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Abstract 
Squamous cell carcinoma (SCC) is the most frequent cancer in oral cavity and its prognosis has exhibited little improvement in the last 
decades. Although much less common palate SCCs manifests a higher local aggression invading very quickly the adjacent muscles and 
jawbones, thus being able frequently to lead to dysfunctions in chewing, swallowing, and speech. To elucidate what underlies such local 
aggression, we investigated the immunohistochemical expression in palate SCCs of Podoplanin (D2-40), Galectin-3 (Gal-3), mammary serine 
protease inhibitor (Maspin) and minichromosome maintenance complex component 7 (MCM7), markers that are known to be involved in tumor 
invasiveness. We found a progressive increase in reactivity for D2-40 and MCM7 from the normal epithelium toward dysplastic epithelium 
and respectively to SCC, which suggests the intervention of these markers in the early stages of squamous cell carcinogenesis in the palate. 
The highest D2-40, Gal-3 and MCM7 reactivity was observed in basaloid and in poorly differentiated (G3) palate SCCs, while for Maspin the 
well-differentiated (G1) palate SCCs were the most reactive. The first three markers mentioned above were most intensely expressed at the 
invasion front, while the Maspin reactivity was low or absent at this level. Statistically, we found significant stratification on localization, 
grading, muscle invasion, and survival for all investigated markers, but with very high direct correlations between D2-40, Gal-3, and MCM7 
immunoreactive score (IRS) values, while between the Maspin and each of the previous markers there were very high inverse correlations. 
Overall, all these investigate markers proved to be responsible for the local invasiveness and regional lymph node metastasis, thus allowing 
a prognostic and therapeutic stratification of patients with palate SCCs. 
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 Introduction 
Squamous cell carcinoma (SCC) is the most frequent 

cancer of the oral cavity [1] and its prognosis has exhibited 
little improvement in the last decades [2]. It arises anywhere 
in the oral cavity, and tongue is the most common subsite 
being associated with higher mortality than other oral 
locations of SCC [3]. It is well known that oral SCC is 
prone to invade the deeper muscles and jawbones, reason 
for which the tumor depth of the invasion was included in 
tumor (T) stage of 8th edition of the Union for International 
Cancer Control (UICC) and American Joint Committee on 
Cancer (AJCC)8 Staging Manual [4]. Although much less 
common palate SCCs manifests the same local aggression 
and frequently may causes dysfunctions in chewing, 
swallowing, and speech [5]. 

Aim 

To elucidate what underlies such local aggression, we 
investigated the immunohistochemical (IHC) expression 

in palate SCCs of Podoplanin (D2-40), Galectin-3 (Gal-3), 
mammary serine protease inhibitor (Maspin) and mini-
chromosome maintenance complex component 7 (MCM7), 
markers that are known to be involved in tumor invasiveness. 

 Materials and Methods 
A retrospective study between 2010–2019 was conducted 

investigating patients diagnosed with palate SCC in the 
Department of Oral and Maxillofacial Surgery, Emergency 
County Hospital, Craiova, Romania. Reviewing the medical 
records, 45 cases of palate SCC were selected. Their main 
clinical and histopathological (HP) data were specified in 
a previous article [6]. As material for our study, we used 
the corresponding paraffin blocks of the included patients. 
From these, 4 μm-thick seriate sections were cut, which 
then were deparaffinized, hydrated and processed for 
immunohistochemistry according to a protocol detailed 
in a previous article [7]. The primary antibodies together 
with their characteristics are specified in the Table 1. For 
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antigen unmasking, the slides were incubated with 0.1 M 
pH 6 citrate buffer for Maspin and D2-40, and with Tris-
Ethylenediaminetetraacetic acid (EDTA) buffer, pH 9.0 
for Gal-3 and MCM-7, and microwaved at 650 W for  
20 minutes, and then cooled at room temperature for further 
30 minutes. 

Table 1 – The antibodies and immunostaining protocol 

Antibody 
Clone / Manufacturer,  

Catalog No. 
Dilution 

External 
positive 
control 

Podoplanin 
Mouse, monoclonal D2-40 / 

Agilent, M3619 
1:100 Mesothelioma 

Gal-3 
Mouse, monoclonal /  

Novocastra, NCL-GAL-3 
1:200 

Colon 
carcinoma 

Maspin 
Rabbit, polyclonal /  

LifeSpan BioSciences,  
LS-C352659 

1:100 
Breast 

carcinoma 

MCM7 
Rabbit, polyclonal /  
Thermo Scientific,  

PA5-82122 
1:300 Appendix 

Gal-3: Galectin-3; Maspin: Mammary serine protease inhibitor; MCM7: 
Minichromosome maintenance complex component 7. 

The IHC assessment, respective the immunoreactive 
score (IRS) was evaluate according to the methodology 
used in a previous article [7]. 

The same variables that were investigated in the 
previous article [7] together with IRS for D2-40, Gal-3, 
Maspin, and MCM7 were analyzed for each patient. The 
data was collected and stored in an Excel 2016 (Microsoft, 
USA) file. Due to the fast advancing of oral cancers, for 
survival, the patients were divided into two groups: group A 
– patients with survival less than one year, and group B – 
patients with one year or more survival period. Similar, 
for the age variable, the patients were divided into two 
groups: group A, patients less or equal to 60 years, and 
group B, patients over 60 years old. 

To obtain consistent statistics and data visualizations, 
the IRS were resampled, values over the score of 6 were 
considered Class B, while the remaining values were 
considered Class A. Having the classes resampled in 
Class A and B permitted a double statistic approach. While 
the initial scores were interpreted as numbers, the resulted 
classes were interpreted as categorical data. Seen as numerical 
data, the IRS values could be averaged, thus continuous 
statistics could be applied. Data normality was estimated 
using the Shapiro–Wilk test, and since all the data met the 
normal distribution criterion parametric tests were used: 
Student’s t-test and analysis of variance (ANOVA) for two 
or more samples, respectively. The results were considered 
statistically significant if the p-value was <0.05. 

In the previous paragraph, we described the use of 
numerical data for mean comparisons, but the numerical 
data also permitted correlation assessment. The correlations 
between the four IRSs were carried out using Pearson’s  
r correlation coefficient. The test value, r, is a variable 
ranging from -1 to 1 computed as the covariance of two 
variables normed by the product of their standard deviations 
(SDs). Positive values show direct correlation, negative 
values show inverse correlation, while values aiming at zero 
show no correlation. For a better understanding and for 
easy comparisons with other studies, r’s intervals were 

empirically created as [0; 0.2] – very weak, lack of 
correlation, [0.2; 0.4] – weak correlation, [0.4; 0.6] – 
reasonable correlation, [0.6; 0.8] – high correlation, [0.8; 1] 
– very high correlation, with the same interpretation on 
negative values. 

Seen as categorical data, the IRS classes could be 
stratified and viewed as contingency tables, thus, the standard 
χ2 (chi-squared) statistics could be applied. Since the dataset 
was small and not all criteria of the χ2 test could be met, 
in these specific situations, the alternative Fisher’s exact 
test was used. A p-value <0.05 was considered statistically 
significant for both tests. 

The statistical assessment was carried out in Excel 2016 
(Microsoft, USA) and in GraphPad Prism 9 (GraphPad, 
USA). 

The present study was approved by the institutional 
Ethics Committee. 

 Results 
D2-40 immunoexpression 

In the normal palatine epithelium adjacent to the tumors, 
the D2-40 was restricted to some of basal cells of squamous 
epithelia with both cytoplasmic and membranous pattern 
(Figure 1A). The reactivity was more intense and extended 
to the suprabasal cells in the dysplastic and hyperplastic 
epithelium adjacent to tumor proliferations (Figure 1B). 
In general, in the palatine squamous epithelium, at a distance 
from tumor proliferation, we did not show reactivity  
to D2-40. Also, intense reactivity with a predominantly 
membranous pattern was observed in the lymphatic vessels 
both from tumor and normal samples (Figure 1, A and C). 
Low reactivity was also noticed at the level of myoepithelial 
cells from minor salivary glands and nerve fibers that were 
present in the palatal mucosa. 

The highest D2-40 tumor reactivity was observed in 
the poorly differentiated (G3) palate SCC cases (IRS=9 and 
IRS=12) with a diffuse expression and a dual subcellular 
pattern, membranous and cytoplasmic (Figure 1D). A 
slightly lower reactivity was recorded in the basaloid palate 
SCC cases (IRS=9) and moderately differentiated (G2) 
palate SCCs (with the median IRS=8). The expression 
pattern was similar to that from poorly differentiated cases, 
with a dominant membranous subcellular pattern that was 
more obvious at periphery of tumor proliferations and at 
the invasive front (Figure 1, E and F). Then, there were 
the papillary palate SCC cases (the IRS values were 6), 
closely followed by well-differentiated (G1) palate SCCs 
(with the median IRS=3). In these cases, the D2-40 reaction 
was restricted to the tumor cells from the periphery of 
neoplastic proliferation, with a dominant membranous 
subcellular pattern somewhat similar to reactivity from the 
palate epithelium adjacent to tumors (Figure 2, A and B). 
The lowest reactivity was recorded in the verrucous palate 
SCC (IRS=3) and in both cases of acantholytic SCC (IRS=2 
and IRS=3). The pattern of reactions was similar to previous 
cases, being limited to tumor cells located at the interface 
with the stroma, the dominant subcellular pattern being the 
membranous one (Figure 2, C and D). In the acantholytic 
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cases, the D2-40 reactivity was also present in some of 
the discohesive tumor cells with both cytoplasmic and 
membranous subcellular patterns (Figure 2E). Regardless 
of the HP subtype, the tumor reactivity to D2-40 was higher 
at the invasion front, immunostaining especially the tumor 

cells with the lowest degree of keratinization. A low 
reactivity was also recorded in the metastatic neoplastic 
proliferations from loco-regional lymph nodes (Figure 2F). 
This reactivity was more obvious in the least differentiated 
neoplastic cells from the periphery of tumor proliferations. 

 
Figure 1 – D2-40 immunoreactivity: (A) At the level of basal layer from normal epithelium adjacent to the tumors with 
cytoplasmic and membrane pattern; (B) The reactivity extended to the suprabasal layer in the hyperplastic and dysplastic 
epithelium; (C) Membranous reactivity in the lymphatic vessels both from tumor and normal samples; (D) The highest 
reactivity was noticed in the poorly differentiated (G3) palate SCC subtype; (E) This was followed by the basaloid variant, 
especially at the periphery of tumor proliferations; (F) A similar reactivity was observed in moderately differentiated 
(G2) palate SCC subtype, more obvious at the invasive front. Anti-D2-40 antibody immunolabeling: (A–F) ×200. SCC: 
Squamous cell carcinoma. 
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Figure 2 – D2-40 immunoreactivity: (A) An even lower reactivity was recorded in papillary palate SCC cases; (B) These 
were followed by the well-differentiated (G1) palate SCC cases where the reactivity was restricted to the tumor cells from 
the periphery of neoplastic proliferation, with a dominant membranous subcellular pattern; (C) The lowest reactivity 
was recorded in the verrucous subtype; (D) This reactivity was similar to that of acantholytic SCC cases; (E) In the 
acantholytic cases, the D2-40 reactivity was also present in some of the discohesive tumor cells, with both cytoplasmic 
and membranous subcellular patterns; (F) A lower reactivity was also recorded in the metastatic neoplastic proliferations 
from loco-regional lymph nodes. Anti-D2-40 antibody immunolabeling: (A, C and D) ×50; (B) ×200; (E) ×400; (F) ×100. 
SCC: Squamous cell carcinoma. 

 

Gal-3 immunoexpression 

In the normal squamous mucosa of the palate, the 
Gal-3 reactivity was weak with nuclear pattern in basal 
and parabasal layers, and with cytoplasmic pattern in the 
superficial layers (Figure 3A). Intense reaction was noticed 
in the serous acini and ductal luminal cells of minor 
salivary glands with a mixed cytoplasmic, membranous, and 

nuclear pattern (Figure 3, B and C). Moderate to intense 
reactivity was also noticed in the fibroblasts, macrophages, 
smooth and skeletal muscle fibers, and nerve fibers with 
cytoplasmic and membranous pattern (Figure 3B). 

In tumor tissue, the maximum reactivity was observed in 
the basaloid palate SCC cases (IRS=9 and IRS=12) with the 
nuclear pattern being the dominant one (Figure 3D). Then 
followed the cases of G3 palate SCCs (with a median IRS=9) 
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which has a cytoplasmic dominant pattern, but with more 
intense reaction at the nuclear level (Figure 3E). A similar 

reactivity was present in the G2 tumors, but which overall had 
a lower reactivity with a median value of IRS of 6 (Figure 3F). 

 
Figure 3 – Gal-3 immunoreactivity: (A) Weak nuclear reactivity in basal and parabasal layers, and with cytoplasmic 
pattern in the superficial layers of normal epithelium; (B) Intense reaction in the serous acini and ductal luminal cells 
of minor salivary glands with a mixed cytoplasmic, membranous, and nuclear pattern – also, a moderate reactivity was 
noticed in the nerve fibers with cytoplasmic and membranous pattern; (C) A strong cytoplasmic and membranous 
immunostaining at the level of the excretory units from minor salivary glands; (D) Maximum reactivity was observed 
in the basaloid palate SCC cases with prevalent nuclear pattern; (E) A slightly lower reactivity was observed in the G3 
palate SCCs, which has a cytoplasmic dominant pattern, but with more intense reaction at the nuclear level; (F) A similar 
reactivity was present in the G2 tumors. Anti-Gal-3 antibody immunolabeling: (A–D, and F) ×200; (E) ×400. G2: 
Moderately differentiated tumor; G3: Poorly differentiated tumor; Gal-3: Galectin-3; SCC: Squamous cell carcinoma. 

 

In the acantholytic variant, the IRS values were 6 and 
4, with the cytoplasmic pattern as the dominant one, this 
reactivity decreasing progressively towards the lumens 
(Figure 4A). At their level, we noticed that some of the 
tumor acantholytic cells retained the reactivity (Figure 4B). 

A lower reactivity was recorded in G1 palate SCCs (the 
median IRS=2) with a prevalent cytoplasmic subcellular 
pattern, followed by the membranous one (Figure 4C). The 
lowest Gal-3 reactivity was observed in the verrucous palate 
SCC case (IRS=2) and papillary palate SCCs (IRS=1 and 
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IRS=2) with a similar pattern as was noticed in G1 palate 
SCCs (Figure 4, D and E). Regardless of the HP subtype, 
the Gal-3 tumor reactivity was higher at the invasion front. 

A low cytoplasmic reactivity was also noticed in metastatic 
tumor proliferations from the loco-regional lymph nodes 
(Figure 4F). 

 
Figure 4 – Gal-3 immunoreactivity: (A) In the acantholytic variant, the cytoplasmic pattern was the dominant one, this 
reactivity decreasing progressively towards the lumens; (B) In the lumens, some tumor acantholytic cells retained the 
reactivity; (C) A lower reactivity was recorded in G1 palate SCCs, with a prevalent cytoplasmic subcellular pattern, 
followed by the membranous one; (D) The lowest Gal-3 reactivity was observed in the verrucous subtype; (E) This was 
followed by the papillary palate SCC that had a similar pattern as was noticed in G1 palate SCCs; (F) A lower cytoplasmic 
reactivity was also noticed in metastatic tumor proliferations from the loco-regional lymph nodes. Anti-Gal-3 antibody 
immunolabeling: (A and F) ×100; (B and C) ×200; (D and E) ×50. G1: Well-differentiated tumor; Gal-3: Galectin-3; 
SCC: Squamous cell carcinoma. 

 

Maspin immunoexpression 

The normal epithelium from the tumor samples showed 
a moderate cytoplasmic reactivity especially in the basal and 

suprabasal layers and also some diffuse nuclear reactivity 
in keratinocytes from the thickness of the epithelium 
(Figure 5A). A moderate cytoplasmic and nuclear reactivity 
at the level of the excretory units of the minor salivary 
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glands with a high intensity in the myoepithelial cells. 
The skeletal fibers also presented a moderate cytoplasmic 
reactivity, and no reactivity was noticed neither in the 
chorion of the palatal mucosa nor in the tumor stroma. 

The highest Maspin reactivity was observed in G1 
cases (median IRS=9), with a diffuse cytoplasmic and 
membranous dominant pattern and focally also with a 
nuclear pattern (Figure 5B). The maximum reactivity was 

seen at the periphery of tumor proliferations diminishing 
towards keratin pearls. The palate SCC verrucous case 
showed a lower reactivity with the IRS value being 6. The 
immunostaining pattern was similar to G1 palate SCCs 
(Figure 5C). Then followed the G2 palate SCCs (the median 
IRS=4) with similar immunostaining pattern as G1 palate 
SCCs (Figure 5D), but with an obvious decrease in reactivity 
to the invasion front (Figure 5E). 

 
Figure 5 – Maspin immunoreactivity: (A) A moderate cytoplasmic reactivity especially in the basal and suprabasal layers 
and also some diffuse nuclear reactivity in keratinocytes from the thickness of the normal epithelium; (B) G1 palate 
SCCs were the most reactive, generally with a dominant cytoplasmic and membranous pattern but also focally with a 
nuclear pattern; (C) The verrucous case was less reactive; (D) These were followed by the G2 palate SCCs, with similar 
immunostaining pattern as was observed in G1 palate SCCs; (E) In these cases was obvious a decrease in reactivity to 
the invasion front; (F) A similar reactivity was noticed in the acantholytic carcinomas, with an obvious decrease in 
reactivity in acantholysis areas. Anti-Maspin antibody immunolabeling: (A, B, and E) ×200; (C) ×50; (D and F) ×100. 
G1: Well-differentiated tumor; G2: Moderately differentiated tumor; Maspin: Mammary serine protease inhibitor; SCC: 
Squamous cell carcinoma. 
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A similar reactivity was noticed in the acantholytic 
carcinomas (where the recorded IRS was 3 and 4) with 
an obvious decrease in reactivity in acantholysis areas 
(Figure 5F), where only a few acantholytic cells have 
retained Maspin reactivity (Figure 6A). In both papillary 
SCCs, the recorded IRS was 3 having a similar immuno-
staining pattern, as was observed in G2 palate SCCs 
(Figure 6B). Neoplastic cells from the papillae edges showed 
the highest reactivity (Figure 6C). In one of the two basaloid 

palate SCCs, no reactivity was evident, while in the other, 
an IRS value of 1 was recorded. In the latter case, a weak 
cytoplasmic reactivity was observed in neoplastic cells 
from the middle of tumor proliferations (Figure 6D). No 
Maspin reactivity was noticed in all G3 palate SCCs 
(Figure 6E). In those palate SCCs that developed lymph 
node metastases, a weak Maspin cytoplasmic reactivity was 
observed at the level of metastatic neoplastic proliferations 
(Figure 6F). 

 
Figure 6 – Maspin immunoreactivity: (A) In the acantholysis areas, only a few acantholytic cells have retained Maspin 
reactivity; (B) The papillary SCCs had a similar immunostaining pattern as was observed in G2 palate SCCs; (C) The 
highest reactivity was observed in cells from the papillae periphery; (D) In one basaloid palate SCC, a weak cytoplasmic 
reactivity was observed in neoplastic cells from the middle of tumor proliferations; (E) No Maspin reactivity was noticed 
in all G3 palate SCCs; (F) A weak Maspin cytoplasmic reactivity was observed at the level of metastatic neoplastic 
proliferations from lymph nodes metastases. Anti-Maspin antibody immunolabeling: (A, D, and E) ×400; (B) ×50;  
(C and F) ×100. G2: Moderately differentiated tumor; G3: Poorly differentiated tumor; Maspin: Mammary serine 
protease inhibitor; SCC: Squamous cell carcinoma. 
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MCM7 immunoexpression 

In the normal epithelium from tumor samples, the MCM7 
reactivity was limited to the basal and parabasal layers 
heaving a nuclear pattern (Figure 7A). In the associated 

hyperplastic and dysplastic lesions, the reactivity increases 
towards the middle of the epithelium (Figure 7B). A lower 
nuclear reactivity was observed in some glandular cells from 
minor salivary gland and a high intensity in the germinal 
center cells from lymphoid follicles (Figure 7C). 

 
Figure 7 – MCM7 immunoreactivity: (A) In the normal epithelium from tumor samples, the MCM7 reactivity was limited 
to the basal and parabasal layers heaving a nuclear pattern; (B) In the associated hyperplastic and dysplastic lesions, 
the reactivity increase towards the middle of the epithelium; (C) A lower nuclear reactivity was observed in some glandular 
cells from minor salivary gland and a high intensity in the germinal center cells from lymphoid follicles; (D) The highest 
MCM7 reactivity was recorded in G3 palate SCCs, with an exclusively nuclear pattern; (E) A similar immunostaining 
pattern was present in the basaloid subtype, the reactivity being less obvious towards the center of the tumor islands; 
(F) Then followed the G2 palate SCCs, with the highest reactivity in the cells from the periphery of tumor proliferations, 
the intensity of the immunostaining decreasing progressively inwards directly proportional to the degree of keratinization. 
Anti-MCM7 antibody immunolabeling: (A–E) ×200; (F) ×100. G2: Moderately differentiated tumor; G3: Poorly differentiated 
tumor; MCM7: Minichromosome maintenance complex component 7; SCC: Squamous cell carcinoma. 
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In tumor tissue, the highest IRS values were noticed in 
G3 cases (median IRS=12), with an exclusively nuclear 
pattern (Figure 7D). A similar reactivity was noticed in the 
basaloid palate SCCs (IRS=8 and IRS=9), the marking 
being less obvious towards the center of the tumor islands 
(Figure 7E). Then followed the G2 palate SCCs, with a 
median IRS of 8, with the highest reactivity in the cells 
from the periphery of tumor proliferations, the intensity 
of the immunostaining decreasing progressively inwards 
directly proportional to the degree of keratinization 
(Figure 7F). 

A slightly lower reactivity was recorded in both papillary 
palate SCCs (IRS=4 and IRS=6) (Figure 8A). For the 
acantholytic palate SCCs, we recorded IRS values of 2 
and 3, the nuclear reactivity being present in the peripheral 
layers of acantholytic tumor islands (Figure 8B). Particularly, 
in this variant of palate SCC, there was a cytoplasmic 
reactivity in acantholytic cells (Figure 8C). In the G1 palate 
SCCs, the median IRS value was of 2, with the high 
intensity nuclear immunostaining in peripheral layers and 
no reactivity at the level of keratin pearls (Figure 8D).  
A similar reactivity was also noticed in the palate SCC 
verrucous case (IRS=2) (Figure 8E). A nuclear immuno-
staining reactivity was also recorded in the metastatic 
neoplastic proliferations from those palate SCCs that invaded 
loco-regional lymph nodes (Figure 8F). 

Statistical assessment 

Though some variables tended to stratify, the statistical 
inference did not show any differences for the following 
parameters: gender, age group, bone invasion, perineural 
invasion, and pain on all investigated immunomarkers. 

All immunomarkers showed statistical stratification on 
localization (Figure 9), grading (Figure 10), muscle invasion, 
and survival. The D2-40, Gal-3, and MCM7 immuno-
expression showed higher scores on the soft palate vs. 
hard palate, in opposition with the Maspin immunostaining. 
Similarly, grading stratification showed higher scores with 
increasing grade for D2-40, Gal-3, and MCM7, while for 
Maspin an opposite trend was shown as seen in Figure 10. 
The exact situation repeated in the muscle invasion and 
survival stratification where D2-40, Gal-3, and MCM7 
were overexpressed in the tumors where muscles invasion 
was present and in patients with under one-year survival 
rate, while the Maspin tended to be underexpressed in 
these situations. 

D2-40 showed statistical stratification with the tumor 
T score (Fisher’s exact test statistical p-value was 0.0019; 
the result was significant at p<0.05). The continuous data 
analysis confirmed the localization, grading, and survival 
stratification from the categorical data analysis. In addition, 
stages 1 and 2 were statistically different (Student’s t-test 
p<0.05) from stages 3 and 4 with mean (and SD) scores of 
3.8±1.3, 3.67±1, 6.63±2.99, and 8.53±3.02, respectively. 

With a similar behavior, Gal-3 showed statistical 
stratification with the tumor T score (Fisher’s exact test 
statistical p-value was 0.00001; the result was significant at 
p<0.05), and node N score (Fisher’s exact test statistical 
p-value was 0.0275; the result was significant at p<0.05), 

on the categorical data analysis. The findings were confirmed 
by the continuous data analysis. Staging had a better 
stratification, with all the four stages mean values being 
statistically different, ANOVA p<0.001, with individual 
Student’s t-test between classes p<0.003. Reported mean 
(and SD) scores for stage were 1±0.01, 2.22±0.44, 4.63± 
1.96, and 7.33±2.58, respectively. 

MCM7 behaved very similar with D2-40, showing 
stratification with tumor T score (Fisher’s exact test statistical 
p-value was 0.0004; the result was significant at p<0.05), 
but also with node N score (Fisher’s exact test statistical 
p-value was 0.0439; the result was significant at p<0.05). 
The similitude got even closer on the tumor T score, where 
the highest frequency of Class B tended to be present in 
the T3 and not in the T4 (Figure 11). The continuous data 
analysis confirmed the categorical data analysis and, similar 
with the D2-40, showed stage differences between stages 
1, 2 and 3, and 4. 

Maspin’s categorical data analysis showed statistical 
stratification with the tumor T score (Fisher’s exact test 
statistical p-value was 0.0005; the result was significant 
at p<0.05), and with the node N score (Fisher’s exact test 
statistical p-value was 0.0226; the result was significant 
at p<0.05), with better expression in lower tumor classes 
and in N0 and N1 node ones. Having a mirror effect with 
D2-40 and MCM7, the tumor T score where the highest 
frequency of Class B in class 2, and not in class 1. 

Correlation analysis confirmed that Maspin has an 
opposite behavior than the other three immunomarkers 
taken in consideration, with a reported r of -0.8 with  
D2-40, -0.9 with Gal-3, and -0.9 with MCM7, interpreted 
as very high inverse correlation. The other three immuno-
markers have very high direct correlation, D2-40 r’s with 
MCM7 having an incredible value of 1, and 0.8 with Gal-3. 
In turn, Gal-3’s correlation coefficient with MCM7 is 
0.9. These correlations sustain the similar findings from 
the localization, grading, muscle invasion, and survival 
stratification of scores. 

 Discussions 
Oral cancer is a global health problem as it is the 6th 

to 8th most common malignancy in the world [8, 9], and 
having a high mortality rate and leaving behind important 
morpho-functional disabilities [10]. 90% to 95% of oral 
cancers are oral SCC [11], which despite the latest progress 
in therapeutic management, still has poor prognosis, due 
to loco-regional aggressiveness and metastasis [12, 13]. 
Local and regional recurrence are the key prognostic 
factor in oral SCC patients, to whom the overall five-year 
survival rates decreases from 92% in recurrence-free patients 
to 30% in patients with recurrence [12, 13]. Data from the 
literature indicate that the survival rate of such patients 
seems to be influenced by the place where these tumors 
develop in the oral cavity, with oropharyngeal tumors 
and those that arise from the oral floor having the lowest 
survival rates [14]. Although rare, palate SCC appear to 
have increased local aggressively, easily invading adjacent 
muscle and bone structures and thereby leaving behind 
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important morpho-functional defects [14]. In addition, the 
tumors developed at the level of the soft palate seem to be 
much more aggressive, the five-year overall survival rate 
dropping from 91% for the T1 tumors [15] to 33% in the 
case of T4 tumors [16]. Considering these particularities, 

in the present study, we investigated the IHC expression 
of the D2-40, Gal-3, Maspin and MCM7 immunomarkers, 
knowing that they play a major role in promoting loco-
regional cancer invasiveness. 

 
Figure 8 – MCM7 immunoreactivity: (A) A slightly lower reactivity was recorded in both papillary palate SCCs; (B) In 
the acantholytic palate SCCs, the nuclear reactivity was present in the peripheral layers of acantholytic tumor islands; 
(C) Particularly, in this variant of palate SCC there was a cytoplasmic reactivity in acantholytic cells; (D) In the G1 palate 
SCCs, the high intensity nuclear immunostaining was noticed in peripheral layers and no reactivity at the level of keratin 
pearls; (E) A similar reactivity was also noticed in the palate SCC verrucous case; (F) A nuclear immunostaining reactivity 
was also recorded in the metastatic neoplastic proliferations from lymph nodes metastases. Anti-MCM7 antibody immuno-
labeling: (A, E and F) ×50; (B and D) ×100; (C) ×200. G1: Well-differentiated tumor; MCM7: Minichromosome 
maintenance complex component 7; SCC: Squamous cell carcinoma. 
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Figure 9 – IRS values distribution on localization for all 
investigated markers. D2-40, Gal-3, MCM7 show a higher 

frequency of Class B (higher) score in the soft palate,  
while Maspin shows a higher frequency of Class A score. 

Class A include the IRS values ranging from 1 to 6;  
Class B comprise the IRS values higher than 6. D2-40: 
Podoplanin; Gal-3: Galectin-3; IRS: Immunoreactive  
score; Maspin: Mammary serine protease inhibitor;  
MCM7: Mini-chromosome maintenance complex  

component 7. 

 

Figure 10 – IRS values distribution on tumor grading for all investigated 
markers. D2-40, Gal-3, and MCM7 show predominant Class A scores  
in G1, combined Class A and B in G2 and predominant Class B in G3,  

while Maspin scores are mirrored. Class A include the IRS values  
ranging from 1 to 6; Class B comprise the IRS values higher than 6.  
D2-40: Podoplanin; G1: Well-differentiated tumor; G2: Moderately 

differentiated tumor; G3: Poorly differentiated tumor; Gal-3: Galectin-3;  
IRS: Immunoreactive score; Maspin: Mammary serine protease inhibitor; 

MCM7: Minichromosome maintenance complex component 7. 

 

 

Figure 11 – IRS values distribution on T stage for all 
investigated markers. D2-40, Gal-3, and MCM7 show  
a similar distribution with a concentration of Class A  

scores in T1 and T2, and concentration of Class B  
scores in T3 and T4. Again, Maspin has a mirrored  

aspect with T1 and T2 concentration scores from  
Class B, and T3 and T4 from Class A. Class A include  
the IRS values ranging from 1 to 6; Class B comprise  

the IRS values higher than 6. D2-40: Podoplanin;  
Gal-3: Galectin-3; IRS: Immunoreactive score;  

Maspin: Mammary serine protease inhibitor; MCM7: 
Minichromosome maintenance complex component 7. 

 
Podoplanin (D2-40) 

Podoplanin (D2-40) is a 38-kDa type I transmembrane 
glycoprotein expressed in normal human tissues, such as 
kidney podocytes, lymphatic endothelium, skeletal muscle, 
alveolar type 1 cells, choroid plexus, glia cells, some type 
of neurons, fibroblasts, in the myofibroblasts of the breast 
and salivary glands, in the osteoblasts and mesothelial cells 
and in the basal layer of epidermis [17, 18]. Under normal 
conditions, D2-40 has been shown to play an important 
role in lymphangiogenesis, platelet production in the 
bone marrow, and the immune response [19, 20], but its 
functions in other types of human tissues remain to be 
elucidated [18]. 

Podoplanin expression has been reported in a large 
variety of cancers, including angiosarcomas, malignant 
mesotheliomas, chondrosarcomas, osteosarcomas, gliomas, 
glioblastomas, germ-cell tumors, and SCCs with various 
locations, including in the oral cavity [20, 21]. It seems that 
in these cancers Podoplanin promotes tumor progression 
especially by promoting the tumor cells migration, epithelial-
to-mesenchymal transition, remodeling of the extracellular 
matrix and cancer cell invasion [22, 23]. 

Our study revealed a gradual increase in D2-40 immuno-
staining during tumor progression from normal to dysplastic 

epithelium, respective to palate SCCs. From a dominant 
membranous and cytoplasmic pattern seen in the basal 
and parabasal cells, the D2-40 reactivity has expanded to 
superficial layers in hyperplastic and dysplastic lesions were 
the cytoplasmic pattern was dominant. In tumor samples, 
the highest reactivity was noticed in poorly differentiated 
(G3) palate SCC cases, with the cytoplasmic pattern as 
most prevalent. The lowest reactivity was recorded in the 
verrucous and well-differentiated (G1) palate SCCs, with 
a dominant membranous subcellular pattern that was more 
obvious at periphery of tumor proliferations. Regardless 
of the HP subtype, the tumor reactivity to D2-40 was 
higher at the invasion front, immunostaining especially 
the tumor cells with the lowest degree of keratinization. 
A weak D2-40 immunoexpression was also noticed in the 
metastatic neoplastic proliferations from loco-regional 
lymph nodes, with the reactivity being more evident 
especially at the level of less differentiated neoplastic 
proliferations. 

The first evidence of Podoplanin expression in basal 
cells from hyperplastic and dysplastic epithelial areas 
associated to oral cancer was provided by Yuan et al. 
(2006) [24]. Then followed a series of other articles that 
showed Podoplanin expression in dysplastic cells from 
premalignant oral lesions [25, 26]. It has been speculated 
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that the extension of Podoplanin expression in the supra-
basal layers would in fact represent the clonal expansion 
of stem cells during oral carcinogenesis, suggesting the 
certain potential for malignant transformation of such 
lesions [27]. Several authors have shown that Podoplanin 
expression increased with the severity of dysplasia, 
recognizing its role as a predictive factor in the malignant 
progression of such lesions [25‒28]. 

Most of the studies indicate a fairly high percentage 
of oral SCCs (from 84% to 100%) expressing Podoplanin 
[17, 25, 29], some of them suggesting that the level of 
expression is inversely correlated with the degree of 
differentiation of these tumors [25, 28, 29]. At the same 
time, it was shown that Podoplanin expression was 
increased in the neoplastic cells from the periphery of 
tumor proliferations suggesting that these cells would 
have a greater capacity for proliferation and renewal [17, 
29, 30]. Only one study found a higher expression of 
Podoplanin in the tongue and oral floor SCCs compared 
with other oral tumor sites [31]. Moreover, the authors 
suggested that this expression would justify a higher rate 
of incidence of loco-regional lymph node metastases for 
such localizations of oral SCCs. Most of authors showed 
a strong association between Podoplanin expression and 
lymph node metastasis rate [31‒33]. 

Regarding the prognostic role of Podoplanin expression, 
opinions are divided, some denying this role [31, 34], 
while others have shown that a high level of expression 
would be associated with a poorer prognosis [24, 32, 33] 
making from this marker a potential therapeutic target 
[35]. 

Gal-3 

Gal-3 belongs to the β‑galactoside‑binding lectins family, 
being involved in cell growth, apoptosis, cell adhesion, 
differentiation, transformation, angiogenesis, inflammation, 
fibrosis, host defense, tumorigenesis, and metastasis [36, 
37]. This marker has been shown to be overexpressed in 
tumor cells and tumor-related stromal cells, which is why 
it can be an effective molecular target in treating cancer 
[38‒40]. 

Our investigation recorded a positive Gal-3 reaction 
in the normal oral mucosa adjacent to tumor proliferations 
with a nuclear dominant pattern in basal and parabasal 
layers, and with a cytoplasmic pattern which was most 
prevalent in the superficial layers. In tumor tissue, the 
maximum immunoreactivity was recorded in the basaloid 
and G3 cases, with nuclear pattern as the dominant one, 
while for the verrucous and G1 palate SCCs, we recorded 
the lowest Gal-3 immunoreactivity with a cytoplasmic and 
membranous patterns as mist prevalent. Regardless of the 
HP subtype, the Gal-3 tumor reactivity was higher at the 
invasion front and a low reactivity was also noticed in 
metastatic tumor proliferations from the loco-regional lymph 
nodes. Also, some stromal reactivity was also noticed in 
the fibroblasts and macrophages from tumor samples. 

Some authors have shown that during neoplastic 
progression, at the level of tongue mucosa, the Gal-3 
protein is translocated from cytoplasm to nucleus, and 
this may serve as a prognostic factor for tongue SCC 
patients [41]. Many authors found a direct correlation 
between Gal-3 expression and tumor grade and lymph 

node involvement for oral and head and neck SCCs [42‒
45]. Regarding the tumor stage, opinions are divided, 
while some showed the existence of a correlation with  
the size of the tumor [44, 45], others did not find such a 
correlation [42, 43]. Plzák et al. (2004) recorded in head 
and neck SCCs a significant correlation between Gal-3 
reactivity and HP grade, tumor keratinization, and N stage 
and no relationship with age, primary tumor topography, 
and T stage or clinical stage [42]. Weber et al. (2017) 
conferred to Gal-3 a possible tumorigenic role in the oral 
squamous epithelium [45]. On the other hand, Wang  
et al. (2013) suggested that Gal-3 play a key role in the 
progression of tongue SCCs through activation of the 
Wnt/β-catenin signaling pathway [44]. Also, while some 
authors have failed to find correlation between Gal-3 
expression and disease progression in oral SCCs [43, 46], 
other established that enhanced expression of cytoplasmic 
Gal-3 is an independent predictor of disease recurrence 
[41]. Moreover, Wehrhan et al. (2018) recorded an 
increased Gal-3 expression in regional lymph nodes of 
large oral SCCs suggesting that blocking of this marker 
in the early-stage of such tumors might be a therapeutic 
option in oral cancer [47]. 

Maspin 

Maspin is a member of the serine protease inhibitor/ 
non-inhibitor superfamily (serpin) being expressed in epithelia 
especially in the nucleus of normal cells [48, 49]. It has 
been shown that downregulation or translocation of Maspin 
from the nucleus to the cytoplasm correlated with a poor 
prognosis and a low survival of cancer patients [50‒52]. 
These being explained by the fact that Maspin is a proteases 
inhibitor which prevents metastasis and tumor progression 
controlling apoptosis of tumor cells and also the tumor 
angiogenesis [53, 54]. 

Investigated the Maspin reactivity, we found a moderate 
cytoplasmic reactivity especially in the basal and supra-
basal layers of the normal epithelium and also some diffuse 
nuclear reactivity in keratinocytes from the thickness of 
the epithelium. The highest Maspin immunoreactivity 
was noticed in G1 cases with a diffuse cytoplasmic and 
membranous dominant pattern and focally also with a 
nuclear pattern. No Maspin reactivity was noticed in all 
investigated G3 palate SCCs. Regardless HP variant,  
we also observed a decrease of Maspin reactivity to the 
invasion front and a weak reactivity was noticed in the 
lymph node metastatic proliferations. 

In some studies, regarding the expression of Maspin 
in oral SCC, it has been shown that its expression correlated 
with a better survival rate but instead no correlation was 
found with differentiation degree, type of invasion, T-
stage, and lymph-node metastasis [55‒57]. At the same 
time, it was shown that cytoplasmic expression was 
associated with a high risk of neck lymph node metastasis 
in oral SCCs [58]. Similarly, other authors have shown that 
Maspin decreased expression in oral SCCs was associated 
with an unfavorable clinical outcome due to invasion and 
lymph node metastasis [59, 60]. Somewhat in contradiction, 
it was reported that Maspin expression did not correlate 
with survival in oral tongue SCCs, suggesting that as the 
tumor grows and becomes more invasive it would occur 
a downregulation of Maspin expression [61]. The authors 
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also suggested that the p53 gene could be a Maspin target 
and thereby contribute to the inhibition of tumor angio-
genesis. In addition, it has been shown that Maspin expression 
can be a predictor of the response to chemoradiotherapy 
in patients with head and neck SCCs [58]. Thus, it was 
shown that higher Maspin expression was significant 
statistically correlated with longer disease-free survival 
and longer overall survival and disease-specific survival 
in such cancer patients after chemoradiotherapy. 

MCM7 

MCM7 is a member of a family of six structurally 
related proteins, called minichromosome maintenance 
protein complex (MCM) that possess helicase activity 
[62]. These proteins play important roles in initiation and 
elongation during deoxyribonucleic acid (DNA) replication 
being expressed only in replicating cells [62, 63]. Over-
expression of MCMs was recorded in various cancers 
[64‒66] being a promising marker of cell proliferation 
with higher sensitivity than traditional cell-cycle markers, 
being present in all stages of the cell division cycle and 
which seem to be much less influenced by external factors 
like inflammatory factors [64, 66]. 

Our study revealed an increase in the MCM7 reactivity 
from the normal epithelium where the reaction was limited 
to the basal and parabasal layers heaving a nuclear pattern 
to the hyperplastic and dysplastic lesions were the immuno-
staining extended towards the middle of the epithelium. 
In tumor tissue the highest MCM7 immunoreactivity was 
recorded in G3 cases with an exclusively diffuse nuclear 
pattern. On the contrary, in G1 cases was noticed the 
lowest reactivity with the high intensity nuclear immuno-
staining in peripheral layers and no reactivity at the level 
of keratin pearls. Also, we noticed a higher reactivity  
at the periphery of tumor proliferations and also at the 
invasion front. The nuclear immunostaining reactivity was 
also observed in the metastatic neoplastic proliferations 
from those palate SCCs that invaded loco-regional lymph 
nodes. 

Reviewing data from the literature, we found few 
studies on MCM7 expression in oral cancer. Thus, Feng 
et al. (2008) recorded MCM7 expression in the normal 
oral mucosa epithelium restricted to the basal layer and 
1–2 layers above it, indicating the presence of cell division 
only in these layers [67]. Also, the authors proved a 
progressive MCM7 overexpression from normal epithelium 
to moderate-severe dysplasia and invasive carcinoma, 
suggesting an increase in the number of cells that divide 
during oral carcinogenesis. The authors concluded that 
the level of MCM7 protein expression is a direct indicator 
of the cellular proliferation and can be considered a 
diagnostic marker of oral SCCs vs. oral precancerous lesions. 
Also, the level of MCM7 expression from oral cancers 
correlated with lymph node metastasis and clinical TNM 
stage, so this marker may also have a prognostic role, its 
overexpression indicating cases with a poor prognosis 
[67]. A direct correlation was also observed between the 
expression of MCM7 and cell division cycle 6 (Cdc6), 
suggesting that the two proteins could be useful molecular 
markers in the early diagnosis and prediction of the 
prognosis among patients with oral SCCs. Tamura et al. 
(2010) also highlighted a progressive increase in the level 

of MCM7 expression from normal epithelium to dysplastic 
lesions and finally to oral SCCs [68]. The authors recorded 
a high MCM7 expression in poorly differentiated oral 
SCC compared to well- or moderately differentiated oral 
SCC and overall, its expression in oral SCC specimens 
was higher than that from normal and dysplastic oral 
mucosa. In addition, was recorded a statistically significant 
correlation between MCM7 expression and geminin and 
Ki-67 expression in oral SCCs [68]. Therefore, this study 
proved that MCM7 expression was correlated with HP 
grade and unfavorable prognosis of oral SCCs, suggesting 
that this marker together with geminin would be reliable 
prognostic markers for such cancer patients. 

Statistically, we found significant stratification on 
localization, grading, muscle invasion, and survival for 
all investigated markers. The highest IRS values were 
recorded for D2-40, Gal-3, and MCM7 in opposition to 
Maspin, for those tumors developed from the soft palate, 
that were poorly differentiated, which had. Moreover, the 
D2-40 showed statistical stratification with the T stage, 
while Gal-3 and MCM7 and showed the same tendency 
regarding the T stage, but also for the N stage. For Maspin 
was noticed a similar but opposite tendency as was observed 
for Gal-3 and MCM7 immunostaining. Overall, between 
D2-40, Gal-3, and MCM7, IRS values were very high 
direct correlations, while between Maspin and each of the 
previous markers there were very high inverse correlations. 

 Conclusions 
We found a progressive increase in reactivity for D2-40 

and MCM7 from the normal epithelium toward dysplastic 
epithelium and respectively to SCC, which suggests the 
intervention of these immunomarkers in the early stages 
of squamous cell carcinogenesis in the palate. The highest 
D2-40, Gal-3 and MCM7 immunoreactivity was noticed 
in basaloid and G3 palate SCCs, while for the Maspin, 
the G1 palate SCCs were the most reactive. The first three 
immunomarkers mentioned above were most intensely 
expressed at the invasion front, while the Maspin immuno-
reactivity was low or absent at this level. Statistically, we 
found significant stratification on localization, grading, 
muscle invasion, and survival for all investigated immuno-
markers, but with very high direct correlations between 
D2-40, Gal-3, and MCM7 IRS values, while between the 
Maspin and each of the previous immunomarkers there 
were very high inverse correlations. All these investigated 
immunomarkers proved to be responsible for the local 
invasiveness and regional lymph node metastasis, thus 
allowing a prognostic and therapeutic stratification of 
patients with palate SCCs. 
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