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Background: Thyroid carcinomas are the most common malignant endocrine 
tumors, and various immunohistochemical markers are tested in routine practice 
to reduce diagnostic differences, as well as to elucidate carcinogenesis and 
detect malignancy. Disruption of basement membranes and the extracellular 
matrix is ​​an important step in tumor carcinogenesis and progression. The 
claudin and matrix metalloproteinase families are also thought to be effective 
in this process. Aim: In this retrospective study, the comparative expression of 
claudin‑1 and MMP‑7 immunomarkers in normal tissues and thyroid neoplasia 
were investigated. Materials and Methods: Immunohistochemical staining 
was performed for claudin-1 and matrix metalloproteinase 7 (MMP-7) in 112 
sections, including 24 follicular adenomas, 22 follicular carcinomas, 24 medullary 
carcinomas, 24 papillary carcinomas, and 18 single dominant nodules from 
thyroid lesions. Results: A significant staining difference for claudin-1 was 
observed in follicular carcinoma and medullary carcinoma, papillary carcinoma, 
and single dominant nodules compared to normal thyroid tissue. A statistically 
significant staining difference was observed for MMP-7 in follicular adenoma, 
medullary carcinoma, and papillary carcinoma compared to normal thyroid tissue. 
Conclusions: These results indicate that claudin-1 and MMP-7 are important in 
the diagnosis, differential diagnosis, and carcinogenesis of follicular adenoma, 
follicular carcinoma, medullary carcinoma, papillary carcinoma, and single 
dominant nodules.
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or triple markers. follicular adenoma (FA), follicular 
carcinoma (FC), or SDNs are formations that appear as 
nodular well‑circumscribed lesions and sometimes cause 
problems in histopathological diagnosis. In addition, MC 
does not originate from the follicular epithelium, unlike 
other thyroid carcinomas, but from parafollicular C‑cells 
that secrete calcitonin.[1]

Original Article

Introduction

In the thyroid, follicular adenoma, follicular 
carcinoma, and papillary carcinoma are formations 

of follicular cells originating from medullary carcinoma 
(MC) and single dominant nodules (SDNs) is of 
parafollicular C‑cell origin. Follicular cell‑derived 
thyroid neoplasms comprise an extremely complex 
spectrum and attempt to classify them based on both 
morphology and molecular genetics have been made. 
Papillary thyroid carcinoma  (PC) is the most common 
thyroid carcinoma. PC contains the true papillary 
pattern and distinctive cellular features. Even if 
strong immunohistochemical markers are used in the 
differential diagnosis, there are situations where they are 
not sufficient and it is sometimes necessary to use double 
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The expression of various immunohistochemical 
markers in benign and malignant thyroid cases has been 
discussed comparatively in many studies.[1] In thyroid 
neoplasms, the immunohistochemical expression of 
claudin‑1 and matrix metalloproteinase 7  (MMP‑7) 
have been investigated in relatively few studies.[2‑8] 
Claudin‑1 is a member of the claudin family, which 
is defined as a tight junction  (TJ) component.[9] These 
TJs are transmembrane and cytoplasmic proteins 
that prevent the diffusion of solutes and provide cell 
polarity.[10‑13] MMP‑7 is a member of MMPs. MMPs are 
zinc‑containing, calcium‑dependent endopeptidases that 
play a role in the extracellular matrix degradation and 
tissue remodeling and increase hemostasis in normal 
tissue under physiological conditions.[14,15] It has been 
reported that the disruption of basement membranes and 
the extracellular matrix is ​​an important step in tumor 
carcinogenesis and progression. The claudin and MMP 
families are also effective components in this process, 
and overexpression or loss of expression of claudin‑1 
and MMP‑7 varies depending on the type of cancer.[2‑8]

Immunohistochemical analyses of thyroid neoplasms 
guide both diagnosis and oncogenesis studies. In our 
study, we examined the comparative expression of 
claudin‑1 and MMP‑7 immunomarkers in normal 
tissues and FA, FC, MC, PC, and SDNs. In addition, we 
investigated whether there was a difference in staining 
with these markers between the groups.

Materials and Methods

A total of 112 patients who underwent thyroidectomy at 
Erzincan Mengucek Gazi Training and Research Hospital 
were included in this study. These cases included 24 
FA, 22 FC, 24 MC, 24 PC, and 18 SDNs. The original 
diagnoses of all pathological sections were confirmed. 
Paraffin blocks containing normal and pathological 
thyroid tissue were selected, and 4 μm thick sections 
were taken from these paraffin blocks and fixed on 
lysine slides for immunohistochemical staining. These 
slides were then stained with claudin‑1 (Abcam, dilution 
ratio 1/100) and MMP‑7  (Abcam, dilution ratio 1/100) 
markers in a fully automated immunohistochemical 
staining device (Leica Bond‑Max, Melbourne, Australia) 
and processed.

Evaluations were carried out semi‑quantitatively. An 
Olympus BX53 microscope  (Tokyo, Japan) was used 
for microscopic evaluation. According to the amount 
of complete membranous staining for claudin‑1, those 
with  <5% were 0: negative staining; those with 5–25% 
uptake were evaluated as +; those with 26–50% uptake 
were ++; and those with more than 50% uptake were 
+++.[3] According to the percentage of cytoplasmic 

staining with MMP‑7, 0 indicated negative staining. 
Samples with 1–10% uptake were considered +, those 
with 11–50% uptake were marked ++, and those with 
51–100% uptake were marked +++. When comparing 
the groups, the final scoring for the statistical analysis 
was negative if the immunoreactivity of tumor cells was 
1 or less, and +1 if the total score was 2 and more.[7]

Statistical analysis
IBM SPSS 22 (IBM Corp., Armonk, NY) was used for all 
statistical analyses. The staining scores were summarized 
categorically and continuously. Categorical variables 
are expressed as n  (%), and continuous variables are 
expressed as mean  ±  standard deviation median  (min ‑ 
max) value. The assumption of normal distribution was 
checked with the Kolmogorov–Smirnov test, and tests 
were selected according to the distribution type. A  t‑test 
was applied to the dependent and independent groups for 
the normally distributed variables. The Mann–Whitney 
U and Wilcoxon tests were used for scores that did not 
show normal distribution. Cases with P  <  0.05 in the 
evaluation were considered statistically significant.

Table 1: Average age within the groups
Average age

Tumor types Mean Std. deviation Minimum Maximum
FA 46.17 12.52 30 77
FC 51.46 12.17 31 65
MC 45.50 14.80 18 69
PC 52.83 12.71 34  75
SDNs 56.11 13.72  34 83
Total 50.09 13.56 18 83
FA: follicular adenoma, FC: follicular carcinoma, MC: medullary 
carcinoma, PC: papillary thyroid carcinoma, SDNs: single 
dominant nodules

Table 2: Claudin‑1 staining scores in the study groups
CLAUDİN 1

Tumor 
Types

Group Median Minimum Maximum P

FA Control 1 0 1 0.414 
Tumor 1 0 2

FC Control 1 0 1 0.023
Tumor 1 0 3

MC Control 1 0 1 0.002  
Tumor 0 0 1

PC Control  1 1 1 <0.001
Tumor 3 2 3

SDNs Control 1 1 1 0.046 
Tumor 1 1 2

FA: follicular adenoma, FC: follicular carcinoma, MC: medullary 
carcinoma, PC: papillary thyroid carcinoma, SDNs: single 
dominant nodules
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Results

Of the 112  patients who underwent thyroidectomy, 70 
were women and 42 were men, with a mean age of 
50  ±  13.6  years. The distribution of cases was 21.4% 

Figure 1: Increased FC staining with claudin‑1 in the upper right and 
normal thyroid tissue in the lower half (×200)

Figure 2: Increased membranous staining in PC with claudin‑1 at the 
bottom and normal thyroid tissue at the top (×200)

Figure 3: Loss of expression in MC with claudin‑1 on the left and normal 
thyroid tissue on the right (×200)

Figure 4: Loss of expression in FA with MMP‑7 at the top and normal 
thyroid tissue at the bottom (×200)

Figure 5: Loss of expression in PC with MMP‑7 on the left and normal 
thyroid tissue on the right (×200)

Figure 6: Loss of expression in MC with MMP‑7 at the bottom, normal 
thyroid tissue at the top (×200)
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FA, 19.6% FC, 21.4% MC, 21.4% PC, and 16.1% 
SDNs. The mean patient ages for each tumor type are 
given in Table 1.

In FA, the number of cases not stained with claudin‑1 was 
six, the number of + staining cases was 16, and the number 
of ++ staining cases was 2. The number of cases with no 
staining in FC was 2, the number of cases with + staining 
was 14, the number of cases with ++ staining was 4, and 
the number of cases with +++ staining was 2  [Figure  1]. 
Although the number of cases with  +  staining was 14 in 
SDNs, the number of cases with ++ staining in SDNs 
was 4. Although four of the cases were stained with ++ 
in PC, 20 of them were stained with +++  [Figure  2]. No 
staining was observed in 16 of the cases in MC [Figure 3], 
and + staining was observed in 8 cases.

When claudin‑1 was compared with normal thyroid 
tissue and pathological tissues, a significant staining 
difference was observed in FC, MC, PC, and SDNs; 
however, this difference was not observed in FA. 
The staining values in these groups with claudin‑1 
are given in Table  2. In addition, a statistically 
significant difference in staining was observed 
when claudin‑1 was compared with PC and other 
groups  (P  <  0.05). In addition, a significant staining 
difference was observed between FC and MC, SDNs, 
and MC (P < 0.05).

The number of cases that did not stain with MMP‑7 in 
FA was 12, and the number of cases that stained  +  was 
12  [Figure  4]. The number of unstained cases in FC was 
12, and the number of stained cases was 10. There were 
12 unstained cases and 6+ stained cases in SDNs. Twenty 
unstained cases and 4+  stained cases were found in 
PC [Figure 5]. In MC, no staining was observed in 20 cases, 
whereas  +  staining was observed in 4  cases  [Figure  6]. 
When MMP‑7 was compared with normal thyroid tissue 

and pathological tissue, a significant staining difference was 
observed in FA, MC, and PC; however, this difference was 
not observed in FC and SDNs. The staining values in these 
groups with MMP‑7 are given in Table 3. When the groups 
were compared with each other, a statistically significant 
staining difference was observed between FC and PC and 
between FC and MC (P < 0.05).

Discussion

One of the highlights of our immunohistochemical 
study is that claudin‑1 contains important clues for FC, 
MC, and PC, as well as MMP‑7 for FA, MC, and PC 
in carcinogenesis. Another important highlight is that 
claudin‑1 may be useful in the differential diagnoses 
of PC and other groups. Furthermore, MMP‑7 may be 
useful in the differential diagnoses of FC, MC, and PC.

The roles of the claudin family in the diagnosis and 
carcinogenesis of thyroid neoplasms have not yet 
been fully determined. It has been observed in several 
immunohistochemical studies that claudin‑1 expression 
is increased in PC, whereas the membranes of normal 
and benign thyroid lesions are either unstained or 
stained weakly.[2‑5] In addition, it has been claimed 
that claudin‑1 is a new marker in PC.[7] In our study, 
membranous claudin‑1 expression increased in PC when 
compared to both normal tissues and other groups. 
These results show that claudin‑1 is diagnostic for PC 
with Hector Battifora mesothelial 1 (HBME 1), galectin 
3, and cytokeratin 19 and that it can work as a routine 
marker. There may also be morphological overlaps in 
the differential diagnosis of MC and PC. The loss of 
claudin‑1 expression in MC cases and the significant 
increase in the membranous expression with claudin‑1 in 
PC may facilitate the differential diagnosis.

Significant increases in membranous staining with 
claudin‑1 in lesions in PC were observed when 
compared with normal tissue. However, the decrease in 
staining in MC indicates that claudin‑1 may be effective 
in PC carcinogenesis by increasing and, on the contrary, 
decreasing MC carcinogenesis. Although there was no 
significant increase in PC, the increase of claudin‑1 
in FC and SDNs lesions was also an important result, 
as it shows that claudin‑1 may also be effective in the 
carcinogenesis of FC and SDNs.

The disruption of basement membranes and the 
extracellular matrix is an important step in tumor 
formation and invasion. It has been reported that MMP‑7 
is associated with the development of carcinoma, 
is mainly expressed by tumor cells, and contributes 
to invasion.[16,17] In a similar study, it was reported 
that MMP‑7 is more expressed in thyroid malignant 
neoplasms.[8] In our study, on the contrary, a significant 

Table 3: MMP‑7 staining scores in the study groups
MMP‑7

Tumor 
Types

Group Median Minimum Maximum P

FA Control 1 0 1 0.014
Tumor  0.5 0 1

FC Control  1 0 1 0.157
Tumor 0 0 1

MC Control 0.5 0 1 0.005
Tumor 0 0 1

PC Control 1 0 1 <0.001
Tumor 0 0 1

SDNs Control 0 0 1 0.999
Tumor 0 0 1

FA: follicular adenoma, FC: follicular carcinoma, MC: medullary 
carcinoma, PC: papillary thyroid carcinoma, SDNs: single 
dominant nodules
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loss of MMP‑7 expression was observed in FA, MC, 
and PC when compared to normal tissues, whereas 
no statistically significant change was observed in the 
expression in FC and SDNs. These data suggest that 
decreased MMP‑7 expression in FA, MC, and PC may 
cause tumor formation and progression. However, more 
staining was observed in FC when compared with MC 
and PC separately. These results show that FC can be 
useful in the differential diagnosis in cases where FC 
overlaps with MC and FC overlaps with PC.

Morphological overlaps are common between FA, FC, 
and SDNs. In these cases, morphological evaluation 
alone is insufficient for the realization of an objective 
and consistent differential diagnosis. Moreover, to 
differentiate FC, which is a malignant and aggressive 
tumor, from FA, it is necessary to deepen the 
histopathological examination. There is almost no 
illuminating information on this subject within current 
immunohistochemical studies. The apparent loss of 
MMP‑7 expression in FA when compared with normal 
tissues in our study, unlike in FC and SDNs, shows that 
it may be useful in the differential diagnosis of these 
cases.

In conclusion, the differential expression of claudin‑1 
and MMP‑7 in normal and neoplastic tissues may 
facilitate the differential diagnosis of FA, FC, PC, and 
SDNs immunohistochemically. It may also guide the 
elucidation of the carcinogenicity of MC and PC and 
provide new opportunities for targeted cancer therapy.
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