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Background: Diagnosis of minor salivary gland (MSG) tumours is often difficult, due to the scarce
tissue obtained from bioptic excision and complex histopathological differential diagnosis. In our study
we performed an immunohistochemical analysis of PLAG1, HMGA1 and HMGA?2 on a series of MSG
tumours, in order to develop a new helpful diagnostic panel.

Methods: A retrospective series of 17 surgical specimens of MSG tumours were analysed for the expression
of PLAG1, HMGAI and HMGA2. Three control cases were enrolled and analysed. An intensity and
percentage-based approach was performed, creating a combined score panel.

Results: PLAGI facilitate the diagnosis of benign tumours, discriminating it from malignant histotypes,
with a defined cut-off value. Similarly, HMGALI is significantly higher in benign histotypes than in malignant
ones. HMGA?2 in our series, did not reveal any association in identifying benign from malignant histotypes.
Conclusions: In this study we assessed the diagnostic role of PLAG1, HMGAI and HMGA2
immunohistochemical analysis. The score panel facilitate histopathological diagnosis of these rare tumours,
helping to distinguish benign tumours from malignant ones and ameliorating the differential diagnosis of

specific histotypes.
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Introduction the incidence and clinical-pathological aspects of MSG

Minor salivary glands (MSG) tumours are rare neoplasia of tumours are usually difficult to collect, because most studies

the head and neck region. In 2016 the WHO classification
of salivary glands tumours described 11 benign and 20

concerning salivary glands tumours include both major
and MSGs (3,4). TNM classification for MSG tumours

malignant histotypes (1). With rare exceptions, tumours are not included in major salivary glands classification, but

involving major Salivary glands may also arise in MSG instead at their anatomical site Of Origin (5) The incidence

through mucosal area of the upper aero-digestive tract, with
the same histopathological features (2). Specific data about

of each histotype is different, with a greater incidence
of malignant histotypes in MSG (6). MSG tumours are
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characterized by molecular heterogeneity that correspond
to different clinical and histopathological properties. As
known, a lot of genes are involved in the pathogenesis
of cancers (7,8). In MSG tumours, in particular, it’s well
known the role of pleomorphic adenoma gene 1 (PLAGI).
PLAG-1 belongs to the zinc finger family of transcriptional
factors, developmentally regulated, together with PLAG1-
like and PLAG2-like genes. It’s a small gene located on
chromosome 8q12 and it’s implicated in specific types of
tumours, particularly in pleomorphic adenoma (PLA) of
the salivary glands which gives the name to the gene (9).
Studies demonstrated that PLAGlexpression is elevated
during the embryonic/fetal period, whereas expression in
most adult organs is low or absent, and this has led to the
notion of PLAGI being a ‘fetal’ transcription factor (10).
A role for PLAG1 in tumour development was showed
in different cancer such as lipoblastoma, hepatoblastoma,
acute myeloid leukemia, and uterine leiomyoma and
leiomyosarcoma (11). High mobility group A proteins
family (HMGA proteins) are architectural transcriptional
factors able to induce structural alterations of the
chromatin. They were firstly isolated and characterized
in 1973, when the electrophoresis of the chromatin of
the thymus of a calf showed the presence of proteins able
to migrate quickly inside the agarose gel (12). HMGA
family is composed of four proteins: HMGA1la, HMGALIDb,
HMGA1lc and HMGA2 (formerly HMGI, HMGY,
HMG-I/R and HMGI-C, respectively). They are HMGA
proteins can regulate the transcription of many genes in
a positive or negative sense, directly modifying the DNA
conformation binding Adenin-Timin rich regions, or
indirectly interacting with other transcriptional factors (13).
Many studies assign them important roles in regulation
of proliferation, growth and differentiation of embryonal
cells (14,15). Due to their implication in many cellular
mechanisms, an aberrant expression of HMGA proteins
characterize a great number of human neoplasia, specially
malignant (16,17). The aim of our study is to obtain a
new diagnostic and prognostic immunohistochemical
panel finalized to the evaluation of PLAG1, HMGAI and
HMGA2. Histopathological diagnosis of MSG tumours is
often difficult due to the scarce tissue sampling, frequently
obtained from incisional biopsy and/or fine needle
aspiration biopsy, with no data about tumour’s peripheral
area. Therefore the diagnostic process results difficult and
immunohistochemical analysis are usually needed (18,19).
A new immunohistochemical panel will be useful in the
clinical practice for diagnostic purposes, also suggesting
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new therapeutic targets. We present the following article in
accordance with the MDAR reporting checklist (available
at http://dx.doi.org/10.21037/gs-20-667).

Methods
Patients

Study population consisted of 17 patients with primary
MSG tumours (7 men and 10 women; mean age: 56.4 years;
range, 16-82 years). Surgical resection specimens were
retrieved from the archive files of the Department of Health
Sciences, Pathology Section, University Magna Graecia
of Catanzaro, Italy. Bioptic samples of three patients with
suspected Sjogren syndrome were included in the study, as
normal controls. All patients undergone surgery at the Unit
of Maxillo-Facial Surgery of University Magna Graecia of
Catanzaro, from March 2010 to August 2014. The study
protocol was approved by the Ethics Committee of Magna
Graecia University of Catanzaro (reference number 146 of
20 May 2016) and was conducted in accordance with the
“Ethical Principles for Medical Research Involving Human
Subjects” described in the Helsinki Declaration (as revised
in 2013); informed consent was obtained from the subjects
for use of their tissue.

Experimental procedures

For all cases, histopathological diagnosis and tumour grading
was confirmed jointly by two pathologists (GD, CM) by
re-evaluation of the original Hematoxylin-Eosin (H&E)
stained sections of tumours. The histopathological series
was constituted by the following histotypes: PLA (n=0),
mucoepidermoid carcinoma (n=4), adenoid-cystic carcinoma
(n=4), polymorphic low grade adenocarcinoma (n=2),
carcinoma ex-pleomorphic adenoma (n=1).

For each case, 4 pm-thick serial sections were obtained
from a representative block of formalin-fixed, paraffin-
embedded tissue, mounted on coated glass slides, and
heated at 60 °C for 60 min.

A standard protocol for immunohistochemistry using an
automated immunostainer (Bond™ Max; Leica Biosystems,
Melbourne, Australia) was performed using the following
primary antibodies: rabbit, polyclonal anti-PLAG1 (1:50
dilution, Abcam, Milano), anti-HMGA1 (1:200 dilution,
Santa Cruz, Segrate, Milano) and anti-HMGA2 (1:200
dilution, Santa Cruz, Segrate, Milano). Negative control
sections for immunohistochemistry were processed without
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Figure 1 Percentage-based approach. Immunohistochemical analysis of PLAGL, HMGAI, HMGA2 in H&E stained sections of minor

salivary glands (MSG) tumours. The panel shows examples of proportion score assigned on the basis of the percentage of positive tumour
cells. Score 0: no positive cells, in a case of Sjogren syndrome (A), Score 1: <1% (B), Score 2: 1-10% (C), Score 3: 10-33% (D), Score 4:

33-66% (E), Score 5: 66-100% (F). Magnification 200x.

the primary antibody.

Measures and outcomes

A semi-quantitative analysis was performed, by the
evaluation of both percentage of positive cells and staining
intensity (intensity and percentage-based approaches), using
the score system by Allred er 4/. modified. A percentage-
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based approach was used in order to estimate the proportion
of positively stained tumour cells (0: none, 1: <1%, 2:
1-10%, 3: 10-33% 4: 33-66%, 5: 66-100%) (Figure I).
Average estimated intensity of staining in positive cells was
assigned as an intensity score (0= no signal; 1= weak; 2=
intermediate; 3= strong) (Figure 2). Proportion score and
intensity score were added to obtain a total score (Sum
Score) ranging from 0 to 8.
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Figure 2 Intensity-based approach. Immunohistochemical analysis of PLAG1, HMGA1, HMGA?2 in H&E stained sections of minor

salivary glands (MSG) tumours. The panel shows examples of different intensity score value: Score 0: signal absent (A); Score 1= weak (B);

Score 2= intermediate (C); Score 3= strong (D). Magnification 200x.

Statistical analysis

Statistical Analysis was performed using non-parametric
Mann-Whitney test (SPSS STATISTICS 21.0.0.1, IBM
Corp, Armonk, NY, USA) because the sample was not
homogeneous. Continuous variables were expressed by
mean and standard deviation and were therefore compared.
The level of significance was set to P<0.05.

Results

The semi-quantitative analysis values of the processed
specimens of both neoplastic and healthy glandular tissues
(controls) are shown in Table 1. PLAGI total score (intensity
and percentage approach) was 5.3£0.5 in benign tumours
(PLA) and 3.6+0.5 in malignant tumours (P<0.0001).
Similarly, PLAGI percentage score was respectively 40 vs.
2.5+0.5 (P<0.0001).

HMGALI total score (intensity and percentage approach)
was 4.820.4 in benign tumours (PLA) and 4.5+0.7 in
malignant tumours (P=0.96). On the other hand, HMAGI1
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percentage score was respectively 3.6+0.5 vs. 3.09+0.5
(P<0.05).

HMGA2 total score (intensity and percentage approach)
and percentage score were not significantly associated to
histotype: respectively 6.0£1.6 in benign tumours (PLA)
and 5.09+1.3 in malignant tumours (P=0.28); and 3.6+1.0
in benign tumours (PLA) and 3.1+0.7 in malignant
tumours (P=0.182). The Sum Score obtained adding the
results of PLAG1, HMGA1 and HMGA2 was 15+1.4 in
benign tumours (PLA) and 13.6+1.4 in malignant tumours
(P=0.0003). None of the analysed markers was expressed in
our series normal controls. Results of statistical analysis are
showed in Table 2. No statistical correlation was highlighted
between clinical stage and scores.

Discussion

Salivary gland tumours account for about 1-4% of
all cancers and 5.3% of head and neck tumours (1,3).
Generally these neoplasms affect the major salivary glands
and only in 12-30% of cases the MSG (20). However,
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Table 1 Immunohistochemical results

Histotype Stage Score PLAG; Score HMGA, Score HMGA, Sum Score
Pleomorphic adenoma NA (4+1)=5 (3+3)=5 (5+3)=8 18
Pleomorphic adenoma NA (4+1)=5 (4+1)=5 (4+3)=7 17
Pleomorphic adenoma NA (4+2)=6 (4+1)=5 (B8+1)=4 15
Pleomorphic adenoma NA (4+1)=5 (B8+1)=4 (4+3)=7 16
Pleomorphic adenoma NA (4+2)=6 (4+1)=5 (4+2)=6 17
Pleomorphic adenoma NA (4+1)=5 (4+1)=5 (2+2)=4 16
Mucoepidermoid carcinoma T1 NOMO I (B8+1)=4 (8+2)=5 (B8+1)=4 13
Mucoepidermoid carcinoma T2 NOMO Il (B+1)=4 (2+2)=4 (B8+2)=5 13
Mucoepidermoid carcinoma T2 NOMO Il (B8+1)=4 (B3+1)=4 (8+2)=5 13
Mucoepidermoid carcinoma T1 NOMO | (2+1)=3 (8+2)=5 (3+1)=4 12
Adenoid cystic carcinoma T3 NO MO il (2+1)=3 (4+2)=6 (8+2)=5 14
Adenoid cystic carcinoma T2 NOMO Il (B8+1)=4 (8+2)=5 (2+2)=4 13
Adenoid cystic carcinoma T3 NO MO 1l (2+1)=3 (4+2)=6 (8+2)=5 14
Adenoid cystic carcinoma T1 NOMO I (2+2)=4 (8+2)=5 (8+2)=5 14
Polymorphic low grade adenocarcinoma T2 NOMO I (B8+1)=4 (8+2)=5 (5+3)=8 17
Polymorphic low grade adenocarcinoma T3 N1 MOl (2+1)=3 (B8+1)=4 (4+3)=7 14
Carcinoma ex-pleomorphic adenoma T3 N1 MO Il B+1)=4 (B8+1)=4 B+1)=4 12
Control 1 NA (0+0)=0 (0+0)=0 (0+0)=0 0
Control 2 NA (0+0)=0 (0+0)=0 (0+0)=0 0
Control 3 NA (0+0)=0 (0+0)=0 (0+0)=0 0

PLAG,, pleomorphic adenoma gene 1; HMGA,, high mobility group AT-hook 1; HMGA,, high mobility group AT-hook 2.

Table 2 Immunohistochemical analysis

Immunohistochemical analysis Benign Malignant P
PLAG1 percentage score 4+0 2.5+0.5 <0.0001
HMGA1 percentage score 3.6+0.5 3.09+0.5 <0.05
HMGA2 percentage score 3.6+1.0 3.1£0.7 0.182
PLAG1total score 5.3+0.5 3.6+0.5 <0.0001
HMGAT1 total score 4.8+0.4 4.5+0.7 0.96
HMGA2 total score 6.0+1.6 5.09+1.3 0.28
Sum Score 15+1.4 13.6+1.4 0.0003

recent studies showed a most common development of
malignant tumours in MSG respect to major salivary gland
(2,3). Emerging data from the literature demonstrated a
close relationship between prognosis and stage of MSG
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cancers (6). It is noteworthy that surgical resection of
MSG, practiced as excisional or incisional biopsy, often
provides scarce tissue available for histological analysis,
therefore immunohistochemical expression of control
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samples. Our aims were: check the diagnostic value of
immunohistochemical expression of single markers and
their combination (Sum Score) in a group of rare and
difficult to assess tumours; provide new information on the
etiopathogenesis of these uncommon tumours. PLAG1
immunohistochemical expression in salivary gland tumours
is controversial (21,22). Previous translational studies on cell
cultures from benign and malignant salivary gland tumours
suggest that the expression of PLAGI can be considered
an hallmark of these neoplasms; accordingly, the PLAGI
mRNA was reported in all histotypes of the salivary glands
tumours. Our results showed that the semiquantitative
evaluation of PLAGI (intensity and percentage score) can
be useful in the differential diagnosis between benign and
malignant tumours. In particular, we have determined a cut-
off value (>4) that is able to identify benign histotypes (PLA)
from malignant ones. To be noted, PLAGI percentage
score >4 is anyway statistically associated to benign tumours
(PLA). We described for the first time, the expression
pattern of HMGAL in both benign and malignant MSG
tumours. HMGAL1 overexpression has been reported in
many cancer types, including pancreas, thyroid, colon,
breast, lung, ovary, uterine cervix and body, head and
neck tumours. Moreover, HMGAI expression increased
gradually from benign to malignant histotype, as in the case
of astrocytoma evolution to glioblastoma, showing a strong
correlation with the histologic grade (17). In our series, the
percentage of cells expressing HMGAL appears higher in
benign histotypes (PLA) than in malignant ones (P<0.05). In
this case, we can speculate that HMGAL exerts a role in cell
differentiation, acting as tumour suppressor. Accordingly,
a dual effect of HMGA1 on cell transformation has been
previously described, for which HMGAL1 transforming
properties seem to be context- and cell type-dependent (23).

HMGA? alteration has been reported in both benign and
malignant tumours. Literature data highlighted a positive
correlation between HMGA?2 expression and invasive and
metastatic capacity in colon, breast and lung carcinoma (24).
Interestingly, a causal role for HMGA? in carcinogenesis
and tumour progression has been showed in many cancer
types, including colon and rectum, breast, pancreatic,
ovarian, lung, testicular and oral cancer (25,26). In our
series, no useful information can be obtained from HMGA2
expression for differential diagnosis between benign and
malignant histotypes. However, HMGA2 total score seems
to be useful for differential diagnosis between Polymorphic
Low-grade Adenocarcinoma (score 7-8) and Adenoid-
Cystic Adenocarcinomas (score 4-5). The first histotype
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is typically described in oral cavity; it is one of the most
difficult cancers to be diagnosed, due to the polymorphic
microscopic appearance, morphologically resembling
the more aggressive Adenoid-Cystic Carcinomas. So this
marker can be useful in doubtful cases. Overall, our results
suggest that the Sum Score of the three markers can be
useful to distinguish benign tumours (PLA) from malignant
histotypes, providing the pathologist with a new useful
diagnostic tool. This immunohistochemical panel will be
precious above all in cases where tissue samples are scarce as
in MSG bioptic excision. To be noted, oncogenic capacity
of PLAGI has been largely described both in vitro and
in vivo. Molecular mechanisms involved in this oncogenic
activity include, at least in part, cellular signalling triggered
by anti-apoptosis insulin-like growth factor 2 (IGF-2) and
IGF-1R (27). IGF-1R is one of the upstream receptor
tyrosine kinase responsible for activating the two major
cascades, PI3K/AKT/mTOR and MAPK reported in
human cancer (28). Moreover, IGF-1R is associated to
tumorigenesis, metastasis, and therapy resistance (29). A
very high expression of IGF-2 has been reported in PLAs
over-expressing PLAGI. In particular, PLAGI1 promotes
tumorigenesis through the mitogenic action of IGF-2,
mediated by the Ras/Raf/MAPK signalling pathway, or by
binding Bcl-2 which blocks its function in the activation
of PI3k/Akt proapoptotic pathway (30). As far as HMGA
proteins is concerned, oncogenic activity is mediated by
several mechanisms: induction of E2F1 and AP1 activity,
induction of cyclin A expression, inactivation of p53-
induced apoptosis, impairment of DNA repair, enhancement
of expression of proteins involved in inflammation and
modulation of the expression of microRNAs and genes
involved in epithelial-mesenchymal transition (31).
Interestingly, the biological activity of HMGA proteins can
be also modulated in response to hormonal and nutritional
changes, recognized as IGF-1R-associated stressful
conditions (32). Chiefari et /. [2012] indicate HMGAL1
as a downstream target of the insulin receptor signalling
pathway. HMGAL in turn regulates IGFBP-1 and IGF-
IR expression, via both the inhibition of p53 and the
enhancement of Spl stimulatory activity. Previous studies
showed that HMGA2 could regulate the transcription of
IGF2BP2 during embryonic development as well as in
controlling myoblast proliferation (33). Additionally, two
independent study suggest that the HMGA2-IGF2BP2
pathway plays a crucial role to maintain proliferation and
survival, perhaps by blocking differentiation mechanisms,
in particular settings of cancer (34). Altogether, literature
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data indicate that oncogenic activity of PLAG1, HMGAL
and HMGA2 require the activation of insulin receptor
signalling, however the precise molecular mechanisms are
not fully elucidated. Even though the expression of these
markers is always associated to neoplastic transformation
(as confirmed by the negativity reported in MSG control
tissues), the variable expression in benign and malignant
tumours strongly suggest the involvement of IGF1R-
indipendent pathways.

Conclusions

In conclusion, our study we performed an immunohistochemical
analysis of PLAG1, HMGA1 and HMGA?2 on a series
of MSG tumours, in order to develop a new helpful
diagnostic panel. This work is continuing with new cases
to validate the protocol also because the investigation
of signaling pathways that are activated by PLAGI,
HMGA1 and HMAGA2, could lead to the identification
of new therapeutic targets. Additionally, molecules and
nanoparticles displaying anti-HMGAL1 (nitrospina,
distamycin, berenil) (35) and anti-HMGA2 (doxorubicin,
siRNA, the analog of curcumin EF24) activities, already
described in literature (36,37), could be used in the future in
addition to traditional therapies.
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