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Abstract

Background: Metallothionein is a cysteine-rich protein present in myoepithelial cells of several benign and
malignant neoplasms and as a potential myoepithelial cell marker in breast cancer. The function of metallothionein
is associated with DNA protection, oxidative stress and anti-apoptosis.

Aims: The present work was done to assess metallothionein (MT) expression with immunohistochemical
localization in benign and malignant salivary gland tumors and to compare metallothionein (MT) expression
among the different histological patterns of salivary gland tumors.

Materials/Methods: Forty diagnosed cases of benign and malignant salivary gland tumors were selected, and
immunohistochemistry was performed for metallothionein detection.

Results: All cases showed positive metallothionein expression with different intensity. The expression of
metallothionein protein is higher in malignant salivary gland tumors than in the benign ones.

Conclusion: Nuclear metallothionein may play a critical role in tumor progression. It can be used as a prognostic
marker in salivary gland adenocarcinomas.
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Introduction

A significant proportion of oral tumors originate in the salivary glands and thus constitute the next most common
tumors of the mouth after squamous cell carcinoma . They are found in less than 1% of all tumors, and 2-4% of
all head and neck tumors @, with an overall global incidence of 0.4-13.5 cases per 100.000 population. The exact
etiology of salivary glands tumors, as in other types of tumors, is not fully understood. Implication of several
viruses in the causation and pathogenesis of salivary gland tumors has been suggested. There is a strong
association between Epstein-Barr Virus (EBV) and lymphoepithelial carcinomas ¢4, as well as Warthin’s tumor
®). There is also a strong association between smoking and Warthin’s tumor, the risk for bilateral Warthin’s tumors
correlated significantly with the amount of nicotine intake ©®. Exposure to ionizing radiation ” as well as to
industrial chemicals ® such as asbestos mining and the manufacture of rubber have been documented as critical
in the development of salivary gland tumors.

Metallothioneins (MTs) are a group of proteins, first isolated in 1957 as a cadmium (Cd)-binding protein in the
horse kidney ©. MTs are proteins characterized by low molecular weight (6—7 kDa), high cysteine content and
metal-binding capacity. In mammalian MTs four isoforms have been identified (MT-I-1V) 9, MT-I+II are the
best characterized MT proteins, expressed in most tissues and have been localized largely in cell cytoplasm,
lysosomes, mitochondria and nuclei 9,

There are many functions of MTs, including homeostasis of essential metals, Zinc and copper, which may be
required for cell growth and differentiation 2, protection against cytotoxicity of cadmium and other toxic metals,
inhibition of generation of free radicals in oxidative stress, anti-apoptotic effect, angiogenesis, immune defense
responses and cell cycle progression and cell differentiation 1013,

Despite the fact that there is no clear role of MTs in oncogenesis , some studies have reported increased
expression of MT-I+11 mMRNA and protein in rapidly proliferating normal cells, regenerating cells and in various
human tumors such as breast, kidney, lung, nasopharynx, ovary, prostate, salivary gland, as well as in melanoma
and leukemia 19, where in some cases MT-I+ll expression correlates with tumor grade/stage,
chemotherapy/radiation resistance, and poor prognosis . However, downregulation of MT-I and Il in certain
types of tumors such as hepatocellular, gastric, colorectal, CNS and thyroid cancers has been noticed, where MT-
I and I1 expressions are either unrelated or even inversely correlated to mortality ©58) MTs are highly conserved
proteins that first appear in mammalian development @), These proteins are important in acinar cell morphological
differentiation and are the most frequently detected gene induced during laminin-1-dependent differentiation of
the human salivary gland cell line (819,

The number of studies focusing on metallothionein (MT) expression in benign and malignant salivary gland
neoplasms is limited; therefore, the present study aims to assess MT expression by immunohistochemical
localization in benign and malignant salivary gland tumors and to compare MT expression among the different
histological patterns of salivary gland tumors.

Material and methods

This is a cross-sectional study in which immunohistochemistry was applied to assess the presence of the marker
metallothionein in sections of salivary gland tumors of the oral cavity. A convenience sample of forty diagnosed
cases of benign and malignant salivary gland tumors (8 benign and 32 malignant) were selected from the Cranio-
Maxillofacial and Plastic Surgery Department at the Faculty of Dentistry, Alexandria University. The results were
recorded and statistically analyzed using student (t) test. Benign salivary gland tumors (8 cases, 20%) included 5
cases (62.5%) pleomorphic adenoma (PL), 1 case for myoepithelioma (Myoep), papillary cystadenoma
lymphomatosum (Warthin's tumor) (WT) and basal cell adenoma (BCA) (each 12.5%). Out of the 32 malignant
salivary gland tumors (80%), 9 cases (28.1%) were mucoepidermoid carcinoma (MeC) (Fig. 1a and b), while 7
cases (21.9%) were Carcinoma ex pleomorphic adenoma (CXPA), 6 cases (18.5%) were adenoid cystic carcinoma
(AdCC), 5 cases (15.6%) were myoepithelial carcinoma (MC) and 2 cases (6.3%) were acinic cell carcinoma
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(ACC). Finally, salivary duct carcinoma (SDC), polymorphous low-grade adenocarcinoma (PLGA), and
oncocytic carcinoma (OCC) (Fig. 2c and d) were represented by one case each (3.1%) (Table 1).

The median age for patients in this work was 45 years (range: 11-81 years). 25 patients (62.5%) were female, and
15 (37.5%) were male. Regarding tumor location, the parotid gland was the most common site (17 cases), followed
by the palate (14 cases). Other sites, such as the cheek (6 cases), the submandibular gland (2 cases), and the
maxillary sinus, were represented by only 1 case. No cases were presented with lymph node metastasis.

Biopsies were taken from the tumor tissue and fixed in 10% neutral buffered formalin, processed and embedded
in paraffin wax using the conventional procedures. Serial sections of 3-4 um thick were placed on Figure (1):

Figure 1: (a) A case of mucoepidermoid carcinoma presenting as an exophytic mass at the lateral wall of the
hard palate (arrow). (b) Coronal CT of the previous case exhibiting an ill-defined mass extending into the
maxillary sinus with bone destruction (arrow). (c) A Case of oncocytic carcinoma of the maxillary sinus
presenting in the oral cavity as an ulcer of the right palatal side. (d) CT of the previous case with the tumor
invading the maxillary sinus, reaching the right orbital floor and destroying the right nasal cavity (arrow). glass
slides and stained using hematoxylin and eosin (H&E) for routine histopathological examination.

Immunohistochemical staining of metallothionein
An immunohistochemical marker of metallothionein, a primary mouse monoclonal anti-human metallothionein

antibody, was used [Cat. #M 3009-10 (Lmg/ml)]. The streptavidin-biotin-peroxidase complex method was used.
Serial sections 4-5 um thick were cut from H&E blocks. The slides were mounted on poly-L-lysine coated glass
slides. Two sections were obtained for the positive test and one for the negative control, with the latter omitting
the primary antibody. The tissue sections were deparaffinized in xylene, rehydrated in graded ethanol and
incubated in 0.3% hydrogen peroxide solution to block the endogenous peroxidase. The specimens were incubated
with the metallothionein primary antibody. Exposure to biotinylated link antibody and labelled streptavidin-
biotin-peroxidase complex was done to bind the primary antibody. Staining was completed by incubation in
substrate-chromogen solution and hematoxylin counterstain. Immuno-expression of etallothionein was evaluated
by using an image analyser to evaluate both mean area per cent and mean optical density.
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Table 1: Types, Numbers and Percentages of the Examined Salivary Gland Tumors.

Tumors Number Percentage

Benign salivary gland tumors 8 20
Pleomorphic adenoma 5 62.5
Warthin’s tumor 1 12,5
Basal cell adenoma 1 125
Myoepithelioma 1 125
Malignant salivary gland tumors 32 80
Mucoepidermoid carcinoma 9 28.1
- High-grade MEC 5 15.6
- Low-grade MEC 4 12.5
Adenoid cystic carcinoma 6 18.8

- Cribriform pattern 4 12.5

- Tubular trabecular pattern 1 3.1

- Solid pattern 1 31
Carcinoma ex pleomorphic adenoma 7 21.9
Myoepithelial adenoma 5 15.6
Acinic cell carcinoma 2 6.3
Oncocytic carcinoma 1 3.1
Salivary duct carcinoma 1 3.1
Polymorphous low-grade adenocarcinoma 1 3.1

Results and discussion

For the immunohistochemical staining, routinely formalin-fixed, paraffin-embedded 40 salivary gland tumors
biopsies were used to detect the anti-metallothionein along with the normal control.

The intensity of immunostaining of metallothionein was calculated in terms of mean area percentage (MA%) and
mean optical density (MOD) by the computer image analyzer.

Patterns of Metallothionein Immunostaining in Normal Salivary Gland Tissue
Normal salivary gland tissue showed positive metallothionein immunoreactivity in acinar and ductal epithelial
cells.

Patterns of Metallothionein Immunostaining in Benign Salivary Gland Tumors

Metallothionein protein expression was analyzed by immunohistochemistry (IHC) in the 8 benign salivary gland
tumors. All 8 cases showed positive expression.
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The pleomorphic adenoma cases showed intense nuclear and cytoplasmic metallothionein immunopositivity in
luminal, abluminal, and myoepithelial cells (Fig. 2a). The Myoepithelioma exhibited total cell (nuclear and
cytoplasmic) metallothionein immunopositivity in myoepithelial cells (Fig. 2b). Papillary cystadenoma
lymphomatosum exhibited intense metallothionein immunopositivity in the oncocytic epithelial lining. However,
the lymphoid stroma showed no reaction (Fig. 2c). The basal cell adenoma showed intense metallothionein
immunoreactivity in the basaloid glandular epithelial cells (Fig. 2d).

Figure 2: (a) Higher magnification of pleomorphic adenoma revealing intense metallothionein
immunoreactivity in abluminal glandular epithelial and myoepithelial cells. (x 400). (b) Higher magnification of
the previous case revealing nuclear and cytoplasmic immunopositivity of glandular myoepithelial cells. (x400).

(c) Papillary cystadenoma lymphomatosum showing immunoreactivity for metallothionein in the oncocytic
epithelial lining. The lymphoid stroma is free from any reaction. (x 100). (d) Basal cell adenoma exhibiting
intense immunoreactivity of metallothionein in the basaloid glandular cells. (x100).

Patterns of Metallothionein Immunostaining in Malignant Salivary Gland Tumors

Metallothionein protein expression was analyzed by immunohistochemistry in 32 malignant salivary gland
tumors. All tumors analyzed (n=32) showed positive metallothionein expression with different intensities.
Low-grade MEC exhibited intense nuclear and cytoplasmic immunoreactivity in the intermediate and epidermoid
cells, whereas membranous immunoreactivity was noted in the clear and mucous-secreting cells (Fig.3a). The
high-grade MEC showed intense metallothionein immunopositivity, particularly in the anaplastic epidermoid cells
(Fig.3b).

The difference in the mean percentage area of metallothionein expression between low- and high-grade MEC was
calculated. The MA % was higher in the high-grade type than in the low-grade type, with a significant difference
(p < 0.05). Besides, MOD was higher in high-grade compared to low-grade, but with no significant difference.
Metallothionein expression was evident in all the examined cases of AdCC (6 cases). In the cribriform pattern,
positive immunosignals were detected in almost all the malignant cells (Fig. 3c). Meanwhile, in the tubular pattern,
focal weak immunoreactivity was detected in some ductal epithelial and myoepithelial cells (Fig.3d). In the solid
pattern, intense positive metallothionein expression in the highly malignant basaloid tumor cells was detected.
The MOD and MA% were highest in the solid type, followed by the cribriform type, and the lowest in the tubular
form.

All examined cases of carcinoma ex pleomorphic adenoma showed positive metallothionein immunoexpression
(Fig. 3e).

Using Student's t-test, the MOD of metallothionein immunoexpression was higher in carcinoma ex pleomorphic
adenoma compared to pleomorphic adenoma, but the difference in MA% between these two groups was not
significant.

The only case examined of salivary duct carcinoma showed intense metallothionein immunosignals within the
highly anaplastic ductal epithelial cells (Fig. 3f). Myoepithelial carcinoma cases exhibited nuclear and
cytoplasmic metallothionein immunosignals in the malignant epithelioid and plasmacytoid myoepithelial cells. In
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the only case of oncocytic carcinoma examined, uneven cytoplasmic distribution of metallothionein
immunoreactivity was noted in malignant oncocytes with granular cytoplasm. The nuclei were free from any
reaction. In both cases of acinic cell carcinoma (clear type), membranous immunoreactivity was noted in the
malignant, clear, vacuolated cells.

Y Sl i [ (4 i We A

Figure 3: (a) Low- grade mucoepidermoid carcinoma showing metallothionein immunoreactivity in the

epidermoid, intermediate and clear cells (x400). (b) Higher magnification of the previous case showing intense
positive reaction in both the cytoplasm and nucleus of the anaplastic epidermoid cells "Total Cell Reactivity"

(x400). (c) Cribriform pattern of adenoid cystic carcinoma showing positive reaction in the cytoplasm of

basaloid myoepithelial cells (x 100). (d) Trabecular pattern of adenoid cystic carcinoma exhibiting focal
metallothionein immunopositivity in the malignant tumor cells (Arrow) (x200). (e) Carcinoma ex-pleomorphic
adenoma showing positive immunosignals of metallothionein in the malignant glandular epithelial cells (x 400).

(f) Salivary duct carcinoma on top of pleomorphic adenoma, revealing intense immunoreactions in the
anaplastic glandular cells (x 200).

In polymorphous low-grade adenocarcinoma, metallothionein was expressed in almost all malignant glandular
cells. A targetoid pattern with a single-file, concentric arrangement of cells around a nerve bundle was evident.
The intensity of immunostaining of metallothionein between benign and malignant salivary gland tumors was
calculated. There was a statistically significant difference (p < 0.001) in the MOD, which was 76.86+9.89 and
41.65+11.62 for malignant and benign salivary gland tumors, respectively (Table 2). The difference in MA%
between these two groups was also significantly higher in malignant than benign tumors (Table 3).

No significant differences were found between metallothionein immunoreactivity and age, sex or site. On the
other hand, there were no cases presented with lymph node metastasis.

Table (2): Difference in Mean Optical Density of Metallothionein Immunoexpression Between Benign and
Malignant Tumors.

Benign tumors Malignant tumors T P
Mean + SD 41.65 +11.62 76.86+9.89 5.907 <0.001"

t: Student’s t-test
*: Statistically significant at p < 0.05

112 | AJAPAS: Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



Table (3): Difference in Area percent of Metallothionein Immuno-expression Between Benign and Malignant
Tumors.

Benign tumors Malignant tumors T P
Mean = SD 16.48 £6.21 28.87+£10.65 2.499 0.030"

t: Student’s t-test
*: Statistically significant at p < 0.05

Discussion

The salivary glands are the site of origin of a wide variety of neoplasms. The histopathology of these tumors is
said to be the most complex and diverse of any organ in the body @9,

In this work, the frequency of malignant tumors (80%) was higher than that of the benign tumors (20%). Lopes et
al., @ reported a higher prevalence of malignant tumors in minor salivary gland tumors. In contrast with other
authors, it was found that benign tumors are predominant in salivary gland tumors worldwide ?223),

The World Health Organization reported that the incidence of salivary gland tumors is slightly higher in females
than in males 2. This goes with the results of the present work.

The mean age in this study of patients with benign and malignant tumors was 34 and 47 years, respectively, which
is similar to the findings of Pinkston and Cole @, who found that tumor incidence increased with age, with peaks
in the fifth and sixth decades of life.

Most salivary gland tumors encountered in the present research occurred in the minor salivary glands (52.5%),
especially in the palate while 47.5 % of tumors were found in the major salivary glands, with predominance in the
parotid gland. This agrees with Eveson and Cawson ?4, who stated that adenocarcinoma of the minor salivary
glands is more common than that of the major salivary glands. In contrast, many authors found that most salivary
gland tumors occurred in the major salivary glands rather than the minor ones 242,

The clinical importance of metallothionein in cancer has been investigated since its discovery in 1957 as a
cadmium (CD)-binding protein in the horse kidney ©-11,

In the current study, the normal control section of salivary gland tissues showed positive metallothionein
immunoreactivity in ductal epithelial cells and in myoepithelial cells lining the acini periphery. This is consistent
with the findings reported by many investigators ¢ 27, They showed that MT was expressed in normal salivary
glands as well as in benign and malignant tumors mainly in cells resembling the phenotype of myoepithelial cells.
MTs are important in acinar cell morphological differentiation and are the most frequently detected gene induced
during laminin-1-dependent differentiation of human salivary gland cell line @8 29,

Although MT expression has been largely studied in breast cancer, few studies have evaluated MT in salivary
gland tumors and its role in these lesions remains to be elucidated %30,

In this work, the pleomorphic adenoma cases showed intense nuclear and cytoplasmic metallothionein
immunosignals. These findings agree with Miranda et al., ¢ and Sunardhi-Widyaputra et al., ", They noted that
positivity for MT was striking in cells exhibiting myoepithelial differentiation, with variation in staining intensity
and in nuclear and cytoplasmic distribution. In addition, they reported that MT may be necessary for the growth
and differentiation of myoepithelial cells due to its role in intracellular zinc storage, an important cofactor for
protein synthesis and metabolism during increased cellular metabolism.

Moreover, Adriance et al., ®? evidenced that myoepithelial cells play a key role in the organizational development
of the glandular tissues and that the changes of myoepithelial cell function are a key step in the development of
the tumors.

In the present study, one case of myoepithelioma was evaluated. It exhibited total cell (huclear and cytoplasmic)
immunopositivity of myoepithelial cells. This is in accordance with Sunardhi-Widyaputra et al., " and Gao et
al., @, They reported that almost all myoepithelial tumor cells showed an intense reactivity of MT.

In this work, one case of papillary cystadenoma lymphomatosum exhibited intense MT immunoreactivity in the
oncocytic epithelial lining. However, the lymphoid stroma was free from any reaction. Similarly, Sunardhi-
Widyaputra et al. (27) in their work on salivary gland tumors found strong immunoreactivity for MT in the basal
cells of the epithelial lining of the Warthin tumor, while only a few luminal cells were stained. Lymphoid stroma
was devoid of staining.

In this study, 28.1% of the examined malignant salivary gland tumors were mucoepidermoid carcinoma, with
low- and high-grade types. Low-grade MEC expressed intense nuclear and cytoplasmic immunoreactivity in the
intermediate cells and epidermoid cells, whereas membranous immunoreactions were noted in the clear and
mucous-secreting cells, while the high-grade MEC showed MT intense immunopositivity, particularly in the
anaplastic epidermoid cells. These findings agree with Sunardhi-Widyaputra et al., @ who reported that tumor
cells in the periphery of tumor clusters were stained strongly for MT.
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All the AdCC cases encountered in the present research exhibited positive MT immunosignals. This is in
agreement with the results of a study done by Prasad et al., @, They stated that diffuse MT expressions in
combination with smooth muscle actin, calponin and smooth muscle myosin heavy chain were strongly predictive
for adenoid cystic carcinoma. Moreover, Alves et al., ®® reported that MT expression in adenoid cystic carcinomas
varied according to the histological subtype. MT showed intense staining in solid and cribriform as compared to
tubular subtypes of this tumor. These findings align with the results of the present work.

In the current investigation, myoepithelial carcinoma cases exhibited nuclear and cytoplasmic immunosignals for
MT in the malignant epithelioid and plasmacytoid myoepithelial cells. This is in accordance with Sunardhi-
Widyaputra et al., ?? and Gao et al., ®®, who found that MT expression may vary regarding tumor degree of
differentiation with the most heterogeneous expression in the most differentiated and immature tumors.

In the present work, increased expression of MT was detected in high-grade tumors such as carcinoma ex
pleomorphic adenoma, oncocytic carcinoma as well as salivary duct carcinoma. These findings confirm the
aggressive behavior of these tumors. This is supported by Sunardhi-Widyaputra et al., ®?, who found the
expression of MT in salivary gland tumors parallels the morphological heterogeneity and may correlate with the
degree of differentiation and maturation of the tumor cells, as also seen in other tumors.

In the current study, low-grade salivary adenocarcinoma, such as acinic cell carcinoma and polymorphous low-
grade adenocarcinoma, showed positive expression of MT in almost all the malignant glandular epithelial cells.
Similarly, Prasad et al., ® found that MT is expressed in glandular epithelial cells of polymorphous low-grade
adenocarcinomas as a potential marker of differentiation of this tumor.

Some studies have shown that the subcellular distribution of MT may be related to its function in apoptosis 627,
They detected the nuclear expression of MT, which is required for zinc-donor activity toward transcription factors,
including p53 and others. In the present work, a significant number of cases revealed intense immune nuclear
reaction. Moreover, Nielsen et al., @9 reported that the anti-apoptotic effects of MT-I+II during chemo- and
radiation therapy have two major consequences. On the one hand, MT-I+11 can result in malignant cells becoming
resistant to treatment. On the other hand, MT-1+I1 protects surrounding healthy cells from the treatment's toxicity.
Thus, selectively inhibiting MT-I1+I1 expression in malignant cells to enhance the therapeutic response, while
keeping normal MT-I+Il expression in healthy tissue cells, prevents the side effects of treatment, hereby
strengthening the patients’ chances for survival.

Conclusion
e There is a variable pattern of metallothionein expression among different types of oral tumors.
e The existence of nuclear metallothionein may play a critical role in tumour progression.
e In the future, there is a possibility that it will be used as a prognostic marker in salivary gland
adenocarcinomas.
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