated to be low in
DTC, estimated at 26% in PDTC and 80% in ATC [11]. However, there are proofs that TP53
malfunction may promote the progression of PTC via different mechanisms, including
action through non-coding IncRNAs and miRNAs [12].

Therefore, the aim of this meta-analysis is to reassess the potential role of TP53 mu-
tation markers in the course of thyroid cancer, with a special emphasis on differentiated
thyroid cancer, which presents a significant epidemiological challenge. Specifically, this
analysis seeks to determine the rationale and utility of testing for TP53 mutations in well-
differentiated thyroid cancer. Furthermore, our own results on TP53 gene mutations and
p53 immunohistochemical expression in thyroid cancer will be presented and included in
the meta-analysis.

2. Results
2.1. Original Study

IHC staining for p53 was present in at least 10% of the tumor cell nuclei (positive)
in 4 out of 15 of the DTC cases (26.67%, including 3 out of 13 PTC—23.08%—and 1 out
of 2 FTC—b50%) and in all ATC cases (3 out of 3—100%). In contrast, none of the control
group (follicular adenoma and normal thyroid tissue) showed positive results for p53
IHC staining (0 out of 15 and 0 out of 10, respectively). Example figures illustrating
immunohistochemistry (IHC) for p53 are provided in Supplementary Figures S1-53.

Comparable results were obtained in the TP53 gene mutation analysis. Mutations
were confirmed in all ATC cases (three out of three—100%). However, it was a rare event
among the patients with DTC (2 out of 15—13.33%), where one patient diagnosed with
PTC (1/13—7.69%) and one from the FTC group (1 out of 2—50%) were confirmed positive.
TP53 mutations were absent in the control group (0/15 of follicular adenomas and 0/10 of
normal thyroid tissue). Five TP53 gene mutations were found: one in exon 5, one in exon
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6, and three in exon 8. Table 1 shows the clinical data of the patients with and without
detected mutations.

Table 1. Patient characteristics.

No. Gender Age TNM IS)tS:uI\I::\(g: MZ:)aiison
PTC
1 F 32 T2NOMO + —
2 F 17 T2NOMO — —
3 F 17 TINOMO — —
4 F 60 T2N1aMO — —
5 F 15 T2NOMO — —
6 F 68 T4N1bMO + —
7 F 50 T1INOMO — —
8 F 75 T2NOMO — —
9 F 40 TINOMO — —
10 F 16 T2NOMO — —
11 M 40 T4N1bMO + + exon 5
12 F 33 T2NOMO — —
13 M 15 T2N1aM1 — —
FTC
F 18 TINOMO — —
2 F 64 T4N1bM1 + + exon 6
ATC
1 F 73 T4N1bM1 + + exon 8
2 M 72 T4N1bM1 + + exon 8
3 M 64 T4N1bM1 + + exon 8

PTC—papillary thyroid cancer; FTC—follicular thyroid cancer; ATC—anaplastic thyroid cancer.

2.2. Meta-Analysis

Finally, 14 articles and our own results were included in the meta-analysis [13-26].
Seven out of the 15 studies were conducted on the Caucasian population (Italy, Germany,
France, Poland, Turkey, USA), and 6 out of the 15 studies were conducted on the Asian
population (China, Japan, Taiwan). They were all published between 1993 and 2021.

2.3. TP53 Mutations

Six published papers analyzed the incidence of TP53 mutations among patients with
thyroid cancer and the control group. Moreover, our own results have been included.
Among the studied patients, there are 278 patients with DTC (including 174 PTC, 65 FTC,
and 39 with no defined type), 31 with PDTC, and 22 with ATC. In the control group, there
were 139 samples included (normal healthy thyroid, multinodular goiter, or follicular
adenoma). Exons 5-8 or exons 5-9 were analyzed as the most frequent sites of mutations.
Different DNA sequencing techniques were used (single-strand conformation polymor-
phism analysis, direct sequencing, or NGS method). The TP53 mutation frequencies varied
from 0 to 25% in the DTC group (6.1% for the whole DTC group), 0 to 17% in the PDTC
group (16.1% for the whole PDTC group), and from 0 to 100% in the patients with ATC
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(22.7% for the whole ATC group) vs. 0% among the controls. There are three studies from
European countries (two from Italy and one from Poland), three papers from Asia (China,
Taiwan, and Saudi Arabia), and one from the United States.

2.3.1. ATC vs. Control Group

Five studies have been included in the analysis (including our own results). The total
number of patients included was 22 across all papers (from three to six patients with ATC
in each study), with 82 participants in the control group. Meta-analysis showed that the
TP53 mutation frequency was significantly higher among the patients compared to the
control group (OR 8.95; 95% CI 1.36-58.70; p = 0.02) (Figure 1). A low level of between-
studies heterogeneity was found, with there being no statistically significant heterogeneity
(I? = 18.83%, p = 0.29).

Odds Ratio (OR) (Random effect)

| | — 95% Cl
Zou M., etal 1933 | | [ Odds Ratio (OR)
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Figure 1. Meta-analysis forest plot of TP53 gene mutation frequency in ATC vs. control group [15-17,23].

2.3.2. PDTC vs. Control Group

Only two of the papers analyzed patients with PDTC vs. the control group
(31 vs. 12 participants, respectively). In both studies, there was no significant differ-
ence between the patients and controls. After analysing the results of these two papers
together, no significant differences were found between patients and controls (OR 1.83;
95% C1 0.15-22.74; p = 0.64) (Figure 2). No statistically significant heterogeneity was found
(1% = 0%, p = 0.62).

T

Ho. Y5 etal 1996 1 | I\

0{1

Salvatore D.. et al. 1996 - |

Summary T

003 01 0.32 1 316 10 3162 100 316.23
Odds Ratio (logarithmic scale)

Figure 2. Meta-analysis forest plot of TP53 gene mutation frequency in PDTC vs. control group [16,23].
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2.3.3. DTC vs. Control Group

Seven papers were included in the analysis (including our own results). The total
number of patients with DTC was 278, and there were 82 participants in the control
group. Some between-study variability can be observed, but no study showed significant
differences between the patients and controls. The meta-analysis of these results also did
not show significant differences between the patients with DTC and the control group (OR
1.87; 95% CI 0.53-6.58; p = 0.33) (Figure 3). No statistically significant heterogeneity was
found (12 = 0%, p = 0.78).

Odds Ratio (OR) (Random effect)

| | — 950l
Zou M., etal 1993 + | | ] 0dds Ratic {OR)
Fagin J.A., etal. 1993 I D I
HoYS.etal 1996 + | [ |
Salvatore D, et al. 15956 + I E I
Prodomoso A. etal. 2008 1+ | B I

Zhang H.. et al. 2021 i

1
1
(|

v[]

Lacka K., et al. this study I

Summary + =

0.01 0.1 1 10 100
Logarithmic scale

Figure 3. Meta-analysis forest plot of TP53 gene mutation frequency in DTC vs. control group [13-17,23].

2.3.4. PTC vs. Control Group

In five studies, it was possible to extract data specifically on PTC from the DTC group
(or only patients with PTC were included, as in Prodosmo et al. [14]). The meta-analysis
included 174 patients and 131 controls. Similar to the DTC group, none of the studies
included showed significant differences between the patients and controls. The meta-
analysis of these results also did not show significant differences between the patients with
PTC and the control group (OR 1.21; 95% CI 0.25-5.82; p = 0.81) (Figure 4). No statistically
significant heterogeneity was found (I = 0%, p = 0.83).

2.3.5. FTC vs. Control Group

In five studies, it was possible to extract data specifically on FTC from the DTC group
(or only patients with FTC were included, as in Zhang H et al. [13]). Sixty-five patients with
FTC and 70 controls were included in the meta-analysis. Our results showed a significantly
higher frequency of TP53 mutations in the patients with FTC compared to the control group.
However, the difference was not significant in other included studies. The meta-analysis of
these results did not show significant differences between the patients with FTC and the
control group (OR 4.01; 95% CI 0.74-21.81; p = 0.11) (Figure 5). No statistically significant
heterogeneity was observed between the studies (12 = 1.1%, p = 0.40).



Int. J. Mol. Sci. 2025, 26, 1035 6 of 19

Odds Ratio (OR) (Random effect)

— 95%Cl
Fagin J.A.. etal 1993 A | ] | [ 0dds Ratio (OR)

Ho Y.5. et al. 1996 -

Salvatore D, et al. 1556 I |

Prodosmo A., et al. 2008 |

]
|

Lacka K., et al. this study T I I

Summary + <>

Logarithmic scale

Figure 4. Meta-analysis forest plot of TP53 gene mutation frequency in PTC vs. control group [14-16,23].
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Figure 5. Meta-analysis forest plot of TP53 gene mutation frequency in FTC vs. control group [13,15,16,23].

When PTC is compared to FTC, the latter has a higher frequency of TP53 mutations.
However, in both groups, there is no significant difference when compared to healthy controls.

2.4. IHC

Six published papers analyzed the expression of the p53 protein in the thyroid samples
(a surrogate marker of TP53 mutations) of patients with thyroid cancer vs. the control
group. Moreover, our results have been included in the meta-analysis. Among the patients
studied, there were 445 patients with DTC (including 275 PTC, 121 FTC, and 49 with no
defined type), 54 with PDTC, and 122 with ATC. The control group included 370 tissue
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Liu L. etal 2017

Lacka K., et al. this study

Summary +

samples (normal thyroid, multinodular goitre, follicular adenoma, or Graves disease). The
p53-positive results of the IHC staining varied from 0 to 74% in the DTC group (48.3% for
the whole DTC group), from 16 to 93% in the PDTC group (57.4% for the whole PDTC
group), and from 53 to 100% in the ATC group (64.8% for the whole ATC group) vs. from 0
to 22% among healthy controls (9.8% among all thyroid cancer-free controls). There are
three studies from European countries (Germany, Poland and France), three from Asia
(China, Japan and Taiwan), and one from South America (Brazil).

2.4.1. ATC vs. Control Group

Six studies have been included in the analysis (including our results). There were
122 patients and 249 controls analyzed. In all but one paper [23], p53 overexpression was
significantly more frequent in the patients than the controls. Meta-analysis also showed that
the p53 overexpression frequency was significantly higher among the patients compared
to the control group (OR 64.37; 95% CI 27.28-151.89; p < 0.01) (Figure 6). No statistically
significant heterogeneity was found (I = 0%, p = 0.54).

Odds Ratic (OR) (Random effect)

— $5%CI

T

_|

.

QO

1 10 100 1000  10.000
Logarthmic scale

Figure 6. Meta-analysis forest plot of immunohistochemical p53 overexpression frequency in ATC vs.
control group [18,19,21-23].

2.4.2. PDTC vs. Control Group

IHC p53 expression was assessed in the PDTC group in only two studies (which
included 54 patients and 27 controls). When analyzed together, the results confirmed that
the frequency of p53 overexpression was significantly higher in the patients compared
to the control group (OR 22.27; 95% CI 2.44-203.23; p < 0.01) (Figure 7). No statistically
significant heterogeneity was found (I = 0%, p = 0.47).
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Figure 7. Meta-analysis forest plot of immunohistochemical p53 overexpression frequency in PDTC
vs. control group [21,23].

2.4.3. DTC vs. Control Group

Six studies have been included in the analysis (including our results). The total
number of patients was 445 vs. 323 in the control group. Meta-analysis showed that the p53
overexpression frequency was significantly higher among the patients with DTC compared
to the control group (OR 7.99; 95% CI 5.11-12.51; p < 0.01) (Figure 8). No statistically
significant heterogeneity was found (I> = 0%, p = 0.42).

Odds Ratio (OR) (Random effect)

— 95%Cl
[ ] 0dds Ratio {OR)

%

0.01 01 1 10 100
Logarthmic scale

Figure 8. Meta-analysis forest plot of immunohistochemical p53 overexpression frequency in DTC vs.
control group [18,20-23].

2.4.4. PTC vs. Control Group

In the case of five of the papers, it was possible to extract data specifically on PTC
from that for the DTC group (or only patients with PTC were included, as in Gauchotte
G. et al.) [20]. The meta-analysis comprised 275 patients and 298 controls. Similarly to the
results for the whole DTC group, the meta-analysis showed that the p53 overexpression
frequency was significantly higher among the patients compared to the control group (OR
10.77; 95% CI 6.55-17.73; p < 0.01) (Figure 9). No statistically significant heterogeneity was
found (12 = 0%, p = 0.61).
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Figure 9. Meta-analysis forest plot of immunohistochemical p53 overexpression frequency in PTC vs.
control group [18,20,22,23].

2.4.5. FTC vs. Control Group

In the case of four of the studies, it was possible to extract data specifically on FTC
from the DTC group. There were 121 patients with FTC and 288 controls. A meta-analysis
showed that p53 overexpression was more frequent among the patients compared to the
control group, although only with borderline significance (OR 7.99; 95% CI 0.97-65.92;
p = 0.05) (Figure 10). Despite the relatively high level of heterogeneity (I? = 85.04%, p < 0.01),
in all papers, the frequency of p53 overexpression was higher among the patients than in
the control group.

(Odds Ratio (OR) (Random effect)

— 95%Cl
HoYS.etal 1996 + | (] { [ Odds Ratio (OR)

Schmid K., et al. 1956

-

Marcello M A, et al. 2013+

T
o=

Lacka K. et al. this study | i I
Summary T <>
} } } }
0.25 5.01 100 1555,26
Logarthmic scale

Figure 10. Meta-analysis forest plot of immunohistochemical p53 overexpression frequency in FTC
vs. control group [18,22,23].
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2.5. P53 Ab
PTC vs. Control Group

The anti-p53 antibody levels of patients with thyroid cancer vs. the control group were
assessed by only three studies. Of all available publications all analyzed PTC, there were
no papers on ATC or FTC types. The number of participants included in the meta-analysis
was 562 patients with PTC and 230 healthy controls. Two of the three papers found p53
antibodies to be significantly more frequent in the patients, and the overall OR was 2.07
(95% C11.24-3.47; p < 0.01) (Figure 11). No statistically significant heterogeneity was found
(I = 0%, p = 0.50).

i

Summary <>

0.25 04 0.63 1 158 251 358 6.31
(Ddds Ratio logarithmic scale)

Figure 11. Meta-analysis forest plot of P53 antibodies positivity in PTC vs. control group [24-26].

3. Discussion

The TP53 gene, located at 17p13.1, comprises 11 exons and 393 amino acid residues.
Mutations in the TP53 gene can be found across all its exons, but most are located in the
DNA-binding domain (exons 5-8), which affects the ability of the p53 transcription factor
to bind to target genes [7]. Among the various mutation types, missense mutations are
the most common, making up about 80% of mutations [27]. Mutations of TP53 can lead
not only to a loss of p53’s protective function but also to a gain of function that promotes
tumour progression by, among other methods, altering the transcription of genes other
than those regulated by the wild-type gene [7].

Although the general importance of the TP53 gene mutations in cancer pathogenesis
is well known, its frequency and prognostic role in specific tumors is still a matter of
debate. In prostate cancer, a large number of studies have confirmed the association
between TP53 mutations and faster disease progression [28]. Similarly, it has been proven
that TP53 mutations determine a worse prognosis and shorter overall survival in acute
myeloid leukemia [29]. TP53 gene mutations are also thought to be an important prognostic
factor for survival in head and neck squamous cell carcinoma [30]. On the contrary, in a
meta-analysis of patients with metastatic colorectal cancer, its prognostic value was not
confirmed [31].

Thyroid cancer development involves multiple molecular events. BRAF mutations and
RET/PTC rearrangements are the most frequent molecular events in PTC. Some researchers
suggest that TP53 mutation might be the sole molecular event that transforms normal
thyroid cells into ATC [11,32]. However, the prevailing models for the development of ATC
and PDTC suggest that they evolve from DTC due to cell selection and the gain of further
mutation [32]. As shown by Landa et al., TP53 mutations are much more often observed
in ATCs compared to PDTCs and, therefore, may facilitate the distinction between these
two categories [32].

In thyroid cancers, especially ATC, TP53 mutations most frequently occur in exons
5-9, with codon 273 being the most common hotspot [11]. In general, hotspot areas are



Int. J. Mol. Sci. 2025, 26, 1035

11 of 19

similar to those found in other cancers, including codons R175, R245, R248, R249, R273,
and R282 [11]. The wild-type p53 in thyrocytes seems to directly activate the promoter of
the sodium-iodide symporter (NIS) gene, maintaining its proper expression. Therefore,
TP53 mutations can affect sensitivity to radioiodine treatment [19].

Our own results and meta-analysis confirmed that TP53 mutation is common in
ATC. Even if some studies fail to confirm the significantly higher frequency of TP53
mutations in this undifferentiated thyroid cancer group, it may largely be due to the small
sample size. The difference is much less evident in the case of PDTC, although, again,
the small sample size makes it challenging to come to conclusions. In the case of DTC, as
expected, the frequency of TP53 mutations is low and not significantly higher than in the
control group. However, still, in this type of thyroid cancer, which has the best prognosis,
there are cases with TP53 mutations, and their frequency may be as high as 25% in some
cohorts [11]. To explain this, a closer look at these patients and their clinical course would
be required. Probably, these DTCs with TP53 mutations are cases with an unfavorable
response to the treatment. It cannot be excluded that gene mutations are detectable in foci
of dedifferentiation [33].

The level and activity of the p53 protein depend not only on its expression but also
on various post-translational modifications like ubiquitination, phosphorylation, acety-
lation, and methylation, as well as degradation. TP53 mutations can cause an increase
in p53 protein accumulation, although the exact mechanism of this is still under study.
These two parameters—TP53 mutations and p53 protein levels—are not always directly
correlated [18,34]. In some malignancies, such as B-cell lymphoma, IHC staining is not an
accurate surrogate marker for gene mutations [35]. On the contrary, it was proven useful
at least for screening in some solid tumors [36]. In endometrial cancer [37], colorectal
cancer [38], and various solid tumors [39], a high correlation between TP53 mutations and
p53 immunohistochemistry (IHC) has been established (concordance rate > 90%), making
p53 IHC a reliable surrogate marker for TP53 status. Unfortunately, no precise data exist
for thyroid cancer. It must be taken into account that the actual concordance rate could be
significantly lower in earlier studies when less accurate methods were used to assess TP53
mutations and p53 expression [40].

Many studies have highlighted the role of p53 as a prognostic marker in thyroid
cancer. It is often linked to worse outcomes or more advanced disease features (such
as a larger tumor size and the presence of lymph node metastasis), although there are
some contradictory findings [18,41,42]. In a 2021 study, Martins and colleagues discovered
that the co-expression of p53 and MDM?2 tends to be a marker of less aggressive clinical
outcomes, contrasting with earlier observations [43,44]. Further studies are needed to fully
explain the prognostic value of the IHC expression of p53 in tumor tissues. Observations
from other malignancies may also shed some light on this topic.

We and others (as shown in the meta-analysis) showed that p53 overexpression is
frequent not only in ATC samples but also in well-differentiated thyroid cancer tissues (with
a mean frequency of almost 50%). These frequencies were significantly higher compared
to the control group. Even though TP53 mutations are primarily seen in PDTC and ATC,
p53 overexpression can also be observed in DTC, similar to what occurs in the early
stages of other tumors. Some heterogeneity of the results can be attributed to the patients
included, but there are also methodological discrepancies and a lack of established criteria
for overexpression (different thresholds used in various publications). p53 overexpression
is substantially more frequent than TP53 mutations (especially in DTC). This confirms that
not only gene mutation but also the deregulation of other processes may be the reason for
this. It should be also highlighted that it is now established that not only p53 overexpression
but also other patterns of p53 IHC expression, such as the null pattern and, more rarely,
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cytoplasmic positive staining, can be associated with gene mutations [38,39]. Some sources
confirm that, in the ATC group, both p53 overexpression (positive abnormal pattern) and,
even more frequently, a loss of expression are observed [45].

The search for new cancer markers is ongoing, and one critical feature of a good marker
is that it is simple and easy to measure. In this respect, testing for p53 antibodies (p53-Abs)
seems attractive. The mutated form of p53 is more stable than the wild-type, leading to
the accumulation of p53 and an increase in p53-Abs formation. Notably, both anti-mutated
p53 and anti-wild-type p53-Abs can be detected [46]. There is no absolute correlation
between TP53 mutations and p53-Abs, but they are postulated as surrogate marker of gene
mutation [47,48]. Depending on the detection method and study population, p53-Abs can
be found in 11-19% of patients with PTC vs. 8-11% in healthy individuals [24-26].

Overall, our analysis has confirmed that, even in patients with well-differentiated
thyroid cancer, p53-Abs is significantly more frequent compared to patients without thyroid
malignancy, and this relatively simple laboratory marker has some potential to improve
diagnostics in this group. It is also expected that p53-Abs positivity is associated with
a poor clinicopathological course in patients with DTC (e.x. multifocality, lymph node
metastasis, higher TNM stage) and a worse outcome [24]. This parameter has been used
more extensively as a biomarker in other, more aggressive tumors, including colorectal
cancer, other gastrointestinal cancers, and lung cancer [49,50]. A broader meta-analysis
confirms that the presence of p53-Abs across different solid tumors is associated with a
worse prognosis, making it a potential negative prognostic marker [46]. The p53 antibodies
seem more reliable when used alongside other antibodies in a panel.

Regardless of the detection method, cases with mutated TP53 are associated with more
aggressive behavior, including a higher risk of metastasis, angioinvasion, dedifferentia-
tion, and a general poor response to treatment [51-53]. However, defective p53 can be a
therapeutic target. Although targeting mutated TP53 in therapy is challenging, there are
emerging possibilities, such as p53-targeting cancer vaccines, MDM2 inhibitors (a negative
regulator of p53), and monoclonal antibodies that target mutated p53 epitopes [6,54,55].

There are several limitations to our study. The central issue appears to be the relatively
small sample size of the included studies. This may be justified in the case of ATC due to
its low incidence, but it raises concerns when DTC is analyzed. Secondly, many papers
included in the meta-analysis are not up-to-date, with more than half being published
over 20 years ago, and there is a lack of newer studies. Since then, diagnostic methods
have improved, not only in genetic studies but also in immunohistochemical staining. A
more nuanced approach should be adopted, beyond the simple positive /negative p53 or
scored p53 overexpression used in earlier publications (including most of those presented
in the meta-analysis). More advanced scoring systems, such as the H-score and four-tier
expression pattern assessment, should be implemented and correlated with up-to-date
sequencing results.

4. Material and Methods

4.1. Original Study
4.1.1. Patients

The study group consisted of 15 patients diagnosed with DTC, including 13 cases
of PTC and 2 cases of FTC, as well as 3 patients with ATC. The control group included
15 patients with follicular adenoma and 10 patients with normal thyroid without nodules
or other known thyroid pathologies (who had partial thyroid removal during neck surgery
for other reasons). All patients in the study group underwent thyroidectomy due to preop-
eratively diagnosed thyroid lesions (thyroid ultrasonography and fine needle aspiration
biopsy). Among the patients, there were 25 women and 8 men. In the control group,
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thyroidectomy or partial thyroid removal was performed. Thyroid tissue samples were
collected from Polish patients operated on in surgical departments and further analyzed at
the Department of Pathomorphology of the Poznan University of Medical Sciences.

4.1.2. Mutation Detection

DNA was isolated from frozen thyroid specimens using the phenol method with pro-
teinase K. The amount and quality of isolated DNA were further assessed, confirming good
yield. Polymerase chain reaction (PCR) was used to amplify exons 5-8. PCR conditions for
genotyping exons 5-8 were as follows: (1) predenaturation at 94 °C for 3 min—exons 6 and
7,5 min—exons 5 and §; (2) amplification 35 x (denaturation at 94 °C for 30 s—exons 6 and
7,60 s—exons 5 and 8; annealing at 64 °C for 90 s—exons 7, at 72 °C for 60 s—exons 5 and
8, at 72 °C for 90 s—exon 6; elongation at 72 °C for 120 s—exons 5 and 8, 180 s—exons 6
and 7); (3) final extension at 72 °C for 5 min for all exons. Starter sequences used:

- Exon 5

P5F 5’CTCTTCCTACAGTACTCCCCTGC 3
P5R 3’ ATCGCTACCACTCGTCGACCCCG 5/;

- Exon 6

P6F 5 GATTGCTCTTAGGTCTGGCCCCTC 3’
P6R 3’ CCAATTCCCACCAACAGTCACCGG 5;

- Exon 7

P7F 5 CTCATCTTGGGCCTGTGTATCTCCTAGG 3’
P7R 3’ CTGAGGTCCAGTCCTCGGTGAACGGT 5/;

- Exon 8

P8F 5" ACCTGATTTCCTTACTGCCTCTTGC 3’

P8R 3’ TGATTCGCTCCATTCGTTCGTCCTG 5'.

The amplification product was initially analyzed by the single-strand conformation
polymorphism (SSCP) technique using polyacrylamide gel electrophoresis (10% polyacry-
lamide gel, 16 h, 70 V). In cases where SSCP found positive results, direct sequencing was
performed to confirm the results (AbiPrism, Applied Biosystems, Foster City, CA, USA).

4.1.3. Immunohistochemistry

The examined tissues, fixed in 4% buffered formalin and embedded in paraffin, were
sectioned into 4-micrometer slices and mounted on adhesive-coated slides (SuperFrost®
Plus, Menzel Glaser, Epredia, Kalamazoo, MI, USA). Deparaffinization, rehydration, and
epitope retrieval were conducted in a water bath (PT LINK, Dako, Agilent Technologies,
Santa Clara, CA, USA) at 97 °C (20 min) using high pH EnVision Flex Target Retrieval
Solution (Dako). Subsequently, the sections, following a 10 min incubation in wash buffer
(Dako), were stained using an automated staining system—Autostainer Link 48 (Dako)—
employing the EnVision Flex Mini Kit, with high pH (Link), (Dako, cat. No K8023, Agilent
Technologies, Santa Clara, CA, USA) for immunohistochemical staining visualization.
For antibody expression analysis, a monoclonal mouse anti-p53 antibody (clone DO-7)
in ready-to-use form from Dako was used. The reaction was amplified using a mouse
linker (EnVision FLEX + Mouse LINKER). Incubation with the antibody lasted 20 min.
The color reaction visualization was carried out using 3,3'-diaminobenzidine tetrachloride.
The sections were counterstained with Mayer’s hematoxylin, dehydrated, and mounted
with a coverslip using DPX. To confirm the accuracy of staining, each staining procedure
included a positive control (tonsil) and a negative control (omitting the primary antibody).
An experienced pathologist subsequently evaluated the stained slides. The p53 result was
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considered positive (+) when at least 10% of the tumor cell nuclei showed a clear positive
reaction; the reaction was scored as strongly positive (++/+++) when at least 50% of the
tumor cell nuclei showed clear staining. If less than 10% of tumor cell nuclei showed the
reaction, p53 expression was considered negative (—).

4.2. Meta-Analysis

The research methodology relied on specific search terms, adhering to the PRISMA
2020 checklist and employing the PRISMA 2020 flow diagram as illustrated in Figure 12.
The PRISMA checklist was verified during the review draft. Utilizing PubMed, Scopus,
Google Scholar, and Cochrane as primary search engines, the research focused on the terms
listed below (‘thyroid carcinoma’, ‘thyroid cancer’, ‘p53 mutation” and “TP53 mutation’).
Two authors independently searched the databases. If any doubts or disagreements arose,
the authors discussed the issue to arrive at a final decision. Both randomized controlled
trials and non-randomized controlled trials were included, with a requirement that pa-
pers be published in English. Following the selection of eligible studies, relevant data
were extracted. In designing the inclusion criteria, we utilized the PICO framework: the
selected studies had to contain both the research group (patients diagnosed with differ-
entiated /poorly differentiated or undifferentiated thyroid cancer) and the control group
(healthy patients/goiters/thyroid adenomas) (population: P). We measured the TP53 mu-
tation incidence using various methods (I'P53 gene sequencing, IHC staining, serum p53
antibodies level) and the clinical outcome (intervention: I). These parameters were then
compared via statistical software between research and control groups (comparison: C).
The primary outcomes (O) were measured by comparing the TP53 mutation incidence
and disease development at the study’s conclusion between the research group and the
control group. Reviews and case reports or case series, as well as animal or experimen-
tal studies, were excluded from the analysis as well as studies without English as their
primary language. We also eliminated studies focusing solely on a specific population
(e.g., limited to Hobnail variant thyroid carcinoma). The control group had to consist of
either healthy volunteers or patients with benign thyroid lesions or other, non-neoplastic
thyroid disorders. Two researchers independently conducted the selection process, with
subsequent collaboration to reconcile any discrepancies. Furthermore, the authors analyzed
the data (tumor type, methodology, p53 mutation incidence) utilizing statistical software.
During the identification stage, 489 records were sourced from PubMed, 234 from Scopus,
2190 from Google Scholar, and 3 from Cochrane. Inserted query involved the following
terms: ‘thyroid carcinoma’, ‘thyroid cancer’, ‘p53 mutation’, and ‘TP53 mutation’. After
eliminating duplicates and various other data that met the exclusion criteria, 112 records
were subjected to screening. Among these, 37 were excluded, and 4 were not retrieved.
The remaining 71 full papers underwent further scrutiny—14 articles were included in the
analysis: 6 utilizing immunohistochemistry, 6 entailing TP53 gene mutation assessment,
and 3 based on p53 antibody analysis [13-26]. Our own results consisting of one TP53 gene
sequencing study and one immunohistochemistry method study were also added. As a
result, the whole meta-analysis consisted of 15 studies.
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Figure 12. Flowchart of screening of the literature.

5. Conclusions

TP53 mutations exhibit potential as both a diagnostic tool and a prognostic marker

in thyroid cancer, including patients with DTC. TP53 mutations are primarily detected in

high-grade thyroid cancer. However, when TP53 mutations or their surrogate markers—

IHC expression aberrations or p53-Abs positivity—are identified in patients with DTC, they

may serve as negative prognostic indicators, being associated with poor treatment response.

Further prospective studies are warranted to elucidate their prognostic significance in

real-world settings. Moreover, a comprehensive analysis of the relationship between TP53

mutations and their surrogate markers, specifically within the context of thyroid cancer,

is essential.
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Abbreviations

ATC Anaplastic thyroid carcinoma

CI Confidence Interval

DTC Differentiated thyroid cancer

FTC Follicular thyroid carcinoma

IHC Immunohistochemistry

MTC Medullary thyroid carcinoma

NGS Next-Generation Sequencing

OR Odds Ratio

OTC Oncocytic carcinoma of the thyroid

PDTC Poorly differentiated thyroid carcinoma
PRISMA  Preferred Reporting Items for Systematic Reviews and Meta-Analyses

PTC Papillary thyroid carcinoma

p53-Abs  p53 antibodies

SsCP Single-Strand Conformation Polymorphism
TNM Tumor, Nodes, Metastasis (staging system)
TP53 Tumor protein p53 (gene)
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