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HMGA1 gene rearrangements have been frequently described in human lipomas. In vitro
studies suggest that HMGA1 proteins have a negative role in the control of adipocyte cell
growth, and that HMGA1 gene truncation acts in a dominant-negative fashion. Therefore,
to define better the role of the HMGA1 alterations in the generation of human lipomas, we
generated mice carrying an Hmgalb truncated (Hmgalb/T) gene. These mice develop a giant
phenotype together with a drastic expansion of the retroperitoneal and subcutaneous
white adipose tissue. We show that the activation of the E2F pathway likely accounts, at
least in part, for this phenotype. Interestingly, the Hmgalb/T mice also develop B-cell lym-
phomas similar to that occurring in Hmgal-knockout mice, supporting a dominant-nega-
tive role of the Hmgalb/T mutant also in vivo.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

HMGA1 belongs to the High Mobility Group A (HMGA) gene fam-
ily, which also includes the closely related HMGA2 gene. The
HMGA1 gene codes, through alternative splicing, for two pro-
tein isoforms, HMGAla and HMGA1b, which differ from
each other for few aminoacids. The HMGA proteins are

characterised by three DNA-binding domains containing
short basic repeats, the so-called AT-hooks, capable of
binding AT-rich sequences in the minor groove of the DNA,
and an acidic carboxy-terminal tail that is believed to be
important for protein-protein interactions." They are non-
histone chromatin-associated factors known as ‘architectural
transcription factors’ by interacting with the transcription

* Corresponding author: Address: Istituto di Endocrinologia ed Oncologia Sperimentale (IEOS), Via Pansini 5, 80131 Napoli, Italy. Tel.: +39

081 67463602; fax: +39 081 2296674.

E-mail addresses: afusco@napoli.com, alfusco@unina.it (A. Fusco).

f Both authors contributed equally to the work.

0959-8049/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.

doi:10.1016/j.ejca.2010.09.045


http://dx.doi.org/10.1016/j.ejca.2010.09.045
mailto:afusco@napoli.com
mailto:alfusco@unina.it
http://dx.doi.org/10.1016/j.ejca.2010.09.045
http://dx.doi.org/10.1016/j.ejca.2010.09.045
http://dx.doi.org/10.1016/j.ejca.2010.09.045
www.sciencedirect.com
http://www.ejconline.com

EUROPEAN JOURNAL OF CANCER 47 (2011) 470-478 471

machinery they alter chromatin structure and thereby regu-
late, negatively or positively, the transcriptional activity of
several genes.” Both HMGA genes are widely expressed during
embryogenesis, but expression becomes more restricted as
foetal development progresses and is absent or low in adult
tissues,>* except for the stem cell compartment. In fact, it
has been recently shown that HMGA?2 is highly expressed in
foetal and young-adult stem cells, being required for the
self-renewal of foetal and young-adult stem cells relative to
old-adult stem cells by negatively regulating p16™* and
p1927 expression in foetal and young-adult, but not old-adult
stages.’

This protein family is implicated, through different mech-
anisms, in both benign and malignant neoplasias.® In fact,
unrearranged HMGA overexpression is a feature of malignant
tumours and is also causally related to neoplastic cell trans-
formation, as demonstrated by the ability of HMGA1 and
HMGA? overexpression to transform cells in culture and in-
duce tumours in vivo.”® Conversely, rearrangements of HMGA
genes, mainly the HMGA2 gene, are a feature of most benign
human mesenchymal tumours.’

Indeed, they are frequent in human benign neoplasias of
mesenchymal origin, including lipomas, uterine leiomyomas,
pulmonary chondroid hamartomas and others®; breakpoints
in HMGA?2 preferentially cluster in the third large intron of
the gene, resulting in deregulation of its expression, trunca-
tion or, more frequently, generation of fusion genes encoding
chimeric transcripts containing the first three exons of
HMGA?2 and ectopic sequences from other genes. Truncation
of HMGA2 with the loss of its carboxy-terminus, including
the 3’ untranslated region (3’ UTR), seems to account for
HMGA? gene overexpression in these tumours.”'>! Indeed,
3’ UTR of HMGA2 contains multiple target sites for let-7
microRNA, and therefore, its loss would result in the lack of
the let-7 negative regulation of HMGA2.?>13

Rearrangements of HMGA1 in various benign mesenchy-
mal tumours consist of breakpoints located either upstream
or downstream of the gene sequence, and molecular analyses
of HMGAL1 transcripts revealed common deletions of the car-
boxy-terminal region and/or parts of the 3’ UTR.**** The gen-
eration of transgenic mice overexpressing HMGAI and
HMGA2 genes confirmed an oncogenic role for these genes.
In fact, transgenic mice carrying wild-type forms of either
Hmga2 or Hmgal develop NK/T-cell lymphomas and pituitary
adenomas.'®” Conversely, the generation of knockout mice
for the Hmgal gene revealed an unsuspected tumour-
suppressor potential since they develop B-cell lymphomas
and myelo-proliferative disorders.®

Several observations support a critical role for HMGA pro-
teins in the development, and particularly, in the process of
adipogenesis.!® In fact, Hmga2~”~ mice express a pygmy pheno-
type together with a drastic reduction (87%) in adipose tis-
sue,> whereas transgenic animals overexpressing either
wild-type or truncated Hmga2 show an opposite phenotype
with a significant increase in weight and size, characterised
by lipomas or abdominal/pelvic lipomatosis.***¢*° Moreover,
the lack of Hmga2 expression prevents both diet- and gene-
induced obesity.>! Conversely, HMGA1 proteins exert a nega-
tive role on adipocytic cell growth.?>?? In fact, Hmgal gene
expression is induced in mouse 3T3-L1 fibroblasts, which rap-

idly differentiate to adipocytes upon treatment with several
agents,?* soon after differentiation.?” Further, suppression of
Hmgal or expression of a truncated Hmgalb (Hmgalb/T) gene,
deprived of both the acidic tail and the 3’ UTR, dramatically
increased growth rate and impaired adipocytic differentia-
tion,?>?3 also suggesting that the Hmga1b/T mutant acts in
a dominant-negative fashion.?® Data obtained from our labo-
ratory on Hmgalb-transgenic animal models, which do not
develop lipomas, have so far supported this model.*” To vali-
date in vivo the putative lipomagenic activity of the HMGA1b/T
gene, we generated transgenic mice carrying this mutant
gene under transcriptional control of the cytomegalovirus
promoter (Hmgalb/T mice). These mice are overgrown and
accumulate abundant ectopic fat depots. Increased E2F activ-
ity has been detected in the transgenic mice compared to
wild-type littermates, likely accounting, at least in part, for
the phenotype of the Hmgalb/T mice. We also show that
Hmgalb/T mice develop B-cell lymphomas with morphologi-
cal, histological and molecular features similar to those ob-
served in Hmgal™™ mice, again supporting the hypothesis of
a dominant-negative role of HMGA1/Ton the HMGAL1 function.

2. Materials and methods

2.1.  Generation of transgenic mice

The construct carrying the cDNA encoding the truncated
form of the murine Hmgalb gene (pRc/CMV-Hmgal/T) was ob-
tained by sub-cloning a 243-bp cDNA fragment (from +196 bp
to +438 bp downstream the transcriptional starting site (TSS)
of the mouse hmgalb cDNA) into the HindIIl and Xbal sites of
the expression vector pRc/CMV (Invitrogen), as previously de-
scribed.?® It was electroporated into ES AB2.2 cells,”® and
G418-resistant clones were selected and analysed by South-
ern blot hybridisation with a CMV promoter probe on geno-
mic DNA digested with Sspl (Fig. 1A). Seven positive clones
were selected on the basis of the unique Southern band of
2000 bp corresponding to the expected length of the Sspl frag-
ment including the CMV-Hmgabl/T insert (asterisks in
Fig. 1B). These clones were expanded and the expression of
Hmgalb/T was evaluated by a semiquantitative RT-PCR assay,
using a construct-specific primer set described in the follow-
ing paragraph. The highest two Hmgalb/T expressing ES cell
clones (asterisks in Fig. 1C) were microinjected into C57BL6/J
mouse blastocysts and then transferred to pseudopregnant
foster mothers (Thomas Jefferson University, Philadelphia,
PA). Chimeric mice were crossed to wild-type C57BL6/] mice
(Taconic Farm), and germ-line transmission of the transgene
was checked by Southern blot analysis of tail DNA from agou-
ti coat-coloured F1 offspring.

2.2. RT-PCR analyses

Tissues from transgenic animals were rapidly dissected, fro-
zen on dry ice, and stored at -80 °C. Total RNA was extracted
using TRI-reagent solution (Molecular Research Center,
Cincinnati, OH) according to the manufacturer’s protocol
and treated with DNase I (Invitrogen). One micrograms of
RNA was reverse transcribed using random exonucleotides
as primers (100 mM) and MulLV reverse transcriptase (Applied
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Fig. 1 - Generation of Hmga1lb/T transgenic mice. Schematic representation of the CMV-Hmga1b/T transgene vector
construction (A). Analysis, by Southern blot, of the integration of the CMV-Hmga1b/T transgene in ES cell clones.
Asterisks = selected clones for further analyses and CN = copy number (B). RT-PCR analysis of the expression of the CMV-
Hmgalb/T transgene in the selected ES cell clones. Asterisks = selected clones for blastocysts microinjection (C). RT-PCR
analysis of the expression of the CMV-Hmga1b/T transgene in a panel of adult tissues from transgenic mice (D). Quantitative
RT-PCR for the relative expression of the Hmga1lb/T and Hmga1b transgenes in Hmgalb/T (A1b/T) and Hmga1lb (A1b) mice,
respectively. The relative expression of the two transgenes in comparison to the endogenous Hmga1b gene is also shown in
the two trangenic mouse models. The data represent the mean values + SD of two spleens from each mouse line performed

in duplicate (E).

Biosystems). Five microlitres of cDNA were amplified as previ-
ously described.'? Primers designed to amplify specifically the
transcripts of the transgenic construct, as well as primers
specific for the expressed enzyme glyceraldehyde 3-phos-
phate-dehydrogenase (GAPDH) that was used as an internal
control of the amount of cDNA tested, and primers to amplify
V-preB and rag2 genes were previously described.'®?

2.3. Quantitative RT-PCR

Each reaction was performed in duplicate in a final volume of
20 pl using 10 pl of 2x Power SYBR Green PCR Master Mix
(Applied Biosystems), 200 nM of each primer and 1 pl of each
cDNA, using the following conditions: 10 min at 95 °C and then
45 cycles of 30 s at 95 °C and 1 min at 60 °C. At the end of the
PCRrun, a dissociation curve was constructed using a ramping
temperature of 0.2 °C/s from 65 °C to 95 °C and a single melting

point was obtained for each promoter. The 2724“T method was

used to calculate relative expression levels.”® The following
primer sequences were used: CMV-forward, 5'-tggcagtacatc-
tacgtattagtcatc-3’; CMV-reverse, 5’-atccacgcccattgatgta-3’;
hmgal-endog-forward, 5’-caagacccgggaaagtca-3’; hmgal-
endog-reverse, 5'-cagaggactcctgggagatg-3’; cyclin E-forward,
5’-ctgagagatgagcactttctge-3’; cyclin E-reverse, 5’-gagcttata-
gacttcgcacacct-3’; hprt-forward, 5-tcctcctcagaccgetttt-3’ and
hprt-reverse, 5'-cctggttcatcatcgctaate-3'.

2.4. Protein extraction and Western blot

Total protein lysates were obtained from transgenic (both nor-
mal and neoplastic) and wild-type spleens that had been
homogenised in a solution containing 1% NP40, 1 mmol/l
EDTA, 50 mmol/1 Tris-HCI (pH 7.5) and 150 mmol/l NaCl, sup-
plemented with complete protease inhibitors mixture
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(Roche). Total proteins were separated by SDS-PAGE and
transferred to nitrocellulose membrane. Membrane was
blocked with 5% BSA in Tris Buffered Saline (TBS) and incu-
bated with the specific primary antibodies (Ab) recognising
the HMGA1 protein.?? Bound Ab was detected by the appropri-
ate secondary Ab, diluted in 5% nonfat milk in TBS solution
containing 0.05% Tween 20 (TTBS), and revealed with an en-
hanced chemiluminescence system (Amersham Biosciences,
Cologno Monzese, Italy).

2.5. MRI

Magnetic Resonance Imaging was performed at the ‘Istituto
dei Tumori di Napoli G. Pascale’ on a 1.5-T magnet system
using local receiver coils and an 8-cm field view. Coronal
slices 3mm thick were obtained with T1 weighting (TR/
TE = 400/11 ms).

2.6.  Plasmids, cell transfections and luciferase activity
assay

The cyclin E-luciferase vector (cyclin E-luc) was generously pro-
vided by K. Helin (Biotech Research and Innovation Centre,
University of Copenhagen, Denmark). Transfections for lucifer-
ase assays were carried out in 3T3-L1 mouse pre-adipocytes by
using Lipofectamine 2000 method (Invitrogen), according to the
manufacturer’s instructions. A total of 2 x 10 cells were tran-
siently transfected with 0.2 pg of cyclin E-luc and with 1 pg of
each pCEFLHa-HMGA1,>?> pCEFLHa-HMGA1/T,>®> pCEFLHa-
HMGA? and pCEFLHa-HMGA?2/T,%’ together with 0.5 ug of CMV-
Bgal and various amounts of the pCEFLHa plasmid (backbone
vector) to keep the total DNA concentration constant. Cells were
harvested 24 h post-transfection and lysates were analysed for
luciferase activity. Transfection efficiency was normalised using
the B-galactosidase activity. The assay was performed in dupli-
cate and repeated in three independent experiments.

2.7.  Electrophoretic mobility-shift assay

Protein/DNA-binding was determined by electrophoretic
mobility-shift assay (EMSA) for E2F1 with protein extracts
from wild-type and Hmgab1/T fat. Seven micrograms of each
extract were pre-incubated in a buffer containing 20 mM
Hepes pH 7.6, 1mM MgCl,, 0.1mM EGTA, 0.02% NaNs,
40 mM KCI, 10% glycerol and 1 pg of sonicated salmon sperm
for 10 min at RT. Then, 2 ul of the radiolabelled oligonucleo-
tide was added and the mixture was incubated for 20 min.
For supershift analysis, pre-incubation was run for 30 min
in ice in the presence of the specific antibody. The DNA-pro-
tein complexes were resolved on 4% non-denaturing acrylam-
ide gels and visualised by autoradiography. The double-strand
oligonucleotide used was the E2Fl-responsive element
(sc-2508, Santa Cruz Biotech, Santa Cruz, CA). The antibodies
used for the supershift analysis were: anti-E2F1 (sc-193, Santa
Cruz) and anti-Rb (sc-50, Santa Cruz).

2.8.  Histological analysis and immunohistochemistry

For histological examination, dissected tissues were fixed by
immersion in 10% formalin and embedded in paraffin.

Mounted sections (5 um thick) were stained with haematoxy-
lin and eosin using routine procedures.

2.9.  Analysis of splenocyte cell surface antigens

Spleens removed from mice were dissociated into single cells
and RBCs were lysed by hypotonic shock using Tris-NH,Cl
buffer (NH4Cl 0.14 M, Tris 0.017 M, pH 7.2). Cells were washed
in PBS supplemented with 2% FCS, 0.2% sodium azide and la-
belled with FITC-, PE- and Cy5-conjugated appropriate anti-
bodies for 30min at 4°C. Cells were then washed and
analysed on FACS-Calibur flow cytometer (Becton Dickinson,
Buccinasco, Italy). All the Abs used were obtained from
Pharmingen/BD Biosciences (Buccinasco, Italy).

2.10. Statistics

The results are expressed as mean + SD. For the comparison
of statistical significance between two groups, Student’s t-test
was used. A P-value<0.05 was considered statistically
significant.

3. Results

3.1. Generation of transgenic mice with Hmgalb/T

An ES cell-mediated strategy has been used to generate
transgenic mice, as previously described.’® A truncated
Hmgalb cDNA (Hmgalb/T), deprived of the COOH-terminal
tail, under the transcriptional control of the CMV promoter
(Fig. 1A) was transfected into the ES cells AB2.2. G418-resis-
tant clones were selected and analysed by Southern blot
hybridization with a CMV promoter probe (Fig. 1B). Seven po-
sitive clones were selected on the basis of the expected
2009bp fragment recognised by the Southern blot assay
(asterisks in Fig. 1B). The expression of the Hmgalb/T trans-
gene was evaluated by RT-PCR. As shown in Fig. 1C, all se-
lected clones expressed the transgene. The two clones with
the highest levels of Hmgalb/T mRNA (asterisks in Fig. 1C)
were microinjected into C57BL6/] mouse blastocysts, which
were then transferred to pseudopregnant foster mothers.
Several chimeric mice, identified by the mixed black/agouti
coat colour, were obtained and crossed with wild-type
C57BL6/] mice. Two independent Hmgalb/T strains, identified
by Southern blot hybridization, were generated and exam-
ined. Both mouse lines showed the same phenotype. The
Hmgalb/T expression was detected by RT-PCR in all the ana-
lysed tissues of transgenic animals (Fig. 1D), without any sig-
nificant difference among them. Western blot analyses
confirmed the expression of the Hmgalb/T protein in trans-
genic mice (data not shown). Expression of the Hmgalb/T
transgene was compared to that of the Hmgalb transgene
from Hmgalb/T and Hmgalb mice, previously generated in
our laboratory,’® respectively. The results, shown in Fig. 1E,
indicate a higher expression of the transgene in Hmgalb
mice then in Hmgalb/T mice. Moreover, we also show that
the expression of the endogenous Hmgalb gene is not chan-
ged with respect to wild-type littermates in both transgenic
mice models (Fig. 1E).
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3.2. Hmgalb/T mice exhibit a giant phenotype associated
with abdominal/pelvic lipomatosis

Most Hmgalb/T mice (derived from both lines) exhibited a
giant and obese phenotype. At 12 months of age, 70% of them,
both males and females, showed an average 10% increase in
body length (naso-anal), compared to sex-matched wild-type
littermates (Fig. 2B). The remaining 30% of Hmgalb/T mice
was indistinguishable from the wild-types. Moreover, starting
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intra-abdominal fat pads (gonadal, retroperitoneal, and mes-
enteric) and one subcutaneous fat pad (inguinal, in the groin)
were dissected and weighed. As shown in Fig. 2D and E, the
absolute and relative weights of the abdominal and subcuta-
neous fat depots were increased in transgenic mice compared
with that in wild-type controls. Histological examination of
the abundant abdominal fat mass observed in Hmgalb/T
mice showed an overall hypertrophy of the adipose tissue in
the abdominal/pelvic area of these mice, consistent with a
diagnosis of abdominal/pelvic lipomatosis.

3.3.  Enhanced E2F activity in Hmgalb/T mice

Retinoblastoma proteins (pRB) are known to be critical in
controlling cell cycle in most cell types, including adipocyte
cells. They prevent the entry of cells into S phase by bind-
ing, and thereby inactivating the E2F transcription factors.?®
We have recently reported that HMGA2 activates E2F1 by
binding pRB and displacing HDACs from the inhibitory com-
plex recruited by pRB onto E2F-responsive elements.”’ A
similar mechanism has also been demonstrated in 3T3-L1
adipocytic cells by HMGA1.>> We have also previously
shown that the truncated Hmgalb gene dramatically in-
creased the growth rate of the 3T3-L1 cells and is able to
enhance the free E2F (i.e. not complexed with pRB) DNA-
binding activity highly.?® Herein, we demonstrate that cyclin
E promoter, a common E2F target, was significantly induced
upon transfection of a truncated Hmgalb gene, similarly to
what occurs for both wild-type and truncated Hmga2 genes
(Fig. 3A). Interestingly, a wild-type Hmgalb construct is not
able to enhance cyclin E promoter (Fig. 3A), and this result
is consistent with the phenotype of the Hmgalb-transgenic
mice, which are not overgrown and do not gain weight
compared to their wild-type littermates.” Next, we ana-
lysed the E2F activity in Hmgalb/T mice by EMSA assays
with white adipose tissue (WAT) lysates from transgenic
and wild-type animals. The results show an increase of
the faster migrating complex, corresponding to the free
E2F1-DNA-binding, in transgenic versus wild-type mice
(Fig. 3B, lanes 1 and 4), confirming in vivo the capacity of
the Hmgalb/T mutant to enhance E2F1 activity. Supershift
analyses with antibodies directed against pRB and E2F1 con-
firmed the specificity of the protein-DNA complexes (Fig. 3B,
lanes 2, 3, 5 and 6). In accordance with these data, cyclin E
was found overexpressed in adipose tissue of these trans-
genic animals (Fig. 3C).

3.4. Hmga1b/T mice develop B-cell lymphomas

From 12 months of age, a high percentage (75%) of transgenic
Hmgalb/T mice showed splenomegaly. This was histologi-
cally and cytologically diagnosed as B-type lymphoma (51%)
(Fig. 4, Panels Ao and B, and C) or lymphoid/myeloid hyper-
plasia (24%) (Table 1). In a cohort of 37 transgenic mice, the
B lymphoma subtypes, as defined by Morse et al.** were: 11
pre B-cell, 4 follicular B-cell, 3 diffuse large B-cell histiocyte-
associated and 1 small B-cell lymphomas, as defined by
immunohistochemical analysis with antibodies against spe-
cific B and T surface antigens and cytoplasmic proteins and
further confirmed by flow cytometric analysis (data not
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T transgenic mice (lanes 4-6) using an E2F-responsive
element sequence (E2FRE) as a probe. Samples in lanes 2, 3,
5 and 6 were pre-incubated with the indicated antibodies
before the addition of the probe. Supershifted bands con-
firmed the presence of E2F1 and pRB in the protein/DNA
complexes as indicated on the left (B). qRT-PCR of white
adipose tissue samples as in B to detect expression of cyclin
E (C).

shown). In most of the cases, lymphomas were also observed
in other organs such as lymph nodes, liver (Fig. 4Ay), biliary
tract, prostate, pancreas, kidney, lung and thymus. We further
characterised transgenic spleens by semiquantitative RT-PCR,
looking at genes specifically altered in their expression. As
shown in Fig. 4D, similarly to what we previously described
for lymphomas developed by Hmgal-knockout mice,®
Hmgalb/T splenocytes showed up-regulation of both V-preB
and Rag2 genes compared to wild-type controls. These results
support a positive role of the Hmgalb/T mutant gene in B-cell
expansion and strongly suggest its dominant-negative role,
with respect to the wild-type Hmgal protein, in the pathogen-
esis of this lymphoproliferative disease.

Finally, as summarised in Table 1, in our cohort of animals,
analysed between the ages of 18 and 22 months, we also
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ratio between B- and T-cells has been represented to show the increase of the B-cell population in TG versus WT animals (C).
RT-PCR analysis showing the expression of V-preB and Rag2 genes in TG and WT spleens. Gapdh expression was evaluated

as an internal control of RNA used (D).

Table 1 - Neoplastic lesions in Hmgalb/T transgenic mice.

Pathology TG WT
Females Males Total Females Males Total
B-type lymphoma 13/19 6/18 19/37 2/16 1/16 3/32
Spleen lymphoid/myeloid hyperplasia 1/19 8/18 9/37 1/16 1/16 2/32
Heart hypertrophy 3/19 1/18 4/37 0/16 0/16 0/32
Spleen angiosarcoma 1/19 2/18 3/37 0/16 0/16 0/32
Lung adenocarcinoma 2/19 0/18 2/37 0/16 0/16 0/32
Lung adenoma 1/19 0/18 1/37 0/16 0/16 0/32
Uterine leiomyosarcoma 1/19 NA 1/19 0/16 NA 0/16
Endometrial hyperplasia 1/19 NA 1/19 0/16 NA 0/16
Mammary adenocarcinoma 1/19 0/18 1/37 0/16 0/16 0/32
Hepatocellular carcinoma 1/19 0/18 1/37 1/16 0/16 1/32
T-type lymphoma 0/19 1/18 1/37 0/16 0/16 0/32
Brain choroid papilloma 1/19 0/18 1/37 0/16 0/16 0/32
NA = not applicable.
found a certain number of other neoplastic lesions, including 4, Discussion

lung adenocarcinomas and spleen angiosarcomas (Fig. 4A3),
further supporting the oncogenic potential of this mutant
form of the Hmgal gene.

Rearrangements of HMGA1 by chromosomal aberrations of
6p21 have been frequently described in human benign
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tumours of mesenchymal origin, including lipomas, uterine
leiomyomas and pulmonary chondroid hamartomas.® The
chromosomal breakpoints were located either upstream or
downstream of the gene sequence, and sometimes within
an 80 kb region surrounding HMGA1, but no intragenic rear-
rangements have ever been reported.'® Therefore, it has been
hypothesised that truncation of HMGAL1 is not a pre-requisite
to gain oncogenic potential. In contrast with this, we previ-
ously demonstrated the capacity of a construct expressing a
truncated Hmgalb gene, devoid of the C-terminal tail
(Hmgalb/T), to enhance proliferation of 3T3-L1 mouse fibro-
blasts.?® A similar finding was obtained by blocking expres-
sion of Hmgal."® These data prompted us to hypothesise
that the truncated Hmgalb mutant might have an oncogenic
potential probably acting with a dominant-negative effect on
the wild-type protein function. To validate this hypothesis we
generated transgenic mice for the Hmgalb/T mutant gene.
Characterisation of their phenotype confirmed the key role
of the truncation of HMGA1 in the development of adipose
tissue and in the acquisition of a neoplastic phenotype. In-
deed, these mice are giant, obese and develop lymphomas
of the same subtype developed by Hmgal-knockout mice,®
once again suggesting a dominant-negative effect of this
truncated form on wild-type HMGA1 proteins.

These mice represent one more wedge in the studies that
independent groups have previously reported about Hmgal-
and Hmga2-transgenic mice. Indeed, it has been reported
that: (i) transgenic mice overexpressing either a wild-type or
a truncated Hmga2 cDNA, under two strong and essentially
ubiquitous promoters, developed abdominal/pelvic lipomato-
sis and/or an abnormally high incidence of lipomas, NK-T/NK
cell lymphomas and mixed growth hormone/prolactin cell
pituitary adenomas’®***¢2%; (ii) transgenic mice with Hmgalb
under control of the CMV promoter developed the same phe-
notype apart from the absence of lipomatosis®’; (iii) trans-
genic mice that misexpressed full-length or truncated
human HMGA? transcript under control of the differentiated
mesenchymal cell (adipocyte)-specific promoter of the adipo-
cyte P2 (Fabp4) gene, produced neoplastic phenotype, includ-
ing fibroadenomas of the breast and salivary gland
adenomas®?; and (iv) transgenic mice overexpressing Hmgala
flanked by the H-2K promoter and immunoglobulin intronic
enhancer develop T-cell lymphoid malignancy and uterine
sarcomas.??3?

Consistent with the behaviour of 3T3-L1 cells overexpress-
ing the Hmgalb/T mutant,®® mice expressing the Hmgalb/T
transgene show enhanced E2F activity and accumulation of
fat tissue, likely due to the enhanced adipocyte proliferation.
This phenotype, not present in mice transgenic for the wild-
type Hmgalb gene," is quite similar to that observed in mice
transgenic for either Hmga2 or Hmga2/T.'"'® Accordingly, in
3T3-L1 cells, overexpression of Hmgalb/T, Hmga2 and
Hmga?2/T but not Hmgalb is able to enhance the activity of
an E2F-responsive element, such as cyclin E promoter. More-
over, differently from Hmga2-, Hmga2/T- and Hmgalb-
transgenic mice, all the sharing the development of pituitary
adenomas and T/NK lymphomas,’®*®"” Hmgalb/T mice de-
velop neither pituitary adenomas nor T- but B-type lympho-
mas, like Hmgal-knockout mice.®

Therefore, it appears that HMGA1b/T mutant has different
biological effects in comparison to wild-type HMGA1b pro-
tein, depending on the cellular context. In adipocyte cells,
even though both Hmgalb and Hmgalb/T are able to interact
with pRB and displace HDAC1 from E2F1-responsive promot-
ers,”” only Hmgalb/T is able to enhance E2F1 activity, result-
ing in accumulation of fat tissue in vivo. Conversely, it
appears that in lymphocytes Hmgalb/T has a dominant-neg-
ative effect on the endogenous Hmgal protein. In fact, as for
Hmgal”~ mice,'® Hmgalb/T animals show higher levels of B-
cell-specific genes and up-regulation of the Rag2 gene expres-
sion compared with wild-type compounds, suggesting that
B-cell lymphomas in Hmgalb/T mice may develop as a result
of deficient T-cell function, as already hypothesised in
Hmgal”™ mice.’®

In conclusion, we validated in vivo the oncogenic role of
the truncated HMGA1 gene and its key role in the control of
adipocyte proliferation. Moreover, our data indicate that
HMGA1b/T might behave as a dominant-negative mutant in
lymphocytic cells.
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