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A B S T R A C T   

Laryngeal cancer (LC) is an aggressive malignancy resistant to drug treatments. It has been postulated that cancer 
stem cells (CSCs) persist in a unique population of cancer cells involved in tumor progression and drug- 
resistance. In the present study, the effects of PLOD2 expression on ordinary and Cisplatin (DDP)-resistance 
(R) cells were investigated in TU686 and TU138 cells and Xenograft model. Cell viability, invasion and cell 
apoptosis, CD44 and CD133 expressions, MRP1 and P-gp expressions were measured by CCK-8 assay, Transwell, 
flow cytometry, immunofluorescence and Western blotting respectively. The results of our study demonstrated 
that suppressing the expression of PLOD2 could meditate LC stem cell-like features by decrease cell viability and 
invasion, increase apoptotic rate, decrease CD44 and CD133 expressions via Integrin β1. Meanwhile, the inhi-
bition of PLOD2 expression could decrease P-gp and MRP1expression thus markedly regulate DDP-R LC cells 
stemness and drug-resistance via Integrin β1. Our findings provided a new rationale for subsequent academic and 
clinical research on LC drug-resistance.   

Introduction 

Head and neck squamous cell carcinomas (HNSCCs), which is arising 
from the oral cavity mucosa, larynx and pharynx, is the most primary 
head and neck malignancies and has high incidence and mortality rate 
[1,2]. Laryngeal cancer (LC) is a common malignancy which represents 
one-third of all HNSCCs and remains a significant source of morbidity 
and mortality. With the comprehensive development of treatment 
measures and diagnostic strategies, surgical techniques in laryngeal 
carcinomas have evolved greatly, partial surgery even transoral robotic 
surgery has become increasingly used to manage laryngeal and 
pharyngeal cancers [3–5]. Even the survival rate was increased, there 
was still about 30–40% of LC patients died of tumor recurrence or 
metastasis. Due to the high rates of metastasis and recurrence and 
resistance to traditional chemotherapy, the patients still present a poor 
prognosis. Hence, identify predictive biomarkers and find most effective 
and least toxic therapies will promise new avenue for laryngeal cancers 
therapy. 

Previous studies revealed that Cancer stem cells (CSCs) refer to a 

unique population of cancer cells involved in tumor initiation, pro-
gression, drug-resistance and relapse [6,7]. A series of CSC-specific 
surface biomarkers including CD9, CD24, CD44, and CD133 have been 
reported to be regarded as reliable means of identifying CSCs [8,9]. CSCs 
are known to be involved in LC clonogenicity core and play a vital role in 
LC dissemination, drug-resistance and recurrences poor prognosis [10]. 
According to literature data cisplatin and cetuximab resistance in CSCs 
from HNCSC lines that had high expression of the CD44 biomarker [11, 
12]. 

Tumor diffusion and metastasis are important causes of tumor 
deterioration and the process was associated with several genes and 
proteins such as Integrin β1 and PLOD2 [13–15]. Procollagen-lysine, 
2-oxoglutarate 5-dioxygenase 2 (PLOD2), also known as lysyl hydrox-
ylase 2 (LH2), is a member of the PLOD family. Accumulating evidence 
indicates that PLOD2 is essential enzyme in the lysyl hydroxylation of 
collagen molecules [16,17]. Furthermore, numerous studies have 
demonstrated that PLOD2 expression was associated with several types 
of cancers such as HNSCCs, colorectal cancer (CRC), oral squamous cell 
carcinoma (OSCC), hepatocellular carcinoma and pancreatic cancer 
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[18]. Knockdown of PLOD2 attenuated CRC cell proliferation, migra-
tion, and invasiveness via regulating the expression of hexokinase 2, 
suggesting PLOD2 as a promising therapeutic target for CRC treatment 
[19]. Studies also revealed that PLOD2 was a poor prognostic biomarker 
for OSCC patients and may affect the metastasis of OSCC through EMT 
pathway [16]. Integrin β1 is an important member of transmembrane 
glycoproteins and is found to be associated with cancer metastasis [20]. 
More interestingly, studies revealed that PLOD2 directly catalyzes the 
hydroxylation of Integrin β1 and leads to increased cancer invasion and 
metastasis [21]. Studies shown that PLOD2-driven IL-6/STAT3 signaling 
promotes the invasion and metastasis of oral squamous cell carcinoma 
via activation of Integrin β1 [22]. 

Advances in genetic and sequencing have identified a plethora of 
disease-associated and disease-causing genetic alterations [23]. In the 
resent study, PLOD2 was reported to serve as a prognostic marker in 
laryngeal cancer by promoting cancer stem cell-like characteristics via 
Wnt signaling pathway [24]. However, there are no relevant studies 
completely elucidated whether PLOD2 effect on CSCs confers drug 
resistance in laryngeal cancers. Accordingly, the aim of our study is to 
investigate the potential effects of PLOD2 against LC and to explore the 
possible role of PLOD2 and Integrin β1 on drug resistance in LC, as 
possible protective mechanisms. 

Materials and methods 

Cell lines and cell culture 

Tu686 and TU138 Squamous cell carcinoma of head and neck 
(SCCHN) cell strains (Tiancheng Technology, Shanghai, China) were 
cultured in the Roswell Park Memorial Institute (RPMI) 1640 culture 
medium supplemented with 10% fetal bovine serum (FBS) and 1% 
penicillin/streptomycin. Cells were maintained in 5% CO2 with 95% air 
incubator at 37 ◦C. Cisplatin (DDP)-resistance (R) laryngeal squamous 
carcinoma cells (TU686-DDP-R, TU138-DDP-R) came from TU686 and 
TU138 cells with continuous cisplatin treatment. 

Cell viability 

The cell survival rate of cells was analyzed by cell-counting kit-8 
(CCK-8) method according to the manufacturer’s instructions. Briefly, 
Tu686 and TU138 cells in the logarithmic growth phase were seeded 
into 96-well plates and cultured overnight at 37 ◦C, 5% CO2. Each hole 
was added with 10 μL CCK-8 solution (Beyotime, Shanghai, China). 
After incubating for 2 h, the optical density (OD) at 450 nm was 
measured by Elx800 Reader (Bio-Tek Instruments Inc., Winooski, VT, 
USA). 

siRNA and plasmid transfection 
The specific small interfering RNA that targeted PLOD2 (siRNA- 

PLOD2) and a scrambled negative control (siRNA-NC) came from Gene- 
Pharma (Shanghai, China). The expression vector expressing PLOD2 
(pcDNA3.1- PLOD2) and the negative control were also constructed and 
purchased from Gene-Pharma (Shanghai, China). To augment the 
expression of PLOD2, Tu686 and TU138 cell lines were cultured in 60 
mm dishes overnight. Then, pcDNA3.1- PLOD2vector or siRNA was 
infected into Tu686 and TU138 cells for 48 h at 37 ◦C. Subsequently, the 
cell medium supernatant was collected to obtain adenovirus- PLOD2 
(Ad- PLOD2), which was used to transfect into Tu686 and TU138 cell 
lines for 48 h at 37 ◦C using Opti-MEM medium and Lipofectamine 2000 
(Thermo Fisher Scientific, Inc.) according to the manufacturer’s 
protocol. 

Transwell 

Matrigel was taken out from − 20 ◦C and melted at 4 ◦C. Then 
Matrigel was diluted to a final concentration of 300 μL/mL with serum- 

free cell culture medium. Cell invasion was examined using a 24-well 
Transwell insert system contained 800 μL of 10% FBS DMEM medium. 
100 μL of Matrigel was added to the upper chamber of the transwell and 
incubated at 37 ◦C for 3 h to form a gel. After Matrigel was gelatinized, a 
4 × 104 cell suspension was inserted into the transwell upper chamber. 
Meanwhile, 600–800 μL medium containing 10% serum to the lower 
chamber and the system was cultured at 37 ◦C in a 5% CO2 incubator for 
48 h. Cells were cultured in an incubator for 48 h, and the chamber was 
carefully rinsed with PBS. The cells were soaked in 70% methanol so-
lution for 1 h, stained with 0.5% crystal violet stain, placed at room 
temperature for 20 min, and the unmigrated cells on the upper chamber 
side were wiped clean with a sterile cotton ball. The invasive cells on the 
below side of chamber were collected and examined under microscope. 

Flow cytometry for cell apoptosis 

The apoptotic cells were measured by Annexin V- fluorescein iso-
thiocyanate (FITC)/propidium iodide (PI) apoptosis detection kit (key-
gentec, Nanjing, China) according to the manufacturer’s instructions. 
The cells in the logarithmic growth phase were digested and inoculated 
into a six-well plate, digested and rinsed twice with PBS buffer solution. 
Then, Annexin V- FITC and PI were added to each sample and cultured at 
room temperature for 5–15 min in the dark and analyzed using FACS 
flow cytometry (BD, San Jose, CA, USA). 

Detection of CD44 and CD133 with immunofluorescence 

CD44 and CD133 activities were measured by CD44 or CD133 
Deacetylase Fluorometric Assay kit (BioVision Inc, Milpitas Blvd, Calif, 
USA) according to the manufacturer’s instructions. 

Xenograft model 

BALB/c nude mice were purchased from Jinan Pengyue Laboratory 
Animal Breeding Co., Ltd. Cells in different groups were subcutaneously 
injected into the left axilla of nude mice at a dose of 1 × 107. After tumor 
formation, the tumors were measured with an electronic vernier caliper 
and the tumor volume was calculated. The tumors were further observed 
for 30 days, and the tumor growth rate was calculated. All the experi-
ment procedures were performed in accordance with the Guide for the 
Care and Use of Laboratory Animals published by the National Institutes 
of Health (NIH Publication No. 86-23, revised 1996). Our animal studies 
were approved by Yantaishan hospital and received humane care. 

TUNEL staining 

TUNEL fluorescent assay was con according to the instructions of the 
ducted with an in-situ Cell Death Detection Kit (Roche Inc., Indianapolis, 
IN, United States). Fluorescence microscopy was employed to observe 
apoptotic cells and the images were photographed at 400×
magnification. 

Western blotting 

Protein concentrations of tumors or the cells proteins (20 μg) were 
separated by the sodium dodecyl sulfate–polyacrylamide gel electro-
phoresis (SDS-PAGE). Following by the standard protocol as previous 
described, the proteins were transferred into a nitrocellulose (NC) 
membrane which was rinsed and blocked with 5% skim milk for 1 h at 
room temperature. Then, the following primary antibodies: PLOD2 
(1:500, LSBio, Seattle, USA), Integrin β1 (1:500, abcam, Cambridge, 
UK), MRP1 (1:500, abcam, Cambridge, UK), P-gp (1:1000; abcam, 
Cambridge, UK) were added incubated overnight at 4 ◦C. After washing, 
the complexes were incubated with a horse radish peroxidase (HRP)- 
coupled secondary antibody (1:1000, abcam, Cambridge, UK) at 37 ◦C 
for 1.5 h, then visualized with an enhanced chemiluminescence system. 
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The density of each protein band was analyzed using Image-ProPlus6.0 
(Media Cybernetics, Silver Spring, U.S.A.). 

Statistical analysis 

All experimental data were analyzed using IBM SPSS Statistics 
Version 21.0 (SPSS I nc., Chicago, IL, USA). The significant difference of 

data in for comparison of three or more groups was analyzed by one-way 
analysis of variance (ANOVA) followed by the Tukey’s post-test, a value 
of p < 0.05 was statistically significant. 

Fig. 1. Effects of PLOD2 on relative protein levels and cell viability in Tu686 and TU138 cells. A: PLOD2 and Integrin β1 protein levels in Tu686 cells were detected 
by Western blot assay; B: PLOD2 and Integrin β1 protein levels in TU138 cells were detected by Western blot assay; C: Tu686 cell viability was detected by CCK-8 
assay; D: TU138 cell was detected by CCK-8 assay. *p < 0.05 vs. Control group. 
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Results 

Downregulation of PLOD2 attenuated the Integrin β1 expression in Tu686 
and TU138 cells 

To detect the effect of PLOD2 on Tu686 and TU138 cell viability, the 
cells were divided in five groups: the Control group, siPLOD2-NCgroup, 
siPLOD2 group, PLOD2-NC group and PLOD2- siIntegrin β1 group. 

Firstly, to determine the expression of PLOD2 expression in Tu686 
and TU138 cells, we performed western blot analyses. As shown in 
Fig. 1A and B, compared with Control group, siPLOD2 group express 
relatively lower expression of PLOD2 while PLOD2-mimic group showed 
higher expression of PLOD2 both in Tu686 and TU138 cells (p < 0.05). 
Interestingly, siPLOD2 induced the decrease of Integrin β1, thus Integrin 
β1 expression is consistent with the expression of PLOD2. Meanwhile, 
the increase of Integrin β1 in cells caused by the transfection of PLOD2 
mimic was effectively decreased by si Integrin β1 (p < 0.05). No dif-
ferences were found in the Control group, siPLOD2-NC group, and 
PLOD2-NC group. 

Downregulation of PLOD2 attenuated the cell proliferation, invasion and 
apoptosis in Tu686 and TU138 cells 

Then, in order to determine whether PLOD2 affected cell prolifera-
tion and invasion in Tu686 and TU138 cells, CCK-8 and Transwell assays 
were performed. The growth curves obtained from CCK-8 assay showed 
that SiPLOD2 significantly repressed the ability of cell proliferation in 
Tu686 and TU138 cells (p < 0.05, vs Control group). Moreover, the 
results of Transwell assay confirmed that Tu686 and TU138 cells inva-
sion were severely suppressed by SiPLOD2 (p < 0.05, vs Control group). 
Accordingly, the increase of cell proliferation and invasion of Tu686 and 
TU138 cells caused by the transfection of PLOD2 mimic were effectively 
rescued by si Integrin β1 (p < 0.05, vs Control group). Meanwhile, no 
differenced were found in the Control group, siPLOD2-NCgroup, and 
PLOD2-NC group. 

Additionally, Flow cytometry was used to detect the apoptotic rate of 
Tu686 and TU138 cells. As shown in Fig. 2, SiPLOD2 significantly 
increased the cell apoptosis in Tu686 and TU138 cells (p < 0.05, vs 
Control group). Meanwhile, the decrease of cell apoptosis in Tu686 and 
TU138 cells induced by PLOD2 mimic was effectively rescued by si 
Integrin β1 (p < 0.05, vs Control group). Meanwhile, no differenced 
were found in the Control group, siPLOD2-NCgroup, and PLOD2-NC 
group. 

Downregulation of PLOD2 attenuated the CSCs properties in Tu686 and 
TU138 cells 

Then, in order to detect the relationship between PLOD2 and Integrin 
β1 in CSCs properties, CD44 and CD133 were detected to identify CSCs. 
As shown in Fig. 3, SiPLOD2 significantly repressed CD44 and CD133 
expression in Tu686 and TU138 cells (p < 0.05, vs Control group). 
Accordingly, the levels of CD44 and CD133 expression in Tu686 and 
TU138 cells were significantly increased by the transfection of PLOD2 
mimic (p < 0.05, vs Control group). Meanwhile, no differenced were 
found in the Control group, siPLOD2-NCgroup, and PLOD2-NC group. 

Downregulation of PLOD2 attenuated the tumor growth and apoptosis in 
vivo 

To further evaluate the effect of PLOD2 silencing on tumor growth, 
cells were subcutaneously injected into the left axilla of nude mice to set 
xenograft model. We added PLOD2 mimic+Integrin β1 si-RNA group to 
detect the relationship between PLOD2 and Integrin β1 in CSCs prop-
erties. As shown in Fig. 4, the tumor growth curve indicated that the 
tumor volume in the SiPLOD2 group at 18, 24, 30 days point was smaller 
(p < 0.05, vs Control group). Meanwhile, the increase of tumor volume 

caused by the transfection of PLOD2 mimic was effectively rescued by si 
Integrin β1 (p < 0.05, vs Control group). 

Apoptotic cells in the tumors were detected through TUNEL assay. As 
shown in Fig. 5A, SiPLOD2 significantly increased the cell apoptosis in 
tumors (p < 0.05, vs Control group). Interestingly, the decrease of cell 
apoptosis in tumors caused by the transfection of PLOD2 mimic was 
effectively rescued by si Integrin β1. Meanwhile, no differences were 
found in the Control group, siPLOD2-NCgroup, and PLOD2-NC group. 

Downregulation of PLOD2 attenuated the CSCs properties in vivo 

Then, in order to detect the relationship between PLOD2 and Integrin 
β1 in CSCs properties in vivo, CD44 and CD133 in xenograft model were 
detected to identify CSCs. As shown in Fig. 5B and C, SiPLOD2 signifi-
cantly repressed CD44 and CD133 expression in xenograft mice (p <
0.05, vs Control group). Meanwhile, the increase of CD44 and CD133 
expression in xenograft mice caused by the transfection of PLOD2 mimic 
was effectively rescued by si Integrin β1 (p < 0.05, vs Control group). 
Meanwhile, no differences were found in the Control group, siPLOD2- 
NCgroup, and PLOD2-NC group. 

Downregulation of PLOD2 attenuated the cell proliferation, invasion and 
apoptosis in cisplatin-resistant Tu686 and TU138 cells 

To detect the relationship between PLOD2 and Integrin β1 in CSCs 
properties in cisplatin-resistant cells, the cisplatin-resistant cells were 
divided in four groups: the control group, siPLOD2 -DDP-R group, 
PLOD2- DDP-R group, PLOD2+ Integrin β1- DDP-R group. In order to 
determine whether PLOD2 affected apoptosis in cisplatin-resistant 
Tu686 and TU138 cells, Flow cytometry assay was performed. 

As shown in Fig. 6A and B, SiPLOD2 significantly increased the cell 
apoptosis in cisplatin-resistant Tu686 and TU138 cells (p < 0.05, vs 
Control group). Accordingly, cell apoptosis in isplatin-resistant Tu686 
and TU138 cells was significantly decreased by the transfection of 
PLOD2 mimic (p < 0.05, vs Control group). Interestingly, the decrease of 
cell apoptosis in cisplatin-resistant Tu686 and TU138 cells caused by the 
transfection of PLOD2 mimic was effectively rescued by si Integrin β1 (p 
< 0.05, vs PLOD2 group). 

Downregulation of PLOD2 attenuated the CSCs properties in cisplatin- 
resistant Tu686 and TU138 cells 

Then, in order to detect the relationship between PLOD2 and Integrin 
β1 in CSCs properties, CD44 and CD133 were detected to identify CSCs. 
As shown in Fig. 6C and D, SiPLOD2 significantly repressed CD44 and 
CD133 expression in cisplatin-resistant Tu686 and TU138 cells (p <
0.05, vs Control group). Accordingly, the levels of CD44 and CD133 
expression in cisplatin-resistant Tu686 and TU138 cells were signifi-
cantly increased by the transfection of PLOD2 mimic (p < 0.05, vs 
Control group). Meanwhile, the increase of CD44 and CD133 expression 
in cisplatin-resistant Tu686 and TU138 cells caused by the transfection 
of PLOD2 mimic was effectively rescued by si Integrin β1 (p < 0.05, vs 
PLOD2 group). 

Downregulation of PLOD2 attenuated the MRP1 and P-gp expression in 
cisplatin-resistant Tu686 and TU138 cells 

To determine the expression of MRP1 and P-gp in cisplatin-resistant 
Tu686 and TU138 cells, we performed western blot analyses. As shown 
in Fig. 7A and B, compared with Control group, SiPLOD2 significantly 
repressed MRP1 and P-gp expression in cisplatin-resistant Tu686 and 
TU138 cells (p < 0.05, vs Control group). Accordingly, the levels of 
MRP1 and P-gp expression in cisplatin-resistant Tu686 and TU138 cells 
were significantly increased by the transfection of PLOD2 mimic (p <
0.05, vs Control group). Meanwhile, the increase of MRP1 and P-gp 
expression in cisplatin-resistant Tu686 and TU138 cells caused by the 
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Fig. 2. Effects of PLOD2 on cell apoptosis and cell invasion in Tu686 and TU138 cells. A: Cell apoptosis in Tu686 cells were detected by Flow cytometry. B: Cell 
apoptosis in TU138 cells were detected by Flow cytometry. C: Cell invasion in Tu686 cells were detected by Transwell. D: Cell invasion in TU138 cells were detected 
by Transwell. *p < 0.05 vs. Control group. 
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transfection of PLOD2 mimic was effectively rescued by si Integrin β1 (p 
< 0.05, vs PLOD2 group) (). 

Downregulation of PLOD2 attenuated the tumor growth and apoptosis in 
vivo 

To further evaluate the effect of PLOD2 silencing on tumor growth, a 
cisplatin-resistant Tu686 and TU138 cells xenograft model was con-
structed. As shown in Fig. 7C and D, the tumor growth curve indicated 
that the tumor volume in the SiPLOD2 group at each time point was 
smaller (p < 0.05, vs Control group). Accordingly, the tumor volume in 
cisplatin-resistant Tu686 and TU138 cells xenograft model was signifi-
cantly increased by the transfection of PLOD2 mimic (p < 0.05, vs 
Control group). Meanwhile, the increase of tumor volume caused by the 
transfection of PLOD2 mimic was effectively rescued by si Integrin β1(p 
< 0.05, vs PLOD2 group). 

Apoptotic cells in the tumors were detected through TUNEL assay. As 
shown in Fig. 8A, SiPLOD2 significantly increased the cell apoptosis in 
tumors (p < 0.05, vs Control group). Accordingly, the tumor volume in 
cisplatin-resistant tumors were significantly increased by the trans-
fection of PLOD2 mimic (p < 0.05, vs Control group). Interestingly, the 
decrease of cell apoptosis in tumors caused by the transfection of PLOD2 
mimic was effectively rescued by si Integrin β1 (p < 0.05, vs PLOD2 
group). 

Downregulation of PLOD2 attenuated the CSCs properties in vivo 

Then, in order to detect the relationship between PLOD2 and Integrin 
β1 in CSCs properties in cisplatin-resistant tumors, CD44 and CD133 in 
xenograft model were detected to identify CSCs. As shown in Fig. 8B and 
C, SiPLOD2 significantly repressed CD44 and CD133 expression (p <
0.05, vs Control group). Accordingly, CD44 and CD133 expressions were 
significantly increased by the transfection of PLOD2 mimic (p < 0.05, vs 
Control group). Meanwhile, the increase of CD44 and CD133 expression 
caused by the transfection of PLOD2 mimic was effectively rescued by si 
Integrin β1 (p < 0.05, vs PLOD2 group). 

Discussion 

Laryngeal cancer is an especially aggressive and predominantly 
malignant tumor of HNSCCs. Despite advances in the diagnosis and 
effective clinical treatment, the mortality rate is still having not been 
effectively reduced and prognosis of LC is still poor [25]. Delineating 
disease-associated genetic variation is the focus of intensive research, a 
detailed understanding of the restructuring of the proteomics signaling 
cascades PLOD2 on LC will provide new avenues to explore its use for 
related malignancies [26,27]. Therefore, the mechanism underlying LC 
resistance and novel therapeutic approaches for the eradication of LC 
needs to be investigated. 

Studies show that CSCs are characterized by the self-renewal, inva-
siveness and metastasis capacity in LC [28]. To investigate the effect of 
PLOD2 on LC stem cell-like features, we studied the cell viability, in-
vasion and apoptotic rate of Tu686 and TU138 cells. These findings 
suggest that overexpression of PLOD2 could increase Tu686 and TU138 
cells stem cell like characteristics, including their viability, invasion rate 
and apoptotic rate. For the identification of CSCs, cell surface bio-
markers such as CD44, CD117, and CD133 can be used as the markers of 
stemness [28]. CD133 and CD44 are specific markers of CSCs stemness 
and their expressions strongly predicts poorer prognosis and survival 
rate in oral cancer cell line [29]. Previous study revealed that CD44+/ 
CD133+/CD117+ cells obtained from a Hep2 cell line showed higher 
migration capacity [11]. In this study, CD44 and CD133 are used as 
markers to identify the CSCs in cancers. Results showed that the levels of 
stem cell markers CD44 and CD133 were enhanced in Tu686 and TU138 
cells. On the contrary, the silencing of PLOD2 could inhibit LC cells 
stemness and decreased the levels of CD44 and CD133. 

Previous studies found that PLOD2 was a key regulator of LC inva-
sion/metastasis through its specific interaction with integrin β1. In our 
study, LC tumorigenesis in nude mice were induced. Our research results 
suggest that siPLOD2 could decrease the tumor weight and volume 
whereas increase the apoptotic rate and stem cell markers expression 
levels in tumor, consistent with the results in vitro. On the contrary, 
overexpression of PLOD2 could increase the cells stem cell like 

Fig. 3. Effects of PLOD2 on CD44 and CD133 expressions in Tu686 and TU138 cells. A: CD44 and CD133 expression in Tu686 cells; B: CD44 and CD133 expression in 
TU138 cells. *p < 0.05 vs. Control group. 
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characteristics and the levels of CD44 and CD133. Interestingly, when 
the si Integrin β1 added, the effects caused by PLOD2 were eliminated. 
Taken together, PLOD2 could markedly regulate LC cells stemness and 
might play a pivotal role for increased tumorigenesis in nude mice via 
Integrin β1. 

Additionally, an increasing number of reports suggested CSCs play a 
pivotal role in drug assistance, but the relationship between PLOD2 and 
Integrin β1 in Cisplatin (DDP)-resistance (R) laryngeal squamous carci-
noma still remains unknown [30]. Then we detect the effect of PLOD2 
on DDP-R LC cells and tumorigenesis in nude mice with 
cisplatin-resistant LC. Based on results of our analysis, PLOD2 could 
markedly regulate DDP-R LC cells stemness and tumorigenesis in 
cisplatin-resistant nude mice via Integrin β1. 

In clinical treatment, LC patients are mainly treated with laryngeal 
surgery followed by radiation/chemotherapy depending on the disease 
stage [31,32]. Effectiveness of chemotherapy is thwarted by drug 
accumulation induced multidrug resistance. MRP1 is a member of MRP 
transporter family, its increased expression is often detected in various 
types of cancer [33]. P-glycoprotein (P-gp) acts as a promiscuous drug 

efflux pump in the cell membrane and is overexpression in cancer cells. 
Suppressing the expression of P-gp has been recognized as a viable target 
to overcome multidrug resistance in cancer [34]. Accumulating evi-
dence has showed that P-gp and MRP1 are two key transporters found to 
be involved in mediate drug resistance [35]. Western blot analyses of 
P-gp and MRP1were taken to support our results. SiPLOD2 significantly 
repressed MRP1 and P-gp expression in xenograft mice via Integrin β1. 
Our results were consistent with the previous studies [36]. 

Conclusion 

In summary, suppressing the expression of PLOD2 could meditate LC 
stem cell-like features by decrease cell viability and invasion and in-
crease apoptotic rate via Integrin β1. Meanwhile, the inhibition of 
PLOD2 expression could decrease P-gp and MRP1expression thus 
markedly regulate DDP-R LC cells stemness and tumorigenesis via 
Integrin β1. 

Fig. 4. Effects of PLOD2 on tumor volume in xenograft model. A: Tumor volume of TU686 cells induced xenograft model; B: Tumor volume of TU138 cells induced 
xenograft model. *P < 0.05 vs. Sham group, #P < 0.05 vs. MI/R group, &P < 0.05 vs. MI/R+Ator group. *p < 0.05 vs. Control group. 
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Fig. 5. Effects of PLOD2 on tumor apoptosis and CD44 and CD133 expressions in xenograft model. A: Tumor apoptosis of TU686 cells induced xenograft model was 
detected by TUNEL assay; B: Tumor apoptosis of TU138 cells induced xenograft model was detected by TUNEL assay; C: CD44 and CD133 expressions in Tu686 cells 
induced xenograft model; D: CD44 and CD133 expression in TU138 cells induced xenograft model. *p < 0.05 vs. Control group. 
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Fig. 6. Effects of PLOD2 on cell apoptosis, CD44 and CD133 expressions in Tu686-DDP-R and TU138-DDP-R cells. A: Cell apoptosis in Tu686-DDP-R cells were 
detected by Flow cytometry. B: Cell apoptosis in TU138-DDP-R cells were detected by Flow cytometry. C: CD44 and CD133 expression in Tu686-DDP-R cells; D: CD44 
and CD133 expression in TU138-DDP-R cells. *p < 0.05 vs. Control group, #p < 0.05 vs. PLOD2 group. 
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Fig. 7. Effects of PLOD2 on relative protein levels and tumor volume in xenograft model. A: MRP1 and P-gp levels in Tu686-DDP-R cells were detected by Western 
blot. B: MRP1 and P-gp levels in Tu138-DDP-R cells were detected by Western blot. C: Tumor volume of Tu686-DDP-R cells induced xenograft model; D: Tumor 
volume of Tu138-DDP-R cells induced xenograft model. *p < 0.05 vs. Control group, #p < 0.05 vs. PLOD2 group. 
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Fig. 8. Effects of PLOD2 on tumor apoptosis and CD44 and CD133 expressions in xenograft model. A: Tumor apoptosis of Tu686-DDP-R cells induced xenograft 
model was detected by TUNEL assay; B: Tumor apoptosis of Tu138-DDP-R cells induced xenograft model was detected by TUNEL assay; C: CD44 and CD133 ex-
pressions in Tu686-DDP-R cells induced xenograft model; D: CD44 and CD133 expression in Tu138-DDP-R cells induced xenograft model. 
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