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Abstract: Lysosome-associated membrane protein 3 (LAMP3) was first identified as a cell surface marker of mature
dendritic cells and specifically expressed in lung tissues. Recently studies demonstrated that LAMP3 plays a critical
role in several cancers, and regulated by hypoxia. However, whether LAMP3 expressed in the heart and cardiomyo-
cytes and changed its expression level in the hearts with cardiac remodelling was largely unknown. In this study, we
first cultured H9C2 (a clonal muscle cell line from rat heart) and stimulated with 1 yM angiotensin Il (Ang Il), or 100
UM isoproterenol (ISO), or 100 uM phenylephrine (PE) for indicated times. We found that LAMP3 expression level
was significantly increased after these stimulation. Next, the pressure overload-induced cardiac remodelling mouse
model was performed in the wild type C57BL/6J mice. After 4 and 8 weeks of transverse aortic constriction (TAC),
obvious cardiac remodelling was observed in the wild type mice compared with sham group. Importantly, LAMP3
expression level was gradually elevated from 2 weeks to 8 weeks after TAC surgery. Furthermore, in human dilated
cardiomyopathy (DCM) hearts, severe cardiac remodelling was observed, as evidenced by remarkably increased
cardiomyocytes cross sectional area and collagen deposition. Notably, the mRNA and protein level of LAMP3 were
significantly increased in the DCM hearts compared with donor hearts. Immunohistochemistry assay showed that
LAMP3 was expression in the cardiomyocytes and responsible for its increased expression in the hearts. Our data
indicated that LAMP3 might have a potential role in the process of cardiac remodelling.
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Introduction of cardiac remodelling is the pivotal approach
to overcome heart failure.

Heart failure, the end events of dilated cardio-

myopathy (DCM), hypertrophic cardiomyopathy
and ischemic cardiomyopathy, is the leading
cause of death all over the world [1, 2]. Irrever-
sible cardiac remodelling, initial a adaptive
reponse to multiple physiological or pathologi-
cal stimuli, is the primary cause resulting in
heart failure. A vast array of signaling, trans-
criptional, metabolic, structural and functional
events were changed during the process of car-
diac remodelling [3-5]. It is difficult to improve
the cardiac function of patient with heart failu-
re because there is no good therapeutic targets
to ameliorate pathological cardiac remodelling.
Therefore, to further ascertain the mechanisms

Recent years, an increasing number of studies
link autophagy with cardiac remodelling [6-9].
During the process of autophagy, autophago-
some fuses with a lysosome to develop autol-
ysosome and the contents are degraded and
recycled. Therefore, the lysosome plays a criti-
cal role in the process of autophagy [10, 11].
Lysosome-associated membrane protein 3
(LAMP3, also known as DC-LAMP, TSC-403 or
CD208), predominantly in the lysosomal mem-
brane, was first ascertained in 1998 indepen-
dently by two research groups [12, 13]. LAMP3
was originally isolated as a gene specifically
expressed in lung tissues and also a cell sur-
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face marker of mature dendritic cells [12, 13].
Recently, Pihistram et al. identified that chro-
mosomal locus MCCC1/LAMP3 was associat-
ed with increased risk for Parkinson’s disease
[14]. More importantly, ample evidences dem-
onstrated that LAMP3 is overexpressed in vari-
ous human cancers, including cervix tumors
[15], breast cancer [16], colon, esophagus, and
ovary cancer [13]. As we known, hypoxia has
been recognized as a hallmark of solid tumors,
and LAMP3 was shown to be regulated by
hypoxia via the unfolded protein response
(UPR) in several kinds of tumor cells [15, 16].
During cardiac hypertrophy, the cardiomyo-
cytes were in a relative lack of oxygen (hypoxia)
and nutrients status. However, whether LAMP3
expressed in the heart and cardiomyocytes has
not yet investigated. Furthermore, whether the
expression level of LAMP3 was altered in the
heart with remodelling was also unknown. In
current study, we found that LAMP3 is
expressed in the heart and cardiomyocytes,
and its mRNA and protein level are increased in
the human DCM hearts and hypertrophic
mouse hearts.

Materials and methods
Human heart samples

The remodelling human heart samples were
collected from the left ventricles of patients
with heart failure. The patients were having the
heart transplantation because of irreversible
heart failure. Control samples were obtained
from the left ventricles of normal heart donors
which were not suitable for transplantation for
noncardiac reasons [17]. Informed consent
was obtained from the families of prospective
heart donors. All the procedures related to
human samples were conformed to the princi-
ples outlined in the Declaration of Helsinki and
were approved by the Tongji Hospital, Tongji
Medical College, Huazhong University of
Science and Technology Review Board in
Wuhan, China.

Transverse aortic constriction in mice

In the present study, transverse aortic constric-
tion (TAC) was conducted in mice for pres-
sure overload-induced cardiac remodelling and
heart failure. Aged from 10 to 12 weeks adult
male mice are anesthetized in an induction
chamber, and then placed in a supine position
atop heating pad; rubber band is placed over
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the front teeth to extend the neck. After the fur
from the neckline to mid chest level shaved,
endotracheal intubation is performed using PE
90 tubing, and then connected to a Mouse-
Vent Automatic Ventilator (Kent Scientific). Dur-
ing the surgical procedure, anesthesia is main-
tained at 2% isoflurane with 0.6~0.8 L/min
100% O,. Thoracotomy is performed; the ster-
num retracted using a chest retractor, the thy-
mus and fat tissue separated from the aortic
arch. Between the right innominate and left
carotid artery, a 6.0 silk suture and a 27 gauge
blunt needle are placed, the first knot is fastly
tied against the needle, followed by the second
and the needle promptly removed which yield-
ed a constriction of approximately 0.3 mm in
the outer diameter. According to previous stud-
ies [18], this procedure imposed a 60~80%
aortic constriction on the mice. As sham con-
trol mice, a sham operation without occlusion
was performed on age-matched and weight-
matched mice.

Cardiac function by transthoracic
echocardiography in mice

For cardiac function measurements, a Vevo-
2100 High-Resolution Micro-Imaging System
(VisualSonics, Toronto, ON, Canada) was used.
Male mice were anesthetized and then placed
in a supine position atop heating pad; body hair
was removed with hair removal cream. Apply a
layer of preheated ultrasound gel without air
bubbles to the chest, primarily the area over-
lying the heart. Placed the probe onto the tho-
rax, at the level of the papillary muscles, we
firstly performed two-dimensional (2D) imaging
(‘B-mode’) to obtain a view along the paraster-
nal short axis, and then M-mode echocardiog-
raphy was performed to obtain fine measure-
ments of cardiac dimensions and contractility.
Later, we could conduct evaluation of parame-
ters of systolic left ventricular function includ-
ing LVEDd (left ventricular end-diastolic diame-
ter), LVESd (left ventricular end-systolic dimen-
sion), and %FS (fractional shortening).

Western blot

The Total protein were extracted from heart tis-
sues or H9C2 cells by RIPA lysis buffer (900
ul RIPA, 20 ul PMSF, 10 ul protease and phos-
phatase inhibitor cocktail (Thermo fisher scien-
tific, 78440), 10 ul EDTA solution (Thermofisher
scientific, 78440), 50 ul NaF, 10 ul Na,Vo0,).
The Pierce™ BCA Protein Assay Kit (Thermofi-
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sher scientific, 23225) was used to determine
protein concertration. Twenty micrograms of
denaturated protein were loaded and separa-
ted by SDS-PAGE, and then transferred to
a polyvinylidene fluoride (PVDF) membrane
(Millipore, IPVHO0010). The membrane was
incubated primary antibodies (GAPDH, Cat No.
5174, Cell signaling technology; LAMP3, Cat
No. AP1827A, Abgent) overnight at 4°C after
blocked with 5% non-fat milk for 90 min at
room temperature. Next day, the membrane
was incubated with the Peroxidase-conjugated
secondary antibody (Jackson ImmunoResearch
Laboratories, 111-035-003, at 1:25000 dilu-
tion) for 1 hour at room temperature. The
ChemiDoc™ Touch Imaging System (Bio-Rad)
was used to detect the protein signals and then
analyzed by Image lab software (version 5.2.1,
Bio-Rad).

Real-time PCR

Total mMRNA were extracted from human, mouse
left ventricles and H9C2 cells by using TRI
Reagent® Solution (AM9738, ThermoFisher
Scientific). The precipitated mRNA was dissol-
ved by nuclease-free water and the RNA con-
certration was determined by Nanodrop2000
(ThermoFisher Scientific). Then, 2 ug of total
RNA was reverse transcripted into cDNA by
using Transcriptor First Strand cDNA Synthesis
Kit (4896866001, Roche). The selected gene
MRNA levels were detected by CFX Connect™
Real-Time PCR Detection System (Bio-Rad)
using iQ"SYBR® Green Supermix (1708884,
Bio-Rad) and results were normalized against
GAPDH gene expression. The primers were as
follows:

Primer Name Foward Primer (5'--3")
Lamp3-human  GTGGCACCCGAAAATCCAAC TGTCTGGAACATCACCACCG
ANP-human CAGCAAGCAGTGGATTGCTCCT TCTGCGTTGGACACGGCATTGT

Reverse Primer (5'-3")

BNP-human TGGAAACGTCCGGGTTACAGGA TCCGGTCCATCTTCCTCCCAAA
GAPDH-human  GAGTCAACGGATTTGGTCGT TTGATTTTGGAGGGATCTCG
Lamp3-mouse  TGGAGCATATTTGACCATCTCA CAAAGGCCTGAAGGTGGATA
ANP-mouse ACCTGCTAGACCACCTGGAG CCTTGGCTGTTATCTTCGGTACCGG
BNP-mouse GAGGTCACTCCTATCCTCTGG GCCATTTCCTCCGACTTTTCTC
GAPDH-mouse ACTCCACTCACGGCAAATTC TCTCCATGGTGGTGAAGACA
Lamp3-rat CCCAGAGGCACTTCAACATT TGAGATGGTCAAATAAGCTCCA
ANP-rat AAAGCAAACTGAGGGCTCTGCTCG TTCGGTACCGGAAGCTGTTGCA
BNP-rat CAGCAGCTTCTGCATCGTGGAT TTCCTTAATCTGTCGCCGCTGG
GAPDH-rat GACATGCCGCCTGGAGAAAC AGCCCAGGATGCCCTTTAGT

Immunohistochemistry analysis

The immunohistochemistry analysis for LAMP3
was followed the standard protocol with minor
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changes. In brief, the paraffin sections were
deparaffinized by xylene and then hydrated
from 100% ethanol, 95% ethanol to dH, 0. After
that, the slides were put into a boil in 10 mM
sodium citrate buffer (pH 6.0) and maintain at
a sub-boiling temperature for 10 min. The sli-
des were blocked with blocking buffer (5% nor-
mal goat serum (16210-064, ThermoFisher
Scientific) in TBST) for 1 hour at room tempera-
ture after treated with 3% hydrogen peroxide
for 10 min. The LAMP3 primary antibody (1:50
dilution) was added to the slides for incubat-
ing overnight at 4°C after removing blocking
solution. The peroxidase-conjugated second-
ary antibody (Jackson ImmunoResearch Labo-
ratories, 111-035-003, at 1:2500 dilution) was
incubated for 1 hour at room temperature. The
DAB kit was used to developing colour, and
then counterstain sections with hematoxylin.
The slices were mounted with mounting solu-
tion after dehydration.

Histological analysis

Hematoxylin-eosin (HE) for histopathology and
myocyte cross sectional area analysis or picro-
sirius red (PSR) for collagen deposition perfor-
med as described before [4, 17, 19-21]. In brief,
Hearts were fixed in 10% formalin after excised
from anesthetized (pentobarbital sodium; 50
mg/kg, i.p.) mice. Then, the hearts were de-
hydrated and embedded in paraffin using stan-
dard histological procedures. Subsequently,
these hearts were sectioned transversely or
longitudinally at 5 um. The slices were stained
HE or PSR for analysis.

Cell culture and treatment

HOC2 cells were cultured in a plating medium
consisted of DMEM basic medium (C1199-
5500BT, Gibco) supplemented with 10% fetal
bovine serum (10099-141, ThermoFisher Sci-
entific), and 1% penicillin-streptomycin (15140-
122, ThermoFisher Scientific). The cells were
passaged when the cell density reached 80%
of the culture dish. After starvation for 24 h, the
cells of third passage were stimulated with
1 uM angiotensin Il (Ang I, 17150, Cayman
Chemical), or 100 uM isoproternol (ISO, 15592,
Cayman Chemical), or 100 uM phenylephrine
(PE, AB120761, Abcam) for 24 hours or 48
hours, respectively and were used for further
experiments.
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Figure 1. The phenotype of HOC2 after stimulated by PE, ISO, or Ang Il for indicated times. (A, C and E) The morphol-
ogy of HO9C2 cells under optical microscope after treated with 100 uM of PE (A), 100 uM of ISO (C), or 1 uM of Ang Il
(E) for indicated times, scale bar, 60 um (n=3). (B, D and F) Real-time PCR assay was performed to detect the rela-
tive mRNA levels of hypertrophic markers ANP and BNP after PE (B), ISO (D) or Ang Il (F) stimulation (n=3). *p<0.05

vs DMSO 48 h or PBS 48 h.

Statistical analysis

Values are showed as mean + SD. For statisti-
cal comparisons, a two-tailed Student’s t-test
was used to compare the means of two groups
of samples, and one-way ANOVA followed by
Bonferroni post hoc test was applied for multi-
ple comparisons. A level of P<0.05 was consi-
dered statistical significance.

Results

The LAMP3 expression level was increased
in the H9C2 cells treated with hypertrophic
stimuli

Previously published literature showed that
LAMP3 is expressed in the human mast cells
[22], endothelial cells [23], and lung epithelial
cells [24]. However, we still didn’t know whether
LAMP3 is expressed in the heart, especially
cardiomyocytes. To identify LAMP3 expression
level in the cardiomyocytes, we first cultured
HIC2 cells, a clonal muscle cell line from rat
heart [25], and stimulated with PE (100 uM),
ISO (100 uM), or Ang Il (1 uM), respectively. The
HIC2 cells were increased in its cell size, and
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the mRNA levels of hypertrophic markers atrial
natriuretic peptide (ANP) and brain natriuretic
peptide (BNP) were elevated after treated with
100 uM of PE or ISO for 24 hours or 48 hours
(Figure 1A-D). Similarly, upon 1 yM of Ang Il sti-
mulation for indicated times, the HOC2 cells
surface area were enlarged, and the mRNA
levels of ANP and BNP were profoundly aug-
mented (Figure 1E and 1F).

Subsequently, we examed the LAMP3 expres-
sion level in the H9C2 cells after PE, ISO, or Ang
Il stimulation. The results showed that there
was no significant changed in LAMP3 mRNA
level in PE treated H9C2 cells both 24 hours
and 48 hours treatment (Figure 2A), but the
LAMP3 protein level was increased (Figure 2D).
In the ISO induced H9C2 cells, the LAMP3
mRNA and protein level were increased after
24 hours treatment, and then decreased to
normal levels compared with DMSO control
group (Figure 2B and 2E). The mRNA and pro-
tein level of LAMP3 were significantly elevated
in the H9C2 cells treated with 1 uM of Ang Il for
48 hours compared with PBS control (Figure 2C
and 2F).
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Figrue 2. LAMP3 expression level was increased in PE, ISO, or Ang Il treated HOC2 cells. (A-C) The relative mRNA
level of LAMP3 in H9C2 cells under 100 uM of PE (A), 100 uM of ISO (B), or 1 uM of Ang Il (C) treatment was as-
sessed by real-time PCR (n=3). (D-F) The protein level of LAMP3 in PE (D), ISO (E), or Ang Il (F) treated HOC2 cells was
detected by western blot (n=3). *p<0.05 vs DMSO 48 h or PBS 48 h; n.s. indicated no significance.

The LAMP3 expression level was elevated in
the pressure overload-induced hypertrophic
mouse hearts

We next curious about that whether LAMP3
expression level was changed in the mouse
heart after TAC treatment for indicated times.
The wild-type (WT, C57BL/6 background) mice
were subjected to TAC, and the results of ana-
tomy showed that the heart weight (HW)/body
weight (BW), lung weight (LW)/BW, and HW/
tibia length (TL) ratios were gradually increased
from 2 weeks to 8 weeks of TAC, which indica-
ted that WT mice developed massive cardiac
hypertrophy (Figure 3A-C). Consistent with this,
echocardiographic results demonstrated that
the WT mice exhibited decreased cardiac func-
tion, as evidenced by enlarged left ventricle
end-diastolic dimension (LVEDd), left ventricle
end-systolic dimension (LVESd), and decreased
fractional shortening (FS%) (Figure 3D-F). Fur-
thermore, as showed in the Figure 3G-I, the
mouse gross heart, cardiomyocytes cross sec-
tional area, left ventricle collagen deposition
were gradually increased from 2 weeks to 8
weeks of TAC.
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We next sought to examine whether the LAMP3
expression level changed in the hypertrophic
mouse hearts. The real-time PCR results sho-
wed that pressure overload significantly pro-
moted the LAMP3, ANP and BNP mRNA level
elevation in the mouse hearts (Figure 4A). Im-
portantly, compared with sham operation, the
protein level of LAMP3 was increased in the
hypertrophic hearts (Figure 4B) which indica-
ted that LAMP3 might contribute to pressure
overload induced cardiac remodelling.

High LAMP3 expression was observed in the
human DCM hearts

The aforementioned results showed that LA-
MP3 expression level was augment in HOC2
cells upon PE, ISO, or Ang Il stimulation and
in hypertrophic mouse hearts induced by pres-
sure overload. To ascertain whether LAMP3
expressed in the human hearts and its expres-
sion level changed in the DCM human hearts,
we collected normal donor hearts and DCM
human hearts. As showed in the Table 1, the
DCM patients were having severe cardiac dys-
function, as evidenced by poor ejection fraction

Am J Transl Res 2016;8(1):37-48
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Figure 3. The phenotype of pressure overload-induced cardiac remodelling in the wild type mice. (A-C) Statistical
results for the heart weight (HW)/body weight (BW) (A), HW/tibia length (TL) (B), and lung weight (LW)/BW (C) ratios
of wild type mice for sham, 2 weeks, 4 weeks, or 8 weeks of TAC (n=8 mice per experimental group). (D-F) Echocar-
diography was used to evluated the cardiac function of wild type mice (n=8 mice per experimental group). LVEDd
indicates left ventricle end-diastolic dimension (D), LVESd indicates left ventricle end-systolic dimension (E), FS
indicates fractional shortening (F). (G) The gross hearts (first panel, scale bar, 20 mm), hematoxylin and eosin (HE)-
staining (second panel, scale bar, 50 um), picrosirius red staining (third and forth panel, scale bar, 100 um) of histo-
logical sections of the left ventricle in the indicated groups (n=4 mice per experimental group). (H) Quantification of
cardiomyocytes cross sectional area in wild type mice after Sham or TAC surgery for indicated times (n=4 mice per
experimental group). (I) Quantification of left ventricle total collagen deposition in wild type mice after Sham or TAC
operation (n=4 mice per experimental group). *p<0.05 vs Sham; n.s. indicated no significance.

and enlarged left ventricle diameter. HE and terparts, the mRNA levels of cardiac hypertro-
PSR staining demonstrated that the cardiomyo- phic markers ANP and BNP were significantly
cytes cross sectional area and collagen deposi- elevated in the DCM hearts (Figure 6A), which
tion were remarkably increased in the DCM indicated that the DCM hearts developed
hearts (Figure 5). Compared with normal coun- severe cardiac remodelling. More importantly,
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Figure 4. Pressure overload stimuli promoted LAMP3 expression in the heart of wild type mice. A. The mRNA level
of LAMP3, ANP and BNP in the heart of wild type mice (n=4 mice per experimental group). B. The protein level of
LAMP3 in the heart of wild type mice detected by using western blot (n=4 mice per experimental group). *p<0.05

vs Sham.

Table 1. The information of human DCM
hearts and donor hearts

Parameter Donor Hearts DCM Hearts
No. 8 8
Age,y 33.9+9.9 45.8+12.0
Sex, male/total (%) 5/8 (62.5) 6/8 (75)
BMI (kg/m?) N/A 22.7+1.0
LVEDD (mm) N/A 76+£13.1
LVEF (%) N/A 27.3+6.7
Heart rate, /min N/A 8310
Blood pressure, mmHg

Systolic N/A 111.1+13.3

Diastolic N/A 68.4+9.7

BMI: body mass index; LVEDD: left ventricular end-diasto-
lic dimension; LVEF: left ventricular ejection fraction; N/A:
not available.

the mRNA level of LAMP3 concomitantly aug-
mented with ANP and BNP (Figure 6A). The pro-
tein level of LAMP3 also remarkably increased
in the DCM hearts, which was evidenced by
western blot and immunohistochemistry using
specific LAMP3 antibody (Figure 6B-D). As we
known, the human hearts were consisting of
several kinds of cells, such as cardiomyocytes,
fibroblasts, endothelial cells and immune cells.
Therefore, it is critical to uncover which cell
type was contributed to increased LAMP3 ex-
pression level. Immunohistochemistry assay
showed that relative lower LAMP3 expressed
in the normal cardiomyocytes, and the LAMP3
was located in the cytoplasm (Figure 6D). In the
DCM hearts, LAMP3 expression level signifi-
cantly elevated in the cytoplasm of cardiomyo-
cytes but not other cell types (Figure 6D). Taken
together, these results indicate that LAMP3
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might play a critical role in the pathological pro-
cess of DCM.

Discussion

LAMP3 expressed in various cell types, inclu-
ding endothelial cells [23], lung epithelial cells
[24], and mature dendritic cells [12]. Recent
researches showed that LAMP3 was regulated
by hypoxia and play an important role in the
several types of cancer [15, 16]. However, the
expression pattern of LAMP3 in the hearts has
remained unclear. In the present study, we uti-
lized in vitro and in vivo studies to decipher
LAMP3 expression pattern in the H9C2 cells,
mouse hearts, and human hearts. Our findings
demonstrated that compared with PBS or
DMSO control, the LAMP3 protein level signifi-
cantly increased in the H9C2 cells treated with
PE, ISO, or Ang Il for indicated times. More
LAMP3 was expressed in the pressure over-
load-induced mouse hearts than Sham group.
Importantly, we first found that LAMP3 was
expressed in the human heart and cardiomyo-
cyte, and its expression level was elevated in
the human DCM hearts with severe cardiac
remodelling. To our knowledge, this study is the
first to identify LAMP3 as a potential regulator
of cardiac remodelling.

Cardiac remodelling is occurred in response
to chronic alterations in loading conditions. The
most prominent features of cardiac remodel-
ling are collagen deposition in the ventricle,
cardiomyocytes hypertrophy and death [19].
Previously studies showed that cardiomyocytes
died of a variety of mechanisms, such as necro-
sis, apoptosis, and autophagy, with autophagy

Am J Transl Res 2016;8(1):37-48
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Figure 5. The human DCM hearts having severe cardiac remodelling. The hematoxylin and eosin (HE)-staining (first
panel, scale bar, 50 um) was performed to evaluate cardiomyocytes morphology and cell size, and picrosirius red
(PSR) staining was used to measure the total collagen deposition (red staining) (second panel, scale bar, 500 um;

third panel, scale bar, 100 um).

reported as the most prominent in the failing
human hearts [26]. The majority of studies
demonstrated that autophagy activation in the
heart is cardioprotective, while autophagy inhi-
bition is related with cardiac injury and heart
failure [27]. Nakai et al. showed that cardiac-
specific Atgb knockout early in cardiogenesis
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shows no pathological cardiac aberrant at
baseline, but the knockout mice developed
left ventricular dilatation and severe cardiac
dysfunction 1 week after TAC operation [28].
Furthermore, inhibited autophagy was observ-
ed in the hearts of 6-, 14-, and 26-month-old
Atgb knockout mice which also showed short-
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ened lifespan and aging-related cardiomyopa-
thy [29]. In addition, Gsk3a knockout mice dis-
played suppressed autophagy and developed
age related cardiac hypertrophy and contractile
dysfunction [30]. Cathepsin-L deficiency acc-
elerated TAC-induced ventricular remodeling
and heart failure through impairing autophago-
somal content degradation [31]. These results
indicate that autophagy plays a protective role
in pressure overload-induced cardiac hyper-
trophy. However, another several studies draw
an opposite conclusion. For example, in TAC-
induced pressure overload, autophagic activity
was increased from 1 day till 3 weeks, and TAC-
induced pathologic cardiac remodeling was
ameliorated in beclin 1 haploinsufficient mice
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Figure 6. The LAMP3 expression
vim TN level was elevated in the human
- / DCM heart. (A) The mRNA levels
of LAMP3, ANP, and BNP in the
hearts of normal donors and DCM

s patients (n=4). (B) The protein

Z e level of LAMP3 in the human do-

e PO By nor and DCM hearts (n=8). (C) The
v v Lo statistical results of pannel (B). (D)
s Temnins The immunohistochemistry assay

shows LAMP3 (brown) expression

aln and localization in the cytoplasm of
| cardiomyocytes (n=4), first panel,
AP o scale bar, 100 um; second and third
- - panel, scale bar, 50 um. *p<0.05 vs
& _ normal hearts.
”~

[32]. Conversely, cardiomyocyte-specific over-
expression of beclin 1 aggravated autophagy
and cardiac remodelling in response to TAC
[32]. These studies indicated that TAC-induced
cardiac autophagy is a maladaptive response.

As we known, in the process of autophagy, lyso-
some fuses with autophagosomes to degrada-
tion its contents [27]. Lysosome-associated
membrane protein (LAMP) family proteins are
thought to play the critical role in the fusion pro-
cess of the autophagosome with the lysosome
[33, 34]. Tanaka at al. showed that accumula-
tion of autophagic vacuoles and cardiomyopa-
thy in LAMP-2-deficient mice [33], which indi-
cates LAMP proteins closely associated with
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cardiomyopathy. However, the role of LAMP3,
one of the important LAMP family members, on
cardiac remodelling remains unknown. In the
current study, we found that LAMP3 expression
level was increased in the H9C2 cell treated
with ISO, PE or Ang Il, and in TAC-induced hyper-
trophic mouse hearts, and in the human hearts
with remodelling. Nagelkerke et al. showed that
in breast cancer cells, LC3 (marker of auto-
phagy) expression level was increased in re-
sponse to LAMP3 knockdown [35]. This study
indicates LAMP3 paly a negative role on auto-
phagy occurrence. More recently, Kassiotis’'s
research group demonstrated that autophagy
is inhibited in failing human hearts [36]. There-
fore, according to our results and published
literatures, we speculated that LAMP3 might
affect cardiac remodelling through inhibiting
autophagy. However, further gain-of-function
and loss-of-function studies were needed to
perform to clarify the critical role of LAMP3 in
cardiac remodelling.

In this study, we found that LAMP3 expression
level was elevated in the human hearts with
heart failure. But the mechanism underlying
increased LAMP3 in the hearts with remodel-
ling is largely unclear. Previously published
articles showed that LAMP3 mRNA and pro-
tein levels were strongly induced by hypoxia
in several human tumor cell lines (e.g. HT-29,
MCF7, DU 145, A549), and the activation of the
PERK/elF2a/ATF4 arm of the unfolded protein
response (UPR) was response for increased
LAMP3 expression level [15, 37, 38]. In human
DCM hearts or hypertrophic mouse hearts, the
cardiomyocytes were in a relative oxygen-defi-
cient environment, which might one of the rea-
sons for elevated LAMP3 expression in the
human and mouse hearts with cardiac remod-
elling. However, further studies would be per-
formed to ascertain the mechanism regulated
LAMP3 expression in the hearts.

In conclusion, the present study provides in
vitro and in vivo evidences that LAMP3, a mem-
ber of LAMP family, increased its expression
level in the H9C2 cells with PE, ISO, or Ang I
treatment, in the mouse hearts treated with
TAC surgery (pressure overload), and in the
human DCM hearts. These observations indi-
cated that LAMP3 may have the potential role
in the cardiac remodelling and might be a novel
therapeutic target for pathological cardiac re-
modelling.
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