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Abstract. Previous studies have identified that perilipin-1 
(PLIN1) is a highly specific marker for liposarcoma. However, 
its functions have yet to be fully elucidated. The aim of the 
present study was to investigate the potential role of PLIN1 
in the proliferation, migration and apoptosis of liposarcoma 
cells. Short hairpin RNA was designed to inhibit PLIN1 levels. 
Cell proliferation was monitored by Cell Counting Kit‑8 assay 
and cell migration determined by wound healing assay. Flow 
cytometry was performed to assess the cell cycle distributions 
and apoptosis in liposarcoma cells. The results demonstrated 
that the expression of PLIN1 was significantly upregulated 
in liposarcoma tumor tissues compared with normal adipose 
tissues. Silencing of PLIN1 by short hairpin RNA significantly 
inhibited proliferation and migration and induced G1 phase 
cell cycle arrest and apoptosis in liposarcoma cell lines. It was 
identified that PLIN1 serves a crucial role in the pathogenesis 
and progression of liposarcoma and may be a potential thera-
peutic target for its clinical management.

Introduction 

Liposarcoma is the most frequently occurring soft‑tissue 
tumor and accounts for >20% of all soft tissue sarcomas (1,2). 
Liposarcoma has been classified into four major histological 
sub‑types: Well‑differentiated liposarcoma, dedifferentiated 
liposarcoma, myxoid liposarcoma and pleomorphic liposar-
coma (3). The 5‑year survival rate is affected by different 
sub‑types, with 75‑100% in differentiated tumors. However, 
pleomorphic liposarcoma has the worst 5‑year survival rate 
of 0‑20% (4). In clinical practice, surgical approaches are 
first‑line therapy in the management of liposarcoma, accom-
panied with radiotherapy and chemotherapy (5). Currently, 
there is no therapeutic option for aggressive and metastatic 

liposarcoma (5). Therefore, exploring novel and specific thera-
peutic targets for liposarcoma is important.

Perilipin‑1 (PLIN1) is a member of the perilipin/APRP/
TIP47 (PAT) protein family and exists in at least 3 protein 
isoforms (molecular weight ~56 kDa) (6). PLIN1 is a biomarker 
of adipocyte differentiation and involved in regulating lipid 
droplet biogenesis and hydrolysis (7). In db/db mice, PLIN1 
loss-of-function accelerates lipolysis and decreases the size of 
lipid droplets in adipocytes, causing resistance to diet-induced 
obesity (8). In addition, downregulation of PLIN1 expres-
sion is also associated with the acceleration of lipolysis in 
3T3-L1 adipocytes (9). In humans, the expression of PLIN1 
in adipose tissues is positively correlated with insulin sensi-
tivity (10). Previous studies have revealed that PLIN1 can 
regulate spermatogenesis (11), atherosclerotic lesions (12) and 
osteogenic differentiation (13). Notably, PLIN1 is known to 
be an independent poor prognostic factor in metastatic breast 
cancer and can inhibit cell proliferation, migration, invasion 
and tumorigenesis in mice (7,14). Only one study, to the best 
of the authors' knowledge, has examined the expression of 
PLIN1 in liposarcoma (6) but the association between PLIN1 
and cell proliferation, migration and apoptosis has not been 
investigated in vitro.

The present study examined the expression of PLIN1 in 
liposarcoma tissues and identified that PLIN1 was significantly 
overexpressed. In addition, PLIN1 levels in liposarcoma cell 
lines were downregulated by short hairpin RNA (shRNA) and 
cell proliferation, migration and apoptosis experiments were 
performed to elucidate its function in vitro.

Materials and methods

Patients and specimens. A total of 12 pairs of liposarcoma 
tumor tissues and matched adjacent non‑tumorous adipose 
tissues were collected from patients (8 males and 4 females; 
age range: 15‑67 years; mean age: 48.8±14.0 years) who had 
undergone surgery at the Department of Oncology, People's 
Hospital of Rizhao (Rizhao, China) between January 2014 
and June 2016. None of the patients had been subjected to 
preoperative radiotherapy or chemotherapy and all had been 
diagnosed with liposarcoma based on histopathological evalu-
ation. All collected tissue samples were immediately stored in 
liquid nitrogen. Human samples were obtained with written 
informed consent from all patients. The study was approved 
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by the Ethics Committee of the People's Hospital of Rizhao 
(Approval Number: KYLL‑20140903).

Cell culture. T778 (well differentiated) and LPS141 (dediffer-
entiated) liposarcoma cell lines were purchased from the Cell 
Bank of China Academy of Sciences (Shanghai, China). The 
cell lines were cultured in RPMI medium 1640 (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (Gibco; Thermo Fisher 
Scientific, Inc.) and 1% penicillin‑streptomycin at 37˚C in 5% 
CO2 and were plated in a 6‑well plate at a density of 2x105 cells 
per well. Following incubation for 2 days, cells were collected 
for proliferation, migration and apoptosis assays.

Cell counting kit (CCK)‑8 proliferation assay. The CCK‑8 
proliferation assay was conducted as previously described (15). 
The proliferation of cells (1x104) was measured using a CCK‑8 
Cell Proliferation/Viability Assay kit (Dojindo Molecular 
Technologies, Inc., Kumamoto, Japan).

Construction of shRNA‑PLIN1 eukaryotic expression 
plasmid. shRNA was constructed to specifically target PLIN1 
using shRNA design tools (http://rnaidesigner.thermofisher.
com/rnaiexpress/). Using BLAST (http://blast.ncbi.nlm 
.nih.gov/Blast.cgi), it was verified that the designed shRNA 
targeted only the PLIN1. The shRNA was synthesized by 
Shanghai GenePharma Co., Ltd. (Shanghai, China). The target 
site in human gene encoding PLIN1 was: shRNA‑PLIN1 sense 
strand, 5'‑GGG GAC ACA GTG TGC ATTA‑3', shRNA‑PLIN1 
antisense strand, 5'‑TGG CAC ATA CCC TGC AGA AGA‑3'; 
shRNA‑Con sense strand, 5'‑GCC CTC GGT GTC CTA CTT 
CA‑3', shRNA‑Con antisense strand, 5'‑ATT TGA AGT AGG 
ACA CCG AGG‑3'. Each DNA was used to transform the E. 
coli strain DH5α and purified with a plasmid purification kit 
(Qiagen, Inc., Valencia, CA, USA). A total of 1 µg plasmid was 
transfected into T778 and LPS141 cells using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientifc, Inc.) for 48 h at 
37˚C, as previously described (16). The infected cells were 
selected with puromycin (2 mg/ml) 48 h following transfec-
tion. Then the clones were selected and cultured for further 
experimentation.

Immunohistochemical staining and western blotting. The 
tissues were fixed in 4% formaldehyde at room temperature for 
24 h and embedded in paraffin. The paraffin‑embedded tumor 
tissues and adipose tissues were cut into ~3 µm sections, which 
were dehydrated at 65˚C for 24 h, deparaffinized in xylene 
and rehydrated in a descending ethanol series. Subsequently, 
the sections were evaluated immunohistochemically using 
anti‑human PLIN1 (cat. no. ab61682, dilution, 1:100; Abcam, 
Cambridge, UK), as previously described (17). Image visual-
ization was performed under a microscope (Leica DM 2500; 
Leica Microsystems GmbH, Wetzlar, Germany) and the inte-
grated optical density (IOD) was measured by Image Pro‑Plus 
6 software (Media Cybernetics, Inc., Rockville, MD, USA).

Protein was extracted using radioimmunoprecipitation 
assay lysis buffer (Beyotime Institute of Biotechnology, 
Haimen, China). The concentration was determined 
using the bicinchoninic acid kit for protein determination 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany). Samples 

containing 50 µg of protein were separated by 10% SDS‑PAGE 
gel and transferred onto nitrocellulose membranes (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). The membranes were 
blocked with 10% (w/v) non‑fat dry milk in Tris‑buffered 
saline containing 0.1% (w/v) Tween 20 at room temperature 
for 2 h. Primary antibody PLIN1 (cat. no. ab61682, dilution, 
1:1,000; Abcam, Cambridge, UK) was incubated for 2 h at 
room temperature and membranes were washed three times 
(10 min/wash) in PBS. Next, the membranes were incubated 
with the appropriate horseradish peroxidase‑conjugated 
secondary antibody (cat. no. sc‑516102; dilution: 1:10,000; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at room 
temperature for 2 h, and then visualized using SuperSignal™ 
West Pico PLUS Chemiluminescent Substrate (cat. no. 34580; 
Thermo Fisher Scientific, Inc.). Glyceraldehyde‑3‑phosphate 
dehydrogenase (GAPDH; cat. no. 2118; dilution: 1:2,000; 
Cell Signaling Technology, Inc., Danvers, MA, USA) was 
used as the control antibody. Signals were densitometrically 
assessed using Quantity One software version 4.5 (Bio Rad 
Laboratories, Inc.).

Wound healing assay. T778 and LPS141 cells (2x105) were 
trypsinized and reseeded in each well of a new 6‑well plate. 
Following 24 h incubation at 37˚C in 5% CO2, the confluent 
cell monolayers were scratched with a 10 µl sterile pipette tip. 
Then the non‑adherent cells were washed off with sterilized 
PBS and serum‑free medium was added to the wells. The gap 
area caused by the scratch was observed using an inverted 
microscope (Olympus Corporation, Tokyo, Japan). Images 
were captured from 3 random non‑overlapping areas in each 
well at 12 h post‑scratch. The scratch width between the two 
linear regions was measured to assess the capacity of cells to 
migrate.

Flow cytometry for the detection of cell cycle progression and 
apoptosis. T778 and LPS141 cells were collected following 
digestion and were washed twice with PBS and centrifuged 
at 1,200 x g for 5 min at 4˚C. The supernatant was discarded 
and the cells resuspended and fixed in ice‑cold 75% ethanol 
then stored at 4˚C. Following two washes in PBS, the cells 
were stained with propidium iodide (PI; cat. no. F10797; 
Invitrogen; Thermo Fisher Scientific, Inc.) at 4˚C for 30 min 
in the dark and acquired on a flow cytometer. Flow cytometric 
analysis of the percentage of cells in G1, S and G2 phases (BD 
Biosciences, Franklin Lakes, NJ, USA) was performed. The 
data were processed by Cell Quest Software (version 5.1, BD 
Biosciences). The cell apoptosis assay was determined as 
previously described (15). The Annexin V‑FITC apoptosis 
detection kit was purchased from Invitrogen (Thermo Fisher 
Scientific, Inc.).

Statistical analysis. The experiments were repeated three 
times and the data are presented as the means ± standard devi-
ation for each group. All statistical analyses were performed 
using PRISM version 7.0 (GraphPad Software, Inc., La Jolla, 
CA, USA). Student's t‑test was used to analyze two‑group 
differences. Inter‑group differences were analyzed by one‑way 
analysis of variance, followed by a post hoc Tukey's test for 
multiple comparisons. P<0.05 was considered to indicate a 
statistically significant difference.
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Results

PLIN1 is overexpressed in liposarcoma tissues compared with 
normal adipose tissue. Immunohistochemical staining was 
performed in normal control and liposarcoma tumor tissues, 
and the results demonstrated that PLIN1 expression increased 
in liposarcoma tumor tissues, revealing a statistically signifi-
cant difference compared with normal control (Fig. 1A and B). 
To further confirm PLIN1 expression, western blotting analysis 
was performed and identified that PLIN1 protein expression 
was significantly upregulated in liposarcoma tumor tissues 
compared with the control group (Fig. 1C and D). These find-
ings validated the hypothesis that PLIN1 is closely associated 
with liposarcoma.

Knockdown of PLIN1 inhibits proliferation of liposarcoma 
cells. To investigate its function in vitro, shRNA to inhibit the 
levels of PLIN1 was designed. As illustrated in Fig. 2A, the 
levels of PLIN1 were significantly inhibited by shRNA‑PLIN1 
in T778 and LPS141 cells compared with the negative 
control (Negative‑Con) or shRNA‑Con group. No significant 
difference was observed in the levels of PLIN1 between 
the Negative‑Con and shRNA‑Con group. Next, the prolif-
eration of T778 and LPS141 cells following transfection with 
shRNA‑PLIN1 was analyzed using the CCK‑8 assay. The 
results revealed that the proliferation of T778 and LPS141 
cells was markedly suppressed by PLIN1 depletion compared 
with the Negative‑Con or shRNA‑Con group at days 3 and 5 
(Fig. 2B). No significant difference was observed in the prolif-
eration curves of Negative-Con and shRNA-Con transfected 
into T778 or LPS141 cells. These data indicated that PLIN1 
loss‑of‑function inhibited the proliferation of liposarcoma 
cells.

Knockdown of PLIN1 inhibits migration of liposarcoma cells. 
The effect of PLIN1 knockdown on cell migration was deter-
mined by a wound healing assay. T778 and LPS141 cells were 
seeded, and then scratches made 24 h later. Transfection of 
shRNA‑PLIN1 led to retarded wound closing compared with 
the Negative-Con or shRNA-Con groups in T778 and LPS141 
cells for 12 h (Fig. 3A and B). However, no significant differ-
ence was observed in the wound closing results between the 
Negative-Con and shRNA-Con groups in T778 and LPS141 
cells (Fig. 3A and B). These findings indicated that PLIN1 
loss‑of‑function inhibited the migration of liposarcoma cells.

Knockdown of PLIN1 induces cell cycle arrest and apoptosis 
of liposarcoma cells. Flow cytometry analysis was performed 
to further evaluate whether silencing of PLIN1 regulates lipo-
sarcoma cell proliferation by altering the progression of cell 
cycle and apoptosis. T778 and LPS141 cells were transfected 
with Negative‑Con, shRNA‑Con or shRNA‑PLIN1 for 24 h, 
and cell cycle distributions were determined by PI staining. As 
presented in Fig. 4A and B, transfection with shRNA‑PLIN1 
led to increase of cells in the G1 phase and decrease of cells 
in the S phase, while transfection with shRNA‑PLIN1 had 
no evident effect on the G2 phase of the cell cycle in T778 
and LPS141 cells. In addition, no significant difference was 
observed in cell cycle distribution between Negative‑Con and 
shRNA‑Con transfected into T778 or LPS141 cells. The rate of 

apoptosis was significantly increased when T778 and LPS141 
cells were transfected with shRNA‑PLIN1 compared with the 
Negative-Con or shRNA-Con group (Fig. 5A and B). These 
findings indicated that PLIN1 loss‑of‑function could induce 
G1 phase cell cycle arrest and apoptosis in T778 and LPS141 
cells. Based on aforementioned findings, it was demonstrated 
that knockdown of PLIN1 inhibited the proliferation of lipo-
sarcoma cells, at least partly, by inducing G1 phase cell cycle 
arrest and apoptosis.

Discussion

The present study demonstrated robust protein expression 
of PLIN1 in liposarcoma tumor tissues. Silencing of PLIN1 
inhibited the proliferation and migration of liposarcoma cells. 
In addition, G1 phase cell cycle arrest and apoptosis were 
induced by the knockdown of PLIN1 in liposarcoma cells. 
These data suggested that upregulation of PLIN1 may serve 
an oncogenic role in the pathogenesis and progression of 
liposarcoma. Therefore, it is hypothesized that PLIN1 may be 
a potential therapeutic target for the clinical management of 
liposarcoma.

PLIN1 is the major lipid droplet‑coating protein of mature 
adipocytes and has a high specificity for adipocytes of white 
and brown fatty tissue (18,19). PLIN1 is known to be highly 
expressed in Leydig cells and is closely associated with 
steroidogenesis and spermatogenesis (11). Straub et al (20) 
demonstrated that PLIN1 is present in hepatocellular carci-
noma, sebaceous tumors and mesenchymal tumors with 
adipogenic differentiation, but PLIN1 is restricted to lipid 
droplets in tumors. The other members of the PAT protein 
family, adipocyte‑differentiation‑related protein (adipophilin, 
PLIN2) and tail‑interacting protein of 47 kDa (TIP47, PLIN3), 
are almost ubiquitously expressed in lipid droplets in various 
tumor types and normal tissues (20,21). Westhoff et al (6) 
demonstrated that more than two‑thirds of liposarcomas 
present PLIN1 positivity and that all non‑lipomatous sarcomas 
studied are negative for this marker, suggesting that PLIN1 is 
a highly specific marker for liposarcoma. The present study 
demonstrated that PLIN1 protein expression was significantly 
upregulated in liposarcoma tumor tissues, and this was veri-
fied by immunohistochemical staining and western blotting. 
These findings suggested that robust expression of PLIN1 may 
possess a potential role in the pathogenesis and development 
of liposarcoma.

Increasing evidence suggests that PLIN1 is positively 
associated with poor overall survival rates in metastatic breast 
cancer and lung cancer (7,14). Zhou et al (7) demonstrated that 
PLIN1 mRNA expression is significantly downregulated in 
human breast cancer, and that the overexpression of PLIN1 
in MCF‑7 and MDA‑MB‑231 cells markedly suppresses cell 
proliferation, migration, invasion and in vivo tumorigenesis 
in mice. Conversely, the present study identified that PLIN1 
was significantly increased in liposarcoma tumor tissues and 
that downregulation of PLIN1 by shRNA in T778 (well differ-
entiated liposarcoma cell line) and LPS141 (dedifferentiated 
liposarcoma cell line) suppressed cell proliferation and migra-
tion. These findings suggested that PLIN1 expression may be 
tissue‑specific. A previous study indicated that proliferation 
inhibition in liposarcoma cells may be a result of cell cycle 
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arrest (2), so the cell cycle distributions were analyzed using 
flow cytometry to detect the effects of shRNA‑PLIN1 on cell 
cycle arrest in T778 and LPS141 cells. It was identified that 
shRNA‑PLIN1 significantly affected the cell cycle distribu-
tions, increasing the percentage of cells in G1 phase and 

decreasing the percentage of cells in S phase. Notably, apop-
tosis was also induced in T778 and LPS141 cells transfected 
with shRNA‑PLIN1.

In conclusion, the findings of the present study indicated 
that the expression of PLIN1 was altered in liposarcoma tumor 

Figure 1. Protein expression of PLIN1 in liposarcoma tumor tissues and normal adipose tissues. (A) Immunohistochemical staining of PLIN1 in liposarcoma 
tumor tissues and normal adipose tissues (magnification, x200), and (B) the IOD was measured for immunohistochemical positive staining. (C) Protein expres-
sion of PLIN1 was measured by western blotting, (D) histogram represents the gray intensity analysis of PLIN1. *P<0.05 vs. normal control group. PLIN1, 
perilipin‑1; IOD, integrated optical density.

Figure 2. Silencing of PLIN1 suppresses proliferation of liposarcoma cells. (A) Following transfection with Negative‑Con, siRNA‑Con or siRNA‑PLIN1, 
the protein levels of PLIN1 were detected using western blotting in T778 and LPS141 cells. (B) Following transfection with Negative‑Con, shRNA‑Con 
or shRNA‑PLIN1, cells proliferation of T778 and LPS141 cells was monitored by CCK‑8 assay at days 1, 3 and 5. n=3 in each group. *P<0.05, **P<0.01 vs. 
shRNA‑Con group; #P<0.05, ##P<0.01 vs. Negative‑Con. PLIN1, perilipin‑1; Con, control; sh, short hairpin; OD, optical density.
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Figure 3. Silencing of PLIN1 suppresses migration of liposarcoma cells. (A) Following transfection with Negative‑Con, shRNA‑Con or shRNA‑PLIN1, cell 
migration was determined by a wound healing assay, (B) histogram represents the migration rate. n=3 in each group. *P<0.05 vs. shRNA‑Con group; #P<0.05 
vs. Negative‑Con. PLIN1, perilipin‑1; Con, control; sh, short hairpin.

Figure 4. Silencing of PLIN1 induces cell cycle arrest of liposarcoma cells. (A) Following transfection with Negative‑Con, shRNA‑Con or shRNA‑PLIN1, 
T778 and LPS141 cells were stained with propidium iodide to determine cell cycle distributions using flow cytometry. (B and C) Data as a histogram. n=3 in 
each group. *P<0.05 vs. shRNA‑Con group; #P<0.05 vs. Negative‑Con. PLIN1, perilipin‑1; Con, control; sh, short hairpin.

Figure 5. Silencing of PLIN1 induces apoptosis of liposarcoma cells. (A) Following transfection with Negative‑Con, shRNA‑Con or shRNA‑PLIN1, T778 and 
LPS141 cells were stained with Annexin V‑FITC and propidium iodide, and analyzed by flow cytometry. (B) Data as a histogram. n=3 in each group. *P<0.05 
vs. shRNA‑Con group; #P<0.05 vs. Negative‑Con. PLIN1, perilipin‑1; Con, control; sh, short hairpin.
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tissues, and preliminarily determined that PLIN1 was a key 
regulator of liposarcoma. In vitro experiments demonstrated 
that silencing of PLIN1 inhibited the proliferation and migra-
tion of liposarcoma cells by inducing G1 phase cell cycle arrest 
and apoptosis. However, PLIN1‑associated signaling pathways 
were not involved in the present study, and PLIN1‑induced 
apoptotic mechanisms need to be further investigated in 
in vivo and in vitro experiments.
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