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HIGHLIGHTS

e There was a significant expression of MMP-26 in nodular goiter and papillary thyroid carcinoma.
¢ MMP-26 showed good sensitivity for identifying nodular goiter and papillary thyroid carcinoma.
e The results suggest the involvement of MMP-26 in the pathogenesis of thyroid tumors.

e MMP-26 is a promising complementary biomarker for the diagnosis of nodular thyroid lesions.

Abstract: Thyroid cancer (TC) is the seventh most common cancer and the twenty-fourth most deadly,
according to GLOBOCAN estimates for 2022. The diagnosis of TC is confirmed by histopathological analysis
after surgical biopsy, in addition to previous ultrasound and cytopathological evaluations. Despite this, TC

Brazilian Archives of Biology and Technology. Vol.69: €26250186, 2026 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Ledo, G.J.M.; et al. 2

still lacks a definitive molecular classification, capable of not only identifying tumors in terms of their cellular
origin, but also distinguishing them in terms of aggressiveness, benign or malignant nature and prognosis.
This study investigated the potential of matrix metalloproteinase 26 (MMP-26) as a complementary biomarker
for the diagnosis of nodular thyroid lesions. Fifty histological blocks, including healthy thyroid tissue, nodular
goiter and papillary thyroid carcinoma (PTC), were analyzed using immunohistochemistry. The results
showed significant differences in MMP-26 immunoreactivity between healthy thyroid tissue, nodular goiter
and PTC, as shown by Spearman's analysis (p<0,001), Chi-square (p<0,001) and logistic regression
(p<0,001). However, there were no significant differences between MMP-26 immunoreactivity and clinical-
pathological data. MMP-26 showed good sensitivity (93,3% and 100%) and negative predictive values
(90,91% and 100%) but low specificity (28,57% and 40%) for identifying nodular goiter and PTC, respectively.
It is concluded that MMP-26 is a promising complementary biomarker for the diagnosis of thyroid tumors,
highlighting its participation in the pathogenesis of lesions. However, more research is needed to determine
its real impact as a diagnostic and prognostic biomarker.

Keywords: Matrix Metalloproteinase; Tumor Biomarkers; Thyroid Gland Neoplasms; Immunohistochemistry.
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INTRODUCTION

The thyroid, a fundamental endocrine gland for body homeostasis, regulates various physiological
activities through the synthesis of the hormones triiodothyronine (T3) and thyroxine (T4) [1]. Imbalances in
this process, induced by genetic mutations and behavioral risk factors, can lead to the development of nodular
lesions, which prevalence varies between 50% and 67% when detected on ultrasound [2, 3]. Although the
majority of thyroid nodules are benign, approximately 5% are carcinomas, with a predominance of well-
differentiated lesions [2, 4-6]. According to GLOBOCAN estimates for 2022, thyroid cancer is the seventh
most incident and the twenty-fourth most deadly, with a low mortality rate due to the good prognosis of well-
differentiated lesions [7].

The diagnosis of TC is confirmed by histopathological analysis after surgical biopsy, in addition to
previous ultrasound and cytopathological evaluations [8]. However, TC still lacks a definitive molecular
classification capable of identifying tumors in terms of their cellular origin, aggressiveness, benign or
malignant nature and prognosis [9]. The investigation of the genetic etiology of tumors through the analysis
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of oncogenic mutations in BRAF and RAS genes, as well as the search for biomarkers that aid in the
diagnosis and prognosis of TC, has been an area of intense research, with the aim of improving the precision
and personalization of treatment [10, 11].

Matrix metalloproteinases (MMPs) are a family of zinc-dependent endopeptidases involved in the
degradation and remodeling of the extracellular matrix, processes that are essential for tumor progression
[12]. MMP-26, a matrilysin devoid of a hemopexin (Hpx) domain and peptide ligand, acts by cleaving type IV
collagen, fibrinogen and other constituents of the tissue matrix, as well as activating pro-MMP-9 [13]. Studies
have shown that MMP-26 expression is altered in various types of cancer, including breast, prostate and
endometrial cancers [14, 15].

However, the role of MMP-26 in the context of thyroid cancer remains poorly understood. Although some
studies have suggested that MMP-26 may be involved in the tumor progression of TC, its mechanisms of
action and its relationship with the clinical-pathological characteristics of patients remains unclear [12]. Given
this gap in knowledge, this study set out to investigate the potential of MMP-26 as a complementary biomarker
for the diagnosis of nodular thyroid lesions, seeking to answer the following research question: is the
expression of MMP-26 associated with the clinical-pathological characteristics and tumor staging of patients
with papillary thyroid carcinoma?

To answer this question, we analyzed the immunoreactive profile of MMP-26 in healthy thyroid tissues,
nodular goiter and papillary thyroid carcinoma, seeking to identify significant differences in MMP-26
expression between these conditions and correlate them with the clinical-pathological characteristics of the
patients and the tumor staging of the PTCs. The results of this study may contribute to a better understanding
of the pathophysiology and microenvironment of thyroid lesions, as well as to the development of new
diagnostic and treatment strategies for thyroid cancer.

MATERIAL AND METHODS

We selected 50 histological samples from the Pathology Department of the Hospital das Clinicas da
Universidade Federal de Pernambuco (HC/UFPE). All were from 2015 to 2017 and presented thyroidectomy
material compatible only with nodular thyroid lesions, including 15 cases of nodular goiter and 25 of papillary
carcinoma, in addition to 10 cases of healthy adjacent thyroid tissue. Immunohistochemistry (IHC) was
carried out at the Cytological and Molecular Research Laboratory (LPCM), and to complement the IHC and
statistical analyses, information was collected on the sex of the patients and the staging of the malignant
tumors. Histopathological diagnosis and tumor staging were carried out by HC/UFPE pathologists. This study
was approved by the UFPE Research Ethics Committee (CAAE number: 47863515.0.0000.5208).

Immunohistochemistry

For immunohistochemistry, the slides made from the histological samples were deparaffinized and
rehydrated, followed by antigen recovery in sodium citrate buffer (10 mM, pH 6.0). Endogenous peroxidase
and non-specific proteins were blocked following the instructions in the Envision Flex kit (Dako Denmark A/S)
and the slides were then incubated overnight at 4°C with polyclonal 1gG anti-MMP-26 primary antibody
(FNab05242, 100 ug, Fine Test®, 1:100). After incubation with secondary antibody conjugated to HRP
(horseradish peroxidase), immunostaining with 3,3-diaminobenzidine (DAB) and counterstaining with Harris
hematoxylin, the slides were observed under an optical microscope. The negative control was carried out on
thyroid histological samples in the absence of the primary anti-MMP-26 antibody, while the positive control
was carried out on endometrial tissue samples.

Image Capture and Analysis

To analyze the immunoreactivity, a Kasvi® optical microscope (K55-OIT) with a CMOS sensor camera
(72.33” 16MP HDMI FullHD 100x) was used to capture and record the images. The analysis method was
semi-quantitative, by area and intensity of immunoreaction, as shown in Figure 1, using ImagedJ software and
the IHC TOOL BOX plugin. The average nuclear and/or cytoplasmic reaction intensity pattern was estimated
by measuring the number of pixels corresponding to the DAB-positive areas. The values were analyzed and
graphically represented in histograms according to a gray scale from 0 to 255, where 0 corresponded to black
and 255 to white.

Finally, the values calculated for intensity and reaction area were adapted to different scoring scales,
distributed over several levels. Intensity was interpreted based on four gradations, where: 0 is absent (0),
between 1 and 85 weak (1), between 86 and 170 moderate (2) and above 170 strong (3). The percentage
area of reaction was estimated using the following scale for the marked cells: 1 (up to 25%), 2 (26% to 50%),
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3 (51% to 75%) and 4 (>75%). Finally, the final marking positivity score was obtained by multiplying the
values assigned for the area and intensity of immunoreaction, ranging from 0 to 12, in the following intervals:
0 (absent), 1 to 4 (mild), 5 to 8 (intermediate) and 9 to 12 (marked).

]

Figure 1. Analysis of the MMP-26 immunoreactivity pattern in thyroid gland lesions (a) MMP-26 immunoreactivity in
nodular goiter (400X); (b) Marking area (%) for MMP-26 in nodular goiter; (c) Histogram for MMP-26 reaction in nodular
goiter, ranging from 0 to 255 on the gray scale; (d) MMP-26 immunoreactivity in PTC (100X); (e) Marking area (%) for
MMP-26 in PTC; (f) Histogram for MMP-26 reaction in PTC, ranging from 0 to 255 on the gray scale.

Statistical Analysis

Statistical analysis was carried out using softwares Jamovi, v. 2.3.28 and GraphPad Prism®, v. 8.0.2.
Initially, the Shapiro-Wilk test was realized to assess the normality of data distribution. In the absence of
normality, non-parametric tests were applied. The Chi-Square test was used to compare MMP-26 expression
between the groups (healthy thyroid tissue, nodular goiter and papillary thyroid carcinoma) and with the
clinical-pathological characteristics of the patients. The strength of association between the variables was
determined by Spearman's correlation coefficient, while logistic regression was applied to estimate the
probability of influence of the marking pattern on tumor staging. Analyses of sensitivity, specificity and positive
(PPV) and negative (NPV) predictive values were carried out, with the preparation of a Receiver Operating
Characteristic (ROC) curve. The significance level adopted was 5% (p < 0.05).

RESULTS

Initially, a descriptive analysis of the clinical-pathological information was carried out, including gender,
tumor staging and the presence or absence of encapsulation, vascular infiltration and lymph node metastasis.
The observed (OF) and expected frequencies (EF) of cases with absent, mild, or intermediate MMP-26
immunoreactivity and their distribution by gender, tumor stage, and presence or absence of encapsulation,
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vascular invasion and lymph node metastasis were analyzed using the Chi-Square test (Table 1). Significant
differences were observed when comparing OF and EF frequencies between MMP-26 immunoreactivity and
thyroid lesions, whether nodular goiter or PTC, as well as healthy adjacent thyroid tissue. There were no
statistically significant relationships between the other variables.

Table 1. Chi-Square analysis for clinical-pathological data and MMP-26 immunoreactivity.

Clinico-pathological Absent Mild Intermediate Value
Features OF EF OF EF OF EF P
Gender 0,836
Male 1,00 1,20 5,00 4,56 0,00 0,24
Female 9,00 8,80 33,0 33,3 2,00 1,76
Thyroid < 0,001
Healthy 10,0 2,00 0,00 7,60 0,00 0,40
Nodular Goiter 0,00 3,00 14,0 11,4 1,00 0,60
Papillary Carcinoma 0,00 5,00 24,0 19,0 1,00 1,00
Encapsulation 0,812
Absent 5,00 5,04 14,0 14,3 2,00 1,68
Present 1,00 0,96 3,00 2,72 0,00 0,32
Vascular Invasion 0,542
Absent 4,00 4,80 14,0 13,6 2,00 1,60
Present 2,00 1,20 3,00 3,40 0,00 0,40
Lymph Node Metastasis 0,812
Absent 5,00 5,04 14,0 14,3 2,00 1,68
Present 1,00 0,96 3,00 2,72 0,00 0,32
Tumor Staging 0,866
Stage | 3,00 2,64 7,00 7,48 1,00 0,88
Stage |l 2,00 2,88 9,00 8,16 1,00 0,96
Stage |l 1,00 0,48 1,00 1,36 0,00 0,16

EF: Expected Frequencies. OF: Observed Frequencies.

The distribution of clinical-pathological data, separated by MMP-26 immunoreactivity, was represented

graphically by stacked bars (Figure 2).
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Figure 2. Distribution of clinical-pathological data by MMP-26 immunoreactivity. The graphs show the distribution of
thyroid lesions and healthy adjacent thyroid tissue, gender, tumor staging and presence or absence of tumor
encapsulation, vascular invasion and lymph node metastasis by levels of Absent, Mild and Intermediate
immunoreactivity of MMP-26. NG: Nodular Goiter. PTC: Papillary Thyroid Carcinoma.
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The analysis of the MMP-26 immunoreactivity pattern only considered nuclear and/or cytoplasmic
reactions in thyroid follicular cells, and there were notable variations in the levels of intensity of expression
and percentage area of MMP-26 marking between the different types of sample, whether healthy tissue,
benign lesions with cases of nodular goiter, or malignant lesions with PTCs (Table 2). The final score,
calculated by multiplying the intensity and area of labeling values, was between absent (0) and intermediate
(5 to 8). No immunoreactivity for MMP-26 was observed in all the healthy tissue samples, while in nodular
goiters and PTCs the predominant expression profile was mild (1 to 4), with no notable differences in
frequency between the two lesions.

Table 2. Immunoreactivity scores for MMP-26 in thyroid tissue.
Thyroid Gland Condition

MMP-26 Immunoreactivity

Healthy Nodular Goiter PTC

Intensity of Expression

Absent 10 00 00

Weak 00 08 13

Moderate 00 07 12

Strong 00 00 00
Marking Area (%)

1 (<25%) 10 06 05

2 (26% a 50%) 00 08 19

3 (51% a 75%) 00 01 01

4 (>75%) 00 00 00
Final Score

0 (Absent) 10 00 00

1 to 4 (Mild) 00 14 24

5 to 8 (Intermediate) 00 01 01

9 to 12 (Marked) 00 00 00

PTC: Papillary Thyroid Carcinoma.

Spearman's correlation was applied to investigate the strength of the association between MMP-26
immunoreactivity, thyroid lesions and the clinical-pathological characteristics of the patients, as shown in
Table 3. Spearman's Rho measures ranged from -1 to 1, with negative values indicating inversely proportional
relationships and positive values directly proportional relationships. Statistically significant differences were
observed when comparing MMP-26 expression and the different conditions of the thyroid gland, whether
healthy or affected by nodular goiter or PTC. There were also significant associations between the presence
or absence of lymph node metastasis and the presence or absence of vascular invasion. Correlations
between tumor staging and the presence or absence of encapsulation, vascular invasion and lymph node
metastasis also showed significant differences.

Table 3. Correlation between MMP-26 immunoreactivity, thyroid lesions and clinical-pathological data.

MMP-26 TC VI LNM

Variables

Rho p Rho p Rho p Rho p
Lesion 0,690 <0,001 - - - - - -
MMP-26 - - - - - - - -
TC -0,089 0,672 - - - - - -
Vi -0,102 0,627 -0,218 0,295 - - - -
LNM -0,089 0,672 -0,190 0,362 0,873 <0,001 - -
Tumor Staging -0,221 0,289 -0,472 0,017 0,564 0,003 0,540 0,005

LNM: Lymph Node Metastasis. TC: Tumor Capsule. VI: Vascular Invasion.
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Logistic regression assessed the probability of MMP-26 immunoreactivity influencing the thyroid lesion
profile, whether benign or malignant, and statistical significance was observed (Table 4). When the
probabilities associated MMP-26 expression with clinical-pathological variables, there were no significant
differences. Odds ratio (OR) values analyzed the possibilities of MMP-26 expression being related to the
presence or absence of encapsulation, vascular invasion and/or lymph node metastasis, as well as to
different levels of tumor staging.

Table 4. Regression analysis for MMP-26 immunoreactivity, thyroid lesions and clinico-pathological characteristics of
the patients.

Confidence Interval (Cl = 95%)

Variables Analyzed p-Value Odds Ratio

Lower Limit Upper Limit
Lesion < 0,001 327 30,2 12,469
Tumor Capsule 0,753 0,706 0,0814 6,88
Vascular Invasion 0,280 0,331 0,0413 2,54
Lymph Node Metastasis 0,753 0,706 0,0814 6,88
Tumor Staging 0,806 0,846 0,219 3,32

The histopathological pattern of the thyroid lesions, stained with Hematoxylin and Eosin (HE), was
compared to the immunoreactivity for MMP-26 (Figure 3). There were no significant differences in expression
intensity and marking area (%) between nodular goiter and PTC, with the final score (predominantly Mild,
with only one Intermediate) being very similar for both lesions.

Figure 3. MMP-26 immunoreactivity in thyroid lesions. (a) Nodular goiter (HE, 100X); (b) MMP-26 immunoreactivity in
nodular goiter (100X); (c) PTC (HE, 100X); (d) MMP-26 immunoreactivity in PTC (100X); (e) PTC (HE, 400X); (f) MMP-
26 immunoreactivity in PTC (400X).
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Analyses of sensitivity, specificity and positive (PPV) and negative predictive values (NPV) estimated
the potential of MMP-26 for diagnosing nodular goiter and papillary thyroid carcinoma (Table 5). Reasonable
performance of MMP-26 was observed, with good sensitivity and NPV measures for both nodular goiter and
PTC diagnosis, but without significant differences in their performance profiles. The Youden’s Index (YI)
estimated the optimum cut-off points for the ROC curves produced, while the Area Under the Curve (AUC)
values made it possible to analyze the performance pattern of MMP-26 for each thyroid lesion.

Table 5. Performance of MMP-26 for diagnosing thyroid gland lesions.

Thyroid Gland Injury
Estimated Parameters

Nodular Goiter Papillary Thyroid Carcinoma
Sensitivity (%) 93,33 100,0
Specificity (%) 28,57 40,00
Positive Predictive Value 35,90 62,50
Negative Predictive Value 90,91 100,0
Youden’s Index 0,219 0,400
Area Under the Curve 0,610 0,700

ROC curves were drawn up to illustrate the performance of MMP-26 in both thyroid lesions, as shown
in Figure 4. The ROC curves for both nodular goiter and PTC were very similar, with no significant differences
between the two.
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100
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Figure 4. ROC curves for diagnostic performance of MMP-26 in thyroid lesions. PTC: Papillary Thyroid Carcinoma.
DISCUSSION

This study investigated the potential of MMP-26 as a complementary biomarker for the diagnosis of
nodular thyroid lesions, comparing its expression in healthy thyroid tissues, nodular goiter and papillary
thyroid carcinoma (PTC). The results revealed a significant increase in MMP-26 expression in nodular goiter
and PTC tissues compared to healthy thyroid tissues, indicating a possible involvement of MMP-26 in the
pathogenesis of nodular thyroid lesions.

As shown in the results, there was a predominance of nodules among female patients (Table 1), which
may be associated with the effects of female sex hormones such as prolactin and estrogen [16, 17]. According
to Zhang and coauthors (2022), the action of estrogen can favor the development of nodular lesions and
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goiter in women, stimulating the growth and proliferation of tumor cells [17]. Based on this, Piskér and
coauthors (2021) suggest that MMP-26 may be involved in the development of estrogen-dependent cancers,
including breast cancer, whose neoplastic cells expressing MMP-26 tend to have a more prominent malignant
phenotype [13].

In addition, Nishi, Kuroda and Isaka (2013) suggest that MMP-26 is under-expressed in endometrial
carcinomas. According to the authors, estrogen may not be directly involved in endometrial carcinogenesis,
which would attenuate the expression of MMP-26, whose action depends on the transactivation of its gene
promoters by estrogen receptors [18]. In contrast, Cheng and coauthors (2017) identified positive
immunoreactivity for MMP-26 in prostate cancer and absent in hyperplasia, which demonstrates the versatility
of expression of this biomarker in various lesions, whether benign or malignant and whether or not associated
with estrogenic action [19].

When MMP-26 immunoreactivity was compared to other clinical-pathological characteristics, such as
tumor staging and the presence or absence of encapsulation, vascular invasion and lymph node metastasis,
no statistically significant differences were observed. This corroborates our hypothesis that positive MMP-26
expression alone is not enough to recognize specific thyroid lesions and should be associated with other
diagnostic, aggressive and prognostic tumor biomarkers. Table 2 shows the absence of MMP-26 expression
in healthy thyroid tissue and positive immunoreactivity in nodular goiter and PTC, although there were no
significant differences between both.

Table 3 shows significant correlations between MMP-26 immunoreactivity and thyroid nodular lesions,
with a strong association. The directly proportional profile of this correlation suggests that MMP-26 tends to
be expressed more intensely in areas of nodular lesions, whether nodular goiter or PTC, than in healthy
adjacent thyroid tissue. The regression analyses, in Table 4, show that the pattern of MMP-26 expression
can directly influence the profile of thyroid lesions, without, however, distinguishing them between benign and
malignant lesions.

When analyzing the potential correlation and influence of MMP-26 on clinical-pathological variables, no
statistically significant differences were identified either. This reinforces our argument that, although it is
efficient at detecting lesions, the low specificity of MMP-26 makes it unlikely to be associated with capsular
and angiolymphatic invasion, lymph node metastasis and more advanced tumor stages, compatible with
more clinically aggressive lesions.

Although the specificity of MMP-26 to distinguish between nodular goiter and PTC was not demonstrated
in this study, as presented in Table 5, the identification of a significant increase in MMP-26 expression in
nodular thyroid lesions compared to healthy tissues suggests a potential diagnostic value. The growing
evidence of the involvement of MMPs in extracellular matrix remodeling and tumor progression in various
types of cancer suggests that MMP-26 could be used as a complementary biomarker in conjunction with
other diagnostic methods, such as cytopathology and ultrasound, to help identify nodular lesions with a higher
risk of malignancy [19]. This is corroborated by the excellent sensitivity of MMP-26 for diagnosing nodular
goiter and PTC, as demonstrated by the ROC curves in Figure 4.

MMP-26, in particular, has demonstrated proteolytic activity on components of the extracellular matrix,
such as type IV collagen and fibrinogen, which can facilitate the invasion and metastasis of tumor cells [20].
Thus, MMP-26 could act by intensifying thyroid tumorigenesis, either through its association with different
genetic mutations and molecular pathways, or by creating a favorable microenvironment for lesions to
advance.

Based on this, it is important to highlight the immunoreactive profile of MMP-26, which is useful for
detecting thyroid lesions, but has a low capacity to distinguish between benign and malignant tumors, limiting
the diagnostic potential of this enzyme as a solitary biomarker. This characteristic can be explained by the
non-specific nature of MMPs, whose expression tends to rise in response to inflammatory and interstitial
alterations, with synthesis by fibroblasts and macrophages [21-23]. Thus, the creation of diagnostic panels,
with joint analysis of the IHQ expression of various biomarkers, could improve the specificity and PPV of
MMP-26, facilitating the identification of thyroid lesions, whether benign or malignant.

In this sense, it is important to emphasize the need to understand the progression of these lesions in a
multifactorial way, from the morphological to the molecular. Analysis of the expression of other biomarkers,
including estrogen and its receptors, could contribute to the molecular classification of thyroid tumors, with a
view to ensuring greater accuracy in prognosis and clinical intervention. Patients with more advanced tumors
and higher MMP-26 expression could thus be identified as a higher risk group, which could benefit from more
aggressive therapies and more rigorous monitoring.

Finally, it should be noted that this study has some limitations, such as its small sample size, which may
have influenced statistical significance, and its retrospective nature. Future studies, with a larger sample size
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and a wide range of thyroid lesions, whether benign or malignant, and in addition to nodular goiter and PTC,
such as follicular and oncocytic neoplasms, may provide more specific and concrete results. The association
of malignant thyroid tumors with analyses of gene mutations, cell signaling pathways and molecular effectors
will also contribute to the staging of lesions, with a view to elucidating their microenvironment and pathogenic
characteristics. Prospective studies that combine the analysis of MMP-26 with that of other biomarkers, both
in the pre-surgical and post-surgical diagnosis, can expand our understanding of MMP-26 and its relationship
to tumor progression and prognosis, validating our findings and ensuring safer clinical decision-making. Thus,
our findings may contribute to building a solid basis for future research investigating the role of MMP-26 in
thyroid cancer.

CONCLUSION

The results of this study show that MMP-26 has potential as a complementary biomarker in the diagnosis
of nodular thyroid lesions. The significantly elevated expression of MMP-26 in nodular goiter and papillary
thyroid carcinoma tissues, compared to healthy thyroid tissues, suggests an active role for this
metalloproteinase in the pathogenesis of nodular lesions, with possible involvement in disease progression.
Although the limitations inherent to the sample size and retrospective design must be considered, these
findings provide consistent evidence for future investigations into the role of MMP-26 in thyroid cancer. The
validation of these results in prospective studies with a more robust sample size could contribute to the
development of more accurate diagnostic and prognostic strategies, impacting the clinical management of
patients with nodular thyroid lesions.
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