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Abstract

The salivary glands are key components of the mouth and play a central role in its physiology. Their importance may be
appreciated considering their number, occurrence in pairs, and distribution in the mouth: two parotids, two submandibular,
two sublingual, and many other small ones scattered throughout the mouth. They produce saliva, without which ingestion
of non-liquid nutrients and speech would be practically impossible. Nevertheless, the physiology and pathology of salivary
glands are poorly understood. For instance, tumors of salivary glands occur, and their incidence is on the rise, but their
etiology and pathogenesis are virtually unknown, although some risk factors have been identified. Likewise, the role of the
chaperoning system in the development, normal functioning, and pathology, including carcinogenesis, remains to be deter-
mined. This scarcity of basic knowledge impedes progress in diagnosis, disease monitoring, and therapeutics of salivary
gland tumors. We are currently involved in examining the chaperoning system of human salivary glands and we performed
a search of the literature to determine what has been reported relating to oncology. We found data pertaining to six com-
ponents of the chaperone system, namely HSP27, HSP60, HSP70, HSP84, HSP86, and GRP78, and to another HSP, the
heme-oxygenase H-O1, also named HSP32, which does not belong in the chaperoning system but seemed to have potential as
a biomarker for diagnostic purposes as much as the HSP/chaperones mentioned above. The reported quantitative variations
of the six chaperones were distinctive enough to distinguish malignant from benign tumors, suggesting that these molecules
hold potential as biomarkers useful in differential diagnosis. Also, the quantitative variations described accompanying tumor
development, as observed in cancers of other organs, encourages research to elucidate whether chaperones play a role in the
initiation and/or progression of salivary gland tumors.
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Heat shock proteins (Hsps) are evolutionarily con-
served molecules that typically participate in anti-stress
mechanisms as part of the chaperoning (chaperone) system
(Macario and Conway de Macario 2019). This system is
composed of molecular chaperones, co-chaperones, chap-
erone co-factors, and chaperone receptors and interactors.
Some molecular chaperones are Hsp, a name derived from
the original observation that they are encoded in genes
inducible by heat shock. The canonical function of chap-
erones pertains to maintenance of protein homeostasis; for
example, they assist in the proper folding of nascent poly-
peptides so these can reach their native functional state,
protect the cell from stress-induced injury by preventing
misfolding or aggregation of misfolded proteins, and pro-
mote proteolytic degradation of unstable proteins. Molecular
chaperones also display non-canonical functions, unrelated
to protein homeostasis, pertaining to their roles in inflamma-
tion, immune responses, and many other physiological and
pathological processes.

This review, the first on its topic, focuses on the reported
quantitative patterns of the molecular chaperones HSP27,
HSP60, HSP70, HSP84 (HSP90OAB1), HSP86 (HSP9OAAT),
and GRP78 (HSPAS) and the heat shock proteins heme oxy-
genases HO-1 and HO-2, which are not molecular chaper-
ones, in salivary gland tumors. The main objective was to
determine whether there is information indicating that the
molecules mentioned above show quantitative patterns dis-
tinctive of gland and tumor type, e.g., benign vs. malignant,
with potential in differential diagnosis, and in monitoring
patients. It is also expected that the information available
will provide clues about the possible participation of molec-
ular chaperones in carcinogenesis in salivary glands and,
if the clues are positive, encourage research on the role of
chaperones in carcinogenetic mechanism in human salivary
glands.

Overview of tumors of the salivary glands
Salivary glands: components and function

The salivary glands comprise various types of glands classi-
fied into two main groups, major and minor. The major sali-
vary glands occur in pairs and include the parotid, subman-
dibular, and sublingual glands. The minor salivary glands
are scattered throughout the mouth, reaching down to the
upper limits of the respiratory and digestive tracts.

The importance of the salivary glands derives from their
providing saliva to the oral cavity, which is essential for the
physiology of this anatomic region. Human salivary glands
secrete between 0.5 and 1.5 L of saliva, daily. Saliva has
various key functions, for instance to: (i) start digestion
of starches and triglycerides in the mouth cavity through
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the action of amylases and lipases, respectively; (ii) lubri-
cate food, facilitating its mastication and swallowing; (iii)
provide an aqueous medium necessary for taste; (iv) lubri-
cate the buccal mucosa, facilitating speech; and (v) protect
against dental caries and chronic buccal mucosal infections
(Acharya and Mandal 2016; Carpenter 2013).

The parotid is the largest of the three major salivary
glands and is located between the sternocleidomastoid and
the masseter muscles (Ellis 2012). The submandibular gland
is the second largest with half the weight of the parotid and
is found below the mandible. The smallest among the major
glands is the sublingual gland, spread in the submucosa in
the floor of the mouth, anterior to the deep portion of the
submandibular gland (Ellis 2012).

Epidemiology and etiology of tumors of the salivary
glands

Tumors of the salivary glands constitute a heterogeneous
group according to the WHO Classification of Salivary
Glands Tumors of 2005, with a range of different histopatho-
logical and clinico-pathological features depending on their
type (Seethala and Stenman 2017).

Malignant tumors of the salivary glands are uncommon,
but their frequency is steadily increasing. They constitute 5%
of the head and neck cancers. In the United States, the inci-
dence is 1.7 per 100,000, being more frequent in older indi-
viduals (Siegel et al. 2017). Worldwide, the incidence ranges
from 0.5 to 2 per 100,000 (Parkin et al. 2010). The incidence
of major salivary gland tumors increased from 1973 to 2009
in the United States by 54% in both, men and women. This
increase was mainly observed for malignant tumors of the
parotid and for the smaller subset of submandibular glands
(Del Signore and Megwalu 2017). An annual rise of 2.5%
of major salivary gland malignant tumors between the years
1990 and 2013 has been reported in England (Girdler et al.
2016). Tumors affect more often the major than the minor
salivary glands, being more frequent in the parotid (68—84%)
than in the submandibular (10-25%) glands (Galdirs et al.
2019; Trenki¢ BoZinovi€ et al. 2015). Most salivary gland
tumors in humans have an epithelial origin, 65 to 87% of
them being benign (Araya et al. 2015; Bello et al. 2012;
Tabatabai et al. 2015; Trenkié¢ Bozinovié et al. 2015).

The etiology of the tumors of salivary glands has not
been much studied and remains to be elucidated. There are
various risk factors underpinning salivary gland tumors. The
most commonly studied and best-established risk factor is
radiation exposure with positive correlation between neo-
plastic growth and radiation doses (Spitz et al. 1990). X-ray
exposure caused by the various medical and dental interven-
tions in the mouth and the head and neck has been impli-
cated since many years ago (Mancuso and Brennan 1970;
Radoi et al. 2018; Saku et al. 1997; Schneider et al. 1977).
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These observations become pertinent nowadays, considering
the exponential increase of X-ray imaging in clinics, particu-
larly in oral surgery and odontology. Nitrous compounds
tend to increase the risk of salivary glands tumors (Ho et al.
2011). Prior history of lung, prostate, breast, and lip cancer
as well as Hodgkin’s lymphoma are also considered risk fac-
tors (Dong and Hemminki 2001; To et al. 2012).

Molecular chaperones potential key players
in salivary glands tumors development
and progression

Molecular chaperones in disease and pathology

As mentioned above, many but not all chaperones are Hsp.
Nevertheless, both words are used as synonyms, and we will
follow this usage here. Molecular chaperones/Hsp are clas-
sified into six groups according to their molecular weight,
encompassing the following ranges in kDa: > 200, 100-199,
81-99, 65-80, 55-64, 35-54, and < 34 (Macario et al. 2013).
Within these ranges are families of phylogenetically related
proteins such as Hsp90, Hsp70/DnaK, Hsp60, Hsp40/DnaJ,
and small Hsp, whose names reflect their molecular weight
(Cappello et al. 2019).

Although chaperones are typically cytoprotective, they
can also be pathogenic and lead to disease (Macario et al.
2013). Diseases in which chaperones act as a primary or
auxiliary etiopathogenic factor are called chaperonopathies.
Chaperonopathies can be genetic due to alteration of the
chaperone gene, by mutation for instance, or acquired, in
which a normal chaperone protein is altered due to post-
translational modifications, for example (Macario et al.
2013). In addition, normal chaperones (at least as far as it
can be determined by the methods at our disposal today),
can be recruited by malignant cells to their own advantage
and participate in the carcinogenetic pathway; in this case,
the chaperonopathy is termed “chaperonopathy by mistake”
(Macario et al. 2013).

One of the main partners of the chaperone system that
participates in its non-canonical functions is the immune
system, and this may lead to another example of chaperonop-
athy by mistake, as illustrated by the autoimmune response
anti-HSP60 in Primary Sjogren’s syndrome of the salivary
glands (Cappello et al. 2019; Macario et al. 2013).

Molecular chaperones show distinct patterns
in tumors of salivary glands and actively participate
in their tumorigenesis

Molecular chaperones/HSPs have been found increased in
many tumors as mentioned in “Molecular chaperones in dis-
ease and pathology” section (Rappa et al. 2014; Sangiorgi

et al. 2017), and here we include information pertinent to
tumors of the human salivary glands.

HO-1 is also named HSP32 and, together with HO-2,
mediates the physiological oxidation and degradation of
heme into carbon monoxide, iron, and biliverdin, but are
not part of the chaperone system. HO-1 was shown to be
strictly localized in the ducts of normal salivary glands and
in their tumors. HO-1 is abundant in the luminal cells of
the ducts in normal parotid glands. Its levels, as assessed by
immunohistochemistry, in the cytoplasm of the cells in the
differentiated tumor ducts of pleomorphic adenoma (PA)
was increased while there was no marked difference between
the normal and tumoral parenchyma, Table 1. The increase
in HO-1 in PA could be the consequence of a prior upregu-
lation of the HO-1 gene in the prospective neoplastic ducts
lasting into the neoplastic state.

HO-2 is abundant in all the compartments of normal
parotid gland, including the ducts and acini. In contrast,
in PA, HO-2 was diminished by comparison with normal
parotid, and its presence was restricted to the ducts. These
HO-2 changes in quantity and distribution pattern may be
caused by an increase in nitric oxide (NO) in PA (Lo et al.
2005).

The levels of five HSP/chaperones (HSP27, HSP60,
HSP70, HSP84, and HSP86) were assessed by immunohis-
tochemistry in 81 cases of salivary gland tumors, Table 1
(Wang et al. 2013). The aim of the study was to determine
if there were differences between benign and malignant
tumors and the results did demonstrate differences. HSP27
levels were significantly lower in malignant compared to
benign tumors, and negatively correlated with the age of the
patients, and tumor proliferation index and size.

HSP60 showed no significant difference between the
benign and malignant tumors, Table 1.

Contrary to HSP27 and HSP60, the levels of HSP84,
HSP86, and HSP70 were considerably higher in malig-
nant than in benign tumors, and positively correlated with
patients age, tumor size and proliferation index, neural inva-
sion, and metastasis, Table 1. Within the benign tumors,
HSP84 and HSP86 levels were higher in mixed tumors com-
pared to adenolymphomas and other benign tumor types.
The localization of these five HSPs was also reported (Wang
et al. 2013): HSP27, and HSP60 were strictly localized in
the cytoplasm of the tumor epithelium and in the lower and
upper portion of the epithelium, respectively. In contrast,
HSP70, HSP84, and HSP86 were not restricted to the cyto-
plasm but were also localized in the nucleus (Wang et al.
2013).

As stated above, HSP27 was increased in benign tumors
(Wang et al. 2013) but it was decreased in PA, Table 1 (de
Siqueira et al. 2015). HSP27 may have an antiapoptotic
effect and play a protective role as suggested by the mRNA
Bcl,/Bax ratio (antiapoptotic index). It could very well be
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Table 1 Examples of studies in which HSPs have been measured in salivary gland tumors

Gland n Tumor HSP Status Ref.
Parotid 12 PA (benign) HO-1 Increased Lo et al. (2005)

HO-2 Decreased
Submandibular N.A. HSG Cell line (malignant) HSP27* Decreased Aiko et al. (2002)
Parotid 9 PA (benign) HSP27 Decreased de Siqueira et al. (2015)
Submandibular 5
Minor
Parotid 64  Mixed tumors (benign), Adeno- HSP27, HSP60, HSP84, HSP86, HSP70: Wang et al. (2013)
Submandibular 7 lymphoma (benign), Others HSP70, HSP84, increased in malignant. HSP27:
Small 10 (benign), Mixed tumors (malig- HSP86 decreased in malignant. HSP60:

nant), ACC (malignant), MEC
(malignant), Others (malignant)®

Not named 25 PA

Minor 41 ACC HSP27
Major 26
Parotid 9 PA, MEC, Acinic Cell Carcinoma GRP78

(malignant)

HSP27 HSP60 HSP70 Not specified

no difference between benign

and malignant.
Yamaguchi et al. (2004)
Increased Chen et al. (2018)

Increased Bachar et al. (2014)

n number of cases, Ref. reference, PA pleomorphic adenoma, N.A. not applicable, HSG human submandibular gland, ACC adenoid cystic carci-

noma, MEC mucoepidermoid carcinoma

#See Fig. 1 for proposed mechanisms of participation of HSP27 in carcinogenesis of salivary glands

The authors did not specify to which glands belonged the tumors listed.

that a decrease in HSP27 in PA makes the gland more sensi-
tive to cellular stress and, therefore, facilitates tumor initia-
tion (de Siqueira et al. 2015). The antiapoptotic and protec-
tive roles of HSP27 against cell damage were revealed by its
direct association with inhibition of cytochrome c-depended
apoptosis, which is mediated by the activation of the cas-
pases 3 and 9 pathways, in the human submandibular sali-
vary gland ductal cancer cell line (HSG-DCCL) (Aiko et al.
2002). Moreover, treatment of HSG-DCCL cells with con-
canamycin A, which activates the release of cytochrome c
in the cytoplasm, decreased HSP27 levels and increased
subsequent apoptosis (Aiko et al. 2002).

Another study pinpointed the localization of HSP27,
HSP60, and HSP70 in PA (Yamaguchi et al. 2004). HSP27,
and HSP60 were observed in the cytoplasm of the neoplastic
epithelial cells but were not present in the stroma. HSP70
was localized in both the cytoplasm and the nuclei of neo-
plastic cells (Yamaguchi et al. 2004).

HSP27 was increased in adenoid cystic carcinoma (ACC)
in vitro, in a murine model and in human tumor tissues
(Chen et al. 2018). The possible deleterious effect of HSP27
was suggested by the diminution of the epithelial marker
E-cadherin and the simultaneously increase of the mesen-
chymal markers Vimentin and N-cadherin combined with
the subsequent increase of the mesenchymal transcription
factors Prxx1, c-kit, snaill, and Slug. All these data impli-
cate HSP27 in the epithelial-mesenchymal transition (EMT)
characteristic of malignancy. Moreover, HSP27 increased
the invasiveness and migration of ACC cells accompanied
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by an increase in radio -resistance in an ACC cell line and
in patients with recurrent tumors (Chen et al. 2018). HSP27
seemed to orchestrate the TGF-B-dependent and TGF-f-
independent EMT in ACC cells (Chen et al. 2018).

GRP78 is a central regulator of the unfolded protein
response in the endoplasmic reticulum (Pfaffenbach and
Lee 2011). Under stress conditions, intracellular GRP78
translocates to the cell surface and functions as a signal-
ing receptor, including regulation of tumor cell signaling
(Ni et al. 2011). A body of evidence suggests an increase
in cell surface GRP78 in tumor cells and this increase has
been associated with a greater tumorigenicity, Table 1,
(Daneshmand et al. 2007; de Ridder et al. 2011; Fu et al.
2007; Scriven et al. 2009; Zhang et al. 2007). Likewise, cell
surface GRP78 was increased in all malignant but not in
benign parotid tumors (Bachar et al. 2014). An increase of
GRP78 confers resistance to malignant cells against apop-
tosis (Bachar et al. 2014).

Conclusions and perspective for the future

Salivary glands are key elements in oral physiology and their
diseases are an important component of human pathology
as evidenced, for instance, by the occurrence of benign and
malignant tumors, which is steadily increasing. Unfortu-
nately, despite the findings about molecular alterations in
salivary gland tumors mentioned in the literature, there is no
definite and complete understanding regarding the etiology
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Fig. 1 Proposed pathways involved in the HSP27-dependent tumor
progression of salivary glands. HSP27 is typically cytoprotec-
tive against cytotoxic stress by inhibiting p53-induced apoptosis. In
salivary gland pleomorphic adenoma (left-hand side of the figure),
HSP27 decreases, allowing the activation of the p53 pathway, pro-
moting the transcription of downstream pro-apoptotic genes Bcl2-
associated X protein (BAX) and caspace-3 (Casp3) and, simultane-
ously, inhibiting the transcription of antiapoptotic gene Bcl2. As a
result, both cellular stress and consequent injury increase, promoting
apoptosis and creating a convenient environment for tumor forma-
tion. In contrast, in other pathologies, notably adenoid cystic carci-

and mechanisms of these tumors, particularly in what con-
cerns the role that molecular chaperones might play in car-
cinogenesis in these glands. Malfunctioning of the chaper-
oning system may play a role in tumorigenesis in salivary
glands since some HSPs that are part of the system have
been implicated in carcinogenesis in other organs, in which
an increase in HSP/chaperones was associated with tumor
initiation and progression, and sometimes with poor progno-
sis and bad response to anti-cancer treatment. To determine
if similar data are available for tumors of the salivary glands,
we carried out a literature search. We found that the quan-
titative patterns of six HSP/chaperones reported for various
types of salivary gland tumors, benign and malignant, have
distinctive characteristics that could help in differential diag-
nosis and patient follow up. We also discuss reports on two
heme oxygenases, HO-1 and HO-2, because the former is a
heat shock protein (although not a chaperone) and both have
been implicated in some malignancies. HO-1 was strictly
located in the ducts of normal salivary glands whereas HO-2

noma (right-hand half of the figure), HSP27 tends to increase, inhib-
iting mitochondrial cytochrome c release in the cytosol. Inhibition
of cytochrome c¢ blocks the activation of caspase-9 (Casp9) and its
downstream effector Casp3, downregulating apoptosis and promoting
malignancy. HSP27 through the TGF-B1 pathway activates the tran-
scription of epithelial-mesenchymal transition (EMT) transcription
factors Snaill and Prrx1, which inhibits E-cadherin (loss of E-cad-
herin is a known hallmark of EMT) thus inducing EMT and cancer
stem cell (CSC)-like phenotype and promoting malignancy progres-
sion.

was found in ducts and acini. HO-1 abundance decreased
whereas HO-2 increased in PA. HSP70, HSP84, and HSP86,
were increased in salivary gland malignant as compared to
benign tumors, while HSP27 was elevated in PA. In malig-
nant tumor cells, GRP78 increased, perhaps indicating cel-
lular resistance against apoptosis, whereas the increase of
HSP27 in ACC cells may be the mark of the invasiveness
and migration characteristic of endothelial-mesenchymal
transition. In contrast, HSP27 decreased in other types of
salivary gland malignant tumors, reinforcing the idea that
HSP quantitative patterns may be distinctive of tumor type.
The information we found suggests also that chaperones in
salivary glands play key roles under physiological conditions
as illustrated, for instance, by data showing that HSPs are
more abundant in the ducts than in the acini, a distribution
pattern that may indicate that HSPs are involved in saliva
modification prior to secretion.

All the information available encourages research aim-
ing at elucidating the real potential of HSP/chaperones as
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disease biomarkers with clinical applications for diagnosing
and monitoring salivary gland tumors. Also, the data suggest
that HSP/chaperones play a role in the mechanism of sali-
vary gland carcinogenesis, as found for other tissues. Conse-
quently, research on carcinogenesis in salivary gland should
include examination of the possible role of HSP/chaperones.
This will also open avenues for developing therapies cen-
tered on HSP/chaperones, namely chaperonotherapy. This
can be positive if the chaperone is found to have anti-tumor
activity but functionally low and should include adminis-
tration of the chaperone as protein or gene. Also, in this
case, boosting the activity of the chaperone with chemical
compounds would be another therapeutic strategy. On the
contrary, if a chaperone is found to be pro-carcinogenic,
negative chaperonotherapy would be indicated. This may
consist of blocking the chaperone activity with chemical
compounds or blocking production of the chaperone using
any of the molecules now known to inhibit gene transcrip-
tion and mRNA translation.
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