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High Mobility Group A proteins in esophageal carcinomas

Antonio Palumbo J�uniora,b, Nathalia Meireles Da Costaa, Francesco Espositoc, Alfredo Fuscoc,
and Luis Felipe Ribeiro Pintoa

aPrograma de Carcinogênese Molecular, Instituto Nacional de Câncer - INCA, Rua Andr�e Cavalcanti, Rio de Janeiro, RJ, Brazil; bLaborat�orio de Interaç~oes
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ABSTRACT
We have recently shown that HMGA2 is overexpressed in esophageal squamous cell carcinoma (ESCC) and
its detection allows to discriminate between cancer and normal surrounding tissue proposing HMGA2 as a
novel diagnostic marker. Interestingly, esophageal adenocarcinoma shows an opposite behavior with the
overexpression of HMGA1 but not HMGA2. Moreover, we show that the suppression of HMGA2 in 2 ESCC
cell lines reduces the malignant phenotype. Then, this paper highlights a differential induction of the
HMGA proteins, depending on the cancer histological type, and reinforces the perspective of an
innovative esophageal cancer therapy based on the suppression of the HMGA protein function and/or
expression.
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We have recently published a study aiming to analyze the
expression of the HMGA proteins in human esophageal carci-
nomas.1 Esophageal Cancer (EC) is the tumor originating from
the esophagus.2 Since 2012, EC responds for the eighth position
in incidence and the sixth in mortality among all tumor types,
being characterized as a highly lethal tumor.2,3 The high lethal-
ity rates exihibited by this tumor are mostly due to the lack of
symptoms until late stages of the disease progression which
leads to EC late diagnosis and poor prognosis.2,3 In addition to
this scenario, there is also a lack of deep knowledge on the
mechanisms involved in the genesis and progession of the dis-
ease. There are 2 main EC histotypes: EAC (esophageal adeno-
carcinoma) and ESCC (esophageal squamous cell carcinoma)
which widely differ in associated etiological factors, geographi-
cal incidence and molecular alterations involved in disease gen-
esis and progression. Nevertheless, ESCC is the most prevalent
histotype, responding for about 80% of all EC cases.4

EAC arises from the glandular cells present in the lower
third of the esophagus, more precisely in the gastroesophageal
junction. Epidemiologic studies indicate that EAC results from
a complex etiology, figuring among the main risk factors associ-
ated with its genesis and progression: gastroesophageal reflux
disease (GERD), Barrett’s Esophagus (BE), obesity and tobacco
consumption. 5 Continuos GERD has already been described as
the main risk factor leading to a premalignant condition char-
acterized by the replacement of the normal stratified squamous
epithelium lining of the esophagus by simple columnar epithe-
lium with goblet cells, a phenomenon known as BE, and is
highly related with EAC development. 5 BE patients posses an

increased risk for EAC of around 30 times.6,7 EAC incidence is
particularly higher in developed countries, such as United
States, United Kingdom, Ireland and The Netherlands,5 where
obesity represents an endemic condition.

Differently from EAC, ESCC originates from the epithelial
cells that coat the esophagus. This cancer also possesses a
highly complex etiology and presents a particular characteristic
which is the remarkable great geographical variation of its inci-
dence worldwide, with low incidence areas surrounded by areas
in which the incidence is up to 10 times higher. The high ESCC
incidence areas are represented by the “Central Asian Esoph-
ageal Cancer Belt,” region ranging from Caspian Sea to Central
China, south and east of Africa and parts of South America.
Exposure to different etiological agents may be involved in
development of ESCC in the high incidence areas. For instance,
the typical risk factors associated with ESCC genesis and devel-
opment are alcohol, tobacco and opium consumption, very hot
beverages drinking habits, dietary exposure to N-nitrose com-
pounds and mycotoxins. Other related factors are nutritional
deficiencies, low socioeconomic status and poor oral hygiene.
ESCC is more incident among men than women, what could
be explained by the greater exposition of men to the risk factors
associated with this disease (reviewed in 8 ).

The High Mobility Group A protein family includes
HMGA1a, HMGA1b (coded for by the HMGA1 gene through
an alternative splicing) and HMGA2, product of the homoni-
mous gene.11These proteins have not only been associated to
neoplastic malignancies, but they have a causal role in cell
transformation and cancer progression. Indeed, they are
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overexpressed in several human tumors, whereas they are not
expressed, or just at low levels, in normal adult tissues. Con-
versely, their expression is very abundant during embryogene-
sis.9 Moreover, several studies have shown that the silencing of
HMGA expression reverts the neoplastic phenotype10,11 and
transgenic mice carrying the HMGA1 or HMGA2 genes
develop many types of neoplasias. 9

Even though HMGA1 and HMGA2 have a similar structure
including 3 AT hook domains and a similar expression pattern,
they surely have different functions as demonstrated by the dif-
ferent phenotype of the HMGA1 and HMGA2 null mice.9

Indeed, Hmga1-null and heterozygous mice develop cardiac
hypertrophy and type 2 diabetes showing that a suitable quan-
tity of HMGA1 protein is needed for cardiomyocyte cell growth
and modulation of the insulin pathway.12,13 On the other hand,
Hmga2-null and heterozygous mice exhibited a pygmy pheno-
type with a reduction in body size of 60%, in comparison with
the wild-type mice, and a strong decrease of fat tissue,14,15 sup-
porting a central role of HMGA2 in the regulation of body size
and adipocyte differentiation and proliferation. Interestingly, a
correlation between overexpression of HMGA family members
and a poor prognosis has been widely reported.9,16 The analysis
of HMGA protein in our study revealed a very high HMGA2
expression levels in ESCC samples, whereas it was almost
absent in EAC tumors. Conversely, we detected a low HMGA1
protein expression in ESCC tumors whereas it was high in
EAC samples. This result sounds very interesting, since the dif-
ferential expression pattern of HMGA1 and HMGA2 in EAC
and ESCC could reflect the complex and widely divergent etiol-
ogy and genesis of these tumors.17,8 Moreover, the correlation
of a type of HMGA with a specific histotype further suppports
the diversity between HMGA1 and HMGA2 as already sug-
gested from their respective KO mice. Interestingly, prelimi-
nary results show an increased expression of HMGA2, but not
HMGA1, in squamous skin (Chiappetta et al., manuscript in
preparation) and larynx (Palumbo J�unior et al., manuscript in
preparation) carcinomas, suggesting that the HMGA2 specific
induction is associated somehow with the squamous histotype.

Intriguingly, it has been previously reported that crescent
HMGA1 expression along BE progression may be associated
with the malignant development of EAC.18 Nonetheless,
despite the clues correlating HMGA1 overexpression and the
development of the esophageal glandular tumor, the functional
consequences of this altered expression along EAC progression
has not been fully addressed yet. Therefore, due to the notori-
ous absence of HMGA1 and HMGA2 expression in adult tis-
sues,9,16 tracking their overexpression along tumorigenesis
could represent a great opportunity to reveal the distinct
“malignant roots” that differentially guide EAC and ESCC
appearance.

In our study we demonstrate that HMGA2 mRNA expres-
sion was capable of clearly distinguishing ESCC from healthy
esophageal tissue and tumor surrounding mucosa that, even
though histologically normal, already harbors molecular altera-
tions not found in esophageal healthy tissues.8 In this way, the
identification of a molecular marker differentially expressed in
ESCC samples, tumor surrounding mucosa and healthy esoph-
ageal tissue represents a potential improvement for ESCC early
detection in the near future. Nonetheless, despite the high levels

of HMGA2 transcript and protein detected in the ESCC sam-
ples evaluated in our study, its overexpression did not signifi-
cantly impact on ESCC patients overall survival. This could be
due to the fact that most of the ESCC samples used in our study
were derived from advanced tumor stages, due to the lack of
clinical symptoms and screening approaches, which consists in
a technical limitation to assess early ESCC stage samples and
efficiently study the development of ESCC by translational
studies. Moreover, while the development of EAC is commonly
preceded by pathological alterations, such as Barrett’s metapla-
sia and dysplastic lesions, which represent the initial steps of
this tumor evolution, 5 ESCC does not present such a clear evo-
lution represented by well defined pathological conditions. Fur-
thermore, the advanced stage of the cancer patients analyzed in
our study has not allowed us to detect early molecular altera-
tions involved in tumorigenesis. It has already been reported
that driver molecular alterations represent the early molecular
events in malignant transformation that generate a genetic
imbalance which leads to additional secondary alterations and
a consequent highly undifferentiated and aggressive tumor phe-
notype.19 In line with this, it has been reported that the altera-
tions in HMGA family members represent an early event in
tumorigenesis, 9,16,20,21 thus suggesting that HMGA overexpres-
sion may take place as an initial step in ESCC genesis and lead
to a more aggressive tumor phenotype along its progression by
regulating a cascade of downstream molecular events.

Therefore, despite the lack of prognostic value, in our study,
HMGA2 mRNA expression levels presented a high diagnostic
potential, being capable of clearly distinguishing ESCC from
healthy and surrounding esophageal tissues, as revealed by the
receiver operation characteristics (ROC) analysis, which allows
to discriminate between 2 patient states (“diseased” and “non-
diseased”).22 This finding is of great importance for ESCC
course, specially if we consider that a new methodology for
detecting HMGA2 mRNA in the plasma of patients affected by
ovarian carcinomas has been recently reported.23 Hence, it sug-
gests the possibility to test the discriminatory potential of
HMGA2 mRNA expression in individuals from ESCC risk pop-
ulations, by using a minimally invasive approach. Moreover,
taking into account that HMGA1 seems to play an important
role for EAC genesis and development, similar approaches
should be employed in order to test the HMGA1 prognostic
and diagnostic potential for this tumor. In line with this, an effi-
cient method to measure HMGA1 protein in the plasma of
patients with diverse neoplasms is currently being developed by
our group (manuscript in preparation).

In our study we have also analyzed possible epigenetic
mechanisms that could account for the HMGA2 overexpres-
sion in ESCC. The HMGA1-pseudogenes HMGA1P6 and
HMGA1P7, that have been demonstrated to regulate both the
HMGA proteins,24,25 are not induced in ESCC (unpublished
results). Moreover, some ananalyzed miRNAs already reported
to target HMGA2 gene do not show changes in their expression
(unpublished results). These results suggest that at least these
epigenetic mechanisms are not involved in the regulation of
HMGA2 protein levels in ESCC.

Finally, we have also reported that the inhibition of HMGA2
expression reduces the malignant phenotype of esophageal
squamous carcinoma cells. Therefore, these results support an
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approach of ESCC therapy based on the suppression of HMGA
protein synthesis. This is corroborated by other recent studies
reporting that HMGA1 silencing restores normal stem cell
characteristics in colon cancer stem cells,26 besides rescuing the
sensitivity of colon and thyroid cancer cells to antineoplastic
drugs.27 Moreover, this study highlights the need of investigat-
ing the possible malignant phenotype reversion of EAC upon
HMGA1 silencing, in order to understand and propose this
pathway as a potential future approach for EAC therapy.

In conclusion, this study supports the critical role of HMGA
proteins in esophageal cancer and suggests new perspectives
for the development of future strategies for the management of
this disease, thus improving esophageal cancer diagnosis, prog-
nosis and treatment (Fig. 1).
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