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Abstract
Background: To compare the metallothionein (MT) immunoexpression in non-syndromic and syndromic kera-
tocystic odontogenic tumour (KOT), to correlate MT with cellular proliferation, and to evaluate the influence of 
inflammation in MT.
Material and Methods: Fourteen cases of KOT were submitted to immunohistochemistry for MT and Ki-67 analy-
sis. The lesions were grouped according to their grade of inflammation, and statistical analysis was performed.
Results: MT was higher in non-syndromic KOT than in syndromic KOT (p<0.05). No statistical difference in Ki-
67 could be identified; however, an inverse correlation was observed between MT and Ki-67 in both lesions. When 
analysing inflammation, non-syndromic KOT showed no differences in either MT or Ki-67.
Conclusions: The MT immunophenotype of syndromic KOT was different from non-syndromic KOT. MT might 
not be involved in the proliferation control of both KOT. MT and Ki-67 immunoexpressions proved to be unaf-
fected by inflammation in non-syndromic KOT.
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Introduction
Keratocystic odontogenic tumour (KOT) shows a local-
ly aggressive clinical behaviour associated with a high 
rate of recurrence. KOT can occur sporadically (non-
syndromic KOT), or can be multiple, in association with 

the Nevoid Basal Cell Carcinoma Syndrome (NBCCS) 
or Gorlin syndrome (syndromic KOT) (1). The literature 
describes differences in morphological and immunohis-
tochemical profiles of syndromic and non-syndromic 
KOT (2-10). These differences have been associated 
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with a higher growth and destructive capacity, as well 
as with a tendency to develop more recurrences within 
syndromic KOT (5,8).
Metallothionein (MT) is a low molecular weight protein 
which major function is related to homeostasis of essen-
tial metals. MT is also involved with regulation of cel-
lular differentiation and proliferation - regulating tran-
scriptional factors by donating zinc (11) - and inhibition 
of cellular apoptosis - by controlling cellular zinc levels 
through the zinc-dependent antiapoptotic transcription 
nuclear factor κB, either by inducing antiapoptotic on-
cogenes or by inhibiting proapoptotic proteins (12-14). 
This protein can be detected in four isoforms (MT-I to 
IV). MT-I and MT-II isoforms are similar and can be 
observed in many tissues, including the oral epithelium 
(15).
Ki-67 is a nuclear protein correlated with cellular prolif-
eration, present in all active phases of the cell cycle (G1, 
S, G2, M) but absent in G0. Some studies have shown 
similar indexes of the immunoexpression of Ki-67 
when comparing non-syndromic and syndromic KOTs 
(16,17), while other studies have reported a higher Ki-67 
expression in syndromic KOT (18,19).
In a prior study carried out by the present study’s re-
search team, results showed that the presence of MT in 
the epithelium of non-syndromic KOT is either less or 
not related to proliferation (20). On the other hand, it 
has been hypothesized that differences can be found in 
MT expression when comparing syndromic and non-
syndromic KOT. There is no consensus in the literature 
whether MT is associated with Ki-67, thus we intended 
to explore this possibility herein. So, the goals of the 
present study were to: 1) report and compare the MT 
immunoexpression in syndromic and non-syndromic 
KOT, 2) correlate the MT immunoexpression with cel-
lular proliferation in these lesions and 3) evaluate the in-
fluence of the inflammation in MT immunoexpression. 

Material and Methods
- Specimens
Samples diagnosed as KOT: 8 non-syndromic (Fig. 1A) 
and 6 syndromic (Fig. 1C) cases were retrieved from 
the files of the Oral Pathology Service of Universidade 
Federal de Minas Gerais (UFMG). The histological 
slides stained with haematoxylin and eosin (HE) were 
reviewed and the diagnoses proved to be in accordance 
with the 2005 WHO classification (1). Cases of recurrent 
KOTs and tissue of lesions submitted to decompression 
were excluded. The study protocol was approved by the 
UFMG Research Ethics Committee (UFMG/COEP, un-
der protocol number 15/08).
- Inflammatory assessment
Using an optical microscope (Axiolab Zeiss, Oberko-
chen, Baden-Württemberg, Germany) at 400x mag-
nification, the inflammatory score was determined by 

counting the inflammatory cells adjacent to the epithe-
lium in 20 consecutive fields, in one high power field-
depth from the basement membrane. Inflammation was 
graded as Grade 0 - no inflammation, Grade 1 - <15 
cells/field, Grade 2 - 15-50 cells/field, and Grade 3 - 
>50 cells/field. The inflammatory score was calculated 
as the average of all high power fields examined. The 
KOT samples were divided into two groups according 
to the inflammatory score: group A - grades 0-2 (mild-
to-moderate) and group B - grade 3 (intense) (21).
- Immunohistochemistry
Streptavidin-biotin standard protocol was performed. 
Sections of 4µm from paraffin-embedded blocks were 
first deparaffinized and rehydrated, and then submit-
ted to antigen retrieval buffer for 20 minutes at 98ºC. 
Blockage of endogenous peroxidase activity was per-
formed using 0.3% hydrogen peroxide in all cases. Sec-
tions were incubated with primary monoclonal antibod-
ies (MT clone E9; Ki-67 clone MIB-1; Dako Corpora-
tion, Carpinteria, CA, USA) and the detection was per-
formed using the LSAB®+system, HRP Peroxidase Kit 
(Dako Corporation, Carpinteria, CA, USA, K0690) and 
3.3’-diaminobenzidine tetrahydrochloride chromogen 
(DAB, Sigma Chemical, St. Louis, USA, D5637). May-
er’s Haematoxylin was used for counter staining. Squa-
mous cell carcinoma was used as the positive control.

Fig. 1. Non-syndromic keratocystic odontogenic tumour: (A) a thin 
connective tissue lined by stratified squamous epithelium with a 
well-defined basal layer of palisading columnar or cuboidal cells and 
with a corrugated surface of parakeratin (Haematoxylin and eosin, 
X200 original magnification); (B) MT staining was predominantly 
in nuclei and cytoplasm of the basal and suprabasal keratinocytes 
(Streptavidin-biotin, X200 original magnification). Syndromic kera-
tocystic odontogenic tumour: (C) similar histological and (D) MT 
staining than non-syndromic KOT. Inflammed keratocystic odonto-
genic tumour: (E) histological and (F) MT immunostaining.
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- Immunohistochemical assessment
A digital micro camera (JVC TK-1270/RGB, Tokyo, 
Japan) was connected to the optical microscope (Carl 
Zeiss, Axiostar 1122-100, Oberkochen, Baden-Würt-
temberg, Germany). Twenty digital images were taken 
from each slide using a micro camera at 400x magnifi-
cation. These images were then analyzed using KS300 
software coupled to a Carl Zeiss Image Analyzer 
(Oberkochen, Baden-Württemberg, Germany). 
Firstly, the analysis of MT was performed in basal/pa-
rabasal layer and superficial layers separately. However, 
there was no difference between syndromic and non-
syndromic cases considering this stratification. There-
fore, further analyses were performed considering MT 
and Ki-67 imunnoexpression in all layers of the lining 
epithelium. In addition, the cell compartment with MT 
staining was categorized as cytoplasmatic and nuclear, 
cytoplasmatic only or nuclear only, whereas the Ki-67 
staining was only nuclear. The indexes of cells labeled 
for MT and Ki-67 were obtained by dividing the total 
number of positive cells by the total number of epithe-
lial cells, and multiplying by 100.
- Statistic analysis
BioEstat® 4.0 (BioEstat, Tefé, AM, Brazil) software 
was used in the statistical analysis. Comparisons be-
tween MT and Ki-67 in groups A and B were perfomed 
only with non-syndromic KOT. The Student t-test was 
employed in the analysis of total Ki-67, Ki-67 groups A 
and B, total MT, MT groups A and B, and cytoplasmatic 
and nuclear MT, as they presented a normal distribu-
tion in the Shapiro-Wilk tests. The Mann-Whitney U-
test was used to analyze both nuclear and cytoplasmatic 
MT, as these did not show a normal distribution in the 
Shapiro-Wilk tests. Statistical significance was accepted 
at p<0.05. Pearson’s correlation was used to evaluate the 
correlation between MT and Ki-67 in syndromic and 
non-syndromic KOTs, since they showed a normal dis-
tribution. The correlation was graded as: weak – <0.30 
moderate – 0.30-0.50; and strong – >0.50.

Results
MT immunoexpression was identified in epithelial cells 
in all cases, presenting a mosaic pattern, with cells 
showing a high staining heterogeneity, from negative to 
strongly positive. There was no lesion with only nuclear 
or only cytoplasmic MT expression. All lesions showed 
MT satining in nucleus and cytoplasm. MT staining 
was absent or rare in the upper layer and could be easily 
identified in both the suprabasal and basal layers (Figs. 
1B and 1D). In both groups, the staining was predomi-
nantly found in nuclei and cytoplasms simultaneously 
(Table 1). The mean of MT and Ki-67, and comparisons 
between the lesions, are displayed in table 2.
Statistic tests showed that non-syndromic KOT present-
ed higher MT index than did syndromic KOT (p<0.05). 

This, however, should rather be interpreted as a tend-
ence considering the small sample size, which is a limi-
tation of the present study. Accordingly, further studies 
should confirm these results. A similar number of Ki-
67 positive cells could be observed in non-syndromic 
and syndromic KOTs. The inverse correlation observed 
between MT and Ki-67 was strong in non-syndromic 
KOT (Pearson correlation coefficient [r] = -0.5126) and 
weak in syndromic KOT (r = -0.1678).
According to the presence and degree of inflammatory 
infiltrate, in non-syndromic KOT, 4 cases belonged to 
group A and 4 cases to group B. All cases of syndro-
mic KOT belonged to group A. No statistical difference 
in MT or in Ki-67 could be observed when comparing 
group A with group B in non-syndromic KOT.

Discussion
In mammalian cells, MT is mainly a cytoplasmic protein 
related to the homeostasis of essential metals, protection 
against toxicity of heavy metals and free radicals (15), 
inhibition of cellular apoptosis (13), carcinogenesis (22-
24), cellular differentiation, tissue development and cell 
proliferation (25). Nuclear localization of MT is more 
closely related to protection against oxidative stress, ge-
nomic damage, and genomic regulation of other DNA-
related proteins (26). However, in the present study, 
MT was found mainly in cytoplasmatic and nuclear 
compartments simultaneously, similar to that reported 
in previous studies of odontogenic cysts and tumours 
(20,27). Simultaneous localizalition of MT in nucleus 
and cytoplasm may well be related to MT functions in 
various mechanisms of cellular homeostasis.
Apoptosis plays a wide range of roles in tissue develop-
ment and normal homeostasis, as well as in pathologic 
conditions (13). MT may inhibit apoptosis by control-
ling cellular zinc levels through the zinc-dependent 

Lesion IMT % Median IMT% Mean/ SD 
 C N NC 
Non-syndromic KOT  03a 02b 70c  05 
Syndromic KOT  02a 09b 57c  05 

Lesion IMT% Mean/ SD IK% Mean/SD 
Non-syndromic KOT  78a  05 13b  03 

Syndromic KOT  70a  02 12b  03 

Table 1. Indexes of cells labeled for metallothionein stratified by 
cell compartment in non-syndromic KOT and syndromic KOT.

aMann-Whitney U-test: p>0.05; bMann-Whitney U-test: p<0.05; 
cStudent t-test: p<0.05; SD= standard deviation values; C= cyto-
plasmatic; N= nuclear; NC= both nuclear and cytoplasmatic.

Table 2. Indexes of cells labeled for metallothionein and Ki-67 
in non-syndromic KOT and syndromic KOT.

Student t-test: ap<0.05, bp>0.05; SD= standard deviation values.
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antiapoptotic transcription nuclear factor κB, either 
by inducing antiapoptotic oncogenes or by inhibiting 
proapoptotic proteins (14). Terminal deoxynucleotidyl 
transferase-mediated dUTP nick-end labeling (TUNEL) 
assay and methyl green-pyronin demonstrated that the 
apoptotic index was slightly higher in syndromic KOT 
than in non-syndromic KOT, but the difference proved 
to be insignificant (16). This finding corroborates with 
results from the present study in which a lower MT in-
dex could be observed in syndromic KOT than in non-
syndromic KOT (p<0.05). The possible participation 
of MT within apoptotic mechanisms in these lesions 
should be further elucidated. Moreover, syndromic 
KOT presents an MT immunophenotype that is differ-
ent from that found in non-syndromic KOT. It has been 
suggested that the more aggressive clinical behaviour 
of syndromic KOT, when compared to non-syndromic 
KOT, may not be related to differences in cell turnover, 
proliferation or apoptosis of the epithelial lining, but 
rather to the multiplicity of lesions and early develop-
ment of syndromic KOTs (16).
The correlation of the MT and cellular proliferation 
index varies according to the tissue. In a normal en-
dometrium, MT immunoexpression is inversely cor-
related with Ki-67 (28), as found in the current study. 
However, a positive correlation was observed between 
MT and Ki-67 in malignant lesions (28), whereas no cor-
relation was reported in malignant (22,29), benign and 
borderline lesions (28). Concerning odontogenic cysts, 
recent research from the present study’s research group 
demonstrated differences in the MT index and cell 
proliferation in the radicular and dentigerous cysts; 
however, these findings presented either less or no 
relation to the KOT or orthokeratinized odontogenic 
cysts (20). In benign odontogenic tumours, MT may 
play a role in the stimulation of cell proliferation 
in solid ameloblastomas and squamous odotogenic 
tumours (27). By contrast, MT may well inhibit cel-
lular proliferation in the adenomatoid odontogenic 
tumour (27).
In the present study, the Ki-67 expression proved 
to be similar in both non-syndromic and syndromic 
KOTs, which was similar to that reported by other 
authors (16,17). Other studies have reported a high-
er Ki-67 expression in syndromic KOT, but these 
studies used different methods of analysis (18,19).  
Pan and Li (19) observed that the number of Ki-67+ 
cells/?m basal membrane in KOTs with PTCH1 mu-
tation was significantly higher than in cases with 
no PTCH1 mutation. The authors also detected that 
KOTs harboring PTCH1 truncation-causing muta-
tions showed an even greater Ki-67 immunoexpres-
sion than did those with non-truncation-causing 
mutations, which was also observed when syn-
dromic and non-syndromic KOTs were compared 

separately (19). These results suggest that PTCH1 
mutations, particularly those causing protein trun-
cations, are in fact associated with a subgroup of 
KOTs, which illustrates an increased cell prolifera-
tion index. Further studies correlating PTCH1 mu-
tation and MT immunoexpression in KOTs should 
be performed to improve scientific knowledge con-
cerning the participation of MT in the behaviour of 
syndromic or non-syndromic KOT (3).
Metals, hormones, cytokines, a variety of other 
chemicals, inflammation and stress induce the syn-
thesis of MT (26). Moreover, Kaplan and Hirshberg 
(30) observed no significant effect of inflammation 
on the overall Ki-67 expression in KOT. However, in 
prior studies as well as in the current study, inflam-
mation did not interfere in MT and Ki-67 immunoex-
pression (20,27).
In conclusion, the MT immunophenotype of syndro-
mic KOT was different from non-syndromic KOT, 
with lower MT index in syndromic KOT. MT might 
not be involved in controlling the proliferation of 
both forms of KOT. MT and Ki-67 immunoexpres-
sion proved to be unaffected by inflammation in 
non-syndromic KOT.
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