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Angiopoietin-like protein 4 is

a chromatin-bound protein

that enhances mammosphere
formation in vitro and experimental
triple-negative breast cancer brain and
liver metastases in vivo

Jodi Simeon'?, Jessica Thrush'?, Tameka A. Bailey"?

Abstract:

INTRODUCTION: Metastatic progression in triple-negative breast cancer (TNBC) patients occurs
primarily because of nuclear reprogramming that includes chromatin remodeling and epigenetic
modifications. The existing and most successful chemotherapies available for metastatic TNBC
target nuclear proteins or damage DNA. The objectives here are to investigate an undescribed role
for the molecular biology of nuclear angiopoietin-like protein 4 (ANGPTL4) and to characterize the
effect of ectopic overexpression of ANGPTL4 in the metastatic biology of TNBC.

MATERIALS AND METHODS: Lentiviral-mediated transduction was used to overexpress
ANGPTL4 in the TNBC cell line MD Anderson—metastatic breast cancer 231. The overexpression
of ANGPTL4 was confirmed by western blot and ELISA. Subcellular fractionation, western blot, and
immunofluorescence microscopy were used to characterize the intracellular localization of ANGPTLA.
Mammosphere culture and the anchorage-independent growth assay analyzed the metastatic
potential of the cell line. Xenograft assays assessed the effect of ANGPTL4 overexpression on
TNBC metastases in vivo.

RESULTS: The ANGPTL4 overexpressing cell line formed larger mammospheres and
anchorage-independent colonies in vitro and developed larger primary tumors, more liver metastases,
and brain metastatic outgrowth in vivo in comparison to a cell line that expressed endogenous levels
of ANGPTL4. ANGPTL4, aurora kinase A (AURKA), a mitotic kinase, and Tat-interacting protein p60
kDa (Tip60), a lysine acetyltransferase, associated with chromatin in the ANGPTL4 overexpressing
cells but not in cells that expressed endogenous levels of ANGPTL4.

CONCLUSIONS: The ANGPTL4 overexpressing cell line showed in vitro and in vivo activities that
suggest that nuclear ANGPTL4, AURKA, and Tip60 may cooperatively modulate TNBC metastases
within chromatin-remodeling complexes or DNA-associated machinery.

Keywords:
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Introduction

Triple—negative breast cancer (TNBC) is
an aggressive subtype of breast cancer
with high incurability due to its metastatic
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biology. The life expectancy of patients who present
with TNBC brain or liver metastases is grim. Their life
expectancy is shortened to an average of 6-and 9-month
post diagnosis, respectively,'* making TNBC brain or
liver metastases the most life-threatening forms of TNBC
metastases.’* Particularly notable is that the brain or the
liver is the first site of metastatic presentation in 20% or
30% of TNBC patients, respectively.'”! Consequently,
there is an urgent need for therapies that selectively
prevent metastatic outgrowth while causing minimal
damage to the brain or liver. Ideally, those therapies
would extend the life expectancy of patients that present
with TNBC brain or liver metastases and improve their
quality of life.

Nuclear proteins are ideal targets for use in cancer
therapy for TNBC patients because the metastatic
potential of TNBC cells correlates with the expression
of proteins that regulate the cell cycle or other nuclear
events. For example the current and most effective
chemotherapies available for TNBC are cell cycle specific
drugs including anthracyclines and taxanes or drugs that
damage DNA including cisplatin. The conundrum is that
resistance to existing chemotherapies and recurrence is
likely to occur within 3-5 years post treatment. Thus, the
identification of chromatin or DN A-associated proteins
that cooperatively regulate metastases will enable the
development of chemotherapeutic agents for naive and
chemoresistant TNBC metastases.

A modulator of TNBC metastasis is angiopoietin-like
protein 4 (ANGPTL4). ANGPTL4 is preferentially
upregulated in patient-derived TNBC primary tumors,
serum, and metastases, and by human TNBC cell
line-derived xenografts in mice. Previous studies
have shown that metastatic TNBC cells secrete soluble
ANGPTLA4 that in turn disrupts the integrity of junctions
of capillary endothelial cells within the lungs and
brain giving TNBC cells access to the lung and brain
parenchyma, respectively.[®1011]

The ANGPTL4 protein contains a signal sequence
for protein secretion, a coiled-coil domain at its
amino terminus and a fibrinogen-like domain at its
carboxyl terminus.™ The full-length protein localizes
intracellularly, is secreted into the bloodstream, or binds
to the extracellular matrix.'”» ANGPTL4 is cleaved by
proprotein convertases at a consensus sequence and
the terminuses are secreted to function as autocrine
or paracrine signaling molecules.">® In TNBC cells,
the secreted full length or the fibrinogen-like domain
of ANGPTL4 disrupts the cell-to-cell junctions of
microvascular endothelial cells for extravasation and
metastatic organ colonization.l*”l Antibody-based
subcellular localization has identified ANGPTL4 as a
nuclear protein (Human Protein Atlas Cell Atlas), but
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its nuclear localization has not been characterized in
TNBC cells.

In this study, we characterized the effect of ectopic
overexpression of ANGPTL4 on TNBC metastases. We
identify that ANGPTL4 is a nuclear protein that affects
the localization of aurora kinase A (AURKA) and Tip60.
We also show that ANGPTL4 promotes the formation
of anchorage-independent colonies, mammospheres,
and lipid droplets in vitro as well as brain and liver
metastases in vivo.

Materials and Methods

Cell culture

MD Anderson-metastatic breast cancer 231
(MDA-MB-231) cells were cultured in complete
medium (Dulbecco’s modified Eagle medium nutrient
mixture F12 [DMEM/F12] medium containing 5% fetal
bovine serum [FBS] and 0.02% gentamicin). The cells
were grown at 37°C and 5% CO,. MDA-MB-231 mGFP
and MDA-MB-231 ANGPTL4 mGFP cells were cultured
in a complete medium supplemented with 2 pg/ml
puromycin.

Lentiviral-mediated angiopoietin-like protein 4
overexpression

MDA-MB-231 cells were seeded at a density of
1 x 10° cells per well in a 24-well plate and grown
in complete medium at 37°C under 5% CO, for
24 h. For lentiviral-mediated transduction, lentiviral
particles (multiplicity of infection of 2) expressing the
pLenti-C-mGFP-P2A-Puro plasmid with the ANGPTL4
gene or the pLenti-C-mGFP-P2A-Puro plasmid
were added to cells and grown in complete medium
supplemented with 8 ug/ml polybrene for 16 h. The
virus-containing medium was removed and replaced
with a complete medium and grown at 37°C under
5% CO, for 24 h. Puromycin selection at 2 ug/ml
was initiated 24 h post transduction and continued
for 2 weeks. Single cells were cloned and propagated
for 3 weeks. A single colony of MDA-MB-231 cells
expressing mGFP or ANGPTL4 mGFP with robust GFP
expression as determined by fluorescence microscopy
and fluorescence-activated cell sorting was propagated
and used in all experiments.

Mammosphere culture

MDA-MB-231 mGFP and MDA-MB-231 ANGPTL4
mGFP cells were cultured for 7 days at 37°C and
5% CO, in ultra-low attachment plates or flasks that
contained MammoCult Medium (STEMCELL™
Technologies). After 7 days, the colonies were counted
and photographed with a camera attached to an
inverted light microscope, used for western blotting or
stained with Oil Red O.
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Oil red O staining

Mammospheres were stained with Oil Red O stain
(60% 0.5% Oil Red O solution in 40% ddH20O) according
to the manufacturer’s instructions.

Anchorage-independent growth assay
MDA-MB-231 ANGPTL4 mGFP or mGFP cells
(1.25 x 10° cells) suspended in complete medium
supplemented with 2 ug/ml puromycin (Sigma) and
3% noble agarose were seeded on the top of a semisolid
layer of DMEM/F12 medium containing 5% FBS, 0.02%
gentamicin, 2 ug/ml puromycin, and 0.6% noble agarose
in six wells plates. Medium was added twice per week
to maintain humidity and to prevent desiccation. After
7 days, the colonies were counted and photographed
with a camera attached to an inverted light Nikon Ti2
microscope.

Enzyme-linked immunosorbent assay

Cells were seeded in 100 mm x 20 mm plates for
24 h, rinsed thrice with phosphate-buffered saline (PBS),
and grown in phenol red-free DMEM/F12 medium
containing 0.02% gentamicin for 48 h. The amount of
secreted ANGPLT4 into the cell culture medium was
determined using the human ANGPTL4 ELISA kit
(cat. EHANGPTL4, Thermo Fisher Scientific) according
to the manufacturer’s instructions.

Western blotting
Westerns blots were performed as described by Bailey
etal., 2014.17

Subcellular protein fractionation

Cell fractions were obtained using the Thermo Fisher
Scientific Subcellular Protein Fractionation Kit for
Cultured Cells according to the manufacturer’s
instructions.

Confocal immunofluorescence microscopy
MDA-MB-231 mGFP or MDA-MB-231 ANGPTL4 mGFP
cells were prepared for confocal immunofluorescence
microscopy, as previously described by Bailey et al.l'’!
Images were captured with a Leica confocal microscope
at the indicated magnifications. Merged fluorescence
pictures were generated using Fiji-Image].

Mouse human tumor xenograft model

All mouse studies were approved by the Institutional
Care and Animal Use Committee at the University of
Arkansas. Four-week-old female athymic nude mice
weighing approximately 20 g were purchased from the
Jackson Laboratory. The mice were housed at the Central
Laboratory Animal Facilities (CLAF). No more than
five mice were housed in a single cage of dimensions
11.5” x 7.5’x 5. Cage changes were performed twice a
week. Mice were routinely monitored (at least once a day)
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for injury to the surgical site, weight loss, tumor burden,
and sluggishness. All cages had cage cards that indicated
age, sex, strain, and date of arrival. Mice were provided
unrestricted access to food and water. Standard 12-h
light/dark cycles were maintained. Mice were acclimated
to CLAF at least 1 week prior to experimentation.

Athymic nude mice were subcutaneously injected
without ultrasonography with either the MDA-MB-231
mGEFP cell line or the MDA-MB-231 ANGPTL4 mGFP
cell line. The mice were weighed and monitored each day
post injection for symptoms of neurological involvement
and distress until euthanasia. Tumor areas were
measured every 3 days using an electric caliper and were
quantitated with the formula length multiplied by the
width (L x W). Four weeks after subcutaneous injection
with breast cancer cells, the mice were anesthetized with
isoflurane mixed with compressed air/oxygen. Primary
tumors and organs were harvested for histopathology,
imaging with fluorescence stereomicroscopy to identify
GFP-positive tumors and GFP-positive metastases, and
immunohistochemistry. Eight animals were used per
cell line.

In a separate experiment, athymic nude mice were injected
in the left heart ventricles without ultrasonography
with either the MDA-MB-231 mGFP cell line or the
MDA-MB-231 ANGPTL4 mGEFP cell line or PBS. The
mice were weighed and monitored each day post
injection for symptoms of neurological involvement and
distress until euthanasia. Four weeks after injections,
the mice were anesthetized with isoflurane mixed with
compressed air/oxygen. Brains were harvested for
histopathology. Brains were imaged using fluorescence
stereomicroscopy to identify GFP-positive metastases.
Three animals were used per cell line.

Results

Ectopically expressed angiopoietin-like protein 4
is localized to the nucleus and binds to chromatin
To evaluate the role of ANGPTL4 in TNBC metastases,
we overexpressed mGFP-tagged ANGPTL4
(ANGPTL4 mGFP) or tag alone (mGFP, control) in the
human TNBC cell line MDA-MB-231. Immunoblotting
and ELISAs confirmed the overexpression of the
ANGPTL4 mGFP protein in the MDA-MB-231 cell
line [Figure 1a and b]. Confocal micrographs confirmed
the presence of mGFP in the cell lines [Figure 1c]. The
MDA-MB-231 cell lines ectopically expressing mGFP or
ANGPTL4 mGFP were designated MDA-MB-231 mGFP
or MDA-MB-231 ANGPTL4 mGFP, respectively.

Data deposited within the Human Protein Atlas Cell
Atlas and the National Center for Biotechnology
Information databases indicate that ANGPTL4 is a
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nuclear protein. To determine whether ANGPTL4
localizes to the nucleus, the cells were immunostained for
ANGPTL4. Immunofluorescence microscopy confirmed
the nuclear localization of ANGPTL4 mGEFP [Figure 2a].
To determine whether ANGPTL4 binds chromatin,
chromatin-enriched lysates were fractionated from the
MDA-MB-231 mGFP or MDA-MB-231 ANGPTL4 mGFP
cells. Immunoblotting revealed that ANGPTL4 mGFP
was present in the chromatin fractions [Figure 2b].
These results indicated that ANGPTL4 can be a
chromatin-bound protein. Data deposited in the
Biological General Repository for interaction datasets
listed AURKA and Tat Interacting Protein, 60 kDa (Tip60),
also named K (Lysine) acetyltransferase 5 (KAT5) as
interactors of ANGPTL4. Immunofluorescence and
immunoblot analysis showed nuclear and chromatin
localization of AURKA and Tip60 within the ANGPTL4
mGFP cells [Figure 2a and b].

Angiopoietin-like protein 4 promotes
triple-negative breast cancer stem cell formation
The MDA-MB-231 ANGPTL4 mGFP and MDA-MB-231
mGFP cell lines were grown in mammosphere culture for
7 days. The number and size of the mammospheres were
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ANGPTL4

GAPDH ’
0.0
3 b MDA-MB-231 MDA-MB-231
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Figure 1: Lentiviral-mediated transduction of the MD Anderson-metastatic
breast cancer 231 cell line to overexpress angiopoietin-like protein 4-mGFP
or mGFP. (a) Ectopic expression of angiopoietin-like protein 4 mGFP in the
MD Anderson-metastatic breast cancer 231 cell line assessed by Western
blot. (b) Secreted angiopoietin-like protein 4 from the MD Anderson-metastatic
breast cancer 231 mGFP and MD Anderson-metastatic breast cancer 231
angiopoietin-like protein 4 mGFP cell lines, respectively, was measured by
ELISA. The mean concentration of angiopoietin-like protein 4 secreted from MD
Anderson-metastatic breast cancer 231 mGFP and MD Anderson-metastatic
breast cancer 231 Angiopoietin-like protein 4 mGFP measured 0.022 ng/ml and
0.87725 ng/ml, respectively. n = 3; P value was calculated with the Student’s
t-test using GraphPad Prism version 8 for Windows, GraphPad Software, La
Jolla California USA, www.graphpad.com. The error bars indicate the standard
deviation. (c) Micrographs of mGFP expressed by MD Anderson-metastatic breast
cancer 231 mGFP or MD Anderson-metastatic breast cancer 231 angiopoietin-like
protein 4 -mGFP

quantified with microscopy. The MDA-MB-231 ANGPTL4
mGFP cell line formed significantly more =200 um
mammospheres in comparison to the MDA-MB-231
mGEFP cell line [Figure 3a]. The mammospheres derived
from the MDA-MB-231 ANGPT4 mGFP cell line were
large, loosely compacted cell aggregates [Figure 3a].
In contrast, the mammospheres derived from the
MDA-MB-231 mGEFP cell line were small, compacted cell
aggregates [Figure 3a]. Mammospheres derived from
MDA-MB-231 ANGPTL4 mGFP and MDA-MB-231 mGFP
cell lines expressed less of the stem cell marker cluster of
differentiation 24 (CD24) in comparison to adherent cells,
as shown in immunoblots [Figure 3b]. The expression
of stem cell marker CD44 was comparable between
the MDA-MB-231 mGFP and MDA-MB-231 ANGPTL4
mGFP mammospheres and adherent cells [Figure 3b].

Next, the MDA-MB-231 mGFP or MDA-MB-231
ANGPTL4 mGFP-derived mammospheres were
stained with Oil Red O to detect triglycerides and
esterified cholesterol. Microscopic observation of
the mammospheres derived from the MDA-MB-231
ANGPT4 mGFP cell line exhibited a deeper red
color indicative of lipid droplets in comparison to

DAPI AURKA ANGPTL4 MERGED

‘--

ANGPTL4

MDA-MB-231 MDA-MB-231
mGFP

ANGPTLAMGFP

DAPI TIP60

MDA-MB-231 MDA-MB-231
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~ —
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b e

Figure 2: Chromatin-bound angiopoietin-like protein 4 and Tat-interacting protein
p60 kDa. (a) Micrographs of angiopoietin-like protein 4, aurora kinase A, and
Tat-interacting protein p60 kDa expressed by MD Anderson-metastatic breast
cancer 231 mGFP or MD Anderson-metastatic breast cancer 231 angiopoietin-like
protein 4 -mGFP. (b) Chromatin fractions were isolated, quantified, and 25 ug of
total protein was resolved by gradient SDS-PAGE followed by immunoblotting with
anti-angiopoietin-like protein 4, anti-aurora kinase A, anti-Tat interacting protein p60
kDa, and anti-Histone H3 (loading control) antibodies
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mammospheres derived from the MDA-MB-231 mGFP
cell line [Figure 3c].

Angiopoietin-like protein 4 promotes
anchorage-independent growth

Toassess anchorage-independent growth, the MDA-MB-231
mGFP or MDA-MB-231 ANGPTL4 mGFP cell lines
were propagated in suspension in a semisolid medium
containing 0.3% noble agar. ANGPTL4 overexpression
by the MDA-MB-231 ANGPTL4 mGFP cell line increased
colony formation in comparison to the MDA-MB-231 mGFP
cell line [Figure 4a]. The MDA-MB-231ANGPTL4 mGFP
cell line formed large, loosely compacted nonspherical cell
colonies that were similar to the morphology observed
with MDA-MB-231 ANGPTL4 mGFP mammospheres
[compare Figure 3a and Figure 4b].

Angiopoietin-like protein 4 enhances
triple-negative breast cancer primary tumor
growth and metastatic liver tropism

To evaluate the tumorigenicity and the metastatic
potential of the MDA-MB-231 mGFP or MDA-MB-231
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mGFP ANGPTL4MGFP

MDA-MB-231 MDA-MB-231
mGFP ANGPTLAMGFP

Figure 3: Mammospheres derived from the MD Anderson-metastatic breast
cancer 231 mGFP or MD Anderson-metastatic breast cancer 231 angiopoietin-like
protein 4 mGFP cell lines. (a) The number and morphology of 2200 mm primary
mammospheres. The mean number of MD Anderson-metastatic breast cancer
231 mGFP or MD Anderson-metastatic breast cancer 231 Angiopoietin-like
protein 4-mGFP mammospheres =200 mm is 12 and 63, respectively, n = 3. The
error bars depict the standard deviation. (b) Comparison of CD44 and cluster of
differentiation 24 expression in adherent cells and mammospheres. (A = adherent,
M = mammospheres). (c) Mammospheres stained with Oil Red O to detect
triglycerides and cholesterol esters
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ANGPTL4 mGFP TNBC cell lines, the cells were injected
into the subcutaneous region of the right flank of nude
mice and grown for 4 weeks. All mice developed
primary tumors; however, the mean tumor area of the
ANGPTL4-driven primary tumors was significantly
greater than the mean tumor area of primary tumors
that expressed mGFP [Figure 5a and b]. The weights
of the mice did not vary despite the significantly larger
ANGPTL4A mGFP primary tumors [Figure 5c]. The brains,
lungs, spleen, and livers of all mice were evaluated for
mGFP-positive metastases. A comparison of the livers
identified that seven of the eight mice subcutaneously
injected with the MDA-MB-231 ANGPTL4 mGFP cell
line developed liver macrometastases, whereas one of the
eight mice subcutaneously injected with the MDA-MB-231
mGEFP cell line developed a single micrometastatic lesion
[Figure 6a and b]. No metastases were observed in the
brains, spleen, and lungs of the mice (data not shown).

Angiopoietin-like protein 4 promotes brain
metastasis of triple-negative breast cancer cells

To characterize the effect of ANGPTL4 overexpression
on TNBC brain metastases, the MDA-MB-231 ANGPTL4
mGEFP cell lines or the MDA-MB-231 mGFP cell lines
were injected in the left heart ventricles of mice. After
4 weeks, the brains were assessed for the development of
brain metastases. A comparison of the brains showed that
three of the three mice injected with the MDA-MB-231
ANGPTL4 mGFP cell line developed brain metastatic
lesions, whereas one of the three mice injected with
the MDA-MB-231 mGFP cell line developed a single
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Figure 4: Anchorage-independent growth of cells derived from the MD Anderson—
metastatic breast cancer 231 mGFP or MD Anderson-metastatic breast cancer 231
angiopoietin-like protein 4 mGFP cell lines, respectively. (a) The number and (b)
morphology of 2200 mm colonies derived from MD Anderson-metastatic breast
cancer 231 mGFP or MD Anderson-metastatic breast cancer 231 angiopoietin-like
protein 4 mGFP cells grown in suspension in semisolid medium containing 0.3%
noble agar, respectively. The mean number of MD Anderson-metastatic breast
cancer 231 mGFP or MD Anderson-metastatic breast cancer 231 angiopoietin-like
protein 4 mGFP colonies 2200 mm is 11 and 54, respectively, n = 3. The error bars
depict the standard deviation
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Figure 5: Angiopoietin-like protein 4 driven primary tumor proliferation. (a)
Photographs of primary tumors. (b) The mean primary tumor area and (c) mean
mice body weight measured before necropsy. The mean primary tumor area for
MD Anderson-metastatic breast cancer 231 mGFP or MD Anderson-metastatic
breast cancer 231 angiopoietin-like protein 4 mGFP is 3.14 mm? and 20.32 mm?,

respectively. Average combined mGFP tumor area = 1.16 mm?, Average combined
angiopoietin-like protein 4 mGFP tumor area = 8.84 mm?. The mean weight of
mice bearing MD Anderson-metastatic breast cancer 231 mGFP or MD Anderson—
metastatic breast cancer 231 Angiopoietin-like protein 4 mGFP xenografts is 25 and
24, respectively. The error bars represent the standard deviation. (n = eight mice
per group)

micrometastatic lesion [Figure 7a and b]. ANGPTL4
mGFP overexpression increased the number of
metastatic TNBC brain lesions by 89% in comparison to
the mGFP overexpressing cells [Figure 7a and b].

Discussion

ANGPTL4 has emerged as an autocrine and paracrine
modulator of metastatic TNBC in humans. It is
overexpressed by primary and metastatic tumors and
elevated in the serum of TNBC patients.”¥ In human
xenograft models of TNBC, ANGPTL4-dependent
paracrine communication with the tumor
microenvironment enhances brain and lung metastatic
outgrowth.l”191 In this study, the ANGPTL4
overexpressing cell line developed larger primary
tumors, more liver metastases, and brain metastatic
outgrowth in comparison to cells that express normal
levels of ANGPTL4 in immunodeficient mice.
Collectively, the data generated in this study confirmed
previous studies that showed that ANGPTL4 is a driver
of brain metastases.!"*!''8 This is the first report of
ANGPTL4-driven TNBC liver metastases.

TNBC stem cells are pivotal to the metastatic
biology of tumors and are especially brain and
liver trophic.” Mammospheres derived from the
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Figure 6: Metastatic liver tropism by MD Anderson-metastatic breast cancer 231
angiopoietin-like protein 4 mGFP cells. (a and b) Livers were resected 4 weeks after
subcutaneous injection of MD Anderson-metastatic breast cancer 231 mGFP or
MD Anderson—metastatic breast cancer 231 angiopoietin-like protein 4 -mGFP cells
into the right flank of nude mice (n = 8). (a) mGFP expressing human triple-negative
breast cancer liver metastases in mice livers, (b) the number of mice with mGFP
expressing metastases derived from the MD Anderson-metastatic breast cancer
231 mGFP or MD Anderson-metastatic breast cancer 231 angiopoietin-like protein
4 mGFP cell lines, (c) mean liver weight. Mice liver mean for MD Anderson—
metastatic breast cancer 231 mGFP or MD Anderson-metastatic breast cancer 231
Angiopoietin-like protein 4 mGFP is 1276.15 mg and 1227.14 mg, respectively. The
error bars represent the standard error

MDA-MB-231 ANGPTL4 mGFP and MDA-MB-231
mGFP cell lines were CD44 + and CD24"°* in comparison
to adherent cells. Mammospheres that express CD44 and
low levels of CD24 are regarded as stem cells and possess
high metastatic potential.?*! In this study, ANGPTL4
overexpression increased the size of mammospheres and
the intensity of the Oil Red O staining of mammospheres.
The difference in the intensity of the Oil Red O staining
in ANGPTL4 overexpressing mammospheres in
comparison to mammospheres that express endogenous
levels of ANGPTLA4 suggests that the lipid profile of the
ANGPTL4 overexpressing cells differs from control
cells. Ness et al., 2017, demonstrated the epigenetic
upregulation of the transcription of ANGPTL4 and
other lipogenic genes in tumor spheroids derived from
uveal melanoma.P? Kgster et al., 2005 and Xu et al., 2005
reported that ANGPTL4 overexpression in mice caused
hyperlipidemia and elevated triglycerides in vivo.?34
One mouse in our study exhibited hyperlipidemia
(data not shown), indicating that ANGPTL4 secreted
by TNBC may alter the lipogenic profile within an

Journal of Carcinogenesis - 2021, 20:8
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Brain 10f3 3of3
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Figure 7: Metastatic Brain Colonization by MD Anderson-metastatic breast cancer
231 Angiopoietin-like protein 4 mGFP cells. (a and b) Brains were resected 4 weeks
after intracardiac injection of MD Anderson—metastatic breast cancer 231 mGFP or
MD Anderson-metastatic breast cancer 231 angiopoietin-like protein 4 -mGFP cells
into the left heart ventricle of nude mice (n = three mice per group). (a) The number
of mice-expressing mGFP metastases derived from the MD Anderson-metastatic
breast cancer 231 mGFP or MD Anderson-metastatic breast cancer 231
angiopoietin-like protein 4 mGFP cell lines and (b) fluorescence stereomicrographs
mouse brains expressing mGFP human triple-negative breast cancer brain
metastases. Arrowheads indicate metastatic outgrowth

organism during tumorigenesis and metastases.
This is intriguing because TNBC is regarded as a
metabolic syndrome and an obesity-associated form
of breast cancer.®3! The Carolina Breast Study
linked obesity to an increased incidence of TNBC in
premenopausal and postmenopausal African American
women.! Considering that ANGPTLA is a regulator
of multiple metabolic pathways that are dysregulated
in TNBC patients, it is plausible that ANGPTL4 may
function as a pivotal node in obesity-associated TNBC
pathogenesis.[*3+3%-42]

In our study, chromatin-bound ANGPTL4, AURKA,
and Tip60 increased in ANGPTL4 mGFP overexpressing
TNBC cells. Tip60 is a driver of TNBC tumorigenesis.
Recently, Idrissou et al. showed that a Tip60 inhibitor
reduced the growth of human TNBC xenograft
tumors.*¥ Interestingly, metabolism-associated
chromatin acetylation has been identified as a driver
of the aggressive metastatic biology of TNBC.* The
promoter of ANGPTLA4 is acetylated and its acetylation
corresponded with hypertriglyceridemia in a mouse
model . Previous studies showed that a transcriptional
regulator of ANGPTL4, peroxisome proliferator-activated
receptor (PPAR) gamma, is acetylated by lysine
acetyltransferases including Tip60 and acetylated PPAR
gamma increased the transcription of lipogenic genes and
fatty acid metabolism that supports breast cancer tumor
growth and metastasis.'>**" Thus, we hypothesize
that ANGPTL4 and Tip60 may cooperatively alter the
acetylome, especially at the promoters of lipogenic
genes which will likely to alter the transcription of
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lipogenic genes or to lead to chromatin remodeling or
DNA repair.*!

Conclusions

Wereporthere that ANGPTL4is anuclear protein. Nuclear
ANGPLT4 may function within chromatin-remodeling
complexes or DNA repair machinery. When ANGPTL4
is overexpressed in TNBC, it enriches stem cells, alters
the lipid profile of stem cells, and augments TNBC brain
and liver metastases.
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